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Turbo Refrigerating Company
is a supplier of ice generators,
chillers, and storage tanks for
thermal storage systems. Tur-
bo does not engineer or de-
sign buildings, warehouses,
mechanical rooms, or any
structures that utilize thermal
storage equipment but can as-
sist in all phases of selecting
the proper equipment to meet
the needs of the customer.

Information on safety, instal-
lation, operation, mainte-
nance, and trouble shooting is
contained in this manual. If
you have questions concern-
ing any of these phases, con-
tact Turbo Refrigerating Com-
pany or one of its distributors
to ensure you fully understand
the instructions and guide-
lines.

You must read all of the
information carefully and
make sure that all per-
sonnel involved in the
installation and operation
have also read and un-
derstood the information
and safety instructions.
This will help avoid injury to
personnel and/or damage to
the equipment. Both are valu-
able assets to your operation.
Take the time to protect
them.

Read the manual contents be-
fore you start your installation
or operation. This will save
time by ensuring all the neces-
sary materials and tools are
available when the equipment
arrives.

Since 1960, Turbo Refrigerat-
ing Company has made the
highest quality industrial ice-
makers available on the mar-
ket. Turbo's ability to re-
spond to its customer's needs
is one of the primary reasons
that Turbo has become the
major supplier in the Industri-
al Icemaker market. This abil-
ity, along with Turbo's com-
mitment to provide high
quality, reliable equipment is
incorporated in all of its Ther-
mal Storage Products.

Turbo Refrigerating Company
offers this Manual as a guide
to owners and operators of
Turbo thermal storage sys-
tems, to assist in maintaining
the equipment in a reliable and
efficient manner.

This manual includes informa-
tion on installation, pre-
startup and startup instruc-
tions, operation, maintenance,
and trouble shooting. Please
read all information carefully
and follow all instructions in
order to avoid damage to
equipment or injury to person-
nel. Review the installation
instructions prior to the actual
rigging operation to insure
that the necessary equipment
will be available at the jobsite.
Also, this can be used to ac-
quaint all personnel with the
proper procedures to be fol-
lowed during installation.

The Turbo nameplate on the
electrical control panel has the
serial number along with other
information. This information

should be recorded and used
whenever referring to the
equipment.

History

Turbo Refrigerating Company
has been producing equipment
for the ice industry since
1960. Since entering the ther-
mal storage market in 1978,
Turbo has been the leader in
thermal storage technology.

Single source packaged sys-
tems provide simple installa-
tion and fast start-up.

If you have an application or a
need that is not discussed
here, contact the sales depart-
ment of Turbo Refrigerating
Company or a Turbo distribu-
tor to discuss your needs:

Turbo Refrigerating
_ Company

TURBO REFRIGERATING CO
1000 WEST ORMSBY AVENUE
SUITE 19
LOUISVILLE, KY 40210
PHONE: 940-387-4301

TOLL FREE 800-775-8648

Model Descriptions

All thermal storage units are
provided with:

* Aluminum external panels.

» Control panel with pro-
grammable controller.

* Programmable tme clock
for on/off control.
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+  Water temperature thermo-
stat to control icemaking-
to-chiller and chiller-to-
icemaking mode.

+ Stainless steel evaporator
plates.

+ Water distribution system
to evaporator plates includ-
ing stainless steel water
distribution pan and PVC
water distribution header.

+ 230/3/60 or 460/3/60 mo-
tors with 115/1/60 con-
trols.

+ Muldple evaporator sec-
tions.

+ Open compressors direct-
coupled to an open-drip
proof motor, a semi-
hermetic compressor, a
SCrew COmpressor, or a
multiple open reciprocating
COMPpressor.

+ Suction accumulator/heat
exchangers.

+ Highice level cut off
switches.

All surfaces in contact with
the water or ice are either
stainless steel, PVC, or hot-
dipped galvanized for maxi-
[Mum Corrosion resistance.

HP and 1IGC
ri M |

All Turbo ice harvesting ther-
mal storage units can be oper-
ated as either an ice generator
or a highly efficient chiller.

HP denotes the low profile
models with icemaking capac-
ities from 7 1/2 to 100 tons,
and chilling capacities from 11
1/2 to 175 tons. These units
are typically less than 60 inch-
es in height and less than 96

inches wide. A smaller HP-
series 304 stainless steel eva-
porator plate is used.

For higher tonnage, the IGC
product is utilized. IGCs
have a larger evaporator plate
requiring enclosures that are
typically 7'-7" high and §'-3"
wide. Icemaking capacities
range from 55 tons to 300
tons in self-contained unitary
packaged units. Chilling ca-
pacities range from 90 to 500
tons.

Multiple thermal storage units
(HP or IGC) can be mounted
on a common thermal storage
tank to achieve the tonnage re-
quired for each specific appli-
cation.

Installation and operation of
both the HP and IGC models
is the same except for some
variations in the valving and
piping on larger capacity mod-
els.

The Turbo model number
consists of four parts. For
example:

HP300 A SC:
HP = HP-series evaporator
plate

300 = specifies number of
plates and capacity

A = specifies compressor
used

SC = method of high side
condensing

IGC models use the same
method of describing the unit.
The various means of con-
densing are described below
and are always the last part of
the model description.
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SC  (Self-Contained)

+ Completely self-contained,
including refrigerant
charge.

+ Uses a water-cooled con-
denser with water regulat-
ing valves.

+ Optional cooling tower
pump and starters for cool-
ing tower pump and fan(s)
are available.

SCA (Self-Contained
Air-Cooled)

~» Completely self-contained,

including refrigerant
charge.

+ Uses an air-cooled con-
denser.

» Head pressure controls
provided with the air-
cooled condenser.

+ Complete unit and con-
denser is mounted on a
common base frame.

SCE (Self-Contained
Evaporative-Cooled
Condenser)

+ Completely self-contained,
including refrigerant
charge.

» Uses an evaporative-cooled
condenser.

+ Optional evaporative con-
denser is available.

» Head pressure controls
provided with the evapora-
tive-cooled condenser.

+ Complete unit and con-
denser is mounted on a
common base frame.

SCAR(Self-Contained
Air-Cooled Remote)
+ Self-contained unit set up
for remote air-cooled con-
denser.
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+ Air-cooled condenser head
pressure controls and start-
ers for the condenser fan(s)
can be furnished as op-
tions.

+ No refrigerant charge.

» Receiver and isolating
valves are optional.

+ Interconnecting wiring and
pumping by others.

SCER (Self-Contained
Evaporative Remote)

+ Self-contained unit set up
for remote evaporative-
cooled condenser.

» Evaporative-cooled con-
denser head pressure con-
trols and starters for the
condenser pump and fan(s)
can be furnished as op-
tions.

» No refrigerant charge.

+ Receiver and isolating
valves are optional.

+ Interconnecting wiring and
piping by others.

Associated Turbo
Equipment

Turbo Icemaker

Since 1960, Turbo has pro-
vided icemaking equipment
for the packaged ice industry.

Turbo icemakers for this ap-
plication produce a dry, sub-
cooled, and uniform sized ice
suitable for bagging and dis-
tribution to convenience and
grocery stores. Stainless steel
PVC or hot dip galvanizing is
used on the icemaker every-
where the ice comes into con-
tact to ensure a sanitary ice.

These icemakers are USDA
approved and suitable for use
in food processing applica-
tions.

Turbo Ice Generator
(TIG)

Many process applications do
not require a dry, subcooled,
or uniform sized ice. For
these applications, Turbo pro-
duces a wet ice generator. All
parts of the ice generator in
contact with the ice are either
stainless steel, PVC, or hot-
dip galvanized. Typical appli-
cations include:

+ fishicing

* top icing of produce in the
field or on the process line

* chemical plant reactor
cooling

+ poultry chilling

* top icing.

These models have prelimi-
nary USDA approval.

Turbo Block Press

Turbo offers another feature
to make it possible to get your
money's worth out of your ice
production. Instead of throw-
ing away the snow produced
by the breaker bar, screw con-
veyors or other handling de-
vices, install a Turbo block
press. The Turbo block press
converts the snow into a ten
or fifty-five pound block of
ice.

Introduced in 1977, the Turbo
block press is a completely
automatic hydraulic powered
unit capable of producing
from 120 to an excess of 400
ten pound blocks per hour.
The Turbo block press is
available with a block bagger
attachment which again
means:

+ less handling
» abetter product

* higher profits for the ice
person.

Rugged industrial construc-
tion and stainless steel or PVC
in all areas of ice contact make
the Turbo block press the
most reliable on the market.

Turbo Ice Rake

Turbo offers the only proven
automatic ice storage and de-
livery system (from 20 to 300
ton capacities).

There are two basic sizes in
the hydraulic version as well
as two larger versions known
as "automatic ice rakes"”. The
smaller hydraulic models
range in capacity from 20 to
75 tons of ice while the larger
automatic ice rakes range from
100 to 300 tons of ice stor-
age.

All Turbo ice storage systems
are USDA approved. Each
system is designed to make
the loading and unloading of
the ice storage system as safe
and simple as possible. Tur-
bo ice rakes are self-leveling
and self-unloading.

Typical Applications

» produce (broccoli, carrots,
etc.)
- top icing in the field or
in the processing area
- units can be trailer
mounted
* concrete icing
* ingredient icing
(as in bakeries)
+ fishicing
+ poultry icing
» chemical and dye
processes
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emergency cooling loads
ice slurries

catering trucks

salad bars or display ice
food processing
packaged ice for conven-
ience stores.

s e & & o o
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Customer Service

The Turbo service department
provides assistance for all
customer needs. Turbo con-
ducts training schools at the
factory and various locations
throughout the world. For in-
formation, contact the service
department at Turbo Refriger-
ating Company.

The model and serial number
of your Turbo equipment is
located on the nameplate at-
tached to the electrical control
panel. Please refer to the
model and serial number
when making inquiries about
the equipment. This will ena-
ble our personnel to handle
your questions quickly and
accurately.

High Values

Turbo highly wvalues its
friends and customers in the
industry. Please remember to:

T hink safely - act safely.

U nderstand operating
procedures and dangers
of the equipment.

R emember to think before
you act.

B efore you act, understand-
the consequences of your
actions.

O bserve equipment warnings
and labels.
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d 4 & TERMS & CONDITIONS

Turbo Refrigerating Co. (the
"Company") agrees to sell the
Equipment described herein
upon the following terms and
conditions of sale which, ac-
cordingly, supersede any of
Buyer's additional or incon-
sistent terms and conditions of
purchase.

1. TERMS AND
PRICES

(a) All orders are to be ac-
companied by a twenty per-
cent (20%) down payment or
an acceptable irrevocable letter
of credit confirmed on a U.S.
Bank acceptable to Turbo.
No orders are to be entered
without payment or L/C in
hand.

(b) All orders are subject to
the approval of the Compa-
ny's home office. Unless
otherwise stated, standard
terms of payment are thirty

(30) days net from the earlier
of date of shipment or readi-
ness of the Equipment for
shipment. If partial shipments
are made, payment shall be-
come due and payable to the
partial shipment.

(c) In addition to the purchase
price, Buyer shall pay any ex-

cise, sales, privilege, use or-

any other taxes, Local, State
or Federal, which the Compa-
ny may be required to pay
arising from the sale or deliv-
ery of the Equipment or the
use thereof. Prepaid freight,
if applicable, will be added to
the purchase price and in-
voiced separately. Where
price includes transportation

or other shipping charges, any
increases in transportation
rates or other shipping charg-
es from date of quotation or
purchase order shall be for the
account of and paid by Buyer.

(d) Contract prices are subject
to adjustment to the Compa-
ny's prices in effect at time of
shipment unless otherwise
specified in a separate Price
Adjustment Policy attached to
the proposal or other contract
document of the Company.

(e) If Buyer requests changes
in the Equipment or delays
progress of the manufacture
or shipment of the Equipment,
the contract price shall be ad-
justed to reflect increases in
selling price caused thereby.

2. SHIPMENT

Shipment is F.Q.B. Compa-
ny's plant or place of manu-
facture, unless otherwise
specified. Risk of loss shall
pass to Buyer upon delivery
to transporting carrier.

3. DELIVERY

(a) The Company will en-
deavor to make shipment of
orders as scheduled. Howev-
er, all shipment dates are ap-
proximate only, and the Com-
pany reserves the right to
readjust shipment schedules.

(b) Under no circumstances
will the Company be respon-
sible or incur any liability for
costs or damages of any na-
ture (whether general, conse-

» b D

quential, as a penalty or liqui-
dated damages or otherwise)
arising out of or owing to (i)
any delays in delivery or (i1)
failure to make delivery at
agreed or specified times due
to circumstances beyond its
reasonable control.

(c) If shipment is delayed or
suspended by Buyer, Buyer
shall pay (i) Company's in-
voice for the Equipment as per
payment terms, (i1i) Compa-
ny's handling and storage
charges then in effect, and (iii)
demurrage charges if loaded
on rail cars.

4. LIMITED

WARRANTY;
WARRANTY
ADJUSTMENT:
EXCLUSTONS:
LIMITATION OF
LIABILITY

(a) LIMITED WARRANTY

The Company warrants that at
the time of shipment the
Equipment manufactured by it
shall be merchantable, free
from defects in material and
workmanship and shall pos-
sess the characteristics repre-
sented in writing by the Com-
pany. The Company's
warranty is conditioned upon
the Equipment being properly
installed and maintained and
operated within the Equip-
ment's capacity under normal
load conditions with compe-
tent supervised operators and,
if the Equipment uses water,
with proper water condition-
ing. Equipment, accessories
and other parts and compo-
nents not manufactured by the

1/91 Turbo Refrigerating Company 5



" Read Safety Section before installing or using equipment. "

Company are warranted only
to the extent of and by the
original manufacturer's war-
ranty to the Company, in no
event shall such other manu-
facturer's warranty create any
more extensive warranty obli-
gations of the Company to the
Buyer than the Company's
warranty covering Equipment
manufactured by the Compa-

ny.

(b) EXCLUSIONS FROM
WARRANTY

(i) THE FOREGOING IS IN
LIEU OF ALL OTHER
WARRANTIES, ORAL OR
EXPRESS OR IMPLIED,
INCLUDING ANY WAR-
RANTIES THAT EXTEND
BEYOND THE DESCRIP-
TION OF THE EQUIP-
MENT. THERE ARE NO
EXPRESS WARRANTIES
OTHER THAN THOSE
CONTAINED IN THIS PAR-
AGRAPH 4 AND TO THE
EXTENT PERMITTED BY
LAW THERE ARE NO IM-
PLIED WARRANTIES OF
FITNESS FOR A PARTICU-
LAR PURPOSE. THE PRO-
VISIONS OF THIS PARA-
GRAPH 4 AS TO
DURATION, WARRANTY
ADJUSTMENT AND LIMI-
TATION OF LIABILITY
SHALL BE THE SAME FOR
BOTH IMPLIED WARRAN-
TIES (IF ANY) AND EX-
PRESS WARRANTIES.

(i) The Company's warranty
is solely as stated in (a) above
and does not apply or extend,
for example, to expendable
items, ordinary wear and tear,
altered units; units repaired by
persons not expressly ap-
proved by the Company, ma-
terials not of the Company's
manufacture, or damage
caused by accident, the ele-

ments, abuse, misuse, tempo-
rary heat, over-loading, or by
€rosive or corrosive substanc-
es or by the alien presence of
oil, grease, scale, deposits or
other contaminants in the
Equipment.

(c) WARRANTY
ADJUSTMENT

Buyer must make claim of any
breach of any warranty by
written notice to the Compa-
ny's home office within thirty
(30) days of the discovery of
any defect. The Company
agrees at its option to repair or
replace, BUT NOT IN-
STALL, F.O.B. Company's
plant, any part or parts of the
Equipment which within
twelve (12) months from the
date of initial operation but no
more than eighteen (18)
months from date of shipment
shall prove to the Company's
satisfaction (including return
to the Company's plant, trans-
portation prepaid, for inspec-
tion, if required by the Com-
pany) to be defective within
the above Warranty. Any
warranty adjustments made by
the Company shall not extend
the initial warranty period set
forth above. The warranty
period for replacements made
by the Company shall termi-
nate upon the termination of
the initial warranty period set
forth above. Expenses in-
curred by Buyer in replacing
or repairing or returning the
Equipment or any part or parts
will not be reimbursed by the
Company.

(d) SPARE AND
REPLACEMENT PARTS
WARRANTY
ADJUSTMENT

The Company sells spare and

replacement parts. This sub-
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paragraph (d) is the Warranty
Adjustment for such parts.

Buyer must make claim of any
breach of any spare or re-
placement parts warranty by
written notice to the Compa-
ny's home office within thirty
(30) days of the discovery of
any alleged defect for all such
parts manufactured by the
Company. The Company
agrees at its option to repair or
replace, BUT NOT IN-
STALL, F.O.B. Company's
plant, any part or parts of ma-
terial it manufactures which,
within one (1) year from the
date of shipment shall prove
to the Company's satisfactory
(including return to the Com-
pany's plant, transportation
prepaid, for inspection, if re-
quired by the Company) to be
defective within this Parts
Warranty. The Warranty and
warranty period for spare and
replacement parts not manu-
factured by the Company

(purchased by the Company,
from third party suppliers)
shall be limited to the Warran-

~ ty and Warranty Adjustment

extended to the Company by
the original manufacturer of
such parts, in no event shall
such other manufacturer's
warranty create any more ex-
tensive warranty obligation of
the Company to the Buyer for
such parts than the Compa-
ny's Warranty Adjustment
covering parts manufactured
by the Company as set forth
in this subparagraph (d). Ex-
penses incurred by the Buyer
in replacing, repairing, or re-
turning the spare or replace-
ments parts will not be reim-
bursed by the Company.

(e) LIMITATION OF
LIABILITY
The above Warranty Adjust-
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ment sets forth Buyer's exclu-
sive remedy and the extent of
the Company's liability for
breach of implied (if any) and
express warranties, represen-
tations, instructions or defects
from any cause in connection
with the sale or use of the
Equipment. THE COMPA-
NY SHALL NOT BE LI-
ABLE FOR ANY SPECIAL,
INDIRECT OR CONSE-
QUENTIAL DAMAGES OR
FOR LOSS, DAMAGE OR
EXPENSE, DIRECTLY OR
INDIRECTLY ARISING
FROM THE USE OF THE
EQUIPMENT OR FROM
ANY OTHER CAUSE
WHETHER BASED ON
WARRANTY (EXPRESS
OR IMPLIED) OR TORT OR
CONTRACT, and regardless
of any advices or recommen-
dations that may have been
rendered concerning the pur-
chase, installation or use of
the Equipment.

5. PATENTS

(a) PATENT INDEMNITY
AND CONDITIONS -
The Company agrees at its
own expense to defend and
hold Buyer harmless in the
event of any suits instituted
against Buyer for an alleged
infringement of any claim of
any United States Patent cov-
ering solely to the structure of
the Equipment as originally
manufactured by the Compa-
ny per the Company's specifi-
cations, and without modifica-
tion by the Buyer, provided
buyer shall (i) have given the
Company immediate notice in
writing of any such claim or
institution or threat of such
suit, and (ii) have permitted
the Company to defend or

settle the same, and have giv-
en all needed information as-
sistance and authority to ena-
ble the Company to do so.

Buyer shall defend and in-
demnify the Company against
all expenses, costs and loss
by reason of any real or al-
leged infringement by the
Company's incorporating a
design or modification re-
quested by Buyer.

(b) LIMITATION OF
LIABILITY

The Company's total liability
hereunder is expressly limited
to an amount no greater than
the sales price of the Equip-
ment and may be satisfied by
the Company’s refunding to
Buyer, at the Company's op-
tion, the sales price of the
Equipment in the event the
Company elects to defend any
such suit and the structure of
the said Equipment is held to
infringe any such United
States Patent and if the Buy-
er's use thereof is enjoined,
the. Company shall, at its ex-
pense and at its option (i) ob-
tain for the Buyer the right to
continue using the Equipment,
or (i) supply non-infringing
Equipment for installation by
Buyer, or (iii) modify the
Equipment so that it becomes
non-infringing, or (iv) refund
the then market value of the
Equipment.

6. PRIOR USE

If damage to the Equipment or
other property or injury to
persons is caused by use or
operation of the Equipment
prior to being placed in initial
operation ("Start up") by the
Company where start up is in-
cluded in the purchase price,

then Buyer shall indemnify
and hold the Company harm-
less from all liability, costs
and expenses for all such
damage or injury.

7. EQUIPMENT
CHANGES

The Company may, but shall
not be obligated to, incorpo-
rate in the Equipment any
changes in specifications, de-
sign, material, construction,
arrangement, Or components.

8. SECURITY
INTEREST:
INSURANCE

(a) To secure payment of the
purchase price, Buyer agrees
that the Company shall retain
a security interest in the
Equipment until Buyer shall
have paid in cash the full pur-
chase price when due, interest
at the highest lawful contract
rate until so paid and the costs
of collection, including rea-
sonable attorney's fees. The.
Equipment shall at times be
considered and remain per-
sonal property and Buyer
shall perform all acts neces-
sary to assure and perfect re-
tention of the Company's se-
curity interest against the
rights or interests of third per-
sons. In the event Buyer de-
faults in payment of any part
of the purchase price when
due, or fails to comply with
any and all provisions of this
contract, the Company shall
have the remedies available
under the Uniform Commer-
cial Code.

(b) So long as the purchase
price is unpaid, Buyer at its -
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cost shall obtain insurance
against loss or damage from
all external causes, naming the
Company as an insured, in an
amount and form sufficient to
protect the Company's interest
in the Equipment.

9. CANCELLATION

Buyer cannot cancel orders
placed with the Company, ex-
cept with the Company's ex-
press written consent and
upon terms and payment to
the Company indemnifying
the Company against loss, in-
cluding but not limited to ex-
penses incurred and commit-
ments made by the Company.

10. LOSS. DAMAGE
OR DELAY

The Company shall not be li-
able for loss, damage or delay
resulting from causes beyond
its reasonable control or
caused by strikes or labor dif-
ficulties, lockouts, acts or
omissions of any governmen-
tal authority or the Buyer, in-
surection or riot, war, fires,
floods, Acts of God, break-
down of essential machinery,
accidents, priorities or embar-
goes, car and material short-
ages, delays in transportations
or inability to obtain labor,
materials or parts from usual
sources. In the event of any
delay from such sources, per-

formance will be postponed
by such length of time as may
be reasonably necessary to
compensate for the delay. In
the event performance by the
Company of this agreement
cannot be accomplished by the
Company due to any action of
governmental agencies, or any
laws, rules or regulations of
the United States Govern-
ment, the Company (at its op-
tion) may cancel this agree-
ment without liability. In no
event shall the Company be li-
able for any loss or damage of
any kind, including conse-
quential or special damages of
any nature.

11. RK B
D

SAFETY DEVICES

The Company, being only a
supplier of the Equipment,
shall have no responsibility
for labor or work of any na-
ture relating to the installation
or operation or use of the
Equipment, all of which shall
be performed by Buyer or
others. It is the responsibility
of Buyer to furnish such ac-
cessory and safety devices as
may be desired by it and/or re-
quired by law or OSHA stan-
dards respecting Buyer's use
of the Equipment. Buyer
shall be responsible for ascer-
taining that the Equipment is
installed and operated in ac-
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cordance with all code re-
quirements and other applica-
ble laws, rules, regulations
and ordinances.

12. COMPLETE
AGREEMENT

THE COMPLETE AGREE-
MENT BETWEEN THE
COMPANY AND BUYER IS
CONTAINED HEREIN AND
NO ADDITIONAL OR DIF-
FERENT TERM OR CONDI-
TION STATED BY BUYER
SHALL BE BINDING UN-
LESS AGREED TO BY THE
COMPANY IN WRITING.
No course of prior dealings
and no usage of the trade shall
be relevant to supplement or
explain any terms used in this
Agreement. This Agreement
may be modified only by a
writing signed by both the
Company and Buyer and shall
be governed by the Uniform
Commercial Code as enacted
the State of Texas. The fail-

-ure of the Company to insist
upon strict performance of
any of the terms and condi-
tions stated herein shall not be
considered a continuing waiv-
er of any such term or condi-
tion or any of the Company's
rights.
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!L WARNING! Read this section first. Failure to carefully follow "
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Here are some safety points to
keep in mind when creating an
efficient yet safe working en-
vironment.

Safety Definitiong

Statements or labels in this
manual or on the product pre-
ceded by the following words
are of special significance:

Warning

Indicates severe personal inju-
ry or death will result if in-
structions are not followed.

Caution
Indicates a strong possibility
of severe personal injury or
death if instructions are not
followed.

Important

Means hazards or unsafe prac-
tices which could cause minor
personal injury or product or
property damage.

Note :
Gives helpful information.

hinery is Danger

Machinery can hurt you if you
are not careful. Use caution
during assembly and opera-
tion of equipment.

ALWAYS:

* Read the entire manual
first.

SAFETY

dddDD

Use common sense and be  Note:

careful. The warning labels attached to
the control panel, pumps, belt
pulley guard, and access pan-
els should be followed. They
are shown in Figure 2-1, Fig-
ure 2-2, Figure 2-3, Figure 2-

Have enough manpower.

Have the proper tools.

Follow directions and il- 4, and Figure 2-5.
lustrations.

If all labels are not attached
Check to see that all and visible or labels start to
equipment meets applica- become illegible, contact Tur-
ble installation codes for bo Refrigerating Company
your area as well as state immediately.

and federal requirements.
Turbo Refrigerating

Have' sufficient safer Company
warmings on all equip-  1pp REFRIGERATING CO
ment. 1000 WEST ORMSBY AVENUE

. SUITE 19
Qﬁzkn?;;ﬂ; ﬁeg gf:clz LOUISVILLE, KY 40210

PHONE: 940-387-4301
TOLL FREE 800-775-8648

HIGH VOLTAGE

PULL DISCONNECT SWITCH

BEFORE OPENING COVER

TSTS-911

Figure 2-1 Warning Label on the Control Panel
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WARNING! Rea

d this section first. Failure to carefully follow
could result in permanent injury or loss of life.

these instructions

Involve Your People

Before operating equipment,
have the people involved in
the operating or maintenance
of the equipment meet to dis-
cuss the dangers and safety
aspects of the thermal storage
equipment supplied by Turbo.

Warn them of the danger
of miscommunication.

Turn electricity off and
lock it out when work-
ing on the thermal storage
equipment.

Have a person trained and
qualified in the operation
of the equipment on duty
to ensure that the electrici-
ty stays locked out to
protect the personnel
working on the equip-
ment.

WARNINGS

The thermal storage unit is
an automatic machine.
When in operation, any
and all motors may start
without warning. Some
motors may start even if
the master control switch
is in the "OFF" position.
Never attempt to service
the thermal storage equip-
ment unless all electrical
power is disconnected and
locked out. Refer to
Figure 2-1.

The thermal storage sys-
tem tank during normal
operation may contain
32°F chilled water or an
ice and water mixture.

DANGER! DO NOT

ENTER TANK!

YN

Figure 2-2 Warning Label on the Storage Tank
Openings

ONE ON ALL ACCESS PANELS (ONE PER SIDE)

TSTS-949

TSTS913

Figure 2-3 Warning Label on the Access Panels

10 Turbo Refrigerating Company 1/91
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WARNING!

Read this section first.

these instructions could result in perm

anent injury or loss of life.
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Failure to carefully follow ”

DANGER!

DO NOT ENTER!

b—
TSTS-950

Figure 2-4

Storage Units and Tanks

Warning Label on the Access to Thermal

[DANGER! DO NOT DRINK
TANK WATER! -

TSTS-951

Figure 2-5 Warning Label on the Tank Access

Opening

Exposure or immersion
from falling into the stor-
age tank could cause loss
of consciousness and abil-
ity to function safely. Do
not get into the tank. Re-
fer to Figure 2-2.

Storage tanks may be sup-
plied with Turbo thermal
storage units (optional).
All openings into the tank
should be locked and ac-
cess limited to authorized
personnel. If the tank is
provided by others, en-
sure that access to the tank
is restricted to authorized
personnel. Refer to Fig-
ure 2-2.

Although Turbo does not
supply the water used to
fill the storage tank, it may
contain water treatment
chemicals or other con-
taminants that may be
harmful. Never drink or
use the water for pottable
purposes. Refer to Figure
2-5.

Never enter the storage
tank or engine compart-
ment alone.

All access doors on the
unit should be kept closed
at all imes. These doors
should also be locked and
access limited to author-
ized personnel. Access to
the tank can be obtained
through these access
doors. Refer to Figure
2-3.

All ladders, catwalks, and
platforms for the inside or
outside of the tank and/or

1/91 Turbo Refrigerating Company 11




WARNING! Read this section first.
these instructions could result in permanent injury or loss of life.

access to the thermal stor-
age unit must be con-
structed in compliance
with all applicable safety
codes. Access to these ar-
eas should be restricted to
authorized personnel. Re-
fer to Figure 2-4.

Never work in the storage
tank without adequate
ventilation or when the
thermal storage unit is op-
erating. Falling ice and
cold water exists in the
unit making entry hazard-
ous.

Ice may remain on the
plates when the thermal
storage unit is off and may
fall off unexpectedly.
Never work directly under
the evaporator plates with-
out washing the plates
down to remove any ice.

Pull disconnect and lock
out all electrical service
before removing any
guards, access panels,
and/or covers.

Never operate the unit
without all guards, access
panels, and covers in
place and securely fas-
tened.

If leaks in the refrigerant
piping require soldering or
welding, be sure refriger-
ant is bled off and the sys-
tem is open before at-
tempting to repair. Protect
eyes with the proper eye
protection.

Evaporator only is not
equipped with safety
valves. To pressure limits
are not exceeded, prior to
operating the equipment
end user must install a
pressure relieving device
that will limit a rise in
pressure to not more than
110% of the MAP
marked on the nameplate.

Adequate lighting should
be provided for inspection
and servicing of the equip-
ment.

Adequate space should be
provided around all equip-
ment to allow safe access

for inspection and service.

Always wear eye protec-
tion when cleaning the
system or adding refriger-
ant or oil.

Do not expose insulation
(polyurethane) to open
flame. If ignited, it will
give off highly toxic
fumes. Leave the area and
notify qualified personnel.

Use only recommended
water treatment chemicals.
Follow instructions and
warnings supplied by the
manufacturer of the water
treatment chemicals.

Never open the control
panel without disconnect-
ing and locking out
electrical service. All elec-
trical work should be per-
formed by a qualified elec-
trician.

When servicing the ther-
mal storage equipment,
Turbo recommends that at
least two (2) people be
present at all times.
Note:

—

Failure to carefully follow

Per the OSHA Hazard Com-
munication Standard, material
safety data sheets for refriger-
ant and refrigerant oils are on
pages 13-20.

» Ifan outside contractor is
required to install or ser-
vice your thermal storage
equipment, require him to
furnish you with a certifi-
cate of insurance before
performing any work on
your equipment. Turbo
also recommends that the
person hiring a contractor
to perform work be satis-
fied with their experience
and competence.

Keved Control Switch *

A keyed switch is provided to
control the thermal storage
unit operations (on and off).
To lock out the thermal stor-
age unit controls:

1. Pull disconnect and lock
out all electrical service.

2 . Turn key selector switch
(provided) to the "OFF"
position.

3 . Take key out and keep in
your possession.

If you have questions,
call Turbo Refrigerating
Company at:

1-817-387-4301.




| WARNING! Read this section first. F-‘ailure to carefully follow
these instructions could result in permanent injury or loss of life.

Material Safety Data Sheet for Freon

A. General Information

TRADE NAME (COMMON NAME, SYNONYM): CAS NO.: 75-45-6
Refrigerant 22, Freon 22, Genetron 22, DOTNO.: UN 1018
Fluorocarbon 22, CFC-22, R-22.

CHEMICAL NAME: Chlorodifluoromethane or monochlorodifluoromethane

FORMULA: CHCIF,

MANUFACTURER'S ADDRESS: (MAILING) (LOCATION)

Racon Inc. Racon Inc.
P.O. Box 198 6040 S. Ridge Road
Wichita, KS 67201 Wichita, KS 67215

CONTACT: ISSUEDATE: 11/18/85
Vice President of Manufacturing REVISED DATE:

(316) 524-3245 or '

(800) 835-2916

For Emergency Medical Information: Call Collect (415) 821-5338 (24 hrs.)

B. First Aid Measures

Inhalation --- Vapor contact --- primary route of exposure. If inhaled, remove to fresh air.
Keep warm and at rest. If breathing is difficult (labored), give oxygen. If not breathing, give
artificial respiration and check for pulse. If no pulse, start CPR (cardiopulmonary resuscita-
tion). Do Not give stimulants (adrenaline, epinephrine or hand-held asthma aerosols). Call
911 (if available) and a physician. Keep patient at rest for 24 hours after overexposure. No
long-term effects are expected.

Eyes and/or Skin --- Vapor contact --- flush with fresh water for at least 20 minutes.
Liquid contact --- flush exposed area with lukewarm water or oth-
erwise warm skin slowly. Frostbite is probable.
Treat accordingly. Call a physician.

Ingestion --- Liquid --- not probable --- if ingested however, keep patient calm, if conscious,

and get to a physician immediately --- frostbite is probable, indicated by necrosis of lips and
tongue (contacted tissue), blanching of skin, pain and tenderness. Warm skin slowly.

1/91 Turbo Refrigerating Company 13
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these instructions could result in permanent injury or loss of life.

C. Hazards Information
TOXICITY AND HEALTH
EXPOSURE LIMITS: TLV 1000ppm(vol) (8 hr. TWA) STEL 1250ppm(vol)

ACUTE EXPOSURE EFFECTS:

Inhalation --- CFC-22 is relatively non-toxic following acute exposure. Although no long-term
comprehensive studies have specifically investigated acute overexposure of humans to CFC-
22, experience indicates the cardiovascular and respiratory systems are the primary systems af-
fected. Abuse (intentional inhalation) has caused death. Human exposure to high concentra-
tions (e.g. 20%) may cause confusion, lung (respiratory) irritation, tremors and perhaps coma,
but these effects are generally short lived and reversible without late aftereffects when removed
to fresh air. L.Csg values for rats and mice range from 277,000 to 390,000ppm(vol) over vary-
ing time periods of 15 minutes to 2 hours. High atmospheric concentrations of CFC-22 pro-
duce stimulation and then depression and finally asphyxiation.

Ingestion --- not probable, at atmospheric pressure, liquid CFC-22 boils at -41.4° F (-40.8° C).
Freezing and severe frostbite of contacted tissue will result.

Skin --- contact of vapor CFC-22 with skin or eyes should not cause injury. Contact of liquid
CFC-22 will result in freezing and frostbite of contacted tissue.

Note: Human Poisoning Potential --- Sniffing of fluorocarbon propellants for their intoxi-
cating effects has produced over 100 deaths. Fluorocarbons exhibit very toxic properties (as-
phyxiation, cardiac arrhythmia) when sniffed; however, because of variations in response, it is
difficult to predict which symptoms will be exhibited following exposure. It is possible that in-
dividuals with heart or respiratory disorders may prove especially susceptible.

SUBCHRONIC/CHRONIC EXPOSURE EFFECTS:
Overexposure by inhalation of various animals to 46,000ppm¢vol) --- 50,000ppm(vol) of
CFC-22 for 8 days to 10 months caused alterations in body weight and physiological endu-
rance, and affected the lungs, central nervous system (CNS), heart, liver, kidneys and spleen.
No information was found concerning effects on humans.

CARDIAC STUDIES:
CFC-22 inhaled at concentrations of 50,000ppm and above has been shown in tests on dogs to
sensitize the heart to exogenous (outside the body) adrenaline, resulting in serious and some-
times fatal irregular heart beats (cardiac arrhythmias).

CARCINOGENIC POTENTIAL:
A lifetime inhalation study on rats and mice was performed by ICI, Ltd, (UK). The results
from this test showed no effects on either rats or mice up to 10,000ppm(vol). At 50,000ppm
(vol), CFC-22 was weakly carcinogenic to the oldest male rats (exhibiting a low incidence of
fibrosarcoma in the salivary gland). The significance of this finding is questionable. No ab-
normal incidence was found in mice of either sex or in female rats at 50,000ppm(vol). No oth-
er findings of biological significance were made.

TERATOGENIC POTENTIAL:
Teratogenic studies on rats and rabbits showed an increased incidence of absence of eyes in rat
fetuses at exposure levels of 50,000ppm. (CFC-22 exposure occurred from the 6th to 15th
day of pregnancy). There was no effect on rabbits or their offspring at this level. There was
no evidence of other overt fetal abnormalities.

14  Turbo Refrigerating Company 1/91
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FIRE AND EXPLOSION

Nonflammable and nonexplosive. One documented incident has been reported where an explo-
sion occurred during the weld repair of a compressor shell which apparently contained a 50:50
mixture of air and CFC-22. At high temperatures (1170° F, 632° C) under favorable laboratory
conditions, CFC-22 is capable of forming weakly combustible mixtures with air. Formation of
combustible mixtures, under practical conditions, even at higher temperatures, is extremely un-
likely and the fire hazards of CFC-22 are very small.

D. Precautions/Procedures

Do not breathe vapors. Avoid contact with eyes, skin and clothing. Wear protective clothing
including goggles and cloth-lined rubber gloves. Not for food, drug or cosmetic use.

Store and use with adequate ventilation. Never use in a closed or confined space. Local ex-
haust may be necessary to reduce concentrations below TLV

(<120° F).

When fighting fire near or involving this product, use self-contained breathing apparatus. If

(1,000ppm). Store in cool place

CFC-22 contacts open flames or extremely hot metal surfaces, it may decompose to form HF,

HCl and traces of carbonyl halides (i.e., phosgene).

In the event of a spill or leak, keep upwind. Ventilate enclosed spaces untl gas is dispersed.

Do not smoke or operate internal combustion engines in immediate vicinity.

CFC-22 is shipped and stored as a liquefied, compressed gas under pressure.

E. Personal Protective Equipment

Respiratory protection is not needed if concentrations are controlled. If concentrations exceed
TLV (1,000ppm), use an approved respirator for organic vapors. In very high concentrations,

self-contained breathing equipment should be used.

Protective clothing should minimize exposed skin and include goggles, a full face shield if

splashing is possible, and cloth-lined rubber gloves.

F. Physical Data

CFC-22 is a gas at normal conditions of 77° F (25° C) and 1 atm.

Molecular weight 86.5

Boiling Point (1 atm) -41.4° F (-40.8° C)

Vapor pressure @ 77° F (25° C) is 136.7 psig

Vapor density is 2.76 Ib/f3 @ 77° F

Specific gravity of vapor (air = 1) 3.08 @ 1 atm and 77° F

Specific gravity of liquid (water=1) 1.20@ 77°F
% volatile @ 77° Fand 1 atm 100% (vol)

Solubility in water (% wt) 3 gm/l

Soluble in acetone, ethanol and chloroform

Appearance --- colorless liquid and vapor

Odor --- very slight ethereal odor to odorless

1/91 Turbo Refrigerating Company
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WARNING! Read this section first. Failure to carefully follow __“

G. Reactivity

CFC-22 is stable and relatively nonreactive. It is incompatible with certain elastomers, alkali or
alkaline earth metals, powdered aluminum, zinc, beryllium, etc. The Manufacturing Chemists
Association (MCA) reported, 1/4/67, that industry experience shows that alkali and alkaline
earth metals (i.e., sodium, potassium and barium) in their free metallic form may react violently
with fluorocarbons. The MCA also noted that since materials become more reactive when fine-
ly ground, metals such as magnesium and aluminum in the powdered form may also react, es-
pecially at high temperatures. CFC-22 may decompose into HE, HCI and carbonyl halides
(i.e., phosgene) if contacted with open flame or extremely hot metal surfaces.

Environmental
No information found.
Disposal of waste material or residue may be subject to Federal, State or Local regulation.

Consult with appropriate regulatory agency before discharging or disposing of waste material.
Before transporting waste material, see U.S. publication 49 CFR Section 172.

References

American Conference of Governmental Industrial Hygienists (ACGIH), Documentation of the
Threshold Limit Values, 4th Edition, 87-88 (1980).

Pazrty’s Industrial Hygiene and Toxicology, 3rd Revised Edition, Vol. 2B: Toxicology, 3094
(1981).

Litchfield, M. and Longstaff, E., The Toxicological Evaluation of Chlorofluorocarbon 22
(CFC-22), Fd Chem. Toxic, Vol 22, no. 6, 465-475 (1984). -

Sand, J. and Andrijesk, D., Combustzbzlzty of Chlorodifluoromethane, ASHRAE Journal, 38-
40 (May, 1982).

Meeks, R., unpublished review of publicly available literature, U. of Alabama - Blrrmngham
(Scptember 1985).

duPont, unpublished review, Haskell Laboratory (March, 1984).

While the information contained herein was derived from sources believed to be reliable, Turbo
neither expressly nor impliedly warrants the information is accurate and complete and assumes no
responsibility for same. The data is provided solely for your consideration and investigation.
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WARNING! Read this section first. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Material Safety Data Sheet for Suniso 3GS & 4GS

Product: Refrigeration Qil Suniso 3GS and 4GS

N} 4 - extreme N Fire . Reactivity
F}3-high
P| 2 - moderate o @
Section I. Al 1 -slight
0 - insignificant  Toxicry Special

Manufacturing Division or Subsidiary: Sonneborn Division
Address (Number, Street, City, State, Zip Code): P.O. Box 308 Gretna, Louisiana 70053
Emergency Telephone (Manufacturer): 1-504-366-7281

Chen';ical Name or Family: Refined Mineral Qil

Formula: A mixture of liquid hydrocarbons refined from petroleum.

Section II. Chemical and Physical Properties

Hazardous Decomposition Products: Upon combustion, CO, and CO are generated.

Incompatibility (Keep Away From): Strong oxidizing agents such as chromic acid, hydrogen perox-
ide and bromine.

List All Toxic and Hazardous Ingredients: None

Form: Viscous liquid Odor: Petroleum
Appearance: Clear liquid ) Color: Amber

Specific Gravity (water = 1): 0.91 @ 15.6° C Boiling Point: >500° F (>260° O
Melting Point: NA Solubility in Water: Insoluble
% Volatile (by weight %): Negligible Evap. Rate: Negligible
Vapor Pressure (mm Hg at 20° C): <0.0001 Vapor Density (air = 1): >10
pH As Is: NA

Strong Acid

Strong Base

Stable
Unstable
Viscosity Sus at 100° F: <100 [] 100 or >

1/91 Turbo Refrigerating Company 17
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Section III. Fire and Explosion Data

Special Fire Fighting Procedures: Wear self-contained breathing apparatus. Water spray is an un-
suitable extinguishing agent.

Unusual Fire and Explosion Hazards: None
Flash Point (Method Used): ASTM D-92 >300° F (>150° C)
Flammable Limits %: NA

Extinguishing Agents: Dry Chemical CO,

] Waterspray Foam
Waterfog Sand/Earth
] Other __

Section IV. Health Hazard Data
Permissable Concentrations (air): 5 mg/m3 mineral oil mist (OSHA).
Effects of Overexpose: Prolonged contact may cause minor skin irritation.
Toxicological Properties: NDA
Emergency First Aid Procedures:
Eyes: Flush with large amounts of water for at least 15 minutes. If redness or irri-
tation persists, contact a physician.
Skin contact: ~ Wash with soap and water.
" Wash clothing before reuse. -
inhalation: None normally required.
lf Swallowed:  Call a physician.
Section V. Special Protection Information
Ventilation Type Required (Local, Mechanical, Special): NA
Respiratory Protection (Specify Type): NA
Protective Gloves: Qil resistant rubber

Eye Protection: Chemical splash goggles

Other Protective Equipment: Rubber apron

18 Turbo Refrigerating Company 1/91
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1 WARNING! Read this section first. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

M

Section VI. Handling of Spills or Leaks
Procedures for Clean-up: .
Stop leak, dike up large spills. Use inert absorbent material such as earth, sand, or vermi-
culite for clean-up.

Waste Disposal: |

Dispose of in accordance with Local, State, and Federal government regulations. |

. . . |

Section VII. Special Precautions |
Precautions to be Taken in Handling and Storage:

Avoid exposure to heat and flame. Protect against eye and skin contact. Wash thorou ghly af-
ter handling.

Section VIII, Transportation Data

Unregulated by D.O.T. Regulated by D.O.T. []

Transportation Emergency Information: CHEM TREC 1-800-424-9300

U.S. D.O.T. Proper Shipping Name: NA U.S. D.O.T. Hazard Class: NA
1.D. Number: NA
RQ: NA Label(s) Required: NA

Freight Classification: Petroleum Qil NOIBN

Special Transportation Notes: NA

Section IX. Comments

CAS #64742-52-5

Signature: Title:
Telephone: - Date:
Revision Date: Sent To:
Supersedes:

Turbo believes the statements, technical information and recommendations contained herein are re-
liable, but they are given without warranty or guarantee of any kind, express or implied, and we

assume no responsibility for any loss, damage, or expense, direct or consequential, arising out of
their use.
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these instructions could result in permanent injury or loss of life.
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Safety Lockout Procedure

Effective November 1, 1989

I. Purpose

The purpose of this procedure
i1s to prevent injury and/or
death to personnel by requir-
ing that certain precautions be
taken before servicing or re-
pairing equipment. It has
been developed and imple-
mented so as to comply with
29 CFR 1910.147, of the Oc-
cupational Safety and Health
Act, as amended.

These precautions include:

1. Shutting off and locking
out electrical power.

2. Releasing pressure in
pneumatic and hydraulic
systems.

3. Effectively isolating those
portions of equipment and
machinery that are energy
intensive and are being ser-
viced or maintained.

I1I. Scope

This procedure includes those
employees whose duties re-
quire them to do maintenance
work on power-driven equip-
ment. It covers the servicing
or maintenance of machines or
equipment in which the unex-
pected energization, start-up
or release of stored energy
could cause injury.

HI, Supervisory
Responsibility

It 1s the responsibility of all
supervisors having contact
with such operations to:

A Instruct all affected em-
ployees as to the content of
this program.

B . Ensure compliance with
this procedure.

1V, Safety Locks

Safety locks and keys will be
issued to designated employ-
ees. Locks and keys must be
returned to the plant manager
when an employee transfers to
another assignment or termi-
nates his employment. Safety
and supervisory personnel
shall have access to master
keys for protective locks, and
under certain controlled condi-
tions, be available to assist in
the removal of safety locks.

Safety locks are painted yel-
low for electricians and red
for maintenance personnel.
These locks are to be used
only for locking out machin-
ery, tooling, and equipment
described in this procedure.

V. Safety Department
R Thilit

It is the responsibility of the
Safety Coordinator to inspect
the plant on a periodic basis to
ensure compliance with this

procedure. If it is determined
that this procedure is not be-
ing complied with, immediate
corrective action will be ini-
tiated. Wherever possible,
such action will be taken in
conjunction with the first-line
supervisor; however, higher
level management personnel
will be involved if the viola-
tion is of a serious or repeti-
tive nature.

V1. Rules and
Regulations

The following rules and regu-
lations have been established
and are mandated:

A. Any electrician or mainte-
nance person whose duties
require that he or others be
exposed to the hazards of
electrical shock or moving
equipment, must perform
those duties in a safe and
uncompromising manner.
The following steps outline
such precautions:

1. The employee must un-
derstand the equipment
with which he is work-
ing and its hazards.

2. When working with
electrical equipment
where the accidental
starting of such equip-
ment or release of stored
energy would create a
hazard, the employee

must turn off all power

he unit Or use ener:

isolating devices and ap
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ply his personal lock,
and have the supervisor
of that area apply his
personal lock. At all
times when maintenance
is being performed on
our equipment, that
equipment will have 2
locks on it, one by the

person performing the

maintenance plus the
one of the supervisor.

3. In instances where mul-
tiple circuits are in a Cir-
cuit breaker box, an at-
taching mechanism will
be placed on the outside
of the box to allow that
box to be locked out and
prevent the door from
being opened.

B.Each employee who per-
forms the duties prescribed
above will be provided
with an individual safety
lock and one key. If more
that one employee is as-
signed to a task, gach em-
ployee is required to place
his own lock and tag so the
controls cannot be operat-
ed, even though another
person may have complet-
ed his own task, and re-
move his own lock.

C.If the equipment controls
are so located that only one
lock can be accommodated,
a special attachment that ac-
commodates several locks
must be used. This attach-
ment will be issued to all
designated employees.

D. Should an employee be re-
quired to work on another
piece of equipment and
need to leave his lock on
the present equipment, an-
other lock must be obtained
from the plant manager.

E. Should it be necessary to
operate a piece of equip-
ment which is locked out,
every effort should be
made by supervision to lo-
cate the employee whose
lock is on the equipment.
If that employee cannot be
located, the supervisor may
obtain a master key for the
lock. The supervisor must
personally assure himself
that it is safe to remove the
lock. The lock should than
be returned to the proper
employee.

This procedure must be
used with extreme caution

and good judgement.
There is danger that the

employee involved will re-
turn thinking that the ma-
chine is still locked out,
when it has actually been
turned back on.

F. If a machine is locked out

and it is necessary to leave
the area, recheck the lock
upon returning to make
sure that the machine is still
locked out. While supervi-
sion will make every at-
tempt to avoid the removal
of locks, there may be situ-
ations when it must be
done. This recheck is for
your protection.

22 Turbo Refrigerating Company 1/91

G.It is sometimes necessary
to operate equipment for
purposes of testing or mak-
ing adjustments prior to the
actual completion of the
work. It is recognized that
electricians must work on
live circuits from time to
time, particularly when
trouble-shooting, but ex-
treme caution must be used
under these circumstances.
Never work alone when
changing live wiring.

YI11. Outside Contractors

Whenever outside servicing
personnel are to be engaged in
activities covered by the scope
and application of this lockout
and tag procedure, such per-
sonnel are to be informed of
this procedure by the person
responsible for their work ac-
tivity and are to direct them to
follow its requirements. Fail-
ure to do so shall require that
they do not be permitted to

. continue working in the plant.

YIII, Failure To Follow
Procedures

These procedures have been
developed to protect employ-
ees from serious injury. It is
necessary that all employees
follow them. Those employ-
ees not complying with the
provisions in this procedure
will be subject to disciplinary
action, up to and including
discharge.

"7‘
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DISCONNECTING POWER & LOCK OUT

Turbo Refrigerating Company
insists that disconnecting
and locking out the power
to the motor driving the

unit provides the only real
protection against injury.
Other devices should not be
used as a substitute for
locking out the power

prior to removing guards,
covers, or other safety devices.
Turbo warns that the use of
secondary devices may cause
employees to develop a false
sense of security and fail to
lock out power before
removing guards, covers,

or other safety devices.

This could result in a

serious injury should the
secondary device fail or
malfunction.

INCORRECT

INCORRECT W
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.
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To install and prepare the Tur-
bo thermal storage unit for op-
eration, you will need two to
four people whose skills in-
clude mechanical, welding,
and plumbing capabilities as
well as a qualified electrician.

This section includes instruc-
tions on site preparation, in-
stallation, and connection of
your thermal storage unit.
Your thermal storage unit has
been tested and inspected at
the factory prior to packing
and shipping. The general in-
stallation sequence is as fol-
lows:

1. Site Preparation
2. Delivery Inspection .
3. Hoisting or Moving
A. Ice Generator
B. Storage Tank
4. Mounting and Leveling
A. Storage Tank
B. Ice Generator
S . Storage Tank and Ice
Generator/Chiller Access
Openings
. Refrigerant Piping
. Electrical Connections
. Water Connections
. Aligning Reciprocating
Compressors and Motors
10. Testing Refrigeration
System for Leaks
11. Evacuating the System
12. Charging the Unit with
Refrigerant Oil
1 3. Refrigerant Charging
14. Air-Cooled Condensers
15. Evaporative-Cooled
Condensers
16. Water-Cooled
Condensers
17. Pre-Start-Up Checklist
18. Start-Up Checklist

OO0 1N

INSTALLATION & PRE-START-UP
REQUIREMENTS

IMPORTANT

Pay special attention to
any bold print or boxed
in paragraphs. Follow-
ing this information is
essential for a safe, effi-
cient installation and op-
eration.

To Help You Get
Started

« Read instructions com-
pletely before installation.

» Gather all required tools.

» Establish front and rear,
and left and right of the
thermal storage unit by fac-
ing the motor/compressor
and evaporator sections
(see Figure 3-1).

- On the right is the motor/
compressor control panel
section of the thermal
storage unit.

- On the left is the evapora-
tor section control panels
of the thermal storage
unit.

- Access doors are located
on the front of the evapo-
rator section.

- Access panels are provid-
ed on the end, back, and
top of the evaporator sec-
tion.

- Optional panels are avail-
able for the engine com-
partment end, front,
back, and top (required
for outdoor installa-
tions).

» b

Use this method when refer-
ring to parts that are left,
right, front, or rear.

Helpful Hints

+ The refrigerant piping and
valves for the evaporator
are located behind the ac-
cess doors on the front of
the unit.

+ Adequate space must be
left around all sides, ends,
and the top of the evapora-
tor for service access.

Do not run piping and/or
conduit across the top of
the unit (that will limit the
ability to remove the roof
panels for access to the wa-
ter distribution system).

+ Check the location of all
connections before setting
the unit in place.

+ Always remember -
SAFETY FIRST !!!
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Read Safety Section before this section. Failure to carefully follow .
these instructions could result in permanent injury or loss of life.

RECIRCULATING
WATER REAR
CONNECTIONS l
-t"'"""'“"“““"“""’"‘""“:!’""" -
s 1 €————— RIGHT
] ‘\‘ ‘4‘ : -
NN RO THREE-PHASE
' (SOA OR 5CE \ EVAPORATOR ENGINE PANEL
N MODELS) 1 SECTION COMPARTMENT
; ' -
i 'l - \
! . . \ CONTROL
v ',‘ ‘.‘ \ T PANEL
t ¢ . i
o ! LEFT—s -
e — - - ———— - B e e - = = -
/\/ A -
¥’ FRONT &
PLAN VIEW 2
Figure 3-1 Typical Thermal Storage Unit Layout
Notes:

1. On SCA and SCE models, the air-cooled or evaporative-cooled condenser is mounted on the
left end of the unit on a common skid with the thermal storage unit.

2. The electrical panels are normally supplied on the right side of the unit.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

To install the thermal storage
unit, you will need two to
four people whose skills in-
clude mechanical, welding,
and plumbing capabilities as
well as a qualified electrician.

The following is a list of tools
required for safe erection and
assembly of the thermal stor-
age unit:

[ . . [ L] . * [ [ [ ] * * * * * * * * . [ .

TOOLS

Wrenches and sockets (a full setup to 1 1/8")

Phillips (not cross-point) and standard (slotted) screw
drivers

Level (four feet long)

Tape measure (fifty feet long)

Pry bar

Chain hoists (one ton) or two "come alongs"” (1000#)
Allen wrenches (sizes 1/8" to 1/2")

Chains (two - 3/8 inch, minimum - ten feet long)

Arc welder

Amp probe

Voltage tester

Continuity tester

Framing square

Forklift or crane

8" and 12" adjustable wrench

Channel-lock pliers

Needle-nose pliers

Wire cutter and stripper

Hand operated refrigerant oil pump

Portable vacuum pump

Magnetic mount dial indicator (compressor alignment)
Refrigerant gauge manifold set with hoses
Oxy-acetylene brazing set-up with various brazing and
cutting tips (primarily for SCAR and SCER models where
field installation of refrigerant piping is required)
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Read Safety Section before this section.

these instructions could result in permanent injury or loss of life.

Failure to carefully follow ”
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

IMPORTANT

Next to the selection of
the proper equipment for
the applications and load
requirements, the most
important pre-delivery
task is the job site prep-
aration for the installa-
tion of the thermal stor-
age equipment.

Installations utilizing concrete
storage tanks fabricated at the
job site must ensure that loca-
tion and construction of the
tank is dimensionally and
structurally compatible with
the thermal storage unit, water
recirculation system, and
overall system requirements.
The use of optional Turbo
steel storage tanks also re-
quires that proper concrete
pads, working space, and
connection access be provid-
ed. '

The following guidelines
should assist in properly pre-
paring for installation of the
Turbo supplied equipment.

Questions concerning site

preparation should be dis-
cussed with a qualified Turbo
distributor or Turbo applica-
tion engineer.

Location

The thermal storage equip-
ment may be installed indoors
or outdoors. See general re-
quirements for each installa-
tion below. Outdoor installa-

1. SITE PREPARATION

tions require optional engine
compartment panels.

Indoor Installation
General Requirements

+ Access by a forklift or
overhead hoist should be
provided to the equipment
room for removal of large
components such as com-
pressors and motors.

+ Install the thermal storage

unit in an area where the
ambient temperature does
not fall below 40°F or rise
above 100°F. The evapora-
tor (freezing) compartment
of the unit is insulated
against excessive heat infil-
tration. The machinery
compartment is designed to
provide ventilation for the
machinery and motors.
Auxiliary heating may be
required to maintain the
equipment above 40°F dur-
ing shut-down to prevent
damage to components
containing water.

« Ventilation of the room is

required to remove the heat
generated by the motor/
compressor assembly, and
refrigerant in case of a re-
frigerant leak.

+ If located next to offices or

residential areas where
noise may be objectiona-
ble, consideration should
be given to noise abatement
in the equipment room.

+ Adequate water supply and
drainage must be available.
Refer to step 8. Water
Connections on page 63.

+ Control of water inside the
room (resulting from water
supply line rupture) should
be considered.

+ Adequate lighting for ser-
vice work:

- Around the top of the
unit for cleaning the wa-
ter distribution system.

- In front of the evapora-
tor access doors for
valve adjustment and
observation of unit oper-
ation.

- Above and around the
engine compartment to
check operation and ob-
serve compressor crank-
case oil levels.

- Above and around the
electrical control panel
and three-phase panel.

Note:

The National Electric Code re-
quires a minimum of 36"
clearance in front of the elec-
trical enclosures. State or lo-
cal codes may require addi-
tional clearance. The
contractor is responsible for
ensuring that all equipment is
installed in accordance with all
local, state, and national
codes.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow ll

+ Adequate access to the
storage tank should be pro-
vided for service and in-
spection. Provide means
of locking access doors.

« Access to recirculating
pumps and clearance for
removal of the pumps
(such as vertical turbine
pumps) should be provid-
ed.

» Proper storage tank suction
headers and/or suction
screens should be provided
to prevent clogging of the
pump impeller and water
distribution system. Good
suction piping ensures
proper water distribution
and ice burmn-off in the
tank.

+ Adequate space should be
allowed on all sides and the
top for cleaning and ser-
vice.

Note:

HP models require a mini-
mum of 36" on the front to al-
low for the swing of the ac-
cess doors. IGC models
require 48" minimum clear-
ance. Turbo recommends a
minimum 36" clearance
around all other parts of the
equipment for service and
maintenance access. The wa-
ter distribution system located
in the top of the evaporator
section requires 36" minimum
clearance for cleaning.

» Provisions for interfacing
thermal storage equipment
with equipment or compo-
nents located outside the
equipment room (remote

~

condensers, heat exchang-
ers, etc.) should be provid-
ed.

+ Provisions for routing
safety relief valve vent
lines to safe discharge loca-
tion(s) should be provided.

Outdoor Installation
General Requirements

In general, the same require-
ments exist for outdoor instal-
lations as indoor installations.
In addition, the following fac-
tors and requirements should
be considered for outdoor in-
stallations:

+ Covers should be provided
over the electrical control
panel and three-phase panel
to prevent direct exposure
to sunlight. Overheating of
the electrical panels could
result.

+ Provisions should be made
for either permanent or
temporary covering of the
engine compartment and/or
evaporator section during
all types of weather includ-
ing rain, sleet, snow, and
gusting winds so that ser-
vice and routine mainte-
nance can be performed
without regard to outside
conditions.

» Optional engine compart-
‘ment panels are required
for outdoor installations.

» A source of heat may re-
quired for receivers to en-
sure that adequate pressure
can be maintained in the
vessel during low ambient
start-ups.

28 Turbo Refrigerating Company 191

» A source of heat will be re-
quired for all vessels,
pumps, Or components
containing water to prevent
freeze-up during shut-
down in low ambient (be-
low 40°F) conditions.

+ Provisions must be made
for access to the equipment
with fork lifts, cranes, or
other service equipment
during all types of weather
conditions (i.e. paving up
to equipment when sur-
rounding area is muddy,
etc.). )

« Access to ladders, stair-
ways, and tank tops should
be limited during icing or
other inclimate conditions,
which could result in per-
sonal injury due to hazard-
ous and slippery condi-
tions.

+ Adequate fencing should
be provided around instal-
lation to prevent access by
unauthorized personnel.

+ Adequate warning labels
and signs should be pro-
vided around the equip-
ment installation (refer to
section 2. Safety on page
9) to limit access by au-
thorized personnel only.

Congrete Slab

If the thermal storage tank is
to be mounted on a concrete
slab, the surface of the slab
must be level to within 1/4" or
shimming must be provided
under the tank to ensure that it
is level and properly support-
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

ed. When shimming is re-
quired, use caution to prevent
long unsupported spans under
the structural base frame of
the tank or unit. See grouting
guidelines on page 43.

IMPORTANT

Failure to follow these
guidelines could result in
excessive equipment vi-
bration or uneven water
distribution over the eva-
porator plates.

When preparing the slab or
tank top, it may be desirable
to embed steel plates or an-
chors in the concrete to secure
the tank or unit in place after it
is set. Refer to Figures 3-2,
3-11, and 3-12.

Tank and unit details for each
model are available from Tur-
bo to allow placement of metal
inserts to match the structural

“UNIT BASE FRAME
(TANK OR iCE GENERATOR)

WELD BASE FRAME
/ CURBING

g

base frame. No part of the
unit or tank base frame should
be cantilevered or unsupport-
ed. Refer to Figure 3-3.

i rbin

A raised curbing around the
outside of the thermal storage
unit tank top and storage tank
pad is recommended to con-
tain any condensate, leakage,
or cleaning fluid from the unit
or tank. To determine maxi-
mum curbing height, check
the clearance between the bot-
tom of the unit doors and bot-
tom of the structural base
frame. A maximum curbing
height of 3/4 inch is all that
would be needed. This height
would clear the doors on all
standard units. Refer to Fig-
ure 3-2 and step 4A. Mount-
ing and Leveling - Storage
Tank on page 41. The lowest
point of curbing must be at
least a 1/4" above the highest
point of the tank top.

CONDENSATE

] Installation

Some installations require
mounting the thermal storage
unit on a storage tank mount-
ed above grade. The tank
should be mounted on a prop-
erly designed concrete pad as
described previously. In
some cases (particularly SCE
and SCA models), the sttuctu-
ral base of the thermal storage
unit may extend beyond the
tank as shown in Figure 3-3.

This type of installation
should be avoided if possible.

IMPORTANT

On installations of this
type, never leave the
overhang frame unsup-
ported. A structural
steel platform capable of
supporting the dynamic
as well as static load
must be provided.

UNIT BASE FRAME
(TANK OR {CE GENERATOR)

CONDENSATE CURBING

—

3/4" - 1" MAX.

ANCHORING PLATE

/NUT

7°F

g s
CONCRETE \ METAL STRIP CONCRETE / METAL \ANCHOR BOLT

SLABOR ELEVATED ABOVE SLAB SLAB OR STRIP =

TANKTOP/ OR TANK TOP TANK TOP 2

—

METHOD #1 METHOD #2 2

Figure 3-2 Typical Concrete Slab Detail - Tank To Concrete Slab
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FREE SPACE ABOVE
FOR AIR DISCHARGE

SN b1

Ay

36" MINIMUM SERVICE CLEARANCE

COND EVAPORATOR| ENGINE COND EVAPORATOR| ENGINE
SECTION | COMP. FREE SECTION | COMP.
SPACE
- FOR
- AR INTAKE —9»
{
- | | ov——
ICE OPENING STRUCTURAL ICE OPENING
e SUPPORT it
i l 18
w0
INCORRECT CORRECT ,"E

Figure 3-3 Elevated Installation With Overhang Frame

Due to variations in local and
state codes, a local firm spe-
cializing in structural steel
should be consulted to deter-
mine the requirements for the
steel to be erected. Turbo can
be contacted for information
required by the local firm to
provide the steel platform.
The steel supporting the unit
must be level or shimmed to
obtain a satisfactory level.
The guidelines for unsupport-
ed sections apply for installa-
tions using steel and concrete
tanks. Refer to Figure 3-3
and Figure 3-4. A concrete
structure may also be used to
support the overhang frame or
structure.

Access. Service,

n ir

In laying out the unit installa-
tion, adequate space should be
allowed around the unit for
access and service. Particular

attention should be given to
the engine compartment end
of the thermal storage unit.
Removal or service of larger,
heavier components (condens-
ers, COmpressors, etc.) may
require access by a forklift or
other lifting devices which re-
quire additional space.

On air-cooled condensers, ev-
aporative condensers, and
cooling towers, adequate
space must be allowed for air
intake and air discharges to
prevent insufficient air supply
or recirculation of discharge
air.

Vapor flumes created by con-
densation of moisture in the
discharge air streams of eva-
porative condensers and cool-
ing towers during certain op-
erating conditions should also
be considered to avoid aes-
thetic problems around the
building due to visibility of
such flumes.
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Space must be allowed for
electrical disconnects and load
centers near the equipment
and for conduit runs from the
load center to the equipment.

Water Supply

Thermal storage systems re-
quire a water charge of 60 to
75% of the storage tank vol-
ume. Some systems will re-
quire several thousand gallons
of water. Inadequate water
supply lines may result in ex-
cessive time required to fill the
tank.

Before the equipment installa-
tion begins, an adequate sup-
ply of water must be available
to clean and charge the storage
tank as well as to supply re-
mote equipment such as cool-
ing towers, evaporative con-
densers, and oil coolers with
sufficient water flow and
pressure.

N

....&i................&k‘.....................




Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

Most cooling towers and eva-
porative condensers require
40 psig water pressure at the
make-up water connection for
continuous operation.

Water piping from cooling
towers to the water-cooled
condenser in SC models must
be properly sized to deliver
the specified flow and pres-
sure. The cooling tower
pump must be sized for the
proper flow at the total head
of the system including pres-
sure drop in the supply line,
piping, and condenser, plus
the static head resulting from
installation of the thermal stor-
age equipment above the cool-
ing tower. Refer to step 16.
Water-Cooled Condensers on
page 93 for details.

Evaporative condensers also
require a continuous source of
make-up water during opera-
tion.

rain nnecti

Cleaning of the tank prior to
charging with water is essen-
tial. Water may be used to
wash down the walls of the
tank and for piping to the wa-
ter distribution system and ex-
ternal devices such as air han-
dlers. Although the water in
the storage tank is not potta-
ble, every effort should be
made to keep the tank and all
related piping as clean as pos-
sible to prevent fouling of the
icemaker evaporator plates,
heat exchangers, and water
distribution system.

To obtain the proper cleaning
of the tank, it will be neces-
sary to drain the water from
the tank during clean-up and
possibly during start-up of the
equipment due to debris re-
turning to the tank from the
building recirculating water
piping. Provisions must be
made for draining and refilling
the tank in a reasonable time.

A strainer should be provided
by others in the return water
line to prevent the return of
debris to the storage tank.

Water Filtration

Cleanliness of the storage
tank, recirculating water sys-
tem, building water system,
and heat exchangers is essen-
tial for maximum efficiency
and utilization of the equip-
ment without unnecessary
maintenance. It is recom-
mended that permanent water
filtration be provided in the
piping of the water recircula-
tion system. The filtration
should be capable of remov-
ing all water borne solid par-
ticulate matter larger than 25
microns in size.

Installation of the filtration
should be made in a location
suitable for regular periodic
cleaning and/or replacement.
Inspection and cleaning is es-
sential during start-up and the
first 100 hours of operation.

EVAPORATOR ENGINE EVAPORATOR ENGINE
SECTION COMP. SECTION COMP.
= ICE OPENING ] STORAGE [— ICE OPENING ] STRUCTURAL
STORAGE TANK .
TANK SUPPORT
] { ]

INCORRECT

CORRECT

* MUST SUPPORT ENTIRE STRUC TURE BASE OF ENGINE COMPARTMENT.
SUPPORT AROUND PERIMETER OF BASE IS NOT ACCEPTASLE.

TSTS-944

Figure 3-4 SC Unit With Overhung Engine Compartment
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Read‘S;fety Section before this section. Failure to carefully follow |
these instructions could result in permanent injury or loss of life.

In typical installations, a sand
filter will provide adequate fil-
tration. Provide a filter in the
building return water line. A
filter in the recirculating water
line is also recommended.

If water borne solids with at-
tendant maintenance of the fil-
tration system continues be-
yond the first 100 hours of
service, the system should be
checked to determine the
source of the contaminants. It
may be necessary to contact a
water treatment specialist.
Operating personnel should
also observe the water in the
tank for floating debris and
changes in the water level.

licati

The Electric Power Research
Institute (EPRI) Water Treat-
ment Manual (Reference Ap-
pendix) and the Turbo Opera-
tion and Installation Manual
should both be reviewed by
the installing contractor and
operating personnel prior to
installation of the water sys-
tem and water system charge.

r men

All thermal storage units
should be supplied with
strainers (by others) in the re-
circulating water pump line
and building chilled water
supply line to remove solids
and material large enough to
plug openings in the distribu-
tion system(s).

Consult a local water treat-
ment company to determine if
additional water treatment or
filtration is required to pro-
duce the desired ice quality,
reduce maintenance of the wa-
ter distribution system, and
prevent contaminants that may
prevent proper operation of
the equipment. Extremely
hard water will tend to make
cloudy, softer ice and leave
deposits within the machine
necessitating frequent clean-
ing. Water supplies in vari-
ous parts of the country are
unique in terms of acidity,
solid content, and chemistry
that may affect the water sys-
tem.
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Consultation with a qualified
water treatment company can
identify the needs for your
system. After start-up, water
samples should be taken regu-
larly to evaluate biological,
bacteriology, or other contam-
inants that may result from
operation of the system.

Highly chlorinated water
should be avoided during op-
eration or cleaning due to the
highly corrosive effect on all
materials including stainless
steel.

Refer to section 6. Mainte-
nance on page 166 for guide-
lines on cleaning evaporator
plates, water distribution pans
and headers.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.
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All self-contained thermal
storage units are thoroughly
inspected and tested at the fac-
tory to assure shipment of a
mechanically sound piece of
equipment.

Inspect the thermal storage
unit thoroughly upon arrival at
the installation site to check
for any shipment damage.

Report any damage to the
transportation company imme-
diately so that an authorized
agent can examine the thermal

2. DELIVERY INSPECTION

Loose Equipment
and Crates

+ Open all crates and boxes
shipped with the unit.

+ Verify all loose parts and
crates versus components
listed on packing slip.

+ Check all components,
boxes, or crates for dam-
age.

Evaporator Plates

+ Check the mounting of the
evaporator plates on the

Warning Labels

+ Check that warning labels
are in place (refer to section
2. Safety on page 9) and
that an installation manual
is available at the job site.

+ If labels are not in place or
a manual is not available at
the job site, contact Turbo
Refrigerating Company im-
mediately:

TURBO REFRIGERATING CO
1000 WEST ORMSBY AVENUE
SUITE 19

storage equipment, determine
the extent of the damage, and

mounting channels for
loose or damaged plates.  PHONE: 940-387-4301

LOUISVILLE, KY 40210

take the necessary steps to  + Check the water distribu- TOLL FREE 800-775-8648

rectify the claim without cost-
ly delays. Notify Turbo of
any claims made.

Turbo ice generators are
shipped on "air-ride" trailers
to ensure that the equipment
arrives in the best possible
condition. Tanks and acces-
sory equipment are shipped
by common carrier.

Deliver n i

Checklist

Panels

» Inspect all panels for dam-
age.

» Check hardware on panels
and door hinges.

+ Check all door handles.

« Check roof panels and roof
panel sealing strips.

* Make sure all panels and
doors are on the equipment
or shipped loose with the
equipment.

tion pans and PVC distri-
bution headers on top of
the evaporator plates for
damage and proper attach-
ment to the plates.

Valves and Piping

+ Check for broken or dam-
aged tubes and piping in
the evaporator and engine
compartment.

Connections
to Equipment

» Check all electrical connec-
tion stubs for damages.
Check all water connection
stubs for damages.

Check all refrigerant con-
nection stubs for damages.
Note location of all connec-
tions and verify against
data sheets.

L

.

Lifting Lugs/Pipes

» Check that lifting lugs and
pipes are in place and in
proper condition for lifting
equipment.

+ On optional storage tanks,
check the location and con-
dition of all lifting lugs and
pipes.

WARNING

Do not attempt to hoist
equipment if lifting de-
vices are damaged or
missing. Failure to care-
fully follow these in-
structions could result in
permanent injury or loss
of life.
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Turbo Nameplate

+ Locate the Turbo nameplate
on the electrical control
panel of the thermal storage
unit(s) and record all of the
information for future ref-
erence.

= The Turbo serial number
(located on the nameplate)
should be referenced in all
inquiries to Turbo.

+ Remote equipment {(con-
densers, etc.) and optional
storage tanks will have the
same serial number as the
ice generator.

Note:

If the remote equipment or
storage tanks are purchased
separately, they will have a
separate nameplate and serial
number.

Equipment

+ Check equipment ordered
versus the purchase order
and Turbo sales acknowl-
edgement form. Report
any discrepancies to Turbo
Refrigerating Company im-
mediately.
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IMPORTANT

Turbo will provide
guidelines and advice
relative to sizing, con-
figuration, etc. of remote
equipment supplied by
others with prior written
notice of equipment de-
tail. Turbo assumes no
liability for proper sizing
or installation of equip-
ment, supplied and in-
stalled by others. Turbo
will not assume respon-
sibility for proper inter-
facing, capacity, or in-
stallation of remote
equipment by others.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

3A. HOISTING OR MOVING - ICE GENERATOR

Equipment Rigging
Instruction
SUING
The thermal storage unit must
be lifted by the lifting lugs
provided by Turbo. Please 1

I 1

note that these lifting lugs are SPREADERS
not intended to be used for ex-
tended lifting periods. De-

pending on the orientation of
the lifting lugs, the use of a ™ sLock
spreader bar and blocks may
be required to protect the ex-
terior panels. In some cases,
removal of certain exterior
panels during the rigging op-
eration may be required.

TSTS-917

Figure 3-5 shows the configu-

ration with lifting lugs on the ~ LIFTING EYE
thermal storage equipment
ends. This configuration is Fi 3.5 Small Th 1S

gure ma ermal Storage
normally used on smaller ther- Unit Configuration

mal storage units. The use of
blocks and spreader bars are
required to avoid damage to

the cabinetry.
. SUNG
Figure 3-6 shows the lifting
lug arrangement used on larg- -
er thermal storage units. The 1
lifting lugs may be used by SPREADERS
running a sling through the 3"
pipes which run through the - ‘
units. £ g | |
™ sLock |
|
&

TSTS-918

LIFTING PIPE

Figure 3-6 Large Thermal Storage
Unit Configuration
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Read Safety Section before this section. Failure to carefull;' follow
these instructions could result in permanent injury or loss of life.

Figure 3-7 shows a thermal
storage unit and a condenser
mounted on a common skid.

The lifting method is similar
to that of Figure 3-6, with
both spreader bars and blocks
being required.

Figure 3-8 shows a larger
thermal storage unit requiring
middle support during lifting.
Additional lifting lug(s) will
be provided as required for
proper rigging.
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SPREADER
BAR
= e LIFTING LUG
Figure 3-7 Common Skid
SLING
SPREADER
.BAR

/

LIFTING LUG

Figure 3-8 Larger Thermal Storage Unit
With Middle Support
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Figure 3-9 shows a typical
thermal storage unit with an
air-cooled condensing unit.

This configuration is typical
of SCA and SCE models.

Multiple spreader bars and
blocks are required.

Hoisting or Moving

If a thermal storage unit is in-
stalled in a location that re-
quires the thermal storage unit
to be lifted by means of a
crane, Turbo requires that the
lifting and/or slinging be done
from the bottom of the thermal
storage unit and that the unit
be kept level during hoisting.
Do not hoist from one end.
The lifting angle should not
exceed 20°.

Note:

Turbo thermal storage tanks
may be hoisted from the top
with lugs designed for that
purpose (see step 3B. Hoist-
ing or Moving - Storage Tank
on page 39 for details).

Use a spreader at the top of
the unit to prevent the unit
panels from crushing. A com-
petent rigging and hoisting
contractor can handle the job
without danger or damage to
the unit.

If a unit or tank has to be
moved along a floor, road,
driveway, etc., use either
pipes as rollers or dollies of
sufficient capacity under the
unit or tank.

SLING

SPREADER <

BAR /

- BLOCK

1

_Z

TSTS-921

LIFTING EYE

Figure 3-9 Thermal Storage Unit With An
Air-Cooled Condensing Unit

IMPORTANT

WARNING

Never lift or sling the
unit with devices fas-
tened to the .top frame
structure. Only lift the
thermal storage unit from
the lifting lugs.

The self-contained thermal
storage unit model contains a
condensing unit located next
to the evaporator section. The
evaporator and condensing

sections are located on a com- -

mon base frame provided with
either lifting eyes or lifting
pipes. Before hoisting, the
rigger must ensure that the
load is properly balanced to
prevent tilting or tipping of the
unit. Test the load before lift-
ing off the truck or ground.

Hoisting or moving
heavy equipment should
only be done by compe-
tent rigging and hoisting
contractors. Never al-
low personnel under the
unit while it is in the air.
Failure to carefully fol-
low these instructions
could result in permanent

injury or loss of life.

e
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

3B. HOISTING OR MOVING - STORAGE TANK

Storage Tank

The Turbo storage tank is an
optional item. Turbo storage
tanks are furnished only if the
Turbo Sales Order specifically
includes a storage tank. The
following information applies
only to storage tanks manu-
factured by Turbo Refrigerat-
ing Company.

Check all connections and
openings on the tank includ-
ing the ice discharge opening
on the top of the tank. Check
the location and condition of
all lifting lugs or lifting pipes
before rigging.

WARNING

Do not attempt to hoist
equipment if lifting de-
vices are missing or
damaged. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life.

If the tank has to be moved
along a floor, road, driveway,
etc., use either pipes as rollers
or dollies of sufficient capaci-
ty under the storage tank.

Note:

The pad that the storage tank
rests on must be within 1/4"
of level, and supported along
the entire length of the tank.
This should be checked with

SLING

LIFTING
LUG TAB

/

TSTS-809

Figure 3-10 Lifting Lug Tab Method

an appropriate device prior to
rigging and setting the storage
tank on the pad. Refer to step
1. Site Preparation on page
27.

Rigeing Instryuction

The storage tank must be lift-
ed by the factory installed lift-
ing lugs. Note that these lift-
ing lugs are not intended to be
used for extended lifting peri-
ods. Depending on the orien-
tation of the lifting lugs, the
use of a spreader bar may be

required to protect the tank ex-
terior or interior.

Figure 3-10 shows lifting lug
tabs at the top of the storage
tank. The slings may be di-
rectly connected to the holes
in these tabs.

Longer tanks may also have a
set of lifting lugs in the middle
of the tank. All lifting lugs
may be cut off after installa-
tion if so desired.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

e

"Ny

'.
w%zx.vi - I

e

40 Turbo Refrigerating Company 1/91




Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

4A. MOUNTING AND LEVELING - STORAGE TANK

Set and secure the storage
tank on a solid, level concrete
pad. Refer to step 1. Site
Preparation on page 27 for ad-
ditional details.

IMPORTANT

It is imperative that the
storage tank be level
along the top (interface
of tank and ice genera-
tor/chiller) in both length
and width. Failure to
level the mounting inter-
face of the tank in both
directions will result in
excessive shimming of
the ice generator/chiller
when it is mounted on
the tank. Failure to
properly level the ice
generator/chiller will
disturb the water flow
pattern over the evapora-
tor plates and may cause
incomplete coverage of
the freezing surfaces.

Loose dirt, scale, and other
debris should be removed
from the bottom of the tank
interface prior to mounting the
tank on the pad.

When the optional Turbo stor-
age tank is supplied, a steel
construction is used. Howev-
er, leveling and grouting the
thermal storage unit on the
tank would be the same. On
Turbo tanks, a flat bar is
welded on the tank top to con-
tain condensation.

IMPORTANT

WARNING

Access to the storage
tank and thermal storage
unit should be secured
and limited to authorized
personnel only. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.

Use a level with a minimum
length of forty-eight (48)
inches to ensure a good instal-
lation.

Since shimming is required to
level the unit, use caution to
prevent long unsupported
spans (greater than 30") along
the structural base. Mechani-
cal vibration or gas pulsation
from the condensing unit
could produce unacceptable
vibrations resulting in failure
of components, broken refrig-
erant lines, and excessive.
noise.

Leveling the thermal
storage tank requires
shimming. Grouting
should be placed under
the tank after leveling to
fill any voids between
the concrete pad and tank
to ensure solid support
of gll structural mem-
bers. Failure to follow
these instructions could
result in excessive vibra-
tion, refrigerant line
breakage, compressor
failure, and loss of re-
frigerant.

Tanks installed at grade
should also be provided with
railings if installed outdoors,
or in a room with access limit-
ed to authorized personnel to
prevent access to the ice gen-
erator.

On concrete tanks, the ice
generator is secured to the
storage tank by the grouting
installed under the unit after
leveling. Steel tanks should
be welded to the tank top in-
termittently around the entire
frame after grouting.

WARNING

Tanks installed above grade
should be provided with rail-
ing around the tank top, lad-
ders, or stairway access to the
equipment that conform to all
local, state, and federal re-

' quirements.

The inside of the tank is
insulated with an insula-
tion foam. Do not at-
tempt to continuous weld
or run a heavy weld bead
on the tank. Several
short intermittent welds
should be used. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Securing the Tank

There are several ways to se-
cure the storage tank to the
pad on which it will rest. De-
pending on local practices, the
tank may be anchored to the
pad in various manners. The
anchoring method used
should provide a secure instal-
lation and conform to all local,
state, or federal codes. Figure
3-11 shows a steel insert
placed in the pad along the
bottom perimeter of the stor-
age tank. In this configura-
tion, the tank bottom frame
member 1s directly welded to
the steel insert.

Figure 3-12 shows bolts
which hold down a steel plate
which secures the tank to the
pad. This configuration elimi-
nates the need for holes in the
bottom structural member of
the tank for securing the tank.

As a result of shimming and
grouting to level the tank top,
it may be necessary to weld a
steel tab to the tank structure
as shown in Figure 3-15 on
page 47 to anchor the tank to
the concrete slab.

Note:

The tank pad must be suitable
for supporting the weight of
the tank with a full water
charge, all catwalks, guard
rails, ladders, miscellaneous
equipment, and personnel.
The tank must be level and
properly supported under the
entire tank.

If the above anchoring proce-
dure cannot be followed, con-
tact Turbo for alternate meth-
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| —— TANK EXTERIOR

TANK BOTTOM FRAME MEMBER

WELD FRAME MEMBER
TO STEEL INSERT

CONDENSATE CURBING

BASE PAD

TSTS-933

STEEL INSERT

Figure 3-11 Storage Tank to Concrete Slab
{Steel Insert)

‘/IANK EXTERIOR

/ TANK BOTTOM FRAME MEMBER

ANCHORING PLATE

CONDENSATE
CURBING

/NUT

BASE PAD
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Figure 3-12 Storage Tank to Concrete Slab
(Steel Plate)
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

ods. Turbo should be notified
in writing of variations from
the above guidelines. Com-
ments on these variations will
be provided by Turbo. How-
ever, Turbo assumes no liabil-
ity for designs and installa-
tions provided by others.

IMPORTANT

Failure to provide writ-
ten notifications of unau-
thorized tank installation
designs or installation
techniques will release
Turbo from any obliga-
tion or warranty result-
ing from such installa-
tions.

Steel tanks installed below
grade also require anchoring
even if the tank is to be cov-
ered with dirt. Anchoring
methods should be the same
as above grade installations.

IMPORTANT

Failure to anchor tanks
installed below grade
could result in shifting
or movement of the tank
due to changes in soil
conditions. Failure to
maintain a level system
could result in uneven
water distribution over
the evaporator plates
and/or excessive vibra-
tion resulting in compo-
nent failure.

Grouting Guidelines

Guidelines for grouting the
space between the bottom of
the frame and tank top are de-
scribed in detail in the
"Concrete Tank Guideline”
prepared by Portland Cement
for Turbo Refrigerating Com-
pany (available upon request).

Grouting under the unit in this
manner is acceptable on both
metal and concrete tank instal-
lations. Refer to Figure 3-16
on page 48.

Provide clearance. for 3/8" to
1/2" of grout. Wet the top of
the tank, pour grout and tamp
to fill spaces between frame
and tank top. Allow grout to
dry slightly and then trowel
smooth.

A suggested mixture for the
grout is one (1) part Portland
cement to two (2) or three (3)
parts of sharp sand.

When the grout has hardened
for twenty-four (24) to thirty-
six (36) hours, tighten any
foundation or anchor bolts
used to attach the frame to the
concrete. Full curing of the
grout may require additional
time. Consult the installing
contractor.

Concrete Tanks

The above instructions apply
primarily to steel Turbo tanks.
Concrete tanks are typically
constructed such that the tank
itself is part of the structural
concrete pad for mounting the
thermal storage unit. The tops
of the concrete tanks at the in-
terface of the tank top and ice
generator/chiller must meet the
same requirements as steel
tanks for mounting and level-
ing.

Installation of a stand alone
concrete tank (for smaller sys-
tems) on a concrete pad would
also utilize the guidelines for
mounting and leveling steel
tanks.

Concrete tank, design, config-
uration, and construction is
the responsibility of others.

Turbo will provide comments,
observations, and opinions
for specific designs, configu-
rations, and installations
based on past experience.

IMPORTANT

Failure to provide writ-
ten notifications of unau-
thorized tank installation
designs or installation
techniques will release
Turbo from any obliga-
tion or warranty result-
ing from such installa-
tions.

All grouting material and in-
stallation of grouting is sup-
plied and installed by others.
Use non-shrink grout.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

4B. MOUNTING AND LEVELING - ICE GENERATOR

Set and secure the thermal
storage unit on a solid, level
tank top structurally sufficient
to support the operating
weight of the unit and absorb
mechanical vibration. Refer
to step 1. Site Preparation on
page 27 for additional details.

IMPORTANT

It is imperative that the
thermal storage unit be
level in both length and
width. Failure to level
the thermal storage unit
in both directions will
disturb the water flow
patterns and may cause
incomplete coverage of
the freezing surfaces.

Use a level with a minimum
length of forty-eight (48)
inches to insure a good instal-
lation.

ENTIRE
RAILING NOT

SHOWN .
[ 4

_

Shimming will be required to
level the unit. Use caution to
prevent long unsupported
spans between the unit struc-
tural base and concrete slab or
support steel. Mechanical vi-
bration or gas pulsation from
the condensing unit could pro-
duce unacceptable vibrations
resulting in failure of compo-

nents, broken refrigerant-

lines, and excessive noise.

Loose dirt, scale, and other
debris should be removed
from the bottom of the ice
generator/chiller frame and
tank top interface prior to
mounting the unit on the tank.

The above information indi-
cates a concrete storage tank is
used. When the optional Tur-
bo storage tank is supplied,
steel construction is used.

However, leveling and grout-

THERMAL
STORAGE UNIT

J

/—

ing the thermal storage unit on
the tank would be the same.

On Turbo tanks, a flat bar is
welded on the tank top to con-
tain condensation.

On concrete and steel tank
tops, the surface outside the
curbing should be sloped to
prevent standing water in
these areas. Refer to Figure
3-13.

Figure 3-14 shows a concrete
tank top with a raised curb for
mounting the thermal storage
unit. On this type of installa-
tion, the unit must still be lev-
eled and grouted. The engine
compartment pad should fully
support the entire bottom of
the engine compartment. Re-
fer to Figure 3-14, Section B-
B.

CURBING AROUND UNIT EXTERIKOR
SLOPE ALL SIDES

STORAGE TANK

Y {72222 i/

T675-937

Figure 3-13 Storage Tank Top (Above Grade Installation)
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

. TANK
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Figure 3-14 Tank Installation with Raised Curbing
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow u

IMPORTANT

Leveling the thermal
storage unit on the tank
top will require shim-
ming under the engine
compartment. Grouting
should be placed under
the engine compartment
after leveling to fill any
voids between the engine
compartment frame and
tank top to ensure solid

-support of gll structural

members. Failure to fol-
low these instructions
could result in excessive
vibration, refrigerant
line breakage, compres-
sor failure, and loss of
refrigerant.

around the tank top, ladder, or
stairway access to the equip-
ment that conform to all Jocal,
state, and federal require-
ments.

WARNING

Access to the storage
tank and thermal storage
unit should be secured
and limited to authorized
personnel only. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.

On concrete tanks, the ice
generator 1s secured to the
storage tank by the grouting
installed under the unit after
leveling. Steel tanks should
be welded to the tank top in-
termittently around the entire
frame.

WARNING

Tanks installed above grade
(refer to Figure 3-13) should
be provided with railing

Tanks installed at grade
should also be provided with
railings if installed outdoors,
or in a room with access limit-
ed to authorized personnel to
prevent access to the ice gen-
erator.

THERMAL
STORAGE
UNIT

TACK WELD

STEEL TAB

The inside of the tank is
insulated with an insula-
tion foam. Do not at-
tempt to continuous weld
or run a heavy weld bead
on the tank top. Several
short intermittent welds
should be used. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.

TACK WELD

%9

GROUTING

IC?ENING /

.\_\
KX
PR
s

STEEL CONDENSATE
CURBING

TANK TOP

TSTS-938

Figure 3-15 Anchoring Unit After Leveling and Grouting
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

e |

INSULATION

GROUTING

OPENING

/— ICE GENERATOR

CONCRETE CURB
TANKTOP

TSTS-929

Figure 3-16 Grouting Detail - Ice Generator to Tank Top

Because of the leveling re-
quirements, it may be neces-
sary to weld a tab between the
steel frame and steel tank top
(refer to Figure 3-15) to pro-
vide the proper anchoring.

r in idelin

Guidelines for grouting the
space between the bottom of
the frame and tank top are de-
scribed in detail in the
"Concrete Tank Guideline"
prepared by Portland Cement
for Turbo Refrigerating Com-
pany (available upon request).

Grouting under the unit in this
manner is acceptable on both
metal and concrete tank instal-
lations. Refer to Figure 3-16.

Provide clearance for 3/8" to
1/2" of grout. Wet the top of
the tank, pour grout and tamp
to fill spaces between frame
and tank top. Allow grout to
dry slightly and then trowel
smooth.

A suggested mixture for the
grout is one (1) part Portland
cement to two (2) or three (3)
parts of sharp sand.
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When the grout has hardened
for twenty-four (24) to thirty-
six (36) hours, tighten any
foundation or anchor bolts
used to attach the frame to the
concrete. Full curing of the
grout may require additional
time. Consult the installing
contractor.

All grouting material and in-
stallation of grouting is sup-
plied and installed by others.
Use non-shrink grout.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

5. STORAGE TANK AND ICE GENERATOR/CHILLER ACCESS OPENINGS

Periodic service and/or clean-
ing of the storage tank, water
pump connections, and water
pump suction headers or suc-
tion screens will require ac-
cess to the tank interior. Op-
tional Turbo storage tanks are
provided with a minimum of
one (1) tank access opening in
the tank top. In some cases
where space on the tank top is
limited, due to the size of the
ice generator and the tank se-
lected, it may be necessary to
provide an access through the
ice generator itself to the stor-
age tank. Turbo should be
consulted before designing an
installation of this configura-
tion.

A locking hasp is provided on
the tank access door to allow

locking the door to limit ac-
cess to the tank interior.

WARNING

Access to the tank interior is
provided by a ladder located
below the access opening.

WARNING

The thermal storage sys-
tem tank during normal
operation may contain
32°F chilled water or an
ice and water mixture.
Exposure or immersion
from falling into the
storage tank could cause
loss of consciousness
and ability to function
safely. Do not get into
the tank. Never enter
the storage tank alone.
Failure to carefully fol-
low these instructions
could resuit in permanent
injury or loss of life.

Ensure that proper venti-
lation and lighting are
available inside the tank
before entering for ser-
vice. Failure to careful-
ly follow these instruc-
tions could result in
permanent injury or loss
of life.

Concrete tanks should be pro-
vided with the same type
openings and access control
as described above for steel
tanks.

. MLLLLLS,
Y
CLEARANCE FOR REMOVAL
OF VERTICAL PUMP
WATER INLET CONNECTION
THERMAL
STORAGE
UNIT

STORAGE

TANK

PUMP SUCTION SCREEN —/

Figure 3-17 Vertical Pump Installation

b VERTICAL TURBINE PUMP
(UNIT WATER RECIRCULATION
PUMP)

—X

H =HEIGHT REQUIRED ABOVE
TANK TOP FOR REMOVAL
OF PUMP

TSTS-941
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow “

THERMAL
STORAGE
UNT

e T

STORAGE
TANK

PUMP SUCTION SCREEN

WATER RECIRCULATION PUMP

PUMP PIT WITH ACCESS
TO PUMPS FOR BELOW

GRADE PUMP INSTALLATIONS

.
- e e e O e e e me e pe me o

T57S-940

Figure 3-18 Centrifugal Pump Installation

Water Pump
Suction Connections

Provisions must be made for
the recirculating water pump
suction connection. Two
types of connections are gen-
erally used:

Vertical turbine or pedestal
pumps which mount through

the top of the tank.
Space is required above the

pump to allow removal of the
pump. Height required for re-
moval is equal to the shaft
length of the pump drive. Re-
fer to Figure 3-17.

External tank connections for
use with centrifugal pumps.
Requires access to the bottom
of the tank and a pump pit for
below grade tank installations.
Refer to Figure 3-18.

The pump installations shown
are typical for small systems
using Turbo ice generator/
chillers. For larger systems, a
water recirculating pump suc-
tion header is recommended to
prevent temperature stratifica-
tion, short-circuiting of return
water, and uneven ice burn-
off in the tank. Figures 3-19 .
and 3-20 show typical water
suction header arrangements.
Consult Turbo for recommen-
dations on specific installa-
tions.

Water suction headers consist
of PVC piping with perfora-
tions. Headers are located in
the bottom of the tank away
from the ice discharge open-
ing next to the tank walls.

The perforated hole pattern
and location of the piping are
designed to provide uniform
ice burn off by drawing water
from around the entire ice
pile. Consult Turbo for
guidelines or suction header
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design and perforation pattern
to ensure proper water distri-
bution. If laterals are required
under the ice generator ice
opening, schedule 40 steel
pipe must be used to prevent
damage to the header when
the ice pile settles to the bot-
tom of the tank. Suction
headers (in optional Turbo
storage tanks) are located in
the ice voids that exist around
the bottom perimeter of the
tank, in order to limit expo-
sure to the ice pile that is gen-
erated. This minimizes the
potential for damage to the
suction header.

Turbo also recommends re-
straining (but not securely an-
choring) the suction header to
the tank floor to prevent stress
concentrations at the water
pump inlet connection due to
motion of the ice and water in
the storage tank.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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Figure 3-19 Vertical Pump Installation With Water Suction Header
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these instructions could result in permanent injury or loss of life.

Read Safety Section before this section. Failure to carefully follow “

THERMAL
STORAGE
UNIT

WATER INLET CONNECTION

GRADE PUMP INSTALLATIONS

STORAGE
TANK

v,__.____\_/\_/‘\__/—-

e

PUMP PIT WITH ACCESS
TO PUMPS FOR BELOW

1
THERMAL STORAGE UNIT
ICE OPENING

SUCTION HEADER (PERFORATED) *

* LARGER SYSTEM MAY REQUIRE SEVERAL LATERALS

Figure 3-20 Centrifugal Pump Installation With Water Suction Header
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

IMPORTANT

Turbo will provide
guidelines and advice
relative to sizing, con-
figuration, location, etc.
of headers supplied by
others (with prior writ-
ten notice of suction
header detail) . Turbo
assumes no liability for
proper sizing, configura-
tion, or installation of

suction headers supplied |

by others.

Building Return Water

Water returning to the thermal
storage unit is piped to the
water distribution system in
the thermal storage unit. This
ensures uniform distribution
of the return water over the ice

CHECK VALVE —\

>

stored in the storage tank.
Refer to Figure 3-21. Retumn
of the water to the primary
distribution system is ideal but
may not be practical in all in-
stallations due to variations in
operating parameters. For ex-
ample, the building chilled
water supply pump flow rate
may exceed the flow capacity
of the water distribution head-
er and pan sized for the opti-
mum evaporator recirculation
flow rate. In these cases, it
may be necessary to bypass
part of the return water flow
directly to the tank. If this is
necessary, a bypass water dis-
tribution header should be in-
stalled inside the tank top to
distribute the water bypass
over the ice pile.

Listed below are a few of the
operating sequences that may
be encountered in the retum

BUILDING LOAD

water systems:

The recirculating water pump
(RWP) and chilled water
pump (CWP) operate separ-
ately:

1. If the RWP and CWP flow
rate are the same, or if the
CWP flow rate is less than
the RWP flow rate, all of
the return water is piped to
the existing water distribu-
tion system as shown in
Figure 3-21.

2. The CWP flow rate is
higher than the RWP. In
this case, a bypass must be
provided to bypass part of
the return water flow to the
storage tank. Refer to Fig-
ure 3-22. A three-way
flow control valve is in-
stalled in the return water
line. When the return wa-

/—RETURN WATER

- AWWW

CHILLED
WATER
SUPPLY

WATER DISTRIBUTION PAN

l[_WATEF{ DISTRIBUTION HEADER

]
BTETTTHTTTTITTTITTT

n

STRANER—y |

o\

-

RECIRCULATING

WATER PUMP L-—-
ey UHA

ICE IN STORAGE TANK

BUILDING
CHILLED WATER
SUPPLY PUMP
(Cwp)

STRAINER
N

g

L STORAGE TANK

TSTS-947

Figure 3-21 Return Water Connections
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Read Safety Section before this section. Failure to carefully follow I
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ter flow exceeds the maxi- would exceed the capability pumps simultaneously, an
mum flow rate of the water of the water distribution external electrical interlock
distribution header and system. In general, both (by others) should be n-
pan, the valve opens to by- pumps should not be oper- stalled in the RWP control
pass the balance to a by- ated simultaneously. Such circuit to prevent operation
pass line and bypass water an operation may be neces- of the RWP when the
distribution header located sary to obtain lower return CWP is operating. Refer
in the storage tank. water temperatures (i.e. the to Figure 3-23.
return water temperature is

3. If the system permits oper- high and the unit is operat- The above examples represent
ation of both the RWP and ed as a chiller) for some in- typical installations and may
CWP pump, a bypass ar- stallations or processes. In  not include all arrangements
rangement will be required installations where it is not or configurations.
since the combined flow desired to operate both

BUILDING LOAD CHILLED
WATER
/—RETURN WATER SUPPLY
< AMWWA

WATER BYPASS VALVE
{SET FOR MAX. FLOW RATE
OF WATER RECIRCULATING
SYSTEM <RWP FLOW RATE)

WATER DISTRIBUTION PAN
/ [— WATER DISTRIBUTION HEADER A
L BYPASS
Y/ WATER

BYPASS
FLOW

4 THHTETHE TR eE / pliniadb
r Ao
AT AR 2200000000100
STRAINER—¢ 4 1CE IN STORAGE TANK 4. p— STRAINER

N T——— |8

T

RECIRCULATING BUILDING
WATER PUMP | $~1-d CHILLED WATER
(RWP) UT SUPPLY PUMP
(CWP)

Z—- STORAGE TANK

11

NOTES:
1. WATER SUCTION HEADER NOT SHOWN BUT MAY BE REQUIRED.
2. LOCATION OF RECIRCULATING WATER PUMP AND CHILLED WATER

SUPPLY PUMP ARE FOR ILLUSTRATION PURPOSES ONLY. ACTUAL
LOCATION OF BOTH PUMPS MAY VARY (I.E. SAME END, VE RTICAL

PUMPS MOUNTED THROUGH TANK TOP, ETC.).

TSTS-048

Figure 3-22 Return Water With Bypass
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Figure 3-23 Electrical Interlock of RWP and CWP Pumps

IMPORTANT

Other options to consider

Turbo will provide
guidelines and advice
relative to sizing, con-
figuration, and location
of return water piping
and bypass arrangements
supplied by others with
prior written notice of
piping details. Turbo
assumes no liability for
the sizing, configura-
tion, or location of re-
turn water piping or by-
pass arrangements.
Turbo will not assume
responsibility for proper
interfacing, operation, or
installation of return wa-
ter piping or bypass ar-
rangements supplied by
others.

when providing the return wa-
ter system, recirculating water
pump, and chilled water sup-
ply pump include the use of a
variable speed pump and con-
trol to provide the proper
flows for the recirculating and
building water system. The
use of a variable speed con-
troller may not eliminate the
need for a bypass return water
system due to higher CWP
flow requirements but does

eliminate the need for two
pumps, two pump connec-
tions, and two water strain-
ers.

Two speed pumps may also
work where the flow of the
RWP and CWP match the
flows obtained at low and
high speed operation.
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Piping in a refrigerant system
has two functions:

1. To carry the refrigerant
through the system as a lig-
uid or a gas with a mini-
mum pressure drop.

2. To return any oil entrained
in the refrigerant to the
compressor. Suction
mains should be pitched to-
ward the compressor.

Field piping installation and
configuration is critical for
proper system operation.
Proper refrigeration piping
should be installed following
commonly accepted piping
practices and guidelines.

IMPORTANT

Turbo will provide
guidelines and advice
relative to sizing, con-
figuration, and location
of piping supplied by
others with prior written
notice of the piping de-
tail. Turbo assumes no
liability for proper sizing
or installation of piping
supplied and installed by
others. Turbo will not
assume responsibility for
proper interfacing, ca-
pacity, or installation of
piping by others.

REFRIGERANT PIPING

Steel Pipe Joints

In making up joints for steel
pipe, the following proce-
dures should be followed:

¢ Clean threads on the pipe
and fittings to remove all
traces of grease or oil.

+  Wipe the threads dry with a
lintless wiping cloth.

friocer nstallation

For threaded connections on
piping for refrigerants, use
Teflon thread sealing tape.
Wrap the tape around the
threaded male portion of the
joint about two full turns,
thread into the female portion,
and tighten. If thread sealing
tape is not available, conven-
tonal thread filling compound
may be used. Use thread fill-
ing compound sparingly and
on the pipe only. Do not put
any thread filling compound
on the first two threads, this
prevents any of the compound
from entering the system.

Pipe Type

Piping for freon refrigerant
systems must be type K or L
copper (depending on the ap-
plication). Steel pipe is used
in large installations when
joints are welded and on am-
monia systems.

Freon Refrigerant
Installations

For freon refrigerant installa-
tions, use copper pipe with
solder type fitings where pos-
sible. The use of screw type
fittings should be held to an
absolute minumum to prevent
freon refrigerants from leak-
ing through.

Copper Tubing

Type "K" 1is suitable for
working pressures up to 400
psi. Type "L" is suitable for
working pressures up to 300
psi. Check local requirements
before installation because
some local codes forbid the
use of type "L". Never use
type "M"; it does not have ad-
equate wall thickness to with-
stand the operating pressures
and is used for water service
only.

Only wrought copper fittings
should be used for freon re-
frigerant piping. Cast fittings
used for water service are por-
ous and not suitable for the re-
frigerant service. Exception:
In larger pipe sizes, wrought
fittings are not available. Spe-
cially tested cast fittings are
available to use with complete
safety in refrigerant piping
systems.

Soldering

When soldering copper tubing
joints, silver solder such as
"SilFos”, "Phoson #15",
"Silbond 15", or any solder
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that has 15% silver content
can be used. Soft solder
should never be used
because its melting point is
too low. Soft solder lacks
mechanical strength and
tends to break down
chemically in the presence
of moisture.

Releif Valves

This pressure equipment is not
equipped with safety valves. So
pressure limits are not
exceeded, prior to operating the
equipment end user must install
a pressure relieving device that
will limit a rise in pressure to not
more than 110% of the MAP
marked on the nameplate."
These valves will be installed in
the attached piping and meet all
local, state and international
codes.

Steel Pipe

Carbon steel or stainless
steel pipe can be used for
refrigerant lines but must be
either sand blasted or
pickled to ensure complete
removal of wax, oil, or
other processing films.

Pipe Line Hangers
Hangers and supports for
coils and pipe lines should
receive careful attention.
Hangers must have ample
strength and be securely
anchored to withstand any
vibration from the
compressor and adequate-
ly support the pipe
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7. ELECTRICAL CONNECTIONS

Before electrical checks (see
checklist on this page) are
made, all piping and installa-
tion of the equipment should
be completed to prevent oper-
ation without all components
being properly installed.

WARNING

All  electrical work
should be done only by a
qualified electrician. Do
NOT turn power on at
this time. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life.

IMPORTANT

Electrical wiring dia-
grams are located in each
control panel and are
furnished with each op-
erating manual. These
diagrams should be con-
sulted before making the
electrical service comnec-
tions.

two-pole circuit breaker. For
special applications, the con-
trol panel may be provided for
220 volt and/or 50 Hz power.
All interconnecting wiring to
remote equipment must be
done as per the wiring dia-

gram.

The other electrical panel in-
cluded is the three-phase pan-
el. This panel will contain the
starters/contactors for all mo-
tors provided by Turbo. As
an option, branch circuit pro-
tection can be provided for
each starter supplied. If the
optional control power trans-
former is selected, it will be
located in this panel. Also, a
main circuit breaker can op-
tionally be provided to serve
as a main disconnect for the
equipment.

IMPORTANT

functioning properly. Exter-
nal controls or switches
should be manually tripped to
ensure the proper control re-
sponse. For example: manu-
ally stop the rotating paddle
wheel on the high ice level
switch to simulate high ice
level shut off of the unit. Re-
fer to section 4. Operating In-
structions on page 103 for the
proper operating sequence.

WARNING

The electrical contractor
should ensure that all in-
terconnecting wiring
complies with local,
state, and federal codes.

Never run the control
circuit electrical check
with the three-phase
power to the motors con-
nected during the control
circuit check-out. Im-
properly connected wir-
ing or controls could re-
sult in unsafe operation
of the motors. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life,

Two separate electrical panels
are provided with the thermal
storage unit. The control pan-
el contains the 115/1/60 elec-
trical components which are
used to control the unit. The
control panel consists of a
programmable controller, a
water temperature thermostat,
an oil temperature thermostat,
a dual circuit seven-day pro-
grammable time clock, control
relays, terminal blocks, and a

lectri
ntrol heck

After the control wiring is
complete and with all three-
phase power off (main break-
er/disconnect off), the electri-
cal control system operation
should be simulated to ensure
that the proper sequencing is
occurring and all protective
switches and controls are

lectrical Checkli

1. Check the voltage supply
versus the voltage indicat-
ed on the thermal storage
unit nameplate.

2. Check the preset valves,
the safety switches (high
pressure switch and low
pressure switch, cut in
and cut out, oil tempéra-
ture thermostat, etc.), and
manual resets on safety
devices.
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3. Check all connections for
short to ground.

4. Check for electrical con-
tinuity on L1 and L2.

. Check all wiring to inter-
locks and controls that
were field installed versus
the wiring diagram sup-
plied with the unit. Check
all connections to the in-
put/outputs (I/Os) of the
programmable controller.

W

6. Remove and secure the
hot wire (L1 side) from
OPTDH to prevent oil
pressure failure trip due to
lack of oil pressure during
simulation checkout. To
properly verify operation
of the oil pressure failure
safety switch, the hot wire
to the oil failure switch
heater (OPTDH) should
be connected. Check time
delay required for switch
to trip.

7. Check safeties and auto-
matic shut down as well
as refrigeration/defrost cy-
cles.

8. Check motor overload
heater sizing.

0. Connect three-phase pow-
er to each motor individu-
ally and verify proper ro-
tation by manually
"bumping"” the starter on
and then off.

10. Check the crankcase oil
temperature switch set-
ting. This should be set at
140°F.

Note:

An o1l temperature thermostat
is not required on units with a
semi-hermetic compressor,
which utilizes built-in cylinder
head discharge temperature
safety switches.

11. Turn on the power to the
compressor crankcase
heater for a minimum of
24 hours prior to opera-
tion of the compressor to
ensure proper oil tempera-
ture and removal of any
condensed liquid refriger-
ant in the compressor
crankcase.

IMPORTANT

Failure to turn on the
compressor crankcase
for 24 hours prior to op-
eration could result in
liquid slugging and fail-
ure of the compressor.

On remote equipment installed
in the field, circuit breakers
must be provided. Turbo
supplied optional three-phase
panels-contains all breakers
for the unitary mounted equip-
ment. Motors located remote-
ly may require a disconnect at
the motor to meet local, state,
or federal codes.

Electrical rvi
nnection

Thermal storage units are fur-
nished completely wired inter-
nally, but they may require
some interconnecting wiring

(e.g. to the recirculating water
pump motor starter, to the re-
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mote condenser, etc.) as well
as the electrical service con-
nections. The electrical ser-
vice connections required are:

« The three-phase L1, L2,
and L3 connections to each
of the motor starters/
contactors, unless the unit
is supplied with the option-
al main circuit breaker and
branch circuit protection.
The ampere load require-
ment for either the individ-
ual devices, or the entire
unit is listed in the three-
phase schematic of the wir-
ing diagram. If starters are
supplied for motors which
are provided by others, the
interconnecting wiring
must also be done by oth-
ers.

« The single-phase (L1 and
1.2) connections to two-
pole breaker in the control
panel, unless the optional
control panel transformer is
selected. In most cases, a
30 amp 115/1/60 power
supply is adequate. Some
units may require addition-
al amp service; therefore,
the wiring diagram must be
referred to for the individu-
al installation.

» The equipment grounding
as required by the local,
~ state, and federal codes
must be done by others.

The thermal storage units are
furnished completely prewired
internally but require electrical
service connections to:

o« the L1, L2, and L3 connec-
tors on each of the motor

‘
i

K
e




Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

starters (three phase) ex-
cept on units with optional
circuit breaker installed

+ the L1 and L2 connections
of the control circuit (single
phase)

+ the top wiring to the circuit
breakers on all units so
equipped and is field in-
stalled by others.

All of these connections are
located inside the thermal stor-
age control panel. Install dis-
connect switches (by others)
in the incoming power lines
ahead of the control panel on
the thermal storage unit.

Checking Rotati
WARNING

Make sure the compres-
sor is clear of all obsta-
cles and warn all person-
nel to stay clear of the
compressor at all times.
Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

Note:
When checking rotation, only

the power to the motor being
checked should be on.

Ambient temperatures can af-
fect many of the electronic
controls in the VSM control
panel. In general, the devices
Turbo uses operate properly
in temperatures between 32°F
and 140°F. In operating am-
bients under 40°F, Turbo rec-
ommends that a source of heat
be available in the control pan-
el to maintain a temperature
above 40°F. This will ensure
continuous, reliable operation
of all components (even in se-
vere applications*). An op-
tional winterizing kit consist-
ing of a heat source and
control thermostat can be pro-
vided as a factory installation
or as a retrofit to existing con-
trol panels.

* The control panel winteriz-
ing kit is designed for
equipment operations in
ranges from 0 to 40°F.
Consult Turbo for equip-
ment operations in condi-
tions below 0°F.

Installation

All components are factory in-
stalled and pre-wired.

Operating Sequence

As the control panel tempera-
ture drops below the set point
of 40°F, the contacts of CPHT
thermostat close to energize
the panel heater coil. As the
temperature rises above the
differential setting of the ther-
mostat, the contact opens to
turn off the heater. The ther-
mostat continues to maintain
the interior temperature above
40°F. Refer to Figure 3-24.

L1 L2
mnv (ot
CPHT
CPH
CONTROL PANEL HEATER
Set at 40°F &
/\s  CONTROL PANEL ~s 2
L1 HEATER THERMOSTAT L2 @

Figure 3-24 Control Panel Winterizing Wiring
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Recirculating Water

Once the thermal storage unit
1s mounted on the storage
tank, a water line must be
field installed from the recir-
culating water pump to recir-
culating water connection(s)
located on the thermal storage
unit. A line capable of sup-
plying the water volume spec-
ified and allowing a 3 psig
pressure at the unit recirculat-
Ing water connection must be
utilized. Pressure drops due
to line losses, valves, strain-
ers, and vertical lift must all
be considered to ensure 3 psig
is available at the inlet connec-
tion.

The location of the recirculat-
ing water connection is shown
on the data sheet for each
model. PVC or steel pipe
may be used. Suitability of
materials used should be
checked on systems requiring
chemical water treatment.

Normal water temperatures
range from 33°F to 60°F. In-
sulation of the water recircu-
lating piping is recommended
(field installed by others).

Heat tracing (by others) may
also be required for systems
operating or exposed to ambi-
ent temperatures below 40°F
to prevent freezing of the pip-

ing.

8. WATER CONNECTIONS

Make-Up Water

Turbo ice harvesting thermal
storage systems utilizing a
fixed water charge and auto-
matic make-up water feed is
not required. However, peri-
odic additions of water to the
system, initial water charging,
and cleaning will require a
water supply to the tank. Pro-
visions must be made to have
a water source near the unit to
allow for such water addi-
tions.

All water piping, valves, and
fittings are supplied by others
and are field installed.

Pan Drgin _Connection

Each thermal storage unit en-
gine compartment has a pan
drain installed to remove wa-
ter, condensation, oil, and
other fluid that collects in the
pan located on the engine
compartment floor. Drain
lines should be connected
from these connections to a
suitable floor drain or disposal
point.

All piping, valves, and fittings
are supplied by others and are
field installed.

Heat tracing of drain line(s)
may be required in some in-
stallations. Consult Turbo for
additional guidelines.

Fank Overflow Drain

Thermal storage tanks are de-
signed to operate with a 60—
70% water level in the tank.
To prevent overcharging the
storage tank with water, an
overflow drain(s) is installed
at the 75% level on all Turbo
supplied tanks.

Water piping from the tank
overflow connections to a

- floor drain or suitable disposal

point should be provided. All
piping, valves, and connec-
tions are supplied by others
and are field installed.

IMPORTANT

The tank overflow drain
connections should never
be plugged. Excessive
water charge in the tank
could result in an ice
level in the unit (due to
reduced storage capacity)
that prevents proper ice
harvest. This could re-
sult in damage to the
plates and/or refrigerant

piping.

On indoor installations, con-
tainment of overflow water
should be given extra consid-
eration to avoid flooding of
basements, mechanical
rooms, or occupied space.

Heat tracing of the overflow
drain lines may be required
for installations operating in
low ambients (below 40°F).
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r
(SC Models Only)

Thermal storage units with
water-cooled condensers will
require piping from the water-
cooled condenser mounted in
the engine compartment to a
remote cooling tower. Water
regulating valve(s) are sup-
plied by Turbo for field instal-
lation. All other piping,
valves, and connections are
supplied by others and are
field installed.

Refer to step 16. Water-
Cooled Condensers on page
93 for details of water regulat-
ing valves, cooling tower, and
cooling tower pump installa-
tion.

Cooling .lgyzg:[

nn on

Thermal storage units utilizing
a water-cooled condenser will
require a cooling tower to re-
move the heat in the water
used to condense the hot dis-
charge gas. All cooling tow-
ers require a continuous
make-up feed connection to
replace water lost through
evaporation and for blow
down in the airstream of the
fan. The supplier of the cool-
ing tower should be consulted
for the flow requirements and
connection size and location.

A cooling tower can be sup-
plied as optional equipment
for field installation.

Water Temperatures

When cooling towers are used
and no other positive means
of regulating head pressure
are provided (such as fan and
pump pressure switches), a
water regulating valve will be
required. Adequate head
pressure is important to pro-
vide proper refrigerant flow
through expansion valves or
other refrigerant control devic-
es in order to maintain the
suction pressure above the
setting of the low pressure
cut-out to prevent short cy-
cling and pump-down of the
system.

When contemplating the use
of city or well water for con-
densing, a careful check
should be made of the season-
al variation in the water tem-
peratures. Water flow lines
should be sized large enough
for the required flow at the
maximum water temperature
to be encountered. For appli-
cations requiring condenser
water above 85°F, consult
Turbo. When thermal storage
units are installed in an area
where the ambient falls below
freezing, refer to section 8.
Optional Features and Acces-
sories for Winterizing on page
182.

r Irr. r

Requirements

No city water connections are
required to the thermal storage
unit. Water pressure at the re-
circulating water connection
and water-cooled condenser
(if so equipped) is provided
by a separate water pump.
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As stated previously, the re-
circulating water pressure re-
quired is a minimum of 3 psig
at the inlet connection to the
unit. Pressure drops through
the piping, valves, and verti-
cal lift must all be allowed for.

The water pressure at the wa-
ter-cooled condenser inlet
connections is determined by
the pressure drop through the
condenser and must include
the pressure drop through the
water regulating valve(s) as
well as piping, valves, and
vertical lift losses. Pressure
drops through the condenser
and water regulating valve(s)
generally are between 10-15
psig. Specifications on each
model should be used to de-
termine the actual pressure
drop to determine pump dis-
charge head requirements.

Connections from the con-
denser are piped to the exteri-
or of the engine compartment
cabinet for connecting to ex-
ternal valves and piping by
others in the field. The con-
denser inlet and outlet are each
identified.

A local expert on water treat-
ment should be consulted to
determine if additional water
treatment (chemical, filtration,
etc.) is required to obtain the
desired ice quality.

IMPORTANT

Normal freeze up precau-
tions should be taken
when water lines must be
exposed to freezing tem-
peratures.

N
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Water Flow
Requirements

Recirculating Water

Refer to the tables in section
10. Appendix A.

Water-Cooled Condenser

Condenser water requirements
are based on 85°F water to the
condenser, 95°F water off the
condenser, and 105°F con-
densing. The condensers de-
sign water flow rate is based
on 3 gpm/ton of refrigera-
tion.*

The actual rate of flow is con-
tingent on the water tempera-

ture and evaporator load but

will not exceed the design
flow. ‘

* Tons of refrigeration:
Total heat of heat rejection
at 20°F SET/105°F SDT for
icemaking or 40°F/105°F
for chilling divided by
15,000 BTU/ton.

Since the Turbo thermal stor-
age unit can operate as an ice-
maker or chiller, the actual op-
erating conditions for the
specific installation must be
considered in determining the

saturated evaporator tempera-
ture to be used in determining
condenser and condenser wa-
ter flow requirements. Heat
of rejection should be calculat-
ed at the highest evaporator
temperature the system will
operate at.

r_Distribution Pan
In order to ensure proper wa-
ter distribution over the eva-
porator plates, the water dis-
tribution pans must be level as
discussed in step 4B. Mount-
ing and Leveling - Ice Genera-
tor on page 45. Equally im-
portant is the water level
maintained in the water distri-
bution pans. All Turbo ther-
mal storage systems have
minimum water flow require-
ments that ensure this level is
correct.

Guidelines for determining if
the proper flow is obtained is
as follows:

* 3 psig pressure is available
at the recirculating water
connections on the thermal
storage unit.

*  Water level in the water
distribution pan is a mini-
mum ! inch above the 'V’
in the pan at all points. Re-
fer to Figure 3-25. Normal
and high levels are also
shown.

Note:

A low level results in improp-
er water flow over the plates
and erratic water flow condi-
tions, causing the water to
flow over valving and piping,
resulting in freeze-up of the
evaporator. High water levels
causing splashing can also re-
sult in evaporator freeze-up.

» Standard flow rates for
each evaporator plate is:
— 6.5 gpm/plate for HP
models.
— 8.5 gpmy/plate for IGC
models.

Note:
Other flow rates can be ob-

tained. Turbo should be con-.

sulted for special require-
ments.
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(TO PREVENT SPLASHING)
N
B = NORMAL WATER LEVEL IN PAN ~ 2-2 1/4” 2
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C = MINIMUM WATER LEVEL IN PAN ~ 1° i

Figure 3-25 Water Distribution Pan Water Level
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9. ALIGNING RECIPROCATING COMPRESSORS AND MOTORS

Thermal storage units may be
furnished with direct coupled
motors and compressors. The
coupling center section is
shipped loose for field instal-
lation. The compressor and
motor are carefully aligned at
the factory before shipping.

lin nter

Check for alignment before
inserting the coupling center
section.

mpr r_Motor

Inspect the compressor motor
alignment with a dial indicator
to check if it may have been
disturbed during shipment or
installation. See Table 3-1.

r

Motor &
Compressor Flanges

Check the alignment of the
motor and compressor flanges
with a dial indicator on the
motor flange. The procedure
for checking alignment and
alignment tolerances follow.
Both angular and parallel must
be checked. For the details on
the compressor manufacturer
alignment procedure, refer to
the Installation, Start-Up and
Service Instructions located in
the Appendix & Notes Sec-
tion.

Table 3-1 Compressor Alignment Tolerances

PARALLEL ALIGNMENT
TOP-BOTTOM +5 MILS
SIDE-SIDE +6 MILS

ANGULAR ALIGNMENT
TOP-BOTTOM +7 MILS §
SIDE-SIDE +7 MILS 5

(REFER TO COMPRESSOR MANUFACTURERS
INSTALLATION, START-UP, AND SERVICE
INSTRUCTIONS FOR ADDITIONAL DETAILS).

NOTE:

THE COMPRESSOR ALIGNMENT SPECIFIED
ABOVE SHOULD BE USED INSTEAD OF THE
SPECIFICATIONS RECOMMENDED IN THE
MANUFACTURER'S GUIDE.

Motor/Compressor
Assembly

The motor/compressor assem-
bly should be doweled to the
base after the final alignment
and hot check is completed to
help maintain alignment and
aid in repositioning the motor
after servicing.

Compressor Alignment

If, for any reason, the com-
pressor alignment is not with-
in tolerance after reinstallation
of the coupling, it must be re-
aligned (refer to Table 3-1).

Doweling Procedure

Since doweling is performed
after the motor/compressor
alignment has been hot
checked (i.e. compressor has
been run and brought up to
operating temperature after in-
itial alignment), the doweling
should be done at start-up.

Note:

All self-contained SC, SCA,
and SCE models are factory
run and doweled. SCAR and
SCER utilize remote condens-
ers and are not factory run.

In such cases, doweling is
done after the initial start-up
of the equipment. The fol-
lowing procedure is used:
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1. With the compressor at
operating temperature,
verify the compressor
alignment.

2. With the compressor still
at operating temperature,
drill and ream two (2)
holes diagonally opposite
on both the compressor
and motor. Do not ream
the holes too deep. Part
of the dowel pin should
protrude above the com-
pressor or motor foot (see
step 4 below). See Figure
3-26.

Tools Required:

- drill

- 9/32" diameter dnll
- #6 taper reamer

3. Insert the #6 x 2 1/2" har-
dened taper dowel pins in
the holes.

4. Using a rubber hammer or
mallet, tap the dowel light-
ly into position. Leave
1/8" —3/16" of the dowel
pin above the motor foot
(required to tap and loosen
the dowel for removal
when required).

5. Coat the dowels with
white lead or lubricant to
prevent rusting.

Reference

Refer to the compressor man-
ufacturer alignment procedure
in the Installation, Start-Up
and Service Instructions in the
Appendix & Notes Section.
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10. TESTING REFRIGERATION SYSTEM FOR LEAKS

Testing for leaks assures a
tight system that operates
without loss of refrigerant.

In order to test for leaks, the
system pressure must be built
up. Test pressures for vari-
ous refrigerants are listed in
USAS (formerly ASA) B.9.1
Code Brochure entitled
"Safety Code for Mechanical
Refrigeration" and USAS
B31.5 "Refrigeration Piping
Code". These pressures will
usually suffice but check local
codes as they may differ.

IMPORTANT

4. Open all by-pass arrange-
ments.

Oil free dry nitrogen may be

used to raise the pressure to
the proper level for testing.

WARNING

IMPORTANT

Never use combustible
gas or oxygen or a com-
bustible mixture of gases
for system testing. Fail-
ure to carefully follow
these instructions could
result in permanent inju-
ry or loss of life.

Never attempt to repair
soldered or welded joints
while the system is un-
der pressure. Soldered
joints should be opened
and resoldered. Do not
simply add more solder
to a leaking joint.

Do not use the compres-
sor to build up the pres-
sure - it is not designed
to pump air. Serious
overheating and damage
may result.

rior Testin

Before testing, follow these
instructions:

1. If test pressures exceed the
settings of system relief
valves or safety devices,
remove the system relief
valves or safety devices
and plug the connection
during the test.

2. Open all valves except
those leading to the atmos-
phere.

3. Open all solenoids by lift-
ing their stems manually.

[esting

When the proper pressure is
attained:

1. Test for leaks with a mix-
ture of four parts water and
one part liquid soap applied
to all flanges, threaded,
soldered, or welded joints
with a one inch round
brush. A small amount of
glycerine added to the test
solution will strengthen the
bubbles and improve the
solution.

2. Observe the entire joint. If

a leak is present, the escap-
ing gas will cause the test
solution to bubble.

3. After all leaks are found

and marked, relieve the
system pressure and repair
leaks.

4. After all the joints have
been repaired and the sys-
tem is considered "tight",
test the unit with refriger-
ant.

5. Attach a drum of the proper
refrigerant to the system
and allow the gas to enter
until a pressure of 5 psig is
reached.

6. Remove the refrigerant
drum and bring the pres-
sure to the recommended
test level with oil free dry
nitrogen.

7. Check the entire system
again for leaks, using a ha-
lide torch or electronic leak
detector. Check all
flanged, welded, screwed,
soldered and gasket joints,
and all parting lines on
castings. If any leaks are
found, they must be re-
paired and rechecked be-
fore the system can be con-
sidered tight.

Note:
See warning on next page.
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WARNING

i R
el

No repairs should be
made to welded or sol-
dered joints while the
system is under pres-
sure. FKailure to careful-
ly follow these instruc-
tions could result in
permanent injury or loss
of life.
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11.

Reasons To Evacuate

Refrigeration systems operate
best when only refrigerant is
present in the system. Steps
must be taken to remove all
air, water vapor, and all other
non-condensables from the
unit before charging it with re-
frigerant. If air, water vapor,
or non-condensables are left
in the system, various operat-
ing difficulties can be encoun-
tered:

1. The moisture will react
with the oil in the system
forming sludge which can
clog passage-ways and
lead to lubrication prob-
lems.

2. Air and non-condensables
will lodge in the condens-
er, decrease the space for
condensing liquid and
cause the head pressures to
rise.

3. A combination of a mois-
ture and refrigerant, along
with free oxygen, can
cause the formation of ac-
ids and other corrosive
compounds which could
corrode the internal parts of
the system.

EVACUATING THE SYSTEM

Helpful Hints

If properly evacuated as out-
lined below, the system will
be oxygen free, dry, and there
will be no non-condensables
to cause problems later.

+ If at all possible, the piping
should not be insulated be-
fore the evacuation process
is started.

» The evacuation should not
be done unless the room
temperature is 60° or higher
(to allow for proper mois-
ture boil off).

.

If free moisture is in the
system before evacuation
(such as water collected in
traps or low places in the
piping), this can easily be
detected by feeling of these
traps and low places. If
moisture is present it will
condense in the low places
and freeze. It can be re-
moved by gently heating
the trap the farthest away
from the vacuum pump.
This causes the water to
boil, the ice to melt, and
the vapor to collect in the
next trap towards the vacu-
um pump. Repeat this pro-
cess until all pockets of
water have been boiled off
and the vacuum pump has
had a chance to remove all
of the water vapor from the
system.

Proper Measuring
Instrument

It is not possible to read high
vacuums or low absolute
pressures with a pressure
gauge Or mercury monometer.
Use the proper gauge manu-
factured by McLeod, Stokes,
and Airserco. These gauges
usually read in the range from
20 to 20,000 microns.

i m m

+ Use a high vacuum pump
capable of attaining a
blanked off pressure of 10
microns or less.

+ Attach this pump to the
system and allow it to op-
erate until the pressure in
the system has been re-
duced somewhere below
500 microns.

+ Connect the high vacuum
pump into the refrigeration
system following the man-
ufacturers instructions.

Note:

For best results, connect the
pump to the high side and the
low side of the system so that
the entire system is thorough-
ly evacuated.

« Connect the vacuum indi-
cator or gauge into the sys-
tem in accordance with the
manufacturer's instruc-
tions.
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First Evacuation

A single evacuation of the
system is not satisfactory to
remove all of the air, water,
and non-condensables
present. To do a complete
job, the triple evacuation
method is recommended:

1. When the pump is first
turned on, reduce the sys-
tem pressure as low as the
pump is able to bring it.

2. Allow the pump to operate
for five (5) or six (6)
hours.

3. Stop the pump and isolate
the system.

4. Allow it to stand at this
vacuum for another five (5)
to six (6) hours.

5. Break the vacuum with oil
free dry nitrogen.

6. Raise the system pressure
up to zero (0) with oil free
dry nitrogen.
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nd Ev i

. Start the second evacua-

tion, again allowing the
pump to operate and reduce
the pressure to less than
500 microns.

. Allow the pump to operate

for two (2) or three (3)
hours.

. Stop the pump and allow

the system to stand with

- this vacuum for a minimum

of three (3) hours.

. Break the vacuum with oil

free dry nitrogen.

. Raise the pressure in the

system to zero (0).

Third Evacuation

For the third evacuation, the
foregoing procedure is again
followed:

1. Operate the pump until the
system pressure 1s reduced
below the 500 micron fig-
ure.

2. Allow the pump to operate
an additional six (6) hours.

3. Stop the system and allow
to stand for approximately
twelve (12) hours at the
low pressure.

4. Break the vacuum with the
oil free dry nitrogen.

5. Allow the pressure in the
system to come up to
slightly above zero (0)
pounds (drier cartridges
and moisture indicators
may be installed in the sys-
tem at this time).

6. Evacuate the system below
the 500 micron figure and
charge with the refrigerant
being used for the system.

Although this procedure is
time consuming, it is the only
positive way to ensure a prop-
erly evacuated system. Short
cuts may result in even more
time consuming and expen-
sive clean up of improperly
evacuated systems.
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12. CHARGING THE UNIT WITH REFRIGERANT OIL

When properly charged, the
oil level in the compressor
should be visible at the center
of the compressor sight glass
(located on hand-hole cover
on the side of compressor).

An oil reservoir is also used
on these units. The oil level
on the oil/reservoir should be
visible at the center of the top
sight glass. Other equipment

such as the oil filter or oil

coolers (when used) also re-
quire oil charge. Therefore,
the oil level in the compressor
and oil reservoir should be re-
checked after the compressor
has been operated. If addi-
tional oil is required, add only
the oil specified by the manu-
facturer. Use only dehydrat-
ed, wax-free, refrigerant
grade oil of suitable viscosity
(refer to Table 3-2).

Periodi
Checks & Records

The above oil check should be
done at start-up, or after-any
service work is performed.

Periodic checks should also
be done on a regular basis.

Complete records should be

kept of any additions or re-
moval of oil to the system.

rigerant Qi
Unless otherwise specified,
the following refrigeration oil
should be used:

« Sun Oil Suniso 3GS or
4GS (refer to Table 3-2)

* DuPont synthetic oil, 150
- SSU only

» Texaco Capella B1.

IMPORTANT

* Do not mix different
types or grades of
oil.

* Do not over fill with
oil, this is especially
true on the hermetic
type compressors.

+ Make sure the oil is
fresh and not contam-
inated.

Qil Quality

If the quality of the oil is un-
known or is not clear, Turbo
recommends that an oil test kit
be obtained from a local re-
frigeration supply house.
This will ensure that the oil is
acid free and safe to use.

Periodic analysis of oil sam-
ples by local testing laborato-
ries can also detect unusual
build-up of metals or other
contaminants (which result
from wear or other debris in
the oil) before they become a |
problem. |

Table 3-2 Compressor Qil Charge

CARRIER COMPRESSORS | 5H40/46

5H60/66 | 5H80/86 | SH120/126

— OIL CHARGE (PINTS)* 18 21 41 81 -
ROYCE COMPRESSORS | CG040 CGo060 CGo8o CcG120 %
—

— Ol CHARGE (PINTS)"* 24 30 32 60 bl

* 3GS OR EQUIVALENT OIL
** 4GS OR EQUIVALENT OIL
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13.

ibl k

Self-contained water cooled,
evaporative cooled, and air
cooled units are furnished
complete with necessary oper-
ating refrigerant charge and
normally require no field
charging. A leak in the refrig-
erant circuit might occur dur-
ing shipping or handling. If a
leak is detected, immediate
corrective action should be
taken and additional refriger-
ant gas should be added to the
system. Refer to step 10.
Testing Refrigeration System
For Leaks on page 69.

Models with remote (field in-
stalled) condensers are
shipped with a holding charge
only and will require field
charging of the systems.
‘These units are designated as
R, SCAR, and SCER. Refer
to "Initial Refrigerant Charge"
instructions on this page.

in iger

IMPORTANT

Before adding refrigerant
or placing the unit in op-
eration, evacuate the en-
tire system to insure a
completely dry system.

See step 11. Evacuating
The System on page 71.

REFRIGERANT CHARGING

1. The unit should be placed .
in operation and the liquid
line sight glass observed
during the first five min-
utes of the freezing cycle.

2. With the head pressure be-
tween 180 psig and 210
psig (for R-22 system), the

. refrigerant should be slow-
ly charged into the suction
of the compressor as a gas
only (never as a liquid).

Be sure that all charging
lines are clean and properly
purged of air. Airis
purged from the charging
line by allowing some re-
frigerant to escape while at-
taching the hose to the
charging port.

3. When the liquid line sight
glass is free from bubbles
during the first five min-
utes of the freezing cycle,
(the period of heaviest re-
frigerant flow)-the unit is
fully charged. The unit
nameplate lists the unit
model, refrigerant type,
and refrigerant charge. Al-
ways monitor and record
how much refrigerant is
added. Never exceed the
nameplate charge listed.

IMPORTANT

Whenever refrigerant is added
to any system that has already
been evacuated and charged,
extreme care should be taken
in admitting the refrigerant to
the system.

Do not overcharge the
refrigerant circuit be-
cause this induces high
discharge pressures. Be
sure the correct type of
refrigerant is being add-
ed to the systems.

Remote Air-Cooled or
ive- 1
Units

Self-contained units furnished
for use with remote air-cooled
condensers (SCAR) or remote
evaporative-cooled condens-
ers (SCER) are shipped with-
out the operating charge and
will require refrigerant gas.
Follow the procedure set forth
under "Adding Refrigerant"
on this page. Each unit is
shipped with a holding charge
to keep the system dry during
shipment or storage.

m T ni

All remote type (R) models
are furnished without refriger-
ant charge. The entire refrig-
erant system must be evacuat-
ed as per step 11. Evacuating
The System on page 71 and
then charged by following the
procedure set forth under
"Adding Refrigerant" on this
page. Each unit is shipped
with a holding charge to keep
the system dry during ship-
ment Or storage.

niti frigergn
Charge

For systems shipped with a
holding charge only, it will be
necessary to add refrigerant to
the system before starting,

To transfer refrigerant from a
bottle, cylinder, or drum into
a refrigeration system requires
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the pressure in the refrigerant
vessel to be higher than the re-
frigerant system. In typical
charging operations, a com-
mercially available and ap-
proved electric heater band is
strapped to the refrigerant ves-
sel. The low wattage heat in-
put from the heater band safe-
ly raises the pressure in the
vessel and drives the refriger-
ant into the refrigeration sys-
tem, which 1s at a lower pres-
sure.

Example:

Charging refrigerant (R-22)
gas into the suction side of a
system operating at a suction
pressure of 43 psig would re-
quire enough heat to raise the
pressure in the charging ves-
sel above 43 psig; charging an
idle system at 150 psig will
require a pressure higher than
150 psig.

WARNING

erant has been added and if
the bottle has been emptied.

The large 125 pound bottles
are a little harder to physically
handle but are more practical
for systems with larger charg-
es.

IMPORTANT

Proper lifting techniques
must be used in lifting
the cylinder to avoid in-
jury to the back. Use a
hand cart with chains to
strap the bottle to the
cart during transport.

Never try to carry the
cylinder up a ladder or
stairway by hand. Never
lift the cylinder alone.

Never use a torch or
open flame to input heat
into a refrigerant charg-
ing vessel. Excessive
heat can produce unsafe
pressures that can result
in rupture or explosion
of the vessel. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life.

Small 30 pound bottles offer
the safest and easiest handling
due to light weight and should
be used when practical as out-
lined below. Thirty pound
bottles are also easy to weigh
to determine how much refrig-

Again, the 125 pound bottles
are easy to weigh using stan-
dard commercially available
scales to determine how much
refrigerant has been added and
if the cylinder has been emp-
tied.

Large 1,750 pound drums are
more practical and economical
on larger systems but require
special handling with a fork
lift, cranes, or other special
handling equipment. They are
also more difficult to weigh to
verify the amount of refriger-
ant used. Adding a source of
low wattage heat is also more
difficult.

It is sometimes more practical
to lower the pressure of the
refrigeration system being
charged by either running cool
water over the receiver, or
surrounding the receiver with
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ice. Refrigerant liquid trans-
fer pumps are more practical
for transferring large refriger-
ant charge. Because of the
size of the charging drum, it
may be difficult or impossible
to locate the drum next to the
system being charged. In this
case, it will be necessary to
run a charging line from the
drum to the system. Copper
tubing or charging hoses for
this purpose should be used.

Systems with operating charg-
es less than 250 pounds can
be safely and easily charged
using 30 pound refrigerant
bottles. Systems with 250 to
1,500 pounds are more suita-
ble for 125 pound refrigerant
containers for safe and easy
handling. Systems over
1,500 pounds are generally
more suitable for 1,750 pound
cylinders with the final charge
from 125 pound bottles. The
use of 1,750 pound cylinders
requires special precautions in
handling the drum and may
require special charging lines.

Charging procedure:

1. Connect a charging line
through a refrigerant gauge
set from the charging ves-
sel to the refrigeration sys-
tem receiver, or combina-
tion condenser/receiver.

- Tighten one end and
screw the other end on
securely but loose.

- Open (crack) the valve
on the charging vessel
slightly, allowing a
small flow of refrigerant
through the hose.

- At the loose end, wiggle
the charging line to al-
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low refrigerant and air to
escape.

- While the refrigerant is
flowing through the
loose end, tighten the
fitting.

- At this point, both ends
of the charging line
should be securely fas-
tened and free of air.

CAUTION

Always wear eye protec-
tion and protective rub-

ber gloves when attach-
ing the charging line.

WARNING

Never attach the charg-
ing line to the discharge
(high pressure) side of
the compressor, Exces-
sive pressure building in
the vessel could result
causing the vessel to
rupture or explode.
Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

3. Connect the heater band to
the charging vessel and
connect to a proper voltage
outlet.

4. Open the inlet (charging)
valve on the refrigerant
system. .

- Refrigerant should flow
from the refrigerant
charging vessel to the
system.

5. If possible, set the refriger-
ant vessel on a scale.

- Record the initial weight
and the weight of the
bottle or cylinder to de-
termine when the bottle
is empty.

- Record each bottle,
drum, or cylinder added
and maintain a total of
the refrigerant added af-
ter each bottle, cylinder
or drum is added.

6. Repeat the above process
until the refrigerant charge
specified on the nameplate
is in the system.

WARNING

8. Close the valve on the re-
frigerant gauge manifold
set.

9. Loosen the hose fitting on
the receiver end to allow
the schrader fitting to seat
and hold the charge.
Screw a cap on the charg-
ing fitting to prevent leak-
age through the schrader
fitting.

WARNING

Refrigerant will flow
from the schrader fitting
until the stem seats. Al-
ways wear eye protection
and protective rubber
gloves when connecting
or disconnecting a hose
to the schrader fitting.
Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

IMPORTANT

Never charge liquid re-
frigerant directly into the
compressor unit or suc-
tion line. Damage to the
compressor could result.
Always charge with re-
frigerant gas into the low
side of the system.

Do not exceed the recom-

mended refrigerant
charge. Overcharging
can result in excessive
pressure causing rupture
or failure of the system.

Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

N
i

2. Open the valve on the re-
frigerant vessel to fill the
charging line.

7. Close the valve on the
charging vessel and dis-
connect the heater band.

10. Loosen the fitting on the
center manifold connec-
tion to release the refriger-
ant trapped between the
gauge set and shut off
valve.

11. Remove and secure all
empty refrigerant vessels
including replacing the
protective cap.

Note:

A charging hose is shown
connected to the discharge
(high pressure) side of the
system in Figures 3-27 and 3-
28. This is recommended so
that the discharge pressure
may be observed during the
charging procedure to avoid
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DO NOT OPEN

~ HIGH PRESSURE GAUGE (DO NOT OPEN)
LOW PRESSURE GAUGE

REFRIGERANT GAUGE MANIFOLD
/——'OPEN VALVE TO ADD REFRIGERANT

/—— CHARGING HOSE

CHARGING MOSE

TO HIGH
PRESSURE
TAP SCHRADERFITTING
{DISCHARGE) - CHARGING HOSE
RELIEF VALVE
SHUT-OFF
VALVE
REFRIGERANT i ;
CHARGING VESSEL
RECEIVER OR
CONDENSER/RECEIVER
SCALE
& 8]
.
ELECTRIC HEATER BAND s
GROUNDED 2
ELECTRICAL QUTLET @
Figure 3-27 Typical Connections for Initial Refrigerant Charge
HIGH PRESSURE GAUGE {DO NOT OI_'-’EN)
LOW PRESSURE GAUGE -
REFRIGERANT GAUGE MANIFOLD
OPEN VALVE TO ADD REFRIGE RANT
CHARGING HOSE /— CHARGING HOSE
T™oHGH A\ I | TS—me———eeeee——, T T T N
PRESSURE CHARGING Il
oS CHARGING HOSE VALVE t [TLOW PRESSURE
(DISCHARGE) RELIEF VALVE SUCTION 1 | PRESSURE TAP
SHUT-OFF ' OR SCHRADER
VALVE 1

SUCTION }:‘l
F
| o~ REFRIGERANT

CHARGING VESSEL

SUCTION ACCUMULATOR

U

SCALE

ELECTRIC HEATER BAND
GROUNDED
ELECTRICAL OUTLET

Figure 3-28 Adding Refrigerant to Existing Charged System
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these instructions could result in permanent injury or loss of life.

accidental overcharging or
overpressure due to the isola-
tion valve being in the wrong
position or location.

WARNING

Do not open the manifold
gauge set valve connect-
ed to the high side dur-
ing the charging opera-
tion. High pressure
could enter the charging
vessel resulting in rup-
ture or failure causing
serious injury. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.

On large systems where a lig-
uid transfer pump or charging
system is used, the manufac-
turer's instructions should be

— —

followed in connecting the
pump and hoses. However,
all other guidelines as outlined
above should be followed. .

Relief Devi

Relief valves are installed on
pressure vessels (condensers,
recelvers, etc.) to prevent ex-
cessive pressure build-up in
the system. These safety re-

lief valves should be vented to .

a safe discharge point. Field
piping (by others) will be re-
quired to vent the valve out-
side for indoor installations or
to a location away from per-
sonnel exposure for indoor or
outdoor installations. Refer to
Figures 3-29, 3-30, and 3-31.

RELIEF VALVE DISCHARGE LINE
FIELD PIPING TO AREA ABOVE

WARNING

All relief valves must be
piped to a safe discharge
location. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life,

All relief valves are tagged
with the above or a similar
warning.

Do not attempt to add refriger-
ant to the system before pip-
ing all relief valve connec-
tions.

ANSI/ASHRAE 15-1978
code permits a maximum back
pressure through the relief
valve discharge piping of 25%
of the inlet pressure while the
device is discharging at rated

NORMAL WORKING AREA —/_—j
Z .
AIR-COOLED
CONDENSER
/ RELIEF\
VALVE

( RECEIVER )

TSTS-905

Figure 3-29 Typical Air-Cooled Condenser Relief Valve Field Piping
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capacity. Based on the set
pressure and capacity of the
relief device, the maximum
length of discharge piping can
be calculated using the formu-
la:

L =9p2dd
16C2
C=fDL;

where:

1. = length of relief valve dis-
charge piping, in feet

P = 0.25 [ (relief valve pres-
sure setting) x 1.1 +
14.7]

d = internal diameter of dis-
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charge piping (or tub-
ing), in inches

C = minimum required dis-
charge capacity, in
pounds of air per minute

f= 1.6forR-22

f= 0.5 for ammonia

D = outside diameter of ves-
sel in feet

L1=length of vessel in feet

Tumn to the next page for ex-
ample problem.
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Example:

HP200BSCE uses a 12 3/4" diameter x 48" receiver.
Design relief pressure is 300 psig.

Refrigerant is R-22.

Therefore, C =f DL = (1.6)(12 3/4) (48) = 6.8 pounds of air per minute.
12 12

A 1/2" x 3/4" (inlet x outlet) pressure relief valve rated at 41.6 pounds of air per minute is used.

Maximum discharge piping length:

L= 9P2d7 = (9) (7,430) (0.38) = 343 feet
16C# (16) (46.24)

where:

P=.0.25[(300) (1.1) + 14.7] = 86.2
P2= 7430

d=  0.824" (3/4" sch40 pipe)

= 038
C = 6.8 pounds of air per minute -
C2= 46.24

Therefore, a 3/4" sch40 pipe is completely adequate for normal installations with relief valve dis-
charge piping less than 34 feet long. If longer piping is required, a larger size piping would be re-
quired.
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Figure 3-30 Typical Indoor Installation Relief Valve Piping
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Figure 3-31 Correct and Incorrect Relief Valve Discharge Piping
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14.

i nditi

All SCA condenser selections
are based on the following
conditions (for R-22):

+ 100°F ambient (dry bulb)

+ 20°F approach (condensing
temperature - air entering
temperature)

+ 120°F condensing tempera-
ture, SDT (260 psig)

 20°F saturated evaporator
temperature, SET for ice-
making/40°F SET for chill-
ing

+ THR total heat of rejection
(evaporator load in BTUH
at highest operating °F SET
and 120°F SDT) + (heat of
compressor in BTUH)

* During operation on non-
design days, the system
can and should be operated
at a lower saturated con-
densing temperature. For
proper thermal valve opera-
tion, a minimum pressure
of 150 psig should be
maintained.

Example:

HP model with 5SH60 com-
PIessor.

~ Compressor capacity at
20°F SET and 120°F SDT
= 35.6 tons = 427,200
BTUH

— Compressor BHP at 20°F
SET and 120°F SDT =
55.2

— THR = (427,200) + (55.2)
(2,545) = 567,684 BTUH

— Condenser selection would
be based on 567,684
BTUH with 20°F TD.

AIR-COOLED CONDENSERS

ntin

Air-cooled condensers sup-
plied with the thermal storage
unit SCA models are based on
100°F air on, 110°F air off,
and 120°F condensing (260
psig). The air-cooled con-
denser is mounted on a com-
mon base frame with the eva-
porator at an elevation that
allows free draining of the lig-
uid from the condenser into
the receiver and unrestricted
airflow through the coil.
When an air-cooled condenser
is field installed, mount the
condenser so that the con-
densed liquid refrigerant will
flow into the receiver without
restriction or traps. Pitch the
liquid line down from the con-
denser to the receiver. Mount
the air-cooled condenser high
enough so trash will not be
sucked into the coils by the
airflow over the coils. These
condensers can_be furnished
for horizontal or vertical air
tlow (as required). Horizon-
tal mounting is standard.

Equipment

Self-contained air-cooled

(SCA) models are furnished
with a properly sized con-
denser to reject the total heat
of rejection (THR) of the eva-
porator and the heat of com-
pression. A receiver, isola-
tion valves, safety relief
valve, check valve, and winter
control valves (for operation
in low ambient) are also sup-
plied. The piping and wiring

are factory installed.

For remote air-cooled (SCAR)
models, all of the above is
available as an option for field
installation and piping to the
evaporator. Motor starter(s)
for the condenser fan(s) can
also be furnished.

Operation

The need for a modulating de-
vice for use in conjunction
with constant air flow air
cooled condensers is generally
recognized. Falling ambient
temperatures produce corre-
spondingly lower operating
pressures and eventually
cause system problems at the
expansion valve due to low
pressure. The Turbo winter
control, which consists of
four valves ("L", "G", "LC",
"LD"), is a completely auto-
matic system that eliminates
these conditions.

Operation of the Turbo con-
denser winter control is as fol-
lows (refer to Figure 3-32):

»  When low ambient air con-
ditions are encountered
which allow condensing
pressure to drop, the prin-
ciple of operation is to hold
back enough of the con-
densed liquid in the air
cooled condenser coil so
that some of the surface is
rendered inactive as con-
densing surface. This re-
duction of active condens-
ing surface results in a rise

1/91 Turbo Refrigerating Company 83



Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow "

of condensing pressure
permitting normal system
operation. This method of
control is typically called
"flood-back" control.

+ The system must be capa-
ble of holding enough re-
frigerant so that liquid can
be stacked in the condenser
and still have enough
charge in the receiver for
proper operation.

« The receiver must have
sufficient capacity to hold
all of the liquid refrigerant
in the system which must
be returned to the receiver
when high ambient condi-
tions are encountered.

Note:

If the receiver is too small,
liquid refrigerant will be held
back in the condenser during

/ "LD" VALVE

the high ambient conditions
and excessively high dis-
charge pressures will be en-
countered.

IMPORTANT

Sufficient refrigerant
must be in the system to
permit the winter control
to operate satisfactorily
and maintain a liquid
seal on the receiver.

Valve Functions

Valve "L"
(Upstream Regulator)

Valve "L" (located in the dis-
charge line from the compres-
sor to the condenser) is the
modulating type. The spring
tension is set so that a mini-

"L VALVE

N
X

mum pressure in the condens-
er is required before valve "L"
will begin to open. Any in-
crease in pressure opens valve
"L" more, permitting more
condensate to pass into the
condenser. If the spring ten-
sion is increased (by clock-
wise adjustment), a higher
pressure will be required to
open the valve. If the spring
tension is decreased (by coun-
ter-clockwise adjustment), a
lower condenser pressure re-
quired. Valve "L"is set at the
factory (on SCA models) to
open at 180 psig for R-22
which should permit satisfac-
tory operation. If a field ad-
justment is required and the
condenser pressure does not
vary with the adjustment, this
indicates a shortage of refrig-
erant in the system.

During start-up, when the

AIR FLOW

t
e

T0 ‘z [\ i
COMPRESSOR
—>

LIQUID
TO

SYSTEM

* H = MINIMUM HEIGHT (36")

Figure 3-32

Ry

/ "G VALVE

EQUALIZER
LINE

SAFETY
RELIEF
VALVE

N
Y

RECEIVER )

Typical Air-Cooled Control & Winter Control Valve Piping

(Flood-Back Method)
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SYSTEM Y
RECEWER

Figure 3-33

MULTIPLE FAN

AIR COOLED
CONDENSER
MOTOR
PRESSURE
SWITCH
PITCH DOWN f
~ NO TRAPS VSM
CONTROLLER

PRESSURE SENSING LINE
(PITCH DOWN — NO TRAPS)

TSTS-915

Typical Piping for Fan Cycling or

Variable Speed Fan Motor (VSM) Controls

condensate in the condenser
has been exposed to a low
ambient air temperature, it is
cooled down below the tem-
perature corresponding to the
existing condensing pressure.
The pressure in the receiver
needs to be raised to a point
that corresponds to the pres-
sure required for proper oper-
ation of the thermal expansion
valve. This is accomplished
by permitting hot discharge
gas to bypass the condenser
and enter the receiver through
valve "G" to maintain pres-
sure until the condenser
warms up.

Valve "G"
(Downstream Regulator)

Valve "G" is a modulating
valve that acts in reverse so
that the spring tension opens
the valve to admit hot gas.

Valve "G" remains open until
the pressure (temperature) in
the receiver rises to the set
point and drives the valve
closed. Valve "G" is preset at
the factory to close at 160 psig
for R-22. If a field adjust-
ment is required, a clockwise
adjustment increases the
spring tension. A higher rise
in pressure is obtained before
the valve closes, shutting off
the hot gas flow into the re-
ceiver. A counter-clockwise
adjustment would permit the
valve to close at a lower pres-
sure.

Valves "L" and "G"

When adjusting valves “"L"
and "G", a certain differential
in pressures (approximately
20 psig) must be maintained
to ensure enough of a differ-
ence between discharge pres-

sure and receiver pressure so
that hot gas will enter the re-
ceiver when required.

When the system is not in op-
eration, no refrigerant gas will
enter the condenser. Eventu-
ally the pressure in the con-
denser will drop to a point that
corresponds to the ambient air
temperature. During this peri-
od, there may be a large dif-
ference between the pressure
in the warm receiver and the
cold condenser. The service
for which valves "L" and "G"
are designed does not require
them to be gas tight. During
this shut down period, it is
possible for refrigerant gas to
escape from the higher pres-
sure in the warm receiver
through the condenser drain
line back into condenser (be-
cause of low ambient at a low
pressure). A check valve
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CPHT

CPH

. syl jPe—

CONTROL PANEL HEATER

Set at 40°F
r\r CONTROL PANEL
Lt

HEATER THERMOSTAT

TSTS-928

a4
L2

Figure 3-3d¢ Control Panel Winterizing Wiring

"LC" is placed in the drain to
prevent migration of the liquid
back to the condenser. This
lowers the pressure in the re-
ceiver making it impossible
for the thermal expansion
valve to open when the unit
calls for refrigeration again.

Valve "LC"

To prevent the escape of gas,
a check valve ("LLC") is locat-
ed in the drain line which
feeds the receiver. This valve
is gas tight and must be main-
tained as such.

Valve "LD" is also a check
valve which must be installed
in the discharge line as close
to the compressor as possible.
Valve "LD" insures that no
gas in the condenser will mi-
grate to the compressor head.

Refer to Figure 3-32 for valve
arrangement. Flow in the
condenser drain line is sized
for 2 FPM.
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Altern H
Pressure Controls

Fan Cycling

On some models, a pressure
switch(es) is used to cycle the
fan(s) on and off in response
to an increase or decrease in
discharge pressure. This
method reduces the refrigerant
charge by eliminating the need
to flood the condenser coil. It _
is generally limited to applica-
tions using condensers with
several fan motors, allowing
several capacity reduction
steps. Under certain condi-
tions, rapid cycling of the
fan(s) may result when used
on models with only one or
two fans.

Variable Speed Motor
(VSM) Controller

A variable frequency solid-
state controller is used to vary
the output RPM of the con-
denser fan motor(s). A pres-
sure differential switch is used

191

to signal the controller to in-
crease or decrease the motor
speed from 0 to 100% to
maintain the pressure set
point.

The VSM controller eliminates
the need for flooding the con-
denser coil thus reducing the
refrigerant charge and receiver
size.

VSM controllers can also be
used with single or multiple
fan motors and maintain a
steady pressure control (i.e.
eliminates sudden reductions
or increases in airflow asso-
ciated with cycling the fan on
and off).

See Figure 3-33 for typical
piping with fan cycling or
VSM controls. For the type
of head pressure control used
on a unit, refer to the manual
cover sheet.
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Ambient temperatures can af-
fect many of the electronic
controls in the VSM control
panel. In general, the devices
Turbo uses operate properly
in temperatures between 32°F
and 140°F. In operating am-
bients under 40°F, Turbo rec-
ommends that a source of heat

" be available in the control pan-

el to maintain a temperature
above 40°F. This will ensure
continuous, reliable operation
of all components (even in se-

vere applications*). A winter-
izing kit consisting of a heat
source and control thermostat
can be provided as a factory
installation or as a retrofit to
existing control panels.

* The control panel winteriz-
ing kit is designed for
equipment operations in
ranges from O to 40°F.
Consult Turbo for equip-
ment operations in condi-
tions below 0°F.

Installation

All components are factory in-
stalled and pre-wired.

Operatihg Sequence

As the control panel tempera-
ture drops below the set point
of 40°F, the contacts of CPHT
thermostat close to energize
the panel heater coil. As the
temperature rises above the
differential setting of the ther-
mostat, the contact opens to
turn off the heater. The ther-
mostat continues to maintain
the interior temperature above
40°F. Refer to Figure 3-34.
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15. EVAPORATIVE-COOLED CONDENSERS

Mountin

Evaporative condensers sup-
plied with SCE models are
based on 78°F design wet
bulb and 95°F condensing
(181.8 psig) for R-22. The
condenser is mounted on a
common base frame with the
gvaporator section. A receiver
is mounted on the same frame
(below the condenser outlet) a
distance that ensures free flow
of the liquid from the con-
denser to the receiver without
traps. Pitch the drain line
down from the condenser to
the receiver. Control of the
evaporative condenser fan(s)
and water pump is wired into
the unit control panel.

ipmen rnish

Self-contained evaporative-
cooled (SCE) models are fur-
nished with a properly sized
condenser to reject the total

heat of rejection (THR) of the
evaporator and the heat of
compression. A receiver, iso-
lation valves, safety relief
valve, and head pressure con-
trols are supplied. The piping
and wiring are factory in-

stalled.

For remote evaporative-cooled
(SCER) models, all of the
above is available as an option
for field installation and pip-
ing to the evaporator. Motor
starters for the pump and fan

motors can also be provided.

H_Qa d E ressure g:ggmrgzl

Two types of head pressure
control are used on thermal

storage units:

1. Variable speed fan motor
control (VSM).

2. Flood-back control.

Refer to Figure 3-35.

f

M ntrol

A solid state variable frequen-
Cy constant torque drive moni-
tors the pressure at the inlet to
the condenser. This signal is
directed to the frequency con-
trol to adjust the fan motor
RPM either up or down to
maintain the pressure at the set
point.

A differential pressure switch
with two (2) SPST switches
is used to sense the discharge
pressure.

1. As the pressure reaches the
upper set point, the switch
contact closes, sending a
signal to the controller to
increase the fan RPM.

2. As the pressure falls back
below the set point, the
controller holds the RPM
constant,

DISCHARGE Z——v— ]—-§—<}——-——-———E PRESSURE

EQUAUZER UNE\ PRESSURE SENSING

AELIEF

SWITCH
o
LINE 1/47 CONTROLLER
{PTTCH DOWN) ENCLOSURE
SEE NOTE {

EVAPORATIVE
CONDENSER

VALVE

LQuIiD

(PITCH DOWN)

RECEIVER

vevem Z—'fig' \YJ
C

WATER PUMP

‘ = | 10

RA

V.V
Yo%

N/

()
O
c‘:

XX
O
QK

DO,
RRRK

TSTS-924

X2

Ll

CONDENSER FAN MOTOR

NOTE: THE SENSING LINE FOR THE VSM PRESSURE SWITCH SHOULD ALSO BE PITCHED DOWN TO PREVENT TRAPPING OF UQUID OR OLL IN THE LINE.

Figure 3-35 Typical VSM Controller Installation
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3. If the discharge pressure
falls below the set point of
the lower switch, the con-
tact of this switch closes to
signal the controller to re-
duce the fan RPM, allow-
ing the pressure to either
raise or hold steady.

The above sequence continues
maintaining the discharge
pressure between the two set
points or in the switch dead-
band.

On SCE models, the pressure
switch settings (although they
are factory set) should be
checked and adjusted as re-
quired during start-up.

Adjustment
The discharge pressure can be

increased or decreased by
changing the setting of the

SPOT SWITCHES

j

11

o o
o o
o o

F

W__ SENSING PORT

ADJUSTMENT SCREWS

174" NPT CONNECTION

two pressure switches.

Using a screwdriver, turn
both adjustment screws clock-
wise to raise the pressure and
counterclockwise to decrease
the pressure.

By adjusting both adjustment
screws the same, the differen-
tial between the switches is
maintained. The differential
should be adjusted only if the
pressure variation exceeds
12-16 psig. Refer to Figure
3-36.

Fl -Back ntrol

Refer to step 14. Air-Cooled
Condensers on page 83.

< 3 174" >
6 3/47
/O/‘O
EEJ .

TSTS-925

INDICATING LIGHTS

Figure 3-36 Differential Pressure Switch
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VSM _Controls vs
Flood-Back Controls

Flood-back controls are used
on smaller systems where:

« the system refrigerant
charge is relatively small.

+ adequate elevation between
the condenser outlet and re-
ceiver is available to pre-
vent the liquid refrigerant
from stacking in the con-
denser during operations
when flood-back is not re-
quired.

Flood-back controls require
higher refrigerant charges and
larger receivers.

VSM controls are more pract-
cal on larger systems to re-
duce the refrigerant charges.

Notes:

1. Cycling the condenser wa-
ter pump 1S not recom-
mended due to scale build-
up on the condenser coils
(caused by the residue of
solids left on the tubes by
evaporation of the water).

2. In some low ambient con-
ditions, it may be practical
to drain the condenser wa-
ter sump and operate the
evaporative condenser as
an air cooled condenser
(this does not contradict
note #1 because the coil s
not alternately wetted and
then dried).

3. Sump heaters or indoor
sumps should be consid-
ered in installations when
the system is operated fre-
quently in low ambient
conditions.

Ngmpet
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Differential Pressure
i et
(VSM_Controller Input)

Pressure Range
0 to 300 psig

Proof Pressure
350 psig

Switch Output
2 SPDT switches

Electrical Rating
15 amps
125/250/480 VAC resistive

Approvals
UL
CSA

Temperature
Operating Limits
—40°F to 160°F

Accuracy
+1% of adjustable range

Enclosure
NEMA 4 cast aluminum

Weight
Approximately 3 pounds

Yariable Speed Motor
Controller Specification
Power, Input - Voltage

208, 220, 230, 240 VAC
(LV switch position)

380, 415, 440, 460 VAC
(HV switch position)

Power, Input - Phase
3-phase

Power, Input -
Frequency
50 or 60 hertz

Power, Output - Voltage
208, 220, 230, 240 VAC
(LV switch position)

380, 415, 440, 460 VAC
(HV switch position)

Power, Output - Phase
3-phase

Power, Output -
Frequency

30, 50, 60, 75, 90, 100, 120,
180 hertz can be selected.
Standard switch setting is 60
hertz.

Power, Output - (VSM)
Amp Capacity

Model VOO800A00 — 8 amps
Model V01200A00 — 12 amps
Model VO1500A00 — 15 amps
Model V02200A00 — 22 amps
Model V03200A00 — 32 amps
Model V04200A00 — 42 amps
Model V04600A00 — 46 amps
Model VO6000A00 — 60 amps

Power, Output -
Temperature OQperating
Limits

32°F 10 104°F

Power, Output -
Temperature Storage
Limits

—4°F to 140°F

!:g!nﬂ ol Panel
EEZ izin

Ambient temperatures can af-
fect many of the electronic
controls in the VSM control
panel. In general, the devices
Turbo uses operate properly
in temperatures between 32°F
and 140°F. In operating am-
bients under 40°F, Turbo rec-
ommends that a source of heat
be available in the control pan-
el to maintain a temperature
above 40°F. This will ensure
continuous, reliable operation
of all components (even in se-
vere applications*). A winter-
izing kit consisting of a heat
source and control thermostat
can be provided as a factory
installation or as a retrofit to
existing control panels.

* The control panel winteriz-
ing kit is designed for
equipment operations in
ranges from 0 to 40°F.
Consult Turbo for equip-
ment operations in condi-
tions below O°F.

Installation

All components are factory in-
stalled and pre-wired.

Operating Sequence

As the control panel tempera-
ture drops below the set point
of 40°F, the contacts of CPHT
thermostat close to energize
the panel heater coil. As the
temperature rises above the
differential setting of the ther-
mostat, the contact opens to
turn off the heater. The ther-
mostat continues to maintain
the interior temperature above
40°F. Refer to Figure 3-37.
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16. WATER-COOLED CONDENSERS

ntin

Water-cooled condensers are
supplied with SC models.
The condenser is located on a
structural support above the
motor/compressor assembly
in the engine compartment. A
compressor discharge line is
piped to the condenser inlet
and a drain line connection is
piped to the receiver below.

1 ndition

The selection of a water-
cooled condenser is dependent
on the evaporator load, refrig-
erant used, the source and
temperature of the cooling wa-
ter, the amount of water circu-
lated, and the desired operat-
ing pressure. :

All SC condenser selections
are based on the following
conditions (for R-22):

—~ 85°F water entering

— 95°F water leaving

— 105°F saturated condensing
temperature, SDT
(210 psig)

— 20°F saturated evaporator
for icemaking

— 40°F for chilling

THR (total heat of rejection) =
(evaporator load at 20°F SET
and 105°F SDT in BTUH) +
(beat of compression in
BTUH)

Example:

Thermal storage unit with SH60 compressor

Compressor capacity @ 20°F SET and 105°F SDT = 40.2 tons

= 482,400 BTUH

Compressor BHP @ 20°F / 105°F = 51.3

= (482,400) + (51.3) (2,545) =

612,958 BTUH

Tower gpm = (THR + 15,000 BTUH / tower ton) (3.0 gpm /
tower ton) = (612,958 / 15,000) (3.0) = 122.6

=125 gpm

THR calculations for highest SET condition.
SET = saturated evaporator temperature.
SDT = saturated discharge temperature.

Equipment

Self-contained water-cooled

(SC) models -are furnished
with a properly sized con-
denser to reject the THR (total
heat of rejection) of the evapo-
rator and the heat of the com-
pressor. A safety relief valve
and isolation valves for the in-
let and outlet are also provid-
ed. Piping and wiring of the
components are factory in-
stalled.

Water regulating valves for
head pressure control, option-
al cooling towers, and cooling
tower pumps can also be sup-
plied.

Water Treatment

For maximum operating effi-
ciency and equipment life of
the condenser and cooling
tower, Turbo recommends
that a local water treatment
supplier be consulted to ana-
lyze the water system to be
used.

Fouling caused by scaling re-
sults in high heat pressure,
higher operating cost, and
lower capacity.

Operation

Superheated discharge gas en-
ters the shell side of the water
cooled condenser. Water is
circulated through the tubes to
remove the heat from the gas.
The amount of surface area in
the condenser, the flow rate
(gpm) of the water, and the
temperature of the water enter-
ing the condenser are all sized
to remove the heat of com-
pression and the heat ab-
sorbed by the refrigerant in
the evaporator and converts
the gas back to the liquid
phase at the condenser pres-
sure. Shell-and-tube (hori-
zontal) condensers are used
for this purpose.
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A typical water cooled system
operates as follows:

For a system with:

+ Water-cooled condenser

« Pressure-actuated water
regulating valve

+ Cooling tower with fan cy-
cling thermostat

+ Cooling tower pump

- Low discharge pressure
switch

_ 1. A switch sensing the dis-
charge pressure closes at
150 psig to start the cool-
ing tower fan and pump
(starters, pump, and cool-
ing tower are all optional
equipment).

2. The water pump runs all
the time (i.e. do not cycle
water pump on and off).

3. As the water temperature in
the cooling tower sump
reaches the set point (usu-
ally 80—85°F) of the ther-
mostat, the contacts close
to energize the cooling
tower fan motor magnetic
starter. The fan runs until
the temperature of the wa-
ter drops below the diffe-
rential of the thermostat
and the contacts open to
turn the fan off.

4. The water flow through the
condenser is controlled by
a pressure actuated water
regulating valve that modu-
lates open or closed in re-
sponse to the discharge
pressure. Water regulating
valve kits are available
from Turbo. As the dis-
charge pressure increases,
the water regulating valve

opens to increase the water
flow through the condens-
er. Conversely, as the dis-
charge pressure drops, the
valve modulates closed to
reduce the water flow.

Note:

As the water temperature
available from the cooling
tower increases, the flow rate
through the condenser must
also increase to maintain the
desired pressure setting.
Therefore, for the controls to
work properly, the settings of
both the water regulating
valve and cooling tower sump
temperature thermostat must
both be properly adjusted.

5. The setting of the water
regulating valve and the re-
sulting discharge pressure
can be changed by turning
the adjusting stem located
on the top of the valve
clockwise to raise the pres-
sure and counterclockwise
to reduce the discharge
pressure. By turning the
valve in, the spring in the
bonnet is compressed, re-
quiring a greater discharge
pressure to move off its
seat, thus allowing the wa-
ter flow to decrease. As
the stem is turned out, the
compression of the spring
is decreased and the force
required to open the valve
is also decreased. Thus,
water flow through the
valve increases and the dis-
charge pressure is lowered.

Refer to Figures 3-38 and 3-
39 for typical water-cooled
condenser piping and wiring.
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General Information

A safety relief is provided on
each condenser. Refer to step
13. Refrigerant Charging on
page 75 for guidelines on re-
lief valve venting.

Water condensers supplied on
thermal storage units are the
conventional condenser re-
ceiver combination type.
They feature shell and tube
type construction, cleanable
with removable heads. The
water in and out connections
are sized to permit maximum
water flow at peak require-
ments. All models are fur-
nished with the connections
piped to the outside of the unit
for ease of installation.

Water Requirements

Condenser water requirements
are based on 85°F water to the
condenser, 95°F water off the
condenser, and 105°F con-
densing. The condensers de-
sign water flow rate is based
on 3 gpm/ton of refrigera-
tion*. The actual rate of flow
is wholly contingent on the
water temperature and evapo-
rator load but will not exceed
the design flow.

* Tons of refrigeration =
total heat of rejection @
20°F SET/105°F SDT di-
vided by 15,000 BTU/ton.
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Figure 3-38 Typical Water-Cooled Condenser Piping
Water Regulating Valve vided on the water-cooled m ith
(SC Models Only) condenser for the water regu- 1ti nser

A water regulating valve is
furnished in the thermal stor-
age unit and must be field in-
stalled external of the thermal
storage unit in the outlet water
line of the condenser piping to
the cooling tower. A 1/4"
SAE flare type valve is pro-

lator high pressure gas con-
nection that provides the sig-
nal that modulates the water
flow through the condenser.

Note:

Refer to section 10. Appen-
dix C on using 3-way water
regulating valves.

On systems utilizing a single

cooling tower and cooling
tower pump for multiple wa-

ter-cooled condenser, the pip- -

ing shown in Figure 3-38 may
have to be modified if all of
the units (condensers) are not
operated. For a system with
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Figure 3-39 Typical Wiring for Water-Cooled System

three thermal storage units
piped to a single cooling tow-
er and cooling tower pump
suitable for handling all three
systems, it may require a con-
denser water bypass if only
one system is operated. Ex-
cessive pressure drops across
water regulating valves or
changes in the pump operating
curve may prevent proper op-
eration. Figure 3-40 shows a
typical multiple condenser in-
stallation. As the idle sys-
tem(s) cools, the water regu-
lating valve will close in
response to the decrease in
pressure (sensed by the water
regulating valve sensing line).
As the valve closes, the pres-

sure in the condenser water
line increases. A pressure
modulating bypass relief is in-
stalled in the discharge of the
cooling tower pump and piped
either to the suction of the
pump or directly into the cool-
ing tower sump to maintain a
constant head on the pump.

Figure 3-40 shows a cooling
tower located above the con-
denser. On installations with
the cooling tower located be-
low the multiple condensers, a
check valve should be in-
stalled in the pump discharge
to prevent drainage of the wa-
ter during the off cycle (result-
ing in excessively high dis-
charge pressure at start-up due
to lack of water flow).
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As an alternative to a bypass
relief, separate cooling tower
pumps may be used with a
single cooling tower. This is
generally limited to systems
with 2 to 3 condensers since
the cost of the additional
pumps and piping is not at-
tractive for larger systems.

Optional heat tracing of the
condenser water line and a
cooling tower sump heater
may be required for opera-
tions in low ambient condi-
tions (below 40°F) to prevent
freeze-up during shut down.
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17.

Before starting the Turbo unit,
the pre-start-up checklist must
be completed. The items
should be checked off and ini-
tialed by the person who does
the pre-start-up.

1. A visual inspection of the
unit should be made.

2. The electrical checklist on
page 59 should be complet-
ed.

3. The rotation of all motors
should be checked.

4. The compressor(s) should
be aligned and the
couplings(s) installed. See
the compressor manufac-
turer's owner's manual for
alignment procedures.

PRE-START-UP CHECKLIST

5. The drier cores should be
installed unless they were
installed in the factory.
Drier cores are factory in-
stalled only for units which
require no field refrigerant

piping.

6. The water lines should be
connected and any debris
should be flushed out of
‘the lines.

Note:

It is strongly recommended
that a strainer be placed at the
evaporator water inlet connec-
tion. The mesh on this strain-
er should be smaller than the
7/64" diameter holes in the
water distribution pan. The
strainer's pressure drop must
be accounted for when calcu-
lating the head loss on the wa-
ter pump. This strainer is
supplied and field installed by
others.

7. Clean the storage tank and
fill the storage tank 60 to
70 percent full of water.

8. Remove tags from valves
and open. Solenoid valves
should be put in the auto-
matic position.

WARNING

When conducting the
pre-start-up checklist
procedures above, fol-
low all precautions and
safety practices as de-
tailed in each previously
outlined installation
step. Failure to careful-
Iy follow these instruc-
tions could result in per- |
manent injury or loss of
life.
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these instructions could result in permanent injury or loss of life.

18. START-UP CHECKLIST

The following items must be checked off prior to starting unit.

Customer Date

Model Serial #

CHECK ITEM
BY BY

CompressorMotor Alignment

INSTALLED CHECKED DATE

COMMENTS

Refrigerant Lines

Pressure Test psig
Evacuated in water
Charged Ib.

Drier Cores

Cil Level

Pressure Control Set

Control Settings (psig)

COMP #1 COMP #2 OMP #3

CPTD Cut Cut

Low Pressure Cut Out

Low Pressure Cut In

High Pressure Cut Out

(SC and SCER 250 psig, SCA 275 psig)

Condenser Fan Cut Out

Condenser Fan Cut In

Suction Pressure Cut Out

Suction Pressure Cut In

Water Connections

Water Flow (gpm})

Electrical Power

Control Power

Motor Rotation

Tags Removed

Safety and Operation instructions Performed

MOTOR PERFORMANCE DATA

MOTOR VOLTAGE PHASES

AVERAGE OF 3 PHASES
¥1 | #2 | #3 | #4 | #5 | #6

Compressor Motor

Water Pump

Condenser Fan Motor

Condenser Pump Motor

COMPONENT DATA

#1 [ #2 | #3 | #4 ] #5 | #6

Component

TEV Setting - Tums Open

Evaporator Pressure at Suction During Defrost

Super Heat @ Evaporator Plate Suction Tube Line

TSTS-801

ACCEPTED BY DATE

COMPANY
1/91 Turbo Refrigerating Company
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& P d OPERATING INSTRUCTIONS X X

Intr ion

This section describes the
Turbo Thermal Storage sys-
tem operation and control
components. Operating hints
are provided for safe, effi-
cient, and reliable operation of
the ice generator/chiller. Be-
fore proceeding with reading
this section, the safety and in-
stallation sections should be
read and understood. These
sections contain guidelines
that must be followed to en-
sure start-up and operation of
the system without costly de-
lays due to improper installa-
tion or interfacing with other
system components.

Typical operation of both HP
and IGC models are de-
scribed. Turbo can also pro-
vide a variety of options for
these systems. The appendix
of this manual should be re-
ferred to for the operation of
these options. Only standard
features are discussed in this
section.

Controls

Before describing the various
sequences of the ice genera-
tor, it is important to review
and understand the purpose of
the controls located in the con-
trol panel, three-phase panel,
and gauge and safety console.

Control Panel

Referring to section 3. Instal-
lation & Pre-Start-Up Re-

quirements, Figure 3-1 shows
that the control panel is typi-
cally located on the right end
of the ice generator/chiller.

This panel contains the pro-
grammable controller, time
clock, water temperature ther-
mostat, control relays, and
terminal blocks. Single phase
(120/1/60 is standard) power
is provided to this control
panel by others. Interfacing
between the thermal storage
units and building manage-
ment systems and external
controls is provided in this
panel via terminal strip con-
nections. All factory wiring
and field wiring is made to a
factory installed terminal strip.

Following is a description of
the various components:

Master Control Switch (MCS)

The Turbo ice generator/
chiller is controlled by the
MCS. The MCS is a key-
operated, thtee-position
switch controlling the OFF/
RESET, MANUAL, and AU-
TOMATIC modes of the Tur-
bo-unit. It is located in the
control panel door.

Automatic

The AUTOMATIC position
allows the ON/OFF operation
of the Turbo-unit to be con-
trolled by either a remote con-
tact (if supplied by others), or
by the contact of the Program-
mable Time Clock (PTC-1).

The contact of the PTC-1
comes factory wired, using
one circuit of the dual circuit
PTC-1 to control the ON/OFF

operation of the Turbo-unit.

Refer to the Appendix &
Notes section for instructions
on how to set the PTC-1.

OFF/RESET
The OFF/RESET position of

the MCS has two functions.

1. If the Turbo-unit is running
when the switch is put into
the OFF/RESET position,
it will put the unit into
pump down (i.e. the refrig-
erant charge will be stored
into the high pressure lig-
uid receiver), and then shut
the unit off. This is done
by closing the Liquid Sol-
enoid(s) (LS-"X"), and re-
turning any section which
is in defrost to the refriger-
ation mode. With the Lig-
uid Solenoid(s) closed, the
refrigerant boils out of the
evaporator plates and will
be stored in the high pres-
sure liquid receiver. When
the compressor suction
pressure drops below the
setting of the Low Pressure
cut out switch (LP), the
unit will shut off. If, for
any reason, the compressor
suction pressure does not
reach the cut out setting of
the LP within three (3)
minutes, an internal timer
in the Programmable Con-
troller (PL.C) will automat-
cally turn the Turbo-unit
off after three (3) minutes.

2. The OFF/RESET position
is also used as a RESET
switch if the Turbo-unit cy-
cles off on a safety failure.
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When this occurs, the red
Safety Failure pilot light on
the control panel will come
on, and the unit will not re-
start until the MCS is
turned to the OFF/RESET
position, and then turned
back to either the MANU-
AL or AUTOMATIC posi-
tion. Turning the switch to
the OFF/RESET position
resets the counters, and I/
Os in the PLC. The status
of each I/O (light on or off)
should be recorded before
resetting it and for deter-
mining the cause of the
failure.

Note:

After the unit has been reset
after cycling off, the unit
should be inspected by a qual-
ified refrigeration serviceman
to determine why the unit
failed, and to correct the prob-
lem.

Manual

The MANUAL position is
used only to operate the Turbo
unit without the use of a re-
mote contact or the contact of
the PTC-1. It does not over-
ride any of the built-in safety
and protection features of the
Turbo-unit.

IMPORTANT

Read Safety Section

before this section. Failure to carefully follow “

these instructions could result in permanent injury or loss of life.

et e et e e e e e T

Safety Pilot Light
Pilot lights are located on the

control panel door to indicate
the status of the ice generator/
chiller safety circuits. In nor-
mal operating mode, the light
should be "off". If the safety
failure is "on", the unit will be
"off" due to a safety failure.

Safety failure conditions in-
clude low suction pressure,
high discharge pressure, low
oil pressure, high oil tempera-
ture, oil pot heater failure, re-
circulating water pump fail-
ure, and compressure
overload protection.

IMPORTANT

The MCS must be turned
to the OFF/RESET posi-
tion before the unit can
be restarted. Before re-
setting the status of the
PLC, I/O lights should
be recorded. After the
unit is reset, operation
should be monitored to
determine the cause of

the failure and corrective _

action taken immediate-
ly. Failure to do so may
result in compressor or
equipment failure.

The unit will continue to
run regardless of the
status of the time clock
or remote ON/OFF in-
p ut.

High Ice Pilot Light
A green pilot light is located

on the control panel door to
indicate the status of the ice
storage in the storage tank be-
fow.
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A motorized paddle wheel
switch is located below the ice
making plates. If the tank is
not full, the paddle wheel con-
tinues to rotate and the unit
continues to operate. Once
the ice level reaches the paddle
wheel, stopping its rotation,
the storage tank is full. The
high ice level switch turns the
high ice level pilot light "on"
and inputs a signal to the pro-
grammable controller to termi-
nate operation of the unit
through a normal shut-down
sequence.

If the ice level drops due to
the melting or loading from
the building, the paddle wheel
will again rotate. The ice gen-
erator/chiller will restart, pro-
vided that the time clock or
other external inputs are still
calling for operation of the
unit. If this signal is absent,
the unit will remain off.

Circuit Breaker-

Control Circuit
A two-pole single phase con-

trol circuit breaker is also lo-
cated on the control panel
door. This breaker provides
branch circuit protection for
the controls located in the con-
trol panel. Short circuit and
overload protection is provid-
ed on both legs of the single
phase power supplied.

. ;
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CAUTION

The two-pole control cir-

only to the single-phase

ate disconnect or breaker
(supplied by others)
must be supplied to re-
move the three-phase
power. In case of emer-
gency, the main three-
phase circuit breaker
should be pulled first to
remove power from all
motors. The single
phase breaker is not to
be an emergency stop.
Failure to follow these
instructions could result
in personal injury or
-equipment damage.

- Progmmmab]e.

Controller (PL.C)
A GE Series One Programma-

ble Controller is provided
with each ice generator to con-
trol the operating sequence of
the ice generator itself. Re-
mote contacts or time clocks
may be used to signal start-up
and termination of the ice.gen-
erator but all control sequenc-
ing and logic is provided by
the PLC and Turbo supplied
software.

The PLC consists of the pow-
er supply/frame, a CPU, and
input/output modules. Refer
to the GE PLC maual in the
appendix for additional details
and specifications. In addi-
tion to the power "on" and
battery light on the CPU, each
input and output module has a
status light for each I/O. If
the status light is "on", the in-

cuit disconnects power

control circuit. A separ- |

put or output is "on". During
trouble-shooting or after safe-
ty failures, the status (ON/
OFF) of each light should be
recorded. This will help de-
termine the cause of the failure
(refer to section 3, Trouble-
shooting for additional infor-
mation). Turning the MCS to
the OFF/RESET position will
change the status of some of
these lights. Note the status
of each light before using the
OFF/RESET switch.

All standard modules using
the GE PLC require 120/1/60
power to the controller.

Note:

A power failure or interrup-
tion of power to the controller
will reset many of the coun-
ters and sequencers in the
PLC and will restart the ice-
making or chilling sequence.
However, some internal coils
are not affected by interrup-
tion of power. To properly
reset the controls after a safety
failure, the OFF/RESET
switch must be used.

The GE PLC is mounted on
the backplate inside the con-
trol panel. All connections re-
quired to the PLC are factory
wired to a terminal strip
mounted on the control panel
backplate. No connections
should be made directly to the
PLC without factory approv-
al.

An optional hand held pro-
grammer/monitor is available
for the PLC. The hand held
programmer is required to
change control presets.

Water Temperature

Thermosta

All Turbo ice generators can
operate as icemakers or chill-
ers. A signal to the PLC is re-
quired to indicate which mode
of operation the ice generator/
chiller is in. This signal is
based on the temperature of
the water supplied to the Tur-
bo unit. A thermostat with a
remote sensing bulb is provid-
ed to determine the return wa-
ter temperature and provide
the proper signal to the PLC.

For HP models, the thermo-
stat is typically set at 37°F and
for IGC models, 40°F. (The
higher setting for the IGC
model results from the deeper
icemaking plates used on
these models and the tendency
to form ice at the bottom of
the plate before the water tem-
perature reaches 38°F). The
final setting of the WTT ther-
mostat is made in the field by
observing the formation of ice
on the plates. Additional 36°F
and 38°F resistors are provid-
ed with HP models; 39°F and
41°F for the IGC models are
also available.

All WTT thermostats are field
adjustable and have an ON/
OFF/AUTOMATIC switch.

This switch must be in the
AUTOMATIC position (refer
to the Appendix & Notes for
the operating instructions for
the WTT thermostats). The
thermostat is located on the
control panel backplate and is
factory wired to a terminal
strip. No connections should
be made directly to the ther-
mostat without factory ap-
proval.
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The setpoint of the thermostat
is changed by replacing the re-
sistor connected to terminals 3
and 4 on the thermostat termi-
nal strip. A chart of resistors
is provided in the Appendix &
Notes.

The setpoint differential
(DIFF) of the WTT must be
set at the minimum setting, or
full counterclockwise. This
will give the WTT a 1°F dead-
band. A chart of resistors is
provided in the Appendix &
Notes.

SENSING BULB

j[ll

DETAIL A

WATER
DISTRIBUTION

EVAPORATOR
PLATES

WTT SENSOR
(SEE DETAIL A)

Input to the thermostat is pro-
vided by a sensor located on a
water distribution header (re-
fer to Figure 4-1). The bulb
1s located directly in the return
water flow.

An optional monitor is availa-
ble for the thermostat to pro-
vide a readout of the tempera-
ture being sensed.

Note:

The same monitor can be used
for the WTT and OTT thermo-
stats.

HEADER

MAIN WATER
DISTRIBUTICN HEADER

WATER FLOW

Oil Temperature

Thermostat (OTT)

All Turbo ice generator/
chillers are supplied with an
oil still to ensure proper return
of the refrigerant oil to the
compressor. The oil manage-
ment system is described in
detail later in this section. In
general, each oil recovery sys-
tem is provided with an oil
pot, oil pot heater, and oil
temperature thermostat. The
OTT controls the operation of
the oil heater to ensure that a
refrigerant free oil is returned
to the compressor. Control of
the solenoid between the suc-
tion accumulator/ heat ex-
changer and oil pot is also
maintained by the OTT
through the PLC logic (i.e.
the 0il temperature must be at
the OTT setpoint before the
solenoid will open). In the
event of the oil heater failure,
the controls will not allow re-
frigerant rich liquid to be me-
tered to the oil pot and ulti-

BRANCH WATER
DISTRIBUTION LATERAL

TSTS-9019

Figure 4-1 Water Temperature Thermostat Sensing Bulb Installation
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SAFETY RELIEF

OIL TO COMPRESSOR

Ol POT

FLOAT VALVE

¥

\—- OIL LEVEL SIGHT GLASSES

SENSOR-OIL TEMPERATURE

THERMOSTAT (OTT)

OI/REFRIGERANT FROM

SUCTION ACCUMULATOR/
HEAT EXCHANGER

OIL POT
HEATER

TSTS-9007

Figure 4-2 Oil Temperature Thermostat Location

mately to the compressor.

Controls are set to terminate
operation of the unit if the
OTT setpoint is not obtained
within the time setting of the
controls. This prevents con-
tinuous operation of the
equipment without the oil
heater, or proper oil return to
the compressor.

The OTT is located on the
control panel backplate and is
factory wired to the terminal
strip on the backplate. No
connections should be made
directly to the thermostat with-
out factory approval.

Adjustment of the OTT ther-
mostat is obtained by rotating
the adjustable knob located on
the front of the thermostat.

The sensor for the thermostat
is located in a bulb well

mounted in the bottom of the
oil pot. (refer to Figure 4-2).

Single-phase (120/1/60) pow-
er is required to operate the
OTT (factory wired).

An optional monitor is availa-
ble for the thermostat to pro-
vide a readout of the tempera-
ture being sensed.

Note:

The same monitor can be used
for the WTT and OTT thermo-
stat.

Programmable Time
Clock (PTC

When the MCS is in the AU-
TOMATIC position, the start-
up of the ice generator/chiller
is controlled by either the PTC
provided by Turbo, or a re-
mote time clock or external
contact,

The PTC control is a seven
day programmable clock con-
taining four (4) SPDT switch-
es. Details and specifications
of the PTC are provided in the
Appendix & Notes section of
this manual. In general, the
user defined operating periods
for the ice generator/chiller are
programmed into the PTC.
Different daily requirements
can be programrncd to meet
each customer's particular re-
quirements. An ON/OFF sig-
nal from the PTC into the GE
PLC initiates a normal start-up
sequence. A digital readout
and easy monitoring provide
an easy review of the program
settings.

All PTCs are located on the
control panel backplate and
are factory wired to a terminal
strip located on the backplate.
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IMPORTANT

No connections should
be made directly to the
programmable time clock
without factory approv-
al. Turbo assumes no li-
ability for connections
made to the PTC or dam-
age to the PTC as a re-
sult of such connections.

Single-phase 120/1/60 power
is required for the PTC.

Sample programming is de-
scribed later in this section.

CAUTION

It is the responsibility

of the contractor or a
qualified electrician to
ensure that any intercon-
necting wiring complies
applicable

with local,
state, and federal codes.
Failure to do so could
result in damage to elec-
trical controls and other
equipment as well as se-
vere personal injury.

Three-Phase Panel

Referring to section 3. Instal-
lation & Pre-Start-Up Re-
quirements, Figure 3-1 shows
that the three-phase panel is
located on the right end of the
ice generator/chiller next to the
control panel. This panel con-
tains all starters for motors
supplied with the ice genera-
tor/chiller. Turbo ice genera-
tor/chillers are supplied with
230/3/60 or 460/3/60 power

as standard. Other voltages
and frequencies are available
as extra cost options. This
enclosure is not supplied with
a knockout for the three-phase
power connection.

Both the penetration into the
enclosure and the electrical
connector are field installed
and furnished by others. In-
terconnecting wiring from the
control panel to the three-
phase power is factory in-
stalled. All starters are wired
from the starter overload relay
module to the motor terminal
connector. Top wiring for
each starter as well as branch
circuit protection or sub-
fusing is supplied by others
and field installed. Optional
branch and main circuit pro-
tection and/or sub-fusing of
all motors is available from
Turbo.

Note:

Motor starters are supplied
only for motors specified in
the Turbo proposal or specifi-
cations sheet. Installation,
wiring, and control of remote
motor-or motor starters is the
responsibility of others. Tur-
bo assumes no liability for the
interfacing of these controls
with the Turbo control panel.

Turbo can provide starters in
the control panel for remote
equipment which may require
bottom wiring to the motor
(field wiring by others).

Optional Three-Phase
Panel Circuit Protection

Turbo can provide branch cir-
cuit protection (in the form of
sub-circuit breakers or sub-
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circuit fuses) and main circuit
breaker protection for all mo-
tors specified in the Turbo
proposal or specification
sheet.

If supplied with branch circuit
protection, each magnetic mo-
tor starter is top wired and
three-phase wiring is required
only to the circuit breaker or
fuses.

If the main circuit breaker is
also supplied, all wiring from
the main breaker to the branch
circuit breakers or sub-fusing
is factory installed and a sin-
gle three-phase connector is
required to the main circuit
breaker.

Note:

All magnetic starters supplied
by Turbo are supplied with bi-
metallic current overload trip
relay modules for three-phase
protection of each motor.
Loss of phase, phase reversal,
and low voltage protection are
not supplied. A phase/voltage
monitor is available as an op-
tion to provide for loss of
phase, phase reversal, and
low voltage protection.

tional Single-Point

Electrical Connection

On Turbo ice generators/
chillers supplied with the op-
tional branch and main circuit
protection, single-point elec-
trical connection is available.
Standard models require the
supply of separate 230/3/60 or
460/3/60 power, and 120/1/60
control circuit power. Single-
point electrical connections
provide a three-lug terminal
block for connection of the
three-phase power.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

In addition, a control circuit
transformer located in the
three-phase panel is connected
from two phases of the main
power. The step-down trans-
former converts the 230/1/60
or 460/1/60 primary to a 115
volt, 60 hertz secondary sup-
ply. Wiring is factory in-
stalled from the transformer
secondary to the single-phase
power terminal connections
located in the control panel.
Therefore, only the three-
phase connection to the ice
generator/chiller is required.

CAUTION

All electrical connections
to the three-phase or
control panel must be
made according to the
wiring diagram supplied
for the ice generator/
chiller. A copy of the
wiring diagram is

shipped with the unit as §
well as supplied with the
operating manual. Fail-
ure to do so could result
in personal injury or
equipment failure or
damage. ’

Only a qualified electrician
should make connections to
the electrical panel provided.

IMPORTANT

Failure to provide writ-
ten notification of unau-
thorized electrical con-
nections to Turbo control
or three-phase panels
will release Turbo from
any obligation or war-
ranty resulting from such
connections.

Turbo can provide guidelines
and advice relative to electrical
connections, control of remote
imput or output devices, and
components sizing (supplied
by others - with written notice
of required details). Turbo
assumes no liability for proper
connections of electrical com-
ponents supplied by others.

Safety and Gauge
Console

Before making the initial start-
up of the ice generator/chiller,
the safety switches and con-
trols should be reviewed and
verified.

High Discharge

Pressure/low Suction
Pressure (HP/LP)

Two pressure automatic reset
switches are provided to sense
the discharge pressure and
suction pressure. This switch
is located at the base of the
compressor on a frame con-
taining the suction pressure,
discharge pressure, and oil
pressure gauges as well as the
oil failure switch.

Typical settings of the switch-
es are:

25 PSIG
30 PSIG

LP cut-out;
LP cut-in:

HP cut-out: 275 PSIG
HP cut-in: 250 PSIG

Refer to the Appendix &
Notes for additional informa-
tion on dual pressure switch-
es. Figure 4-3 shows the typ-
ical safety and gauge console
arrangements for each com-
pressor supplied.

Qil Pressure

Failure Switch (OFS)

An oil pressure failure switch
is provided to ensure proper
oil pressure for compressor
lubrication.  Oil failure
switches consist of three basic
elements. The pressure
switch (OPS), the oil pressure
time delay heater (OPTDH),
and the oil pressure time delay
contacts (OPTD).

The OPTDH is a resistance
heater supplied with electrical
current through the OPS
switch when the oil pressure
1s below the setpoint and the
switch remains closed. Upon
arise in oil pressure, the pres-
sure switch opens, discon-
necting power to the heater.

If the pressure does not rise,
the heater warms a bimetallic
element in the OPTD circuit.
When the temperature reaches
the setpoint of the switch after
a time determined by the heat-
er resistance, the OPTD con-
tacts open to terminate opera-
tion of the ice generator/
chiller.

The OPS senses the differen-
tial between the pressure at the
compressor oil pump dis-
charge and suction pressure.
If the oil pressure is below the
minimum differential for a 60
second period, the heater
(OPTDH) in the switch heats
a bimetallic trip element caus-
ing it to trip.

Note:

Units with Royce compres-
sors have a 30 second delay to
OPTDH.
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CONNECT

TO

SUCTION
PRESSURE

FTJ

018-0000-16
STATIC-O-RING
ENN-K23MX-F/A
CONNECT TO
DISCHARGE PRESSURE
DOWNSTREAM OF THE
DISCHARGE Ace Ace e
VE
CHE‘;’}\TL 400 PSI 300 PS! 400 PSI
018-0000-13
PENN P70AA-3
LOW DISCHARGE
PRESSURE SWITCH
100-300 PSIG, OPEN LOW
CONNECTTO 018-0000-18
PENN P70DA-1
SUCTION
PRESSURE AT 50-450 PSIG
COMPRESSOR | OPEN HIGH - MANUAL RESET
: HIGH DISCHARGE PRESSURE]
rTJ CUTOUT SWITCH
018-0000-12 D 018-0000-19
PENN P-28 PENN P70AB-1
OIL FAILURE oo+ 100 PSIG
CUTOUT
OPEN LOW
60 SEC. TIME DELAY LOW DISCHARGE PRESSURE
CUTOUT SWITCH

CONNECT TO
OiL PRESSURE

@ FOR CARRIER & COPELAND COMPRESSOR INSTALLATIONS

P/N

218-1094-02 ASSEMBLY INCLUDES:

. (3) GAGES
. 018-0000-12
- 018-0000-18
« 018-0000-19

ADD 018-0000-13 AND 018-0000-16 AS REQUIRED.

Figure 4-3 Safety and Gauge Console Arrangement
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Oil failure switches require a
manual reset before operation
can be resumed (i.e. the unit
will not automatically restart
until the reset button is de-
pressed.)

Typical settings for the oil
failure switch are: 15 psig.
Normal net oil pressure for
the various standard compres-
sors used by Turbo on ice
generator/chillers are:

Carrier open:
45 psig (5H series)

Royce open:
35 psig (CG series)

Copeland Semi-Hermetic:
25 psig.

Actual net oil pressure is de-
termined by subtracting the
reading of the suction gauge
from the oil pressure gauge.

Example: Carrier SH com-
pressor, oil pressure gauge
reading is 85 psig, suction
pressure gauge is 40 psig.

Net oil pressure is:

oil pressure 85‘psig
— suction pressure 40 psig
net oil pressure 45 psig
Qil Temperature
Switch (OTS)

The OTS switch is used only
on ice generator/chillers that
utilize open reciprocating
compressors. Semi-hermetic
compressors utilize a different
type of safety that is described
later in this section. Operation
of the OTS thermostat is the
same as the OTT thermostat

except the oil temperature in
the compressor crankcase is
sensed by the OTS thermo-
stat. If the oil temperature in
the compressor exceeds the
OTS setpoint (typically 145°F-
165°F), the OTS thermostat
contacts open to terminate op-
eration of the compressor.
OTS switches are manual re-
set.

IMPORTANT

Check the compressor
and compressor oil cool-
er (if so equipped) for
oil level before resetting
the OTS switch. After
reset, the operation of
the compressor should
be closely monitored to
determine the cause of
the trip. Failure to do so
could result in improper
lubrication of the com-
pressor resulting in fail-
ure or damage.

Motor Protection

Module (MP)

The MP and its normally
closed set of contacts (MP-1)
are used to protect the wind-
ings of semi-hermetic com-
pressor motors. These motors
will have some type of tem-
perature sensor embedded in
the windings of the motor, or
in some cases, the temperature
sensor will monitor the com-
pressor discharge tempera-
ture. When the temperature
exceeds the limit set by the
motor protection module, the
contacts will open up to stop
the compressor motor. These
contacts are usually automati-
cally reset; however, by the

time they will allow the com-
pressor to restart, the other
controls within the PLC will
usually have locked the unit
out.

Overloads (QL)

The motors which drive open
reciprocating compressors
will have motor overloads
which sense the amperage that
the motor is using, and will
trip if the amperage exceeds
the capacity of the motor. The
overloads used by Turbo have
adjustable trip ranges. The
trip setpoint must correspond
to the Full Load Amp rating of
the motor. This value can be
found on the equipment name-
plate located on the three-
phase electrical panel. These
overloads are ambient com-
pensated overloads, and they
must be set such that they
must be manually reset after

tripping.
IMPORTANT

If frequent tripping oc-
curs, the reason for the
high amp draw must be
determined and correct-
ed. Simply raising the
trip setpoint is not an ap-
propriate solution, and
may result in a motor
failure.

Freeze-Stat

SOR Switch (LSP)

A low suction pressure switch
is also provided to sense the
suction pressure and initiate a
refrigeration/defrost sequence
to prevent freeze-up of the ice
generator/chiller. The low
pressure element of the low
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pressure cutout switch (LP) is
used to terminate the unit op-
eration after a normal pump-
down sequence and in the
event of a loss of refrigerant.
A separate LSP is used to
monitor a low suction condi-
tion caused by harvest failure,
poor water distribution, WTT
failure, or ice formation on the
plates.

LSP settings are typically set
to initiate an extended defrost
sequence if the normal suction
pressure drops more than 2-3
psig. Final setting of the
switch is done in the field to
match the actual operating
characteristics of the ice gen-
erator/chiller and prevent nui-
sance tripping.

Further explanations of the
LSP are given later in this sec-
tion under "Extended Defrost
Sequence”. The LSP switch
is mounted next to the gauge
and safety console at the com-
pressor base.

Low Discharge

Pressure Switch (1.DP)
Turbo direct-expansion ice
generator/chillers require a
minimum discharge pressure
to ensure a proper harvest is
obtained during the defrost se-
quence. During the refrigera-
tion cycle, the discharge pres-
sure can drop below the
minimum pressure.

Note:

All direct-expansion Systems
utilize a thermal expansion
valve to feed refrigerant to the
evaporator plates. The sizing
of all thermal expansion
valves is based on the pres-

sure available at the valve in-
let, pressure drop in the dis-
tributor orifice and distributor
tubes, and refrigerant liquid
temperatures. If the system is
to be operated at low dis-
charge pressure (below 165
psig), Turbo should be con-
sulted so that the thermal ex-
pansion valves may be prop-
erly sized.

The LDP switch senses the
pressure in the hot gas line
feeding the hot gas defrost
solenoid (HG) valves to each
section. A typical setting of
the LDP switch is 165 PSIG.

"Below the setpoint of the

switch, the defrost sequence
is automatically extended
through the PLC logic to com-
pensate for the lower defrost
pressure. LDP switches are

mounted on the hot gas sup--

ply line located in the engine
compartment.

Further explanation of the
LDP switch is given in this

section under "Extended De- _

frost Sequence” on page 120.

: r
Control Valve

Thermal Expansion
Valve (TXYV)

Metering of refrigerant to the
evaporator plates is controlled
through a device consisting of
the thermal expansion valve,
an external equalizer line, and
a power head with a remote
sensing bulb. The remote
sensing bulb is mounted on
the suction line to sense the
temperature of the refrigerant
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It in permanent injury or loss of life.

gas leaving the evaporator.
Turbo evaporators require the
use of an external equalizer
line to compensate for the
pressure drop through the ev-
aporator plates thus allowing
for a true reading of the satu-
rated evaporator pressure at
the evaporator outlet.

A gas charged sensing bulb
transmits a pressure to the
power head of the TXV inre-
sponse to increases or de-
creases in suction tempera-
ture. As the suction
temperature decreases, the
corresponding refrigerant
pressure also decreases, pro-
ducing a lower pressure at the
power head. This pressure is
opposed by the evaporator
pressure, and the superheat
spring in the TXV.

As the temperature/pressure
decreases at the outlet of the
evaporator, the pressure exert-
ed by the evaporator (plus
spring pressure) is now less
than the decreasing outlet
pressure and the TXV closes
to reduce refrigerant flow to
the evaporator.

If the temperature/pressure in-
creases at the evaporator out-
let, the superheat of the suc-
tion gas is higher, indicating
that the refrigerant feed is
low. In this case, as the tem-
perature/pressure increases,
the pressure in the sensing
bulb increases thus exerting a
greater force on the power
head. This increase in pres-
sure drives the diaphragm
down applying force to the
push rods causing the TXV to
open and feed additional re-
frigerant to the evaporator.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Therefore, as the suction gas
superheat (temperature) in-
creases, the TXV opens to
supply more refrigerant and as
the superheat drops, the TXV
throttles the refrigerant flow to
prevent the evaporator from
flooding,

Superheat is defined as the
difference in the actual tem-
perature leaving the evapora-
tor and the saturated tempera-
ture of the suction gas at the
measured evaporator pres-
sure. For example, a typical
Turbo ice generator/chiller op-
erates at a 43 psig evaporator
pressure which corresponds
to a saturated temperature of
20°F. If the temperature of
the suction line from the eva-
porator at the location of the
TXV sensing bulb is meas-
ured at 25°F, the superheat
would be 5°F.

Typical Turbo ice generator/
chillers should operate be-
tween 5-8°F for both HP and
IGC models. Too high a su-
perheat setting will result in
reduced evaporator capacity
and possible overheating of
the compressor or suction
cooled compressor. A low
setting may result in an over-
feed of refrigerant which
could result in compressor
damage.

IMPORTANT

TXV superheat adjust-
ments should be made by
a qualified refrigeration
technician or engineer.

Improper adjustment of
superheat can result in
overfeed of the evapora-
tor causing liquid slug-
ging of the compressor.

Liquid slugging will
cause damage and/or
failure to the compres-
sor.

The TXV sensing bulb must
be firmly strapped to the suc-
tion line in the 4 or 8 o'clock
position to ensure proper
sensing of the evaporator suc-
tion gas. Emory paper should
be used to clean the area the
bulb is to be mounted in to en-
sure proper contact with the
surface. Refer to Figure 4-4
for TXV installation.

Figure 4-4 shows the installa-
tion of the external equalizer
line and sensing bulb. The
TXV also requires the use of a
refrigerant distributor and dis-
tributor tubes to properly dis-
tribute the liquid feed of the
TXV to each plate.

Refrigerant Distributor

A refrigerant distributor is in-
stalled on the outlet of the
TXV valve. The distributor
consists of an orifice nozzle
and multiple outlet for connec-
tion to each evaporator plate.

For each evaporator, an ori-
fice nozzle is selected to match
the load and operating param-
eters of the system. A distrib-

utor has two purposes:

1. To reduce the pressure of
the liquid refrigerant, there-
by reducing the refrigerant
temperature.

2. To provide uniform refrig-
erant feed to all the distrib-
utor outlet openings.

Refrigerant
Distributor Tubes

Refrigerant is fed into the out-
let of the refrigerant distribu-
tor and into an individual tube
for each evaporator plate. The
OD and length of the distribu-
tor tube is selected for each
evaporator section to provide
a uniform balanced flow to
each plate. In addition, the
pressure drop through the dis-
tributor tube is used to drop
the liquid refrigerant pressure
to the final evaporator pres-
sure and corresponding eva-
porator temperature.

The TXV, distributor, and
distributor tubes operate to-
gether to produce the valve ca-
pacity and refrigerant distribu-
tion required. A typical
selection is shown below.

In the example, a ten (10)
plate section with three (3)
distributor tubes per plate is
used. Therefore, thirty (30)
circuits or distributor tubes
will be required. At the de-
sign operating conditions of
20°F saturated evaporator and
95°F saturated condensing,
the evaporator load is 37.5
tons refrigeration, and the re-
frigerant used is R-22.

1/91 Turbo Refrigerating Company 113




o
‘=‘; . - - - 4 .
Read Safety Section before this section. Failure to carefully follow
alely oS¢ . .. y rol L)
these instructions could result in permanent injury or loss of life.
@
EXTERNAL EQUALIZER LINE e
@
BULB STRAP () ;
o i
SUCTION LINE ®
o
o
ALTERNATE TXV
TXVBULB BULB LOCATION @
DETAIL A .
: ®
o
3 S MAIN SUCTION LINE :
t {
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TXV SENSION BULB »
SEEDETAIL A : BRANCH SUCTION LINE
SUCTION HEADER

EVAPORATOR PLATES

DISTRIBUTOR TUBE TO EACH
EVAPORATOR PLATE

DISTRIBUTION

DISTRIBUTOR ORIFICE NOZZLE
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Figure 4-4 Thermal Expﬁnsion Valve Installation
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NOTE: THRS IS A TYPICAL PIPING ARRANGEMENT AND SHOULD ROT BE USED FOR AGTUAL PIPING OR VALVE SELEGTION OR LOCATION.
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REFRIGERATION
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HEAT EXCHANGE { VALVE smmed
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£
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PLATES =]
\
RELIEF
VALVE }
WATER-COOLED o DRYSUCTION
CONDENSER
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~
THERMAL
EXPANSION
VALVE
AVA ISOLATION VALVE
LENOID VALVE
COMPRESSOR SIGHT GLASS

FILTERDRIER

REFER TO THE PIPING SCHEMATIC SUPPLIED WITH EACH MODEL FOR ACTUAL PIPING DETAIL
REFER TO SECTION 10. APPENDIX B FOR DETAILS ON THE OIL RECOVERY SYSTEM.

LIQUID UNE~

.

TST5-9017

Figure 4-5 Simplified Piping Layout for- Standard Single Compressor/Single
Circuit HP or IGC Model

Note:

For the rated capacity of the
thermal expansion valve to be
obtained, the inlet to the TXV
(or TEV) must have a solid
liquid flow. Flash gas or
bubbles in the liquid line will
reduce the TXV capacity and
cause erratic operation.

Refrigerant entering the eva-
porator plate from the TXV,
distributor, and distributor
tube is a liquid at the tempera-
ture corresponding to the satu-
rated evaporator pressure. As
the liquid flows through the

plates, it absorbs the heat
from the falling water film on
the outside of the plate. The
liquid evaporates to gas and
continues to absorb the heat
from the media being cooled.

Thus, the gas is heated to a
temperature above the saturat-
ed temperature. This is
known as superheat.

Suction Solenoid (SS)

During the icemaking or chill-
ing mode, the suction of the
evaporator is connected to the
main suction line for return of

the refrigerant to the compres-
sor. In order to harvest the
ice produced on a plate during
refrigeration, the pressure in
the evaporator plates must be
raised to a pressure corre-
sponding to 40°F. To accom-
plish this, a solenoid valve or
gas powered check valve is
installed in the branch suction
line of each evaporator section
to isolate the evaporator plates
during the harvest cycle.

On smaller HP models, a sin-
gle three-way solenoid valve
is used instead of two (2)
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two-way solenoid valves for
the larger HP and IGC mod-
els. Refer to your piping
schematic for your valve set-

up.

For the smaller models, the
three-way valve is open to
suction when the coil is deen-
ergized. Refer to Figures 4-5
and 4-6. When the coil is en-
ergized during the harvest se-
quence, the valve spool shifts
to isolate the branch suction
_ line, at the same time, the hot
gas supply to the evaporator
section in harvest opens. At

the end of harvest, the coil de-
energizes and the spool shifts
back to the refrigeration posi-
tion.

Two-way valve suction solen-
oids are used with a hot gas
solenoid (HGS) to isolate the
suction line on larger evapora-
tor sections. In most cases, a
gas powered check valve is
used due to the large port siz-
es required for suction ser-
vice. The gas powered check
valve is mounted in the branch
suction line. A small two-
way pilot solenoid valve is

piped from the hot gas supply
line to the solenoid and then to
a port on the top of the gas
powered check valves. Refer
to Figure 4-7.

During the refrigeration cycle,
the gas powered check valve
is wide open allowing normal
operation. Upon initiation of
the harvest cycle, the pilot sol-
enoid (SS) valve is energized
to supply high pressure gas to
the top of the gas powered
check valve. This causes the
valve to close tight, thus iso-
lating the branch suction line.

NOTE: THS 15 A TYPKAL PIPENG ARRANGEMENT AND SHOULD NO Y BE USED FOR ACTUAL PIPING OR VALVE SELECTION OR LOCATION.

REFER TO THE PIPING SCHEMATIC SUPPLIED WITH EACH MOOEL FOR ACTUAL PIPING DE TAL
REFER TO SECTION 10. APPENDIX B FOR DETALS ON THE OL RECOVERY SYSTEM.
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Figure 4-6 Simplified Piping Layout for Standard Multiple Compressor/Single
Circuit HP or IGC Model
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At the end of defrost, the pilot
solenoid is deenergized and
the spring attached to the
check valve opens the valve,
returning it to suction service.

Hot Gas Solenoid
Yalve (HGS)

During the icemaking or chill-
ing mode, the hot gas supply
to the evaporator is isolated
from the evaporator. When
the harvest sequence is initiat-
ed, the HGS opens to supply
hot gas to the evaporator
plates. Refer to Figures 4-5,
4-6, and 4-7.

For the smaller models, the
three-way valve is open 1o
suction when the coil is deen-
ergized. Refer to Figures 4-5
and 4-6. When the coil is en-
ergized during the harvest se-
quence, the valve spool shifts
to isolate the branch suction
line, at the same time, the hot
gas supply to the evaporator
section in harvest opens. At
the end of harvest, the coil de-
energizes and the spool shifts
back to the refrigeration posi-
tion.

Liquid Solenoid
Valve (LS)

A two-way solenoid valve is
mounted in the main or branch
liquid lines of dual circuit
models. Turbo ice generator/
chillers utilize a pump-down
cycle which requires a means
of shutting off the liquid sup-
ply to the evaporators.

Through the logic of the PLC,
the liquid solenoid valve is de-
energized (closed) during

pump-down and remains
closed during shut-down to
prevent liquid migration.
During the start-up sequence,
the liquid solenoid is opened
(energized) to allow liquid re-
frigerant to the evaporator
plates through the thermal ex-
pansion valves.

The liquid solenoid is mount-
ed in the liquid line between
the filter/drier assembly and
the TXVs.

niti -

Procedure

1. Connect all power to the
unit a minimum of 24
hours prior to startup.

This allows the oil in the
compressor crankcase to
‘reach minimum operating
temperature (approximately
80°F) and ensures that all
refrigerant is evaporated
from the compressor
crankcase. This prevents
liquid sludging and damage
to the compressor.

IMPORTANT

Failure to turn the power
on 24 hours prior to
start-up could result in
equipment failure or
damage.

2. Check compressor crank-
case heaters to ensure that
they are energized and op-
erating properly.

3. Open the king valve on the
high pressure receiver.
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Note:

Turbo recommends leaving
the king valve (liquid outlet
valve) on the receiver closed
until the system is ready to
start. This minimizes the risk
of losing the refrigerant
charge due to damage or line
breakage during installation as
well as refrigerant migration
in the system during shut-
down. The receiver is de-
signed to hold the complete
system refrigerant charge dur-
ing "pump-down".

4. Turn the MCS to the
MANUAL or AUTOMAT-
IC position.

5. After the unit starts, check
the compressor suction,
discharge, and oil pressure
gauges. Verify all pres-
sures are within operating
limits of the equipment.

6. Check the water tempera-
ture in the storage tank and
water distribution pans.

Note:

During warm weather when
the water temperature in the
tank may be high (greater than
50°F), it is suggested that the
water be added to the tank on
the day of the start-up if feasi-
ble. Add only enough water
to provide the minimum net
suction head to the recirculat-
ing water pump (RWP). This
allows the unit to pull down to
normal operating pressure
without excessive refrigerant
load due to "hot" water in the
system. Water is then slowly
added until the proper water
level (70% level) is reached
allowing the refrigeration sys-
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tem to handle only the incre-
mental load of the water being
added.

7. Complete the "Sequence of
Operations" that follows.

Afl rt-
Maintenance

1. Remove the compressor

suction filter sock after the
.-recommended run time.
(Refer to the compressor
manufacturer's owner's
manual for this informa-

~ tion.) The tag on the com-
pressor will indicate
whether the socks have
been removed at the factory
or not. (Only the Carrier
5H compressor comes fac-
tory equipped with a
sock.)

2. Check the oil level and
clean the oil return line
strainer after the first eight
(8) and twenty-four (24)
hours of operation. This
strainer is located at the
outlet of the bottom of the
accumulator.

3. Check the refrigerant level
in the receiver.

4. Check the water flow rate
and head in pan. Check
for any accumulation of de-
bris in the pan and clean if
necessary.

Qil Recoverv Systems

Refer to section 10. Appen-
dix B for details on the vari-
ous oil recovery systems used
on Turbo thermal storage
equipment.

n f i
Introduction

As discussed previously, the
Turbo ice generator/chiller
may operate as an icemaker or
a water chiller. Therefore, in
addition to typical start-up and
operation termination se-
quences, the icemaking mode,
chilling mode, icemaking-to-
chilling, and chilling-to-
icemaking sequences must all
be considered and under-
stood. In addition, the stor-
age tank condition in each of
these modes must be taken
into account. The following
tank conditions may exist in
the tank during start-up:

1. Water with no ice - temper-
ature above setpoint of
WTT thermostat.

2. Water with no ice - temper-
ature below setpoint of
WTT thermostat.

3. Ice level in tapk below high
ice level switch (HLS).

4. Ice level in tank in contact
with HLS switch.

In case number 1, the ice gen-
erator/chiller will start imme-
diately if all other safeties and
controls are within their nor-
mal operating limits. In case
number 2, the ice generator/
chiller will go through a
"Wash Down Cycle" prior to
starting the compressor and
beginning normal operation.

Wash Down Cycle

When the water temperature
on the plates is below the set-
point of the WTT, the ice gen-
erator/chiller will produce ice.
Since the ice generator/chiller
does not go through a final
defrost sequence to clear all
ice from the plates during ter-
mination of operation, the
status of the evaporator plates
is unknown during the start-

up.

Depending on the length of
time the unit has been off and
the outside ambient condi-
tions, the ice may have com-
pletely melted off all plates, or
could be partially melted and
hanging from the plate. In
this condition, water flowing
over the plates may be deflect-
ed or diverted from its normal
path by the hanging ice caus-
ing the water to flow over dis-
tributor tubes, inactive parts
of the evaporator plate, etc.

To prevent this water over-
flow from freezing, the com-
pressor is left off and the re-
circulating water pump

(RWP) is turned on to wash

away all remaining ice. After
the wash down cycle, the
compressor is turned on and
the water which is now flow-
ing properly over the plates is
frozen and harvested in a nor-
mal sequence.

Typical wash down cycles are
fifteen (15) minutes and are
provided as standard in the
PLC logic. Wash down se-
quence 1s Initiated regardless
of whether the start-up se-
quence signal is supplied by
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the Turbo PTC or a remote
time clock or input.

Pump Down Cycle

The term "pump-down" cycle
as used in this manual refers
to isolating the system refrig-
erant charge into the high
pressure liquid receiver.

When the ice generator/chiller
receives the signal to terminate
operation, the PLC logic clos-
es the refrigerant liquid solen-
oid (LS) to cut off the supply
of liquid to the evaporator
plates.

The compressor continues to
operate and the refrigerant in
the evaporator plates, suction
accumulator/heat exchanger,
and the refrigerant piping is
pumped from the refrigerant
low side through the condens-
ing unit and into the receiver.
Turbo ice generator/chillers
are supplied with check valves
in the compressor discharge
line(s) to prevent migration of
the liquid back to the com-
pressor. Since the liquid sol-
enoid is closed, the system re-
frigerant charge is transferred
to the receivers. As the liquid
is removed from the evapora-
tor, the suction pressure of the
system begins to drop. When
system begins to drop. When
the suction pressure reaches
the setpoint of the low pres-
sure cut-out switch (LP), the
COmpressor stops.

Pump-down cycles are pro-
vided on all thermal storage
ice generator/chillers for sev-

eral purposes:

+ Safely stores the system re-
frigerant charge in a high
pressure vessel designed
for that purpose. All re-
ceivers are provided with
safety relief valves to pre-
vent excessive pressure
(greater than 300 psig)
from developing in the ves-
sel.

+ Prevents trapping of liquid
refrigerant in low side
components. Hydraulic
pressure produced by the
warming of this liquid
could easily exceed the
pressure rating of low side
components.

- Allows service of the ice
generator/chiller without
excessive loss of refriger-
ant when the unit is
"opened for service".

+ Prevents liquid migration
and accumulation in areas
which could result in dam-
age to the compressor dur-
ing start-up.

Note:

Winterizing of the receivers
for operation in ambients be-
low 20°F (for R-22 systems)
is not provided but is recom-
mended to ensure adequate
system pressure during equip-
ment start-up. The LP cut-out
switch requires 25 psig to re-
set and allow the ice genera-
tor/chiller to start.

Extended
Defrost Sequence

Most units contain a feature
called extended defrost. Ex-
tended defrost denotes a se-
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quence in which the defrost
time is extended and the re-
frigeration time is decreased.

The purpose of the extended
defrost sequence is to remove
residual ice build-up in areas
not within the active refriger-
ant area of the plate. Such
build-ups normally occur after
extended run time or as the
suction pressure drops. A
drop in discharge pressure can
also initiate the extended de-
frost sequence due to a lack of
hot gas at the lower discharge
pressure.

The methods used to initiate
the extended defrost sequence
are:

«+ Periodic extended defrost
through the programmable
controller (PLC).

+ Low suction pressure input
to the PL.C through the low
suction pressure (LSP)
switch.

» Low discharge pressure in-
put to the PLC through the
low discharge pressure
(LDP) switch.

Periodic Extended Defrost
A counter in the PLC logic

counts the number of cycles
(refrigeration/defrost sequenc-
es). After a preset number of
counts, it automatically short-
ens the refrigeration time and
extends the defrost time for
one complete cycle (all sec-
tions). Then it returns to the
standard refrigeration and de-
frost times. The sequence 1s
repeated until the unit opera-
tion is terminated and the
counter is automatically reset
to zero.

,
Ry

t‘\ «’. ;‘ I
so0c080000C00C0COCOTS X}




Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

—

The ladder logic supplied with
the manual should be referred
to in determining the setting of
the extended defrost counter,
extended defrost, and short
refrigeration time. If more
frequent extended defrost se-
quences are required to pre-
vent ice build-up, the extend-
ed defrost counter preset is
reduced. Conversely, if less
frequent extended defrost se-
quences are needed, the coun-
ter preset is increased.

Example:

A unit operating with a refrig-
eration time of 204 seconds
and a defrost time of 60 sec-
onds with five (5) harvests
per cycle.

204 seconds refrigeration
60 seconds defrost
264 seconds

If we wish to go through an
extended defrost sequence
every 10 hours:

264 seconds

60 secs/min. = 4.4 minutes

600 minutes -
4.4 min./harvest= 136.4
harvest

Therefore, the periodic ex-
tended defrost counter preset
would be 136.

Low Suction Pressure
Exten fr

A low suction pressure (LSP)
switch senses the system suc-
tion pressure. If the suction
pressure drops due to an ice
build-up on the plates or a
change in operating condi-
tions, the LSP switches input

a signal to the PL.C to initiate a
defrost sequence. The se-
quence itself is the same as
described for the "periodic ex-
tended defrost”. The PLC
will go through one complete
cycle (all sections) in the ex-
tended defrost mode. After
the first sequence, the PLC

(after a short time delay, 30—
60 seconds, to allow the suc-
tion pressure to stabilize) will
again check the status of the
LSP switch. If the suction
pressure is still low, the ex-
tended defrost sequence will
again be initiated. After the
third LSP sequence, the oper-
ation of the unit will be termi-
nated if the suction pressure
does not return to its normal
level (i.e. the LSP switch
does not reset due to a raise in
suction).

If the unit goes off on a low
suction pressure (lockout), the
master control switch (MCS)
must be turned to the offfreset
position to reset the controls.
The source of the ice build-up
or cause of the low suction
should be determined and cor-
rected.

Example:

An HP600 BSC has a normal
balance of 43 psig suction
during proper operation. The
LSP switch is typically set 2
psig below the normal suction
pressure. In this case, the
LSP switch would be set at 41

psig.

If the suction pressure drops
to 41 psig or lower, the de-
frost sequence will be initiat-
ed.

Qil Return System
Refer to section 10. Appen-
dix B.

Low Discharge Pressure
Extended Defrost

Various components and re-
frigerant flow are based on the
discharge pressure. Although
it is acceptable to operate the
unit at a low discharge pres-
sure (below 150 psig) during
refrigeration, additional de-
frost time is required to offset
the decreased hot gas flow
rate. An LDP switch senses
the discharge pressure and if
the pressure drops below 150
psig, the extended defrost se-
quence is initiated. Again, the
extended defrost and refriger-
ation sequence is the same as
described under "extended de-
frost sequence”. Unlike the
LSP extended defrost se-
quence, there 1s no limit to the
number of cycles that the ex-
tended defrost sequence can
use in the LDP mode. Note
that the lower discharge pres-
sure may cause a lower suc-
tion pressure and cause trips
on the LSP switch, unless the
unit is set up for and can har-
vest properly at the lower dis-
charge and suction pressure.
Additional time may be re-
quired for the standard defrost
time if low discharge pressure
operation is normal.

Typical Operating
Sequence

Described below is a typical
operating sequence in which
the storage tank contains no
ice and the water temperature
is above the setpoint of the
WTT thermostat as shown in
Figure 4-8 (A) (i.e. no ice will
be formed). In this mode the
ice generator/chiller will oper-
ate as a chiller. The water
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temperature drops until the
WTT thermostat trips to ini-
tialize the icemaking mode.

Since ice is now being formed
on the evaporator plates, the
plates must be periodically
harvested to remove the ice
which drops into the storage
tank (Figure 4-8 (B)). When
the tank is full of ice, the op-
eration of the ice generator/
chiller is terminated by the
high ice level switch (HLS) as
shown in Figure 4-8 (C).

Note:

Even when the tank is full of
ice, there is water left in the
tank. This water level is re-
quired to ensure the recirculat-
ing water pump (RWP) has
sufficient net suction head to
ensure adequate water flow to
the evaporator plates.

Sequence of Operation

With the MCS in either the
MANUAL position or the
AUTOMATIC position and
the remote contact and/or the
PTC-1 satisfied, the Turbo-
unit will now check its safe-
ties and other inputs.

The HLS is a motorized
paddle wheel. The rotation of
the paddle wheel can be
stopped momentarily without
affecting the operation of the
Turbo-unit. If, however, the
rotation is stopped for fifteen

(15) seconds, this will signal
the Turbo unit that the storage
tank is filled with ice. It will
then put the Turbo unit into
normal pump-down mode,
and the Turbo unit will not re-
start for at least fifteen (15)
minutes to allow some of the
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L —— HIGH ICE LEVEL

SWITCH

A.
ONLY WATER
IN TANK.

' B.
WATER AND ICE
IN TANK.

C.

TANK FULL OF
ICE - SOME WATER
LEFT INBOTTOM.
PADDLE WHEEL
STOPPED.

of Operation

TSTS-9005

;

N

w/.

.
0000080000800 0000000080O0F0

eecscs0000000008




Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

ice to melt off and to prevent
short cycling of the compres-
SOT.

In the normal operating mode,
the WTT will sense the tem-
perature of the water coming
onto the plates, and determine
whether the unit will operate
as a chiller (refrigeration
only), or as an icemaker (re-
frigeration and defrost cy-
cles). When the temperature
of the water onto the plates
drops below the preset value

(between 36°F and 39°F for
HP models, and 39°F to 41°F
for IGC models), the thermo-
stat contacts will close. This
initializes the timer within the
PL.C which sequences the
Turbo unit through its refrig-
eration/defrost cycle. This re-
frigeration/defrost cycle is
strictly a time cycle.

The PLC will monitor the stat-
us of the safety switches. If
either the Oil Pressure Time
Delay Switch (OPTD) or the
Oil Temperature Switch
(OTS) are tripped, they must
be manually reset. This is
done to prevent operating the
compressor without oil. The
LP cut out switch is automati-
cally resetting, and the HP cut
out switches is manually re-
setting. The Turbo unit will
automatically restart once the
"cut-in" setting of the safety
switch is reached. Any motor
overloads used must also be
manually reset.

Chilling Mode

When the temperature of the
water coming onto the plates
is above the setpoint of the
WTT, the switch will be

open. In this mode, the liquid
solenoid(s) will remain open,
allowing the evaporator plates
to be fed with refrigerant.

The refrigerant will be boiled
off in the plates as the water
flowing over the outside of
the plates is chilled. The re-
frigerant then goes through
the suction accumulator/heat
exchanger, and the dry suc-
tion is taken back to the com-
pressor. Refer to Figure 4-9.

Each evaporator section is
supplied liquid refrigerant
through a TXV which con-
trols the amount of liquid fed
to each evaporator section.

Setting of the TXV is done
when the ice generator/chiller
is in the icemaking mode and
is described later in this sec-
ton. Distribution of the liquid
refrigerant to each individual
plate is provided by the dis-
tributor and distribution tubes.

Since ice is not being formed
on the plates, the ice genera-
tor/chiller continues to operate
in this mode. If the evapora-
tor capacity is greater than the
load imposed on the system or
the water is being recirculated
only to the ice generator/
chiller, the water temperature
in the tank will begin to drop
until the setpoint of the WTT
thermostat is reached.

Some installations do not re-
quire the ice generator/chiller
to operate as a chiller (i.e. the
entire building load is handled
by melting the ice stored in the
tank) and the ice generator/
chiller runs only at night or
during off-peak utility rate
hours to replenish the ice sup-

ply. Even in this type set-up,
the ice generator/chiller will
operate as a chiller until the
WTT setpoint is reached.
This is done to reduce the heat
input and associated efficiency
losses by eliminating the har-
vest sequence when the water
temperature is too high to al-
low production of ice.

During the chilling mode,
none of the refrigerant valves
change position and the meter-
ing check valves remain
closed. However, all safety
switches are active to provide
protection of the compressor.
The LSP described previously
acts as a backup to the WTT
during this mode of operation.
In the event the WTT fails to
switch the ice generator/chiller
out of the chilling mode, the
LSP will sense a drop in suc-
tion pressure due to formation
of ice on the evaporating
plates.

Icemaking Mode
When the water temperature

onto the plates is below the
setpoint of the thermostat (be-
tween 36°F and 39°F for HP
models and 39°F to 41°F for
IGC models), the PLC ini-
tiates the refrigeration/defrost
cycle.

The refrigeration cycle is iden-
tical to the chilling mode oper-
ation with the exception that
ice is being formed on the ev-
aporator plates. At the prede-
termined interval, the PLC
will initiate the defrost cycle.

When this occurs, the LS
which feeds the section going
into defrost will close. Then,
the Hot Gas Defrost Solenoid
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Figure 4-9

Valve (HG-"X") will ener-
gize, allowing refrigerant gas
to enter the evaporator section
in defrost.

The other sections controlled
by the same LS are fed refrig-
erant from the section in de-
frost. The condensed liquid
coming out of the section in
defrost is metered through the
special Turbo metering check
valves to feed the sections
which are still in refrigeration.
When the defrost cycle is fin-
ished, the HGS will deener-
gize, and the section returns

EXPANSION VALVE /

back -to the refrigeration
mode. Refer to Figure 4-10.

As long as the ice generator/
chiller is supplied with a "run”
signal through either PTC or
remote signal, and the WTT is
below the setpoint, the ice
generator/chiller will continue
to go through the refrigeration
and defrost of each evaporator
plate section in a sequence
controlled by the PLC.

In order to ensure proper re-
frigerant feed to each evapora-
tor section, the TXYV for each
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Refrigeration Cycle

L

LIQUID SOLENOID
(ENERGIZED)

TSTS-9003

section must be adjusted for
the proper superheat during
the icemaking mode. All Tur-
bo ice generator/chillers utilize
externally equalized TXV's to
compensate for the pressure
drop in the evaporator plates.

A detailed description of the
TXV operation, installation,
and adjustment is described in
the section on oil management
systems and valve adjust-
ments. Typical superheat set-
tings for the TXV is 5-8°F for
both HP and IGC models.

Too high a setting for super-
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heat will result in reduced eva-
porator capacity and possible
overheating of the compressor
or suction cooled compressor.
A low setting may result in an
overfeed of refrigerant which
could result in compressor
damage.

IMPORTANT

Thermal expansion valve
superheat adjustments
should be made by a
qualified refrigeration
technician or engineer.
Improper adjustment can
result in overfeed of the
evaporator causing liquid
slugging of the compres-
sor. Liquid slugging
will cause damage and/or
failure of the compres-
sor.

Refer to Figure 4-11.

Transition

As described in the "Chilling
Mode" operation, the tempera-
ture of the water in the storage
tank will drop anytime the ca-
pacity of the ice generator/
chiller exceeds the load.
When the water temperature
reaches the WTT setpoint, the
contact will open. Absence of
the WTT contact inputs a sig-
nal to the PLC to initiate the
icemaking sequence (i.e. start
periodic harvest of each eva-

TO SUCTION
ACCUMULATOR/
HEAT EXCHANGER

SUCTION UNE:

3-WAY
VALVE

SECTION ]

| / INDEFROST [\

il
i DISTRIBUTOR
TUBES
_ s . ﬁ

-~ DEFROST

LINE FROM
COMPRESSOR
DISCHARGE LINE

SUCTION
HEADER

EVAPORATOR

PLATES

,

- METERING

CHECK
VALVE

I ~t

EXPANSION VALVE/ , ?5
LIQUID SOLENOID 2

(DEENERGIZED) 2

Figure 4-10 Defrost Cycle
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EVAPORATOR PLATES
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DISTRIBUTOR ORIFICE NOZZLE

THERMAL EXPANSION VALVE
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MAIN LIQUID SUPPLY

\-—— BRANCH LIQUID LINE TO

EVAPORATOR PLATE BANK
{METERING CHECK VALVE OMITTED)
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Figure 4-11 Typical Thermal Expansion Valve Installation

porator section).

If the WTT contact opens dur-
ing operation, the icemaking/
defrost sequence will begin
immediately as programmed
in the PLC. However, if the
WTT contacts are closed
when the ice generator/chiller
is started, a "wash-down" cy-
cle of at least fifteen (15) min-
utes will occur before normal
operation of the unit begins.

The recirculating water pump
(RWP) will start but the com-
pressor will remain off until
the “wash-down" cycle is

completed. This ensures that
the evaporator plates are clear-
of ice when the unit starts.
Refer to the description of
"wash-down" cycle for addi-
tional information.

As long as the WTT remains
below the setpoint, the ice
generator/chiller will remain in
the icemaking mode.

Changes in the water tempera-
ture generally occur very
gradually and with the 1°F
deadband on the WTT, cy-
cling between icemaking and
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chilling should not occur.
However, when the water
temperature on the plates does
rise above the WTT setpoint,
the PLC controls immediately
return to the chiller mode.
The ice remaining on the
plates is melted away by the
"warm" water flowing over
the plates.

Icemaking-To-Chiller M

As described previously, the
ice generator/chiller transition
from chilling-to-icemaking is
controlled by the WTT. Tran-
sition from icemaking-to-
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chilling is also controlled by
the WTT. When the water
temperature on the plates rises
above the WTT setpoint, the
ice generator/chiller immedi-
ately changes to the chiller
mode. If a section is in de-
frost, the harvest of that sec-
tion will be completed but the
defrost sequence for the re-
maining sections will not be
initiated. The ice generator/
chiller will continue to operate
as a chiller until the WTT
changes or operation of the
unit is terminated. Increase in
the water temperature when
the building recirculating wa-
ter pump 1is turned on may
cause the unit to switch to the
chiller mode due to the return
of "warm" water in the piping
loop.

After a short period of opera-
tion, the unit will normally re-
turn to the icemaking mode if
the water tank has ice availa-
ble for cooling. In general,
periodic change from icemak-
ing-to-chilling and chilling-to-
icemaking may be observed
due to the operating sequence
and conditions within the stor-
age and building system.
However, due to the dead-
band of the WTT and typical
operating conditions, short or
rapid cycling of WTT should
not occur. :

All saféty devides are active in
the chilling and icemaking
modes.

Read Safety Section before this section. Failure to carefully follow |
these instructions could result in permanent injury or loss of life.

mpr r rati

ang A rrangement

All Turbo HP and IGC mod-
els are supplied standard as
single circuit systems. A high
side compression set is con-
nected to common evaporator
suction, hot gas, and liquid
lines. When the unit is run-
ning, all sections are active.
Models utilizing multiple com-
pressors are also single cir-
cuit. The compressors are
piped in parallel to a common
suction and discharge. Both
compressors must run and all
evaporator sections are active.
An oil management system is
provided for both single and
multiple compressor opera-
tions.

Optional dual circuit systems
are available. Dual circuit
systems are provided with
multiple compressors or com-
pressor capacity reduction
controls along with two sets
of liquid solenoids. In this
configuration, with both lig-
uid solenoids open, all evapo-
rator sections are active and all
compressors are operated. A
50% capacity reduction is ob-
tained by closing either one of
the liquid solenoids and turn-
ing off a compressor or initiat-
ing the capacity reduction step
of the compressor. There-
fore, only one-half of the sys-
tem is operating. Suction and
hot gas risers are utilized
where required to ensure
proper oil return and operation
of the system.

Dual refrigerant circuits are
also available as an extra cost
option. In this configuration,

two completely separate high
sides, and refrigerant piping
sets are combined in a single
cabinet. Due to the space re-
quirements for the second set
of refrigeration components,
unit sizes may be affected.
Dual refrigerant circuits are
recommended only in cases
where physical limitations at
the job site prevent the instal-
lation of two separate units.

Filter/Drier Piping

Turbo ice generator/chillers
are all furnished with a filter/
drier or filter/drier assembly
when multiple filter/driers are
required.

As the name indicates, the fil-
ter/drier has several purposes.
Moisture in a freon refrigera-
tion system can cause numer-
ous problems which can result
in the failure of or damage to
the equipment. Therefore, a
drier is installed in the main
liquid line to remove moisture
from the system. It should be
noted that a properly evacuat-
ed and charged system will be
free of moisture. If moisture
enters the system when it is
open for service, the drier will
remove the moisture when the
liquid passes through the drier
cores.

Liquid line sight glasses with
moisture indicators are in-
stalled to allow for visual in-
spection of the refrigerant
condition. Refer to Table 4-1
for the sight glass/moisture in-
dicator status. Properly
charged systems will have a
sight glass with a deep green
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Read Safety Section before this section. Failure to carefully follo
these instructions could result in permanent injury or loss of life.

Table 4-1 Sight Glass/Moisture Indicator Status

Liquld Level Moisture Indicator Color Condition/Action To Be Taken

Solid - No Bubbles Dark Green Normal.

Muaisture in system. Monitor and
replace drier cores if condition
continues.

Solid - No Bubbles Greenish-Yellow

Excessive moisture in system.
Change drier cores immediately.

Saolid - No Bubbles Yellow

Excessive pressure drop due to
plugged drier cores or low system
charge. Change drier cores.

Bubbles In Liquid Stream Dark Green

Bubbles Greenish-Yellow Moisture and debris in system.
Replace drier cores. '
Bubbles Yellow Moisture and debris in system.
Replace drier cores. May have to
repeat. B © \\
Giass Not Full - Refrigerant charge low. Add § . J
refrigerant. ®
'_
color to indicate a moisture  small orifices or bleed holes line will result in reduced ther-

free system. Greenish-yellow
sight glasses indicate some
moisture in the system. A
yellow sight glass generally
indicates excessive moisture
in the system, and the drier
cores should immediately be
changed. After the system
has been operated for several
hours the drier should be
changed again if the sight
glass does not return to a solid
green color.

The second purpose of the fil-
ter/drier is to remove trash,
scale, metal filings, dirt, or
any other foreign objects that
are trapped in the system dur-
ing piping or service. Many
of the valves and controls in a
refrigeration system have

that are required for proper

"operation. To prevent plug-

ging of these passages, a filter
is installed in the refrigerant
liquid line. Typically, the dri-
er cores which also act as part
of the filtering system are re-
placed after the initial start-up.
Turbo uses a combination fil-
ter/drier to filter and dry the
refrigerant. These driers are
sized to match the refrigerant
flow rates. Excessive pres-
sure drops through the filter/
drier caused by undersizing or
accumulation of debris will re-
sult in flashing of the liquid as
it passes through the filter/
drier. Flashing is observed as
tiny bubbles passing through
the liquid hne sight glass.

Flash gas in the main liquid
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!

mal expansion capacity and
therefore reduced system ca-
pacity.

The key factors to remember
when checking the filter/drier
operation is to observe the
condition of the liquid flow
through the sight glass/
moisture indicator.

Turbo uses filter/driers with
high capacity moisture remov-
al ratings.

Changing Drier Cores

When it becomes necessary to
replace the drier cores in the
filter/drier, the following pro-
cedure is recommended (refer
to Figure 4-12).
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Read Safety Section before this section. Failure to carefully follow I
these instructions could result in permanent injury or loss of life.
|
1] FILTER/DRIER |
E - HOUSING

1/4" CAP FOR

CHARGING PORT%

1/4" FLARE |
CHARGING PORT E ! 3]]

\—- SEAL CAP ATTACHMENT

HARDWARE
SEAL CAP
DETAIL A
SUCTION SUCTION

ouT IN
LQUID IN 1‘ ‘}’
SUCTION ACCUM/
LIQUID HEAT EXCHANGER

; /— LIQUID OUT
( RECEIVER ? )

S Z ] ISOLATION VALVE

KING VALVE —f

)["1
SERVICE
GAUGE SET —\‘ SIGHT GLASS/MOISTURE INDICATOR
SEE DETAILA
T
8
DISCHARGE @
TO SAFE 2]
LOCATION

Figure 4-12 Typical Filter/Drier Installation
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“ Read Safety Section before this section.

Failure to carefully follow “

these instructions could result in permanent injury or loss of life.

WARNING

All refrigeration service
work should be provided
by a qualified refrigera-
tion technician or engi-
neer. Filter/driers con-
tain liquid refrigerant
under high pressure.
Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

1. With the compressor oper-
ating, close the king valve
(main valve on outlet of
the receiver) to allow
pump down of the liquid
into the receiver.

2. After the ice generator/
chiller operation s termi-
nated by the low pressure
safety switch, isolate the
filter/drier assembly by
closing the valve down-
stream of the filter/drier
assembly.

3. Attach a service gauge
manifold set to the
Schrader (charging port)
fitting in the seal cap (flat-
head) of the filter/drier as-
sembly.

4. Open the service valve to
release any liquid remain-
ing in the filter/drier hous-
ing and the liquid line pip-
ing. Opening the valve
also reduces the pressure
inside the housing to at-
mospheric pressure. Dis-
charge refrigerant to a safe
location. Never point the
hose in the direction of
personnel.

Note:

If the seal cap (flat head) on
the filter/drier housing does
not contain a charge port, the
bolts on the cover should be
loosened slowly and evenly.
Tap the cover as the bolts are
loosened (o allow the refriger-
ant to slowly escape. Do not
remove the bolts until the cov-
er is loose enough to ensure
that all the refrigerant has es-
caped and the pressure inside
the housing is at atmospheric
pressure.

5. Once the refrigerant has
been bled from the hous-
ing, slowly and evenly re-
move all the bolts attach-
ing the seal cap.

6. Remove and replace the
drier cores as outlined in
the instructions supplied
with the drier cores.

— Do not open the drier
core cans until you are
ready to install the
cores.

— Place the "spent” cores
in the can and properly
dispose of the can and
old drier cores. These
cores may contain re-
frigerant oil or other
combustible debris.
Do not place in or near
an open flame or incin-
erator.

7. Inspect the strainer screen
for debris and clean as re-
quired.

8. After the drier cores have
been replaced and the seal
cap loosely attached with

130 Turbo Refrigerating Company 1/91

all of the bolts, slightly
open the king valve to al-
low a very small amount
of refrigerant to flow
through the filter/drier
housing and piping.

9. While the refrigerant is es-
caping, evenly tighten all
the seal cap bolts. This
will ensure that atr and
moisture s purged from
the assembly before it is
sealed.

10. Check for leaks around
the seal cap.

11. If no leaks are found and
the system is ready to go
back on-line, open the
king valve and isolation
valve.

WARNING

Liquid refrigerant can
burn or cause severe irri-
tation of the skin. Crack
the king valve slowly

{ open. Do not attempt to

hold the seal cap while
opening the king valve.
After a small refrigerant
flow is obtained, posi-
tion and tighten the seal
cap. Always wear rub-
ber gloves and eye pro-
tection when changing
the drier cores. Failure
to carefully follow these
instructions could result
in permanent injury or
loss of life.

12. After the systemn is restart-
ed, observe the condition
of the liquid line sight
glass/moisture indicator.

Ny
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" Read Safety Section before this section.

Failure to carefully follow "

these instructions could result in permanent injury or loss of life.

A

MAIN LIQUID OUT

MAIN LKQUID IN

/

BRANGH LIQUID LINE

FILTERDRIER

(S

TSTS-9015

Figure 4-13 Typical Multiple Filter/Drier Installation

Multiple Filter/Drier
Installation

Normally, a single filter/drier
assembly is used. However,
on some systems, multiple fil-
ter/driers are required to
handle the specified refriger-
ant flow rate. In these cases,
the same guidelines and ser-
vice techniques are used. The
only change will be in the pip-
ing configurations of the filter/
drier bank. Multiple filter/
driers are used to obtain the
refrigerant flow required with-
out excessive pressure drops.

A typical arrangement is
shown in Figure 4-13.

In Figure 4-13, three filter/
driers are illustrated. The
main liquid line in and out is
sized to handle the maximum
refrigerant flow rate that is
specified. Each filter/drier

and the branch liquid lines in
and out are sized to handle
one-third of the total flow
rate. .

Several options are available
for the filter/drier assembly:

1. Filter/drier bypass - single
or multiple filter/drier in-
stallations.

2. Inlet/outlet isolation valves
located at the filter/drier.

Option 1 allows the filter/drier
to be changed while the sys-
tem is running. This is ac-
complished by temporarily di-
verting the liquid flow around
the filter/drier (refer to Figures

- 4-14 and 4-15). The system

should never be operated for

extended time periods in the
bypass mode (i.e. the drier
cores should be immediately
changed and the unit returned
to its normal operating mode).

To change the drier cores, the
system can either be pumped
down as described previously
or by the following procedure:

1. Open the bypass valve to
allow liquid to flow around
the filter/drier.

2. Close the two isolation
valves at the inlet and outlet
of the filter/drier.

3. Proceed with steps 1
through 12 under
"Changing Drier Cores"
on page 128.
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ad Safety Section before this section.

Failure to carefully follow

these instructions could result in permanent injury or loss of life. J

¢UQUID LINE
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ISOLATION

BYPASS VALVE (NORMALLY CLOSED)

1
1
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BYPASS LINE
(SAME SIZE AS MAIN LIQUID LINE)

[1 l 1

{ HYDROSTATIC RELIEF
7 BYPASS TO SUCTION

— HYDROSTATIC RELIEF BYPASS

X

{

Z_ FILTER/DRIER Z_ ISOLATION VALVE

LIQUID SOLENOID

Y72\
/@I D —>
SIGHT GLASS/

MOISTURE INDICATOR

TSTS-9009

Figure 4-14 Filter/Drier Installation With Bypass Valves

After changing the drier cores:

1. Open the isolation valves at
the outlet, then inlet to the
filter/drier.

2. Close the bypass valve.

As noted in Figure 4-14, a hy-
drostatic relief valve should be
used on the liquid line that is
isolated. As the temperature
of the liquid trapped between
the two isolation valves rises,
the pressure also increases.
Since the liquid is non-
compressible, high hydrostat-
ic pressure can result. The
high hydrostatic relief is a re-
seating relief device that safely
vents excessive pressure by
allowing the liquid to be
drained to a low side vessel.

CAUTION

Never leave the isolation
valves on a filter/drier
liquid bypass closed.

Excessive hydrostatic

pressure can result.

Failure to follow these
instructions could result
in severe physical injury
and equipment failure or
damage.

Option 2 includes extra isola-
tion valves installed at the inlet
and outlet to the filter/drier
(reference Figure 4-16). This
arrangement eliminates the
need to pump the system
down before changing the dri-
er cores.

Units using multiple filter/
driers require individual isola-
tion valves at the inlet and out-
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let to each filter/drier. Instal-
lation of a common inlet and
outlet valve could result in ex-
cessive liquid loss and diffi-
culty in disposing of the large
volume of refrigerant. Refer
to Figure 4-17 for typical pip-
ing.

The arrangement in Figure 4-
17 shows four filter/driers
versus the three shown previ-
ously. For the example previ-
ously used, the total refriger-
ant flow could be divided
between the three properly
sized filter/driers. For the in-
stallation using the arrange-
ment shown in Figure 4-17,
assume that the total refriger-
ant flow can be handled by
three of the four filter/driers.

The fourth filter/drier becomes
a spare allowing the drier core
to be changed with the system
running. In this arrangement,
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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Figure 4-15 Multiple Filter/Drier Installation With Bypass
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these instructions could result in permanent injury or loss of life.

" Read Safety Section before this se_;tion. Failure to carefully follow ﬂ
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ISOLATION VALVE
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Figure 4-16 Typical Optional Filter/Drier Isolation Valve Installation

the need for a large liquid by-
pass line and large isolation
valves is eliminated.

To change drier cores in this
arrangement, the outlet valve
to the spare filter/drier is
opened, followed by opening
the valve on the outlet side to
the filter/drier. Then close the
inlet valve to the filter/drier to
be changed, followed by clos-
ing the outlet valve to isolate
the filter/drier. Next, follow
the same steps outlined in
"Changing Drier Cores" on
page 128.

1. Attach a service gauge
manifold set to the
Schrader (charging port)
fitting in the seal cap (flat-
head) of the filter/drier as-
sembly.

2. Open the service valve to
release any liquid remain-
ing in the filter/drier hous-
ing and the liquid line pip

ing. Opening the valve
also reduces the pressure
inside the housing to at-
mospheric pressure. Dis-
charge refrigerant to a safe
location. Never point the
hose in the direction of
personnel.

Note:

If the seal cap (flat head) on
the filter/drier housing does
not contain a charge port, the
bolts on the cover should be
loosened slowly and evenly.

Tap the cover as the bolts are
loosened to allow the refriger-
ant to slowly escape. Do not
remove the bolts until the cov-
er is loose enough to ensure
that all the refrigerant has es-
caped and the pressure inside
the housing is at atmospheric
pressure.

3. Once the refrigerant has
been bled from the hous-
ing, slowly and evenly re-
move all the bolts attach-
ing the seal cap.
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4. Remove and replace the
drier cores as outlined in
the instructions supplied
with the drier cores.

— Do not open the drier
core cans until you are
ready to install the re-
move the bolts until the
cover is loose enough to
ensure that all the refrig-
erant has escaped and
the pressure inside the
housing is at atmospher-
cores.

— Place the "spent" cores
in the can and properly
dispose of the can and
old drier cores. These
cores may contain re-
frigerant oil or other
combustible debris. Do
not place in Or near an
open flame or incinera-
tor.
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Read Safety “Section before this section. Failure to careﬁl-lly follow
these instructions could result in permanent injury or loss of life.

‘LIQUID LINE

VP HYDROSTATIC RELIEF
ISOLATION VALVE BYPASS TO SUCTION

ISOLATION VALVE
LIQUID SOLENOID
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FILTERDRIER MOISTURE INDICATOR ==

- 0O LIQUID LINE

- ISOLATION VALVE
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=

P

3
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Figure 4-17 Typical Multiple Filter/Drier Piping With Inlet and Outlet
Isolation Valves ‘
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

5. Inspect the filter/drier in-
let strainer screen for de-
bris and clean as required.

6. After the drier cores have
been replaced and the seal
cap loosely attached with
1C pressure.

7. While the refrigerant is es-
caping, evenly tighten all
the seal cap bolts. This
will insure that air and
moisture is purged from
the assembly before it is
sealed.

8. Check for leaks around
the seal cap.

9. If no leaks are found and
the system is ready to go
back online, open the king
valve and isolation valve.

WARNING

IMPORTANT

o

N,
Nzt

Liquid refrigerant can
burn or cause severe irri-
tation of the skin. Crack
the king valve slowly
open. Do not attempt to
hold the seal cap while
opening the king valve.
After a small refrigerant
flow is obtained, posi-
tion and tighten the seal
cap. Always wear rub-
ber gloves and eye pro-
tection when changing
the drier cores. Failure
to carefully follow these
instructions could result
in permanent injury to
loss of life.

10. After the system is restart-
ed, observe the condition
of the liquid line sight
glass/moisture indicator.

Again, hydrostatic relief de-
vices are shown in the piping
between the isolation valves to
prevent dangerous hydraulic
pressure from developing due
to the liquid trapped between
the valves.

The above procedure is re-
peated with each of the filter/
drier assemblies until all the
drier cores have been
changed.
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Important factors to re-
member in the above ex-
ample for multiple filter/
driers with individual
isolation valves are:

1. Only three filter/
driers are required to
handle the total re-
frigerant flow.
Therefore, when one
of the four filter/
driers installed is
closed, there is no
decrease in flow ca-
pacity (i.e. the re-
maining three filter/
driers are sized to
handle the full flow).

2. Hydrostatic relief
must be provided for
all filter/driers.

3. Isolation valves
should not be left in
the closed position.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Programmable Controller Program Changes
Saving and Loading Program

ntr i

The Turbo ice generator/
chiller is shipped with the op-
erating program installed in
the CPU. Changes are not re-
quired under normal operating
conditions. However, should
1t become necessary to change
a counter preset, save a pro-
gram, or load a program, the
following instructions and in-
formation should be followed.

Turbo thermal storage sys-
tems are not supplied with a
hand held programmer (re-
quired to make changes).
Service personnel attach the
programmer when changes
are required. Hand held pro-
grammers are available as an
option. The hand held pro-
grammer should not be left on
the CPU. Store the program-
mer and selector switch key in
a dry, safe location.

Instructions are included de-

-scribing the use of a cassette

tape recorder to save a pro-
gram to tape or load a pro-

gram from tape.

A copy of the ladder logic for
a typical ice generator/chiller
is located in the back of this
section.

Printout Explanation

While it would be impossible
to go through the ladder dia-
grams for all of the individual
units shipped from Turbo for
thermal storage applications,

the individual ladder diagrams
share similar components. By
knowing what type of infor-
mation is available on the lad-
der diagrams, the user can
have a headstart when search-
ing for a particular piece of in-
formation.

Logicmaster Printout

In 1987, Turbo acquired Gen-
eral Electric's Logicmaster
software. In addition to facili-
tating programming, the Lo-
gicmaster software allows for
the addition of documentation
and annotation (the labeling of
individual coils and contacts),
which allows the operator to
look at the program and have
a clear picture of how the log-
ic is set up, and how it will
operate. The General Electric
Logicmaster software is com-
patible with both the General
Electric (GE) and Texas In-
struments (TI) programmable
controllers used by Turbo.

The Logicmaster printout dif-
fers from the Printer Interface
Unit printout in the fact that
the Logicmaster printout has
more detailed documentation
available on it. The Logic-
master printout will have "GE
FANUC LOGICMASTER 1F
DOCUMENTATION Page
xx" at the top line of each
page. The Printer Interface
Unit printout will have
"Printer Interface Unit" at the
top left corner of each page.

Refer to Figure 4-23.

The Logicmaster printout can
be dissected as follows:

Title Block
Refer to Figure 4-18. This

will appear on all of the pages
of the Logicmaster printout.
The ttle is two lines long.

The first line will consist of:

+ the program number

* the number of evaporator
sections of the unit

+ the number of compressors
in the unit

* special comments about the
unit.

The second line consists of:

+ special comments which
could not fit on the first
line

* the date the program was
written

* the programmer's initials.

Program Description
Refer to Figure 4-18. This

will be found on the first page
of the Logicmaster printout,
and will briefly describe the
type of unit the program was
written for. This program de-
scription will be found as the
rung explanation of Rung O.

Rung Explanation
Refer to Figure 4-19. This

describes how that particular
line of logic operates.

Name

Refer to Figure 4-19. This is
a three line explanation which
exists above a set of contacts,
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relay, counter, etc. Each ref-
erence will have the same
name.

Counter Preset Value

Refer to Figure 4-20. This is
the value the counter must
reach to "energize" it's relay.

1 O Point Status Table

Refer to Figure 4-21. This is
found at the end of the Logic-
master printout. It contains
the 1 O point value, which de-
fines the individual input or
output point. The outputs will
include real world outputs, as
well as internal relays.

The Name/Nickname is the
description given to the I O by
the programmer. These gen-
erally correspond to the inputs
or outputs to which the 1O are
physically tied to.

The Cross Reference tells the
type of contact (normally open

or normally closed) or output

(relay, setfreset) used, and the
rung where the contacts or
outputs can be found.

Counter Status Table
Refer to Figure 4-22. This is

similar to the I O point status
table, except that the I O point
value references counters.

rin nter ni

Prior to 1987, all programs
were printed out using the
printer interface unit only.
The printer interface unit
printout may be attached be-
hind the Logicmaster printout.
The printer interface unit
printout consists of the Boole-

Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

an Printout. Refer to Figure
4-23.

The Boolean Printout will in-
dicate the "line by line" steps
required to program the unit
with the hand held program-
mer. There will be a four dig-
it number to the left of a co-
lon. This number indicates
the Address number of that
word of logic.

A few things are not apparent
from looking at the Boolean
Printout:

1. Before any number is
pressed with the hand held
programmer, the SHF key
must be pressed. The SHF
key acts similar to the
"shift" key of a typewriter.

2. After the entire line of logic
has been punched into the
hand held programmer, the
ENT key must be pressed.
This acts to enter the line of
logic into the CPU's mem-
ory.

3. There are three symbols
which appear on the Boole-
an Printout which do not
correspond to any of the
keys on the hand held pro-
grammer.

* This denotes where ei-
ther a constant preset
value or a sequence op-
erator preset exists.

# This indicates the end of
a rung of logic (except
for rungs which contain
counters).

(D) This indicates the lo-
cation of a sequence
operator.
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Failure to carefully follow

"The *, #, and (D) are only

useful for looking for specific
points in the Boolean Print-
out, and they need not be en-
tered when programming the
CPU with the hand held pro-
grammer.

Refer to Figure 4-23.

Using The Hand
Held Programmer

Mode Switch
Refer to Figure 4-28.

RUN

Allows program execution
with outputs enabled. The
CPU scans its stored logic
and allows timer/counter and
relay contacts to be displayed.
In the RUN mode, changes to
the logic are not allowed;
however, the preset values for
timers and counters may be
changed.

PRG

New programs can be entered
into memory, and previously
entered logic can be altered;
however, no solving of the
logic is performed.

LOAD

This connects the programmer
to an external device such as a
tape recorder through the adja-
cent tape port. Logic is not
solved while in this position.

Ladder Logic
Cover Sheet

Refer to Figure 4-24 for a typ-
ical first page of the ladder
logic programs.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

10/11/89 16:41:31 GE FANUC LOGICMASTER 1F DOCUMENTATION Page 1
895040, HP-4 SECTION, 1 QOMPRESSOR

$/2/89 RHW g p A
TITLE BLOCK X ROGRAMMER

PROGRAM X T PROGRAM DATE
<< RUNG 0 >> NUMBER —— NUMBER OF COMPRESSORS

NUMBER OF EVAPORATOR SECTIONS

UNIT SERIAL NUMBER —7
PROGRAM # 895040, JOB # 895040, 10/12/89, RHW.

NOTE: IDENTICAL TO PROGRAM # 895051.

THIS PROGRAM HAS BEEN WRITTEN FOR AN HP OR IGC WITH FOUR EVAPORATOR
SECTIONS AND ONE COMPRESSOR.

E PROGRAM DESCRIPTION (LOCATED AT RUNG @)

[ Start of Program ]

TSTS-9024

Figure 4-18 Logicmaster Printout - Page 1
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

10/11/89 16:41:31 GE FANUC LOGICMASTER 1F DOCUMENTATION Page 2
895040, HP—4 SECTION, 1 COMPRESSOR
8/2/89 RHW
<< RUNG 1 >> /— RUNG EXPLANATION
THIS RUNG IS USED TO INDICATE ANY TYPE OF SAFETY FAILURE ON ANY OF THE
UNITS. THIS OUTPUT IS MADE AVAILABLE TO PROVIDE A SIGNAL TO A USER
SUPPLIED DEVICE, SUCH AS AN ALARM, AUTODIALER, PILOT LIGHT, etc., WHICH
CAN BE USED TO NOTIFY THE APPROPRIATE PERSONNEL THAT THE UNIT HAS GONE OFF
ON A FAILURE. THIS OUTPUT WILL NOT PROVIDE A SIGNAL FOR EITHER NORMAL
SHUTDOWN OR POWER 1.OSS.
RECIRC PUMP RETNTIV
PUMP DOWN SAFETY
FAILURE TIMER FAILURE
043 C 605 344
— — } { )
REMOTE
SAFETY
FAILURE
341
—
<< RUNG 2 >>
RETNTIV ¢——— NAME . REMOTE
SAFETY SAFETY
FAILURE FAILURE
344 034
L1 | —( )
\—— CONTACT QUTPUT —j

Figure 4-19 Logicmaster Printout - Page 2
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

10/11/89 16:41:31 GE FANUC LOGICMASTER 1F DOCUMENTATION Page 6
895040, HP-4 SECTION, 1 COMPRESSOR

8/2/8% RHW

<< RUNG 7 >

THIS RUNG IS USED TO INDICATE THAT THE UNIT HAS SHUT OFF DUE TO A
RECIRCULATING WATER PUMP FAILURE.

RWP RETNTIV
FAILURE . RWP
TIMER - FAILURE
C 672 343
11 —( )
L |

<< RUNG 8 >>

RETNTIV RECIRC
RWP PUMP
FAILURE * FAILURE
343 : 043
— | ¢ )
<< RUNG 9 >>
01 " COUNTER ONE
SECoND PRESET Sto
PULSE ; \‘ TIMER
375 (COUNT) K 0010 C 673
| — (PRESC)——(CNT)
¢ )
ONE ¢
SECOND ¢
TIMER ( )
«
C 673 (RESET) ( )
—— | —( )

Figure 4-20 Logicmaster Printout - Page 6
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these instructions could result in permanent injury or loss of life.

| l Read Safety Section before this section. Failure to carefully follow l

10/11/89

16:52:07 GE FANUC LOGICMASTER 1F DOCUMENTATION Page 43
895040, HP-4 SECTION, 1 COMPRESSOR
8/2/89 REW

*xxx%x 1O POINT STATUS TABLE *****

IO POINT
VALUE

000
001
002 ‘
003
004

005

012

013

020

021

022

NAME/ CROSS REFERENCE
NICKNAME RUNGS WHERE /O ARE USED
4 A N
10 6, 21, 22, 23, 37, 45, 50, 54, 55, 56, 59
OFF/
RESET
MASTER : [ 5, 35
CONTROL 11 35, 56, 68
SWITCH
WATER 10 15
TEMP W=,
T'STAT ‘ NORMALLY OPEN
HI ICE :11 45
LEVEL i 45, 46
SWITCH NORMALLY CLOSED
COMPR P | 6, 10, 11, 12, 36, 38, 48, 55, 60, 63, 66, 67,
MOTOR 73
CONTACT i 5, 10, 46, 53, 56, 62, 73
RECIRC 11 6
PUMP I 6
CONTACT
LOW ;11 26, 27
DISCHG i 26
PRES SW
OIL 11 63 B
TEMP 11 62, 63
T'STAT
HIGH Wl 438
REFRIG
LVLSW
LIQUID () 36
SOL
#1
HOTGAS : ]I 28
SOL ) 39
#1
'R]
HOTGAS : 11 28 -8
SOL « ) 40 &
7
#2 — e
TYPE OF /O

Figure 4-21 I O Point Status Table
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Read Safety Section before this ;ection. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

10/11/89 116:53:31 GE FANUC LOGICMASTER 1F DOCUMENTATION Page 49
895040, HP-4 SECTION, 1 COMPRESSCR
8/2/89 RHW

¥¥x** COUNTER STATUS TABLE ***x*x

IC POINT  NAME/ CROSS REFERENCE
VALUE NICKNAME
C 600 REFRIG  : [ 12, 13, 22, 38, 44
CYCLE (CTR) 11
TIMER
C 601 DEFROST : ][ 16, 17, 18, 22, 26, 44
CYCLE (CTR) 10
TIMER '
C 602 AUXREF : ] 13
CYCLE (CTR) 12
TIMER
C 603 SAFETY : 1] 55, 56, S8
FAILURE 1 54, 55
“TIMER (CTR) 54
C 604 SAFETY : ][ 52, 54, S8
FAILURE i 51, 55, 56, 56
COUNTER (CTR) 56
C 605 PUMP 1 1, 52, 55, 58
DOWN 1 57
TIMER (CTR) 57
C 606 HI ICE N 45, 46
ON (CTR) 46
T™ DEL -
C 607 HI ICE s 46, 47
OFF i1 4s, 45
T™M DEL (CTR) 45
C 620 LOW C1 27
P DISCH 11 26
DEF EXT (CTR) 26
C 630 LIQUID : 1[ 13, 53, 56
SOL 1L 36, 37
T™M DEL (CTR) 37
C 631 LOWOILL : [ 64
TEMP (CTR) 63
TM DEL
?\)J
C 632 OIL N 60, 62 S
DRAIN (CTR) 60 )
SOL TMR 2

Figure 4-22 Counter Status Table
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

\.5,-,,.«)/

Printer Interface Unil‘/
BOOLEAN PR]N'IDUT‘\

USER PROGRAM LISTING V3.1

SERIES ONE, ONE PLUS/SR-20, SR-21 ADDRESS NUMBER __\ PAGE 0001
0000: STR 043 0050: STR 160 0100: CNT 636# 0150: * 0015
0001: AND CNT 605 0051: CNT 600# 0101: * 0060 0151: STR CNT 620
0002: OR 341 0052: * 0120 0102: STR CNT 636 0152: OR 011
0003: OUT 3444 0053: STR NOT 165 0103: SET 165# 0153: OUT 1754
0004: STR 344 0054: AND CNT 600 0104: STR D) 637 0154: STR 021
0005: OUT 0344 0055: AND CNT 673 0105: * 0001 0155: OR 022
0006: STR CNT 673 0056: AND 004 0106: OR D) 637 0156: OR 023
0007: AND NOT CNT 670 0057: STR 160 0107: * 0002 0157: OR 024
0008: STR 374 0058: CNT 602# 0108: CR @) 637 0158: OUT 1704
0009: CNT 6704 0059: * 0123 0109: * 0003 0159: STR NOT 170
0010: * 0090 0060: STR NOT 165 0110: AND D) 635 0160: MCS
0011: STR 375 0061: AND CNT 602 0111: * 0000 0161: STR 040
0012: STR CNT 671 0062: OR 165 0112z AND (D) 600 0162: OUT 171#
0013: CNT 6714 0063: AND CNT 630 0113: * 0030 0163: STR 041
0014: * 0600 0064: AND CNT 600 0114: AND NOT CNT 636 0164: OUT 1724
0015: STR 351 0065: SET 166# 011s: OR 000 0165: STR 043
0016: AND 001 0066: STR 160 0116: RST 165# 0166: OUT 1734#
0017: AND NOT 350 0067: RST 166# 0117: STR 165 0167: STR 042
0018: AND NOT 040 0068: RST 1644 0118: AND CNT 601 0168: OUT 174#
0019: AND NOT 004 0069: STR 002 0119: AND CNT 600 0169: MCR
0020: OR 031 0070: AND NOT 165 0120: AND 160 0170: STR 170
0021: AND NOT 034 0071: OUT 340# 0121: STR CNT 635 0171: AND NOT 001
0022: OUT 0304 0072: STR 166 0122: OR 000 0172: OR 001 LT
0023: STR 004 0073: AND CNT 601 0123: CNT 635# 0173: AND NOT 171 *
0024: AND CNT 673 0074: AND 175 0124: * 0004 0174: AND NOT 172 }
0025: AND NOT 005 0075: AND 164 0125: STR CNT 635 0175: AND NOT 173
0026: STR NOT CNT 672 0076: STR 340 0126: AND 165 0176: AND NOT 174
0027: OR 031 0077: AND NOT 170 0127: STR NOT 165 0177: AND 163
0028: AND 005 0078: OR STR 0128: OR 000 0178: "OUT 1614#
0029: OR 000 0079: OUT 160# 0129: CNT 637# 0179: STR 004
0030: CNT 6724 0080: STR NOT 165 0130: * 0003 0180: OR NOT CNT 630
0031: * 0010 0081: AND 166 0131: STR ) 637 0181: AND 031
0032: STR CNT 672 0082: AND CNT 601 0132: * 0003 0182: AND @) 605
0033: OUT 343% 0083: STR 165 0133: AND _ ) 635 0183: * 0000
0034: STR 343 0084: AND CNT 634 0134: * 0000 0184: AND NOT 170
003s: OUT 043# 0085: OR STR 0135: AND D) 600 0185: OR 167
0036: STR 375 0086: SET 164# 0136: * 0030 0186: OUT 020#
0037: STR CNT 673 0087: STR CNT _ 601 0137: AND 165 0187: STR 031
0038: CNT 673 # 0088: AND CNT 673 0138: SET 3424 0188: AND CNT 673
0039: * 0010 0089: AND 165 0139: STR 342 0189: AND NOT CNT 630
0040 STR 166 0090: STR NOT 165 0140: OUT 0414 0190: STR NOT 031
0041: AND CNT 673 0091: OR 160 0141; STR CNT 634 0191: OR 000
0042: AND 004 0092: CNT 6344 0142: OR NOT 165 0192: CNT 630#
0043: STR 160 0093: * 0045 0143: AND NOT 011 0193: * 0015
0044: OR NOT 166 0094: STR 010 0144: AND CNT 673 0194: STR 161
0045: OR NOT 004 0095: AND CNT 673 0145: AND CNT 601 0195: AND CNT 600
0046: CNT 601# 0096: AND NOT CNT 636 0146: AND NOT CNT 620 0196: AND 004
0047: * 0045 0097: AND ®) 605 0147: STR 0l1 0197: AND 166
0048: STR 004 0098: * 0000 0148: OR 160 0198: MCS
0049: AND CNT 673 0099: STR NOT 010 0149: CNT 6204 0199: STR D) 661

Figure 4-23 Boolean Printout

v
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

Program Checki
and Error Codes

When entering ladder logic
programs with the program-
mer, the CPU automatically
performs many checks on the
data and operations selected
by the programmer. Func-
tions entered are checked for
proper key sequence, proper
range of references entered,
etc. Errors detected during
these checks are indicated in
the data display by the letter E
followed by a two digit code

(01-99). The CPU also per-
forms a partial program error
check any time that the PC is
switched to the RUN mode.

After entering a program, a
manual error check should be
performed, which checks the
entire program. Refer to
Table 4-2.

Printout Annotation
Explanation -

Several items appearing on the
printouts in Figures 4-26 and
4-27 are explained for clarifi-
cation. The ladder diagram
printout in Figure 4-26 has a
circled number (1-5) next to
each annotation, which corre-
sponds to the number preced-
ing the explanation of each an-
notation below.  In Figure
4-27, the circled numbers (6
7) appear before an annotation
on the Boolean printout. The
circled numbers that appear in
Figures 4-26 and 4-27 are for
discussion purposes only and
do not normally appear on a
printout.

. The type of printout on

each page appears on this
line, either LADDER DIA-
GRAM PRINTOUT,
BOOLEAN PRINTOUT,
or CROSS REFERENCE
PRINTOUT.

. This annotation (V x.x) is

the version of the system
operating software con-
tained in PROM memory in
the Printer Interface Unit.

. The model of PC selected

by the user will be on this
line. The annotation will
be either SERIES ONE JR/
SR-10 for a Series One
Junior PC or Series One,
One Plus/SR-20, ST-21
for a Series One or Series
One Plus PC.

. The page number of the

ladder diagram printout or
Boolean printout will ap-
pear here as a 4-digit deci-
mal number, starting with
PAGE 0001.

. Refers to ladder diagram

printout only. This 4-digit
decimal number is the user
program memory address
at the start of each rung of
logic. This number is as-
signed by the controller
and is not part of the pro-
gramming keystrokes. The
first element in the rung is
stored at that address. In
the example in Figure 4-
26, the memory address of
the start of the first rung is
0000. The first element in
that rung is a normally
open contact referenced as
001 (reference number is
printed directly above the

contact). The memory ad-
dress at the start of the sec-
ond rung is 0013, the first
element in this rung is a
normally open contact ref-
erenced as 040.

6. Refers to Boolean printout
only (Figure 4-27). The #
sign immediately following
a numerical value in the
Boolean printout listing,
indicates that the value is a
reference assigned to an
element at the end of a
rung.

7. The * symbol preceding a
numerical value in a Boole-
an printout, indicates that
the value is a constant.

Sample Printout

A sample of each of the previ-
ously described printouts is
shown in Figures 4-26 and 4-
27. For this group of print-
outs, a program was entered
into a Series One Plus PC.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Th | St
ql[l“b TUR'IB Ladd:rrrl?ggic g:ca)g:?am

REFRIGERATING COMPANY

Project Number:

Model Number:

Program Number:

Wiring Schematic:

Programmable Controller Counter Setpoints
Function Counter - Preset
Refrigeration Cycle Timer 600 305 seconds
Defrost Cycle Timer 601 * 55 seconds
Wash Down Time Delay 603 900 seconds
Hi ice #1 On Delay 641 300 seconds

* Defrost cycle timer preset denotes maximum defrost time under low
suction and low discharge pressure states (applies only to programs
written after January 1, 1990).

To change the Refrigeration Cycle Timer preset:

Turn the keyswitch on the Hand Held Programmer to the RUN mode.
Locate the preset by pressing the following key sequence:

CLR CNT SHF 600 SCH NXT NXT

The current preset value for the counter will now appear on the Address/Data screen.
Next, press the following key sequence, replacing the YYY with the new counter’'s
preset:

SHF YYY ENT

To change the Normal Defrost Time:
(Applies only to programs written after January 1, 1990.)

Place the Hand Held Programmer in the RUN mode. Locate the Normal Defrost
Sequencer by pressing the following key sequence:

SHF NXT AND SHF 601 SCH NXT NXT

The current defrost value will appear in the Address/Data screen. Next, press
the following key sequence, replacing the ZZZ with the new defrost time.

SHF ZZZ ENT

To monitor a counter:

Place the Hand Held Programmer in the RUN mode. Enter:

CLR SHF 6xx MON

The Address/Data screen will now display the cumutative value of the counter entered.

Figure 4-24 Typical First Page of Ladder Logic Program
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RUNG ADDRESS

1 0000

W Read Safety Section before this section.
these instructions could result in permanent in

——

Failure to carefully follow
jury or loss of life.

2 0007 fod b p—

3 0012

4 0014 p——ef |

s 0016 p~— p——i |~

RESET
000
MASTER 0.1 ONE
CONTROL SECOND SECOND
SWITCH PULSE TIMER
001 375 K 0010 C 603
6 0020 F—f } { F {PRESC——(CNTy—
« )
ONE ¢
SECOND C )
TIMER «
C
C 603 C D
.—.1 : LS ¥

CM1 REFRIG ONE REFRIG
STARTER CYQE SECOND CYQE
INTRLOK TIMER  TIMER TIMER

002 C 600 C 603 K 0120 C 600

—i } jmc}:-’sc}——-g(:NT)——

)

CcM2 ( )
STARTER C )
INTRLOK { )
( )

003 ( )

i ( )

( )

CYCiE ¢
RESET ( )
RELAY ( 3
¢ )

160 C )

| —

I L )
REFRIG ONE DEFROST
CYCIE SECOND CYQE
TIMER  TIMER TIMER
C 600 C 603 K 0045 C 601

( )

CYC1r ( )
RESET ( )
RELAY ( )
( )

160 C )

t . r—
REFRIG LIQUID
CYQE SOLNOID
TIMER
C 600 020

+ —

REFRIG HOT
CYCLE GAS
TIMER SOLNOID
C 600 021

X 1

REFRIG DEFROST CYQE
CYCLE CYCLE RESET
TIMER TIMER RELAY

0025 P {ENDSWy——

Figure 4-25

Sample Practice Program Printout
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow

Table 4-2 Error Code Definitions Chart

Applicable Mode

Code

Run

Prog

Load

Significance

Cause

Corrective Action

E1l

X

X

X

Incorrect Operation.

Operator attempted to
perform illegal operation
such as changing program
in RUN mode.

Examine operation. Depress CLR.
Reinitiate proper function.

E2

Fault in Program
Structure. Series
One.

CPU has detected error in
program when placed into
RUN mode.

Example: Input module
refercnce used as coil.

Go to Program mode. Depress CLR.
Address of faulty logic will be
shown. Depress NXT to display

content.

E2

Fault in Program
Structure. Series
One Plus.

CPU has detected error in
program when placed into
RUN mode.

Example: Input module
reference used as coil

Go to Program mode. Depress
CLR-SCH-CLR. Address of faulty
logic will be shown. Depress NXT
to display content.

E3

Stack Capacity
Exceeded.

More than eight status
levels attempted to be .

stored in pushdown stack.

Go to Program mode. Depress CLR.
Programmer will display location
of first 9th STR error. Examine

logic and reprogram as necessary.

E5

Duplicate Coil
Reference.

Coi! {output, internal,
timer, or counter) used as
an OUT more than once.

Go to Program mode. Depress CLR.
Programmer will display location
of second coil of pair using same
reference. Enter another coil
reference.

Eé6

Incomplete Master
Coantrol.

More MCR references than
MCS in program.

Go to Program mode. Depress CLR.
Programmer will display first
unmatched MCR. Correct program
by deleting MCR or adding MCS.

E7

Incomplete Counter
or Shift Register.

All control lines not
provided to one or more
Counters and/or Shift
Registers.

Go to Program mode. Depress. CLR.
Programmer will display errant
function. Add required reset,
clock or clear lines.

E8

Incorrect Operation.

Operator attempted to
write instruction on
second word of a 2-word
instruction.

Depress CLR.

E9

Incomplete Logic.

Relay ladder line not
connected to coil; relay
contact(s) left incomplete
or hanging.

Go to Program mode. Depress CLR.
Programmer will display first
unfinished logic clement. Add
logic to tic this element into stored
logic, or delete element(s) to
remove incomplete logic.

Memory Full.

Operator attempting to
add logic to CPU zlready
at limit.

Depress CLR. Restructure program
so that logic limits will not be
exceeded.

E21

Parity Failure.

CPU has detected a fault
in the parity structure of
its internal memory.

Go 10 Load Mode. Depress CLR.
Reload memory from previously
recorded tape or clear eatire
memory and reload manually. If
BATT light not ON and fault camnot
be cleared, replace CPU module.

E25

Faulty Comparison.

External device such as
tape cassette has content
that does not agree with
CPU memory.

Depress CLR. Verify comect
program number or tape. If correct]
either re-record tape or reload CPU

E28

Weak Record Signal.

Playback Signal level,
such as from tape
recorder, is below
acceptable level.

Adjust volume level on tape
recorder or other peripheral device
If ON stcady for extended period of
time, restart function to obtain
reliable operation.

E99

Unsuccessful Search.

Search function has
reviewed 2]l memory and

nas not located required.

Depress CLR. To cause an
additional search, re-enter

function and restart.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Printer Interface Unis ”/®
LADDER DIAGRAM PRINTOUT -

USER PROGRAM LISTING V2.2 ""—@

SERIES ONE, ONE PLUS/SR-20, SR-21 —-—»—_.@ ®\PAGE 0001

001 002 003 004 005 006 007 030 031 032 033 034 100
0000 f~—~ — —— — +——4 4 —— — — — — ] ban
040 041 A 045 105
0013 — i F — 7
042
p—]
700 " 601 1+060.0
0019 } (TMR)
T601 603 |*0245
0022 i . (CNTY
071
: Y Ry
072 410
0027 j——di/} (SR {433
067
t T O
065
I X Ry
066 F50 o071
0032 { — (DSTR
F71 051
{ + r
F60 |s10
—<DOUT 11

Figure 4-26 Sample Ladder Diagram Printout
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Read Safety Section before this section. Failure to carefully follow

these

instructions could result in permanent injury or loss of life.

inter Interface Unit
DOLEAN PRINTOUT

SERIES ONE,

0000:
0001:
0002:
0003:
0004:

150 Turbo Refrigerating Company 1/91

—re
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USER PROGRAM LISTING V2.2 .
ONE PLUS/SR-20, SR-21 PAGE 0001 :
STR 001 0050: - 0100: - 0150: -
AND 002 0051: - o101: - ot51: - .
AND 003 0052: - 0102 - 0152: -
AND 004 0053: - 0103: - 0153: - .
AND 005 0054: - 0104: - 0154: -
AND 006 0055: - 0105: - 0155: - .
AND 007 0056: ~ 0106: - 0156 -
AND 030 0057: - 0107: - 0157: - .
AND 031 0058: - 0108: - 0158: -
AND 032 0059: - 0109: - 0159: - .
AND 033 0060: - 0110: - 0160: -
AND 034 0061: - o111: - 0161: - .
ouT 1004 0062: - 0112 - 0162: -
STR 040 0063: - 0113: - 0163: - .
OR 042 0064: - 0114: - 0164: -
AND NOT 041 0065: - 0115: - 0165: -
MCS 0066: - 0l16: - 0166: - .
STR 045 0067: - 0117: - 0167: -
ouTt 105# 0068: - ol18: - 0168: - .
STR 700 0069: - 0119 - 0169: -
. TMR 6014 0070: - 0120: - 0170: - .
: +060.0 0071: - o121: - 0171: -
. STR TMR 601 0072: - . 0122 - 0172: - .
STR 071 0073: - 0123: - 0173: -
CNT 603# 0074: - 0124: - 0174: - .
: *0245 0075: - 0125: - 0175: - -
: MCR 0076: - 0126: - 0176: - \.
: STR NOT 072 0077: - 0127: - 0177: - 3
. STR 067 0078: - 0128: - 0178: - .
: STR 065 0079: - 0129: - 0179: -
SR 4104 0080: - 0130: - 0180: -
4354 0081: - 0131: - 0181: - .
STR 066 0082; - 0132: - 0182: -
DSTR E50) 0083: - 0133: - 0183: - .
071 0084: - 0134: - 0184: -
+ F71) 0085: - 0135: - 0185: - .
051 0086: - 0136: - 0186: - |
DOUT (F60) 0087: - 0137 - 0187: - . |
: S10# 0088: - 0138: - 0188: -
- 0089: - 0139: - 0189: -
: - 0090: - 0140; - 0190: - .
P 0091:" - 0141: - 0191: =
: - 0092: - 0142: - 0192: - .
- 0093: - : 0143: - 0193: -
- 00%4: - 0144: - 0194: - .
HE- 0095: - 0145: - 0195: -
: - 0096: - 0146: - 0196: - Q .
;- 0097: - 0147: - 0197: - g
;- 0098: - 0148: - 0198: - @ @
0099: - 0149: - 0199: - @ .
Figure 4-27 Sample Boolean Printout ()




! Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Cassette Tape Operation of the
General Electric Series 1 and Series 1+
Programmable Controllers

Note:

event that the CPU either

Standard audio cassette

The following tape operation
instructions are a condensed
version of the instructions
found in the "GE Series One
and Series One Plus User's

controllers may be stored on
standard audio cassette tapes.
It is wise to keep a tape copy
of the program handy in the

becomes defective, or

somehow loses its memory.
For tape operation, th
following items are required:

microphone and earphone
jacks. Optionally, this
should have a digital

tape. The "micro cassette"
tapes generally do not have
e the audio quality required
and should not be used.

Manual”. Should any -+ GE Hand Held
difficulties arise during tape Programmer, n_Problem
operation, please refer to the IC610PRG105. This

"Operation With Peripheral includes the key for the The most common problem
"Devices" located in section 4 Hand Held Programmer, incurred during Tape
of the user's manual. along with the audio cable Operation is confusion over
which is gray with a red the proper key to depress on

tracer. the hand held programmer.
Introduction The shifted function keys on
» Audio cassette recorder. the programmer are shown in
The programs used for the This is a standard size Figure 4-28. The shifted
General Electric Series 1 and cassette tape recorder function always corresponds

Series 1+ programmable which has both to the key directly below it.

counter and a tone control.

LOGIC
/ p—"
ADDRDE,?TSA g e 60 4 0 4 DISPLAY
'_] l l AND OUT MCS ADR
DISPLAY =t . ) 1 5 i 5
—ADDRESSDATA— OR TMR MCR SHF
2 8 2 6
ON/OFF RUN BATT STR CNT SET DATA
STATUS 3 7 3 7
DISPLAY —— PWR CPU NOT SR RST REG | Logie
KEYS
DATA F_JAND [ OUT IMCS | DEL | SHF
OPERATION -
KEYS =] R OR TMR MCR INS | SCH
READ-— SHIFTED
[sm l'mTISETlENTl PRV | FUNCTION
] RUN PRG LOAD A KEYS
- MOD T RST
SWWCH//VGD Q [NO | SR ] ICU;I NXT |
\

TSTS-9020

PERIPHERAL JACK / \ EDITING KEYS

Figure 4-28 Programmer Features
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

T ration

Save/Record A Program
Onto Tape (WRITE)

a. Install the Programmer
onto the CPU and apply
AC power to the PC.

b. Turn the mode switch on
the Programmer to the
LOAD position.

c. Connect the Programmer
(TAPE port) to the tape

recorder (MICROPHONE

input) with the audio cable
(gray with red tracer).

d. Rewind the tape to the
beginning or to the desired
record position if multiple
programs are to be placed
on one tape. Programs
require approximately 1.5
to 4 minutes of tape per
program. Note counter
position.

e. For identification of a
program, if desired, enter a
four digit number
(0000-9999) on the
Programmer. When tape is
accessed later to load the
CPU, this number can be
used to identify the correct
program prior to altering
CPU data. If a program
number is not as expected,
the operator can terminate
the load operation and get
the correct tape without
loss of existing program or
delay incurred by loading a
Wrong program.

However, THIS
IDENTIFICATION
NUMBER IS
OPTIONAL.
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f. Adjust the volume setting

on the tape recorder to
approximately 75% of the
maximum setting. If a tone
control is available, adjust
it as well to 75% of the
maximum setting.

. Begin the tape recorder

operation by depressing the
RECORD PLAY buttons.

. Depress the WRITE key on
_ the Programmer. The

record operation will now
begin.

i. The ON/OFF light on the

Programmer will come on.

i. When the record is

complete, the Programmer
will display End in the
Address/Data display and
thé ON/OFF LED will be
off. Stop the recorder and
note the counter position so
that the amount of tape
used for that program can
be determined.

. Depress the CLR (Clear)

key on the Programmer to
end -the record operation.

. It is recommended that the

tape be rewound to where
the recording began and
that the Verify operation
described later be
performed to ensure data

integrity.

Load A Program Onto
CPU (READ)

a. Prior to loading a program

onto the CPU, the existing
program must be cleared
from the CPU memory.*

Failure to carefully follow

To do this, turn the mode
switch to the PRG mode
and press the following
key sequence:

CLR SHF 348 DEL
NXT NXT

The program has now been
cleared from the CPU.

. Install the Programmer

onto the CPU and apply
AC power to the PC.

. Turn the mode switch on

the Programmer to the
LOAD position.

. Connect the Programmer

(TAPE port) to the tape
recorder (EARPHONE
input) with the audio cable
(gray with red tracer).

. Rewind the tape to the

beginning of a previously
recorded program. Enter
the program identification
number (if applicable).

. Adjust the volume setting

on the tape recorder to
approximately 75% of the
maximum setting. If a tone
control is available, adjust
it as well to 75% of the
maximum setting.

. Depress the READ key on

the Programmer.

. Begin the tape recorder

operation by depressing the
PLAY button.

. bThe Address/Data screen of

the Programmer will flash
an E28 briefly.

o

N

i

|
s
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

j- The LED corresponding to
the 7/REG on the lower
right hand side of the
Programmer will light up
for approximately 10 to 15
seconds.

k. The Address/Data screen of
the Programmer will
display an F when the
program has been found.
If the CPU detects a
program number different
from the one entered in
step e, the Address/Data
screen of the programmer
will display PASS.

1. When the load is complete
with no errors, the
Programmer will display
END in the Address/Data
display. Stop the recorder
and note the counter
position so that the amount
of tape used for that

program can be
determined.

m. Depress the CLR (Clear)
key on the Programmer to
end the record operation.

*WARNING

It is wise to make a tape
copy of the program
existing in memory
before erasing it to load
the new program.

Failure to carefully
follow these instructions
could result in permanent
injury or loss of life.

Failure to carefully follow

—acmarma

Check A Program
With The Tape Copy
(CHECK)

a. Install the Programmer
onto the CPU and apply
AC power to the PC.

b. Turn the mode switch on
the Programmer to the
LOAD position.

c¢. Connect the Programmer
(TAPE port) to the tape
recorder (EARPHONE
input) with the audio cable
(gray with red tracer).

d. Rewind the tape to the
beginning of a previously
recorded program. Enter
the program identification
number (if previously
recorded).

€. Adjust the volume setting
on the tape recorder to
approximately 75% of the
maximum setting. If a tone
control is available, adjust
it as well to 75% of the
maximum setting.

f. Depress the CHECK key
on the Programmer.

g. Begin the tape recorder
operation by depressing the
PLAY button.

h. The Address/Data screen of
the Programmer will flash
an E28 briefly.

1. The LED corresponding to
the 7/REG on the lower
right hand side of the
Programmer will light up
for approximately 10 to 15
seconds.

j. The Address/Data screen of

the Programmer will
display an F when the
program has been found.
If the CPU detects a
mismatch between the
contents of the tape and the -
CPU logic, the
Address/Data screen of the
programmer will display
E25. A steady E28
indicates that the play level
of the recorder is wrong.
The CHECK operation
should be stopped, the
volume/tone readjusted,
and the operation restarted.

k. When the check is

complete with no errors,
the Programmer will
display END in the
Address/Data display.

Stop the recorder and note
the counter position so that
the amount of tape used for
that program can be
determined.

1. Depress the CLR (Clear)

key on the Programmer to
end the record operation.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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DISCONNECTING POWER & LOCK OUT

Turbo Refrigerating Company
insists that disconnecting
and locking out the power
to the motor driving the

unit provides the only real
protection against injury.
Other devices should not be
used as a substitute for
locking out the power

prior to removing guards,

covers, or other safety devices.

Turbo warns that the use of
secondary devices may cause
employees to develop a false
sense of security and fail to
lock out power before
removing guards, covers,

or other safety devices.

This could result in a

serious injury should the
secondary device fail or
malfunction.

INCORRECT

INCORRECT &

CORRECT

TSR-826







[{ Read Safety Section before this section.

these instructions could result in permanent injury or loss of life.

Y Y

Preventive Maintenance

Periodic maintenance and ser-
vice is required on any refrig-
eration system to ensure effi-
cient, safe operation. Lack of
maintenance can shorten the
life of components, affect sys-
tem performance, result in
equipment malfunction and
unnecesary replacement of
components as well as in-
crease the cost of operating
the equipment. A list of nor-
mal maintenance checks for
Turbo ice generators/chillers
is attached and should be used
as a guideline for setting up a
regular equipment mainte-
nance program.

If questions concerning main-
tenance procedures are not
covered, please contact the
Turbo service department for
information.

WARNING

Only qualified service or
maintenance technicians
who have read the safety
and operating sections
should perform mainte-
nance or service on the
equipment. Failure to
carefully follow these in-
structions could result in
permanent injury or loss
of life.

Failure to carefully follow

MAINTENANCE
Daily 1 ,

In most installations, the ice
generator/chiller starts and
stops automatically. It is rec-
ommended that the unit be
checked daily, preferably dur-
ing or immediately after start-
up takes place.

1. Observe that the discharge,
suction, and oil pressure
are stable and within oper-
ating specifications (verify
that pressures are correct
and gauge readings are
stable).

2. If the unit is in the icemak-
ing mode, observe the de-
frost sequence for proper
operation.

3. Check water flow over
plates.

Weekly Inspection

» Check the oil level in the
COmpressor.

* Check for signs of oil leak-
age.

+ Check the liquid line sight
glass for full charge and
moisture indication.

» Check the receiver. In-
spect valve packings and
relief valve for indications
of refrigerant loss.

+ Check the receiver level in-
dication while the unit is
running. It should indicate
20-40%.

OO

+ Visual inspections should
include but is not limited
to: leaks, vibration of pip-
ing or other components,
capillary tubes rubbing,
unusual noises, bolts and
screws tight, and general
neat housekeeping appear-
ance.

fter Initial
r ion
+ Check and retighten fasten-
ers and hardware (includ-
ing compressor coupling).

» Clean oil return strainer.

* Clean water distribution
pan.

+ Check compressor oil lev-
el.

» Check storage tank water

level and for signs of tank
leaks.

* Repeat 10 hour inspection.

* Check motor/compressor
coupling.

+ Check electrical connec-

tions, wiring and lugs on
magnetic starts for loose
connections.
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Read Sz-l_fety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

WARNING

Only a qualified electri-
cian should perform the
electrical inspection.
Failure to carefully fol-
low these instructions
could result in permanent
injury or loss of life.

« Lubricate pumps, motors
and drives.

+ Check for scale or fouling

of evaporator plate surface.

~ Verify chemical treat-
ment is in balance.
— Perform water analysis.

+ Check water strainers.

« . Check storage tank water
level.
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Every Six Weeks Lubricants and
Fluids List

Refrigerant Charge
R-22, see data sheets on page

13 for quantity.

Compressor Oil Charge

Suniso 3GS, refer to the
Compressor Service Manual
for quantity.

Compressor Motor

Bearing Grease
Shell Dolium R.

Evaporative Condenser

Bearing Grease
Any of the following greases
may be used:

Exxon: Beacon #325

Shell: Aeroshell #7

Mobil: Mobilgrease #28

American: Rycon Premium
#3.

il
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these instructions could result in permanent injury or loss of life.

“ Read Safety Section before this section. Failure to carefully follow "

Maintenance Chart

The following chart details the typical maintenance items to be performed, frequency of mainte-
nance, and estimated time to perform. It is intended as a guideline only and should be used with
good judgement and experience to ensure that all necessary maintenance work is performed. This
will improve the operation and safety of the equipment.

Maintenance Frequency ime Requir
1. Clean oil return strainer. As necessary. This strainer 30 minutes
a. Close isolation valve will require cleaning after the
and hand expansion first 60 hours of operation,
valve and thereafter as indicated by
b. Remove strainer ele- monthly inspection of oil re-
ment. Clean and re- turn sight glass.
place.
c. Fully open isolation
valve.
d. Open expansion valve
3/4 to full open.
2. Clean distribution pan. As necessary. 2 hours
a. Remove top panels
over evaporator sec-

tion (do not stand on
panels over engine
compartment).
b. Using a wet-vac type .
cleaner, vacuum de-
bris that collects
(should be done with
no water flowing into
pan).
¢. Replace top panels.
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Magintenance

[O®)

Clean hot gas strainer.
a.

Turn MCS to off.
Wait for pump-down
cycle to complete.

. Lock out power to

COIMpressors.
Close discharge ser-
vice valves on both
COMPpIessors.

Close king valve on
receiver.

Carefully relieve pres-
sure from strainer.
Remove strainer ele-
ment. Clean and re-
place.

Fully open service
valve and king valve.
Restore power to com-
pressors.

Return MCS to proper
position

Check oil and refrigerant

levels.

a.

While unit is running,
open access door over
oil level sight glass on
COMPpressor.

Inspect sight glass. A
level of o1l should be
visible in the glass.
Inspect refrigerant lev-
el indicator on receiv-
er. Level should be
between 20 and 40
percent.

Frequency Time Required

Rarely -- as necessary. Under 1 1/2 hours
normal circumstances this

strainer should not require

cleaning.

Weekly. 10 minutes
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Read Safety Section before this section. Failure to caref—l:llly follow 1
these instructions could result in permanent injury or loss of life.

intenan Frequency ime Requir
5. Change oil. As indicated by oil analysis.

a. Turn MCS to off.
Wait for pump-down
cycle to complete.

b. Lock out power to ice-
maker.

c. Close king valve, ser-
vice valves on both
compressors, and oil
reservoir isolation
valves.

d. Carefully relieve pres-
sure from both com-
pressors and oil reser-
VOIr.

e. Remove drain plugs
from compressors and
from oil reservoir.
Collect oil in container
for disposal. See
Compressor Mainte-
nance and Service
Manual for location of
oil reservoir drain
plug.

f. Replace drain plugs.

g. Add required amount
of new oil to compres- -
sor crankcase. See
Compressor Mainte-
nance and Service -
Manual for location of
the oil filler plug.

h. Connect vacuum
pump to COmpressor
service valve gauge
port and pull vacuum
on compressor and 0il
reservoir. Turn off
pump. ‘

1. Repeat step "h" for re-
maining CoOmpressor.

j- Open all service valves
and isolation valves,
including king valve.

k. Restore power to ice-
maker.
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1. Return MCS to proper
position.

m. Carefully monitor oil
level during first few
days after changing.
Add and remove oil as
necessary until level
stabilizes.

6. Check refrigerant charge. Monthly.

a. While unit is running,
between defrost peri-
ods, open the door in
the evaporator com-
partmment where the
liquid line sight glass
is located. There are a
number of sight glass-
es in the evaporator
compartment — this is
the large one in the
same line as the liquid
solenoid valve.

b. Inspect sight glass. If
there are bubbles in
the glass, it indicates
one of two things:

1. Low refrigerant
charge —check re-
ceiver level —add
refrigerant if ne-
cessary.

2. Obstruction in the
liquid line — this
normally occurs at
the filter/dner.
Check pressure
drop — replace
cores if necessary.

7. Lubricate motor bearings.
a. Clean tip of grease fit-
ting.
b. Apply grease gun.
c. Use 31to 4 strokes to
fully lubricate bear-
ings.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Every 9 months.

Failure to carefully follow

2 minutes

15 minutes
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

— e

Maintenance

8. Lubricate condenser shaft

bearings.

a. Clean grease fitting.

b. Apply grease gun.

c. Slowly feed grease to
bearing.

d. Refer to Condenser
Maintenance Guide in

the Appendix & Notes

section for complete
maintenance require-
ments.

9. Analyze refrigerant sam-
ple.

a. Obtain a Carrier
"Totaltest" refrigerant
test kit or equilavent.

b. Follow the instruc-

tions within the kit for
obtaining and testing a

sample of the refriger-
ant.

c. If moisture or acid
conditions exist, fol-
low clean up proce-
dures detailed in the
test kit instructions.

10. Clean condenser water
pump strainer.
a. Remove strainer.
b. Using water, hand
clean.
c. Replace strainer.

11. Flush condenser pan.

a. Tum off the Turbo
unit,

b. Drain the pan.

c. Using a water hose,
flush out any accumu-
lation of dirt.

d. Refill the pan up to
one inch below the
overflow connection.

€. Restart the Turbo unit.

Erequency

Every 6 months.

Yearly.

Weekly.

Monthly.

Time Required

15 minutes

20 minutes

5 minutes

10 minutes

1/91 Turbo Refrigerating Company
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Maintenance Frequency Time Required
12. Check condenser water Monthly. 10 minutes

make-up system.

a. Turn off the Turbo
unit.

b. Turn on condenser
pump only.

¢. Observe the water lev-
el through the access
door in the condenser.
Level should be 3 to 4
inches below the over-
flow conneciton.

d. Restart the Turbo unit.

13. Check bleed-off valve. Weekly. 2 minutes
Valve should normally be
wide open, unless it has
been determined that it can
be partially closed without
causing scale or corro-
sion.
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

Maintenance Erequency Time Required

14. Replace filter/drier cores. As indicated by refrigerant 1 hour
a. Tum off the Turbo analysis.
unit and lock off pow-
er to the unit.
b. Isolate the filter/drier.
¢. Loosen the bolts
around the cover to re-
lieve pressure.

CAUTION

The filter/drier contains
liquid refrigerant, which
can cause freeze burns.

Avoid contact with ex-
posed skin.

d. Once pressure is dissi-
pated, remove cover.

e. Replace drier cores in
accordance with man-
ufacturer's instruc-
tions.

f. Replace gasket (in-
cluded with the new
cores), and cover.

g. Open valves that were -
closed to isolate the
filter/drier.

h. Return power to the
Turbo unit and restart.
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Daily Ilce Generator Log Sheet

Week Beginning: / [
Week Ending:  __ /([ ...

Sunday Monday | Tuesday Mednesday Thursday Friday Saturday

Tank Water Depth, FT (note 1)
Circulating Water Temperature, °F
Discharge Pressure, PSIG
Suction Pressure, PSIG
Oil Pressure, PSIG
Operating Mode (check)
lcemaking
Chilling
7. Checked By
8. Liquid Line Sight Glass
Flow (note 2)
Moisture Indicator (note 3)

N

o

0000080000000 0000000080%0

Comments:

Notes: 1. Tank water level should be recorded when no ice is in the tank.
2. F = full (normal); P = partial flow; B = bubbles.
3. G = green (normal); GY = greenish yeliow; Y = yellow.

TSTS-9001

Figure 6-1 Daily Ice Generator Log Sheet
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Read Safety Section before this section. ?‘ailure to,carefully follow
these instructions could result in permanent injury or loss of life.

in hut-

& Re-Start Procedure
Shut-Down

1. Pump the system down:

— Lower the cutout setting
of the low pressure safe-
ty switch to 0—5 psig.

— Close the king' valve
on the receiver outlet
line.

— After the unit pump
down is complete and
the unit has gone off on
the low pressure safety
switch, turn MCS (Mas-
ter Control Switch) to
the "off" position.

— Turn the MCS to the
“manual” position. Al-
low 10-15 minutes for
any refrigerant left in the
system to raise above
the cut-in setpoint of the
low pressure safety
switch. This will ensure
that a complete pump
down has been ob-
tained.

- Turn the MCS switch
back to the "off" posi-
tion after 15 minutes or
the second pump down
sequence.

2. If atape backup of the

program is not available, a
backup should be made at
this ime. Follow the pro-
cedure outlined in section
4. Operating Instructions
(Cassette Tape Operation
of the General Electric
Series 1 and Series 1+

Programmable Control-
lers) on page 151.

Store the tape in a safe,
dry and cool location for
use during restart of the
equipment (it may be re-
quired, but most likely

" not).

3. Lock out the three-phase
power to the unit(s). Pull.
the main disconnect and
lock it out.

Note:

For guidelines on locking out
electrical power, refer to sec-
tion 2. Safety (Safety Lock-
out Procedure) on page 21.

4. Lock out the single-phase
control power. Pull the
main disconnect and lock
it out.

IMPORTANT

These should be checked
monthly during extended
shut downs for leakage.
Tighten as required.
Close the compressor suc-
tion stop valve.

6. Close the inlet valve to the
receiver to isolate the re-
frigerant charge and pre-
vent migration to other
parts of the system.

WARNING

Winterizing or heat trac-
ing may be connected to
the single phase service
making it impossible to
pull the main disconnect
on the single phase.
Turn off the single phase
to all devices and con-
trols except for winteriz-
ing control and heat trac-
ing.

When the receiver is iso-
lated, excessive hydro-
static pressure can devel-
op in the receiver if it is
exposed to direct sun-
light or excessive heat.

All receivers must be
equipped with a safety
relief valve that is piped
to a safe discharge loca-
tion. Refer to section 3,
Installation & Pre-Start-
Up Requirements on
page 23. Failure to care-
fully follow these in-
structions could result in
permanent injury or loss
of life.

. Note:

For guidelines on locking out
electrical power, refer to sec-
tion 2. Safety (Safety Lock-
out Procedure) on page 21.

5. Replace and secure all seal
caps and check the pack-
ing on all valve stems.

7. Lock the control and
three-phase panels and re-
move the key from the
MCS.

8a. For water-cooled units,
the water-cooled condens-
er must be drained to pre-
vent freeze-up.

- This procedure is rec-
ommended for extended
shutdown even if the
unit is equipped with an
optional winterizing
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

heater in the compressor
compartment. Interrup-
tion of electrical power
could result in freeze-up
of the condenser.

— The evaporator water
distribution pans are
self-draining and require
no additional draining.

8b. Drain cooling tower and
cooling tower pump(s).
For self-contained SCE or
SCER models with remote
evaporative condensers,
drain the sump and recir-
culating water pump of the
evaporative condenser.

9. Close and secure all ac-
cess panels and doors to
the equipment and storage
tank.

WARNING

Lock tank access. Fail-
ure to carefully follow
these instructions could
result in permanent inju-
ry or loss of life.

10. Make-up water lines to
cooling towers, evapora-
tive-cooled condensers,
water-cooled condensers,
storage tank water fill
lines, etc. must either be
drained or heat traced to
prevent freeze-up.

Start-Up

1. Remove and clean all wa-
ter line strainers and fil-
ters.

2. Refill all water lines,

sumps, cooling towers,
etc.

177 Turbo Refrigerating Company

Note:

It may be necessary to wash
or flush cooling tower sumps
and evaporative condenser
sumps before refilling.

3. Clean the water distribu-
tion pans.

Note:

Check the condition of the
water in the storage tank be-
fore using recirculating pump
to wash down pans. Debris
should be removed.

WARNING

Failure to carefully follow “

“on". This will turn the
crankcase heaters on to re-
move any refrigerant accu-
mulation in the compres-
sor crankcase.

IMPORTANT

The compressor crank-
case heaters must be on
for twenty-four (24)
hours prior to any at-
tempt to start the unit.
Failure to do so could

result in failure or dam-

age to the compressor.

If it is necessary to re-
move debris from the
tank, proper safety
measures should be fol-
lowed to prevent serious
injury or even death due
to drowning. Never en-
ter the tank without per-
sonnel outside of the
tank in direct contact
with the person inside.
Failure to carefully fol-

could result in permanent
injury or loss of life.

low these instructions |

4. Have an analysis made of
the water in the storage
tank to determine if chemi-
cal treatment is required
for proper water condi-
tion. Bacteria, algae, or
other biological growth
could affect the water sys-
tem, air-handlers, etc.

5. Check the oil level in the
compressor(s). If the lev-
el is visible in the sight
glass, tumn the single
phase power to the unit

191

6. Replace the filter/drier
cores.

7. Open the inlet valve to the
receivers.

8. Open the 'king’ valve on
the receiver.

9. Open the compressor suc-
tion stop valve.

10. Turn the three-phase pow-
er to the unit "on".

Note:
The MCS should be in the
"off" position.

11.Reset the low pressure
safety cutout to 15-20
psig (refer to the manual
for setting).

12. Turn the MCS to
"manual” and observe the
start-up sequence of the
unit.

— Verify that suction pres-
sure, discharge pres-
sure, and oil pressure
are within specifica-
tions.

. ; ’




Read Safety Section before this section. Failure to carefully follow
these instructions could resuit in permanent injury or loss of life.

Note:

Since the unit has been shut-
down, the water in the storage
tank may be at a temperature
above the design limits. If so,
consult the factory for part-
load operation of the compres-
sor(s) until the tank tempera-
ture can be pulled down with-
in the operating specifications.
Failure to do so could result in
overload of the compressor
motor and failure of the com-
pressor and/or motor.

13. Check the sight glass/
moisture indicator in the
liquid line.

— Sight glass should indi-
cate a solid (full) level.
If not, refrigerant must
be added to clean the
sight glass.

Note:

If it is necessary to add refrig-
erant, the source of the refrig-
erant loss must be determined
before automatic operation is
resumed. Failure to do so
could result in loss of the
complete refrigerant charge
and evaporator freeze-up. .

14

- If the sight glass mois-
ture indicator is yellow
and does not clear up af-
ter the unit has operated
for 10-15 minutes, the
drier cores should be
changed again.

. Monitor the oil level in the

compressor and frost line

on the compressor suction
inlet.

~ If proper oil return is not
obtained, it may be ne-
cessary to clean the
strainer(s) in the oil re-
turn lines.

— If frost appears on the
compressor, indicating
excessive liquid return,
the 'king' valve should
be closed and the system
pumped down again.
After restart, if the liquid
carry-over continues,
adjustment of the ther-
mal expansion valves
may be required.

15. Manually stop the high ice
level switch(es) to deter-
mine if the automatic shut
down on high ice level is
functioning properly.

16. After satisfactory opera-
tion is observed in the
"manual"” position, the
MCS should be returned
to either the "off" or
"automatic" position.

17. Reprogram the Program-
- mable Time Clock (if
used).
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

DD searerartsLST DD D D

It is a good idea to keep spare parts on hand in case of emergencies. You will save operation time
and money because you will not have to wait for parts to be ordered and delivered.

Part numbers may change without notice. When ordering or specifying parts, the serial number
and model of the unit must be referenced.

nggngi

SI= Items that should be stocked to maintain safe equipment operation, for normal maintenance,
or frequent replacement items that can cause interruption of operation.

RI= Replacement items that are normally not subject to normal maintenance or replacement.
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Options Appendix contents are provided only when optional
accessories are purchased.
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WARNING

To ensure that the equipment described by this manual, as well as all equipment connected
to and used with it, operates satisfactorily and safely, all applicable local and national codes
that apply to installing and operating the equipment must be followed. Since codes can
vary geographically and can change with time, it is the user’s responsibility to determine
which standards and codes apply, and to comply with them.

FAILURE TO COMPLY WITH APPLICABLE CODES AND STANDARDS CAN
RESULT IN DAMAGE TO EQUIPMENT AND/OR SERIOUS INJURY TO

PERSONNEL.

All equipment should be installed and operated according to all applicable sections of the
National Fire Code, National Electrical Code, and the codes of the National Electrical
Manufacturer’s Association (NEMA) as a minimum. Contact your local Fire Marshall and
Electrical Inspector to determine which codes and standards apply to your specific case.

Personnel who are to install and operate the equipment should carefully study this manual
and any others referred to by it prior to installation and/or operation of the equipment.

If you have any questions regarding the installation or operation of the equipment, or if
more information is desired, contact your authorized Applications Engineering Distributor
(AED) or for 24-hour service assistance or emergency parts, call (615) 461-2501.

Siemens Industrial Automation, Inc. authorizes Turbo Refrigerating Company to reproduce the
following sections of the SIMATIC TI Series 305-8101 Users Manual (published by SIA), P/N
2593546-0030 on July 27, 1992. -

Siemens Industrial Automation, Inc. Siemens Industrial Automation, Inc.
P.O. Box 1255 3000 Bill Garland Road
Johnson City, Tennessee 37605-1255 Johnson City, Tennessee 37601

© 1992 Turbo Refrigerating Company. All Rights Reserved.
® TURBO is the registered trademark of Turbo Refrigerating Company, Denton, Texas.
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Quick Start

The Model TI325/T1330 is a
modular CPU used in the Se-
ries TI305 modular I/O sys-
tem. The CPU is installed in
a Series TI305 base which
can be a 5, 8, or 10-slot base.
It provides up to 168 I/O
points, of which 96 can be re-
motely mounted up to 3280
feet (1000 m) from the local
base.

The purpose of Quick Start
section is to get the experi-
enced user started in the
shortest possible time.

1. Unpack the equipment.

2. Insert a CPU module into
slot 1 adjacent to the
power supply, an input
module, or input simulator
(305-01S), into slot 2, and
an output module into slot

MODULAR CPUs

CAUTION

Do not connect the 220
VAC neutral terminal when
powering the unit with 110
VAC. The unit is damaged

if 110 VAC operation is at-
tempted with this terminal
connected.

3. Connect the controller to
an AC power source. See
Figure 1-1.

WARNING

dd>d >

4. Place the mode select
switch in the PRG position
(program mode).

5. Turn unit power on. The
POWER LED on the CPU
illuminates.

6. Connect the TI305
programmer to the front of
the CPU. The
programmer display reads
0.0.0.0. and the ADR LED
illuminates. See Figure
1-2,

7. Clear program memory

To minimize risk of poten-
tial shock hazard, be sure
the unit is properly in-
stalled in the enclosure to
minimize access of electri-
cally live terminals. Only
persons knowledgeable in
the safe use of high voltage
should perform this test.

using the TI305
programimer:

CLR SHFT 3 4 8
DEL NXT

8. Place the mode select
switch on the programmer
in the RUN position (run
mode). The RUN LED
illuminates.

— AC line (115VAC)
T AC neutral

| Earth GND

Output 10 LED input 0 LED
>x\<——1yr—-—-—x fr-——’“f-%‘/ N
OUTPUT | INPUT " cPu —J ©
O".‘Ee_ R - TG - X Y oY SN serles | O
S| 2R 2E| 3R =
2|25 2| 2 m— 3‘5["_':
haa~——— 8
0yl
S
° u ]
Q' © M» Q
\ 7 J N -

.
.

T

\, AL A
T, T T 3 T T

Slot3 Slot2 Sot 1

Figure 1-1 Model TI325/T1330 Controller

Modular CPUs
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9. Test an output using the 10. Test an output using an + Enter the following
output module installed in input module. If an input keystrokes from the
slot 2. module is installed in slot programmer:

1, proceed as follows:
+ Enter the following STR SHFT 0 ENT
instruction from the + Turn controller power
programmer to force an off. OUT SHFT 1 O
output on. For this test, ENT
use output 10. + Hard-wire an input
device, such as a + Place TI305
SET SHFT 1 0 ENT switch, to the first programmer mode
terminal on the input select switch in the
« Output 10 LED on the module. RUN position (run
output module mode).
illuminates. « Tum controller power
See Figure 1-1. on. + Close the switch
hard-wired to the input
+ Turn output 10 off + Place TI305 module. The LED
using the programmer Programmer mode labeled O on the output
as follows: select switch in the module illuminates.
PRG position See Figure 1-1.
RST SHFT 1 0 ENT (program mode).
See Figure 1-2. 11. If you encounter

problems with the
procedure, repeat steps
5-10. If the problems
persist, refer to section 2
— Trouble-Shooting &

Maintenance.
I
s N\
ADRLED
o 1 o L
Run LED @D T @S [
T . 1 s 1 5
- ADDRESS/DATA (OB (OW) (KB
ONIOFP™RUN BATT (stn) = oD
o gy @b @
7 8 ° ; = ; .
| model (7] &9 2] [l [oz) [o]
4 5 6 CHECK
o | Q00 () B9 o (5 () 5
1 2 3 READ
\RU.N P:tc;:..om_mE @
O B[ [ & [
¢ TEXAS INSTRUMENTS
/
I
Figure 1-2 TI305 Programmer
Modular CPUs
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o) istic Specificati

Except where noted, specifications apply to both TI325 and TI330 models.

Table 1-1 Characteristic Specifications

Item Rating
Programming Relay ladder logic
Scan rate Average 12 ms, 1k words
Program capacity, TI325 0.7k RAM
1.7k Expansion RAM
» 1.7x EPROM
Program capacity, TI330 3.7k RAM
3.7 EPROM

Program memory

I/O points
Control relays
Shift register bits

Timer/Counters
Special internal relays

Battery backup

Diagnostic checks

Status display

Cassette tape interface

CMOS RAM (lithium battery backup, 5 years)
Option: EPROM HN27256G-25 or
TI part (325-ROM)

168 maximum
140 (28 selectable for memory retention)
128 (retentive)

64 timer/counters

Timer: 0.1-999.9 sec or 0.01-99.99 sec

Counter: 1-9999 (4 timer/counters are for external setting
with thumbwheels or timer/counter setpoint unit)

0.1 sec clock
Battery low ~
Pause relay

Internal reset

Lithium battery

CPU

Memory

Battery
Grammatical error
I/O base voltage

I/O internal relay

Shift register

16-point display

T/C accumulated value
On-off status

CPU error

Battery low

830 baud (75 seconds average time per 1.7k words)

Modular CPUs

6/94 Turbo Refrigerating Company 3




Diagnosti

The TI1325/T1330 models are
equipped with self-
diagnostics for the following
functions.

Supply Voltage Low

The CPU stops base opera-
tions in the event of a voltage
drop. If the voltage drop oc-
curs in an expansion base, the
CPU shuts down only the af-
fected base.

CPU Error LED

If CPU failure occurs, the
RUN output is turned off and
program execution is
stopped. All displays be-
come blank except for the
power and CPU indicators.

Parity Error

If a parity error is detected
when the power is applied or
the RUN mode is selected,
the CPU stops operations and
error code E21 is displayed.

Battery Voltage Low

If, at any time, the battery
voltage drops below 2.5V,
the BATT light comes on.
Normal CPU operation con-
tinues. Internal relay 377 en-
ergizes when the battery volt-
age is low.

Programming Error

Any of the following cause
the programmer to display a
corresponding error code:

» Invalid instruction
sequence.

« I/O address errors.

« Incorrect cassette tape
recorder operation.

4 Turbo Refrigerating Company 6/94

Note:

Error code breakdown may
be found in section 4 — Pro-
gramming Error Messages.

/O Circuit Check

The I/O display or monitor-
ing feature helps define
whether trouble occurred in
the controller operation, I/O
module operation, or field
side.

Note:

You can use the programmer
to turn output signals on and
off. To force the state of an
1/0 reference, refer to section
3 — System Programming.

Model
TI325/T1330 CPUs

The CPU module (TI325-07
or TI330-37) is the heart of
the programmable controller.
It consists of the program
memory, systemn ROM, arith-
metic section, and backup
battery.

Note:

The CPU module is active
only when it is inserted im-
mediately to the left of the
power supply unit. It does

not work in any other loca-

tion. See Figure 1-3.

Table 1-2 explains the CPU
module operation status dis-
play shown in Figure 1-4.

Table 1-2 CPU Status LED Display

LED Status

RUN Shows that the CPU is in the RUN mode
when on.

BATT Shows that the lithium backup battery

voltage for RAM backup is low. When
this LED is lit, replace the battery as
soon as possible.

CPU error

Lights when the watchdog timer is not

processed within 180 mS because of
some failure of CPU operation. Should
this happen, the RUN output from the
power supply also turns off.

POWER supply

Reflects the condition of the 5 V power

supply. It is on when DC power is
within the correct operating range.

Modular CPUs
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& [
x = © ==
11 11
CPU Power cPU Power
supply supply

Figure 1-3 CPU Mounting Location

P cmcsmin W
|~ Run On Run Mode
e Oif Program Mode
A
[T™—Batt On Battery Low
ot Battery Good
\ CPU On  CPUEror
Ott CPU Good
| Power On 5V Power Good
Power Supply Failure

Figure 1-4 CPU Module Status Display

Note;:

The program memory has a
parity bit for use in parity
checking when the power
source is turned on or when
the operation mode s
changed to RUN. If this
check is completed satisfac-
torily, the controller enters
RUN mode. If a parity error
is detected, the controller
does not enter RUN mode un-
til the error is cleared; how-
ever, the CPU error LED re-
mains unlit. Error code E21
is displayed if programmer
TI305-PROG is mounted.

Modular CPUs

Use caution when storing and
transporting the CPU module.

When removing the CPU
module from the base, ob-
serve the following precau-
tions.

* Allow the internal voltage
to drop to zero before
removing the CPU. This
takes about 30 seconds
after the AC power supply
is shut off.

+ Avoid shorting the
module, since this can
result in an alteration of
RAM.

» Place the CPU module in a
thick, soft paper bag or
protect it by other suitable
means. Never wrap it in
conductive plastic or an
antistatic bag, as is usually
done with IC cards.

6/94 Turbo Refrigerating Company 5




Model T132 i nen nti i xpansi
Status indicators ~ CPU module Power supply
Base unit
Power supply
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= Run output
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3
a

Vi

Connector for

Expansion programmer

connectors

Plug-in /O moduies

Figure 1-5 Series TI305 Controller Major Component Identification
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The CPU processes data by cyclic operation execution; the response time from receiving a signal
to sending it varies with the input timing and program contents. See Figure 1-6.

Raad Inputs

Execute Laddar Logic

Extemal Communication

Executa Forcad /O Requests

4 | Update Outpuss

Figure 1-6 CPU Processing

Modular CPUs 6/94 Turbo Refrigerating Company 7




!
PR
Al o f A \n'./» a
K i o

Modular CPUs

8 Turbo Refrigerating Company 6/94




) TROUBLE-SHOOTING & MAINTENANCE b

Overview

This section contains instruc-
tions for trouble-shooting the
Series TI305 System to iso-
late faulty functions and com-
ponents. Specific procedures
are included for battery re-
placement and subsequent
restoration to normal opera-
tion.

CPU module

Trouble-shooting and mainte-
nance must be done only by
authorized personnel who are
trained and experienced in
electrical and electronics
safety practices.

Midget piug

Trouble-shooting the Series
TI305 System consists of ob-
serving system operation for
malfunction symptoms and
isolating the fault. Table 2-1
lists the most probable causes
for typical malfunction Symp-
toms. A reference to a de-
tailed trouble-shooting proce-
dure is lsted for each
probable cause.

Connector

Figure 2-1 Replacing Battery in Model TI325/TI330 Controller

Trouble-Shooting & Maintenance
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Table 2-1 Trouble-Shooting Symptoms

Symptom Probable Cause Paragraph
BATT LED indicator on Low battery voltage Replacing
Controller
Battery
Run LED OFF Place system in Run mode (2)
CPU failure (3)
Single input point defective Input module faulty (5
Mounting base faulty (7)
Programming error (8)
CPU faulty 3)
Single output point defective Output module faulty (6)
Mounting base faulty (7
Programming error %)
CPU faulty (3)
Multiple inputs or outputs on one base defective ~ Mounting base faulty (7)
Programming error )
CPU faulty 3)
- Multiple I/O defective Input module faulty (5)
Output module faulty (6)
Mounting base faulty (7)
Programming error 9)
CPU faulty 3)
All I/O past a single point defective Mounting base faulty €))]
Interconnection cable faulty (8)
Scrambled memory (2)
No LEDs on AC power off Ensure AC
power is on
Power supply fuse blown )
CPU LED off CPU failure 3)

10 Turbo Refrigerating Company 6/94
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Replacing The
Model TIQZQ/TIQQQ
Controller Battery

The battery maintains RAM
memory during times when
AC power is turned off to the
controller. It is important
that battery replacement takes
place within 10 days after the
BATT LED indicators turn
on. Otherwise, RAM memo-
ry might be lost.

During the period between
disconnecting the old battery
and connecting the new one,
RAM memory is maintained
by the charge on a capacitor.
Connect the new battery as
quickly as possible to avoid
discharge of the capacitor and
subsequent loss of RAM
memory. Capacitor charge
maintains RAM memory for
approximately 10 minutes.

Replace the Battery using the
following procedure:

1. Tumn off AC power to the
controller.

2. Remove CPU module.

3. Cut plastic bands that hold
battery to the CPU board
or remove battery from the
battery clip.

4. Disconnect battery leads
by removing midget plug
from board connector.

5. Connect new battery and
secure it with new plastic
bands to the CPU board or
place the battery in the
battery clip on the CPU
board.

6. Install CPU module and

turn on power to
controller.

Trouble-Shooting & Maintenance

7. Check BATT LED
indicators to make sure
that they are out. (Both
controller and programmer
LEDs must be off.)

See Figure 2-1 on page 9.

Trouble-Shooting
Models

TI315/T1325/TI330

Introduction (1)

During normal operating con-
ditions, the power source
(PWR) and RUN LEDs on
the unit are on and the CPU
and BATT LEDs are off.

A lighted BATT LED indi-
cates a failing battery. Re-
place the battery using the
procedure on this page.

A lighted CPU LED will oc-
cur 100 ms after a CPU prob-
lem is detected. The 100 ms
delay is introduced by the in-
ternal watchdog timer:

If the CPU error is caused by
a parity error, E21 appears in
the ADDRESS/DATA dis-
play section of the program-
mer. Parity error checking
and correction are covered in
paragraph 2.

If a parity error is not in-
volved, the CPU itself has
failed or has generated false
data for some reason. CPU
trouble-shooting is covered in
paragraph 3.

Checking Program
Memory Error (2)

A program memory error is
indicated by the message E21
appearing in the programmer
ADDRESS/DATA  display
section. The error message is
displayed when switching
from the PRG mode to the
RUN mode.

To display the error, switch
the CPU to the PRG mode
and press CLR SCH. The ad-
dress at which an error was
found is displayed. To dis-
play the invalid instruction,
press NXT and re-enter the
correct instruction. The CPU
can be switched to the RUN
mode. If E21 reappears, re-
peat the previous steps to cor-
rect the remaining error loca-
tions.

All invalid instructions must
be cleared before the control-
ler enters the RUN mode. Fr-
ror E21 could indicate that
the CPU memory has been
scrambled. To correct the
problem may require clearing
the memory. After the mem-
ory has been cleared, switch
the CPU to the RUN mode.
If the RUN LED comes on,
the CPU is most likely func-
tioning properly. If the RUN
LED does not come on, the
CPU could be defective. If
the RUN LED comes on,
switch the CPU to the PRG
mode and re-enter the pro-
gram.

If error E21 is re-occurring
under normal operation, the

. CPU could be defective or

electrical noise could be
causing the CPU memory to
be scrambled.

6/94 Turbo Refrigerating Company 11




Trouble-Shooting A
CPU Error (3)

If the CPU LED is lighted
and no parity error is indicat-
ed, turm off AC power mo-
mentarily, then tum AC pow-
er back on.

If normal run operation re-
sumes, the cause of the prob-
lem is excessive noise intro-
duced by the AC power
wiring. Take measures nec-
essary to shield the wires
against noise.

A CPU error is detected by
the watchdog timer approxi-
mately 100 ms after the error
occurs. The watchdog timer
turns off the outputs and, at
the same time, resets the CPU
and I/O modules.

Following a CPU error shut-
down, momentarily tum off
AC power, then turn it back
on. If the error remains, the
CPU may be defective. If
normal operation resumes but
re-occurs periodically, the
CPU could be defective or
electrical noise could be
causing the CPU error.

1/0 Circuit Check (4)

For greatest accuracy, make
the I/O circuit check through
the multi-point operation stat-
us monitoring method, using
the 305-PROG programmer.
This method allows signals to
be displayed exactly as they
are applied to the CPU.

Note:

TI305 Modular 1/O Input
Status LEDs indicate the con-
dition of the input terminal
and not the condition of the
controller logic. An input

module can be defective even
if the input status LED shows
proper operation. The modu-
lar I/O input status LED
should be compared with the
corresponding  programmer
I/O indication. If there is a
difference between the two,
the input module probably is
defective.

WARNING

To minimize the risk of per-
sonal injury or property
damage, disable all power
to the system before install-
ing or removing /O mod-
ules.

Trouble-Shooting
Input Modules (5)

When you suspect a module
is defective, first try the mod-
ule in a different slot. If the
module does not work in a
slot you know is operative,
check for wiring problems
and trouble-shoot the user-
power supply as follows:

1. Measure the voltage
across the input terminals.
If the voltage is not within
the specified range, check
for a problem with the
input module
user-supplied power
source.

2. If the voltages at module
terminals are correct,
measure voltage at input
devices. If the correct
voltages are not present,
the problem is in the field
wiring.

12 Turbo Refrigerating Company 6/94

Trouble-Shooting
Output Modules (6)

When you suspect a module
is defective, try the module in
a different slot. If the module
does not work in a slot you
know is operative, check for
wiring problems and trouble-
shoot the user-power supply
as follows:

1. Measure the voltage
across the output
terminals. If the voltage is
not within the specified
range, check for a problem
with the output module
user-supplied power
source.

2. If the voltages at module
terminals are correct,
measure voltage at output
devices. If the correct
voltages are not present,
the problem is in the field
wiring.

Trouble-Shooting
TI305 Module /O
Mounting Base (7)

Fuse Replacement
If there is correct input power

to the base, none of the status
LEDs on the programmer
turns on, and the controller is
inoperative, the problem may
be a blown fuse. If the fuse
is not blown, the base is most
likely defective and must be
replaced. Procedure for
checking the fuse:

1. Disconnect power from
the base.

2. Remove programmer and
peripherals from base.

3. Remove power supply

cover by unscrewing two
SCTEwS.

Trouble-Shooting & Maintenance
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4. Remove fuse and check
with an ochmmeter.

3. If fuse is an open circuit,
replace it with the proper
amperage fuse contained
in the 305-ACK-2
accessory kit or equivalent
fuse.

6. Reinstall power supply

cover and re-connect
system.

Trouble-Shooting & Maintenance

Checking Cables (8)

The easiest way of checking
cables is to replace the sus-
pected cable with a known
good cable. If a known good
cable is not available, check
cable and connector ends for
damaged pins. Check conti-
nuity using an ohmmeter.
Also check for pin-to-pin
shorts.

Programming Errors (9)

In the event of a program-
ming error, compare each
step against the documenta-
tion to ensure accuracy of the
program in RAM.

If you are programming with
TISOFT, check the program
contents. Observe for proper
operation of outputs, timers
and counters with respect to
inputs.

If only the 305-PROG Pro-
grammer is available, observe
the on/off indicator as each
contact is turned on. Refer to
section 3 — System Program-
ming for more information.

6/94 Turbo Refrigerating Company 13
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TI1305 Programmer

The TI305 programmer (Fig-
ure 3-1) provides the pro-
gramming interface for the
controller. ~ With the pro-
grammer, you can perform
these tasks:

* Enter program instructions
into the memory of the
controller.

+ Edit existing programs or
instructions.

* Trouble-shoot program
operation.

» Test the controller for
proper internal operations.

Note:

As an alternative to using the
TI305 programmer, you can
use the TISOFT operating
system with an IBM XT/AT-
compatible computer. You
can order TISOFT and the TI-
SOFT User's Manual (part
number PC305-6201). A
Data Communications Unit is
also needed to interface the
unit to the TI305. There are
two versions:

1. 305-03DM —- this RS-232
version will connect
directly to the RS-232 port
on your computer by using
a null modem cable
(TI P/N VPU200-3605).

' System Programming

2. 305-02DM — this RS-422
version will connect to a
RS-422 port. To interface
the 305-02DM to a
RS-232 port, you can use a
RS-232 to RS-422
converter (FACT
Engineering 305-DCU-U
or equivalent). This
converter mounts directly
on the 03DM; TI cable
P/N 500-3602 will connect
the converter to your
computer.

For additional information,
contact your distributor, or
call 24-hour service assis-
tance or emergency parts at
(615) 461-2501.

Modes Of Operation

The programmer has three
modes of operation, deter-
mined by the switch position:

Run Mode

In run mode, the controller
scans and executes the ladder
logic program.  You can
monitor program functions
(operation codes) and param-
eters, but you cannot alter the
program while in run mode.

Program Mode

In program mode, the con-
troller does not scan or exe-
cute ladderlogic programs.
You can enter or edit instruc-
tions or parameters while in
the program mode. In pro-
gram mode, the run indicator
is off.

Load Mode

In load mode, you can record
a program in CPU memory
onto a cassette tape, or you
can load a program from a
cassette tape into the CPU
memory.

Operation

The programmer provides the
means for entering program
instructions into the control-
ler memory and for initiating
nonprogramming functions.
The function keys, mode se-
lection switch, and display
are shown in Figure 3-1.

Instruction LEDs

ADR
This LED is on when an ad-
dress is being displayed.

SHE

This LED is on when you
press SHE. The illuminated
LED means that future key
functions correspond to the
labels above the selected key.

DATA

This LED is on when you are
monitoring the contents of a
register; the address/data dis-
play shows a four-digit BCD
value in that register.

REG

This LED is on when you are
monitoring the contents of a
register; the address of the se-
lected register is shown in the
address/data display.

Keylock Switch

Keylock switch selects the
operating mode of the con-
troller. It can be turned to
any position during program-
ming, program execution, or
load operations without turn-
ing controller power off.

6/94 Turbo Refrigerating Company 15
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Figure 3-1 TI30S5 Programmer
Command Keys INS allows you to insert logic ~ Data/Register Keys

CHECK allows you to verify
that a program was sSuccess-
fully recorded from CPU
memory to an audio cassette
recorder, or loaded from an
audio cassette recorder to
CPU memory.

READ allows you to load a
program from an audio cas-
sette recorder to CPU memo-

Iy.

WRITE allows you to save
(record) from CPU memory
to an audio cassette tape.

MON in run mode, allows
you to monitor 16 I/O refer-
ences at one time; you can
also monitor current values of
timers and counters.

Edit Keys

DEL when a program instruc-
tion is displayed in the ad-
dress/data area, pressing DEL
PRV deletes that instruction
from CPU memory.

instructions between existing
logic instructions.

ENT completes a logic entry.

CLR clears previously en-
tered instructions.

SHF changes the command
keys to numeric keys, and the
function keys SCH, PRV, and
NXT to the functions labeled.
above those keys.

SCH - allows you to locate
logic instructions, or refer-
ence numbers (contact
points), for a memory ad-
dress.

PRV causes the previous
memory address or instruc-
tion to be displayed. Other
uses are described throughout
this section.

NXT causes the next memory
address or instruction to be
displayed. Other uses are de-
scribed throughout this sec-
tion.

16 Turbo Refrigerating Company 6/94

E allows you to enter a two-
digit data operation or func-
tion value.

R selects a data register or a
timer/counter  accumulated
data register, or selects a
group reference  number
when programming data op-
eration insfructions.

Status LEDs

ON/QFF reflects the status of
CPU memory for the instruc-
tion being displayed.

RUN is on when the mode
selector switch is in the RUN
position (run mode).

PWR is on when controller
power supply is functioning
properly.

BATT is on when internal

battery is at a low power lev-
el and must be replaced.

System Programming
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CPU is on when there is an
internal hardware fault.

Address/Reference Display is
a four-digit display showing
the location of either the
memory address or the pro-
grammed instruction. When

an address is displayed, peri-
ods appear at the bottom right
corner of each digit, and the
ADR LED is on.

Example: 0.0.0.1.

Table 3-1 TI305 Programmer Functions

Programmer Functions

Table 3-1 lists the functions,
the keystrokes required to en-
ter them, and the modes in
which the functon can be
performed. Function opera-
tions are fully explained in
sections that follow the table.

Function Keystrokes Mode
RUN PRG LOAD
Go to Run mode. Turn mode select switch to the RUN position. .

Go to Program mode (PRG). Turn mode select switch to the PRG position
CLR SHF 3 4 8 DEL NXT

Clear memory.

Go 1o beginning of program. SHF NXT

*
.

Display an address. SHF [Address] NXT

Display next address. NXT

Clear display. CLR [Clears previously entered command
and present address is displayed]

Display program. [Instruction] NXT

[Previous instruction] PRV

Write instruction.

[Instruction] SHF -

[Data] ENT

Edit instruction.

[Instruction] SHF

[Data/Memory] ENT

Insert instruction.

[Address or Instruction] SHF

[Data] INS NXT

Delete instruction.

DEL PRV

Insert End.

Search for a specific

CLR SHF INS NXT
Display address by entering

Display the instruction to delete and press

instruction. [Instruction] SHF
[Data] SCH
Display the instruction by pressing NXT . .
System Programming 6/94 Turbo Refrigerating Company 17




Table 3-1 TI305 Programmer Functions (continued)

Function

Keystrokes

Mode
RUN PRG LOAD

Search for a specific
reference.

Multiple status operation.

Monitors 16 bits from
specified starting address.

Timer/counter accumulated
value or data registers.
Monitors one timer or
counter accumulated value
or data register.

On/off status. If the
instruction is displayed, the
on/off coil display LED
reflects the status of the
contact or coil.

Force discrete references*.

Force timer/counter*
accumulated value.

Force data register value*.

Check program grammar.

Cassette Operation

Record data to cassette tape.

Load memory from
cassette tape.

Verification of cassett tape.

Display address by pressing NXT

Display the reference number by pressing
SHF [Memory reference] SCH

Display next used reference by pressing
SCH again

Use grammar check to locate vacant address

SHF [Memory reference] MON

Change range of display by pressing
PRV or NXT

SHF 6 [Memory reference] MON

On=SET SHF [Memory reference] ENT

Off =RST SHF [Memory reference] ENT

Display address and press
SHF [Value] ENT

R [Reg number] MON RST -
SHF [New value] ENT

CLR SCH

[File No.] WRITE NXT

[File No.] READ PRV
[File No.] CHECK SCH

* Force operates for only one scan.

Note:

YT re '(

The I/O references in the Series TI305 controllers are numbered in octal, which is also known as
base 8. 1/O points are counted as usual from O to 7. Since 8 and 9 are not used, the next point af-
ter 7 is numbered 10. When the count reaches 17, the next point is 20. The point following 77 is

numbered 100, and so on.

-
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Clear Program Memory

To clear entire contents of
logic memory, place the pro-
grammer in PRG mode and
enter the following key-
strokes:

CLR SHF 3 4 8 DEL NXT

After all memory has been
cleared, the address/data dis-
play is 0.0.0.0. and the ADR
LED is on. To cancel the
clear function, press CLR in-
stead of NXT.

Display User Memory

When operating in the pro-
gram or run mode, this func-
tion sequence allows you to
select and display a specified
memory address, and the log-
ic content of that address.

Displaying Address 0
Press SHF NXT at any time.

Displaying A
Specified Address
To display, for example, the

logic in address 123, press
SHF 1 2 3 NXT. The se-
lected address, 0.1.2.3., is
displayed.

Locating An Unused Address
Or Grammar Check

Press CLR SCH to locate the
first available location (end
statement).

Changing From Address
Display To Instruction

Display
To change the address dis-

play to an instruction display,
press NXT. The logic con-
tent of the memory is dis-
played.

System Programming

Write/Edit An Instruction

To change memory data at a
particular location:

1. Place the mode selector
switch in the PRG
position.

2. Press PRV or NXT until
the instruction to be
changed is displayed.
Enter the new instruction;
for example: AND SHF 4.

3. Press ENT. The new
instruction replaces the
previous instruction at that
memory location, and the
next address is displayed.

Insert An Instruction

To insert an instruction be-
tween two existing instruc-
tions, follow these stéps:

1. Place the mode selector
switch in the PRG
position.

2. Press PRV or NXT to
display the instruction
before which the new
instruction is fo be
inserted.

3. Enter the new instruction;
for example: AND SHF 4.

4. Press INS. The address
display shows a lower case
i in the left digit of the
display.

5. Press NXT to confirm the
insert. The display shows
the address of the next
instruction.

Delete An Instruction

To delete an instruction, use
these steps:

1. Place the mode selector
switch in the PRG
position.

2. Press PRV or NXT to
display the instruction to
be deleted.

3. Press DEL. The address
display shows a lower case
d in the left digit of the
display. :

Note:

To cancel the delete function,
press CLR before performing
step 4. The display returns to
the instruction being consid-
ered for deletion.

4. Press PRV to confirm the
delete function. The next
address is displayed. The
remaining instructions
automatically back up one
address location toward
0.0.0.0. to fill the empty
memory.

Monitoring I/O Status

You can monitor a total of 16
I/O references at any time,
beginning with an address
you select. Each reference is
within a group of eight refer-
ences. The I/O status of the
group with the selected refer-
ence, and the next higher
group of eight, is indicated by
illuminated LEDs.

1. Place the mode selector
switch in the RUN
position.

6/94 Turbo Refrigerating Company 19
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Figure 3-3 Timer/Counter Accumulated Value Display

2. Select the reference to be
monitored. For example,
to monitor input 6, press
SHF 6.

3. Press MON. The display
shows a character
followed by the lowest
reference in that group.
From the example in step
2, the value 000 is
displayed.

The first eight LEDs
represent the status of the
group with the selected
memory reference; the
status of the next memory
reference is indicated by
the last eight LEDs. 1/O
monitoring with LEDs is
shown in Figure 3-2.

4, You can use PRV and
NXT to scroll forward or
backward in increments of
eight.

Monitoring Timer Or
Counter Values

To monitor the accumulated
value of a timer or counter:

1. Place the mode selector
switch in the RUN
position.

2. To specify the
timer/counter number,
press SHF and the
identifier keys. For
example, to monitor the
operating value of timer
617, press:

SHF 6 1 7 MON

20 Turbo Refrigerating Company 6/94

The current accumulated val-
ue of the specified timer/
counter is displayed in the ad-
dress/data area, and the LEDs
representing the last two dig-
its of the timer or counter are
illuminated.
time is displayed in 0.1 sec-
ond increments. See Figure
3-3 for an example.

Monitoring Data Register
Values

To monitor the value of a
data register, place the mode
selector switch in the RUN
position.  Specify the re-
quired data register. For ex-
ample, to monitor the value
of data register 400, press R
4 0 0 MON. The value of
the data register is displayed
in the address/data area.

System Programming
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Changing Timer/Counter
Accumulator Values Or
Data Specified Data
Register Values

1. Monitor the specified
timer/counter reference or
the specified data register
by typing the following
keystrokes:

data register
CLR R 4 0 0 MON

or

timer/counter reference
CLR R 6 0 0 MON

2. Change the value of the
specified timer/counter
reference or the specified
data register by pressing:

data register
SHF New Value ENT

or

timer/counter reference
SHF New Value ENT

Searching

The search operation allows
you to locate logic instruc-
tions or reference numbers
(contact points) for memory
addresses. To search for an
instruction, use the following
procedure.

1. Place the mode selector
switch in either the PRG
or RUN position.

2. Enter the instruciton
whose memory is to be
searched. For example,
press OUT SHF 2 0
SCH. The first memory
address for the instruction
is displayed. If the
Instruction is nonexistent,
error code E99 is
displayed.

System Programming

3. Press NXT to verify the
instruction for the address
displayed.

4. Pressing CLR causes the
address to be displayed
again.

5. If you continue to press
SCH while the memory
address is displayed, the
controller searches for
other addresses that have
the same instruction. If
searching is continued to
the end of the program, it
wraps around to memory
address zero until an
instruction-address match
is detected.

To search for a particular ref-
erence (contact point), use
the following procedure.

1. Place the mode selector
switch in either the RUN
or PRG position.

2. Enter the contact point.

For example, to find the
memory address for
contact point 10:

Press SHF 1 0 SCH.
The memory address for
the contact point is
displayed. If the contact
point is nonexistent, error
code E99 is displayed.

3. Press NXT to display the

contact point number for
the address location
displayed.

4. If you continue to press

SCH while the memory
address is displayed, the
controller searches for
other addresses that have
the same contact point.

If searching is continued
to the end of the program,
it wraps around to memory
address zero until a
contact point-address
match is detected.

Monitoring A Program

Checking Status Of
IO Designators

To check the status of the /O
designators:

1. Place the mode selector
switch in the RUN
position.

2. Select reference to be
monitored by pressing
SHF and the beginning
memory reference number
and pressing MON. The
display shows a character
followed by the lowest
reference in that group. .
The references are divided
into groups of 10 (octal
system), but there are only
eight references in each

- group. For example, 0-7,
10-17, etc.

The instruction/numeric
LEDs show the status of
16 references. The first
eight LEDs represent the
status of the group with

the selected reference; the -
second set of eight LEDs
are for the next higher

- group.
3. Pressing NXT increases

the displayed reference
group by 10. Pressing
PRYV decreases the
displayed reference group -
by 10. , .
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4. Pressing the CLR clears
the monitor display.

Example of monitoring
reference 105, press:

SHEF 1 0 5 MON

The Address/Data area
displays 100. The
instruction/numeric LEDs
tells you the status of
references 100 through
107, and 110 through 117.
If the LED display is as
shown in Figure 3-4, you
can determine that
references 101, 106, 110,
114, and 117 are on.

J

0 4 0o 4

e o

1 5 1 5
[

2 6 2 6

o

3 7 3 7

«

| [

100-107 110-117

Checking T/C Accumulated
Value

To check the timer/counter
accumulated value:

1. Place the mode selcctof
switch in the RUN
position.

2. Enter the desired
timer/counter number and
press MON. The current
accumulated value of the
selected timer/counter is
displayed in the
Address/Data area, and the
LEDs representing the last
two digits of the timer or
counter is illuminated in

16 LED lamps display input/output
statuses from 2100 to #117

Figure 3-4 Example Of Monitoring
I/0 Reference Status

T I M S 4 0o 4 \
11 | __te | The h:(‘m
-~ ~— 1, 5 1 5 {‘i?\alsrlwunw
Ewol::od | ] disw are
Time Displayed 2 6 2 [ } Ex:mplo:
In 0.1 sec. 17 of numbar 617
Incramants is shown
3 7 3 7
e )
——— e
10-70 0-7

Figure 3-5 Example Of Monitoring
T/C Accumulated Value

22 Turbo Refrigerating Company 6/94

the instruction/numeric
area. Accumulated time is
displayed in seconds to
within 0.1 seconds.

3. Pressing CLR clears the
monitor display.

To see an example of check-
ing timer 617 with an accu-
mulated value of 15.3 sec-
onds:

Press SHF 6 1 7 MON.

Figure 3-5 shows the Ad-
dress/Data display and in-
struction/numeric LED dis-
play for this example
situation.

Changing Timer/Counter
Accumulator Values Or
Specified Data Register
Values

To change timer/counter val-
ues or specified data register
values:

1. Monitor the specified
timer/counter reference or
the specified data register
by typing the following
keystrokes:

data register
CLR R 4 0 0 MON

or

timer/counter reference
CLR R 6 0 0 MON

2. Change the value of the
specified timer/counter
reference or the specified
data register by pressing:

data register
SHF New Value ENT
or

timer/counter reference
SHE New Value ENT

System Programming
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& ¢ PROGRAMMING ERROR MESSAGES d P

Incorrect programmer operation and cassette recorder operation (recording/playing) are detected
and displayed on the programmer.

Invalid Operation Detected Display Code
Incorrect program syntax. EO1
Reference number out of range. E01
Program memory is full. El1
Program verification error with cassette. E25
Cassette volume not adjusted.correctly. E28
Instruction being searched for does not exist. E99
Program Syntax Error Display Code
The reference number or a slot containing an input module was

used as an output. ' E02

Stack overflow: More than eight levels of logic have been programmed.

Check the use of AND STR/ORSTR/MCS/MCR. E03
Duplicate output or timer/counter number. ' EO5
MCS/MCR PAIRS do not match. ) E06

An input contact is missing from before a CNT or SR instruction. EQ7
Missing TMR or CNT preset or shift register range. EO08

The rung does not terminate in an OUT or box instruction. E09

Program memory is full. Ell

Program memory parity error. E21

A program syntax check can be made either in the RUN mode or PRG mode.

Programming Error Messages 6/94 Turbo Refrigerating Company 23
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Additional T1315 Errors Display Code
Maximum number of high speed counter presct points exceeded. E13
Lost communication between TI315 and I/O expansion. E30
Communications framing error between TI315 and 1/O expansion. E31
Communications parity error between TI315 and I/O expansion. E32
1/0O expansion does not respond to TI315. E33

e
s

\\4
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& @) CASSETTE RECORDER OPERATION d b

IMPORTANT

It is wise to make a tape
copy of the program exist-
ing in memory before eras-
ing it to load the new pro-
gram.

ntr ion

The programs used for TUR-
BO programmable controllers

- may be stored on standard au-

dio cassette tapes. It is wise
to keep a tape copy of the
program handy in the event
that the CPU either becomes
defective, or somehow loses
its memory. -

Items Required For
Tape Operation

Hand Held Programmer
This includes the key for the
hand held programmer, along
with the audio cable which is
gray with a red tracer.

Audio Cassette Recorder
This is a standard size cas-
sette tape recorder which has
a microphone jack, earphone
jack, and a volume control.
Optionally, this should have a
digital counter.

Standard Audio Cassette
Tape (TypeI)

The “micro cassette” tapes
generally do not have the au-
dio quality required and
should not be used.

Common Problem

The most common problem
incurred during tape opera-
tion is confusion over the
proper key to depress on the
hand held programmer. The
shifted funcdon keys on the
programmer are shown in
Figure 5-1. The shifted func-
tion always corresponds to
the key directly below it.

Tape Operation

Save/Record A Program
Onto Tape (WRITE)

1. Install the Programmer
onto the CPU. Verify that
the programmable
controller has AC power.

2. Turn the mode switch on

-the Programmer to the
LOAD position.
—
= —
ADDRESS/
oHLhy Pl
i AE‘O our ugs APR
1 5 1 S
~— ADORESS DATA — (g TuR MCR  SHF
OK OFF RUK BAYT 921 CST SZT 6
] £ DATA
STATUS
DISPLAY Pw e ngr s7n agr RZG
7 8 9
LOGIC
o llIA I KEYS
—fZ 4 s 6 CHECK
KEY
Evs O E M E FEEN e
RUK PRG LOAD TapE { 2 3 READ ~o—] FUNCTION
A B e e
MGQDE .
T O
\
/ \
rs

PERIPHERAL JACK —/

Cassette Recorder Operation

AY

| S—

\—EUITING KEYS

Figure 5-1 Programmer Features
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. Connect the Programmer 6. Adjust the volume setting 12. It is recommended that
(TAPE port) to the tape on the tape recorder to the tape be rewound to
recorder (MICROPHONE approximately 75% of the where the recording
input) with the audio cable maximum setting. Ifa began and that the
(gray with red tracer). tone control is available, “Check A Program”

Refer to Figure 5-2.

. Rewind the tape to the

adjust it to 75% of the
maximum setting.

(described later) be
performed to ensure data

integrity.

beginning or to the desired 7. Begin the tape recorder

record position if multiple operation by depressing Load A Program Onto CPU
programs are to be places the RECORD PLAY (READ)

on one tape. Programs buttons.

require approximately 1.5 1. Prior to loading a program
to 4 minutes of tape per 8. Depress the WRITE key onto the CPU, the existing
program. Note counter on the Programmer. The program must be cleared
position. record operation will now from the CPU memory.

. For identification of a
program, if desired, enter a
four digit number
(0000-9999) on the
Programmer. When tape

begin.

. The ON/OFF light on the

Programmer will come on.

10. When the record is

To do this, turn the mode
switch to the PRG mode
and press the following
key sequence:

CLR SHF 348 DEL

is accessed later to load complete, the NXT NXT

the CPU, this number can Programmer will display

be used to identify the End in the Address/Data The program has now
correct program prior to display and the ON/OFF been cleared from the

altering CPU data. Ifa
program number is not as
expected, the operator can
terminate the load

LED will be off. Stop the
recorder and note the
counter position so that
the amount of tape used

CPU.

. Install the Programmer

onto the CPU. Verify that

. .

operation and get the for that program can be the programmable
correct tape without loss determined. controller has AC power.
of the existing program or .
delay incurred by loading 11. Depress the CLR (Clear) . Turn the mode switch on
a wrong program. THIS key on the Programmer to ~  the Programmer to the
IDENTIFICATION end the record operation. LOAD position.
NUMBER IS
OPTIONAL.
Microphone
jack e
ooocooo M Wi
Isl=1=1=]=, | W oNe
Koyiock 'é)'cp ocoao : g\eai .
oo Check
Loader . !} {%‘_-:-—— > ’f' 4 ! ! i I ]
| 305C-08RJ | Earphonejack Cassette tape recorder

Figure 5-2 Writing From Controller To Tape
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. Connect the Programmer

(TAPE port) to the tape
recorder (EARPHONE
input) with the audio cable
(gray with red tracer).

. Rewind the tape to the

beginning of a previously
recorded program. Enter

the program identification
number (if applicable).

. Adjust the volume setting

on the tape recorder to
approximately 75% of the
maximum setting. If a
tone control is available,
adjust it to 75% of the
maximum setting.

. Depress the READ key on

the Programmer.

. Begin the tape recorder

operation by depressing
the PLAY button.

. The Address/Data screen

of the Programmer will
flash an E28 briefly.

10. The LED corresponding

11.

to the 7/REG on the
lower right hand side of
the Programmer will light
up for approximately 10
to 15 seconds.

The Address/Data screen
of the Programmer will
display an F when the
program has been found.
If the CPU detects a
program number different
from the one entered in
step S, the Address/Data
screen of the programmer
will display PASS.

Cassette Recorder Operation

12. When the load is
complete with no errors,
the Programmer will
display END in the
Address/Data display.
Stop the recorder and
note the counter position
so that the amount of tape
used for that program can
be determined.

13. Depress the CLR (Clear)
key on the Programmer to
end the record operation.

Check A Program With
The Tape Copy (CHECK)

1. Install the Programmer
onto the CPU. Verify that
the programmable
controller has AC power.

2. Turn the mode switch on
the Programmer to the
LOAD position.

3. Connect the Programmer
(TAPE port) to the tape
recorder (EARPHONE
input) with the audio cable
(gray with red tracer).

4. Rewind the tape to the
beginning of a previously
recorded program. Enter
the program identification
number (if previously
recorded).

5. Adjust the volume setting
on the tape recorder to
approximately 75% of the
maximum setting. If a
tone control is available,
adjust it to 75% of the
maximum setting.

6. Depress the CHECK key
on the Programmer.

7. Begin the tape recorder
operation by depressing
the PLAY button.

8.

The Address/Data screen
of the Programmer will
flash an E28 briefly.

. The LED corresponding to

the 7/REG on the lower
right hand side of the
Programmer will light up
for approximately 10 to 15

~ seconds.

10. The Address/Data screen

11.

12.

of the Programmer will
display an F when the
program has been found.
If the CPU detects a
mismatch between the
contents of the tape and
the CPU logic, the
Address/Data screen of
the programmer will
display E25. A steady
E28 indicates that the
play level of the recorder
is wrong. The CHECK
operation should be
stopped, the volume/tone
re-adjusted, and the
operation restarted.

When the check is
complete with no errors,
the Programmer will
display END in the
Address/Data display.
Stop the recorder and
note the counter position
so that the amount of tape
used for that program can
be determined.

Depress the CLR (Clear)
key on the Programmer to
end the record operation.
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Memory
Functions

IO Points

Control relays
Non-retentive
Retentive

Shift registers

Timers/counters

Sequencers

Data registers

TI325/T1330

Mem

Ref Dac
000-157 112
700-767 56
160-337 112
340-373 28
400-577« 128
600-677 64
600-677 64
400-577+ 64

TI315

Mam

Ref Dec
000-137 96
140-277 96
300-372 59
140-372 155
600-623 20
600-623 20
N/A

External TMR/CNT Memory

Reference Ranges

TI325/T1330 647-677
Ti315 600-623

nou

Shift and Data Register References

* Shift register references 400-577 are
discrete references. Data register
references 400-577 are byte references

(TI325/TI330 only).

Speclal Function Relays

Set retentive control relays 3732
First scan reset 374
0.1 second clock 375
Programming Error Messages
g g g Disable all outputs 376
EO01 Programming error Battery status 377
E02  Data/memory reference error Set 0.01 second timer 7701
E03  Stack overflow _ External diagnostic coil 7711
EOS  Output or TMR/CNT duplicated
E06 MCS/MCR mismatch Data 0peraﬂ°n Relays
EO7  CNT or SR missing element .
E08  TMR, CNT, or SR missing vaiue Accumulator is < 772!
E09  Rung not complete Accumulator is = 773!
E11 Memory full (RAM) Accumuiator is > 7741
E21 Memory parity error Accumulator carry/borrow 7751
E25  Tape/CPU verify error Accumulator is zero 7761
E28 Records volume level incorrect Accumulator overflow 777
E99 ":f)"‘r‘:f;gggg searched not in _ ' Valid in TI325/T1330 models only.
prog v 2 Valid in TI315 model only.
Programmer Functions
Clear memory CLR SHF 3 4 8 DEL  NXT
Display address CLR
Display instruction NXT
Goto address SHF — — — NXT
Edit instruction — — — SHF — —_ — ENT
Insert instruction — -— — SHF — — — INS NXT
Delete instruction Display instruction=  DEL PRV
Insert end CLR SHF INS NXT
Search — — — SHF — — — SCH
Monitor SHF — — — RST
Force ON SET SHF — — - ENT
Force OFF RST SHF — — — ENT
Syntax check CLR SCH
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Data Instructions

F50 (D*STR)
F51 (D*STR1)
F52 (D*STR2)
F53 (D*STR3)
)

t

!

Load 2 bytes into accumulator
Load 1 byte into accumulator
Load high bits into accumutator
Load low 4 bits into accumulator

F74 (DIV)

F75 (D*AND)

!

Divide accumulator by 2-byte
reference 4-digit constant

Bit AND 2-byte reference/4-digit
constant with accumulator

Results of Math instructions are stored in the accumulator.
Multiply and Divide instructions store the result in 4 bytes.
The accumulator and data registers 576 and 577 are used to store the result.

F55 (D"STR5) — Load 16/mdl into accumulator F76 (D*OR) - Bit OR 2-byte reference/4-digit
F60 (D*OUT) -~ Write accumulator to 2-byte constant with accumulator
reference F80 (SR) — Accumutator shift right “n” times
F61 (D*OUT1) ~ Write accumulator (low byte) to F81(SL) — Accumulator shift left “n” times
1-byte reference F82 (DEC) - Accumulator (low 4 bits) are
F62 (D*OUT) -~ Write accumulator (low 4 bits) to decoded to a decimal number. A
1-byte reference (high 4 bits) “1" is placed in the corresponding
F63 (D*OUT3) — Write accumulator (low 4 bits) to bit in the accumulator (1-15)
1-byte reference (low 4 bits) F83 (ENC) - Accumutator (1 bit on) is encoded
F6s (D*OUTS) ~ Write accumulator to 16/mdi {out) to a 4-bit code representing the
F70 (CMP) — Compare 2-byte reference/4-digit decimal number 1-15
constant to accumulator F84 (INV) ~ Logically invert accumulator
F71 (ADD) — Add 2-byte reference/4-digit F85 (BIN) — Convert BCD to binary
constant to accumutator F86 (BCD) - Convert binary to BCD
F72 (SUB) — Subtract 2-byte reference/4-digit F20 (FAULT) -~ Display BCD numberon
constant from accumutator programmer display
F73 (MUL) — Multiply 2-byte reference/4-digit
constant by accumulator
Notes: All Math instructions use BCD format.

Ti1325/T1330 CPU Jumper And Dipswitch Settings

Ti325 Memory Specifications
Standard
Equipment Expansion
RAM RAM EPROM
Switch (701 words) (1.723 words) (1.723 words)
ON ON OFF
Dipswitch 2 E B g
2 2 2
jo]
Jumper 1 D D D
a (8]
a
Jumper 2 D D D
) a 8]

Dipswitch Functions

Dipswitch 1 Cn Retain coils
Clear coils
Dipswitch 2 On CMOS memory
PROM memory

30 Turbo Refrigerating Company 6/94

Memory
TI330 Specifications
3.7k 3.7k
Switch RAM | |EPROM
ON OFF

Dipswitch 2 E Q

2 2

o

Jumper 1 D D
[u]

g

Jumper 2 D D
a

Jumper 3 d_ ] =
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Note:

All TURBO models shipped
after October 1993 contain a
model 335 or 340 CPU with
an EEPROM chip which con-
tains the user program. TUR-
BO has enabled the EE-
PROM and retentive control
relays by using the following
CPU configuration (refer to
Table 7-1 and Table 7-2):

1. Dip switches 1 and 2 ON.

2. All other dip swiches
OFF.

3. Jumper in the middle (2)
position.

The  335/340 CPU is
equipped with standard RAM
memory for user program
storage. You can install an
optional EEPROM or EP-
ROM. The user program
stored in the standard RAM
memory will not be destroyed
even if the EEPROM or EP-
ROM is installed, as long as
it is backed up by battery. To
help ensure equipment com-
patibility, use only the EE-
PROM/EPROM model sup-
plied by your distributor.

Program Storage In
EEPROM

The 335/340 CPU offers the
option for saving your RLL
program in a non-volatile
form using an Electrically
Erasable Programmable
Read-Only Memory (EE-
PROM, Industry #28C64;

Model 335/340 CPU

Siemens, PPX:2587681-
8029, quantity 1) integrated
circuit. A separate program-
ming device is not necessary.
Once  programmed, an
EEPROM can be removed
and used in any 335/340 CPU
as required. If desired, you
can disable the 335/340 CPU
from  writing to  the
EEPROM.

You can edit the EEPROM
with TISOFT or the HHP.
While editing a program in
the PRG mode, the editing re-
sult is temporarily stored in
RAM. After finishing the
program edit, perform either
of the following operations to
transfer the edit to EEPROM:

+ Syntax check

* Mode change from PRG to
RUN

For the operations listed be-
low, the 335/340 CPU auto-
matically writes to the
EEPROM after the operation
is performed. -

» All clear of the entire user
program. The program in
the EEPROM is cleared,
but the program in the
RAM is not cleared.

* On-line change of
TMR/CNT preset value
while in RUN mode.

* Downloading of user
program through cassette
interface or TISOFT.

Installing EEPROM

Follow instructions in this
section  to install  an
EEPROM in your 335/340
CPU.

Note:

If you are installing an
EEPROM and intend to keep
the user program currently in
RAM memory, ensure that a
good backup battery is in-
stalled and enabled. Control-
ler power must be turned
OFF and, without a function-
ing backup battery, your pro-
gram may be lost when pow-
er is restored.

1. Turn off all user-supplied
power to the Series 305
base.

2. Remove the 335/340 CPU
from the base assembly.

3. Insert the EEPROM,
aligning the notches on the
EEPROM and the socket.
Refer to Figure 7-1.

4. Check that all pins are
seated properly in the
socket.

5. Set Switch 2, Position 1
and the jumper according
to Table 7-1. If you intend
to write to the EEPROM,
ensure that jumper is in
position 2. If you do not
intend to write to the
EPPROM and want to
disable this feature, ensure
the jumper is in position 1.

6. Re-install the CPU in the

base and turn the base
power on.

6/94 Turbo Refrigerating Company 31




After -

If no HHP or DCU is con-
nected to the parallel port, a
335/340 CPU configured for
EEPROM operation will at-
tempt to power up in the
RUN mode. If an HHP is
connected and online, with or
without a DCU, the HHP
keyswitch determines the op-
erating mode. If a DCU 1s
connected, but no HHP is on-
line, the power-up mode is
determined by a switch set-
ting of the DCU. Refer to the
Series 305 Data Communica-
tions Manual . (PPX:305-
8102) for details.

CR340-373 can be retentive
or non-retentive. Retentive
memory will retain the last
state through a power cycle.
Set switch 2, position 2 in the
ON position to make CR340-
373 retentive; OFF for non-
retentive. Refer to Table 7-2.

=

Figure 7-1 EPROM/EEPROM Socket Location

Table 7-1 Selecting Memory Type

RAM EEPROM EEPROM EPROM
Write Protected
Memory IC Socket |Empty 128C64 Installed | 26C64 Installed | 270256 Tnstalled
Switeh 2 T 23 4 T2 3 4 T2 3 4 T 2 3 4
ONljri 1 ey ON riroet ON rrr ON frmn
HHH HHH
OFthuuu OFFuuiju muﬁﬂﬁ OFFu!j!j{j
Jumper Pin ERE T 2 3 1T 2 3 12 3
— ey e T [ samums TN camumue T auagnge | T
Table 7-2 Selecting Retentive Control Relays
CR 340-873 Retentive Non-Rstentive
e e— o
Switch 2 1 2 3 4 1 2 4
P EE SRR
H
OFF {1y tu LJ tu OFF | v U Lty L
Model 335/340 CPU

32 Turbo Refrigerating Company

6/94

.‘...A.................\.i \.M&:J," . .




o

D P P P APPENDIX & NOTES

R R R R I T




$000000000000000800300000000000000000000000°0




Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.

X

Tables A-1 and A-2 contain
the recommended recirculating
water flow rates to standard
Turbo thermal storage units.
All flow rates are based on a
minimum 3 psig at the water
inlet connection.

Minimum Flow

The flow required to fully wet
the plate and maintain flow
between the distribution pan
and the plate surface. Failure
to maintain minimum flow
could result in insufficient wa-
ter head in the distributor pan
to maintain flow between the
pan and plate. Reduced ca-
pacity and evaporator plate
freeze-up will result.

APPENDIX A:

RECIRCULATING WATER FLOW

Recommended Flow

This flow ensures the mini-
mum flow is available to the
plates with minimal losses due
to dirty filter strainers, filters,
heat exchanges, minimum va-
riations in pump output, etc.

Table A-1 HP Series Recirculating Water Flow Rates

LX)

The flow at which the water
distribution pan will not over-
flow. Splashing caused by
high water discharge velocity
from the water distribution
header is reduced to a mini-
mum. Splashing due to high
water flow can result in ice
build-up on piping and other
components in the evaporator
component.

MINIMUM RECOMMENDED MAXIMUM

FLOW FLOW FLOW

MODEL (GPM) " (GPM) (GPM)

HP 100 83 95 156

HP 150 125 144 234

HP 200 188 216 312

HP 300 250 ‘ 287 468

HP 400 333 383 624

HP 600 500 575 936

HP 800 667 767 1248
HP 1000 834 959 1560 .
HP 1200 924 1063 1716 §
HP 1400 1008 1159 1872 g
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Read Safety Section before this section.
these instructions could result in permanent injury o

Faiﬂxre to carefully follow
r loss of life.

Table A-2 IGC Series Recirculating Water Flow Rates

MINIMUM RECOMMENDED MAXIMUM

FLOW FLOW FLOW
MODEL (GPM) (GPM) (GPM)
IGC 55 306 360 612
IGC 65 306 360 612
IGC 80 408 480 816
IGC 100 510 600 1020
IGC 110 612 720 1224
IGC 130 612 720 1224
IGC 140 680 800 1360
IGC 160 816 960 1632
IGC 170 680 800 1360
IGC 175 816 960 1632
IGC 195 918 1000 1700
IGC 245 1200 1380 2400
IGC 300 1440 1656 2880

A-2 Turbo Refrigerating Company 1/91
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ad Safety Section before this section.
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Failure to carefully follow
these instructions could result in permanent injury or loss of life.

ddd

Depending on the thermal
storage unit configuration,
one of two oil recovery sys-
tems will be utilized:

+ gravity oil return system
+ pressurized oil return
system.

Note:

Some early model Turbo units
utilized a gravity type system
with a P-trap. This system
has been phased out. Contact
Turbo for information on this
system.

Each system including typical
operations is described below.
Before reviewing each sys-
tem, it should be noted that all
systems are equipped with a
suction accumulator/heat ex-
changer. This device is used
to "collect™ all liquid refriger-
ant and oil returning from the
evaporators. A coil located
inside the accumulator at the
bottom provides a constant
source of heat to evaporate the
refrigerant and leave an oil
rich mixture in the accumula-
tor. Due to the wide range of
operating conditions (includ-
ing "upset” conditions), a sep-
arate oil recovery system with
its own source of electrical re-
sistance heat is also provided.

APPENDIX B:

OIL RECOVERY SYSTEMS

ravi il
Retuyrn System

Units which have enough stat-
ic head to allow oil to go from
the oil reservoir through the
oil level float and into the
crankcase will use the gravity
oil return system. This sys-
tem is shown in Figure B-1.

If the oil temperature thermo-
stat (OTT) senses that the tem-
perature of the oil in the oil
reservoir is above the setpoint
of the OTT, it will keep the oil
reservoir heater (ORH) off.
The oil reservoir solenoid
(ORS) will stay open and the
oil drain solenoid (ODS) will
pulse. This will allow the oil
to drain into the oil reservoir
and then be supplied to the
crankcase, as required by the
oil float valve.

A hand expansion valve is lo-
cated in the oil drain line from
the accumulator to the oil pot.

On the gravity oil return sys-
tem, this valve is normally
wide open to allow the oil to
drain to the oil pot. Itis also
used as an isolation valve
when servicing of the oil drain
solenoid valve or strainer is
required.

The temperature in the oil res-
ervoir should be maintained
between 85—-100° F.

If the temperature of the oil in
the reservoir drops below the
setpoint of the OTT, the ORS
and ODS will close, the ORH
will energize to bring the oil

&> b

temperature back up and the
PC will start a timer. If the oil
temperature rises above the
setpoint of the OTT within 30
minutes, the PC timer will re-
set, and the unit will return to
normal operation. If the tem-
perature does not rise above
the OTT setpoint within 30
minutes, the unit will shut
down on a low oil temperature
failure. In order for the unit
to be restarted, the tempera-
ture of the oil in the reservoir
must be raised above the set-
point of the OTT, and the
MCS turned to the OFF/
RESET position, and then
back to either the 'manual’ or
‘auto’ position. Before re-
starting, the heater (ORH)
should be checked and re-
placed if it is defective.

Note:

The oil reservoir is equipped
with a sight glass. Under
normal operating conditions,
oil should be observed in all
sight glasses at all times.

IMPORTANT

At start-up or after ser-
vice is performed, it may
be necessary to add oil
to the oil reservoir.
Never operate the system
without oil in the oil res-
ervoir. Damage to the
oil reservoir heater and/
or compressor could re-
sult.
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Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow u

DRY

SUCTION
A A\
WET )
SUCTION
SINGLE ‘/— VENT LINE
SUCTION COMPRESSOR
ACCUMULATOR SHOWN FOR
HEAT CLARITY
HIGH EXCHANGER HAND
PRESSURE A " HIGH EXPANSION
LIQUID OUT 11 el PRESSURE VALVE OIL RESERVOIR
- 1 LIQUID IN SIGHT GLASS
LIQUID LEVEL jt s RELIEF
OIL TEMPERATURE
AW THERMOSTAT
OIL RESERVOIR
2 HEATER
OIL RESERVOIR
STRAINER o pRAIN HAND OIL DRAIN COMPRESSOR
SOLENOCID EXPANSION SERVICE
VALVE OIL RESERVOIR VALVES
SOLENOID

NOTE:

OVERCOME AP IN FLOAT VALVE, SOLENOID VALVE, AND PIPING).

SIGHT
GLASS

ARRANGEMENT IS THE SAME WTH BOTH THE VERTICAL (SHOWN) AND HORIZONTAL SUCTION ACCUMULATORHEAT EXCHANGERS.

H1 = VERTICAL HEIGHT REQUIRED TO ENSURE REFRIGERANT OIL MIXTURE WiLL DRAIN TO OIL POT.
H2 = VERTICAL HEIGHT REQUIRED TO RETURN OIL TO COMPRESSOR THROUGH FLOAT VALVE (LE. STATIC HEAD TO

Ol FLOAT
VALVE

TSTS-9101

Figure B-1 Gravity Oil Return System

Typically, the oil reservoir
should be full at all times. Oil
is removed from the oil reser-
voir through the crankcase
float valve. Since only a
small amount of oil is added
to the compressor crankcase
each time, only a small
amount of refrigerant and oil
from the accumulator is added
to the oil reservoir. The large
mass of warm oil already in
the oil reservoir is used to ab-
sorb the mixture added and re-
duce the time required to bring
it back up to temperature.

Note:
The refrigerant/oil mixture

added is at suction tempera-
ture — typically 20-35° F.

Low watt density heaters are
used to prevent overheating of
the oil and burning of the oil
on the heater element.

The hand expansion valve or
ball valve in the vent line from
the oil reservoir to the dry
suction line is normally open
only a few turns to ensure that
the oil reservoir and suction
accumulator/heat exchanger

B-2 Turbo Refrigerating Company 1/91

are equalized allowing the oil
to drain. It is not necessary to
open this valve all the way.

All safety pressure relief de-
vices should be piped to a safe
discharge location (refer to
section 2. Safety).

Qil is returned to the compres-
sor crankcase through an ex-
ternal mechanical float valve
located on the side of the com-
pressor. Most models are
equipped with an adjustment
screw to allow for minor ad-
justments of the oil level. As

X
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
DRY
SUCTION
i faX
COMPRESSOR CHECK
wet SERVICE VALVE
SUCTION VALVES J
SINGLE
_\___J SUCTION COMPRESSOR > XD
ACCUMULATOR SHOWN FOR L& VENT
HEAT CLARITY LINE OlL FLOAT
HIGH =™}~ EXCHANGER -~ HIGH VALVE
PRESSURE —1; ', e PRESSURE HAND (:
LiQUID OUT - 'y uiQuUID IN EXPANSION £
LIQUIDLEVEL {' M ==~~~ 7 VALVE
S 2, { RELEF —0O)
VALVE \7 .
A -
\/ I
Hi OIL RETURN LINE — 7 > <_“’ < Ol PRESSURE
— C ® REGULATOR
! = D}INFODRE - SOLENOD
/ (O | |
= OlL TEMPERATURE
BALL ) \ THERMOSTAT
VALVE BALL
CHECK SIGHT  yaLVE OIL RESERVOIR
VALVE GLASS HEATER
STRAINER oy DRAIN Oil. RESERVOIR
SOLENOID OlL DRAIN
[\)
(=}
OlL RESERVOIR >
SIGHT GLASS 2
(2]
NOTE: -
ARRANGEMENT 1S THE SAME WITH BOTH THE VERTICAL (SHOWN) AND HORIZONTAL SUGTION ACCUMULATORHEAT EXCHANGERS.
A VERTICAL HEIGHT REQUIRED TO ENSURE REFRIGERANT OIL MIXTURE WiLL DRAINTO OlL POT.
Figure B-2 Pressurized Qil Return System
the oil level in the float cham-  ference between the gravity  until the setpoint of the OTT 1s

ber of the oil float valve de-
creases, the float ball begins
to drop and slowly open the
valve to allow oil to flow. As
the oil level in the float cham-
ber increases, the float ball
rises and closes the valve.
The oil level is maintained by
the travel of the float ball. A
positive shut is obtained when
the float chamber is full.

Units which cannot use the
gravity oil return system be-
cause of physical constraints
must use the pressurized oil
return system. This is shown
in Figure B-2. The only dif-

and the pressurized oil return
systems is that in the absence
of enough static head to allow
oil return through the oil float
valve, the oil reservoir is peri-
odically pressurized by ener-
gizing the oil pressure regula-
tor solenoid (OPRS).

A line is connected from the
high pressure discharge line
through a downstream pres-
sure regulator. Oil drains to
the oil reservoir through the
oil drain solenoid which is
pulsed by the programmable
controller based on the input
of the oil temperature thermo-
stat. As noted on the gravity
oil return system, the oil res-
ervoir is normally full and the
oil reservoir heater remains on

1/9

reached. Oil cannot drain to
the oil float valve until the
OTT allows the oil drain sol-
oenoid valve to open. This
prevents refrigerant rich oil
from bypassing directly to the
float valve.

The hand expansion valve in
the oil drain line from the ac-
cumulator to the oil reservoir
is normally wide open and 1s
also used as an isolation valve
when service of the oil drain
solenoid valve or strainer is
required.

Unlike the gravity oil return
system, the hand expansion
valve in the vent line from the
oil reservoir to the dry suction
must not be opened all the

1 Turbo Refrigerating Company B-3




Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

Failure to carefully follow ”

way. The valve should be
opened only one turn or less
to prevent liquid from being
discharged through the vent
line when the pressure regula-
tor is energized.

IMPORTANT

If the pressure regulator
is not properly adjusted
(too high) and the vent
valve is wide open, the
refrigerant/oil mixture
will be returned through
the suction line to the
compressor. Slugging
of the compressor could
result and damage to the
compressor could occur.

For example, if the system
operates at a 20° F evaporator
(43 psig) in the icemaking
mode and 35° F (62 psig) in
the chiller mode, the pressure
regulator should be set at ap-
proximately 72 psig. If the
unit operates only as an ice-
maker, then the setting would
be 53 psig.

IMPORTANT

To pressurize the oil reser-
voir, a downstream pressure
regulator with electric shut-off
is used. When the pilot coil is
deenergized, the regulator
provides a positive shut-off.
Through the programmable
controller, the coil is ener-
gized. In this condition, the
valve acts as a downstream
pressure regulator to increase
the pressure in the oil reser-
voir. The regulator should be
set approximately 5-10 psig
above the highest normal suc-
tion pressure the system will
operate at. In this manner,
sufficient pressure is provided
to push the oil out of the oil
reservoir to the float valve
without excessive pressure
driving oil out of the vent
line.

If the pressure regulator
is set too high (above 85
psig) on multiple com-
pressor models, and a
compressor is inactive, it
is possible to force oil
past the inactive float
valve. This results in
the filling of the inactive
compressor crankcase
and loss of oil to the ac-
tive compressor(s).

Failure to properly ad-
just the vent line valve
and the pressure regula-
tor could result in dam-
age to the compressor.

B-4 Turbo Refrigerating Company 1/91

When oil is draining from the
accumulator to the oil reser-
voir, a small trickle of fluid
should be observed in the oil
return line sight glass. The
same flow should be observed
in the oil line to the float valve
when the pressure regulator is
energized. Flow in this line
will stop when the oil float
valve chamber is full. Oil 1s
metered back to the compres-
sor in the same manner as the
gravity system (i.e. as the
float ball drops, oil is added
and as the float ball rises in
the float chamber, the flow is
closed off to maintain an oil
level). Adjustable float valves
are also used on the pressur-
ized oil return systems.
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id result in permanent injury or loss of life.
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APPENDIX B: Revised 2/93

XX

Depending on the. thermal
storage unit configuration,
one of three oil recovery sys-
tems will be utilized:

+ gravity oil return with
mechanical float

+ gravity oil return with
electronic level control

« pressurized oil return
system.

Note:

Some early model Turbo units
utilized a gravity type system
with a P-trap. This system
has been phased out. Contact
Turbo for information on this
system.

Each system including typical
operations is described below.
Before reviewing each sys-
tern, it should be noted that all
systems are equipped with a
suction accumulator/heat ex-
changer. This device is used
to "collect” all liquid refriger-
ant and oil returning from the
evaporators. A coil located
inside the accumulator at the
bottom provides a constant
source of heat to evaporate the
refrigerant and leave an oil
rich mixture in the accumula-
tor. Due to the wide range of
operating conditions (includ-
ing "upset" conditions), a sep-
arate oil recovery system with
its own source of electrical re-
sistance heat is also provided.

OIL RECOVERY SYSTEMS

Units which have enough stat-
ic head to allow oil to go from
the oil reservoir and into the
crankcase will use the gravity
oil return system.

If the oil temperature thermo-
stat (OTT) senses that the tem-
perature of the oil in the oil
reservoir is above the setpoint
of the OTT, it will keep the oil
reservoir heater (ORH) off.
The oil reservoir solenoid
(ORS) will stay open and the
oil drain solenoid (ODS) will
pulse. This will allow the oil
to drain into the oil reservoir
and then be supplied to the
crankcase, as required by the
oil float valve.

A ball valve is located in the
oil drain line from the accu-
mulator to the oil pot. On the
gravity oil return system, this
valve is normally wide open
to allow the oil to drain to the
oil pot. It is also used as an
isolation valve when servicing
of the oil drain solenoid valve
or strainer is required.

The temperature in the oil res-
ervoir should be maintained
between 85—-100° F.

If the temperature of the oil in
the reservoir drops below the
setpoint of the OTT, the ORS
and ODS will close, the ORH
will energize to bring the oil
temperature back up and the
PC will start a timer. If the oil

X X

temperature rises above the
setpoint of the OTT within 30
minutes, the PC tdmer will re-
set, and the unit will return to
normal operation. If the tem-
perature does not rise above
the OTT setpoint within 30
minutes, the unit will shut
down on a low oil temperature
failure. In order for the unit
to be restarted, the tempera-
ture of the oil in the reservoir
must be raised above the set-
point of the OTT, and the
MCS turned to the OFF/
RESET position, and then
back to either the 'manual’ or
'auto’ position. Before re-
starting, the heater (ORH)
should be checked and re-
placed if it is defective.

Note:

The oil reservoir is equipped
with a sight glass. Under
normal operating conditons,
oil should be observed in all
sight glasses at all times.

IMPORTANT

At start-up or after ser-
vice is performed, it may
be necessary to add oil
to the oil reservoir.
Never operate the system
without oil in the oil res-
ervoir. Damage to the
oil reservoir heater and/
or compressor could re-
sult.
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Read Safety Section before this section.

Failure to carefully follow

these instructions could result in permanent injury or loss of life.
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H1
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He HEATER
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NOTRAPS GHT VALVE
NOTE: GLASS

ARRANGEMENT IS THE SAME WITH BOTH THE VERTICAL (SHOWN) AND HORIZONTAL SUCTION ACCUMULATORHEAT EXCHANG ERS.

H1 = VERTICAL HEIGHT REQUIRED TO ENSURE REFRIGERANT OIL MIXTURE WILL DRAIN TO OIL POT.
H2 « VERTICAL HEIGHT REQUIRED TO RETURN OIL TO COMPRESSOR THROUGH FLOAT VALVE (I.E. STATIC HEAD TO

OVERCOME A P IN FLOAT VALVE, SOLENOID VALVE, AND PIPING).

TSTS-9301

Figure B-1 Gravity Oil Return System With Mechanical Float

Typically, the oil reservoir
should be full at all times. Oil
1s removed from the oil reser-
voir through the crankcase
float valve. Since only a
small amount of oil is added
to the compressor crankcase
each time, only a small
amount of refrigerant and oil
from the accumulator is added
to the oil reservoir. The large
mass of warm oil already in
the oil reservoir is used to ab-
sorb the mixture added and re-
duce the time required to bring
it back up to temperature.

Note:

The refrigerant/oil mixture
added is at suction tempera-
ture — typically 20-35° F.

Low watt density heaters are
used to prevent overheating of
the oil and burning of the oil
on the heater element.

The ball valve in the vent line
from the oil reservoir to the
dry suction line is normally
wide open to ensure that the
oil reservoir and suction accu-
mulator/heat exchanger are
equalized allowing the oil to

drain. It is not necessary to
open this valve all the way.

All safety pressure relief de-
vices should be piped to a safe
discharge location (refer to
section 2. Safety).

Gravity Oil Return
System With
Mechanical Float

Refer to Figure B-1. Oil is re-
turned to the compressor
crankcase through an external
mechanical float valve located
on the side of the compressor.

2/93 Turbo Refrigerating Company B-2
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ailure to carefully follow
these instructions could result in permanent injury or loss of life.

’ Read Safety Section before this section. F

NOTE:

ARRANGEMENT IS THE SAME WITH BOTH THE VERTICAL {SHOWN) AND HORIZONTAL SUCTION ACCUMULATOR/HEAT EXCHANGERS.

H1 = VERTICAL HEIGHT REQUIRED TO ENSURE REFRIGERANT OIL MIXTURE WILL DRAINTO OIL POT.

H2 = VEATICAL HEIGHT REQUIRED TO RETURN OfL TO COMPRESSOR THROUGH SOLENOID VALVE (LE. STATIC HEAD TO

OVERCOME AP IN SOLENOID VALVE AND PIPING).
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NOTRAPS TRANSDUCER

TSTS-9302

Figure B-2 Gravity Oil Return System With Electronic Level Control

Most models are equipped
with an adjustment screw to
allow for minor adjustments
of the oil level. As the oil lev-
el in the float chamber of the
oil float valve decreases, the
float ball begins to drop and
slowly open the valve to allow
oil to flow. As the oil level in
the float chamber increases,
the float ball rises and closes
the valve. The oil level is
maintained by the travel of the
float ball. A positive shut is
obtained when the float cham-
ber is full.

Gravity Oil Return With
Electronic Level Control

Refer to Figure B-2. The
crankcase oil level required by
the compressor is set at the oil
level controller. This setting
is electronically compared
with the level signal received
from the oil level transducer
that is mounted on the side of
the compressor. If the level
of oil in the compressor is be-
low the setpoint of the con-
troller, the controller will
pulse the oil feed solenoid, al-
lowing oil to flow into the

crankcase from the oil receiver
untl the level reaches the set-
point.

The oil level controller incor-
porates time delays that pre-
vent momentary low level
conditions from overfilling the
crankcase.

The oil level in the crankcase
is adjusted on the oil level
controller by setting the angle
of the “adjustment arrow” on
the potentiometer to the corre-
sponding mark on the control-
ler faceplate. To increase the
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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ARRANGEMENT IS THE SAME WITH BOTH THE VERTICAL (SHOWN) AND HORZONTAL SUCTION ACCUMULATOR/MHEAT EXCHA NGERS.
H1 = VERTICAL HEIGHT REQUIRED TO ENSURE REFRIGERANT OIL MIXTUREWILL DRAIN TO OIL POT.

Figure B-3 Pressurized Oil Return System

oil level, turn the adjusting
screw to a higher level indica-
tion.

The electronic oil level con-

-#roller can control the oil level

on up to four different com-
PIessors.

Pr riz il
Return m

Units which cannot use the

gravity oil return system be- -

cause of physical constraints
must use the pressurized oil
return system. This is shown
in Figure B-3. The only dif-
ference between the gravity
and the pressurized oil return
systems is that in the absence
of enough static head to allow

VALVE GLASS

SOLENOID

oil return through the oil float
valve, the oil reservoir is peri-
odically pressurized by ener-
gizing the oil pressure regula-
tor solenoid (OPRS).

A line is connected from the
high pressure discharge line
through a downstream pres-

sure regulator. Oil drains to

the oil reservoir through the
oil drain solenoid which is
pulsed by the programmable
controller based on the input
of the oil temperature thermo-
stat. As noted on the gravity
oil return system, the oil res-
ervoir is normally full and the
oil reservoir heater remains on
until the setpoint of the OTT is
reached. Oil cannot drain to
the oil float valve until the
OTT allows the oil drain sol-

2/93 Turbo Refrigerating Company B-4
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enoid valve to open. This
prevents refrigerant rich oil
from bypassing directly to the
float valve.

The hand expansion valve in
the oil drain line from the ac-
cumulator to the oil reservoir
is normally wide open and is
also used as an isolation valve
when service of the oil drain
solenoid valve or strainer is
required.

Unlike the gravity oil return
system, the hand expansion
valve in the vent line from the
oil reservoir to the dry suction
must not be opened all the
way. The valve should be
opened only one turn or less
to prevent liquid from bein
discharged through the ven.
line when the pressure regula-
tor is energized.

-




Read Safety Section before this section.
these instructions could result in permanent injury or loss of life.

IMPORTANT

If the pressure regulator
is not properly adjusted
(too high) and the vent
valve is wide open, the
refrigerant/oil mixture
will be returned through
the suction line to the
compressor. Slugging
of the compressor could
result and damage to the
compressor could occur.

Failure to carefully follow

For example, if the system
operates at a 20° F evaporator
(43 psig) in the icemaking
mode and 35° F (62 psig) in
the chiller mode, the pressure
regulator should be set at ap-
proximately 72 psig. If the
unit operates only as an ice-
maker, then the setting would
be 53 psig.

IMPORTANT

To pressurize the oil reser-
voir, a downstream pressure
regulator with electric shut-off
is used. When the pilot coil is
deenergized, the regulator
provides a positive shut-off.
Through the programmable
controller, the coil is ener-
gized. In this condition, the
valve acts as a downstream
pressure regulator to increase
the pressure in the oil reser-
voir. The regulator should be
set approximately 5~10 psig
above the highest normal suc-
tion pressure the system will
operate at. In this manner,
sufficient pressure is provided
to push the oil out of the oil
reservoir to the float valve
without excessive pressure
driving oil out of the vent
line.

If the pressure regulator
is set too high (above 85
psig) on multiple com-
pressor models, and a
compressor is inactive, it
is possible to force oil
past the inactive float
valve. This results in
the filling of the inactive
compressor crankcase
and loss of oil to the ac-
tive compressor(s).

Failure to properly ad-
just the vent line valve
and the pressure regula-
tor could result in dam-
age to the compressor.

When oil is draining from the
accumulator to the oil reser-
voir, a small trickle of fluid
should be observed in the oil
return line sight glass. The
same flow should be observed
in the oil line to the float valve
when the pressure regulator is
energized. Flow in this line
will stop when the oil float
valve chamber is full. Oil is
metered back to the compres-
sor in the same manner as the
gravity system (i.e. as the
float ball drops, oil is added

and as the float ball rises in

the float chamber, the flow is
closed off to maintain an oil
level). Adjustable float valves
are also used on the pressur-
ized oil return systems.

2/93 Turbo Refrigerating Company B-5







ead Safety Section before this section.

these instructions could result in permanent injury or loss of life.

Failure to carefully follow

APPENDIX C:

ﬂ] WATER REGULATING VALVE (SC MODELS ONLY) ﬂ‘“b

Figure 3-40 on page 97 (in
section 3 of this manual) 1llus-
trates a means of controlling
the water regulating valves on
multiple condenser installa-
tions. Operation where one or
more condensers is inactive
means that water flow to that
circuit is no longer required.

This requires that either a
pump for each condenser

THREE-WAY VALVE

must be installed or some
means of bypassing the inac-
tive circuit is provided.

Figure C-1 shows a typical
single circuit machine with a
three-way water regulating
valve. In this arrangement, a
constant water flow is main-
tained through the water-
cooled condenser. The three-

way valve modulates to return
the water to the cooling tower
or recirculates the flow to by-
pass the cooling tower. Water
temperature entering the con-
denser varies and the flow re-
mains the same.

PRESSURE TRANSDUCER WIRING PROM TRANSDUCER
TO CONTROL PANEL
(MOUNTED ON DISCHARGE SEE FIGURE 0.2
CONNECTION OF COMPRESSOR) ( )
DISCHARGE - ~———— conTROL
> X PANEL

GAS IN —1

CONDENSER

WATER
IN

THREE-WAY VALVE

L PID CONTROLLER MOUNTED
IN CONTROL PANEL
(SEE FIGURE C-2)

WIRING FROM CONTROL PANEL
TO VALVE ACTUATOR
(SEE FIGURE C-2)

—
WATER
ouT
/—»BYPASS
COOLING
TOWER
@
=t
-f———— e T3
© .
-

Figure C-1 Condenser With Three-Way Water Regulating Valve
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Read Safety Section before this section. Failure to carefully follow “

these instructions could result in permanent injury or loss of life.

WATER REGULATING VALVE

1G--
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16GA COPPER WIRE '
{FIELD WIRING 83,84
BY OTHERS) T T
85 86
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) I g 6 S5 4 3
~ = § 8 + PID
PT PD
CONTROLLER
PRESSURE
TRANSDUCER B
7 8 1 2
PI?ITIY
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(PRESSURE TRANSDUCER, PID CONTROLLER,

WATER REGULATING CONTROLS

& VALVE ACTUATOR)
FIELD WIRING BY OTHERS

TSTS-9104

Figure C-2 Water Regulating Controls

A signal from a pressure
transducer mounted on the
discharge service valve is
transmitted to a PID controller
located in the control panel
(refer to Figure C-2).

The controller drives a valve
actuator to open or close the
valve as required. For exam-
ple, if the pressure transducer

senses an increase in pres-
sure, the controller will open
the port to the cooling tower
and close the bypass port.

Flow to the cooling tower in-
creases and lower temperature
water is supplied to the con-
denser inlet to lower the dis-
charge pressure. On the other
hand, if the discharge pres-
sure starts to decrease, flow to

C-2 Turbo Refrigerating Company 1/91

the cooling tower is restricted
and the bypass flow is in-
creased to raise the tempera-
ture of the water. Continuous
modulation of the valves
maintains the discharge pres-
sure at the controller setpoint.
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these instructions could result in permanent injury or loss of life.

" Read Safety Section before this section.

Failure to carefully follow u

Multiple condenser installa-
tions can be set up the same
(refer to Figure C-3). Opera-
tion of each circuit is the same
as described above. If a cir-

DISCHARGE UNE (TYP)

cuit (compressor) is inactive,
the pressure transducer will
sense the decrease in pressure
as the compressor cools and
equalizes. After the valve ac-

tuator reduces the flow from
the inactive condenser, the ac-
tive condensers continue to
modulate to control the enter-
ing water temperature to the
active condensers.

PRESSURE TRANSDUCER (TYP.)

- —-g
WATER

WATER ouT

N—--E CONDENSER #t

GAS IN ey !
WATER

WATER oUT
CONDENSER #2

GASIN
WATER

WATER ouT

LC CONDENSER #3

THREE-WAY WATER
REGULATING VALVE (TYP.)

CONTROL
PANEL
COMPR #1
RETURN WATER TO
COOUNG TOWER
—
BYPASS / \
¥ -~
COOLING
TOWER
COOLING
< TOWER 2
PUMP s
& i :
0
2

Figure C-3 Multiple Condenser Installation With Three-Way Water
Regulating Valves
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Read Safety Section before this section. Failure to carefully follow
these instructions could result in permanent injury or loss of life.
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APPENDIX D: CASSETTE RECORDER OPERATION

IMPORTANT

It is wise to make a tape
copy of the program
existing in memory before
erasing it to load the new
program.

ntr ion

The programs used for TUR-
BO programmable controllers
may be stored on standard au-
dio cassette tapes. It is wise
to keep a tape copy of the
program handy in the event
that the CPU either becomes
defective, or somehow loses
its memory.

Items Required For
Tape Qperation

Hand Held Programmer
This includes the key for the
hand held programmer, along
with the audio cable which is
gray with a red tracer.

Audio Cassette Recorder
This is a standard size cas-
sette tape recorder which has
a microphone jack, earphone
jack, and a volume control.
Optionally, this should have a
digital counter.

Standard Audio

Cassette Tape (Type I)

The “micro cassette” tapes
generally do not have the au-
dio quality required and
should not be used.

Common Problem

The most common problem
incurred during Tape Opera-
tdon is confusion over the
proper key to depress on the
hand held programmer. The
shifted function keys on the
programmer are shown in
Figure D-1. The shifted
function always corresponds
to the key directly below it.

ration

Save/Record A Program
Onto Tape (WRITE)

1. Install the Programmer
onto the CPU. Verify
that the programmable
controller has AC power.

2. Tumn the mode switch on
the Programmer to the

LOAD position.
—
ADDRESS/ - B?s%& y
DATA —’ —7 l / AND OUT MeS ADR
DISPLAY —— ’ ;
—ADDRESS/DATA— OR TMR MCR SHF
2 8 2 6
ON/OFF RUN BATT STR CNT SET DATA
STATUS 3 7 3 7
DISPLAY —— PWR CPU NOT SR RST REGR | |oaic
7 9 KEYS
DATA IANDIOUTWCSIDEL] SHF ]
OPERATION CHECK )
KEYS we=—] —»{ R lOR FTMRlMchlelscHl
READ— SHIFTED
RUN PRG LOAD STR CNT SET ENT PRV FU§cnoN
MODE . _MON WriTE & KEYS
SWITCH/—/'<H> 9 lﬂOTl SR JRST]CLR| NXT |
k 8
A A ;
w
PERIPHERAL JACK EDITING KEYS E

Appendix D: Cassette Recorder Operation

Figure D-1 Programmer Features
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adjust it to 75% of the
maximum setting.

CLR SHF 348 DEL

NXT NXT
. Begin the tape recorder
operation by depressing The program has now
the RECORD PLAY been cleared from the
buttons. CPU. '

3. Connect the Programmer 8. Depress the WRITE key 2. Install the Programmer
(TAPE port) to the tape on the Programmer. The onto the CPU. Verify
recorder record operation will now that the prograrnmable
(MICROPHONE input) begin. controller has AC power.
with the audio cable (gray
with red tracer). 9. The ON/OFF light on the 3. Tum the mode switch on

Programmer will come the Programmer to the
. Rewind the tape to the on. LOAD position.
beginning or to the
desired record position if 10. When the record is 4. Connect the Programmer
multiple programs are to complete, the (TAPE port) to the tape
be placed on one tape. Programmer will display recorder (EARPHONE
Programs require End in the Address/Data input) with the audio
approximately 1.5 to 4 display and the ON/OFF cable (gray withred
minutes of tape per LED will be off. Stop the tracer).
program. Note counter recorder and note the
position. counter position so that 5. Rewind the tape to the
the amount of tape used beginning of a previously
. For identification of a for that program can be recorded program. Enter
program, if desired, enter determined. the program identification
a four digit number number (if applicable).
(0000-9999) on the 11. Depress the CLR (Clear)
Programmer. When tape key on the Programmer to 6. Adjust the volume setting
is accessed later to load end the record operation. on the tape recorder to
the CPU, this number can approximately 75% of the
be used to identify the 12. It is recommended that maximum setting. Ifa
correct program prior to the tape be rewound to tone control is available,
altering CPU data. If a where the recording adjust it to 75% of the
program number is not as began and that the maximum setting.
expected, the operator can “Check A Program”
terminate the load (described later) be 7. Depress the READ key
operation and get the performed to ensure data on the Programmer.
correct tape without loss integrity.
of the existing program or 8. Begin the tape recorder
delay incurred by loading ~ Load A Program operation by depressing
a wrong program. THIS Onto CPU (READ) the PLAY button.
IDENTIFICATION . '
NUMBER IS 1. Prior to loading a 9. The Address/Data screen
OPTIONAL. program onto the CPU, of the Programnmer will
the existing program must flash an E28 briefly.
. Adjust the volume setting be cleared from the CPU
on the tape recorder to memory. To do this, turn 10. The LED corresponding
approximately 75% of the the mode switch to the to the 7/REG on the
maximum setting. If a . PRG mode and press the lower right hand side of
tone control is available, following key sequence: the Programmer will light

up for approximately 10
to 15 seconds.

D-2 Turbo Refrigerating Company 4/94 Appendix D: Cassette Recorder Operation
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11. The Address/Data screen
of the Programmer will
display an F when the
program has been found.
If the CPU detects a
program number different
from the one entered in
step 5, the Address/Data
screen of the programmer
will display PASS.

12. When the Joad is
complete with no errors,
the Programmer will
display END in the
Address/Data display.
Stop the recorder and
note the counter position
so that the amount of tape
used for that program can
be determined.

13. Depress the CLR (Clear)
key on the Programmer to
end the record operation.

Check A Program
With The Tape Copy
(CHECK)

1. Install the Programmer
onto the CPU. Verify
that the programmable
controller has AC power.

2. Turn the mode switch on
the Programmer to the.
LOAD position.

3.

Appendix D: Cassette Recorder Operation

Connect the Programmer
(TAPE port) to the tape
recorder (EARPHONE
input) with the audio
cable (gray with red
tracer).

Rewind the tape to the
beginning of a previously
recorded program. Enter
the program identification
number (if previously
recorded).

Adjust the volume setting
on the tape recorder to
approximately 75% of the
maximum setting. If a
tone control is available,
adjust it to 75% of the
maximum setting.

Depress the CHECK key
on the Programmer.

Begin the tape recorder
operation by depressing
the PLAY button.

The Address/Data screen
of the Programmer will
flash an E28 briefly.

The LED corresponding
to the 7/REG on the
lower right hand side of
the Programmer will light
up for approximately 10
to 15 seconds.

10. The Address/Data screen

11.

12.

of the Programmer will
display an F when the
program has been found.
If the CPU detects a
mismatch between the
contents of the tape and
the CPU logic, the
Address/Data screen of
the programmer will
display E25. A steady
E28 indicates that the
play level of the recorder
is wrong. The CHECK
operation should be
stopped, the volume/tone
re-adjusted, and the
operation restarted.

When the check is
complete with no errors,
the Programmer will
display END in the
Address/Data display.
Stop the recorder and
note the counter position
so that the amount of tape
used for that program can
be determined.

Depress the CLR (Clear)
key on the Programmer to
end the record operation.
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Appendix D: Cassette Recorder Operation
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TURBO REFRIGERATING CO
1000 WEST ORMSBY AVENUE

Water Distribution System Flat Bottom Pans iglgllgxl/?LLE, KY 40210

PHONE: 940-387-4301
TOLL FREE 800-775-8648
Pr Lin

+ TIG/TIGAR Industrial Models
+ HP and IGC Thermal Storage Models

V-B m r Distribufion m

Prior to the development and testing of the flat bottom pans, a V-bottom water distribution system has been uti-
lized. Refer to Figure 1. This system consisted of a stainless steel V-bottom water distribution pan and PVC
water distribution header for each bank of evaporator plates. This system provided water distribution to each
evaporator plate in the plate bank and filtration of debris from the circulating water system. Due to the “corru-
gated” construction of the pan, cleaning debris that collected in the pan was difficult. Due to the wide range of
flow rates and water levels in the pans, splashing was a possibility if the pans were not clean. Splashing con-
tributes to freeze-up problems if not corrected and frequent cleaning was often required in debris prone systems.

Flat B m Pan m

The new flat bottom pan design eliminates these problems. Refer to Figure 2. A stainless steel water distribu-
tion pan and PVC water distribution header are still the standard materials used, but the new design has provid-
ed improvements in several areas:

+ Cleaning is much easier due to the flat design of the pan:

« A cleanable media material pad has been added to filter out debris before it gets to the holes in the water
distribution pan which makes maintenance and cleaning easier.

+  The media pad reduces the possibility of splashing, thus reducing the mist that can cause freeze-ups.
«  USDA approval is pending on the media pad.

+  Cleaning is as simple as removing the media pad and washing it out. The media pad is cleanable and
reusable. If you want to shorten your cleaning time even more, keep a spare media pad available for
each pan. Pull the dirty media pad out and insert the clean media pad. Clean the dirty media pad and
store for the next clean up. Replacement media pads will be about $15 each (list price).

« Since the area in the media pad is many times the cross sectional area of the holes in the pans, frequency
of cleaning is much less. In severe cases, it may change from weekly cleaning to every four months or
longer.

+  The media pad is treated to prevent the growth of bacteria even with the longer interval between
cleaning. Note: In USDA applications, regular cleaning is recommended.

+ The PVC water distribution system and header reduce splash and are easily removed and dismantled for
cleaning.

« The new design improves performance by increasing the wetted surface area of the evaporator plate
while decreasing misting and splash. Both contribute to increased reliability.




Service Bulletin — October 1993 Water Distribution System Flat Bottom Pans — page 2

Effective Date

The flat bottom pan will be standard equipment on the models listed beginning in November 1993.

Retrofit

Existing TIG/TIGAR, HP, and IGC models built with V-notch water distribution pans can be converted to flat
bottom pan systems. The factory should be consulted for pricing. Most systems can be converted for approxi-
mately $750 per pan assembly. Each assembly consists of the flat bottom pan and the PVC water distribution
header. Typical systems consist of three to ten pan assemblies per unit.

Technical Information

Water flow requirements remain the same. Minimum, recommended, and maximum flow rates remain the same
as previously published, although the new system allows for a greater reducmon (flow shortage) before splash-
ing and freeze-ups become a problem.

On flat bottom pan water systems, the filter material is not optional. The material must be in place for proper
water distribution.
A float level is available to monitor the water level in the water distribution pan. Should water flow be de-

creased for some reason, the flow switch will turn off the machine. This is available as an option. Please con-
sult the factory for details.

Additional Information

Contact: Henry Vogt Machine Company
Refrigeration Division — Turbo Refrigerating

Aftermarket Sales/Service Department

TURBO REFRIGERATING CO

10
00 WEST ORMSBY AVENUE V-BOTTOM
SUITE 19 PAN

LOUISVILLE, Ky 40210
PHONE: 940-387. 4301
TOLL FREE 800-775. 8648

EVAPORATOR
PLATE

J-9373

Figure 1 Typical V-Notch Pan Section
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TURBO REFRIGERATING CO
.. . ~ 1000 WEST ORMSBY AVENUE
Flat Bottom Pan Water Distribution Header: SUITE 19
Flow Control Orifice Ring Assembly LOUISVILLE, KY 40210
. . . PHONE: 940-387-4301
Installation and Adjustment Instructions TOLL FREE 800-775-8648

A flow control orifice assembly is installed in the inlet connection to each of the PVC spray headers providing
water to the water distribution pan. Refer to Figure 1. As shipped, the orifice ring assembly is set for
maximum flow (full open). Refer to Figure 2. During start-up of the system, adjustment of the orifice ring
assembly may be required to obtain the desired flow to the water distribution pan without overflowing the pan.
REMOVING THE ORIFICE RING ASSEMBLY

1. Loosen the hose clamps on both ends of the radiator hose connecting the spray header to the main water
distribution header.

2. Slide the hose down the PVC spray header inlet connection until the orifice ring assembly is accessible
for removal.

3. Remove the orifice ring assembly.

ADJUSTING THE ORIFICE RING ASSEMBLY
1. Loosen the nut holding the three PVC rings together.

2. Rotate one (or two, if required) of the rings (clockwise or counterclockwise) to reduce the free opening
through the assembly. To increase the flow, rotate the rings to increase the free area. Refer to Figure 2.
To decrease the flow, rotate the rings to decrease the free area. Refer to Figure 3.

3. Tighten the nut to secure the setting of the orifice ring assembly.

INSTALLING THE ORIFICE RING ASSEMBLY

1. Replace the orifice ring assembly in the opening between the main water header and the spray header
inlet connection.

Note: Install the orifice ring assembly with either the nut or bolt head on the inlet side of the flow.

2. Slide the hose connection over the orifice ring assembly and on to the main water header connection
stub.

3. Secure the two hose clamps on the main header side.

4. Push the PVC spray header inlet toward the main water header to ensure that the orifice ring assembly is
wedged between the PVC connections (i.e., the orifice ring assembly cannot move between the two ends
of the PVC pipe).

5. Secure the two hose clamps on the spray header inlet connection while holding pressure against the
spray header inlet connection to ensure that the orifice ring assembly remains in place while tightening
the clamps.

After completing adjustments, restart the system and observe the flow. If required, repeat the procedure uatil
the desired flow is obtained. If you have any questions, contact:
TURBO REFRIGERATING CO
1000 WEST ORMSBY AVENUE
SUITE 19
LOUISVILLE, KY 40210
PHONE: 940-387-4301
« TOLL FREE 800-775-8648
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TURBO REFRIGERATING CO
=+ 1000 WEST ORMSBY AVENUE
SUITE 19
LOUISVILLE, KY 40210

. o . . R PHONE: 940-387-4301
Vessel & Piping Insulation Guidelines TOLL FREE 800-775-8648

TURBO provides a variety of refrigerant vessels and refrigerant piping with insulation to control condensation
and heat infiltration. TURBO uses a black, closed cell, rubber insulation material (similar to Armaflex®)
secured to the vessel or piping with an adhesive. '

No other material or jacketing is supplied over the insulation material becanse of:
. Variations in jacketing materials to match other jacketed piping or vessels in the installation.
 Possible damage during shipment or installation.
The insulation material provided by TURBO does not require jacketing on most installations, but jacketing 1s
recommended:

« Where the insulation material is exposed to direct sunlight (outdoor installations).

- Where ultraviolet light will cause the insulation material to become brittle.

.  Where the insulation material is exposed to cleaning agents or contact by personnel performing normal
maintenance and service work on indoor or outdoor installations.

TURBO does not provide jacketing as a standard, but it can be provided as an option. Quotes can be obtained

. for individual requirements and will vary according to the type of jacketing requested (i.e., fiberglass, stainless

steel, or aluminum). Alternate insulation materials (plaster, rigid or flexible foam, fiberglass, and other rubber
products) can be quoted for special order. TURBO may choose not to provide some requested jacket or
insulation materials due to application methods and/or incompatibility with other materials or fluids used in or
around the equipment.

Insulation On Equipment Exterior Piping & Vessels:
. Equipment may be ordered without insulation on exterior piping or components.

Insulation On Equipment Interior Piping & Vessels:

. Insulation of certain piping or vessels inside the icemaker or ice generator is factory installed because
insulation of such areas may not be practical in the field. Areas in which insulation is provided are
listed below. -

. Jacketing and alternate insulation materials for interior piping and vessels are available as options.

FACTORY INSULATED PIPING & VESSELS: AMMONIA SYSTEMS APPLICATIONS

CAR Models

. Evaporator refrigerant suction and liquid line piping
. Recirculating water suction and discharge lines in the lower section only
(upper water piping is not insulated)

CAR-LR Models
» Evaporator refrigerant suction piping
«  Built-in recirculator vessel and piping o ]
« Recirculating water suction and discharge lines in the lower section only
(upper water piping is not insulated)

Vessel & Piping Insulation Guidelines — page 1 of 3 19450
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TK iAR Models .

- Evaporator refrigerant suction and liquid line piping

« Recirculating water suction and discharge lines in the lower section only
(upper water piping is not insulated)

« High side skids refrigerant suction piping

+ Refrigerant recirculation system (if supplied)

Packaged Chillers (units with factory installed high side and/or refrigerant recirculation units)

External refrigerant piping

Refrigerant recirculation vessel (if supplied)

High side refrigerant suction piping

Leaving water lines (entering water line is not insulated unless specified)

Note: Surge drum (low pressure receiver) for flooded models that are shipped loose are uninsulated.

HP. IGC, & ATS Recirculated Thermal Storage Equipment

Recirculation system (if supplied)

Evaporator refrigerant piping

High side refrigerant suction piping

Surge drum on flooded models for packaged units (see note below)

Note: Surge drum (low pressure receiver) for flooded models that are shipped loose are uninsulated.

Chillers (evaporator only)
» All piping and vessels are shipped uninsulated.
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FACTORY INSULATED PIPING & VESSELS: R-22 SYSTEMS APPLICATIONS

CF Models

» Recirculating water suction and discharge lines in the lower section only
(upper water piping is not insulated)

TIG Models

- Recirculating water suction and discharge lines in the lower section only
(upper water piping is not insulated)

High Side Skids

« Refrigerant suction piping

Packaged Chillers (units packaged with high side or refrigerant recirculation units)

External refrigerant piping

Refrigerant recirculation vessel (1f supplied)

High side refrigerant suction piping (if supplied)

Leaving water lines (entering water line is not insulated unless specified)

Note: Surge drum with standard chillers (evaporator only) is shipped loose and uninsulated.

¢ & & o

HP. I FTS Thermal Storage Equipmen
+  Suction accumulator/heat exchanger
» High side refrigerant suction piping
» Refrigerant recirculation system (if supplied)
» Hot gas line inside evaporator compartment

Chillers (evaporator only)
 All piping and vessels are shipped uninsulated.
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" ADDITIONAL INFORMATION

For information about available insulation options or special requirements, COntact:

Sales Department
TURBO REFRIGERATING CO
1000 WEST ORMSBY AVENUE
SUITE 19
LOUISVILLE, KY 40210
PHONE: 940-387-4301
TOLL FREE 800-775-8648
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TURBO REFRIGERATING CO

1000 WEST ORMSBY AVENUE
SUITE 19

. .. ) LOUISVILLE, KY 40210
Oil Recovery System Wiring & Operation PHONE: 940-387-4301

TOLL FREE 800-775-8648

Products/Models Affected:

All HP and IGC models with open drive Royce or Carrier compressors (refrigerant R-22).

Description of Possible Problem:

Although the probability of any of the following problems occurring is unlikely, the changes described below are
recommended to eliminate any possibility of oil dilution to the compressor:

1. The oil temperature thermostat (OTT) is used to monitor the oil temperature and terminate operation of the
compressor if the OTT does not close the thermostat within a preset time interval. The presence of a signal
from the make on rise (MOR) contact of OTT indicates a rise in the oil temperature to the desired level for
return to the compressor crankcase. The above sequence indicates proper operation of the oil recovery
system in the current oil recovery logic. ’

An interruption of power to the OTT thermostat such as a blown fuse, failure of the thermostat, or failure of
the oil pot heater will also result in the absence of the OTT signal to the PLC during the preset time. Oil
will not be returned to the compressor and the unit will shut down on a safety failure when the oil
temperature fails to rise during the required time interval.

5 The oil feed solenoid (OFS) that controls the return of oil to the compressor crankcase opens on a signal
from the electronic oil level controller (See note below. Item #2 does not apply to these units). In the
current arrangement, oil can be drained to the compressor ctrankcase even if the oil temperature is below
the required minimum temperature. If the crankcase level is low and the OLR-1 contacts close, the OFS
will open since it is connected to L1. A refrigerant rich mixture could be metered into the compressor
crankcase as a result of insufficient recovery time or failure of the oil pot heater to boil off the refrigerant.
Refer to Figure 1 for typical wiring of the current HP and IGC controls.

Note: Older models used a Phillips mechanical float switch to control the flow of oil to the compressor
crankcase.

3. Power to the electronic oil return controls feeding oil to the compressor crankcase is on at all times. Liquid
(oil or refrigerant) from the oil pot can drain to the cCOmPressor crankcase even if the compressor is off. If
all other controls are functioning properly, only oil would drain to the idle compressor based on demand
from the electronic level control. However, if the heater fails or other conditions exist that permit
refrigerant to migrate to the oil pot, refrigerant could drain to the compressor crankcase instead of oil.
Refer to Figure 1 for typical wiring of the current HP and IGC controls.

il Recovery System Wiring & Operation — page 1 of 5
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Figure 1 Current/Past Design HP/IGC

Recommended Changes:

As indicated previously, the probability of these conditions occurring simultaneously or separately are remote. To
eliminate all possibilities of a refrigerant rich mixture returning to the compressor crankcase and toensure long term @

reliable operation, the following changes are recommended: ()
@

Condition #1

As shown in Figure 2, wire number L1 to OLR-1 is changed to wire number 52. This provides control of the OFS
through the OTT-2 at all times. If the 10 amp fuse to the oil pot heaters blows or the heater does not function
praperly, the absence of the OTT-2 signal to the PLC will indicate an abnormal condition. With this arrangement, @
operation of the unit will terminate after a preset time interval and the OFS will be disabled to prevent the return

of refrigerant to the compressor. With this logic, the compressor safety circuit uses the low oil pressure failure @@
(OPTD) as a secondary control instead of the primary means of terminating compressor operation. Operation v-* L )
terminate when the heater circuit is no longer able to provide oil to the compressor crankcase at the pro, .
temperature. Refer to the wiring diagram provided with your equipment to confirm the actual wire numbers to be
changed on your equipment. On some units, wire numbers may differ from the typical wiring shown.
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Figure 2 Modifications To HP/IGC Field Units

Condition #2

To eliminate the possibility of a refrigerant rich mixture to the compressor when the oil level control indicates a
decrease in the crankcase oil level, the OFS will be controlled through the OTT thermostat. In this arrangement,
the oil must be at the minimum required temperature before oil can be returned to the compressor crankcase. When
the OLR-1 contact closes on an oil level decrease, the oil feed solenoid valve will notopen unless the oil temperature
isabove the setpointof the OTT-2. OFS will open onlyif the OLR-1 contactis closed and the OTT-2 contact breaks
on a temperature rise. Actual wiring changes are described above.

For HP and IGC models, refer to Figure 2 for the required wiring changes. Control of the OFS is still through the
OTT. However, the HP and IGC models have always used a fail safe logic in which the thermostat makes-on-rise
(MOR). To rewire these models requires removing the L1 wire from the OFS solenoid and connecting wire 35.

Note: The HP and IGC models have always used a fail safe logic in which the thermostat makes-on-rise
(MOR). To rewire these models requires removing wire number L1 from the OFS solenoid and
connecting wire number 52.

”
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Condition #3

The power to the electronic oil level control has always been from the main control power (L.1) on the HP and IC
models. To prevent of the OFS from opening with the unit off, remove the L1 wire from the power connection on
the oil level controller and connect a wire from a compressor motor starter interlock as shown in Figure 2.

On most models, a terminal strip connection is provided on the control panel terminal strip for operation of
condenser pumps, cooling tower controls, evaporative condenser controls, etc. This terminal strip connection is
typically connected to a compressor interlock to provide power to these devices when the compressor is operating.
This connection can also be used for the OFS. Refer to the wiring diagram furnished with the equipment for the
location of this terminal strip connection. As indicated above, a new wire would be connected from this terminal
strip connection to the oil level controller power block. Upon completion of this wiring change, power to the oil
level controller and the OLR relay that opens the OFS solenoid is ON only when the compressor is in operation.

What To Do:

1. Identify the type of oil contro! wiring installed in your equipment. Compare the typical wiring schematics
shown in Figure 1 to determine if your unit is wired as shown.

2. If your unit is wired as indicated, refer to Figure 2 for modifications to HP and IGC models.

3. Turn off the circuit breakers or disconnects to the unit and LOCK OUT all electrical service before
proceeding with the changes recommended. All electrical work should be performed by a qualified
electrician.

4. Upon completion of the recommended changes, monitor the operation of the oil return control to ensure
that they are operating properly.

5. If you have a question or are not certain of the required changes or wire numbers on your unit, contact the
TURBO Service Department at
PHONE: 940-387-4301

Typical Operating Sequence =~ TOLL FREE: 800-775-8648

As indicated above, the operation of the oil return controls should be monitored and verified upon completion of
the recommended changes. To assist in determining if the controls are operating properly, the operating sequence
for the various models is described below.

1. A refrigerant/oil mixture is returned to the oil reservoir pot via the suction accumulator/heat exchanger
ODS located in the piping from the bottom of the accumulator to the oil pot. Refer to Figure 3.

2. The oil pot contains a low watt density heater controlled by an OTT. The OTT has a sensor located in the
bottom of the oil pot.

3. An electronic oil level controller is located in the control panel of the unit. A transducer is mounted in the
side plate of the compressor crankcase to monitor the oil level in the crankcase. This transducer is denoted
as ESG on the wiring diagrams. The controller compares the signal received from the transducer to the oil
level setpoint, and energizes and de-energizes the OLR as required.

4. The OLR-1 contact opens and closes the OFS to maintain the desired oil level in the compressor crankcase.
To open OFS, the oil level in the crankcase must be low and the oil temperatuer must be above the OTT
setpoint.
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5. During normal operation, oil is carried over to the refrigerant system and the level in the crankcase will
decrease. The oil is collected in the accumulator and returned to the oil pot.

6. The purpose of the oil pot is to separate the refrigerant from the oil. As indicated above, an electric
resistance heater is located in the oil pot to elevate the mixture temperature and boil off the refrigerant
leaving only oil for return to the compressor.

7. As the oil level in the compressor crankcase decreases, the transducer transmits a signal to the oil level

controller. The controller compares this signal to the preset value and energizes the OLR relay. When the
relay is energized, the normally open OLR-1 contact closes. If the oil in the pot has reached the minimum
oil temperature of 85°F, the OTT-2 contacts will close (MOR). When the OTT thermostat closes, a signal-
is input to the PLC to indicate that the heater is working, and power is supplied to the OFS circuit. The
OFS opens to meter oil into the crankcase until either the oil level is satisfied or the OTT thermostat opens,
indicating a drop in temperature of the liquid in the oil pot.

8. When the thermostat reaches 95°F, the OTT-1 contact opens to turn off the heater (ORH). The stage offset

between the first stage (OTT-1) and second stage (OTT-2) is 15°F. With the first stage (OTT-1) setpoint
set for 95°F, the second stage setpoint will be 80°F for control of the OFS. With the 95°F setpoint and 5°F
differential for the first stage, the heater will maintain the oil temperature between 90-95°F (the 5°F
differential is set on “DIFF 17 adjustment knob). OTT-2 controls the oil return to the compressor. With
the 15°F stage offset and the 5°F differential for stage 2, the controller will permit the oil to return with oil
temperatures between 80-85°F (the 5°F differential is set on “DIFF 1” adjustment knob). Oil return will
not be permitted to the compressor with oil temperatures below 80°F.

9. The oil level in the crankcase sight glass should be half full. In verifying the operation of the oil return

system, this level should remain constant with minor variations in the level as the oil leaves the crankcase
and is returned through the oil recovery system. Oil level in the sight glass should remain between 3/8~1/2
full during normal operation.

ACCUMULATOR
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Phone: 502-635-3000 PHONE: 940-387-4301

TOLL FREE 800-775-8648
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