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Turbo Refrigerating, LLC is a
supplier of ice making and ice
storage equipment. TURBO
does not engineer or design
ice systems or ice plants.

Information on safety, instal-
lation, operation, maintenance
and trouble-shooting is con-
tained in this manual. If you
have questions concerning
any of these phases, contact
Turbo Refrigerating, LLC or
one of its distributors to
ensure that you fully under-
stand the instructions and

guidelines.

You must read all of the
information carefully and

]
make sure that all personnel

involved in the installation
and operation have also
read and understood the
information and safety
instructions. This will help
avoid injury to personnel
and/or damage to the equip-
ment. Both are valuable assets
to your operation. Take the
time to protect them.

Read the manual contents
before you start your installa-
tion or operation. This will
save time by ensuring all the
necessary materials and tools
are available when the equip-
ment arrives.

Since 1960, Turbo
Refrigerating, LLC has made
the highest quality industrial
icemakers available on the
market. TURBO's ability to
respond to its customer’s

introduction

INTRODUCTION

needs is one of the primary
reasons that TURBO has
become the major supplier in
the industrial icemaker mar-
ket. This ability, along with
TURBQ’s commitment to

provide !ngh quality, reliable

equipment is incorporated in
all of its products.

Turbo Refrigeraling, LLC
offers this manual as a guide
to owners and operators of
TURBO® equipment, to assist
in maintaining the equipment
in a reliable and efficient
manner.

Please read all information
carefully and follow all

Imotrintinang 17 medan o nxes
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damage to equipment or
injury to personnel. Review
the installation instructions
prior to the actual rigging
operation to ensure that the
necessary equipment will be
available at the jobsite. Also,
this can be used to acquaint
all personnel with the proper
procedures to be followed
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, LLC has
been producing equipment for
the ice industry since 1960.

‘""MP dd b
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The ice generators described
in this manual are part of a
family of products designed
specifically to meet the needs
of the industrial ice users. The
D-line series ice generators

sten - 1Q0¢Q
were introduced in 1998,

Although they are the
youngest member of the
TURBO family, they are built
with the same high quality
standards of engineering used
to develop the icemakers of
the 60’s. Many of the latest
developments in technology
are used to design the D-line
series ice generators.

In applications where totally
dry and uniform ice is not
required, the D-line series
offers a low cost alternative,

lcemakers Versus
ice Generators

There are several basic differ-
ences between TURBOQ ice-
makers (C-series), TURBO
ice generators (TIG/TIGAR
series) and the D-line series.

TURBO Icemakers

Th i TTTRDN fra
The traditional TURBO ice-

maker was designed to meet
the needs of the packaged ice
industry where dry, sub-
cooled, uniform pieces of ice
are essential. To meet these
requirements, TURBO ice-
makers make ice on only one
side the plate and warm water
is used to harvest (some mod-
els are available with hot gas
assist). The water to each sec-
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tion is cut off and a drying
cycle is used. Both of the
above ensure a dry, sub-
cooled ice. As the ice sepa-
rates from the plates, it is
metered into a breaker assem-
bly to ensure uniform ice size.
The sizing system consists of:

* A rotating breaker bar
* An adjustable sizer bar
* A fixed sizer grate.

The unique sizing adjustment
along with ice thickness con-
trols allow the TURBO ice-
maker to produce a wide vari-
ety of ice nugget sizes.

TURBO TIG/TIGAR

Ice Generators

- The TURBO ice generators
were designed to meet the
needs of the industrial user
requiring ice for its cooling
effect rather than for con-
sumption. TIG/TIGAR series
units maintain the same oper-
ating technology and sanita-
tion requirements as the ice-
makers maintain, while elimi-
nating the icemaker features
not essential to their applica-
tions. In the TIG/TIGAR, the
drying cycle and warm water
harvest are rpnbmed by a hot

gas harvest, and the ice break-
er/sizer mechanism is
replaced by an auger to break
the ice into irregular sizes. As
a result, a random shaped
piece of fragmented ice is
produced at a lower cost per
ton.
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TURBO D-Line Ice Generators
The best features of the
TURBO C-series icemakers
and TURBQO ice generators
(TIG series) were combined
to provide an ice generator
capable of delivering a dry
product with a hot gas har-
vest. With the simple valve
arrangement, standard oil
return system and unique
refrigeration system used in
the D-line, a reliable harvest

can be obtained without the
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water to the icemaking plates
like the C-series while pro-
ducing ice on both sides of
the evaporator plates like the
TIG series. The D-line has a
drying cycle and built-in anti-
slushing system as standard
features.

Although a sizing system is
not built into the ice generator
discharge, the design allows
for simple installation of a
breaker bar system similar to
the C-series or a screw con-
veyor similar to the TIG
series. These methods provide
random shaped, fragmented
ice.

For installations requiring a
more uniform ice fragment, a
TURBO style ice sizer can be
built into the discharge of the
ice generator or used in con-
junction with the breaker bar
Or screw conveyor style dis-
charge. The D-line provides
all of the above in a smaller
footprint than the C-series or
TIG series at the lowest cost

per ton.

Model Descriptions

All D-line units
with:

* Aluminum exterior panels
(evap. only)

are provided

* Control panel with
programmable controller

*+ Stainless steel interior in
icemaking section

* Stainless steel evaporator
plates

230/3/60 or 460/3/60 motor
with 115/1/60 controls

* Semi-hermetic compressor

Stainless steel water
distribution pan.

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

D-Line Series Modeis

5C (Self-Contained Water-
Cooled)

. Completely self-contained

uluuuul.g IUJ.llgUl"d.ﬂl
charge.*

* Uses a water-cooled
condenser with water
regulating valves.

* Optional cooling tower and
pump are available.

SCA (Seif-Contained

Air-Cooled)

* Completely self-contained

including refrigerant
charge.*

+ Uses an air-cooled
condenser.
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* Head pressure controls
provided with the
air-cooled condenser.

* Complete unit and
condenser is mounted on
a common base frame.

* Refrigerant charge is sup-
plied for domestic shipments

only; international orders are

shipped with a holding charge
only (all models).

SCAR (Self-Contained

Ajr-Cooled Remaote)

» Self-contained unit set up
for remote air-cooled

condenser,

Azo_nmnlad Amsmdmemsnse nnd
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head pressure controls can
be fumished as options.

* No refrigerant charge.

* Receiver and isolating
valves are optional.

Capacities

The D-line series is available
in a 6 U.S. tons of ice per day
model only. All capacities are
based on 60°F make-up water,
0°F evaporator and 105°F
condensing temperatures with
60 hertz electrical power.

USDA Design

All TURBO icemakers and

ice generators are designed
and built to meet USDA’s
rugged design guidelines and
industrial standards to make
them the most reliable in the
industry. Each system is
designed to provide the safest
and simplest operation, and

easy access for cleaning as

introduction

well as to minimize mainte-
nance. TURBO equipment
has been used in USDA
inspected installations for
many years with a proven
record of meeting USDA
requirements.

Basic Operation

The D-line ice generator pro-
duces ice in baiches.
Operation is controlled by a
programmable controller,
water level control and har-
vest pressure switch for sim-
ple reliable operation. The
basic sequence is:

1. Turn the master control
switch ON. The water tank
automatically fills with
fresh water and the ice pro-
duction cycle begins.

2. Simple water level controls
monitor the water level in
the tank to initiate the dry-
ing cycle to cure the ice
followed by the harvest
cycle when the selected ice
thickness is obtained. Ice
thickness can be changed
using the Ice Thickness
Selector Switch on the con-
trol panel door.

3. After the ice is harvested
from the plates, a harvest
pressure switch terminates
the harvest cycle and the
ice generaior begins the
next icemaking cycle. The
water tank was refilled dur-
ing the harvest cycle and
the water pre-chilled by the
gas generator plate used to
supply hot gas to the ice-
making plates for harvest.

4. This sequence countinues
until the ice generator is
turned off through the mas-
ter control switch (or
optional remote switch in
MCS circuit).

5. When the MCS is turned
off, the ice generator com-
pletes the current icemak-
ing cycle and then goes
through a pump-down of
the refrigeration system to
minimize refrigerant migra-
tion problems when the ice
generator is off.

6. The drain valve on the

water tank opens to drain
the remaining water and
suspended solids from the
water system. This ensures
fresh water and a clean
tank at the start of each
production run of the ice
generator.

There are no refrigeration or
detrost timers to set or change
to obtain the desired ice thick-
ness. The same thickness of
ice will be obtained regardless
of the make-up water temper-
ature or refrigeration system
operating conditions. Simple
controls automatically adjust
operation to the actual operat-
ing conditions. Design condi-
tions are make-up water tem-
perature of 60°F, evaporator
temperature of 0°F and con-
densing temperature of 95°F.

Note:

Although the same ice thick-
ness is obtained, capacity will
vary with operating condi-
tions that vary from design.
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For example, with 80°F
make-up temperature, the
same ice thickness will be
obtained but the capacity will
decrease by approximately
10% due to the increased load
of the warmer water.
Conversely, if 50°F make-up
water is supplied, the same
thickness is obtained with
approximately 6% increase in
capacity. Both examples

assume the other design con-
ditions are the same,
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Sanitary Ice

TURBO makes every effort
possible to minimize the
potential for contamination of
the ice produced on the ice
generators (as well as all

4
other products). All water and

ice contact areas are either
stainless steel, PVC or hot-
dipped galvanized. In addi-
tion, the stainless steel water
distribution pan and water
tank are easily accessible for
cleaning.

The hole pattern in the water
distribution pan acts as a sec-
ondary screening media for
the water on the plates. A
strainer is provided in the
make-up water line, TURBO
strongly urges each user to
consult a local water treat-
ment specialist to determine
any water treatments that
might be beneficial in obtain-
ing the best ice possible.

TURBO ice generators use
the latest controls available
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for simple, reliable operation.

All models are supphed with:
¢ A programmable controller.

* Magnetic starters with
overload protection (for all
motors furnished with the
ice generator — extra
starters for remote

e LI

equipmeni are optional).

* All selector switches
required for automatic
operation of the system.

All components are mounted
in a stainless steel electrical
enclosure (NEMA 3R).
Control panels are UL
approved.

Ice Delivery

Ice produced b by the ice gener-
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ator is dehvered to a common
discharge opening under the
cabinet. Several methods of
sizing and delivery to storage
or the point of use can easily
be adapted to the D-line. Ice
can be:

* Discharged directly from
the ice discharge opening
of the ice generator into a
storage building located
below.

* Discharged into storage or
point of use through a
screw conveyor installed
under the ice discharge
opening.

» Discharged into a breaker
bar or ice sizing mecha-
nism and discharged either
directly to storage or point
of use or into a screw con-
veyor. For the screw con-

veyor method, any standard
screw conveyor can be
used. TURBO can provide
any of the sizing mecha-
nisms described as options.

* Discharged from either end
of the ice generator or out
the rear through a discharge
transition. Front discharge
is not available due to inter-
ference with the water pip-
ing under the ice generator
and restriction of access to
the front for cleaning and
maintenance. On installa-
tions with multiple ice gen-
erators discharging into a
common conveying system,
the rear discharge is recom-
mended.

The use of a discharge transi-
tion into a screw conveyor is
recommended to prevent con-
densation, cleaning agents or
water from being accidentally

dtuupcu into the storage or
point of use.

IMPORTANT

All conveyors, transitions,

or belt conveyors connected
to the ice discharge open-
ing should ensure access to
the screw conveyor or other
ice sizing methods (if used)
is eliminated. See section

2. Safety for additional
information on guards

and covers.

Optionai D-Line Features

Although TURBO designs
and builds ice generators to
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be as flexible as possible, the
standard models or features
may not meet a particular
application. TURBO can
design special configurations
and offers several optional
features including:
* Winterizing kits with un-
insulated compressor
compartment panels.

* Weatherizing kits with
enclosures for outdoor
enmnmenr mclndma

compressors for low
ambient operation.

+ Bin-O-Matic controls to

antomatically turn 1ce

generators off when the
delivery point is full.

* Special voltages and
frequencies.

+ Complete pneumatic sys-
tems to convey ice. Blower,
rotary airlocks and two or
three position diverter
valves may be purchased
separately.

* Cooling towers and cooling
tower pumps with head
pressure controls for all
SC models.

* Air-cooled condenser with

head pressure controls for
SCAR models.

+ Stainless steel auger and

discharoe transition

WASANEL B aTIISIANL.

* Ice sizing mechanism
including screw conveyor,
TURBO breaker bar

PP .-y

aaacmuny or TURBO ice
sizers.

If you have an application or
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a need that is not discussed

here, contact the sales depart-
ment of Turbo Refrigerating,
LLC or a TURBO distributor

to discuss your needs:

Turbo Refrigerating, LLC
P.O. Box 396
Denton, Texas 76202-0396

Phone: 940-387-4301
Fax: 940-382-0364
E-mail: info@turboice.com

Internet: www.turboice.com

Associated TURBO
Equipment

TURBO Block Press

TURBO offers another fea-
ture to make it possible to get
your money’s worth out of
your ice production. Instead
of throwing away the snow
produced by the breaker bar,
screw conveyors or other han-
dling devices, install a
TURBO block press. The
block press converts the snow
into a ten or fifty-five pound
block of ice.

Introduced in 1977, the
TURBO block press is a com-
pletely automatic hydraulic
powered unit capable of pro-
ducing 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
* A better product

* Higher profits for the
ice person.

Rugged industrial construc-
tion and stainless steel 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 delivery system (from 20
to 300 ton capacities).

There are two basic sizes in

the hydraulic version as well

as two larger versions known
“automatic ice rakes.” The

nm-.".g-o herd 1 B =4 P
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range in capacity from 20 to
75 tons while the larger auto-
matic ice rakes range from
100 to 300 tons of ice storage.

All TURBO ice storage sys-
tems have been successfully
installed in USDA inspected

{"nr"lhhpc Each system is

designed to make the loading
and unloading of the ice stor-
age system as safe and simpie
as possible. TURBO 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)

» Fish icing

* Poultry icing

* Chemical and dye processes
* Emergency cooling loads

¢ Jce slurries
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+ Catering trucks

+ Salad bars or display ice
food processing

High
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alues

The TURBO service depart-
ment provides assistance for
all customer needs. TURBO
conducts training schools at
the factory and various loca-
tions throughout the world.

For information, contact the

camsira danartmant at Thirhna
[+ %0 L L v uvpm WiIWIL Al AUy

Refrigerating, LLC.

The model and serial number
of your TURBO® equipment
is located on the nameplate
attached to the electrical con-
trol panel. Please refer to the

- model and serial number

P

when making inguiries about
the equipment. This will
enable our personnel to han-
dle your questions quickly
and accurately.
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TURBO highly values its
friends and customers in the
industry. Please remember to:

T hink safely — act safely.

U nderstand operating
procedures and dangers of

the equipment
the equup

L w1

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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Turbo Refrigerating (The Company)
agrees to sell the Equipment

r‘lmmhprl herein nmn the Fr\“nnnng
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terms and conditions of sale which,
accordingly, supersede any of
Buyer’s additional or inconsistent
terms and conditions of purchase to

which the Companv obiects, The
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Company’s entry into this Agreement
is made expressly conditional on
Buyer’s assent to the following
terms and conditions,

1. Terms and Prices

a) Unless otherwise specified by
the Company, all orders are to be
accompanied by a twenty percent
(20%) down payment or an accept-
able irrevocable letter of credit con-
firmed cn a U.S. Bank acceptable to
the Company. No orders are to be
entered without payment or L/C in
hand.

b) All orders are subject to the
approval of the Company’s home
office. Unless otherwise stated,
standard terms of payment are thirty
(30) days net from the earlier of
date of shipment or readiness of the
Equipment for shipment. If partial
shipments are made, payment shatl
become due and payable to the pat-
tial shipment.

¢) In addition to the purchase
price, Buyer shall pay any excise,
sales, privilege, use or any other
taxes, Local, State or Federal, and
all expont license fees, duties, cus-
toms or similar charges, which the
Company may be required 1o pay
arising from the sale or delivery of
the equipment or the use thereof,
Prepaid freight, if applicable, will
be added to the purchase price and
invoiced separately. Where price
includes transportation or other
shipping charges, any increase in
transportation rates or other ship-
ping charges from date of quotation
or purchase order shall be for the
account of and paid by Buyer.

d) Contract prices are subject to
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adjustment to the Company’s prices  properly installed and maintained
in effect at ume of stupment unless  and operated within the Equipment's
otherwise specified in a separate capaciiy under normal load condi-
Price Adjustment Policy attached to  tions with competent supervised
the proposal or other contract docu-  operators and, if the Equipment uses
ment of the Company., water, with proper water condition-

€) If Buyer requests changes in

thp pnlnpmnnt or flnln}rs prsgrnno Gf

the manufacture or shipment of the
Equipment, the contract price shall
be adjusted to reflect increases in
selling price cansed thereby.

2. Shipment

Shipment is FO.B. Company’s
plant or place of manufacture,
unless otherwise specified. Risk of
loss shall pass to Buyer upon deliv-
€ry 1o transporting carrier,

3. Delivery

a) The Company will endeavor
to make shipment of orders as
scheduled. However, all shipment
dates are approximate only, and the
Company reserves the right to read-
just shipment schedules.

b} Under no circumstances will
the Company be responsible or
incur any liability for costs or dam-
ages of any nature (whether general,
consequential, as a penalty or liqui-
dated damages or otherwise) arising
out of or owing to (f) Company’s
bandling and storage charges then
in effect, (III) demurrage charges if
lcaded o rail cars.

4. Limited Warranty:
Warranty Adjustment:
Exclusions: Limitation of
Liability

a) LIMITED WARRANTY
The Company warrants that at the
time of shipment the Equipment
manufactured by it shall be mer-
chantable, free from defects in
material and workmanship and shall
possess the characteristics repre-
sented in writing by the Company.
The Company’s warranty is condi-
tioned upon the Equipment being

ing. Equipment accessories and
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lice pans andl COmpOoncs not
manufactared by the Company; in
no event shall such other manufac-
turer's warranty create any more
extensive warranty obligations of
the Company to the Buyer than the
Company’s warranty covering
Equipment manufactured by the
Company.

b) EXCLUSIONS FROM
WARRANTY

(i) THE FOREGOING IS IN
LIEU OF ALL OTHER WAR-
RANTIES, ORAL OR
EXPRESSED OR IMPLIED,
INCLUDING ANY WARRANTIES
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THAT EXTEND BEYOND THE
DESCRIPTION OF THE EQUIP-
MENT. THERE ARE NO

EXPRESS WARRANTIES OTHER
THAN THOSE CONTAINED IN

2 ALSAS AL

THIS PARAGRAPH 4 AND TO
THE EXTENT PERMITTED BY
LAW THERE ARE NO IMPLIED
WARRANTIES OR FITNESS FOR
A PARTICULAR PURPQSE, THE
PROVISIONS OF THIS PARA-
GRAPH 4 AS TO DURATION,
WARRANTY ADJUSTMENT
AND LIMITATION OF LIABLLI-
TY SHALL BE THE SAME FOR
BOTH IMPLIED WARRANTIES
(IF ANY) AND EXPRESS WAR-
RANTIES

(ii) The Company's warranty is
solely as stated (a) above and does
not apply or extend, for example, to
expendable items; refrigerant; ordi-
nary wear and tear, altered units;
units repaired by persons not
expressly approved by the
Company; materials not of the
Company's manufacture, or damage
caused by accident, the elements,
abuse, misuse, temporary heat, over-
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loading, or by erosive or corrosive
substances or by the alien presence
of oil, grease, scale, deposits or
other contaminants in the
Equipment.

¢) WARRANTY ADJUSTMENT

Buyer must make claim of any
breach of any warranty by written
notice to the Company’s home
office within thirty (30) days of the
discovery of any defect. The
Company agrees at this option to
repair or replace, BUT NOT
INSTALL, 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 (includ-
ing return to the Company) 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
replacemenis made by the Company
shall terminate upon the termination
of the initial warranty period set
forth above. Expenses incurred by
Buyer in replacmg O repairing or
returning ibe Equipment or any pari
or parts will not be reimbursed by
the Company.

d) SPARE AND REPLACE-
MENT PARTS WARRANTY
ADJUSTMENT

The Company sells spare and
replacement parts. This subparagraph
(d) is the Warranty Adjustment for
such parts. Buyer must make claim
of any breach of any spare or
replacement parts warranty by writ-
ten notice to the Company’s home
office within thirty (30) days of the
discovery of any alleged defect for

el Bors $h
all such parts manufactured by the

Company. The Company agrees at
its option to repair or replace, BUT
NOT INSTALL, FO.B. Company’s
plant, any part or parts of material it
manufactures which, within one (1)
year from the date of shipment shall
prove to the Company’s satisfaction
(including return to the Company’s
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plant, transportation prepaid, for
inspection, if required by the
Company) to be defective within
this Parts Warranty. The Warranty
and warranty period for spare and
replacement parts not manufactured
by the Company (purchased by the
Company, from third party suppli-
ers) shall be limited to the Warranty
and Warranty Adjustment extended
to the Company to the Buyer for
such parts than the Company’s
Warranty Adjustment covering parts
manufactured by the Company as
set forth in this subparagraph (d).
Expenses incurred by the Buyer in
replacing, repairing, or returning the
spare or replacements parts will not
be reimbursed by the Company.

¢) LIMITATION OF LIABILITY

The above Warranty Adjustment
sets forth Buyer’s exclusive remedy
and the extent of the Company’s lia-
bility for breach of implied (if any)
and express warranties, representa-
tions, instructions or defects from
any cause in connection with the
sale or use of the Equipment. THE
COMPANY SHALL NOT BE
LIABLE FOR ANY SPECIAL,
INDIRECT OR CONSEQUEN-
TIAL DAMAGES OR FOR LOSS,
DAMAGE OR EXPENSE,
DIRECTLY QR 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 recom-
mendations that may have been ren-
dered concerning the purchase,
installation or use of the Equipment.

5. Patents

a)} PATENTS

The Company agrees at its own
expense to defend and kold Buyer
harmless in the event of any suits
instimted against Buyer for an
alleged infringement of any claim of
an United States Patent covering
solely to the structure of the
Equipment as originally manufac-

tured by the Company per the
Company’s specifications, and with-
out modification by the Buyer, pro-
vided buyer shali (j) have given the
Company immediate notice in writ-
ing of any such claim or insinuation
or threat of such suit; and (ii) have
permitied the Company to defend or
settle the same, and have given all
needed information, assistance and
authority to enable the Company to
do so. Buyer shall defend and
indemmify the Company against all
expenses, costs and loss by reason
of any real or alleged infringement
by the Company’s incorporating a
design or modification requested 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 Equipment and may be
satisfied by the Company’s refund-
ing to Buyer, at the Company’s
option, 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
Buyer’s use thereof is enjoined, the
Company shall, at its expense and at
its option: (i) obtain for the Buyer
the right to continue using the
Equipment, or (ii) supply non-
infringing Equipment for installa-
tion 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 cansed by use or operation of the
Equipment prior to being placed in
initial operation (“Start up™) by the
Company where Start Up is includ-
€d in the purchase price, then Buyer
shall indemnify and hold the
Company harmless from all Labili-

ty, costs and expenses for all such

damage or injury.
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7. Equipment Changes

The Company may, but shall not
be obligated to, incorporate in the
Equipment any changes in specifi-
cations, designs, material, construc-
tion, arrangement, Or components,

8. Security Interest; Insurance

a) To secure payment of the pur-
chase price, Buyer bereby grants the
Company shall retain a security
interest in the Equipment until
Buyer shall have paid in cash the
full purchase price when due, inter-
est at the highest lawful contract
rate until so paid and the costs of
collection, including reasonable
attorney’s fees. This agreement con-
stitutes a security agreement and a
carbon, photographic or other repro-
duction of this agreement shall be
sufficient as a financing statement
and may be filed as such. The
Equipment shall at times be consid-
ered and remain personal property
and Buyer shall perform all acts
necessary to assure and perfect
retention of the Company’s security
interest against the rights or inter-
ests of third persons. In the event
Buyer defauits payment of any pro-
visions of this contract, the
Company shall have the remedies
available under the Uniform
Commercial Code.

b) So long as the purchase price
1s unpaid, Buyer at its cost shail
obtain insurance against ioss or
damage from all external causes,
naming the Company as an insured,
in an amount and form sufficient to
protect the Company'’s interesi in

the Equipment.
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9. Canceilation

Buyer cannot cancel orders
placed with the Company, except
with the Company’s express written
consent and upon terms and pay-
ment to the Company indemnifying
the Company against loss, including
but rot limited to expenses incurred
and commitments made by the

Company.

10. Loss, Damage or Delay
The Company shall not be Liable
for loss, damage or delay resulting
from causes beyond its reasonable
control or caused by strikes or labor
difficulties, lockouts, acts or gmis-
sions of any governmental authority
or the Buyer, insurrection or riot,
war, fires, floods, Acts of God,
breakdown of essential machinery,
accidents, priorities or embargoes,
car and material shortages, delays in
transportations or inability to obtain
labor, materials or parts from usual
sources. In the event of any delay
from such sources, performance 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 accom-
plished by the Company due to any
action of governmental agencies, or
any laws, rules or regulations of the
United States Government, the
Company (at its option) may cancel
this agreement without Liability. In
no event shall the Company be
liable for any loss or damage of any
kind, including consequential or

SR R SO

special damages of any naiure.

11. Work By Others:
Accessory and Safety Devices

The Company, being only a sup-
plier of the Equipment, shall have
no responsibility for labor or work
of any nature relating to the installa-
tion or operation or use of the
Equipment, all of which shall be
performed by Buyer or others. It is
the responsibility of Buyer to fur-
devices as may be desired by it
and/or required by law or OSHA
standards respecting installed and
operated in accordance with all
code requirements and other applic-
able laws, rules, regulations and
ordinances.

12. Complete Agreement

THE COMPLETE AGREE-
MENT BETWEEN THE COMPA-
NY AND BUYER IS CONTAINED
HEREIN AND NO ADDITIONAL
OR DIFFERENT TERMS OR
CONDITIONS STATED BY
BUYER SHALL BE BINDING
UNLESS 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 failure of the
Company to insist upon strict per-
formance of any of the terms and
conditions stated herein shall not be
considered a continuing waiver of
any such term or condition or any of
the Company’s rights,
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WARNING! Read this section first. Failure to carefully follow these instructions

could recult in permanent mmrv or loce of life,

000

Here are some safety points to
keep in mind when creating
an efficient yet safe working
environment.

Safety Definitions

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

Warning

Indicates severe personal
injury or death will result if
instructions are not followed.

Caution
Indicates a strong possibility
of severe personal injury or

death if inctme f._}

LU AL LS UL U

followed.

ns are nnt
LAy LAV LIN/L

Important

Indicates hazards or unsafe
practices which could cause
minor personal injury or prod-
uct or property damage.

Note
Gives helpful information.

Machinery Is Dangerous

i
}v{a\,}‘unﬂf} can huu. you il

you are not careful. Use cau-
tion during assembly and
operation of equipment.

ALWAYS:
¢ Read the entire manual first.

¢ Use common sense and
kﬂ r‘OfﬂFl'l‘
L Wl L),

+ Have enough manpower.

* Have the proper tools.

Safety

SAFETY

* Follow directions and
illustrations.

* Check to see that all
equipment meets applicable
installation codes for your
area as well as state and
federal requirements.

* Have sufficient safety
warnings on all equipment.

Py P PR W o

}.Vld.KC Sure d.Ll bd.lt'd.y UCV]C S
and guards are in place.

Note:

The warning labels attached
to the control panel, screw
trough extension, belt pulley
guard and access panels
should be followed. They are
shown in Figures 2-1, 2-2,
2-3,2-4,

If all labels are not attached
and visible or labels start to
become illegible, contact

Turbo Refrigerating, LLC
immediately.

Turbo Refrigerating, LLC
P.O. Box 396
Denton, Texas 76202-0396

Phone: 940-387-4301
Fax: 545-382-0364
E-mail: info@turboice.com

internet: www.turboice.com

Involve Your People

Before operating equipment,
have the people involved in
the operation or maintenance
eqc.ipmuut meet 1o dis-
cuss the dangers and safety
aspects of the D-line equip-
ment.

af tha
UL ui

xxT

* Warn them of the uanger of
miscommunication.

* Tumn electricity off and
lock it out when working
on the D-line equipment.

L4

wmnmsinn dhis
Pl TiES gu e

HIGH VOLTAGE

This panel contains multiple
m sources of supply voltage.
N\ Disconnect each before
servicing.
Only Quatifiett Persannel should

Y lﬁnm-n!
'-\' DFI RPN g

Figure 2-1 Warning Label On Control Panel
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WARNING! Read this section first. Failure to carefully follow these instructions

could result in permanent injury or loss of life.

* Have a person trained and
qualified in the equipment
operation on duty to ensure
that the electricity stays
locked out to protect per-
sonnel working on the
equipment.

WARNINGS

The D-line unit is an automat-
ic machine. When in opera-
tion, 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 D-line
equipment uniess all electrical
power is disconnected and
focked out.

The ice discharge opening has
a warning label (refer to
Figure 2-3). Field installation
must ensure that a cover or
guard (not supplied by
TURBO]) 15 in place on the
ice discharge opening before
operating to prevent entry into
the screw conveyor or sizing
mechanism

Pull disconnect and lock out
all electrical service before
removing any guards, access

manale andlae Aneaea

POIVAD QLN UL VUYLD.

Never operate the unit with-
out all guards, access panels
and covers in place and
securely fasiened.

If leaks in the refrigerant pip-
ing require soldering or weld-
ing, be sure refrigerant is bled
off and the system is open
before attempting to repair.
Protect eyes with the proper
eye protection.

2-2 Turbo Refrigerating, LLC 4/98

FAILURE TO FOLLOW THESE RULES AND MAKE ALL
FOLLOW THESE RULES CAN LEAD TO
FERMANENT INJURY OR 10848 OF LIFE.

2 MEVER STEP ON OR WALK ON A COMVEYER GOVES,
GRATE OR GUARD.

3 LOCK QLY POWER TO THE SCREW CONVEYOR BEFORE
FEMOVING DOVERS, GRATES ANG GLIARDE.

SaETTEDe.
£ MERD Al MnTTEee ARy PO EQUT OF

Figure 2-2 Warning Label On Screw Trough

(optional harvest screw if supplied)

Figure 2-3 Warning Label On Access Panels

Safety
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could racult in nermanant iniurv or
! permanent Iinjury o
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loss of life.

When changing oil in the
compressor, make sure the
pressure is bled off (relieved
to atmospheric pressure)

before opening the system.

Always wear eye protection
when cleaning the system.

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

sonnel

Use only recommended ice
machine cleaners. Follow
instructions and warnings
arzmmemlind ey tha s faadaran
DUPPL[CU Uy WIC Llailula LLiiLa

of the cleaning agents.

Never open the control panel
without disconnecting and
locking out electrical service.
All electrical work should be
performed by a qualified elec-
trician.

When servicing the D-line
equipment, TURBO recom-
mends that at least two (2)
people be present at all times.

Although TURBO does not
supply conveying equipment
beyond the ice discharge
opening, any conveyors used
in association with the opera-
tion of TURBO equipment
must be sufficiently guarded
to prevent injury.

Notes:

1. Conveyor manufacturer’s
instructions and warnings
are on pages 2-5 to 2-6.

. Per the OSHA Hazard
Communication Standard,
material safety data sheets
for refrigerant and refriger-
ant oils are on pages 2-9
to 2-14.

If an outside contractor is
required to install or service
your D-line equipment,
require him to furnish you
with a certificate of insurance
before performing any work
on your equipment. TURBO
recommends that the person
hiring a contractor to perform
work be satisfied with their
experience and competence.

[N

Figure 2-4 Warning Labels On Screw Conveyor Belt Pulley Guard

Safety
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WARNING! Read this section first. Failure to carefully follow these instructions
could result in permanent injury or loss of life.

Control Switch

A selector switch is provided
to control the D-line unit
operations (on and off). To
lock out the D-line unit con-

trols:

1. Pull disconnect and lock
out all electrical service.

2. Turn selector switch
(provided) to the “OFF”
position.

TF vnin have anosctHang, oall
AR JU“ ANES ¥V Iiuwuulli” SRR

Turbo Refrigerating, LLC:
1-940-387-4301.
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WARNING! Read this section first. Failure to carefully follow these instructions
could result in permanent iniury or loss of fife.

'Y X I

. A -

Turbo Refrigerating, LLC
does not install conveyors,
consequently it is the respon-
sibility of the contractor,
installer, owner and user to
install, maintain and operate
the conveyor, components and
assemblies in such a manner
as to comply with the
Williams-Steiger Occupational
Safety and Health Act and
with all state and local laws
and ordinances and the
American National Standard
Institute (ANSI) safety code.

In order to avoid an unsafe or
hazardous condition, the
assemblies or parts must be
installed and operated in
accordance with the following
minimum provisions.

1. Conveyors shall not be
operated unless all covers
and/or guards for the con-
veyor and drive unit are in
place. If the conveyor is to
be opened for inspection,
cleaning, maintenance or
observation, the electric
power to the motor driving
the conveyor must be
iocked out in such a man-
ner that the conveyor can-
not be restarted by anyone
(however remote from the

.
nmn\ Ill'll“l OMTMLIOLIMAT NALIOr
arca; unu CONVEYOor COVeT

or guards and drive guards
have been properly replaced.

2. If the conveyor must have
an open housing as a condi-
tion of its use and applica-
tion, the entire conveyor is

Safety

Conveyo

ry :-I-:a
WL LIW l

rnie
then to be guarded by a
railing or fence in accor-
dance with ANSI standard
B20.1-1976, with special
attention given to section
6.12.

3. Feed openings for shovel,
front loaders or other man-
ual or mechanical equip-
ment shall be constructed
in such a way that the con-
veyor opening is covered
by a grating. If the nature
of the material is such that

a grating cannot be used,

then the exposed section of
the conveyor is to be guard-
ed by a railing or fence and
there shall be a warning
sign posted.

4. Do not attempt any mainte-

nance or repairs of the con-
veyor until power has been

VRomiital Sl 28 D

locked out.

5. Always operate conveyor in
accordance with these
instructions and those con-
tained on the caution labels
affixed to the equipment.

6. Do not place hands or feet
in the conveyor.

7. Never walk on conveyor
covers, grating or guards.

8. Do not nse conveyor for

LR A v r AR

any purpose other than that
for which it was intended.

9. Do not poke or prod mater-
ial into the conveyor with a
bar or stick inserted
through the openings.

anufacturer'

and vwwa

gs Wy

10. Keep area around convey-
or drive and control sta-
tion free of debris and
obstacles.

11. Always regulate the feed-
ing of material into the
unit at a uniform and con-
tinuous rate.

12. Do not attempt to clear a
jammed conveyor until
power has been locked
out.

13. Do not attempt field mod-

i
ification of conveyor or

components.

Turbo Refrigerating, LLC
insists that disconnecting and
locking out the power (o the
motor driving the unit pro-
vides the only real protection
against injury. Other devices
should not be used as a sub-
stitute for locking out the
power prior to removing
guards or covers. We caution
that use of secondary devices
may cause employees to
develop a false sense of secu-
rity and fail to lock out power
before removing covers or
guards. This could resuit in a
serious injury should the sec-
ondary device fail or malfunc-

tion.

There are many kinds of elec-*
trical devices for interlocking
of conveyors and conveyor
systems such that if one con-
veyor in a sysiem or process
is stopped, other equipment
feeding it or following it can
also be automatically stopped.

4/98 Turbo Refrigerating, (1C 2-5




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

Electrical controls, machinery
guards, railings, walkways,
arrangement of installation,
training of personnel, etc. are
necessary ingredients for a
safe working place. It is the
responsibility of the contrac-
tor, instalier, owner and user
to supplement the materials
and services furnished with
these necessary items to make
the conveyor installation com-
ply with the law and accepted
standards.

2-6 Turbo Refrigerating, LLC 4/98

Conveyor inlet and discharge g
openings are designed to co
nect to other equipment or
machinery so that the flow of
material into and out of the
conveyor is completely

enclosed.

Safety




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

Safety Lockout Procedure

Edhm it ve Almisnsmhas 4 1000

Y Do
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I. Purpose lll. Supervisory this procedure. If it is deter-
. s J Responsibility mined that this procedure is
4138 PUIPOSE Of ulis proCeaure not bemg complied Wlth,

is to prevent injury and/or
death to personnel by requir-
ing that certain precautions be
taken before servicing or
repairing equipment. It has
been developed and imple-
mented so as to comply with
29 CFR 1910.147, of the
Occupational Safety and
Health Act, as amended.

These precautions include:

1. Shutﬁus off and I%T"“g

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
serviced or maintained.

Il. Scope

This procedure includes those
employees whose duties
require them to do mainte-
nance work on power-driven
equipment. It covers the ser-
vicing or maintenance of
machines or equipment in
which the unexpected ener-
gization, start-up or release of
stored energy could cause
injury.

Safety

It is the responsibility of all

supervisors having contact

with such operations to:

A.Instruct all affecied
employees as to the content
of this program.

B.Ensure compliance with
this procedure.

IV. 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 ter-
minates his employment.
Safety and supervisory per-
sonnel shall have access to
masier keys for protective
locks, and under certain con-
trolled conditions, be avail-
able to assist in the removal
of safety locks.

Safety locks are painted yel-
low for electricians and red
for maintenance personnel.

T e nra t b siand
These locks are to be used

only for locking out machin-
ery, tooling, and equipment
described in this procedure.

V. Safety Department
Responsibility

immediate corrective action
will be initiated. Wherever
possiblc such action will be

tal-am Im Aot eam o tha

axcn in »oumn.uuu v'vu.‘l'i uic
first-line supervisor; however,
higher level management per-
sonnel will be involved if the
violation is of a serious or
repetitive nature.

VI. Rules and Regulations

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

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

A_Any clectrician or mainte-
nance person whose duties
require that he or others be
exposed to the hazards of
electrical shock or moving
eqtnpmem., imiust pcuuuu
those duties in a safe and
uncompromising manner.
The following steps outline
such precautions:

1. The employee must under-
stand the equipment with
which he is working and its

hazards,

2. When working with electri-
cal equipment where the
accidental staning of such
equipment or release of
stored energy would create
a hazard, the employee
must turn off all power to
the unit or use energy iso-
lating devices and apply his
personal lock, and have the
supervisor of that area

4/98 Turbo Refrigerating, LLC 2-7




WARNING! Read this section first. Failure to carefully follow these instructions

could result in permanent injury or loss of life.

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 multiple
circuits are in a circuit
breaker box, an attaching
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 assigned
to a task, each employee is
required to place his own
lock and tag so the controls

nnat ha nnoratad aven
cannot oe VpoiaAl, vyl

though another person may
have completed his own task,
and remove his own lock.
If the equipment conirols
are so0 located that only one
lock can be accommodated,
a special attachment that

accommodates several

locks must be used. This
attachment will be issued to
all designated employees.

0

CJ

.should an employee be
required to work on another
piece of equipment and
need to leave his lock on
the present equipment,
another lock must be
obtained from the plant
manager.

2-8 Turbo Refrigerating, LLC 4/98

E.Should it be necessary to
operate a piece of equip-
ment which is locked out,
every effort should be made
by supervision to locate the
employee whose lock is on
the equipment. If that
employee cannot be locat-
ed, the supervisor may
obtain a master Kcy for the
lock. The supervisor must
personally assure himself

that it is safe to remove the
lock The lack chonld than

AV waARe A LaWw L WAL DIINFUALE LAACL

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
return thinking that the
machine is still locked out,
when it has actually been

turned back on.

.
E 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
supervision will make
every attempt to avoid the
removal of locks, there may
be situations when it must
be done. This recheck is for
your protection.

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 1s recognized that
electricians must work on
live circuits from time to

time, particularly when
trouble-shooung, but
extreme caution must be
used under these circum-
stances. Never work alone

when changing live wiring.

VIl. Outside Contractors

AN VAL LRI SLAVALAD

personnel are to be engaged
in activities covered by the
scope and application of this
lockout and tag procedure,
such personnel are to be
informed of this procedure by
the person responsible for
their work activity and are to
direct them to follow its
requirements. Failure to do so
shall require that they do not
be permitted to continue

I e
working in the plant.

Whenever outside Qerwmqg

VIIL. Failure To Follow
Procedures

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

dlscharge

Safety
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could result in permanent injury or loss of life,
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A. General Information

iaad AN

Refrigerant 22, Freon 22, Genetron 22, DOTNO.: UN 1018
Fluorocarbon 22, CF(C-22, R-22

CHEMICAL NAME: Chlorodifluoromethane or monochlorodifluoromethane

TRADE NAME (COMMON NAME, SYNONYM): CASNO.: 75-45-6

FORMULA: CHCIR2
MANUFACTURER’S ADDRESS: (MAILING) (LOCATION)
Racon Inc. Racon Inc.
PO. Box 198 - 6040 S. Ridge Road
Wichita, KS 67201 Wichita, KS 67215
CONTACT:  Vice President of Manufacturing ISSUE DATE: 11/18/85
(316) 524-3245 or REVISED DATE:
(800) 835-2916

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

B. First Aid Measures
inhalation:

Vapor

¢t Primary route of exposure. If inhaled, remove io fresh air. Keep warm and ai rest. If breathing
is difficult (labored), give oxygen. If not breathing, give artificial respiration and check for
pulse. If no pulse, start CPR (cardiopulmonary resuscitation). 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 otherwise 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.

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-ierm comprehensive

studies have specifically investigated acute overexposure of humans to CFC-22, experience
indicates the cardiovascular and respiratory systems are the primary systems affected. Abuse
(intentional inhalation) has caused death. Human exposure to high concentrations (e.g. 20%) may
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WARNING! Read this section first. Failure to carefully follow these instructions
could result in permanent injury or loss of life.

canse 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. LCS0
values for rats and mice range from 277,000 to 390,000ppm(vol) over varying time periods of 15
minutes to 2 hours. High atmospheric concentrations of CFC-22 produce stimulation and then

depression and finally asphyxiation.

Ingestion: Not probable, at atmospheric pressure, liqnid CFC-22 boils at -41.4° F (-40.8° ). 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 frosthite of contacted tissue,

b ARV Sty Ve R

Note:

Human Poisoning Potential:
Sniffing of fluorocarbon propellants for their intoxicating effects has produced over 100 deaths. Fluorocarbons
exhibit very toxic properties (asphyxiation, cardiac arthythmia) when sniffed; however, becanse of variations in
response, it is difficult to predict which symptoms will be exhibited following exposure. It is possible that indi-
viduals 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 endurance, and affected the lungs, central ner-
vous system (CNS), heart, liver, kidneys and spleen. No information was found conceming effects on humans.

CARDIAC STUDIES:
CFC-22 inhaled at concentrations of 50,000ppm and above bas been shown in tests on dogs to sensitize the

heart to exogenons (outside the body) adrenaline, resulting in serious and sometimes 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
io tie oidest maie rats (exhibiting a iow incidence of fibrosarcoma in the salivary gland). The significance of
this finding is questionable. No abnormal incidence was found in mice of either sex or in female rats at
50,000ppm(vol). No other 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 expo-
sure 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,

FIRE AND EXPLOSION:
Nonflammmable and nonexplosive. One documented incident has been reported where an explosion occnrred dur-
ing the weld repair of a compressor shel! which apparently contained a 50:50 mixture of air and CFC-22. At
high temperatres (1170° F, 632° C) under favorable laboratory conditions, CFC-22 is capable of forming weak-
ly combustible mixtures with air. Formation of combustible mixtures, under practical conditions, even at higher
temperatures, is extremely unlikely 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 adequaie ventilation. Never use in a ciosed or confined space. Local exhaust may be neces-
sary to reduce concentrations below TLV (1,000ppm). Store in cool place (< 120°F),
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ould result in permanent injury or loss of life,

When fighting fire near or involving this product, use self-contained breathing apparatus. I CFC-22 contacts

open flames or extremely hot metal surfaces, it may decompose to form HF, HCI and traces of carbonyl halides
(i.e., phosgene).

In the event of a spill or leak, keep upwind. Ventilate enclosed spaces until gas is dispersed. Do not smoke or
operale 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 (1,0000pm)

il NSV RALE Ty
us¢ 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/fi3 @ 77°F

Specific gravity of vapor (air = 1) 3.08 @ 1 am and 77° F
Specific gravity of liquid (water= 1) 1.20 @ 77°F

% volatile @ 77° Fand 1 am 100% (vol)

Solubility in water (% w} 3 gm/l

Soluble in acetone, ethanol and chloroform

Appearance — colorless liquid and vapor

A4 oy oliabe T
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ereal odor {0 odoriess
G. Reactivity

CFC-22 is stable and relatively nonreactive. It is incompatible with certain elastomers, alkali or alkaline earth
mcials, powdered.aluminum, zine, beryllium, etc. The Manufacwring 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 fluoracarbons. The MCA also noted that since materials
become more reactive when finely ground, metals such as magnesium and aluminum in the powdered form may
also react, especially at high temperatures. CFC-22 may decompose into HF, HC and carbonyl halides (i.e.,

nhncranal if rantastad ssith asane fln-..... PR SR, T e

POOSELDT; i COMECICo Wild OpEn e or extremely hot metal surfaces.

H. Environmental

No information found,

Disposal of waste material or residue may be subject to Federal, State or Local regulation. Consult with appro-
priate regulatory agency before discharging or disposing of waste material. Before transporting waste material,
see U.S. publication 49 CFR Section 172.
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could result in permanaent injury or loss of life.
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Product: Refrigeration Oil Suniso 3GS and 4GS

»PromnZ
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extreme Fire Reactivity
high PO
maoderate {t : 0>

slight
insignificant Toxicry

Special

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

Chemical Name or Family: Refined Mineral Oil

Formula: A mixture of liquid hydrocarbons refined from petroleum.

Section Il. Chemical and Physical Properties

Hazardous Decomposition Products: Upon combustion, CO2 and CO are generated.
Incompatibility (Keep Away From): Strong oxidizing agents such as chromic acid, hydrogen peroxide 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 @ 156°C Boiling Point: >500° F (>260° C)
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 AsIs: NA

Strong Acid [ Stabie [ ]

Strong Base 0O Unstable [

Viscosity Susat 100°F: <100 O 100or> W

Section 1ll. Fire and Explosion Data

Qnema] Fire _F ng Procedures: Wear self-contained breathing apparams. Water spray is an unsuitable
T extinguishing agent.

Unusual Fire and Explosion Hazards: None

Flash Point (Method Used): ASTM D-92 »300° F (>150° C)

Flammable Limits %: NA

Extinguishing Agents: M Dry Chemical | CO2 B Waterfog
O Waterspray M Foam B Sand/Earth
(3 Other:

Section V. 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 irritation persists,
contact a physician.

Skin Contact: Wash with soap and water. Wash clothing before reuse.
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Inhalation; None normally requited.
If 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

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
vermiculite for clean-up.

Waste Disposal: Dispose of in accordance with Local, State, and Federal government regulations.

Section Vil. Special Precautions

Precautions to be Taken in Handling and Storage: Avoid exposure io heat and flame. Proteci against eye and skin
contact. Wash thoroughly after handling.

. Section VIII. Transportation Data

Unregulated by D.O.T. B Regulated by D.O.T. (]
Transportation Emergency Information;: CHEM TREC 1-800-424-9300

U.5. D.O.T. Proper Shipping Name: NA U.S.D.O.T. Hazard Class: NA
LD. Number: NA

RQ: NA Label(s) Required: NA
Freight Classification: Petroleum Oil 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 reliable, but they
are given without warranty or guarantee of any kind, express or implied, and TURBQ assumes no responsibility for
any loss, damage, or expense, direct or consequential, arising out of their use.
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Read Safety Section before this section. Failure to carefully follow these instructions
it in permanent injury or ioss of life.

‘ l INSTALLATION

d D REQUIREMENTS
To install and prepare the IMPORTANT
TURBO D-line ice generator

unit for operation, you will
need two (2) to four (4) peo-
ple whose skills include
mechanical, welding and

- 1itinn no 2osmll
plumbing capabilities as well

as a qualified electrician,

This section includes step-
by-step instructions on
installing and connecting a
your ice generator. Your ice
generator has been tested and
inspected at the factory prior

to packing and shipping,

Installation Sequence

1. Delivery inspection
- Hoisting or moving
. Site preparation

B2 W o

- Ice discharge openings (ice
chutes) to storage

. Electrical connections

N Lh

. Water connections
- Refrigerant piping

oC  ~J

9. Evacuating the system

10. Charging the unit with
refrigerant oil

11. Refrigerant charging

12. Water-cooled condensers
13. Air-cooled condensers
14, Installation review

Pay special attention to
bold print or boxed in
paragraphs. Following

this information is essential
for a safe and efficient
instaliation. Refer to
section 2 - Safety for more
information.

To Help You Get Started

Read instructions completely

before installation.

Gather all required tools.

Establish front, rear, left and
right positions of the ice gen-
crator by facing the compres-
sor section (see Figure 3-1),

Components will be posi-
ttoned as follows:

* The control panel is on the
right end toward the top of
the ice generator.

* The compressor is at the
front near the middle of the
ice generator. For water-
cooled units, the combina-
tion condenser/receiver is
located below the compres-
sor. On air-cooled models,

the high-pressure receiver
rgplﬂ(‘ﬂc the condancar

under the compressor. For
SCAR models with field
installed remote air-cooled
condensers, the receiver is
shipped loose for field
installation.

Installation & Pre-Start-Up Requirements

PRE-SSTARFUP .

* The refrigerant system con-
trol valves are located on
the left end in the front half
of the ice generator.

The water tank in located

: - PP L, I -
in the middie of the ice

generator.

* The icemaking plates and
gas generator plate are
) PR |

iocated in the rear haif of
the ice generator.

* The water pump and water
system control valves are
located on the right end.

* All field connections (elec-
trical and water) to the ice
generator are made through
the opening in the bottom
of the base pan in the front
right hand comer.

Use this method of describing
the location of components
when establishing installation
requirements.

Heipful Hints

Ice can be discharged to the
left, right or out the rear of
the ice generator. For left-
hand and right-hand discharge
from directly under the ice
generator, a screw conveyor
can be attached directly to the
bottom of the ice generator
and ice discharged to the left
or right. For rear discharge, a
screw conveyor can be located
at the bottom of the discharge
transition and ice conveyed to
the left or right. With the ice
discharge opening located

4/98 Turbo Refrigerating, LLC 3-1
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REAR  REAR ICE DISCHARGE

' }

- "9~ RIGHT HAND ICE DISCHARGE
LEFT HAND ICE DISCHARGE wg—| |===—=———-————~__
| ICE DISCHARGE OPENING |
----- ————————==  |l&—RGHT
=== _]
; i CONTROL PANEL
LEFT ——p— - ‘—J
L WATER & ELECTRICAL
COMPRESSOR CONNECTION OPENING
FRONT  —da 83—
Chapto
TYPICAL SC MODEL TOP VIEW

NOTE: ON SCA MODELS, THE AIR-COOLED CONDENSER IS ALSD MOUNTED ON THE TOP FRONT OF THE UNIT,

v ICE DISCHARGE OPENING

0P VitW
Y T {
Y b Y 7
TYPICAL SCR MODEL ELEVATION

Figure 3-1 D-Line Unit Orientation
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Read Safety Section before this section. Failure
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could recult in permanen

SIS TR

under the ice generator, ice

can also be discharged direct-
ly into a storage area located
below the ice generator with-
out the use of a screw convey-
or or other conveying meth-
ods. For some applications
this may be acceptable.

TURBO does not recommend
direct discharge into the stor-
age area. A screw conveyor
can be used to drain water or
condensate that collects inside
the ice generator or on the ice
slide. The screw conveyor
should be pitched to drain:

* Melting snow from the
harvest cycle.

* Ice fines (slivers of ice) too
small to conveyor,

P, P,
Condens:

«

LlUll

* Water accidentally
discharged from the ice
generator plates due to
fouling (dirty) of the plates.

* Cleaning solutions used to
clean the interior of the
evaporator section includ-
ing the water distribution
pans and piping.

Always remember -

CAECDTWV FIDCT

r
SAFETY FIRST 11!

Tools

To install the ice generator,
you will need two (2) to four
(4) people whose skills
include mechanical, welding
and plumbing capabilities as
well as a qualified electrician.
The following is a list of tools
romimired far cafa amaadliae o

ivajudiivu 1Vl sale CICCUON a.uu
assembly of the ice generator:

* Wrenches and sockets (a
full set up to 7/8")

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

* Level (4' long)

* Tape measure (25" long)
* Pry bar

.
Rt
* Chain hoists (1 ton) or twi

“come alongs: (1,000#)

* Allen wrenches (sizes 1/8”
to 1/27)

* Chains (two 3/8”, minimum
10’ long)

* Amp probe

(4]

¢ Voliage tester

* Continuity tester
* Framing square
¢ Forklift or crane

Installation & Pre-Start-Up Requirements
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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,

1. Delivery Inspection

All self-contained ice genera-
tors are thoroughly inspected
and tested at the factory to
assure shipment of a mechani-
cally sound piece of equip-
ment.

Inspect the ice generator thor-

oughly upon arrival at the

installation site to check for
any shipment damage.

Report any damage to the

transportation company
immediately so that an autho-

rized agent can examine the
ice generator, determine the
extent of the damage and take
the necessary steps to rectify
the claim without costly
delays. Notify TURBO of any
claims made.

TTIDTMN A fan AmA
1 UROY ICC ECNCTRIONS are

shipped on “air-ride” trailers
to ensure that the equipment
arrives in the best possible
condition.

Installation & Pre-Start-Up Requirements

Delivery Inspection
Checklist

1. Panels.

2. Loose equipment and crate
{open for inspection).

3. Evaporator plates.
4. Valves and piping.
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2. Hoisting or Moving

Equipment Rigging
Instructions

The ice generator is shipped
without the legs attached.
During the installation
process, the unit must be ele-
vated and the legs bolted to
the ice generator frame. Each
leg has an adjusting screw for
leveling. This will be covered
later in the installation

0o
process.

To Lift or move the unit, a
forklift or small crane can be
used. The frame has blocks on
each comer 1o elevate the
frame enough to get a forklift
under the frame. All lifting
should be done from the mid-

dle of the unit and the forks

AW NS4 CAAW AeAsLW SAEIAS LaAW LR

should extend far enough
under the frame to reach the
center of the unit. A second
frame member is located mid-
way between the front and
back of the unit. Since the
center of gravity is toward the
front of the unit, it is recom-
mended that the unit be lifted
from the front. If it is not pos-
sible to lift from the front, the
unit may be lifted from the
rear. Test the load for balance
and then lift the unit approxi-
mately 40-48" off the floor.
This will allow room for

installation of the legs.

If the unit is lifted by straps
and a crane or other similar
lifting devices, the capacity of

ey ahla £
the sty aps must be suitable for

the load. In addition, blocks
or spreaders may be required
to prevent damage to the exte-

rior of the unit, Refer to
Figure 3-2. As indicated
above, the load should be test-

thna svemid
ed for balance before the unit

is lifted above a few inches.

IMPORTANT

When using either a forklift
or crane to lift the unit, use
caution in the area on the
right front end of the unit.
Connections for the water
piping to be installed later
in the installation are locat-
ed in this area.

Rollers (equipment moving
dollies) may also be used
under each corner of the unit
to move it around on the
floor. However, installation
will require the unit to be lift-

ed to complete the installation.

Hoisting or Moving

If the ice generator is installed

tha
in a location that fe\iuuua uic

ice generator to be lifted by
means of a crane, TURBO
requires that the lifting and/or
slinging be done from the bot-
tom of the ice generator. Use
a spreader at the top of the ice
generator to prevent the unit
panels from crushing. Refer
to Figure 3-3. A competent
rigging and hoisting contrac-
tor can handle the job without
danger or damage to the ice

generator.

If the ice generator has to be
moved along a floor, road,

Installation & Pre-Start-Up Requirements

driveway, etc., use either
pipes as rollers or dollies (of
sufficient capacity) under the
ice generator.

IMPORTANT

Never lift or sling the ice

generator with devices fas-
tened to the top frame
structure. Only lift the ice
generator from the bottom.

WARNING

HOJStIng or moving heavy
equipment should only be
done by competent rigging
and hoisting contractors.
Never allow personnel
under the unit while it is in
the air. Failure to carefully
follow these instructions
could result in permanent

injury or loss of life.

l

Leveling Legs

The ice generator is supported
by four (4) legs located on
each comer of the ice genera-
tor for the SC models. SCA
models have two (2) addition-
al legs located in the front to
support the air-cooled con-

denser. These supports are
required to provide clearance

SRS SV PR YALY abdu s

for the watcr piping and elec-
trical connections made from
under the unit later in the
installation process.

Each leg is bolted to the
frame using the pre-drilled
and tapped holes in each cor-
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1. LIFTING WITH STRAPS AND CRANE ' HOIST OR
LIFTING EYES CRANE
'_l.'.-.a |.-:|"" ) o ]
o o
JCEMAKER Y
(LEGS OFF) g
WOoD & &
BLOCK — g =
I h s
SHIPPING BLOCK —f - LIFTING STRAPS STEP 8
STEPS 122 /K STEP3 /&
qp a i oy —d =l
MOVE TO FINAL LOCATION,
SET & REMOVE STRAPS
& BLOCKS.
= ATTACH =
" LEas
STEP § TOEACH STER §
CORNER
11. LIFTING WITH FORKLIFT
ADJUST
f ) ForRks. )

ICEMAKER POSITICN
[LEGS OFF) UNDER
FORKLIFT — ICE
N\ GENERATOR.
T r—r e o o = 7 )] Y
STEP 2

A
OF FORK;
STEP 1 SIDE VIEW L SHIPPING BLOCK —/ FRONT VIEW E%I?END T0 s
CENTER STRUCTURAL
MEMBERS
TEST LDAD BY LIFTING
1-2” OFF FLOORA. MOVE TO
IF DKAY, LIFT UNTIL FINAL LOCATION.
HIGH ENOUGH FOR SET iN PLACE.
LEGS TO FIT UNOER
FRAME. REMOVE "
] SHIPPING BLOCKS. i
l I ATTACH LEGS. J l
L STEP 4

Figure 3-2 Hoisting/Moving ice Generator - SC Models
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TEST LOADING BY
LIFTING 1-27 OFF
FLOOR. ADJUST
SPREADER BAR LIFTING POINT
—=|| ASREGUIRED.
sTRAP — ¥ | == e ~__ g —
— STRAP
— WOOD
ATTACH STRAP HOIST
} BLOCKS Al °
4 == = l
el -}
.. L
STEP 1 FRONT VIEW SIDE VIEW STEP 2
— —
MOVE TO FINAL LOCATION.
REMOVE SHIPPING | I SET IN PLACE.
BLOCKS. ATTACH REMOVE STRAPS & BLOCKS.
LEGS. I |
STEP 3 STEP 4
IL. LIFTING WITH FORKLIFT ___ ADJUST FORKS. POSITION
—_— = UNDER ICE GENERATOR.
r— | R — |
=]
Lt .C_I
— HE
- &
[ L]
B e L
: : e O—C = 20—
STEP 1 FRONT VIEW \%G BLOCKS SIDE VIEW STEP2 ™ EXTEND FORKS TO CENTER
OF ICE GENERATOR.
MOVE TO FINAL
TEST LOAD BY LIFTING LOCATION. SET IN PLACE.
1-2” OFF FLOOR, *
 BALANCE IS DKAY,
f LIFT UNTIL HIGH
ENGLUGH FOR LEGS
70 FIT UNDER —
— FRAME. REMOVE
SHIPPING BLOCKS.
ATTACH LEGS. 1
$TEP 3 STEP 4

Figure 3-3 Hoisting/Moving Ice Generator - SCA Models
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ner of the frame. Two bolts
are used on each side of the
leg to attach it to the frame.
Each leg has an adjustment
screw and pad on the bottom
for use in leveling the unit.
Leveling will be covered later
in the installation instructions,
The leveling pads on the legs
will provide approximately
two (2) inches of adjustment.
Refer to step 3. Site
Preparation on the require-
ments for the pad or floor that

the unit is to bc located on.

3-10 Turbo Refrigerating, LLC 4/98

Table 3-1 Hoisting Weights

Equipment
Shipping Weight
Model {ibs.)
sC 3,200
SCA 3,700
SCAR 3,150
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IMPORTANT

Next to the selection of the
proper equipment for the
process or application, the
most important pre-delivery
task is the job site prepara-
tion for the installation of
the ice generator and asso-
ciated equipment.

When selecting the installa-
tion site, cons:deratlon should
be given to the accessibility of
the ice generator under all
possible operating conditions;
i.e., if the unit requires ser-
vice and a severe thunder
storm is in process, can you
wait to perform the service or
is immediate access required?
If the delivery of ice is critical
to the process or plant opera-
tion the answer may be no,

mr‘
immediate action is required.

In this case, consideration
should be given to an indoor
installation or some type of
covering over the equipment
to provide safe conditions for
the work to be done in.

Particular attention should be

g1UPl1 to shadine the control

WAL S SELGNALLLs, AW WASIILWLLL

panel in outdoor installations.
Optional weatherizing and
winterizing panels are also
available as options for out-
door installations. For indoor
installations, the compressor
compartment panels are not
required. Weatherizing panels
are required for outdoor
installations to provide shad-
ing from direct sunlight and
adverse weather conditions.

3. Site Preparation

Although the ambient com-
pensation for control devices
is typically 120-140°F, direct
sunlight on the control panel
can produce temperatures in
excess of these limits result-
ing in control system prob-
lems.

TURBO recommends indoor
installation to provide a stable
operating environment for the
equipment. This will provide
more uniform ice production,
less maintenance and longer
equipment life. However, as
indicated above, the equip-
ment is suitable for outdoor
installation. The following
guidelines should assist in
properly preparing for instal-
lation of the TURBO supplied
equipment as well as associat-
ed equipment required to
complete the system. Questions

Cnn(‘f-‘rnfn o gite nrppnrnh on
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should be discussed with a
qualified TURBO distributor
or TURBO application engi-
neer.

Location

Refer to Figures 3-4 and 3-5.

The ice generator may be

installed indoors or outdoors.
See general requirements for
each installation below.
Outdoor installations require
optional compressor compart-
ment panels.

Indoor Installations
General Requirements

Access by a forklift or over-
head hoist should be provided
to the equipment room for
removal of large components

Instaliation & Pre-Start-Up Requirements

such as the compressor.

Install the unit in an area
where the ambient tempera-
ture does not fall below 40°F
or rise above 100°F. The
evaporator (freezing) com-
partment of the unit is insulat-
ed against excessive heat
infiltration. The machinery
compartment is designed to
provide ventilation for the
machinery and motors.
Auxﬂlary heating may be
required to maintain the
equipment above 40°F during
shut-down to prevent damage
0 components containing
water.

Ventilation of the room is
required to remove the heat
generated by the compressor
assembly and refrigerant in

case of a refrigerant leak.

If located next to offices or

2 AVCALAS Ay WU WALAwwT VL

residential areas where noise
may be objectionable, consid-
eration should be given to
noise abatement in the equip-
ment room.

Adequate water supply and

draininge must be available.
Refer to step 6. Water

Connecuons

Control of water inside the
room (resulting from water

supply line rupture) should be

considered.

Adequate lighting for service
work:

* Around the top of the unit
for cleaning the water dis-
tribution system.
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* In front of the evaporator
access doors for valve
adjustment and observation

of unit operation.

- A‘\ntro onr‘ aram\d tuv

engine compartment to
check operation and
observe compressor
crankcase oil levels.

¢ Above and around the elec-
trical control panel and
three-phase panel.

Note:

The National Electric Code
requires a minimum of 36”
clearance in front of the elec-
trical enclosures. Siaie or
local codes may require addi-
tional clearance. The contrac-

tor is responsible for ensuring
that all Prnnnmpnf is installed

M AP ALIRLY A LRATeRLd

in accordance with all local,
state and national codes.

* Adequate space should be
allowed on all sides and the
top for cleaning and ser-

vice.

Note:

TURBO recommends a mini-
mum 36” clearance around all
other parts of the equipment
for service and maintenance
access. The water distribution
system located in the top of
the evaporator section

requires 36” minimum clear-
ance for rleamnc The rear of

the unit does not require
access for service and mainte-
nance. This clearance can be
reduced as necessary except
installations with rear ice dis-
charge.

Instalfation & Pre-Start-Up Requirements
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* Provisions for interfacing
with equipment or compo-
nents located outside the
equipment room (remote
condensers, heat exchang-

ers, etc.) should be provided

* Provisions for routing safe-
ty relief valve vent lines to
safe discharge location(s)

should be prowded

Outdoor Installation

Requirements

In general, the same require-

ments exist for outdoor instal-

lations as indoor installation.

In addition, the following fac-

tors and requirements should

be considered for outdoor
installations:

* 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

enéuny 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.

Mve sy

A source of heat ll.l.d.y be
required for receivers to
ensure that adequate pres-
sure can be maintained in
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the vessel during low ambi-
ent start-ups.

= A source of heat will be
required for all vessels,
pumps Or components con-
taining water to prevent
freeze-up during shut-down
in low ambient (below
40°F) conditions.

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

* Access to ladders and stair-
ways should be limited dur-
ing icing or other inclimate
conditions, which could
result in personal injury
due to hazardous and slip-
pery conditions.

* Adequate fencing should be
provided around installa-
tion to prevent access by
unauthorized personnel.

* Adequate warning labels
and signs should be provid-
ed around the equipment
installation to limit access
by authorized personnel
only (refer to section 2 —
Safety).

Concrete Slab

If the ice generator is to be
mounted on a concrete slab,
the surface of the slab must
be level to within 2” per 10.’
The adjusting pads on each
leg provide a maximum 2"

3-14 Turbo Refrigerating, LLC 4/98

adjustment over the length of
the unit.

IMPORTANT

Failure to follow these
guidelines could result in
excessive equipment vibra-
tion or uneven water distri-

bution over the evaporator

plates.

The flooring for the ice gener-
ator can be pitched to
improve drainage if wash-
down of the area is part of the
standard operating procedure
for the plani. However, as
indicated above, the ice gen-
erator must be level to ensure
proper operation. The footing

] 1 tha
pattern for the legs on the ice

generator are shown in Figure
3-6 for both the SC and SCA
models. Mounting pads to
match this pattern can be used
to obtain the proper leveling
of the ice generators in an
area with uneven flooring.

Raised Curbing

A raised curbing around the
outside of the unit is recom-
mended to contain any con-
densate, leakage or cleaning
fluid from the unit. A maxi-
mum curbing height of 3/4” is
all that would be needed.

The ice generator has a pan in
the bottom of the compressor
compartment and under the
water pump and water pump
piping. This pan has a drain
connection to the overflow
drain connection (field

installed). However, during
wash-down or cleaning of the
ice generator, some water
may not be retained by the
pan. If this is a factor in the
equipment room or area the
unit is installed, construction
of a curbing should be consid-
ered.

Elevated Installation

Some installations may
require mounting the ice gen-
erator above grade on a steel
platform or other structural
systems. Space below the ice
generator for the water pxpmg
and electrical connections is
still required and must be
considered in designing the
structure to elevate the ice

generator. For elevated instal-

lations, the adjusting pads on
the bottom of the legs may be
welded in place after the unit
is leveled. The pads may also
be removed, the unit leveled
and the legs welded to the
structure,

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 informa-
tion required by the local firm
to provide the steel platform.
The steei supporting the unit
must be level or shimmed to
obtain a satisfactory level,
Refer to Figure 3-6.
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Space

—f; L LEVELING LEB Refer to Figures 3-4 and 3-5.
ADJUSTING | =1 JAM NUT In laying out the unit installa-

RANGE 144" THICK SS PAD tion, adequate space should
_L 2" DiA. be allowed around the unit for
access and service. Particular

DETAIL A attention should be given to

the engine compartment end

of the unit. Removal or ser-
62-7/8"—> 10-38" [+— vice of larger, heavier compo-

S - J nents (condensers, compres-
- O @%'1- S0rS, €1c.) may require access

by a forklift or other lifting

. devices which require addi-

tional space.

ICE DISCHARGE OPENING

AfQ>
So

™

On air-cooled condensers and
cooling towers (by others),
adequate space must be
allowed for air intake and air

|
. ;
N N discharges to prevent insuffi-

A
____________ k L/ cient air supply or recircula-
LEVELING LEG |__ tion of discharge air.
(TYP. ALL i BO" g o -1
CORNERS) SC/SCAR MODELS

QL UC AL A"""

£}

OUTLINE OF

[
[
|
[
|
I

FRAME —| '

[

!

Vapor flumes created by con-
densation of moistuie in the
discharge air streams of cool-
ing towers during certain
operating conditions should
also be considered to avoid
aesthetic problems around the
building due to visibility of
such flumes.

Crnna maviar ha allaszad £
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electrical disconnects and

O

|

ICE DISCHARGE OPENING |
|

I

|

|

O

N load centers near the equip-
| ment and for conduit runs

i |
1 I A1 from the load center to the
i ! l equipment.

————— L/ Drain/Overflow
= 11-7/8"+te— 53-1/4” G —~{-11-7/B% Connection

SCA MODELS

Water may be used to wash

Figure 3-6 Bottom View of Ice Generator and Ice down the interior of the ice
Discharge Opening - SC/SCA/SCAR Models generator, flush water piping
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T e

and clean the water distribu-
tion system prior to start-up
or during service or mainte-
nance activities. Every effort
should be made to keep the
interior and all related parts of
the ice generator in contact
with the product (water and
ice) as clean as possible to
preveni fouling of the icemak-
er evaporator plates and water
distribution system. To prop-
erly clean the system, it will

.
be necessary to drain the

water tank and control the
discharge of water from the
ice discharge opening located
under the icemaking plates.

The water distribution system
can be cleaned without dump-
- ing water down the ice dis-
charge opening. However,
dunng maintenance of the ice
generator, hose down and
cleaning of the interior is rec-
ommended.

To remove the water from the
tank during cleaning and nor-
mal shut-down, a 3” drain
connection is provided on the
bottom of the unit. The piping
to the 3" connection is field
installed using a hose and
clamps provided with the ice
generator. An overflow
(standpipe) pipe is inserted
into the drain connection on
the interior of the tank. For
normal operation, the tank
automatically drains when the
ice generator is tumed off. If
the water does not drain, the
standpipe inserted into the
drain connection may be
removed to drain the water.

3-16 Turbo Refrigerating, LLC 4/98

Drain requirements are:

» 3” drain/overflow
connection

Hose connection; hose and
clamps provided

* 30 gallons per minute

* Line sized for minimal
pressure drop; piping from
drain connection to the
field piping and drain con-
nection must be consistent
with internal nmmo to

1481 IR 11i4l ot =

ensure proper drammg

Note:

The piping and valve arrange-
inent used to automatically
drain the tank is connected to
the drain/overflow piping sup-
plied with the ice generator.
Field installation of the piping

= RARE i ARl VL A 1324

assembly is required.

IMPORTANT

The piping from the
drain/overflow must be
connected to a plant drain
line suitable for draining
the overflow without creat-
ing a back pressure that
would prevent proper
draining. Maximum flow
through the drain/overflow
piping is 30 gallons per
minute,

Water Suppiy/Pressure -
Icemaker

The D-line ice generator is a
batch production type system.
Water is converted to ice dur-
ing the icemaking process and
replaced during the harvest

cvcle, Water flow of 28 gal-

i Vord A% WA AT

lons per minute at 6.5 PSI (at
water connection) is required
to refill the water tank during
the harvest cycle. The water
source to the ice generator
should be capable of deliver-
ing this volume to the 1”
make-up water connection on
the ice generator. Pressure
losses through the water dis-
tribution system including the
strainer, water solenoids and
piping are approximately 6.5
PSIG. Proper water supply for
icemaking should be:

* 28 gallons per minute

* 6.5 PSIG minimum pres-
sure at the icemaker make-
up water connection

Before the equipment installa- _
tion begins, an adequate sup-
ply of water must be available
to clean and charge the unit as
well as to supply remote
equipment such as cooling
towers with sufficient water
flow and pressure.

Most cooling towers 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
(by others) must be sized for
the proper flow at the total
head of the system including
pressure drop in the supply
line, piping, and condenser
plus the static head resulting

Installation & Pre-Start-Up Requirements
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from installation of the equip-
ment above the cooling tower.
Refer to step 12. Water-Cooled

Condensers for details.

Water Filtration

A strainer is provided in the
make-up water line to remove
solids or debris in the incom-
ing water. This should provide
filtration for most systems.
However, due to the variation
in water conditions, water
quality and water sources,
additional filtration or water
treatment may be required to
reduce cleaning frequency of
the strainer and the water dis-
tribution system. The strainer
is located on the right end of
the ice generator and can be

easily cleaned by closing the

1solatlon valve upstream of
the strainer, unscrewing the
cap on the strainer, removing
the screen, cleaning with
clean water and replacing.
The filtration system consists
of:

+ 20 mesh

¢ 1” water strainer
connections

* Recommended cleaning
frequency — every 100
hours or more frequently
based on actual perfor-
mance requirements

If water borne solids continue
to cause frequent maintenance
of the filtration system to
obtain proper operation
beyond the first 100 hours of
operation, the water source
and water system should be

checked to determ

source of the contaminants. It
may be necessary (o contact a
water treatment specialist.
Operating personnel should
check the tank regularly for
floating debris.

ine the

Water Supply/Pressure -

Condenser (5SC Models)

In addition to the water sup-
plied to the ice generator for
the production of ice, SC
models require a water source
for the water-cooled con-
denser. Most of the require-
ments for the cooling water
that is used in the condensing
unit are similar to the potable
water supply used for icemak-
ing. Separate field connec-

3 th Aarmat LYY
4ons (o the condensing water

source is required. A 2” PVC
inlet and 2” PVC outlet con-
nection is supplied for con-
nection to the condenser cir-
cuit. The water-regulating
valve required for discharge
pressure control is factory
installed. Field piping is
required to the cooling tower
or other water sources provid-
ing a constant water tempera-
ture to the condenser. For
standard instailatons, the
water-cooled condenser is
designed for supply of 85°F
water from the cooling tower

or a source of constant tem-

perature water.

The condensing unit is
designed for 85°F entcring
water temperature. The water-
regulating valve will modulate
water flow to maintain dis-

charge pressure as the load

Installation & Pre-Start-Up Requirements

varies during the cycle. Since

a modulating valve is used,
lower entering water tempera-
tures can be used. The water-
regulating valve will reduce
the flow with the cooler sup-
ply water to maintain the
same discharge pressure. Low
water velocity through the
condenser can result in accel-
erated fouling of the con-
denser surface causing poor
performance If the water sup—
ply is below 70°F, consult the
factory. A smaller condenser
with adequate velocity to pre-
vent accelerated fouling can
be provided.

Conversely higher water tem-
peratures can result in exces-
sively high velocity through

the condenser. Althoueh foul-

AW WASIAMVALT A, Ll UL

ing is reduced, the higher
velocity can cause erosion of
the surface due to the abrasive
action of the water at the
increased flow rates. If the
water supply is above 90°F,
consult the factory. Larger
condensers with adequate sur-
face to maintain the condens-
ing pressure without high
water flow (velocity) through
the condenser can be provided.

Water requirements for water-
cooled condensers are:

+ 38 gallons per minute

» Condenser circuit pressure
drop 6 PSIG (includes con-
denser, condenser piping,
and water-regulating valve;
does not include external
piping losses to cooling
tower or elevation above
cooling tower)
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When selecting the cooling
tower pump, use the data
above and add the losses for
external piping and vertical
lift; if applicable, between
cooling tower pump and con-
denser.

Example:

A system with the ice genera-
tor located inside a building
10’ above the cooling tower
and cooling tower pump
located on the ground.
Assume 100’ of 2” piping is
used:

Pressure drop

2” piping.............. 1.4 PSIG
Pressure drop condenser
(1] (1 | SO 6.0 PSIG
" Water regulating valve
pressure drop........ 10 PSIG
10" vertical lift

62.4 lbs./cu. ft......4.3 PSIG

Total pressure

108SES ceerecrecarrnnne 21.7 PSIG
21.7 PSIG would be equiva-
lent to 50 foot head.
Therefore, for this example,
the cooling tower pump
would be selected to provide
38 gallons per minute at a 50

3-18 Turbo Refrigerating, LLC 4/98

foot head. This wonld be the
minimum selection. If exact
losses are unknown, it may be
desirable to increase the total
pump head required as a safe-
ty factor to ensure adequate
flow to the condenser at all
times.

Example:

Select a pump to provide

38 GPM at a 55-60 head.
This allows for additional

2-4 PSIG pressure drop and in
most cases, the purnp horse-
power will not change.

Water Treatment

Consult a local water treat-
ment company if additional
water treatment or filtration is
required to obtain the opti-
mum water and ice quality,
reduce maintenance of the
water distribution system and
prevent contaminants that
may prevent proper operation
of the ice generator.
Extremely hard water will
tend to make cloudy, softer

ice and leave deposits within
the ice generator necessitating
frequent cleaning. Water sup-

plies in various parts of the

country and around the world
are unique in terms of acidity,
solid content and chemistry

that may affect the water sys-

tem and ice quality.

Consultation with a qualified
water treatment company can
identify the needs of your sys-
tem based on their experience
with other operations in your
area. After start-up, water
samples should be taken regu-
larly to evaluate biological,
bacteriology or other contami-
nants that may result from
operation of the system,

Highly chlorinated water
should be avoided during
operation and cleaning due to
the highly corrosive effect on
all materials including stain-
iess steel.

Electrical Supply

See step 5. Electrical
Connections for guidelines on
the electrical requirements for
the ice generator.

Installation & Pre-Start-Up Requirements
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"
could result in permanent injury or loss of life.

4. Ice Discharge Openings (Ice Chutes) To Storage

Ice produced by the ice gener-
ator is delivered to a common
discharge located under the
cabinet. Several methods of
sizing and delivery to storage
or the point of use can easily
be adapted to the D-line. Ice
can be:

* Discharged directly from
the ice discharge opening
of the ice generator into a
storage building located
below. Refer to Figure 3-7.

* Discharged into storage or
point-of-use through a

SCrew cen‘:n}rnf 1r|('f0"ar|

under the ice discharge
opening of the ice genera-
tor. Refer to Figures 3-8
and 3-9.

* Discharged into a TURBO
breaker bar or TURBOQ ice
sizing mechanism and dis-
charged either directly to

storage or pomt—of—use or
into a screw conveyor. For
the screw conveyor method,
any standard screw convey-
or can be used. TURBO
can provide any of the siz-
ing mechanisms described
as options. Refer to Figures
3-10, 3-11 and 3-12.

* Discharged from either end
of the ice generator or out

the rear through a discharge
transition. Front discharge
is not available due to inter-
ference with the water pip-
ing under the ice generator
and restriction of access to
the front for cleaning and
maintenance. On installa-
tions with multiple ice gen-
erators discharging into a
common conveying system,
the rear discharge is recom-
mended. Refer to Figures
3-11 and 3-12.

The use of a discharge transi-
tion into a screw conveyor is
recommended to prevent con-
densation, cleaning agents or
water from accidentally
dumping into the storage or
point-of-use.

IMPORTANT

P Y . LV WUP g Jap - ey
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or belt conveyors connected

to the ice discharge open-
ing should ensure access to

the screw conveyor or other

ice sizing methods (if used)
is eliminated; i.e., properly
covered. Refer to section 2
-~ Safety for additional

infarmation.

Installation & Pre-Start-Up Requirements

Typical Installations

Figures 3-7 through 3-12
show various ice discharge
configurations. These are for
reference onlly. The final con-
figuration should be selected
for the site conditions based
on all the site selection factors
including plans for future
expansion.

Figures 3-13 and 3-14 show
typical ice delivery to a stor-
age point and suggestions for
design of the ice discharge
transitions. Ice discharge tran-
sitions are available as an
option for single and multiple
unit installations.
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Figure 3-7 Discharge Without Screw Conveyor - Single Ice Generator
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Figure 3-8 Discharge With Screw Conveyor Under Ice Generator - Single Ice Generator
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Figure 3-9 Discharge With Screw Conveyor Under ice Generator -
Mulitple Ice Generators
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Figure 3-10 Rear Discharge - Single Ice Generator
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Figure 3-12 Rear Discharge Without Screw Conveyor
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\ WATER DRAIN

ICE GENERATOR SHOWN WITH HARVEST
SCREW MOUNTED UNDER ICE GENERATOR

CONNECTION
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r— INCLINE SCREW CONVEYOR
MINIMUM PITCH 2~
(NCT PROVIDED BY TURBO)

ICE
GENERATOR

DRIVE
DISCHARGE TG

ICE STORAGE

i e -
DISCHARGE CHUTE ——__| | BY TURBO)

FROM ICE GENERATOR
TO INCLINE SCREW

- TURBO
7N //7\‘( ICE RAKE

ICE
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Figure 3-14 Rear Ice Discharge Transition/Snow Slide
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5. Electrical Connections

WARNING

A qualified electrician
should do all electrical
work. Do NOT turn power
on at this time. Electrical
connections and rotation
should be done at the com-
pietion of the instaiiation
process. Failure to carefully
follow these instructions
could result in permanent
injury or loss of life.

IMPORTANT

Electrical wiring diagrams
are located in each control
panel and are furnished
with each operating manu-

al. These diagrams should

be consulted before making
the electrical service con-
nections.

Electrical Service
Connections

The ice generator is supplied
with a UL listed control panel
containing all the control
devices required for operation
of the ice generator. All com-
ponents (motors, solenoids,
etc.) provided with the ice
generators are factory wired.
Wiring is provided from the
bottom of each motor starter
or contactor to the factory
installed motor.

Field installation of external
disconnects and/or circuit
breakers and wiring from dis-
connects and/or circuit break-

Table 3-2 Maximum Continuous Run Amps for

Standard Models
Single-phase control circuit  115/1/60 10 amps
Three-phase power 230/3/60 460/3/60
Water-cooled 67.1 amps 33.5 amps
Aircooled (SCA) 79.2 amps 39.6 amps
Remote air<ooled (SCAR)' 70.8 amps 35.4 amps

' Standard continuous for factory supplied air-cooled condenser is 8.4 amps at
230/3/60. For remote air-cooled condensers supplied by others, the actual
continuous run amps of the condenser supplied must be added to the load

ey -

shown for SCARs to obtain the fuii ioad for SCAR modeis.

ers is provided and installed
by others. The installer is
responsible for ensuring that
all connections, installations
and other devices or require-
ments necessary to meet
local, state, federal or country
codes and regulations are met.
Field electrical service con-
nections are required to the:

« L1, L2 and L3 connections
on each of the motor
starters/contactors (three-
phase)

* L11 and L2 connections of
the control circuit (single-
phase)

All factory installed wiring is

copper. TURBO does not rec-
ommend the use of aluminum
wiring, Electrical data for
selection of wiring loads can
be found on the data plate
located on the control panel
door. Refer to Table 3-2.

If optional devices (motors)
are supplied, refer to the data
plate for the requirements of
all the components supplied.

Installation & Pre-Start-Up Requirements

All electrical connections are

made through the opening in

the frame located on the right
front corner. Connections are
provided for:

+ Sinole nhage circnit

aalipav pliGow Vit

172" conduit

* Three-phase circuit
1-1/2” conduit connection

Refer to Figure 3-15.

Checking Rotation

WARNING

Make sure the screw con-
veyor is clear of all obsta-
cles and debris and warn

personnel to stay clear of
the screw conveyor when

the rotation is being
fhn!“fﬂl" nened Alosrines MNOAr_

LALLM WM WM VIO

tion after installation is
completed. Failure to care-
fully follow these instruc-
tions could result in perma-
nent injury or loss of life.
L
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The compressor can rotate in
either clockwise or counter-
clockwise rotation. Proper
rotation of the water pump is
established by the volute of
the pump. An arrow is placed
on the pump fan housing to
indicate the proper rotation.
During instailation, the water

mEin ctnetan san ha e e A7
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(momentarily energized) and
the rotation of the fan on the
pump motor can be observed
through the fan guard. If the
fan is rotating in the proper
direction, nothing further is
required since the phasing of
both the water pump and
compressor were the same
when factory wired; i.e., if the
water pump is correct, the
compressor will also be cor-
rect when the phasing to the
top of the starter and contac-

tor are the same.

If a screw conveyor (option)
is supplied with the ice gener-
ator or by others, the direction
of rotation must also be estab-
lished. This will be done in
the field by observing the
rotation of the screw conveyor
shaft when the screw convey-
or starter is “bumped.”

Note:

When checking the rotation,
only the power to the water
pump should be on. Turn the
power to the compressor off,
The screw conveyor (if sup-
plied) rotation can be checked

with the compressor and
water pump power off.
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INGLE PHASE CONNECTION

1.1/3” TUDEE DUACE CI EOTDICAL MOIMNAMEOTIOA o
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ELECTRICAL & WATER CONNECTION OPENING .

DUMP SOLENOID VALVE CDIL (PRE-WIRED) ~
SHOWN BEING ROUTED THROUGH ELECTRICAL
OPENING FOR MOUNTING ON VALVE

Figure 3-15 Electrical Connections .
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6. Water Connections

Make-Up Water

The source of make-up water
and its’ temperature are
important. The make-up water
is the supply water from
which the ice is made. The
quality of the ice will depend
on the type of water suppiied.

Water Type

The ice can be no better than
the water from which it is
made. Extremely hard water
will tend to make cloudy,
softer ice and will leave
deposits within the machine,
necessitating frequent clean-
ing. Hard water will not harm
the ice generator, but it will

. .
T tanam o A
increase the maintenance nec-

essary to keep the machine
clean.

Water Temperature

The temperature of the water
is an important factor in
determining the icemaking
vupaCit:y of the ice generator
unit. All icemaking capacities
are based on a design make-
up water temperatare of 60°F,
As the water temperature

increases, the icemaking

the additional cooling load on
the refrigeration system.
Conversely, as the make-up

water tem perapdre dpﬁchno

the icemaking capacity will
increase since less refrigera-
tion is required to remove the
heat from the water.
Correction factors for differ-
ent water temperatures are
shown in Table 3-3. For tem-
peratures outside the range
shown in the table, consult the
factory.

Make-Up Water

Refer to Figures 3-16, 3-17,
3-18 and 3-19. All standard
D-line ice generators use a

1” make-up water connection.
Make-up water flow required
is 28 gallons per minute

(6 ton model).

Make-Up Water Pressure

The solenoid valves used in
the make-up water line are
typically rated for a maximum
water pressure of 150 PSIG
and 125°F fluid temperature.

Minimum water pressure
should be approximately 6.5

to the ice generator to ensure
continuous water feed at all
times.

IMPORTANT

Never undersize a make-up
water line. Ice capacity can-
not be reached without the
proper make-up water line
size.

Drains

There are three drain connec-
tions.

Pan Drain

A water tight pan is provided
to collect condensate, etc.
Connect a drain line of proper
size to the pan drain. This line
will normally be dry or con-

tain only a small amount of
waler,

Overflow Drain

Blowdown or overflow of
water in the tank can be
adjusied from 0 10 25% 10
reduce concentration of resid-
ual solids. The icemaking

process tends to concentrate

(fref-ws-nnﬂ minerale and enec.
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pended solids in the water.

capacity will decrease due to ~ PSIG at the inlet connection  Depending on the water quali-
Table 3-3 Correction Factor for Feedwater Temperature

Water Temperature 35°F 40°F S0°F 60°F 70°F 80°F 90°F

lce Capacity Multiplier  1.17 1.13 1.06 1.00 0.94 0.89 0.85

Exampie:

Ice generator with 40°F make-up water,
6 tons/day.
Correction factor for 40°F water = 1.13,

Nominal capacity with 60*F water =

Corrected ice capacity = 6 x 1.13 = 6.8 tons/day.

instaliation & Pre-Start-Up Requirements
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FLANGE TO WATER COUPLING TO INTERNAL PIPE
REGULATING VALVE

IRAE-UP
WATER
CONDENSER #isiNG
INLEY A5SEMBLY
PIPING
ASSEMBLY
T FIELD
{XIJHNECTION
HOSE
CONNECTION / HOSE CONNECTION DRAIN SOLENOID — HOSE CONNECTION
10 STANDPIPE —/ PUMP/DRAIN TO TANK VAIVELESSCON ~ JOWATER PUMP

PIPING ASSEMBLY SUCTION

COUPLING

TO INTERNAL

PIPING
MOUNTING CLAMP KE-UP WATER — MOUNTING CLAMPS

ISOLATION VALVE — PIPING ASSEMBLY

Figure 3-17 Make-Up Water Piping Installation
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0-RINGS. REMOVE FRGM

CLAMP & INSTALL IN
FTTING PRIOR TO ASSE

TE P

WATER

HEGULATING
VALVE

& GASKET
CLAMP FOR
MAKE-UP WATER
CONBENSER PIPING PIPING ASSEMBLY
ASSEMBIY — — WATER CONNECTION OPENING

Figure 3-19 Condenser Inlet Piping
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ty (hardness, etc.), this can
cause enough concentrations
in the water tank to produce
white or cloudy ice. A time
delay on the make-up water
line solenoid is provided to
allow adjustment of the over-
flow or blowdown rate on a
continuous basis.

Decreasing the MWS time
delay reduces the overflow
rate, while increasing the time
delay allows more water to
overflow.

At start-up, adjustments can
be made to obtain the desired
blowdown rate. Periodic
checks should be made to
ensure that deposits are not
building up in the tank.

A local consultant on water
treatment is also advisable to
determine if additional water
treatment {chemical, filtration,
etc.) is required to obtain the

desired ice quality.
IMPORTANT

Normai freeze up precau-
tions should be taken when
drain lines must be exposed
to freezing temperatures.

Water-Cooled Condensers

Water condensers supplied are
the conventionai condenser
receiver combination type.
They feature shell and tube
type construction, cleanable

wu.h J,uauuvablc uca.ub lllU
water in and out connections
are sized to permit maximum
water flow at peak require-
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All models are fur-

piped to the outside of the
unit for ease of installation.

R Y. VNS [ = P Sy

vvaier nequirements
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
design water flow rate is
based on 3 gpm/ton of refrig-
eration.* The actual rate of
flow is wholly contingent on
the water temperature and
evaporator load but will not
exceed the design flow.

* Tons of refrigeration =
total heat of rejection @
10°F SET/105°F SDT
divided by 15,000
BTU/ton.

Water Regulating Valve

{SC Models Only) Optional

A water regulating valve is

furnished and factory installed

and piped. A 1/4” SAE flare
type valve is provided on the
compressor and connected to

the bellows on the water-regu-

lating valve. This provides the
discharge pressure signal used
to modulate the water fiow.

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 pres-
sure is important to provide
proper refrigerant flow
through expansion valves or
other refrigerant control

*
devices in order to maintain

the suction pressure above the
setting of the low pressure
cut-out to prevent short
cycling 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 ice generators
are installed in an area where
the ambient falls below freez-

. e o
ing, refer 16 scction 8 —

Optional Features &
Accessories for Winterizing,

Water Flow Rate

Standard SC models require
38 gallons per minute flow to
the condenser at the design
conditions stated above.

Water Pressure

The water pump selected for
the condenser circuit must
include the pressure drop
through the condenser, water-
regulating valve and piping.
For standard SC models, the
pressure drop is 18 PSIG
{(does not include vertical lift).
To obtain the required flow
through the condenser, both
the flow and pressure stated
must be available at the con-
denser connections on the ice
generator. Refer to example
on page 3-18.
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7. Refrigerant Piping

Piping in a refrigerant system
has two functions:

i. 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 toward
the compressor.

Avoid trapping the lines
except for specific purposes.
If traps are used, the horizon-
tal dimension should be as
short as possibie to avoid
excessive trapping of oil.

Steel Pipe Joints

In making up joints for steel
pipe, the following procedures
should be followed:

¢ (Clean threads on the mnp

and fittings to remove > all
traces of grease or oil.

* Wipe the threads dry with a

thy
lihﬂncn 1'1'111-\1ng ch th.

Refrigerant Installations

For threaded connections on
piping for refrigerants, use
Teflon thread sealing tape.
Wrap the tape around the
threaded male portion of the

P | ——
joint about two full tumns,

thread into the female portion,
and tighten. If thread sealing
tape is not available, conven-
tional 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
application). Steel pipe is
used in large installations

.
A A
when joints are welded and

Oon ammonia systems.

Freon Refrigerant
Installations

For freon refrigerant installa-
tions, use copper pipe with
solder type fittings 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” is suitable for
working pressures up to 4()0
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
adequate wall thickness to
withstand the operating pres-

sures.

Only wrought copper fittings
should be used for freon
refrigerant piping. Cast fit-
tings used for water service
are porous and not suitable
for the refrigerant service.

Installation & Pre-Start-Up Requirements

Exception: In larger pipe
sizes, wrought fittings are not
available. Specially tested cast
fittings are available to use

with complete safety.

Soldering

When soldering copper tubing
joints, silver solder such as
“SilFos,” “Phoson #15,”
“Silbond 15,” or any solder
that has 15% silver content

Py R

Cdil uc uat:u .)Ull. 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 pres-
ence of moisture.,

Steel Pipe

Carbon steel or stainless steel
pipe can be used for refriger-
ant lines but must be either

sand blasted or pickled to

ensure pnmnlptp 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 adequately support the
pipe lines.
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8. 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 various

refrigerants are listed in ASA
B_Q Cnde Reachnra entitlad

= U AL VLAY WL

“Safety Code for Mechanical
Refrigeration.” These pres-
sures will usually suffice but
check local codes as they may
differ.

IMPORTANT

Do not use the compressor
to build up the pressure - it
is not designed to pump air.
Serious overheating and

damage may result.

Prior To Testing

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.

4. Open all by-pass arrange-
ments.

Oil free dry nitrogen may be
used to raise the pressure to
the proper level for testing.

Testing

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, sol-
dered, 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 afl leaks are found
and marked, relieve the
system pressure and repair

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
halide torch or electronic
leak detector. Check all
flanged, welded screwed,
soldered and gas::et jOll-lfS,
and all parting lines on
castings. If any leaks are
found, they must be
repaired and rechecked

before the system can be
considered tight.

IMPORTANT

No repairs should be made
to welded or soldered joints
while the system is under
}Jl e3siie.

Never attempt to repair sol-
dered or welded joints

while tha suctam ic undar

T RF i oL P RARPILALE

pressure. Soldered joints
should be opened and
resoldered. Do not simply
add more solder to a leak-
ing joint.

4. After all the joints have
been repaired and the sys-
tem is considered "tight",
test the ice generator with
refrigerant.

Installation & Pre-Start-Up Requirements
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9.

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
ice generator before charging
it with refrigerant. If air,
water vapor, or non-condens-
ables are left in the system,

various operating difficulties

can be encountered:

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

2. Air and non-condensables
will lodge in the condenser,
decrease the space for con-
densing 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 acids and
other corrosive compounds
which could corrode the
internal parts of the system.

Helpful Hints

i ...

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

= If at all possible, the piping
should not be insulated
before the evacuation
process is started.

* The evacuation should not
be done unless the room
temperature is 60°F or
hmher (to allow for proper

m01sture boil off).

+ If free moisture is in the
system before evacuation

. 11 tad 4
(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
removed 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
process until all pockets of

water have been boiled off

s BATA YW Lwiwal wrusidwhe La

and the vacuum pump has
had a chance to remove all
of the water vapor from the
system.

Proper Measuring
Instrument

Tt 1¢ not noscihle ta read hich

1115 not PUSLULLY WU AW X RE

vacuums or low absolute pres-
sures with a pressure gauge or
mercury monometer.

T [,

Use the proper gauge manu-
factured by McLeod, Stokes
and Airserco. These gauges
usually read in the range from
20 to 20,000 microns.

Installation & Pre-Start-Up Requirements

Evacuating the System

High Vacuum Pump

¢ 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 oper-
ate until the pressure in the
system has been reduced
somewhere below 500

microns.

* Connect the high vacuum
pump into the refrigeration
system following the manu-
facturers 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 instructions.

First Evacuation

A single evacuation of the
system is not satisfactory to
remove all of the air, water,
and non-condensabies pre-
sent. 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.
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the system.

4, Allow it to stand at this
vacuum for another five (5)

tn ey [ARY hanre
RS JAMN \UJ SARSFLRL T
5. Break the vacuum.

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

Second Evacuation

. Stop the pump and isolate

1. Start the second evacuation
1. »sfart the second evacuauon,

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

2. Allow the pump to operate
for two (2) or three (3)
hours.
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3. Stop the pump and allow
the system to “stand with
this vacuum for a minimum

of three (3) hours.

A Rraal the vasomm with the
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oil free dry nitrogen.

5. 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 is reduced

below the 500 micron fig-
ure.

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

3.

I~

Rranl the varmmm wn
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Stop the system and allow
to stand for approximately
twelve (12) hours at the

low pressure.
nth the
N

FELLIL R

oil free dry nitrogen.

. 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)

idlfe

. Evacuate the system below

the 500 micron figure and
charge with the refrigerant

P Poprey
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10. 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).
Other equipment such as the
oil filter or oil coolers (when
used) also require oil charge.
Therefore, the oil level in the
compressor should be
rechecked after the compres-
sor has been operated. If addi-
tional oil is required, add only
the oil specified by the manu-
facturer. Use only dehydrated,
wax-free, refrigerant grade oil

of suitable viscosity.

Periodic Checks and
Records

Refrigerant Oil Oil Quality

Unless otherwise specified, If the quality of the oil is

the following refrigeration 0il  unknown or is not clear,

should be used: TURBO recommends that an

* Sun Qil Suniso 3GS oil test kit be obtained from 2
local refrigeration supply

* DuPont synthetic oil,
150 SSU only
* Texaco Capella Bl

IMPORTANT

The above oil check should
be done at start-up, or after
any service work is per-
formed. Periodic checks
should also be done on a reg-
ular basis. Complete records
should be kept of any addi-

tions or removal of oil to the
system.

* 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 contaminated,

Installation & Pre-Start-Up Requirements

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.

Oil Charge

4 cylinder semi-hermetic
compressor — 152 fluid
ounces.
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11. Refrigerant Charging

Possible Leaks

Self-contained water-cooled,
evaporative-cooled, and air-
cooled ice generators are fur-
nished complete with neces-
sary operating refrigerant
charge and normally require
no field charging. A eak in
the refrigerant circuit might
occur during shipping or han-
dling. If a leak is detected,

h - ” o
immediate corrective action

should be taken and addition-
al refrigerant gas should be
added to the system. Refer to
step 8. Testing Refrigeration
System for Leaks.

Adding Refrigerant

IMPORTANT

Before adding refrigerant
or placing the unit in opera-
tion, evacuate the entire
system to insure a com-
pletely dry system. See step
9. Evacuating the System.

should be slowly charged
into the suction of the com-
pressor as a gas only (never
as a liquid). Be sure that all
charging lines are clean and
properly purged of air. Air
is purged from the charging
line by allowing some
refrigerant to escape while
attaching the hose to the
charging port.

3. When the liquid line sight
glass is free from bubbles
during the first five minutes
of the freezing cycle, (the
period of heaviest refriger-
ant flow) the ice generator
is fully charged. The ice
generator nameplate lists
the unit model, refrigerant
type, and refrigerant
charge. Always monitor
and record how much

refrigerant is added. Never
exceed the namenlate

RN AL ladasdiiopra

charge listed.

IMPORTANT

Whenever refrigerant is added
to any ice generator, extreme
care should be taken in admit-
ting the refrigerant to the sys-
tem. Refer to Figures 3-20
and 3-21.

1. The ice generator should be
placed in operation and the
liquid line sight glass
observed during the first
five minutes of the freezing
cycle.

2. With the head pressure
between 180 PSIG and 213
PSIG, the refrigerant

Do not overcharge the
refrigerant circuit because
this induces high discharge
pressures. Be sure the cor-
rect type of refrigerant is
being added to the systems.

Self-contained units furnished
for use with remote air-cooled
condensers (SCAR) are
shipped without the operating
charge and will require refrig-
erant gas. Follow the proce-

Installation & Pre-Start-Up Requirements

dure 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.

Relief Devices

Relief valves are instalied on
pressure vessels (condensers,
recetvers, efc.) to prevent
excessive pressure build-up in

the system. These safety relief

valves should be vented to a
safe discharge point. Field
piping will be required to vent
the valve outside for indoor
installations or to a location
away from personnel expo-
sure for indoor or outdoor
installations. Refer to Figures
3-22 and 3-23.

WARNING

Al relief vaives must be
piped to a safe discharge
location. Failure to carefully
follow these instructions
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 refrig-
erant to the system before
piping 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
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while the device is discharg-
ing at rated capacity. Based
on the set pressure and capac-
ity of the relief device, the
maximum length of discharge
piping can be caiculated using
the formula:
L= 9p¢*
16C?
where:
L = Length of relief valve
discharge piping in feet

P = 0.25 [(relief valve pressure
setting) x 1.1 + 14.7]

d = Internal diameter of
discharge piping or
tubing in inches

veliliy 2L AL

C = Minimum required
discharge capacity in
pounds of air per minute

1.6 for R-22

0.5 for ammonia

f
f
D = Qutside diameter of
vessel in feet

L:= Length of vessel in feet
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Example:
DF6SC uses a 10-3/4” diameter x 36” receiver.

Design relief pressure is 350 PSIG.
Refrigerant is R-22.

Therefore, C = f DL = (1.6) (10-3/4) (36) = 4.3 pounds of air
12 12 per minute

A 1/27 x 3/4” (inlet x outlet) pressure relief valve rated at

H A
41.6 pounds of air per minute is used.

Maximum discharge piping length:

L= 9P = (9)(9.985) (0.38) = 115.1"
16C (16) (18.49)

where:
= O025[(B50)0.1D)+1471=999

PP= 90985

d= 0.824” (3/4” sch40 pipe)
&= 038

C = 4.3 pounds of air per minute
C'= 1849

Therefore, a 3/4” sch40 pipe is completely adequate for normal
installations with relief valve discharge piping less than 115’
long. If longer piping is required, a larger size piping would be
required.
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HIGH PRESSURE GAUGE {DO NOT OPEN)

LOW PRESSURE GAUGE
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Figure 3-20 Typicai Connections For Initial Refrigerant Charge
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Figure 3-21 Adding Refrigerant To Existing Charged System
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Figure 3-23 Correct and Incorrect Relief Valve Discharge Piping
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12. Water-Cooled Condensers

Mounting

Water-cooled condensers sup-
plied SC models are mounted
on a common base frame with
the evaporator. The condenser
is located on a structural sup-
port directly under the com-
pressor assembly. A compres-
sor discharge line is piped to
the condenser inlet and a lig-
uid line connection is piped to

the evaporator.

Design Conditions

The selection of a water-
cooled condenser is depen-
dent on the evaporator load,
refrigerant used, the source
and temperature of the cool-

1 tha amaoimt of
ing water, the amount of

water circulated and the
desired operating pressure.
All SC condenser selections

are based on the following
conditions (for R-22):

* 85°F water entering

* OQ5°F water leavin ving

s 105°F saturated
condensing temperature,
SDT (210 PSIG)

* 10°F saturated evaporator

THR (total heat of rejection)
= {(evaporator load at 10°F
SET and 105°F SDT in
BTUH) + (heat of compres-
sion in BTUH)

Example:

DF6SC with 4DJ300 compressor
Compressor capacity @ 10°F SET and 105°F SDT = 13.7 tons

= 164,000 BTUH

Compressor KW @ 10°F/105°F = 18.6
THR = (164,000) + (18.6) (3,413) = 227,500 BTUH

Tower gpm = (THR + 15,000 BTUH/tower ton)
(3.0 GPM/tower ton) = (227,500/15,000) (3.0)

=45.5 = 45 GPM

Operation

Self-contained water-cooled
(SC) models are furnished
with a properly sized con-
denser to reject the THR (total
heat of rejection) of the evap-
orator and the heat of the
compressor. A safety relief

Tats 1« £
valve and i 15018U0n vauves 101

the inlet and outlet are also
provided. Piping and wiring
of the components are factory
installed.

Optional cooling towers and
cooling tower pumps can also
be supplied.

Water Treatment

For maximum operating effi-
ciency and equipment life of
the condenser and cooling
tower, TURBQO recommends
that a local water treatment
supplier be consulted to analyze

A
the water system to be used.

Fouling caused by scaling
results in high head pressure,
higher operating cost, and

lower capaciiy.

Installation & Pre-Start-Up Requirements

Superheated discharge gas
enters the shell side of the
water cooled condenser. Water
is circulated through the wbes
to remove the heat from the
gas. The amount of surface
area in the condenser, the
flow rate (GPM) of the waier,
and the temperature of the
water entering the condenser
are all sized to remove the
heat of compression and the
heat absorbed by the refriger-
ant in the evaporator and con-
verts the gas back to the lig-
uid phase at the condenser
pressure. Shell-and-tube (hori-
zontal) condensers are used
for this purpose.

A typical water cooled system
operates as follows (for a sys-
tem with):

* Water-cooled condenser

* Pressure-actuated water
regulating valve

* Cooling tower with
fan cycling thermostat
(by others)

* Cooling tower pump
(by others)
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* Low discharge pressure
switch (by others)

1. A switch sensing the dis-
charge pressure closes at
150 PSIG to start the cool-
ing tower pump (starters,
pump, and cooling tower
are all optional equipment).

1 S SR,

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 setpoint (usual-
ly 80-85°F) of the thermo-
stat, the contacts close to

ha ranling h-\“u:n-
energ'ze the ¢ CoOuIng WOWCT

fan motor magnetic starter.

The fan runs until the tem-

perature of the water drops

below the differential of the
thermostat and the contacts
open to turn the fan off,

4. The water flow through the

condenser is controlled bv

WAAELAINL L8 LUV W

a pressure actuated water
regulating valve that modu-
lates open or closed in
response to the discharge
pressure. As the discharge
pressure increases, the
water regulating valve
opens to increase the water
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flow through the condenser.
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

Wi ARdwd wAADwdry At LENSY

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
resulting discharge pressure
can be changed by turning
the adjusting stem located
on the top of the valve
counterclockwise to raise
ihe pressure and counier-
clockwise to reduce the dis-
charge pressure. By turning
the valve in, the spring in

1 ﬂt‘(’ﬂ!‘l
the bonnet is compressed,

requiring a greater dis-
charge pressure to move off
its seat, thus allowing the
water flow to decrease. As

the stem is tamed ont. the

A% Dveass Al SRALALL uuu, Lt i)

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 3-24, 3-2
and 3-26 for typical water-
cooled condenser piping and

wiring.

General Information

1. The shell-and-tube con-
denser used is also used as
a receiver to hold the sys-
tem refrigerant operating
charge when the unit is
pumped down (i.e., a sepa-
rate receiver is not
required).

2. A safety relief is provided
on each condenser. Refer to
step 11. Refrigerant
Charging for guidelines on
relief valve venting.

Installation

All components are factory
installed and pre-wired.

Installation & Pre-Start-Up Requirements
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Figure 3-24 Typical Water-Cooled Condenser Piping
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Figure 3-26 Control Panel Winterizing Wiring
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13. Air-Cooled Condensers

Design Conditions

AH 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)

* 10°F saturated evaporator
temperature, SET

» THR total heat of rejection

{evaporator load in BTUH

at 10°F SET and 120°F
SDT) + (heat of compres-
sor in BTUH)

Exampile:
DF6SCA with 4DJ-3000
Compressor.

Compressor capacity at
10°F SET and 120°F SDT =
12.2 tons = 146,000 BTUH

Compressor KW at 10°F SET
and 120°F SDT = 2(1.318

THR = (146,000) + (20.318)
(3,413) = 215,345 BTUH

Condenser selection would be
based on 215,345 BTUH with
20°F TD.

Mounting

Air-cooled condensers sup-
plied with SCA models are
based on 100°F air on, 110°F
air off and 120°F condensing
(260 PSIG). The air-cooled
condenser is mounted on a
common base frame with the

evaporator at an elevation that
allows free draining of the
liquid from the condenser into

the receiver and nnrestricted
A%k LRALlWATLL WA

airflow through the coil.
When an air-cooled condenser
is field installed (SCAR mod-
els), mount the condenser so
that the condensed liquid
refrigerant will flow into the
receiver without restriction or
traps. Pitch the liquid line
down from the condenser 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 con-
densers can be furnished for

horizontal or vertical air flow
(as required). Horizontal

mounting is standard.

Equipment

PP S

DCII-LUIIMHICU d.ll'-LUUlCU
(SCA) models are furnished
with a properly sized con-
denser to reject the total heat
of rejection (THR) of the
evaporator and the heat of
compression. A receiver, iso-
lation 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)
maodels, 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.

Instaliation & Pre-Start-Up Requirements

Operation - Discharge
Pressure Controls

Refer to Figure 3-27. The
need for a modulating device
for use in conjunction with
constant air flow air cooled
condensers is generally recog-
nized. Falling ambient tem-
peratures produce correspond-
ingly lower operating pres-
sures and eventually cause
sysiem problems at the expan-
sion valve due to low pres-
sure. The TURBO winter con-
trol, which consists of four
v‘alves (“L:’ G‘G’” L&LC,”
“LD”), is a completely auto-
matic system that eliminates
these conditions.

Onaration of the TITRRO
Operation of the TURBO

condenser winter control is as
follows (refer to Figure 3-13):

* When low ambient air con-
ditions are encountered
which allow condensing
pressure to drop, the princi-
ple of operation is to hold

back enonch of the con-
dack enougn

densed liquid in the air
cooled condenser coil so
that some of the surface is
rendered inactive as con-
densing surface, This
reduction of active con-
densing surface results in a
rise 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
refrigerant so that liquid
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Figure 3-27 Typical Air-Cooled Control & Winter Control Valve Piping (Flood-Back Method)

can be stacked in the con-
denser and still have
enough charge in the
receiver for proper opera-
tion.

* The receiver must have suf-
ficient capacity to hold ali
of the liquid refrigerant in
the system which must be
returned to the receiver

IMPORTANT

Sufficient refrigerant must
be in the system to permit
the winter control to oper-
ate satisfactorily and main-
tain a liquid seal on the
receiver.

before valve “L” will begin to
open. Any increase in pres-
sure opens valve “L” more,
permitting more liquid to pass
into the receiver. If the spring
tension is increased (by clock-
wise adjustment), a higher
pressure will be required to
open the valve. If the spring
tension is decreased (by coun-

when high ambient condi- Valve Functions terclockwise adjusiment), a
tions are encountered. lowe_r condensel‘-‘pf’e_ssure
Valve “L” required. Valve “L” is set at
Note: (Upstream Regu|ator) the factory (on SCA models)
If the recetver is too small, Valve “L” (located in the con- to open at 180 psig for R-22
liquid refrigerant will be held  denser drain line from the air which should permit satisfac-
back in the condenser during  ¢poled condenser to the tory operation. If a field
the high ambient conditions receiver) is the modulating adjustment is required and the

and excessively high dis-
charge pressures will be
encountered.
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upstream pressure regulator.
Its’ spring tension is set so
that a minimum pressure in
the condenser is required

condenser pressure does not
vary with the adjustment, this
indicates a shortage of refrig-
erant in the system.
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During start-up, when the
refngerant 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 thermostatic
expansion valve. This is

accomplished by permitting

hot discharge gas to bypass
the condenser and enter the
receiver through valve “G” to
maintain pressure until the
condenser warms up.

Valive “G"”
(Downstream Regulator)

Valve “G” 15 a rnndnlatmo

e LT

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 above the
setpoint and then closes.
Valve “G” is preset at the fac-
tory to close at 160 PSIG for
R-22. If a field adjustment is
required, a clockwise adjust-
ment increases the sprmg ten-

hiclh e sion i smeaooizeen

DI.U'I.I- A IUBJJUI. L1 111 PI.UDBUI.C
1s obtained before the valve
closes, shutting off the hot gas
flow into the receiver. A
counter-clockwise adjustment

would permit the valve to
close at a lower pressure.

Valves “L” and “G"

When adjusting valves “L”
and “G,” a certain differential
in pressures (approximately

20 PSIG) must be maintained

to insure enough of a differ-
ence between discharge pres-
sure and receiver pressure so
that hot gas will enter the
receiver when required.

When the system is not in
operation, refrigerant gas will
not enter the condenser.
Eventually the pressure in the
condenser will drop to a point
that corresponds to the ambi-
ent air temperature. During
this period, there may be a
large difference between the
pressure in the warm receiver
and the cold condenser. The
service for which vaives “L”
and “G” are designed does
not require them to be gas
tight. During this shut-down

nPnnri it is nnqqlhlp for

LAV, AT 2> WSSIUNI AR

refngerant gas to escape from
the high pressure in the warm
receiver through valves “L”
and “G” back into condenser
(because of low ambient at a
low pressure). A check valve
“LC” is placed in the drain to
prevent migration of the lig-
uid back to the condenser.
Without the “LC” valve, the
pressure in the receiver would
drop.

Valve “LC”

To prevent the escape of gas,
a check valve (“LC”) 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"

Valve “LD” is also a check
valve which must be installed
in the discharge line as close

Installation & Pre-Start-Up Requirements
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Valve “LD” ensures that no
gas in the condenser will
migrate to the compressor
head. Refer to Figure 3-27 for
valve arrangement.

10 the comnregenr ac pnemh le,

Alternate Head Pressure
Controls

Fan Cyding

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 refriger-
ant charge by eliminating the
need to flood the condenser
coil. It is generally limited to
applications using condensers
with several fan motors,

allowing several capacity

reduction steps. Under certain
conditions, rapid cycling of
the fan(s) may result when
used on models with only one
or two fans.

Variable Speed Motor

(VSM) Controtler
Rnﬁ:n- tn p‘lﬂ'Im ’1 IR A un

WAV I AV e iy, £ 1 VAL l.

able frequency solid-state
controller is used to vary the
output RPM of the condenser
fan motor(s). A pressure dif-
ferential switch is used to sig-
nal the controller to increase
or decrease the motor speed
from 0 to 100% to maintain
the pressure setpoint.

The VSM controller elimi-
nates the need for flooding
the condenser coil thus reduc-
ing the refrigerant charge and
receiver size.

VSM controllers can also be
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Variabie Speed Fan Motor (VSM) Controls

{PITCH DOWN — NO TRAPS)
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14. Installation Review

Before starting the installation proceedure and again before the initial start-up of the ice genera-
tor, all steps of the installation procedure should be reviewed and checked off:

Completed

1. All tools are available and personne! are instructed on installation procedure

and Safety iNSITUCHONS, .....ocvereeerrieerrestsseeeeeaerenersassesss socessssaeeeesessesesresessessesseesenmeens 0O
2. Electrical and mechanical contractors properly licensed and insured. ...................... 0
3. Flooring or steel platform ready for inStallation. ..........ec.veeeeeeeeeeeoeeeees e 0
4. Water source identified and meets flow and pressure requirements. ............ueeenn...... 1
5. Electrical source identified and meets power requirements; disconnects and/or

circuit breakers ordered or available. ............oueeeeecuernceecreeeesees e, 0
6. Adequate space and access for service and maintenance under all operating

CONAItoNS iS AVALLADIE. ..ottt et seeeeeees s tesessesm s s e 0
7. Equipment for unloading equipment upon delivery and moving into place

Are AVATIADBIE. L.ttt e st e et st st ettt s rane 0
8. Provisions are made for transferring ice from ice discharge to storage or

point-of-use; safety guards and transition are available......o...eemeeevreerererseirereroenn. i)
9. Personnel available to leak check refrigerant system; evacuate and charge

I PRQUITEA. oottt st s e e e eee e eemesees s e e s een 0

10. Start-up personnel available and trained (read Operating & Maintenance ,
Manual); factory or factory authorized distributor/representative telephone
numbers are available for start-up assistance if required. ......................__. O

11. Walk through of water, electrical and refrigeration system work completed and
construction debris i Cleaned P. ........c.eveeereecuevesveeeccee et N

12. Water lines and conveying system to storage or point-of-use clean and
WASHEA QUL ettt et ettt teceen e mosseassee s se st e se s s s e O
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This section describes the
D-line ice generator operating
sequence and the function of
the ice generator components
and control panel compo-
nents. Operating hints are
provided for safe, efficient
and reliable operation of the
equipment. Only standard fea-
tures are discussed in this sec-
tion. For optional features and
accessories, refer to section 8.

Specifications

Refrigerant
R-22

Evaporator Temperature
(Icemaking)
0°F (24 PSIG)

Discharge Pressure

Water-Cooled Condenser
105°F condensing (210 PSIG).
85°F water in/105°F water
out. 78°F design wet bulb.

Air-Cooled Condenser

120°F (250 PSIG) condens-
ing. Based on THR at 10°F
evaporator/120°F condensing.
100°F design dry bulb.

Discharge Pressure Control

Water-Cooled Condenser
Pressure actuated water regu-
lating valve(s). Cooling tower
and coolmg tower pumps are
not supplied (optional).
Air-Cooled Condenser

Fan cycling with flood back
control consisting of upstream
regulator in drain line of con-
denser to receiver. Downstream
regulator in a hot gas bypass

Operating Instructions

line to the inlet of the receiver,

Refrigerant Feed
Externally equalized thermal
expansion valve,

Superheat Setting*

10-15°F

* Superheat is defined as the
temperature of the suction gas
measured at the thermal
expansion valve bulb less the
saturated suction gas tempera-
ture at the pressure indicated
at the TXV bulb.

Example:

Measured 12°F at the TXV
bulb, evaporator suction pres-
sure is 24 PSIG. This equals
to 0°F saturated suction tem-
perature.

12°F — O°F = 12°F superheat

iviake-Up Water

Make-Up Water Temperature
60°F at water distribution
header inlet.

Make-Up Water Pressure
Required

8 PSIG minimum at inlet to
water distribution header.

Make-Up Water Flow

Each plate requires 7 GPM
(an adjustable water flow con-
trol valve is provided to make
final adjustment of the water
flow). 6 ton model: 28 GPM
total required at make-up
water connection.

iMake-Up Water Feed
Solenoid valve with water
level control relay. Minimum
flow is 3 GPM. Maximum

L 4 ' Wl

flow is 15 GPM.

Make-Up Water Blow-Down
0-50% adjustable.

Safety Switch Settings
Low Pressure Cut-Off

.y —

5 PSIG

High Pressure Cut-Out

275 PSIG water and evapora-
tive cooled. 300 PSIG air-
cooled.

Oil Pressure (Net)

25 PSIG oil pressure above
suction. One (1) minute time
delay manual reset.

Relief Vaive (Receiver,
Condensers)

350 PSIG nonadjustable.

Motor Full Load Amps (FLA)
Refer to section — 10
Appendix & Notes.

____ e W

Operating Refrigerant
Charges

40 pounds water-cooled.

94 pounds air-cooled. Factory
installed except for interna-
tional shipments. Holding
charge only for international
shipping.

g PR N

LVOUTUEN»er :lzmg
Refer to section 10 — Appendix
& Notes.

Evaporator Plates

304 Stainless Steel
Hydraulically blown to inflate
to proper rise.

Design Operating Precsure

200 PSIG i

Burst Pressure
1,500 PSIG
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Controls

All D-line models (SC, SCA,
SCAR) operate in the same
basic way and control panel
components are the same
except for size (number of
magnetic starters, etc.) Each
control panel contains:

* Programmable controller

* Magnetic starter for the
watcr pump

* Maenetic contactor with

Bpiivrmy WiTLIMwIL Y il

motor protection module
for the compressor

+ Master control switch with

| [P N |

111uuuur.1.Lt;u Ld.u.ult'« uiulbd.l.UI'

* Ice thickness selector
switch

=

* Wash cycle controls switc

* Water level control relay

+ Control relays

¢ Maonetic starters for

~Gpes iy S VA D AW

optional equipment
(if supplied) including:

— Screw conveyor, breaker
bat or ice sizer

- Cooling tower pump and
fan (SC models only)

— Air-cooled condenser
motor fans (atr-cooled
models only)

* Screw type terminal strip

connections for ease of

field wiring

Note:

Controls required for the dis-
tribution of ice to remote stor-
age or points of use are not
furnished by TURBO.
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Additional controls can be
provided as optional equip-
ment. Consult factory for
additional information.

Controi Panel Door

Refer to Figure 4-1. The con-
trol panel door contains:

+ Master control seiector
switch “ON/OFF-RESET”
(two position switch)

* Ice thickness selector
switch, 3/8”, 1727, 5/8"
(three position switch)

* Wash cycle control selector
switch “ON/OFF” (two
position selector switch)

* Warning labels (refer to
safety section)

+ Data nameplate (serial
number, motor and electri-
cal data)

Refer to section 2 — Safety for
a listing of all warning labels
that should be on the control
panel door. If any labels are
missing, contact TURBO
immediately to obtain
replacements for the missing
labels.

Think SAFETY!

Note:

The serial number on the data
nameplate should be refer-
enced when inquiring about
the control or operation of the
equipment. A file is main-
tained under this serial num-
ber to ensure that all informa-
tion required to assist you
with problems can be handled
quickly and accurately.

The master control switch
(MCS) is not a service dis-
connect. Lock out electrical
power to the controls
before performing service.
Failure to carefully follow
these instructions could

result in permanent injury

or loss of life.

Electrical Component
Description

Master Control Switch-
Iluminated (MCS) ON/OFF-
Reset; Failure Indicator

A two-position cam operated
switch with a lighted insert,
normally closed (NC) and a
normally open (NO) contact
block is provided to input a
signal to the programmable
logic controller (PLC). This
MCS signal is used to initiate
the logic required to start the
ice generator and to terminate
operation of the ice generator.

Tuming the MCS switch o
f]'h‘-l “on_‘D\aS‘ef’ pr\(ﬂhn

LOoLLLULL lll.l.'
tiates a shutdown sequence
that includes a pump down of
the system refrigeration
charge into the combination
condenser receiver for water-
cooled models or a receiver
for air-cooled models. Actual
termination of operation
occurs when the low-pressure
safety switch opens at a preset
suction pressure.

The illuminated indicator is
used to provide information
on the type of failure that has
occurred. During normal

Operating Instructions
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could result in nermanan njury
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QUICK REFERENCE CHART ~
FAILURE INDICATOR FLASHES OR MCS

/
£ MASTER L. IGE L wasH
CONTROL THICKNESS CYCLE
SWITCH - SWITCH — SWITCH
: L ILLUMINATED 3/87 (WCS!
CONTROL PANEL — SHOWN (MCS) 1727
ON RIGHT END (STANDARD) 58"

ELECTRICAL DATA

MAMED! ATE

(A Lt =t ol

HIGH VOLTAGE
WARNING LABEL

MASTER CONTRCOL
SWITCH

ICE THICKNESS
SELECTOR SWITCH

WASH CYCLE
SWITCH

ELECTRICAL
CONNECTION

Figure 4-1 Control Panel Door - Exterior
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W W

operation, the green light
remains ON at all times. If a
failure occurs, the light will
flash intermittently to indicate

the failure code,

Failure Codes

Number
of Flashes Failure
1 COmpIessor
2 water pump
3 screw conveyor
4 low water level
5 low crankcase

temperature

Refer to section 5 — Trouble-
Shooting for additional infor-
_ mation.

If a failure occurs, the illumi-
nated switch will start to
flash. For example, if the
water pump fails, the switch
will blink twice and then
pause, then blink twice again,
etc. This sequence will con-
tinue until the MCS switch is
turned to the OFF/Reset posi-
tion. Before resetting the
MCS switch, the failure code
(number of flashes) should be
noted.

OFF-RESET

For normal termination of the
ice generator operation, the
system will complete the next

cycle, go through harvest, the

liquid solenoid closes and the
unit will go through a pump
down cycle. Operation is ter-
minated when the low pres-
sure (LP) safety switch con-
tacts open. If conditions exist
requiring immediate shut

4-4 Turbo Refrigerating, LLC 4/98

down of the ice generator, the
MCS switch can be turned
OFF, then back ON and OFF

again. This switch sequence

will terminate operation with- -

out completing the cycle but
the ice generator will pump
down.

WAHNING

The master controf switch
{MCS) is not a service dis-

+ Aar cafnbie crasifterh
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Lock out electrical power to
controls before performing
service. Have a qualified
electrician perform all ser-
vice. Failure to carefully fol-
low these instructions could
result in permanent injury
or loss of life.

Ice Size Selector Switch

A cam operated three-position
selector switch is used to
select the desired ice thick-
ness. Ice thickness is based on
water consumption (water
level in the tank) and has been
factory set. Selecting the ice
thickness is as simple as turn-
ing the switch to the desired
thickness. For example, if

1/2” thick ice is degired. tnm

AL wan Aw A WeRASALWAAy RASLEL

the selector switch to the mid-
dle position marked 1/2”. In
this position, the switch
selects the circuit in the water
Ievel control circuit (WLC) to
initiate harvest when the ice
thickness is 1/2”. For more
information see WLC below.

The ice thickness can be
selected at any time during
operation or with the ice gen-

erator OFFE. If the setting is

A AAVA NS AL LA UWLRELIE, A0

changed during operation, the
ice generator may initiate
defrost immediately. This will
occur if a thinner ice thick-
ness is selected and the water
level is below the probe of the
new level selected. For exam-
ple, the original selection was
5/8” thick ice and the selector
switch is changed to 3/8”
thick. If the water level is
already below the 3/8” probe

fao to alreadu thinkac than
(icc is alread ¥y UiiCKET tnan

3/8” but less than 5/8”), the
ice generator will immediate-
ly initiate harvest since the
water level is below the 3/8”
thick probe. The ice thickness
for the next cycle would be
the 3/8” thickness selected.

AL, Fumreeey

Wash Cycie Switch (WCS)
A two-position ON/OFF
selector switch is provided for

manual operation of the water
circnit nnnrw normal opera-

tion the WCS switch is in the
OFF position and the water
system is controlled by the
PLC.

The WCS is used for mainte-
nance only. With the MCS
switch OFF and the WCS
switch in the ON position, the
water pump will operate inde-
pendently of the PLC. Water
is circulated over either the
icemaking plates or the gas
generator plate or both,
depending on the setting of
the manual operators on the
icemaking plates water sole-
noid (IWS) and the gas gener-
ator water solenoid (GWS).

Operating Instructions
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Note:

When WCS is turned ON, the
drain solenoid is de-energized
to allow filling of the tank
during the cleaning cycle.

Dilute icemaker cleaner is
added to the water tank and
circulated through either
water circuit or both water
circuits to clean all surfaces in
the ice generator (evaporator
plates, water tank, internal
piping surfaces, etc.).

At the conclusion of the
cleaning cycle, the fresh water
feed solenoid should be man-
ually opened to feed water
into the tank. With the MWS
solenoid manually open, the
tank will overflow and wash
the cleaning fluids and debris
from the tank. When the WCS
is turned OFF, the drain sole-
noid (DS) will open to drain
the tank and the water sole-

noids are retumed to the auto-

matic position. Refer to sec-
tion 6 — Maintenance for
additional information on
cleaning the ice generator.

Note:
If the WCS switch is left ON
during normal operation the

ra gAmATotoe Framen b
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properly. If the IWS and/or
GWS solenoids are left in the
manual position, the ice gen-
erator will function normally.
However, since the water will
continue to run over the ice-
making plates during the har-
vest cycle (IWS manually
open), the ice will be wet and
some water may carry over
into the ice discharge.

Operating Instructions

Control System
Components

The components listed below
are located in the stainless
sieel electrical enclosure sup-
plied with the ice generator.
All components are factory
wired 10 a terminal strip for

eace 1n makino fisld connec-
€asd 1n maxang 118.0 oonnec

tions for remote devices and
controls. Refer to Figure 4-2.

Control Circuit Protection

A ten (10) amp fuse is located
inside the control panel to
protect the control circuit
power. The fuse holder is

located below the program-

mable controller. Standard
contro] circuit power is
115/1/60. Other voltages and
50 hertz frequency are avail-
able as options. For optional
220/1/60 voltage, a step-down
transformer (220/1/60 prima-
ry; 115/1/60 secondary) is
typically provided and all
components in the control
panel (relay coils, starter
coils, solenoid coils, etc,) are
115/1/60. Relay coils, starter
coils and solenoids rated
220/1/60 are also available as
an option without the control

circuit trangformer descrihed

LW iliie MARISEVI AT NuowvaiuiTa

above. For 220/1/60 controls
without transformer, a second
10 amp fuse is installed in the
L2 leg of the control circuit;
(i.e., both L1 and L2 are
fused). Separate circuit break-
ers (by others) are required
for the transformer and elec-
trical panel service.

Control circuit goverloads or
shorts can cause the fuse to

“hlow’ or the circnit hreaker

to trip interrupting electrical
power to the control circuit.
This will also terminate oper-
ation of the ice generator.

WARNING

Even with the control circuit
off or tripped, the three-
phase power to the com-
pressor and water pump is
still on. The three-phase
and single-phase power
must be locked out before
performing service. Have a
qualified electrician perform
all service. Failure to care-

g sha
H '!r'_'y' follow these instruc-

tions could result in perma-
nent injury or loss of life.

If the fuse is blown, it must
be replaced prior to restarting.
If the circuit breaker (provid-
ed by others) trips, it must be
reset. After the fuse has been
replaced and/or the circuit
breaker reset have a qualified
electrician check the follow-
uxg before restart qu the ice

generator:

* Check all components in
the electrical panel and on
the ice generator to deter-
mine the cause of the over-
load or short. Correct all

defects or problems imme-
diatelv

MLl Y.

* Never bypass the circuit
breaker or fuse even on a
temporary basis.

Compressor Contactor (CM)
The compressor is provided
with a magnetic contactor to
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PROGRAMMABLE
LOGIC CONTROLLER
(PLC)

CONTROL CIRCUIT
FUSE

CONTROL RELAY
(CRY)

CONTROL RELAY
(CR2)

24VDC TRANSFORMER

COMPRESSOR OVERLOAD

PROTECTION MODULE — L

~—

WATER LEVEL
CONTROL RELAY

TOP WIRING
8Y OTHERS

- BOTTOM WIRING
iU COMPRESSOR

~— COMPRESS0OR CONTAGTOR

WATER PUMP STARTER WITH OVERLDAD MODULE

Figure 4-2 Control Panel Door - Interior

control three-phase power to
the compressor. A separate
inherit motor protection mod-
ule is used to protect the
semi-hermetic compressor
motor from overload. See
Motor Protection Module
{MP) description for addition-
al information.

All magnetic contactors are
IEC rated and are supplied
with dual voltage/frequency
coils (115 or 230; 50/60
hertz). Standard wiring for the
coils 1s 115/1/60.
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All compressor contactors
meet or exceed NEMA,
EEMAC, UL, CSA, IEC, CE,
VDE, and other international
standards.

Compressor Contactor
Interlocks (CM-1 & CM-2)

-1

A normally open (N.O.) con-
tact of the compressor contac-
tor is used to input a signal to
the PLC. The ice generator
will not start if this signal is
not present. The CM-1 con-
tact also supplies power to the

cooling tower pump(s) and
fan(s) for SC (water-cooled)
models and to the condenser
fan(s) on SCA (air-cooled)
models. Cooling towers and
cooling tower controls are
optional on SC models. The
air-cooled condenser and con-
denser head pressure controls
are standard on SCA models
and optional on SCAR mod-
els with remote condensers.

cM-2
A normally closed contact
(N.C.) used to turn the

Operating Instructions
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crankcase heater (CCH) on,
and open the drain solenoid
(DS) when the ice generator
is OFF. During shut-down, the
N.C. contact is closed and
power is supplied to the
crankcase heater and drain
solenoid. During operation
(ice generator ON), the com-
pressor interlock opens, er-
minating power to the heater
and drain solenoid.

Motor Protection Module
(MP)

The motor protection module
(MP) and has a normally
closed (N.C.) set of contacts
to protect the winding of the
semi-hermetic compressor
motor. The compressor motor
will have some type of tem-
perature sensors imbedded
(typlcally a common [C] and
three sensors [S1, §2, §3]) in
the windings of the motor or
in some cases, the tempera-
ture sensor will monitor the
compressor discharge temper-
ature. When the temperature
of the windings or compressor
discharge exceeds the limit
set by the motor protection
module, the N.C. contacts
will open to stop the compres-

Th Nnoantanto s11
SOr motor. 1nese contacts will

automatically reset after the
temperature drops. However,
the system will not automati-
cally restart until the PLC is
reset (turn Master Control
Switch OFF, then back ON to
reset).

Operating Instructions

IMPORTANT.

The cause of the compres-
sor overheating should be
determined before the com-
pressor is restarted. Refer
to section 5 - Trouble-
Shooting. Operation should

be closely monitored after
the compressor is restarted

= =T S Wl et P AP SRR B

to ensure normal operation
has resumed.

Motor Protection Module
Contact (MP-1)

A normally closed (N. C.)
contact of the motor protec-
tion module labeted MP-1
(overioad) is located on the
MP module. The control c¢ir-
cuit is connected to terminals
M1 and M2. If an overload
occurs, the N.C. contacts will
open to terminate operation of
the compressor. This contact
will automatically reset when
the windings cool off and the
temperature is below the set-
point of the MP module. All
settings of the MP module are
factory set by the compressor
manufacturer. No adjustments
are required.

1 1-
Power to the module is taken

directly off the .1 and L2
power source 1o the control
panel. This provides power to
the module at all times. Power

connections are made to ter-
minals T1 and T2.

The thermal sensors are con-
nected from the C, S1, 82 and
S3 compressor connections in

the compressor terminal box
to the C, S1, 82 and 83 con-

nectiong on the MP module

LA Lal Ml AL AN AdisNa

located in the control panel.

Refer to the compressor man-
ufacturers manual and the
section 5 — Trouble-Shooting
for additional information on
the module.

Water Pump Magnetic
Starter (WP)

The water pump is provided
with a contactor with a
bimetallic overload relay to

£,
protect the pump motor from

overload and control three-
phase power to the water
pump. The bimetallic over-
load relay has an adjustable
trip point that is factory set
based on the full load current
rating of the pump motor.
Manual reset of the overload
relay is required if a trip
(overload) occurs. Before
resetting the overload relay,
determine the cause of the
overioad and correct it before
restarting. Monitor operation
after resetting to ensure nor-
mal operation.

To reset the overload, push
the reset button located on the
overload module. The over-
load setting should never
exceed the full load or contin-
uous run amps of the motor.
Lower settings can be used to

achieve faster trip of the relay
on lightly loaded applications.

i) SRS A A kS AN

A test button, trip indicator
and snap-on protective cover
are provided. The overload

I ul&y is ambient tem pera ature

compensated from -25°C to
+55°C (-1°F to +131°F). The
overload relay is a block type
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with terminals for easy instal-
lation on the contactor.
Overload relays provide pro-
tection against overload,
phase loss or phase unbal-
anced load conditions. All
magnetic starters are IEC
rated and are supplied with
dual voltagc frequency coils
{1i50r zou, 50/60 hertz).
Standard wiring for the coils
is 115/1/60.

The contactor and overload
relays meet or exceed NEMA,
EEMAC, UL, CSA, IEC, CE,
VDE and other international
standards.

Water Pump Interlock
(we-1)

. The water pump starter has a
normally open (N.O.) inter-
lock used to input a signal to
the PLC. During normal oper-
ation, the interlock closes to
indicate the water pump is
ON. If the signal to the PLC
is not made, the unit will not
start. If the ice generator is in
operation and the signal is
lost, the ice generator will

shut off.

Control Relay (CR1)

A control relay is supplied in
the ouipui of the PLC for
operation of the screw con-
veyor required to remove ice
during harvest. During the

harvest cycle, the CR1 relay

is energized and ice is con-
veyed to a remote storage
location by the screw convey-
or(s). The PLC has an internal
time delay to allow the screw
conveyor(s) to operate for a
preset time after the harvest
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cycle is terminated. This
allows all ice to be purged
from the screw conveyor(s)
before they stop. Refer to the
PLC section of the manual for
instructions on changing timer

presets.

Control Relay Contact
(CR1-1)

A normally open (N.O.) con-
tact of CR1 is provided for
control of the magnetic starter
used for the harvest screw
conveyor(s). When the CR1
relay is energized, the contact
of CR1 closes to supply
power to the customer sup-
plied conveyor system
starter(s) used to remove ice.
If the harvest screw conveyor
fails to energize, the system

will fail and the ice generator

will immediately turn OFF.
Refer to Screw Conveyor
Interlock (SCR-1) for addi-
tional information.

Note:

Controls for conveying sys-
tems and screw conveyor(s)
arc available as optional
equipment. Contact TURBO
or a TURBO representative
for additional information.

Programmable Logic
Controller (PLC)

The ice generator is a com-
pletely automatic machine.
Control of all devices and
cycles required to produce
and harvest ice is provided
through the logic of a solid
state logic controller, The
PLC has inputs and outputs
used for specific control func-

tions.
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logic controller (PLC) is used
to control the operating
sequence of the ice generator.
The PLC consists of:

* Power supply
— 115/1/60 main
— 24 VDC (water solenoids)
*» Central processing unit
(CPU)

* Input/output modules (I/0)
~ 115/1/60 for all I/Qs
except 24 VDC output
module for water solenoids

Each electrical device or
group of devices is connected
to an I/O contact. Standard
inputs are:

¢ Master control switch

LR

* Wash cycle switch
» Compressor interlock

* Screw conveyor interlock
(by others); field wired

* Water level control
(through WLC relay)

* Compressor crankcase tem-
perature thermostat (CTS)

* Harvest pressure switch
Outputs include:
* Each electrical motor

+ tren
starters/contactors

* Refrigerant liquid solenoid
(LS) - 115/1/60

* Hot gas solenoid (HG) —
115/1/60

* Icemaker suction solenoid
(ISS) — 115/1/60

Operating Instructions
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* Icemaker water solenoid
(IWS) - 24 VDC

« Gas generator plate water
solenoid (GWS) - 24 VDC

» Make-up water solenoid
(MWS) - 24 VDC

e Water pump magnetic
starter coil (WP) — 115/1/60

¢ Screw conveyor control
relay

* Master control switch

Lailnsen Antne 1ial
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115/1/60

Additional I/Os can be pro-
vided for remote equipment
operation, discharge (head)

pressure controls and other

optional equipment.

All icemaking, harvest and
time functions are programmed
into the PLC. Certain time
and time-delay presets can be
easily field adjusted through
the PLC programmer pad sup-
plied. Refer to the PLC sec-
tion for information on chang-
ing timer presets. The PLC

nroerammer nad mav be
Pluelullllll\rl t} uJ Lo
removed to prevent unautho-
rized access or changes to the

preset time and counter values.

T R, V- try ey
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two voltage supplies are
required as indicated above.
The CPU is supplied 115-volt
single-phase 50 or 60 hertz

power (1 10/115/1/50/60) for
the processing function.
Primary power (115 volts) is
supplied to terminals C1 and
C2 of the PLC input and out-
put modules. This same
power supply is also supplied

Operating Instructions

to a transformer providing a
24-volt supply secondary for
the low voltage coils used on
the water solenoid valves.

Refer to section 9 — Optional
Appendix for additional infor-
mation on PLCs .

Other Electrical
Components

(230 or 460 single-phase) of
the three-phase power to the
compressor. The cooling fan
is turned ON by the compres-
sor contactor and operates at
all times the compressor is
running.

IMPORTANT

Compressor Crankcase
Heater (CCH)

Refer to Figure 4-3. The
semi-hermetic compressor
supplied with the ice genera-
tor includes a crankcase
heater. The heater is factory
installed in the compressor.
Low wattage heaters (15 watt)
are typically used and require
approximately 24 hours after
they are turned on to “dry”
out the crankcase and prevent
liquid migration to the com-
pressor. For new installations
or after heater elements are
replaced, the power to the
crankcase heater should be
left on at least 24 hours prior
to starting to ensure no liquid
refrigerant is present in the
crankcase. Damage to the
compressor can result if the
compressor is started with lig-
uid refrigerant present in the
crankcase. Refer to Crankcase
Temperature Thermostat
(CTD for additional informa-

tion on Compressor pro*“m"uen

Compressor Cooling Fan (CF)
The semi-hermetic compres-
sor used for the ice generator
requires a cylinder head cool-
ing fan, A 50 watt fan oper-
ates on power from two legs

Under design conditions the
compressor is applied in
this application, proper
cooling of the compressor
requires use of the cooling
fan. If the fan fails, it
should be replaced immedi-
ately to prevent excessive

discharge temperatures.

Failure to follow these
instructions could result in
compressor failure or dam-
age.

Low Voltage Transformer
The water solenoid valves

used for the ice generator are

S I L A L

24 volt coils. Power for the
solenoids is provided through
the PLC outputs. A 40 VA
transformer with 115 volt AC
primary and 24 volt DC sec-
ondary is supplied for these
coils. The secondary of the
transformer is connected to
terminal C1 and the sec-
ondary of the coils. Refer to
the wiring diagram supplied
with the ice generator for

R S
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Control Panel Fan (CPF)

A single-phase cooling fan is
installed on the side of the
control panel enclosure to
vent the heat generated by the
controls. A foam filter is
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SCREW-IN TYPE CRANKCASE HEATER \— COMPRESSOR CRANKCASE
CONNECTS TO TERMINAL BOX HEATER TERMINAL BDX

COMPRESSOR
COOLING FAN

Figure 4-3 Compressor Crankcase Heater/Cooling Fan
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ﬁlter dust and debris. This fil-
ter should be cleaned periodi-
cally to ensure proper ventila-
tion of the electrical enclo-
sure. The cooling fan is
designed for use in a maxi-
mum ambient of 100°F and is
suitable for indoor and out-
door use.

IMPORTANT

For outdoor installations,
the electrical enclosure
should be covered to pre-
vent exposure to direct sun-
light. Due to the stainless
steel construction of the
enclosure, temperature
inside the enclosure can
exceed the limits for proper

onaration of tho slactranic

com;;g:;éh;s m‘c‘h‘;c;';;);'the
PLC.

Water Level Controiier (WLC)
Refer to Figure 4-4. The ice
generator water level is con-
trolled by a water level col-

nA tyynfnr layal ralay
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Water Level Column
A PVC water column is locat-
ed in the water tank in the

nenn hal~y A anafud manaad
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connections to the evaporator
plates. A total of five stainless
steel wires (probes) are insert-
ed through the top of the tube
into the tube column:
Common

Longest probe used as a refer-
ence for all the other probes.
This probe will always be in
contact with the water in the
tank during normal operation.

Operating Instructions

The common probe must
always be below the other four
probes for proper operation.

5/8” Thick Ice Probe

This is the second longest
probe in the column since
thicker ice production will
consume more water,

1/2” Thick Ice Probe
This is the third longest.
3/8” Thick ice Probe

This is the second shortest
probe since less water is con-
sumed for 3/8” thick ice than
172" or 5/8”".

High Level Probe

This is the shortest of the five
probes. The high probe is
used to fill the tank after har-
vest. When the water contacts
the high probe, water feed to
the ice generator is terminated
by the PLC time delay used to
set blow-down.

The probe levels are factory
set and should not require
field adjustment. If the ice
thickness obtained with the
standard settings needs to be
changed to obtain a different
ice thickness, the wire probe(s)
can be adjusted. Move the
probe down to obtain thicker
ice. Move the probe(s) up to
obtain thinner ice.

Water Levei Control Relay
Refer to Figure 4-5. The sig-
nal from the water level col-
umn probes is input into the

atar la: 1 ten] waln
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When the water level is in
contact with the high level
water probe, the water sole-

. .
noid feeding fresh water to

the ice generator de-energizes.
As water is converted to ice,
the water level drops until the
probe selected is uncovered.
For example, if the 1/2” ice
thickness position is selected,
the water level will drop until
the 1/2” water probe is no
longer in contact with the
water. Note the 3/8” probe is
also out of the water. Since
the ice thickness selector

----- fo ten then TS PN
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for the example, the 3/8”

- probe signal is ignored. The

red light on the relay turns on
to indicate the level is at the
desired consumption level
(low level). The contacts of
the WLC relay reverse to ini-
tiate a harvest cycle and refill
the tank. As indicated above,
the water solenoid will open
to refill the tank and until the
water is in contact with the
high probe. The WLC relay
and pilot light will reset (light
turns OFF) when the water
level reaches the high probe.

R-1 Contacts (by others)

A set of normally closed
(N.C.) contacts from a remote
relay or switch can be
installed in the control power
supply to terminate all control
functions in the control panel.
The contacts are not provided

with tha ina ganarntar A
YLl Wiv A E\rll\tlal-ul- fa N

jumper is factory installed
between the terminal blocks.
If the switch is used, the
jumpers must be removed.
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SHOWN WITH PROTECTIVE WIRING WATER LEVEL CONTROL (WL RELAY

COVER OFF (PVC)
TOWLE ‘1 _\ WIRE LOOP FOR WIRING CONNECTION

- ===~ MALE COVER BOSS (PVC!

3N 3
<T
= § : |
=N t !
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N ; 1
AN |
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MOUNTING
BLOCK L MOUNTING
HIGH LEVEL PROSE ¢ PLATE
GH LEVEL PROSE il
3/8” THICK ICE PROBE *
1/2” THICK ICE PROBE 4
s WATER LEVEL CONTROL COLUMN
/8" THICK ICE PROBE WITH PROTECTIVE COVER ON
COMMON PROBE (ALWAYS IN
WATER DURING OPERATICN)
WIRING CABLE TG WLC

MOLINTING
BLOCK

TYPICAL
PROBE

MALE
COVER

onoo
[=[S]=lu]

MOUNTING
PLATE

WATER LEVEL CONTROL COLUMN WiTH PROYECTIVE COVER OFF

Figure 4-4 Water Level Controller — WLC, Columns, Probes
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PILOT LIGHT

SENSITIVITY
ADJUSTMENT

Figure 4-5 Water Level Control Relay

WARNING

Although this switch would
act as an emergency stop
switch, it is not a service

disconnect and should not

be used in place of lock out

when performing service
work. Failure to carefully
follow these instructions
could result in permanent
injury or loss of life.

Bin Level Switch (BLS)

(by others)

Jumpers are installed in the
master control switch (MCS)
circuit for use with remote
devices to terminate operation
of the ice generator. This
device can be a remote
ON/OFF switch or a bin level

Operating Instructions

switch to the storage bin to
indicate when the storage into
which the ice is being dis-
charged is full. Optional bin
level switches and other types
of controls can be supphed as
OpliOI-lS llllb swiich has ihe
same function as the master
control switch to start and

stop operation of the ice gen-

erator. If the ontional devices

WLELL. AL MW Vi sliaaa WY A

are used, the factory installed
jumper must be removed.

A break-on-rise switch is nor-
mally used for the bin level
switch since it is in series

with the MCS switch.

Screw Conveyor Interlock
(SCR-1)(by others)

During the harvest cycle, the
PLC will energize the CR1

control relay to start the har-
vest screw conveyor (HSC).
After the CR1-1 contact clos-
es, the customer supplied
magnetic starter for the har-
vest screw conveyor will be
energized. If the HSC starts,
the normally open (N.Q.)
interlock of the starter will
close. This interlock is field

wired into the PLC input

module and is used to verify
the HSC is in operation. If the
signal (closure of SCR-1) is
not received by the PLC with-
in 2 (two) seconds, the system
will fail to prevent the ice
from accumulating in the
inactive screw conveyor.

Note:
If the ice generator fails on a
harvest screw conveyor fail-
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section. Failure to

[

ure, the master control switch
must be turned to the OFF-
Reset position before the ice
generator can be restarted.

If a harvest screw convevor ic

ek VP OWARAVAF LR AU

not used, a jumper must be
installed in the terminal strip
between L1 and 13. This will
maintain the signal to the
PLC during harvest and allow
normal operation. Refer to the
wiring diagram to confirm the
terminal strip connections for
the jumper.

CAUTION

L 8 _F F 3§ 1 R N J J § F ¥ § |
The jumper should not be
used on systems with screw
conveyors connected to it
for removal of the ice. The
jumper will prevent a fail-
ure from stopping the ice
generator if the harvest
screw conveyor is not oper-
ating. Failure to follow

h ;
these instructions could

result in personal injury
or equipment failure or
damage.

Defrost Pressure Switch
(DPS)
Refer to Figures 4-6 and 4-7.

A
Harvest of the ice from the

ice generator plates is initiat-
ed by the water level controls
(WLC). Harvest is terminated
by a pressure switch that
senses the defrost pressure at
the evaporator outlet. At the
completion of the harvest, the

. evaporator outlet pressure will

increase. When the pressure
reaches the setpoint of the
DPS switch, the normally

4-14 Turbo Refrigerating, LLC 4/58
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Figure 4-6 Defrost (Harvest) Pressure Switch
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Figure 4-7 Differential Pressure Switch
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open (N.Q.) contacts of the
make-on-rise switch will
close. The contact closure
inputs a signal into the PLC.
This signal terminates the har-
vest and initiates the next ice-
making cycle if the master
control switch (MCS) is ON.
If the MCS is in the OFF
position, operation of the ice
generator will terminate when
the pump-down cycle is com-

pleted and the low pressure
safetv switch contacts Open.

Sea Ly AVil AMILEL

Refer to the Typical Shut-
Down/Final Harvest Sequence
in this section for additional
information.

The DPS is located on the
bulkhead directly behind the
control panel. A 1/4” stainless
steel or copper sensing line is
routed from the bottom of the
switch to the evaporator suc-
tion header. The sensing line
also connects to the defrost

pressure regulator sensing port.

Adjustment

The discharge pressure can be
increased or decreased by
changing the setting of the
two pressure switches.

Using a screwdriver, turn both

. .
ﬂA ot ant oNerattIo r‘]ﬂﬂ‘r‘ (-]
agjusumnint sCréws CiOCKWise

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
4-7,

Operating Instructions

Crankcase Temperature
Switch (CTS)
Refer to Figure 4-8. A dou-
ble-pole/double-throw
(DPDT) snap action tempera-
ture switch is strapped to the
bottom of the compressor
crankcase. The Klixon switch
monitors the temperature of

ourAtE AT a0 Aoy

LhU Sl UL 5(15 Glll.Ul.J.lls I..I.I.Cr
crankcase. Under normal
operation, only superheated
suction gas is returned to the
compressor via the suction
line from the suction accumu-
lator/heat exchanger.

Abnormal conditions, such as

1mtr}rnpnr ndjncfrnppf Q'F fhn
thermal expansion valve (low
superheat or low refrigeration
load resulting from erratic
water flow over the plates)
can cause overfeed of refrig-
erant to the suction accumula-
tor/heat exchanger. If this
condition is not corrected, sat-
urated liquid refrigerant will
be carried over in the suction
line to the compressor. As the
refrigerant liquid entrained
with the suction vapor eniers
the compressor crankcase, it
causes a cooling effect as it
boils off. Under extreme con-
ditions, this condition will
result in oil carry over to the
system. As the refrigerant
boils off in the crankcase, it
entrains the oil with the vapor
that is flashed in the crankcase.
When the crankcase tempera-
ture drops below the setpoint
of the crankcase temperature
switch (CTS), the normally
closed (N.C.) break-on-rise
coantacts of the thermostat

open. At the same time, the
normally open (N.O.) contacts
of the thermostat close to
input a signal into the PLC
and terminates operation of
the ice generator.

The setpoint of the thermostat
is factory set and is not
adjustable. The thermostat
will trip at 65°F and has a
15°F differential (resets at
80°F). This prevents opera-
tion of the compressor under
conditions with excessive lig-
uid carry-over. Liquid carry-
over can damage compressor
valves and dilute the refriger-

atian il nnead far luhrcatin
Aalion oL used Ior suorncancn

of the compressor. Dilution or
lack of oil will result in

excessive wear and/or prema-
ture failure of the compressor.

The CTS will also prevent
start-up if the crankcase tem-

perature is below 65°F.
nnﬁnc chut-down of the com-

pressor a crankcase heater
(CCH) is energized to keep
the crankcase warm. This pre-
vents refrigerant migration to
the compressor and boils off
any refrigerant in the
crankcase. If the crankcase
heater fails, the crankcase
temperature can drop below
the trip point if the ambient
temperature is below 65°F.
Under these conditions, the
compressor will not start until

the crankcase is warmed up.

 If the ambient temperature
is above 65°F and the
crankcase is free of liquid
refrigerant, the CTS should
not trip and a normal start-
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COMPRESSOR CRANKCASE PLATE
v COMPRESSOR MOUNTING BASE (RATTAM ME FAMDDESCAN

WAL TLAVE U LI TR U
s

CONDENSER (WATER-COOLED MODELS! CRANKCASE TEMPERATURE
RECEIVER (AIR-COOLED MODELS) SWITCH ([CTS)

NOTE: SHOWN WITHOUT MOUNTING BRACKET AND ELECTRICAL CONDUIT,

Figure 4-8 Crankcase Temperature Switch

4-16 Turbo Refrigerating, LLC 4/98 Operating instructions




-

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

up should occur. Replace
the crankcase heater and
allow the crankcase to
warm up before starting the

COmpressor.

+ If the ambient temperature

is above 65°F but the
crankcase has excessive lig-
uid in the crankcase, the
CTS should trip at start-up
of the compressor. Under
some conditions with
“light” refrigerant loading
of the crankcase, the tem-
perature may be above the
thermostat setpoint and the
compressor will start.
However, the liquid in the
crankcase will flash when
the compressor starts caus-
ing a drop in the crankcase

OIL PRESSURE GAUGE

CONDENSER

OIL FAILURE SAFETY SWITCH

temperature. This drop in
temperature will cause a
trip if enough liquid is pre-
sent to cause damage.

¢ In either case, replace the
crankcase heater and allow
the crankcase to warm up
before starting the com-
pressor to ensure that the
crankcase is free of refrig-
erant under all conditions.

Safety and Gauge Console

Rafara tha initial otort_11m ~nf
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the ice generator, the safety
switches and controls should
be reviewed and verified.
Refer to Figure 4-9.

High Discharge Pressure/Low
Suction Pressure (HP/LP)

Two pressure automatic reset

SUCTION PRESSURE GAUGE

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 Switch Settings

LP cut-out: 5 PSIG
LP cut-in: 10 PSIG
HP cut-out: 275 PSIG (SC)
300 PSIG (SCA/SCAR)
HP cut-in: 250 PSIG (SC)
275 PSIG (SCA/SCAR)

Refer to section 10 — Appendix
and Notes for additional
information on dual pressure

DISCHARGE PRESSURE GAUGE

(MANUAL RESET) —

DUAL PRESSURE SAFETY SWITCH
[HIGH & LOW PRESSURE]}

Figure 4-9 Safety and Gauge Console

Operating Instructions
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the typical safety and gauge
console arrangements for each
compressor supplied.

Oil Pressure Failure Switch

The oil pressure failure switch
used to ensure proper lubrica-
tion consists of an oil pressure
switch (OPS), oil pressure
time delay (OPTD) and oil
pressure time delay heater
(OPTDH). The function of
each part of the switch is
described below.

switches. Figure 4-1 shows

Oil Pressure Time Delay Heater
{OPTDH)

The OPTDH is a resistance
heater supplied with electrical
current through the OPS
switch when the oil pressure

" is below the setpoint and the
switch remains closed. Upon
a rise in oil pressure, the pres-
sure switch opens, discon-
necting power to the heater.

[ £ e o .

Oil Pressure Time Delay {(OPTD)

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
heater resistance, the OPTD
contacts open to terminate
operation of the ice generator.

Qil Pressure Switch (OPS)
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.

4-18 Turbo Refrigerating, LL.C 4/98
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manual reset before operation
can be resumed (i.e., the unit
will not automatically restart
until the reset button is
depressed).

il failnre switches qumrp a

The typical setting for the oil -

failure switch is 15 PSIG.
Normal net oil pressure for
the compressor (Copeland
semi-hermetic) used by
TURBO on ice generators is
25 PSIG.

Actual net oil pressure is
determined by subtracting the
reading of the suction gauge
from the oil pressure gauge.

Example:

Copeland 4DJ1-3,000 com-
pressor, o1l pressure gauge
mnrﬁnn ic 8N DOTT enrtinn
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pressure gauge is 25 PSIG.
Net oil pressure is:

Qil pressure 50 PSIG
Suction pressure - 235 PSIG
Net oil pressure 25 PSIG

Refrigerant Control
Vaives

Thermal Expansion Valve

Refer to Figure 4-10.
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

lina 1 canca
the suction 11NC 10 sensc

temperature of the refrigerant
gas leaving the evaporator.
TURBO evaporators require
the use of an external equaliz-

the

er line to compensate for the

pressure drop through the
evaporator plates thus allow-
ing for a true reading of the
saturated evaporator pressure
at the evaporator outlet.

A gas charged sensing bulb
transmits a pressure to the
power head of the TXV in
response to increases or
decreases in suction tempera-
ture. As the suction tempera-
ture decreases, the corre-
sponding refrigerant pressure
also decreases, producing 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 outiet
pressure and the TXV closes
to reduce refrigerant flow to
the evaporator.

I the temperature/pressure
increases at the evaporator
outlet, the superheat of the
suction gas is hjgher indicat-
ing 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

refrigerant to the evaporator.

Therefore, as the suction gas

Operating Instructions
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TXV EXTERNAL
EQUALIZER

THERMAL EXPANSION
VALVE (MXV1

GAS GENERATOR
SOLENOID (G58)

REFRIGERANT
DISTRIBUTOR

METERING VALVE -
GAS GENERATOR

g

'ED CI INTIMA
T SUG i

A
SOLENOID [SS)

SIGHT GLASS

#—= LIQUID SOLENOID
s

FILTER/DRIER

Figure 4-10 Thermal Expansion Valve, Refrigerant Valve, and Distributor Tubes -

fcemaker

superheat (temperature)
increases, 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 pressure.

Example:
A typical D-line ice generator
operates at 24 PSIG evapora-

Operating Instructions

tor pressure which corre-
sponds to a saturated tempera-
ture of O°F. If the temperature
of the suction line from the
evaporator at the location of
the TXV sensing bulb is mea-
sured at 15°F, the superheat
would be 15°F (15°-0°F).

Typical TURBO ice genera-
tors should operate between
10-15°F. Too high a superheat
setting will result in reduced
evaporator capacity and possi-
ble overheaiing of the com-
pressor. A low setting may
result in an overfeed of refrig-

erant which could result in
compressor damage.

IMPORTANT

TXV superheat adjustments
should be made by a quali-
fied refrigeration technician
or engineer. Improper
adjustment of superheat
can result in overfeed of
the evaporator causing lig-
uid slugging of the com-
pressor. Liquid slugging will
cause damage and/or faii-
ure to the compressor.
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The TXV sensing bulb must
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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
ensure proper contact with the
surface. Refer to Figure 4-11
for TXV installation.,

Figure 4-11 shows the instal-
lation of the external equaliz-
er line and sensing bulb. The
TXV also requires the use of
a refrigerant distributor and
distributor tubes to properly
distribute the liquid feed of

the TXV to each plate.

. Refrigerant Distributor
Refer to Figure 4-10. A
refrigerant distributor is
installed on the outlet of the
TXV valve. The distributor
consists of an orifice nozzle
and muitiple outlets for con-
nection to each evaporator
plate. For each evaporator, an
orifice nozzle is selected to

match the load and operating

uuuuuuuu 1.} 15
parameters of the system. A

distributor has two purposes:
1. To reduce the pressure of

the liquid remgeram, there-

by reducing the refrigerant
temperature.

2. To provide uniform refrig-
erant feed to ail the distrib-
utor outlet openings.

Refrigerant Distributor Tubes

Refer to Figure 4-10.

Refrigerant is fed into the out-

let of the refrigerant distribu-

tor and into an individual tube
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ior 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 evap-
rator temperature.

The TXYV, distributor and dis-
tributor tubes operate together
to produce the valve capacity
and refrigerant distribution
required.

Note:
For the rated capacity of the
thermal expansion valve to be

Lo [a an¥8 §3

obiained, the iniet to the TXV
(or TEV) must have a solid
liquid flow. Flash gas or bub-
bles in the liquid line will
reduce the TXV capacity and
cause erratic operation.

Refrigerant entering the evap-
orator plate from the TXYV,

[Tl Orr PP | P Ty

distributor and distributor
tube is a liquid at the temper-
ature corresponding to the sat-
urated 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 t0 a
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Figure 4-12 Metering Valve - Gas Generator Plate

temperature above the saturat-
ed temperature. This is known
as superheat.

{Zag Gener

WG LW O

Metering Valve

Refer to Figure 4-12. During
the harvest cycle, condensed
liquid refrigerant from the
icemaking plates is fed to the
gas generator plate. The
metering valve installed at the
inlet to the plate controls the
refrigerant flow through the
gas generator plate. A thermal
expansion valve is used as the
metering device to control the
evaporator temperature during
the harvest cycle in the same
manner as the thermal expan-
sion valve is used for the ice-

o
ator Plate

Operating Instructions

making plates during the ice-
making process. The gas gen-
erator valve has an adjusting
stem on the bottom of the
valve. For typical applica-
tions, no adjustment of the
valve should be required.
Sizing of the gas generator
plaie, metering valve and pip-
ing are used to obtain the
proper pressure drop and
refrigerant flow without the

nead for adinctmeant
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Liquid Solenoid (LS)

Refer to Figure 4-13. A two-
way solenoid valve is mount-
ed in the liquid lines of the
ice generator. TURBO ice
generators utilize a pump-

down cycle which requires a
means of shutting off the lig-
uid supply to the evaporators.

'T‘I'Ifounh tha lnnlr- af tha DT O
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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
refrigerant to the evaporator
plates through the thermal
expansion valves.

The liquid solenoid is mount-
ed in the liquid line between
the filter/drier assembly and
the TXVs,
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Figure 4-13 Refrigerant Solenoid Valves - LS, HG, ISS, GGS
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Hot Gas Solenoid (HG)

Refer to Figure 4-13. During
the icemaking mode, the hot
gas supply to the evaporator is
isolated from the evaporator.
When the harvest sequence is
initiated, the HG opens to
supply hot gas to the evapora-
tor plates.

Icemaker Suction Solenoid
(iss)

Refer to Figure 4-13. During
the icemaking mode, the suc-
tion of the evaporator is con-
nected to the main suction
line for return of the refriger-
ant to the compressor. In
order to harvest the ice pro-
duced 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 is
installed in the suction line of
the evaporator section to iso-
late the evaporator plates dur-
ing the harvest cycle.

When the coil is energized
during the harvest sequence,
the valve shifts to isolate the
suction line; at the same time,
the hot gas supply to the
evaporator section in the har-
vest opens (refer to Hot Gas
Solenoid). At the end of har-
vest, the coils de-energize and
the solenoid valves return to
the refrigeration position,

Gas Generator Solenoid
(GGS)

Refer to Figure 4-13. During
harvest and the start of the
icemaking cycle, the gas gen-
erator plate is used to gener-

Operating Instructions

ate hot gas for harvest.
Condensed liquid created in
the icemaking plates during
harvest is also metered to the
gas generator plate through
the gas generator solenoid
(GGS). A normally closed
solenoid valve is located in
the suction line of the icemak-
ing plate. During the harvest
cycle, the solenoid opens at
the end of the harvest cycle.
GGS closes for the next ice-

maline cunle
lum‘lb UJ Ay

Common Features of
Solenoid Valves Used

The liguid solenoid (LS), hot
gas solenoid (HG), icemaker
suction solencid (IMS) and
gas generator suction (GSS)
are normally closed (N.C.)

enlannid valvoae eninnliad with
DULLIIVIL VALY Lo DUpP DIV Wil

a 115 volt and 60 hertz coils.
The coils will also operate on
220 volts and 50 hertz.
Standard control voltage is
115/1/60.

A manual operator is located
on the bottom of the valve. In
automatic, the stem should be
screwed out counterclock-
wise. If the stem is screwed in
(flat on the stem even with the
valtve body), the stem will
mechanically lift the valve
seat, permitting flow through
the solenoid even if voltage is
not applied to the coil.

IMPORTANT

The manual operator
should not be left in the
manual position when the
ice generator is in use. In
the manual position, the

solenoid valve will not close
during icemaking or harvest
cycles. The ice generator
will not operate properly in
this mode and will shut
down on a failure. Faiiure
to follow these instructions
could result in damage or
failure of the compressor.

Water System Control
Valves

. Make-Up Water Solenoid

(MWS)

Refer to Figure 4-15. A sole-
noid valve located in the
make-up water line controls
feed water used for ice pro-
duction. The normally closed

(N. C.) solenoid valve (MWS)

is controlled by the PLC logic
based on input from the water
controls (consisting of the
relay and water level probes.
Refer to the Water Level
Controls for additional infor-
mation). The MWS will open
under two conditions:

1. If the unit is OFF, the
MWS will open when the
master control switch
(MCS) is turned to the ON
position. This will begin
the tank fill cycle. After the
water level reaches the high
probe, the MW S will de-
energize (close), the com-
pressor will start, and the
icemaking cycle begins.

2. During normal operation,
the water level in the tank
will drop as the water is
converted to ice in the
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1/2 TURN TO OPEN
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EXTERNAL
FLOW
it BLEED Iscnew
[ 1
— ﬁ_-

Figure 4-14 Water Solenoid Valve Detail - MWS, IWS, GWS

frea7zine nrocace Whan the

freezing process. When the
water level is below the
WLC setpoint, the coil of
the solenoid is energized to
open the valve allowing
incoming water to enter the
system to refill the tank for
the next cycle. Refer to
Figure 4-5.

MWS is located on the con-
trol panel end of the ice gen-
erator to the right of the water
pump. Refer to Figure 4-3.
All fresh water entering the
unit is directed over the gas
generator plate during the
tank fill cycle and the harvest
cycle. The solenoid opens on
a low water level signal and
closes on a high water signal.

MAKE-UP WATER SOLENDID ' MAKE-UP

VALVE (MWS]

WATER 5

STRAINER

Figure 4-15 Make-Up Water Solenoid and Water Strainer
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(Iws)

Refer to Figure 4-16. During
the icemaking cycle, water
from the tank is directed over
the icemaking plates. The nor-
mally closed (N.C.) solenoid
valve (IWS) is controlled by
the PLC logic based on input
from the water level controls.
The IWS remains energized
{open) until the water level
control initiates a drying cycle

followed by the harvest cycle.

IWS closes during the
“Drying Cycle” to allow the
water pan to drain and the ice
to dry before it is removed
from the plates. Refer to
Typical Icemaking Sequence
for more information on the
drying cycle.

IWS is located on the control
panel end of the ice generator

er Water Solenoid

- o

.
next to the water pan insi

the GWS valve, Refer to
Figure 4-4.

Ga.s Ge_n.e[ator ‘Plate Water
Soienoid {GWS)

Prior to the harvest cycle, the
Gas Generator Plate Water
Solenoid (GWS) is used to

provi ide water flow over the

AWEn VY AAMWA LA VY i R

gas generator plate to genera-
tor harvest gas. The normally
closed (N.C.) solenoid valve
is controlled by the PLC logic
based on input from the water
level controls. The GWS
opens a preset time before the
harvest cycle begins to estab-
lish flow over the gas genera-
tor plate and remains open
during the entire harvest cycle
and fora preset time after

meeraat b e ed nd £

harvest to proviac a load for

the gas generator plate during

the pump out process follow-

ing harvest. During the PLC
controlled time preset, both

the IWS and GWS are open
and water is circulated to all
the plates.

GWS is located on the control

panel end of the ice generator
next to the water pan outside

of the IWS. Refer to Figure
4-5.

Common Features of MWS.
WS and GWS
Valves

Refer to Figure 4-16. All the
solenoid valves used in the
water system with the excep-
tion of the drain solenoid
(DS) are all PVC with stain-
less steel internal parts. Each
valve is supplied with a man-
ual operator and flow control
valve. The coils are 24 volt

& .
DUIEIIUIU

GAS GENEHATDH

WATER SOLENQID (GWS!} ———/ L ICEMAKER WATER SOLENDID (IWS)

Figure 4-16 Icemaker and Gas Generator Water Solenoids
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quick connects for easy
replacement.
Manual Operator

Rafor to Fi oure 4-16

Refer to Figure 4-16.
noid valves can be manually
opened to obtain flow without
the application of electrical
power by turning the solenoid
valve coil 1/4 turn counter-
clockwise. Automatic opera-
tion is obtained with the coil
turned until hand tight in the
clockwise direction. Refer to
Figure 4-6.

IMPORTANT

Tho cnla-
Ll.le [ LW 5 LW

The manual operator is for
service only. For proper

- operation of the ice genera-
tor. the solenoid valves
should always be in the
Automatic position.

Flow Control

Refer to Figure 4-16. The
flow rate through the solenoid
can be adjusted using the flow
control valve located next to
the coil. This is the larger of
the two adjusting stems. Refer
to Figure 4-7. To increase the
flow, the valve is turned coun-
terclockwise to open the valve
and clockwise to reduce the
flow. The flow control valve
can also be used to manually
turn flow through the solenoid
off.

IMPORTA N T

The flow control shut off is
for service only. For proper
operation of the ice genera-
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tor, tho flowr control vahe
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should always be open.
Refer to Typical Operating
Sequences for additional
information on setting
(adjusting) the water fiow
for each solenoid.

External Bleed Screw

Refer to Figure 4-16. The
stem on the solenoid can be
used to either manually open
the solenoid by turning the
stem 1/2 turn counterclock-
wise or to clean and flush the
area above the diaphragm by
turning the stem one full turn
counter-clockwise. For normal
operation, the bleed screw
should be turned all the way

in clockwise to close the bleed
nort

| AT

IMPORTANT

The bleed control is for ser-
vice only. For proper opera-
tion of the ice generator,
the bleed control valve
should always be closed.

Drain Solenoid (DS)

When the icemaking process
for the ice generator is com-
pleted and the master control
switch is turned OFF, the ice
generator will complete the
icemaking cycle, harvest and
then pump down. At the com-
pletion of the pump down
cycle, the low pressure safety
switch (LP) will open and the
waier drain solenoid (DS) will
be energized (open) to drain
all the water remaining in the
system. The normally closed

(N enlannid valve 1

Q MO
AL Ve J OUVIRRIVIINE VALY 1O WULLT

trolled by the PLC logic.

DS is located in the drain/
overflow piping field installed
uuucr I..[ll: lbt'r gcm‘:rau)r 1[15
DS is the only water control
valve using a 115 volt single-
phase coil. DS is a brass pilot

nnPrath valve with a zero

opening differential pressure
for drain purposes. Selection
of the solenoid is based on
sewer flow (low velocity and
essentially zero pressure
drop). The DS automatically
removes the water from the
tank eliminating the possibili-
ty of water pump corrosion,
water system freeze-up or
stagnant water when the ice
generator operation is

ragrymad
wouivu,

Water Strainer

A PVC strainer is factory
installed in the make-up water
line to remove larger suspend-
ed solids and debris to prevent
fouling of the ports in the
water solenoid valves and the
holes in the water distribution
pan. A 20 mesh PVC strainer
in a Y-type housing is used in
the make-up water line to pro-

vide for easy rleamna when

the 1solat10n valve supphed 18
closed.

Condenser Circuit
Components

Refer to section 3 — Installation
& Pre-Start-Up Requirements

for additional information

Avd RNSei Al RAfA SALANA ARG At aa.

SC Models
The water-cooled condensing
circuit consists of a con-
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denser/receiver, water rponlnr-

ing valve, safety relief valve,
cooling tower, cooling tower
circulating pump and inter-
connecting piping. The water-
cooled condenser/receiver,
water regulating valve, and
safety relief valve are sup-
plied and factory installed.
All other components are pro-
vided by others and require
field wiring and piping. The
components supplied are
deserihed I\ﬂ1nl'1vr

Il AW UL

Water-Cooled Condenser
Refer to Figure 4-9. A shell-
and-tube water-cooled con-

1a hand
denser with removable heads

for easy cleaning is factory
installed. Refrigerant flows
through the steel shell side of
the condenser. Water is circu-
lated through the copper tubes
located on the inside of the
shell. A two-pass water circuit
is used. Water enters and
leaves the condenser from the
same end. Refrigerant con-
nections for the inlet (dis-
charge gas) and outlet (liquid)
are located on the iop of the
vessel. A combination con-
denser/receiver is used.
During pump-down of the ice

generator. the refriocerant

bw-‘v-n‘-—-v-, L3-8 Ll Av.nnbwl Caana

charge is stored in the con-
denser/receiver,

The vessel is rated for an

ey dn iy A e e e

Operating pressure of 350
PSIG and is ASME coded.
Design entering and leaving
water temperatures are 85°F
in and 95°F out for 105°F
condensing. Design water
flow is approximately 38 gal-
lons per minute for 6 ton

Operating Instructions

selection is based on a demgn
condition of 10°F saturated
evaporator temperature (SET)
and 105°F saturated condens-
ing temperature {SCT).

All piping to the refrigerant
connections is copper., All

water piping is PVC

Water Regulating Valve

Refer to Figure 4-9.

Discharge (head) pressure i
maintained bya pressure—
actuated modulating valve
located on the outlet of the
condenser water circuit. The
pressure actuated water regu-
lating valve is used to modu-
late water flow through the
water-cooled condenser. A
sensing line from the beliows
of the regulator is connected
to discharge pressure at a port
on the compressor. As the dis-

inrrancae tha
charge pressure increases, the

regulator opens to increase
the water flow to the con-
denser to reduce the pressure.
Conversely, as the discharge
pressure decreases, the regula-
tor closes to reduce the water
flow, resulting in an increase

in the digcharge pressure Thic

i et <} i atinse A ARLY

process is continuous and
automatic. To change the
pressure setting for the regu-
lator, adjust the tension on the
spring located above the bel-
lows diaphragm. Turning the
square stem on the top of the
regulator counterclockwise
will increase the tension on
the spring. Therefore, more
force is required to open the

regulator and the setpoint

pressure is increased. If the
adjusting stem is turned
clockwise, the spring tension
will be decreased, and the
pressure setpoint will be
decreased.

Example:

A
The discharge is monitored

after the initial pull down
(approximately 3-5 minutes
into the icemaking cycle fol-
lowing a harvest). The dis-
charge pressure reading is 220
PSIG. To lower the operating
pressure, the adjusting stem is
turned clockwise to reduce
the spring pressure untii the
desired discharge pressure is
obtained. Allow the regulator
time to balance after the ini-
tial adjustment and check the
discharge pressure again at
the same time during the next
cycle.

The design pressure for a SC
model is 105°F saturated con-
densing temperature. This
corresponds toa discharge

pwaauu: Ul L.I.U ].'OIU I.Ul
refrigerant R-22.

IMPORTANT

The 210 PSIG design pres-
sure is used for equipment
rating. Lower discharge
pressure can be used to
increase the refrigeration
capacity (and ice capacity)
of the ice generator.
However, discharge pres-
sures below 165 PSIG may
result in erratic operation or
poor performance. The
thermostatic expansion
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a minimum valve inlet pres-
sure of 150 PSIG. Discharge
pressure below 165 PSIG
and normal fluctuations in
the water regulating valve
could result in low pressure
and inadequate liquid feed
to the system.

The water regulating valve
and pressure sensing line to
the regulator are factory
installed. Flanged water con-
nections from the regulator to
the condenser water lines to
the regulator are supplied.

For normal operation, a pres-
sure drop of 12-15 PSID

. through the regulator is used
for calculation of pressure

FIELD DISCHARGE PIPING
TO QUTSIDE (BY OTHERS) \

1f\ﬂﬂﬂﬂ T hﬂ“ nn‘lnnf ”re I\I\I\1 19 Y
UBIWS Wil SUILALUIE CUUILIIE

tower pumps and water line
sizes (by others).

Safety Relief Valve

R\Jfbl LU A Asihp 4'1? A llUll'
reseating atmospheric type
safety relief valve set for 350
PSIG is provided on the con-
denser. This valve is not
adjustable and must not be
plugged or restricted in any
way. Refer to section 3 -
Installation & Pre-Start-Up
Requirements for guidelines
on selecting the relief valve
vent lines (field piped by oth-
ers).

Refer to section 3 - Installation
& Pre-Start-Up Requirements
for additional information on
water cooled condensers.

Y

00

I
[ FACTORY INSTALLED
/ RELIEF VALVE

— TAG

— WATER-COOLED

CONDENSER

L |
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Refer to Figure 4-18. The air-
cooled condensing circuit
consists of an air-cooled con-
denser, high pressure receiver,
discharge pressure control
valves and safety relief valve.
All components are provided
and factory wired and piped.
The components supplied are
described below (see note
below for SCAR models):

Air-Cooled Condenser

A standard fin and tube type
air-cooled condenser is pro-
vided. Typical construction is
aluminum fins with copper
tubes for refrigerant R-22 sys-
tems. A galvanized sheet
metal frame is also standard.
Air is drawn across the coil

I

DISCHARGE
TO SAFE
CONTROLLED
AREA
NOTE:
SHOWN WITH
OUTSIDE WATER-COOLED

CONDENSER.
TYPICAL FOR
RECEIVER ON
5CA MOOELS.

SIS A7

Figure 4-17 Safety Relief Valve — Pressure Vessels
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Figure 4-18 Typical SCA Model Condenser and Condenser Controls

Operating Instructions 4/98 Turbo Refrigerating, LLC 4-29




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

from the bottom and dis-
charged from the top by
fan(s) located above the coil.
Horizontal air flow is also
used. In this arrangement, air
is drawn in from one side and
discharged from the opposite
side. Refrigerant connections
‘are made to two copper head-
ers; the upper header is the
gas inlet and the lower header
1s the liquid outlet.

All condensers are supplied
with 230/460/3/60 motors.
Standard operating pressure
rating of the coil is 380 PSIG.
Design conditions for selec-

NNPE amalia
tion are 100°F ambient \ux_y

bulb) air entering, 110°F air
leaving for a design condens-
- ing temperature of 120°F
{(approximately 260 PSIG for
refngerant R- 22) For con-
denser sizing, the total heat of
rejection for selection is based
on a design condition of 10°F
saturated evaporator tempera-
ture (SET) and 120°F saturat-
ed condensing temperature
(SCT).

High Pressure Receiver

The condensed liquid from
the air-cooled condenser is
drained to a high pressure
receiver. The flow-through
type receiver is used to supply
liquid refrigerant to the sys-
tem during normal operation

T (XL ‘,ﬂ“ﬂﬂ] A Phﬂ“
3nd as a St’\husu VOSSC1 WiiCh

the ice generator is pumped
down at the termination of
operation. The drain line from
the condenser to the receiver
is sized for “sewer” flow to
ensure free draining of all liq-
uid under design conditions.
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During low ambient opera-
tion, the coil of the condenser
is partially flooded to main-
tain the discharge pressure by
reducing the internal surface
of the coil. Refer to Discharge
(Head) Pressure Controls.
During normal operation, the
total coil surface is required.

The vessel is rated for an
operating pressure of 350
PSIG and is ASME coded.
Connections (ODS) are pro-
vided on the top of the vessel
for the liquid in, liquid out
and a safety relief valve. All
piping between the condenser
and receiver is copper.
Discharge (Head) Pressure
Controls

Fan Cycling

For most warm weather oper-
ation, cycling the condenser
fan(s) with a condenser pres-
sure switch (CPS by others on
SCAR modeis) will provide
adequate discharge pressure
control. The pressure switch
is used to turn the fan(s) off at

a preset discharge pressure

and then back on as the dis-
charge pressure rises with the
fan(s) off. This provides con-
trol within the differential of
the pressure switch (typically
15°F). For example, on a typi-
cal system, the fan(s) would
be turned off until the dis-
charge pressure reaches the
design pressure of 260 PSIG.
If the entering air temperature
is below the design conditions
{100°F), the CPS contacis
will open to turn off the fan(s)
when the discharge pressure

drons below the diffarential of

AU WAV StAl N /R RRAEAA

the CPS (245 PSIG). With the
fan(s) off, the pressure will
begin to rise. The rate of the
pressure drop will depend on
the entering (ambient) air
temperature. On design days
(100°F entering air), the
fan(s) may run continuously.

Conversely, on cool days, the
fan(s) will tend to short cycle
(turn off and on rapidly) due
1o the low entering air tem-
perature and the setpoint of
the pressure switch. To avoid
short cycling, the internal vol-
ume of the condenser coil
must be reduced to decrease
the capacity of the coil. This
method of control is known as

flood back. Refer to Flood
Racl (Cantral S.

A G L A RJLALL AL

For operating conditions with
entering air (dry bulb ambi-
ent) temperatures below 40°F,
fan cycling alone will not pro-
vide adequate discharge pres-

sure control.

Flood Back Controls

Refer to Figure 4-18. Flood
back controls typically con-
sists of a drain line check

valve, upstream pressure reg-
ulator in the drain line from

IEALRIISA ALi LAl WAL UAARE ALRANr AXNSRAL

the condenser to the receiver,
gas bypass regulator in a line
from the discharge line to the
receiver and a discharge line
check valve. The operation of
each valve and the flood back
system is described below.

Discharge Line Check Vaive
(Valve LD)

When flood back controls are
used, a check valve is added

Operating Instructions
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to the discharge line to prevent
liquid migration from the con-
denser circuit to the compres-
sor. A standard inline spring
actuated check valve is used.

Pressure drop through the
check valve under design con-
ditions is 1/2 to 3/4 PSIG.

Upstream Regulator (Valve L)

In order to flood the con-
denser circuit, an upstream
pressure regulator is installed

in the condenser drain line to

the receiver. In low ambient
conditions, the regulator clos-
es when the pressure is below
the setpoint of the regulator.
This causes liquid to stack in
the condenser to reduce the
active surface and increase the
discharge pressure. As the
condenser temperature and
liquid level in the condenser
stabilize, the regulator will
modulate to control the dis-
charge pressure; ie., if the
pressure increases, the regula-
tor opens to reduce the flood-
ing charge and the discharge
pressure. Conversely, if the
pressure drops, the regulator
throttles the flow to increase
the coil flooding and increase
the discharge pressure.

Check Valve (Valve LC)

If the discharge pressure is
low at start-up and the ‘G’
valve opens to bypass into the
receiver, the higher pressure
at the outlet of the ‘G’ valve
versus the condenser pressure
will close the check valve in
the drain line. This will keep
the condenser from draining
and hot gas from short-cir-

Operating Instructions

cmtmg to the condenser, As a
result, the coil will ﬂood until
a balance is obtained and the
drain line pressure exceeds
the outlet pressure of the ‘G’
valve. After the condenser
temperature stabilizes, the

check valve should remain
open.

Discharge Bypass Regulator
(Valve G)

During low ambient start-up,
the pressure in the high-pres-
sure receiver will be low. The
large volume of the condenser
combined with low entering
air temperatures will cause
the system (o shut-down on
low pressure. To prevent this
condition from occurring, a
hot gas bypass regulator is
installed in a line between the
compressor discharge and the
inlet to the receiver to bypass
directly into the receiver. This
keeps the system pressure
high enough during “cold”
start-ups to prevent failure on
low pressure. The down-
stream regulator (‘G”) under
these conditions wili remain
open until enough heat (pres-
sure) is added to the con-
denser to open the ‘L valve.

3
Once the ‘L’ valve opens, the

higher pressure drives the
bypass regulator closed. After
the system has operated for a
short period of time and the
temperatures have stabilized,
the ‘G’ valve should remain
closed.

The flooding of the coil and
modulation of the ‘L’ valve
will maintain the discharge
pressure.

Safety Relief Valve

Refer to Figure 4-17. A non-
reseating atmospheric type
safety relief valve set for 350
PSIG is provided on the con-
denser. This valve is not
adjustable and must not be
plugged or restricted in any
way. Refer to section 3 -
Installation & Pre-Start-Up
Requirements for guidelines
on selecting the relief valve
vent lines (field piped by oth-
arce-fiald)

LI AL f.

Refer to section 3 — Installation
& Pre-Start-Up Requirements
for additional information on

a.l.l"bUUJCU quUCllel S.

SCAR Models
Models for remote air-cooled
condensers (SCAR) utilize the

g i e s o P

saimne bUlupUIlCIllb uebbnot:u
above for SCA models. For
SCAR models, the high pres-

sure receiver is supplied but
all other components required

il LRIV

for field installation of the
remote atr-cooled condenser
are provided by others.

Jioirmer nevAd sulondon o

‘I"V llllls auu plpllls UClWCCJ.l
the condenser and receiver
and from the ice generator to
the condenser is field installed
by others. SCAR models are

shlpped without a refrigerant
charge.

Note:

lllC lCLllgUldllL L«lld.lgt.'« lb hup-

plied with SCA models for
domestic shipment only;

international SCA models are
shipped without a refrigerant

charge.

Refer to section 3 — Installation
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& Pre-Start-Up Requirements
for additional informaticn on
air-cooled condensers.

El_ectric Motors

Standard open, drip-proof
230/460/3/60 motors are used
for the water pump. The com-
pressor is a semi-hermetic
type with an integral electric
motor.

Optional 208 voltage motors
(6D hartzY and 220/220 vl

Lo Ll\lll-b} TG eV IF O YV UALT

age 50 hertz motors are avail-
able as options. Each motor is
bottom wired to a magnetic
starter or contactor at the fac-
tory. Top wiring to the contac-
tor and starter (incoming

. power) and motor disconnects
and/or circuit breakers for all
devices should be furnished
as required (by others) to
meet all local, state, federal
and country codes.

Typical Operating
Sequences

Typical start-up, icemaking
cycle, harvest cycle and final
cycle before pump-down are
described below. The
sequences described are typi-
cal for SC, SCA and SCAR
models. Recommended proce-
dure for extended shut-down
periods is also described.

Typical Daily Start-Up
Sequence

All power, water and electri-
cal connections have been
previously completed and the
ice generator is ready for
start-up.
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1. Select the desired ice thick-

ness, 3/8”, 1/2” or 5/8.”

2. Verify the wash cycle switch
is in the OFF position.

3. Turn the master control
switch (MCS) to the ON
position.

4. Since the water tank is
drained anytime the ice
generator is off, it must be
refilled before the unit will
start. With the MCS on and
the water level control
(WLC) at the low level], the
make-up water solenoid
(MWS) opens to begin the

FHI wennaca
111 PLUCUSS.

5. After the tank fill is com-
plete, the make-up water
solenoid (MWS) closes and
the following sequence
occurs:

* Liquid solenoid (L.S)
opens to reset the low pres-
sure safety switch used to
terminate operation. If the
low pressure switch does
not reset within 20 seconds,
the system will fail. Refer
to section 5 — Trouble-
Shooting.

+ Compressor (CM) starts

* Water pump (WP) starts

* Icemaker suction solenocid
(ISS) opens

*» Icemaker water solenoid
(IWS) opens

6. With the water pump ON
and IWS open, water is
pumped to the water distri-
bution pan and distributed
to each of the plates.

7. The water circulates over
the icemaking plates only
to provide a load for the
compressor and produce
ice. With water flow over
the plates, the compressor
will begin the pull down of
the temperature of the
water tank,

Water in the tank is typical-
ly 33-35°F after the system
has operated for one com-
plete cycle. During the ini-
tial pull down (first cycle),
the temperature of the
water in the tank will be at
the same temperature as the
water source (typically city
water at 50-80°F). The first
cycle will be longer than
normal due to this extra

water temperature load

[+ Liwd By v | A e uis W AR e

The ice thickness will be
normal since the harvest is
initiated by water consump-
tion not time.

8. Ice will begin to form on
both sides of the icemaking
plates.

9. When the water level in the
tank reaches the level of the
WLC probe selected, a har-
vest sequence will be initi-

atad tn ramavas tha 1aa
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Typical lcemaking Sequence
Refer to Figures 4-19 and
4-20. Following the first cycle
described above, the icemak-
ing sequence will continue
until the MCS switch (or
remote signal} is turned OFF.
The following components
continue to operate during the
icemaking and harvest

sequence: compressor and
water pump.

Operating instructions




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 4-19 Typical icemaking Sequence - Refrigerant Circuit
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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 4-20 Typical icemaking Sequence — Water Circuit
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The icemaking sequence i

umm‘a

1. After the first cycle includ-
ing harvest is completed,
the ice generator will start
the next icemaking cycle if
the master control switch
(MCS) is in the ON posi-
tion.

o]

. Harvest is terminated by
the defrost pressure switch
(DPS), the liquid solenoid

(LS) and icemaker suction
enlanmid (ISSY nnen Ac

DUAVAIVIN (AT ) Ul LR

indicated above, the com-
pressor and water pump are
already running.

Note:

Water flow over the ice-
making plates is terminated
during the harvest cycle.

Refer to Typical Harvest

Sequence.

3. After a short preset delay
(factory set at 5 seconds)
the water over the icemak-
ing plates is turned back on
by opening the icemaker
water solenoid (TWS).

* The time delay for circu-
lating water over the ice-
making plates allows the
suction temperature in the
plates to drop {cool) before
a load is applied. This pre-
vents the formation of slush
(suspended ice crystals) at
the start of the icemaking

cycle.

* Slushing will result in a
loss of water from the

t, toanl-
walcr anx.

The mass of the suspended
ice crystals in the flow over

Operating Instructions

the plates breaks the sur-

PrRAAT Uivtaug i DL

face tension between the
water and plate surface
causing the water and crys-
tals to bypass the water col-
lection trough located
below the icemaking plate.

* The D-line control
sequence ensures that a full
batch (thickness) of ice is
produced every cycle.

4. TURBO provides a screw

conveyor purge delay for

the harvest screw supplied
by others. The purge timers
maintains a signal to the
harvest screw controls after
the harvest cycle is com-
plete. This ensures suffi-
cient time to purge all ice
for the screw conveyor(s)
used to transport the ice to
storage or other remote
delivery points. Therefore,
the harvest screw will con-
tinue to run at the stari of
the next icemaking cycle.

5. Ice will begin to form on
both sides of the icemaking
plates.

6. When the icemaker suction
solenoid opens, the gas
generator suction solenoid
closes.

7. After a preset time delay
(factory set at approximate-
ly 8 minutes), the gas
generator water solenoid
closes.

8. The ice build on the plates

continues

9. When the water level in the
tank reaches the level of the

WILC nrobe selected, a har-

A PLUVUW Owdlwiaily G lidu

vest sequence will be initi-
ated to remove the ice.

Typical Harvest Sequence
Refer to Figures 4-21 and
4-22. This sequence is typical
for the initial start-up, all
cycles that follow and the

final chut-down ecvele

ALLESAL SIINARTNWALI VY AR W ) Wwdive

1. The water level in the tank
reaches the setting of the
ice thickness probe select-
ed. For E:X?uupw, ihe Lu
ice thickness was selected
on the control panel door at
start-up. When the water
level reaches the third
probe from the bottom, the
WLC relay will input a sig-
nal to the PLC to indicate
the icemaking cycle is
complete.

* A red light on the WLC
relay inside the control
panel turns ON to indicate
a low-level condition.

= If the ice thickness is
changed during the icemak-

1ng r'-}tc]e, a harvest

sequence may be initiated.
The ice thickness can be
selected at any time during
operation or with the ice
generator OFF, If the set-
ting is changed during
operation, the ice generator
may initiate defrost imme-
diately. This will occur if a
thinner ice thickness is
selected and the water level
is below the probe of the
new level selecied. For
example, the original selec-
tion was 5/8” thick ice and
the selector switch is
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Read Safety Section before this section. Failure to carefully follow these instructions

couild result in permanent injury or ioss of life.

ICEMAKER SUCTION
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GAS GENERATOR PLATE

THERMAL EXPANSION
VALVE
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DISTRIBUTOR
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V (KING VALVE)

i 1

#xx SUCTION ACCUM

SUCTION p— { WATER
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158" ® 70 SUCTION
s e Joa ek . T HEADER

7/8"

w1

COMPR
HARVEST PRESSURE REGULATOR
HOT GAS SOLENDID tHG!
Figure 4-21 Typical Harvest Sequence - Refrigerant Circuit .
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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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~
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GAS GENERATOR
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........

1 ”
ICEMAKER WATER
SOLENOID (IWS)

T~ HOST CONNECTION
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FLAT BOTTOM 2P
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GENERATOR
1” N WATER TROUGH
WATER PUMP
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DRAIN
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Figure 4-22 Typical Harvest Sequence — Water Circuit
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Read Safety Section before this section. Failure to carefully follow these instructions

could result in permanent |n|nry or loss of lifa,

WS W

changed to 3/8” thick. If
the water level is already
below the 3/8” probe (ice is
already thicker than 3/8”
but less than 5/8"), the ice
generator will immediately
initiate harvest since the
water level is below the
3/8" thick probe The ice

,,,,,,,,,,

ihickness for the next cycie
would be the 3/8” thick
selected.

. The gas generator plate
water solenoid (GWS)
opens to establish water
flow over the gas generator
plate.

. After a 5 second delay, the
IWS solenoid closes to
allow the water remaining
in the water distribution
pan to drain and the surface
of the ice to dry. This is
called the “drying cycle”.
The factory preset is 5 sec-

[T ] 1A
onds for the “dry cycle”.

* At the same time TWS
closes, the liquid solenoid
(LS) also closes.

. After a second 5 second
delay, the following
sequence occurs:

o Make-un water golenoid

AR s WA AR

(MWS) opens to begin
refilling the water tank with
fresh water.

Note:

This water can be at tem-
peratures between 40 and
85°F. Consult factory for

T da thie
temperatures outside this

range.
* Hot gas solenoid (HG)

4-38 Turbo Refrigerating, LLC 4/98

opens to feed harvest oas to
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the icemaking plates har-
vest pressure regulator used
to limit the pressure at the
plate inlet.

Note:
When operating at design

pressures (below 260
pq'[ﬁ\ the reculator npprn-

R i <At a ¥

tion is not reqmred For
abnormal conditions or
periodic operation at higher
discharge pressures, the
regulator must be adjusted
to limit the inlet pressure.

* As the hot gas is con-
densed to a liquid by the
“cold” plate, the gas gener-
ator plate solenoid valve
(GGS) opens and the con-
densed liquid is metered to
the gas generator plate
through the gas generator
plate thermal expansion
valve.

* The output supplying the
signal to the harvest screw
conveyor(s) supplied by
others turns to activate the
harvest screw conveyor sys-
tem. If the harvest screw
fails, the ice generator will
complete the harvest cycle
but will not resume ice-
making even if the MCS is
still ON.

. As the hot gas warms the

icemaking plates above the
freeze, a thin layer of ice is
melted and the sheet of ice
separates from the plate.

¢ During the thaw of the ice
layer on the plates, the con-
densed liquid entering the

7.

8.

gas generator plate from

the icemaking plates is
removing the heat added to
the tank by the warmer
defrost water added to refill
the water tank.

. At this point, water is being

circulated over both the
icemaking plates and the
gas generator plate. Hot gas
is supplied to the icemak-
ing plates for harvest and
condensed liquid to the gas
generator plate for genera-
tion of a load for the com-
pressor and to chill the
incoming water for the next
cycle.

*» Although water is flowing
1o all the plates, the make-
up water solenoid (MWS)
will close when the tank is
full; i.e., the water level
reaches the high probe of
the WLC switch.

As the ice separates from
the icemaking plates, the
pressure in the icemaking
plates begins to increase.
This pressure is monitored
by the defrost pressure
switch (DPS). After the last
sheet of ice drops the pres-

suie W.Lll C)“-CCU LllU set-
point of the DPS switch
(factory set at 100 PSIG).
The closure of the DPS

contact to the PI_C termi-

nates the harvest sequence
and the next icemaking
cycle begins if the MCS is
still ON.

Although the harvest
sequence has been termi-
nated, the water flow to the

Operating Instructions
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Read Safety Section before this section. Failure to carefully follow these instructions
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gas generator plate will

continue fora preset time
period (factory set at 8
minutes) into the next ice-
making cycle to continue
the water chilling cycle and
evaporate the remainder of
the liquid in the gas genera-
tor plate.

Typical Shut-Down / Final
Harvest Sequence

Refer to Figure 4-23. The
operation of the ice generator
can be terminated at any time
including during a harvest
cycle by turning the master
control switch (MCS) or other
remote switches connected in
series with the MCS circuit
OFF (refer to the MCS
description above for addi-

tional information). The shut-

down sequence will be the

same regardless of when the

MCS is mrned OFF.

1. Turn the master control
switch to the OFF position.
 If the ice generator is the
icemaking mode, the unit
will continue to build ice
until a normal harvest
sequence is initiated by the
water level controls

FARIT 7Y
(Wil )

* If the ice generator is
already in harvest, the har-
vest sequence will contin-
ve, followed by a pump-
down of the ice generator.

» If immediate shut-down
without a final harvest is
desired, the MCS switch is
turned OFF, then back ON
and OFF a second time in a

Operating Instructions

continuous seanence (OFR-

..... uous sequence (OFF
ON-QFF). This bypasses
the normal sequence and
immediately stops the com-
pressor and water pump,

. The gas generator plate

water solenoid (GWS)
opens to establish water
flow over the gas generator
plate.

. After a 5 second delay, the

TWS solenoid closes to

0 1 n
allow the water remaining

in the water distribution
pan to drain and the surface
of the ice to dry. This is
called the “drying cycle”.
The factory preset is S sec-
onds for the “dry cycle”.

* At the same time IWS

closes. the liagnid eolennid

WAl STy Al LA AN OANsAENANG

(LS) also closes.

4. After a second 5 second

delay, the following

T N e

Sequcnce occurs.

* Make-up water solenoid
(MWS) opens to begin
refilling the water tank with
fresh water.

Note:
This water can be at tem-
peratures between 40 and
85°F. Consult factory for
temperatures outside this
range.

* Hot gas solenoid (HG)
opens to feed harvest gas to
the icemaking plates har-
vest pressure regulator used
to limit the pressure at the

plate inlet.

Note:
When operating at design

nracenrac fhalasr &N

Puyooul.uo \WI\JW TS
PSIG), the regulator opera-
tion is not required. For
abnormal conditions or
periodic operation at higher
discharge pressures, the
regulator must be adjusted
to Limit the inlet pressure.

» Ag the hot gas is con-

T AL B - tsaa

densed to a hqmd by the
“cold” plate, the gas gener-
ator plate solenoid valve
(GGS) opens and the con-
densed liquid is metered to
the gas generator plate
through the gas generator
plate thermal expansion
vaive.

* The output supplying the
signal to the harvest screw
conveyor(s) supplied by
others turns to activate the
harvest screw conveyor sys-
tem. If the harvest screw
fails, the ice generator will
complete the harvest cycle
but will not resume ice-
making even if the MCS is
still ON.

. As the hot gas warms the

icemaking plates above the
freeze point, a thin layer of
ice is melted and the sheet

of lbﬂ bcpdl'd(ﬂb from the
plate.

* During the thaw of the ice
layer on the plates, the con-
densed liquid entering the
gas generator plate from
the icemaking plates is
removing the heat added to

tha taml- k

[Selwpy a1 8V 9§ Uy I-IJ.C wauucl
make-up water added to
refill the water 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 4-23 Typical Shut-Down/Final Harvest
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6. At this point, water is bein

circulated over both the
icemaking plates and the
gas generator plate. Hot gas
is supplied to the icemak-
ing plates for harvest and
condensed liquid to the gas
generator plate for genera-
tion of a load for the com-
pressor and io chill the
incoming water for the next
cycle.

* Although water is flowing
to all the plates, the make-
up water solenoid (MWS)
will close when the tank is
full; ie the water level

I.Cd\.«ucb ulﬁ Lugu plUUU U.l

the WLC switch.

. As the ice separates from

the icemaking plates, the
pressure in the icemaking
plates begins to increase.
This pressure is monitored
by the defrost pressure
switch (DPS). Afier the last
sheet of ice drops, the pres-
sure will exceed the setpoint
of the DPS switch (factory
set at 100 PSIG). The clo-
sure of the DPS contact to
the PLC terminates the har-
vest sequence and the shut-
down cycle begins if the
MCS is still OFF.

. The liquid solenoid (LS)

was closed at the start of
the harvest cycle. During
the final harvest sequence it
will remain closed at the
end of the harvest cycle
even though the defrost
pressure switch closes to
start the next cycle.

Operating instructions

» The hot gas solenoid

(HG) closes

* The water pump (WP)
turns OFF.

* The icemaker water
solenoid (IWS) closes.

* The gas generator plate
water solenoid (GWS)
closes.

¢ The harvest screw con-
veyor continues to run to
purge all ice from the con-

VEYOr system,

. The icemaking suction

solenoid (ISS) will open to
besux I..hb punup Ul-ll- Uf ulc
refrigerant in both the ice-
making plates and the gas

generator plate.

TN

11.

10. Since the supply of refrig-

erant has been terminated
by closing LS, the suction
pressure will begin to

decrease as the refrigerant

is pumped into the combi-
nation condenser/receiver
for water-cooled models
or the high pressure
receiver for air-cooled
models.

When the suction pressure
drnnﬁ below the setting of

the low pressure safety
switch (LP) at approxi-
mately 5-10 PSIG, the
contacts of the LP opens
to remove the signal to the
compressor safety circuit.

* In the shut-down
sequence with the MCS
switch OFF, the compres-
sor shut-down “failure”
does not occur since the

MOCC cwiteh wae in tha

AVAS AL FYVALWAAL FYARD LLI UG

OFF position. This would
be a normal sequence.

« If the master control
switch (MCS) was ON,
opening the contacts, the
LP switch would shut the
compressor off and “fail”
the system preventing fur-

ther operation.

12. When compressor has
turned off on low pres-

*
sure, the harvest screw

conveyor will also stop
when the cleanout time
delay (PLC) terminates.

[—y
[F3]

. Steps 10 and 11 are typi-
cally referred to as the
“pump-down cycle”
meaning the operating

refrioerant charea of the

AWAL ADWE ALY WA B WL WAV

system has been trans-
ferred to the receiver for
storage.

s o memte oo o

hd 1.ut: ILC ECllCl'dLUI ﬂdb d
continuous “pump-down
cycle” If the refrigeration
system pressure increases
above the reset point of
the LP switch, the com-
pressor will turn ON to
pump the system back
down. Operation will
again terminate when the
contacts of LP open.

WARNING

The ice generator starts and
stops automatically even if
the MCS switch is in the
QFF position. Never service
the equipment without
proper lockout of all electri-
cal power. Failure to care-
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tions could result in perma-
nent injury or loss of life.

Water Circuit

The water pump operates con-
tinuously to supply water to
the icemaking plates or both

o oy + Tata A
the gas generator plate and

icemaking plaies during har-
vest. Water distribution to the
icemaking plates and gas gen-
erator plate as well as the
water tank is controlied by a
set of solenoid valves. Refer
to Figures 4-20 and 4-22.

Make-Up Water

When the ice generator is
turned on, the make-up water
. (MWS) solenoid valve opens
to fill the water tank. Water
from a city water supply or
others sources is piped to the
make-up connection located
next to the water pump under
the control panel. The PVC
water line 1s connected to a
isolation valve and strainer.
During the harvest sequence,

the MWE onens to rnnan-a tha

il AFVA TV uF UP s RLIN

water converted to 1cc The
solenoid valve remains open
until the water level control
(WLC) high probe level is
reached.

During the refill of the tank,

some blow-down will occur.
Rlow-down is the overflow of

= WIS (w3 8 B LY

water to the drain to prevent
the concentration of solids in
the water tank. The amount of
blow-down required to main-
tain good ice quality will
depend on the quality of the
incoming water supply. Blow-

4-42 Turbo Refrigerating, LLC 4/98

.
down can be increased by

changing the time preset on
the MWS solenoid closure
after the WLC relay contact
indicate the tank is full. By
increasing the time delay,
additional water is overflowed
and more suspended solids
are rejected. Field adjustment
will be required to get the
best quality with the least
blow-down.

Note:

If the water level relay does
not reset (tank fill completed)
within 3 minutes, the system
will “fail.”

Icemaking Plate Water Flow
When the icemaking water
solenoid (IWS) opens, water
flows through a PVC water
header into a stainless steel
water distribution pan. Refer
to Figure 4-24. The distribu-
tion pan has a series of holes
located along the entire length
of the active plate surface on
both sides of each plate.
Water is collected at the bot-
tom of the plate in a water
trough and returned to the
water tank. Refer to Figure
4-25.

AU ndn 2o il nan d Lo o

ywaict 18 Cliculawea pacK Qover
the icemaking plates until the
water level controls initiate a

harvest cycle. The water flow
over the icemaking nlates i

e st AGLAAIGALLE pRaves

terminated prior to opening
the hot gas solenoid to allow
time for the water pan to
drain and the surface of the
ice on the plates to dry.

The holes in the water distrib-
ution pan provide additional

.
t, all
filtering of the water as well

as distribution. Periodic clean-
ing of the icemaking plates
and water pan is required to
provide optimum performance
at all times.

Gas Generator Plate Water
Flow

When the gas generator plate
water solenoid (GWS) opens,
water flows through a PVC
water header into a stainless
steel water distribution pan.
The distribution pan has a
series of holes located along
the entire length of the active
plate surface on both sides of
the plau; The g g£4as gCncrator
plate is located directly over
the water tank and water is
returned directly into the
water tank. Water is circulated
back over the gas generator
plate until the water level con-
trols initiate the next icemak-
ing cycle and the PLC time
delay for the water chilling
cycle has elapsed. The time
delay is factory preset at 8
minutes.

The holes in the water distrib-
ution pan provide additional
filtering of the water as well
as distribution. Periodic clean-
ing of the gas generator plate
pan is required to provide
optimum performance at all
times.

Overflow Drain/Blow-Down
Water Circuit

The freezing process tends to
separate the suspended solids

in the water used to produce

the ice on the plates. If the
concentration of solids is
allowed to continue without
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EVAP PLATE
WATER DISTRIBUTION PAN
(FLAT BOTTOM) NOTE:
WATER LEVEL SHOULD BE SET TO LEVEL B.
TO SET: REMOVE WATER LEVEL PLUG:
ADJUST FLOW TO ICEMAKER PAN UNTIL WATER
A = MAXIMUM WATER LEVEL IN PAN ~ 2* SEE NOTE STARTS TO OVERFLOW (FLOW TO GAS GENERATOR
A=V PAN SHOULD BE OFF}: REPLACE PLUG. FLOW
B = NURMAL WATER LEVEL IN PAN ~ 1-1/2” SHOULD NOT EXCEED LEVEL A FOR PROPER OPERATION.
C = MINIMUM WATER LEVEL IN PAN ~ 5/87 LEVELS ABOVE 2~ WILL REDUCE ICE PRODUCTION.
Figure 4-24 Typical Water Distribution Pan
ICEMAKER PLATES \ \ \ f— GAS GENERATOR PLATE

CHECK VALVE

i

ICEMAKER WATER TROUGH — L TOP GF WATER TANK  L— WATER LEVEL CONTROL PROBE HOUSING

Figure 4-25 Stand-Pipe and Blow-Down Siphon
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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.

removal, the ice will become
cloudy and the concentrated
solids will eventually cause
erratic operation of the water
solenoids as the ports in the
valves become clogged. Water
quality and other operating
conditions can cause a wide
variation in the concentration

AF onlide amd AFFant ~ie sla S

UL sULIUS alil CIICOT O11 uie iCS
quality. Refer to Figure 4-26.
To prevent the concentration
of solids in the water tank and
provide consistent quality, the

D-line provides that:

* A small amount of over-
flow is used during harvest

to remove the solids sus-

pended in the tank. This is

adjustable through the PLC
time preset of the make-up
water solenoid (MWS).

* The water tank is drained
when operation is terminat-

ed This helps flush the bot-
m of the tank,

* A siphon type stand pipe is
used to “vacuum” solids
from the tank when water
o Avraeflacrad A com—in 3
13 UYLCLLIUWELL, A VOILLICU
tube is placed over the
standpipe connected to the
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drain line. As the vent on
the siphon tube is closed
off by the raising water
level, a siphon affect is cre-
ated when the water starts
to overflow the inner tube.
This creates a flushing
action that removes the
solids from the tank.

As indicated above, the water
quality is the major factor is
determining the amount of
“blow-down” required. With
excellent water quality, the
blow-down should at a mini-
mum and may require short
time delays on the MWS sole-
noid. In some cases, the
siphon tube over the tank
standpipe may also be
removed. For example, if the
water source was from a

reverse osmosis (R/O) system,
the water quality would be
excellent. The need for blow-
down would be minimal and
the siphon tube may not be
required. R/O systems are
typically too expensive for
most applications making
blowdown the most economic
alternative.

As the water guality decreacas

Bl Wity ULuluaouns

in quality, the amount of
blowdown also increases.
TURBO recommends contact-
ing a local water treatment
expert to evaluate your system
and determine the best combi-
nation of water treatment if
needed and setting of the
blow-down timer.

Field piping is required from
the overflow drain connection
located on the bottom of the
unit to a suitable disposal
point. Line sizing for the
drain must provide “sewer”
flow in the drain to ensure
free flow. Small lines may
cause excessive back pressure
and improper draining during
the harvest cycle and at the

TIm Fary
termination of operation.

Note:

Information on the operation
of the solenoid valves is
described above under the
description of the compo-
nents.

Operating Instructions




Read Safety Section before this section. Failure to carefully follow these instructions

could result in pe

SWabaF WFE ERE e

TANK COVER - SHOWN OPEN WATER TANK

STAND PIPE SHOWN WITHOUT
WATER SIPHON ASSEMBLY

STAND PIPE SHOWN WITH

WWATED CIDWAIM ACCERAE Y IAIC
LAIall™ Lo LLERIL LSl B L=] ] -

b w4 Y

Figure 4-26 Icemaker Water Trough and Water Level/ Control
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Read Safety Section before this section. Failure to carefully follow these instructions

could recult in permanent injury or loss of life,

Lol TR

-----------------

T

lﬂlﬂl nlllll q@b !!ﬂ!

To help you get the best per-
formance from your ice gen-
erator, follow the maintenance
instructions listed below.

If you have questions con-
cerning the maintenance or
upkeep of your cquipment,
contact the service department
of Turbo Refrigerating, LLC
(1-940-387-4301).

Daily Inspections

1. Inspect the icemaker at
least twice a shift to deter-
mine that the unit is operat-
ing properly.

2. At the start, observe that
the discharge and suction
pressures are correct on the
gauges and are stable.

Weekly Inspections

Check the oil level in the
COMpIessor.

Check for signs of oil leak-

age
ap..

Check the sight glass for full
charge and moisture indica-
tion.

Unit should be checked at
least once a week. A visual
inspection should include and
not be limited to: leaks, vibra-
tion of piping on other com-
ponents, capillary tbes rub-
bing, unusual noises, bolts,
nuts, screws tight, and general
neat housekeeping appear-

ance.

Maintenance

MAINTENANCE

After Initial Ten Hours of
Operation

Check and clean water strainer.

After Initial Fifty Hours of
Operation

Retighten all bolts.

Have a qualified electrician
check the control panel for
loose connections or loose
lugs on the magnetic starter.

Flush water tank.

Every Six Weeks

One of the main problems
with any icemaker is water:
scale build up, solids formit ng
on the plates, build-up of
solids in the pan, and solids
building up on the interior of

the water-cooled condenser, if

Foiiw S WLU.L0 ) Lacl SR LU D 1A L | b Y

so equipped. To avoid these
problems, consult a local
water treatment consultant
and follow the folowing
guidehines:

Icemaking Surface Cleaning
Scale on the icemaking plates

rPC'I'l]fTﬂU 'Frnm m1npm]

O elbhdipm LLAJIEL E1lALAbsRRAR

deposus in the water and
other sources of contamina-
tion can reduce the efficiency
of the plate. If left untreated,
it may result in deterioration
of the metal surface thus
reducing the life of the plates.

The life and efficiency of the
plates are dependent on prop-

er care and cleaning of the
surface. Since conditions and

|I||ﬂl

!Ilﬂll II'I“‘ lﬂﬂﬂ‘
Wy

L A 4

installation of equipment vary
from location to location, it is
difficult to provide a simple
solution to selecting a clean-
ing and sanitizing method. To
obtain the best care for your
uiit, contact a local reputabie
supplier of chemical and
cleaning sanitizing products.
Based on the knowledge of

the local water conditions, the

material {0 be cleaned (304

-stainless steel) and the operat-

ing conditions of the equip-
ment, they can recommend a
cleaning and sanitizing prod-
uct to meet your specific
needs.

Helpful Hints

1. Chlorine will attack stain-
less steel. Most water sup-
plies contain chlorine but in
levels 100 low to cause con-
cern. Some cleaning agents
contain high levels of chlo-
rine and should be avoided
unless the cleaning process
can be closely controlied
and a thorough rinsing of
the plates and any other
parts com'mg in contact
with the cleaning agent can
be ensured every time.

2. Water scale can be removed
using dilute nitric acid
under 1% or phosphoric
acid under 5% at tempera-
tures no higher than 140°F
or citric acid. These solu-

tinne muet ha fran Af onls
LIVLLD l.llual- U LiVA VL oQlt

and thoroughly flushed
from all surfaces immedi-
ately after use with 1/4%

4/98 Turbo Refrigerating, LLC 6-1
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Read Safety Section before this section. Failure to carefully follow these instructions

could result in permanent mmr}: or locs of life,

caustic and plain water
flush.

3. Hydrochloric muratic and

sulphuric acid should not
be used.

Scale and Solids Forming In
Water Tank

Flush the water tank at least
once a week. Solids can stop
up the holes in distribution
pans. Clean pan by using an
air hose, a vacuum cleaner, or

.
a brush. If excessive or fre-

quent cleaning is required,
adjust water make-up blow-
down (increase blow-down to
reduce concentrations in
tank).

Clean strainer in make-up
water line.

Dirty or scaled tubes in water-
cooled condensers can cause
high discharge pressure.
Periodly remove the con-

I‘a“ﬂﬂ“ l‘\ﬂﬂf‘ o o) A s

GeNSCT NCad a.ud Usc a4 Coni-
denser tube cleaning brush to
remove scale. Acids or chemi-
cal additives can also be used.
Care should he exercised
when using acid. Follow
directions on the container
(consult local chemical treat-
ment supplier).

Cooling towers should be
treated for scale and on alge-
cide where needed. For addi-
tional information on water-
cooled condensers, refer to
guidelines in Section 10.
Appendix & Notes.

Air-cooled condensers can be

washed out using a water
hose and flushing out against
the air flow. Prior to perform-
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electric circuit is disconnect-
ed. Lubricate fan bearing and
tighten belts where so
equipped according to the
manufacturer's specification.

Note:
TURBO recommends that

warnines and lahels for any

additional equipment not sup-
plied by TURBO need to be
added to the weekly inspec-
tion sheet.

Electrical Apparatus
{(Motors)

~f
The fundamental principle of

electrical maintenance is to
keep the apparatus clean and
dry. This requires a periodic
inspection of the apparatus
(the frequency depending
upon the type of apparatus
and the service).

Helpful Hints

1. Windings should be dry
and free of dust, grease, oil
and dirt. Clean windings
with suction cleaners or by
wiping. Nozzles on suction
type cleaners should be
nonmetallic. Remove
gummy deposits of dirt and
grease by using a commer-
cially available low volatile
solvent. Do not use gaso-
line or other inflammable
solvents.

Never oil any part of the
magnetic control.

b

. Terminal connections,

assembly screws, bolts and
nuts should be tight. They
may loosen if the motor is

3

&
J.

not securely bolted and

tends to vibrate.

. Check the insulation resis-

tance of motors in service
periodically (at approxi-
mately the same tempera-
ture and humidity condi-

tions) to determine possible
deterioration of the incula-

e airafRaisal WA v Aidweain

tion. When measurements
at regular intervals indicate
a wide variation, determine
the cause.

. Grease lubricated motors

are properly lubricated at
the time of manufacture
and it is not necessary to
lubricate at installation. If
the motor has been in stor-
age for a period of six
months or greater, lubricate
before starting. A type of
grease recommended and
tested by the motor manu-
facturer should be used
whenever possible. To
lubricate, remove the filler
plug and grease with clean
labricant {1/2 to 1 cubic

inch of grease is sufficient).

For the relubrication peri-
od, follow the instruction
plate on the motor.

Periodically clean the
enclosure by blowing out
accumulated dust.

. Check the surrounding area

for new sources of dust, oil
Or COITosive vapors not pre-
sent at the time of installa-
tion. A general purpose
enclosure may have been
satisfactory when the con-
trol was installed but the
proximity of new produc-

.
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might make it necessary to
change enclosures or to
shield the existing one from
oil spray or excessive dust.

7. Inspect the insulation on
wires. The conductors must
be clear of all moving
parts.

8. Examine the contact.
Cleaning is not required
because the contact materi-

al is a special pre-oxidized

silver cadmium oxide alloy.
Replacement is required
when the contact material
is almost worn down to the
backing. Parts kits, includ-
ing a complete set of sta-
tionary and movable con-
tacts and contact springs
are available. Replace the
silver and the contact
spring on a given pole to
assure proper contact mat-

mg for maximum life.

9. Check the magnet pole
faces for oil deposits. If oil
is present, carefully clean
the pole faces with carbon
tetrachloride. This prevents
accumulation of dust and a
potentially sticky magnet.

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 6-1.

IRFA PIATIA S~
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All refrigeration service
work should be provided by

Maintenance

agqt ralified rafricoration
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technician or engmeer.
Filter/driers contain liquid
refrigerant under high pres-
sure. Failure to carefully fol-
fow these instructions couid
result in permanent injury

or loss of life.

1. With the compressor oper-
ating, close the king valve
(main valve on outlet of
receiver) to allow pump
down of the liquid into the
receiver.

2. After the icemaker opera-
tion is terminated by the
low pressure safety switch,
lock out the electrical, then
isolate the filter/drier
assembly by closing the
valve downstream 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
assembly.

4. Open the service valve to
release any liquid remain-
ing in the filter/drier hous-
ing and the liquid piping.
Opening the valve also
reduces the pressure inside
the housing to atmospheric
pressure. Discharge refrig-
erant to a safe location.
Never point the hose in the
direction of personnel.

Note:

If the seal cap (flathead) on
the filter/drier housing does
not contain a charge port, the
bolts on the cover should be

1
loosened slowly and cvenly.

Tap the cover as the bolts are
loosened to allow the refriger-
ant to slowly escape. Do not
remove the bolts until the
cover is loose enough to
ensure that all of the refriger-
ant has escaped and the pres-
sure inside the housing is at
atmospheric pressure.

5. Once the refrigerant has
been bled from the hous-
ing, slowly and evenly
remove all of the bolts
attaching 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 dis-
posc of ihe can and oid
drier cores. These cores
may contain refrigerant oil
or other combustible debris.

Do not place in or near an

open flame or incinerator.

7. Inspect the strainer screen
for debris and clean as

required.

8. After the drier cores have
been replaced and the seal
cap loosely attached with
ali of the boits, slightly
open the king valve to
allow a very small amount
of refrigerant to flow

Teawid
"T"'Ol'lgh the filter/drier

housing and piping.

9. While the refrigerant is
escaping, evenly tighten all
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Figure 6-1 Typical Filter/Drier instailation
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This
the seal cap bolts, This

will ensure t.hat air and
moisture is purged from the
assembly before it is
sealed.

10. Check for leaks around
the seal cap.

11. If no leaks are found and
the sysiem is ready to go
back on-line, open the
king valve and isolation

valve.

WARNING

—

Liquid refrigerant can burn
or cause severe irritation 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 refi riger-

ant flow is obtained, posi-
tion and tighten the seal
cap. Always wear rubber
gloves and eye protection
when changing the drier
cores. Failure to carefully
follow these instructions
could result in permanent
injury or loss of life.

of the seal can boltg,

Maintenance

12. After the system is restart-

ed, observe the condition
of the liguid line sight
glass/moisure indicator.

Water Distribution Pans

In order to ensure proper
water distribution over the

evaporator plates, the water

distribution pans must be
level as discussed in section
3. Installation & Pre-Start-Up
Requirements. Equally impor-
tant is the water level main-
tained in the water distribu-
tion pans. All 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:

* 6.5 PSIG pressure is
available at the recirculat-
ing water connections on
the unit.

b ez
Water level in the water

distribution pan is a mini-
mum 5/8” above the bottom
of pan. Refer to Figure 4-25.
Normal and high levels are
also shown.

Note:

A low level results in
improper water flow over
the plates and erratic water
flow conditions, causing
the water to flow over valv-
ing and piping, resulting in
freeze- -up of the €vaporator.
High water levels cause

variations in ice production.

£
Standard flow rates for

each evaporator plate is
7.0 GPM/plate.
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Table 6-1 Sample Daily Ice Pla

3

Date:

ice
Depth

Storage
Vault
Temp.

Ice
Head
Pressure

maker
Suction
Pressure

Compressor
il
Pressure

Make-Up
Water
Temp

Make-Up
Water
Pressure

Ambient
Temp.

First Shift Start

First Shift End

Second Shift Start

Socand Shift End
=8C0NC NIt eRa

Third Shift Start

Third Shift Start

Operators
First Shift

Second Shift

Third Shift

Liquid Line Icemaker Sight Glass

First Shift

Second Shift

Third Shift

Remarks
First Shift

Second Shift

Third Shift
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It is a good idea to keep spare
parts on hand in case of emer-
gencies. You will save opera-
tion time and money because
you will not have to wait for
parts to be ordered and deliv-
ered.

Placing Orders

When ordering spare or
replacement parts, use the
serial number on the TURBO
nameplate on the electrical
control panel.

Part numbers may change
without notice. When order-
ing or specifying parts, the
serial number and model of
the unit must be referenced.

Orders for parts should be
placed by contacting:

Turbo Refrigerating, LLC
P.O. Box 396

Denton, Texas 76202-0396
Phone: 940-387-4301

Fax: 940-382-0364
E-mail: info@turboice.com
Internet: www.turboice.com

All orders should be accom-
panied by a purchase order.
Terms are net 30 days.

All shipments are FOB,
Denton, Texas.

Spare Parts List

TURBO Equipment

Y
iy

Stock items (SI)

The attached spare parts list
cover replacement and spare
parts for the following equip-
ment:

* Evaporator

* Low Side

* High Side

* Electrical and Controls
* Miscellaneous

* Major Components

Parts Categories

Replacement Parts (RI)
Replacement parts indicates
components that may or could
be replaced due to normal
wear or damage during the
normal life of the equipment.
In general, these parts are not
considered critical to day-to-
day equipment operation.
Therefore, on-site stocking is
not considered necessary. The
customer may choose to stock
some or all of these based on
other factors unique to the
operation of this installation.

Quantities indicated represent
the number of components
required to replace all of the

iteme indicated nar unit
AAAALAY ARANALW/ LA LAA WS tlUl LiiLiL.

Stock items indicates compo-
nents that are subject to nor-
mal replacement during peri-
odic or annual maintenance or
components critical to or
required for normal day-to-
day operation. Therefore, on-
site stocking is recommended
to prevent time delays in
returning the equipment to
operation when replacement

is required.

Quantitics indicated represent
the number of components
recommended by each suppli-
er for replacement or rebuild
of each component. The cus-
tomer may choose to stock
additional or less parts than
specified based on other fac-
tors unique to the operation of
this installation. All stock
items should be replaced as
the stock is depleted.
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6 Ton Model Water System
Quantity

Part Number | Rl Description
DLINE-SW 1 Solenoid Valve
014-1600-01 1 Strainer
DLINE-PUMP 1 Pump
DLINE-WLR 1 Water Level Relay
012-5000-0701 1 Drain Solenocid

Electrical Control! Panel 230/460/3/60 Power 115/1/60 Controls

Electrical Switches & Controls

Quantity

art Number Si Ri Description
DLINE-ELEO] 1 Relay Coil
DLINE-ELEO3 1 Starter Coil
027-0003-1 1 Cooling Fan - Control Panel
DLINE-ELE04 1 Relay
DLINE-ELEQ5 1 Starter Water Pump 230 Volt
DLINE-ELE(6 1 Starter Water Pump 460 Volt
DLINE-ELE(7 1 Compressor Contactor
022-0201-02 1 Overload Module (MP) - Compressor
DLINE-ELEOS 1 Overload Relay - Water Pump
035-0501-43 1 Coil - Drain Solenoid (DS)
035-8500-75 1 Contactor - 70 Amn

QLI LR AN 4

Quantity
Part Number St RE Description
035-G305-00 1 Contact Block N.O.
035-0305-01 1 Contact Block N.C.
DLINE-ELE(Q9 1 Tape with Back-Up Program
DLINE-ELE10 1 Tape Player (for program loading/back-up)
080-0000-12 1 Programmable Logic Controller
080-0000-10 1 CPU
080-0000-24 1 Input Module
080-0000-25 1 Output Module
080-0000-11 1 Programmer (hand held}
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Safety Switches

Spare Parts List

Quantity
Part Number Sl RIi Description
018-0000-11 1 High/Low Dual Pressure Switch
018-0000-12 1 Oil Failure
017-0709-01 1 Gange (high pressure 30-400 PSIG)
017-0700-00 1 Gauge (low pressure 30-300 PSIG)
017-0709-03 1 Gauge (oil pressure 30-300 PSIG)
Refrigerant System
Quantlty
Part Number Si Ki Description
022-0800-05 1 Compressor Crankcase Heater
012-0602-03 1 Relief Valve
DLINERS(O1 1* Air-Cooled Condenser Motor
DLINERS02 1 Air-Cooled Condenser Head Pressure Controls
014-0100-02 3 Drier Cores
035-0502-01 1 Solenoid Coil - LS, ISS, GSS, HG
013-0700-04 1 Thermal Expansion Valve - Icemaker (OVE10C)
013-0700-07 1 Thermal Expansion Valve - Gas Generator (OVE20C)
022-0000-23 1 Compressor
013-0001-36 1 Thermal Expansion Valve Power Head
013-0701-14 3 Thermal Expansion Valve Internal Parts Kit (OVE100)
013-0701-20 1 Thermal Expansion Valve Internal Parts Kit (OVE20C)
012-0400-0502 3 Check Valve
012-4200-02 1 Hot Gas Solenoid Valve - HG
012-4200-34 1 Suction Solencid - ISS
218-0000-01 3 Evaporative Plate
DLINE-GASPLT 1 Gas Generator Plate
012-4200-02 1 (Gas Generator Suction Solenoid
012-4200-03 1 Liguid Solcnoid Valve

* Quantity may vary due to variation in condenser sclections for different ambient conditions.
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Condenser Group (SC Model) 85/95/105°F SDT & (SCA/SCAR Models) 100/120°F SDT

R ¥ w0 Iy PRSI, 7 g

Quantity
Part Number SI RI Description
021-0002-00 1 Water Regulating Valve (SC model)
DLINECONO1 1 Condenser Gasket Set (SC model)
DLINECONO02Z 1 Air-Cooled Condenser 100°F ambient, 120°F SDT
DLINECONQ03 1 Cooling Tower Fan (8C model)
DLINECON0O4 1 Cooling Tower Pump (SC model)
DLINECONO3 1 Cooling Tower Thermostat (SC model)
DLINECONO6 1 Fan Motor (SCA model)

Miscellaneous

Quantity
Part Number Sl RI Description
057-0102-00 1 gallon Refrigerant Gil

072-1200-00
022-0200-0001
022-0200-0002
018-0000-23

[ Y
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Refrigerant (R-22) 30 Ib. drum
Compressor Cooling Fan 230V
Compressor Cooling Fan 460V
Defrost Pressure Swiich
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WARNINGZ
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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 Marshaii 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
L(AED) or for 24-hour service assistance or €mergency 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 Automnation, Inc.
P.O. Box 1255 3000 Bill Garland Road
Inohnso 5-1255 Johnson City, Tennessee 37601
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© 1992 Turbo Refrigerating Company. All Rights Reserved.
® TURBO is the registered trademark of Turbo Refrigerating Company, Denton, Texas.
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O & O ® MODULAR CPUS 'Y X

Quick Start CAUTION 4. Place the mode select

switch in the PRG position
The Model TI325/TI330 is a l Do not connect the 220 | (program mode).
modular CPU used in the Se- VAC neutral terminal when

ries T1305 modular J/O sys- [ powering the unit with 110 | 3 Tum unit power on. The
tern. The CPU is installed in | VAC. Tre unit is qamageg | POWER LED on the CbU

gansfge: 51'%3(3 Iﬁﬁotv‘{)}:'sceh if 110 VAC operation is at- illuminates.
It provides up to 168 O Zz':!’g;gfer“h this terminal ¥ o ot the TI305
points, of which 96 can be re- I * I programmer to the front of
motely mounted up to 3280 the CPU. The
tf)ze;gte(IOOO m) from the local 3. Connect the controller to g&m&rﬁsﬁgﬁaﬂﬁ)
;.T AC Ii‘?;” er source. See illuminates. See Figure
The purpose of Quick Start gure 2-1. -
section is to get the experi-
enced wuser started in the WARNING 7. Clear program memory
shortest possible time. . . using the TI305
10 minimize risk of poten- programmer:
1. Unpack the equipment. tial shock hazard, be sure
the unit is properly in- CIR SHFT 3 4 8
2. Insert a CPU module into stalled in the enclosure to DEL NXT
slot 1 adjacent to the minimize access of electri-
power supply, an input cally live terminals. Only [} 8. Place the mode select
module, or input simulator | persons knowledgeable in switch on the programmer
(305-01S), into slot 2, and || the safe use of high voltage in the RUN position (run
an output module into slot || should perform this test. ﬁl()dc‘).aggc RUN LED
wtfa i e llmlll .
Output 10 LED Input 0 LED
‘\-=Wf-=‘ r-n
N ot T W _eRs —~ @1
OZEZE[ZE[Z5=—] == m0
eSS E—| 305 —- AC line (115VAC)
i i ] ﬂ e | [ AC neutral
H H e]
1 T T $ U N o | Earth GND
g - o v
Q o Q

i

Siot3 Siot2 Siot

Figure 1-1 Model TI325/T1330 Controller
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9. Test an output using the
output module instalied in
slot 2.

* Enter the following
instruction from the
programmer to force an
output on. For this test,
use output 10,

SET SHFT 1 0 ENT

e T T TITN 1

Output 10 LED on th

L)

10. Test an output using an

input module. If an input
module is installed in slot

S L AL AL &l

1, proceed as follows:

* Tumn controller power
off.

* Hard-wire an input

device, such as a
switch, to the first
terminal on the input
module.

* Enter the following
keystrokes from the

Lwnry e — e

y' T VgL QUKL .

STR SHFT (0 ENT

OUT SHFT 1 0
ENT

» Place TI305
programmer mode
select switch in the
RUN position (run
m

output module ode).

illuminates. * Tum controller power

See Figure 1-1. on. *» Close the switch
hard-wired 1o the input

* Turn output 10 off * Place TI305 module. The LED

using the programmer Programmmer 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.

s N
" ADRLED
0 4 [] 4 L
T 1 5 1 5
. ADDRESS/DATA (OB B &
ONOFRIN BATT sy ey oin @
o G @y
k%]
7 8 9
madel [7) E9 () 3l
4 5 '__G___ . CHECXK
s OO0 5
\Q"‘%‘P‘DWE o] @ (e
hd WRITE
2O BEEME N
WP R4S INSTRUMENTS
\ /

Figure 1-2 TI305 Programmer
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Except where noted, specification

risti i

Table 1-1 Characteristic Specifications

Item

Rating

Programming
Scan rate

Program capacity, TI325

Program capacity, TI330

Program memory

I/0O points
Control relays
Shift register bits

Timer/Counters

Special intemal relays

Battery backup
Diagnostic checks

Status display

Cassette tape interface

Relay ladder logic
Average 12 ms, 1k words

0.7« RAM
1.7k Expansion RAM
1.7k EPROM

A7 RANA

-fsd En AWLAIV]

3.7k EPROM

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 (retentve)

64 timer/counters

Timer: 0.1-999.9 sec or 0.01-99.99 sec

Counter: 1-9999 (4 imer/counters are for external setting
with thumbwheels or timer/counter setpoint unit)

0.1 sec clock
Battery low
Pause relay

Internal reser
Lithium battery

CPU

Memory

Battery
Grammatical error
/O base voltage

I/O internal relay

Shift register

16-point display

T/C accumulated value

aw
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




igonosti

The TI325/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

o S e e
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.

RBatterv Voltaoa Low

ttery Voltage Lo
If, at any time, the b
voltage drops below 2.5V,
the BATT light comes on.
Normal CPU operation con-
dnues. Internal relay 377 en-
ergizes when the battery volt-
. ageis low.

Programming Error

Any of the following cause
the programmer to display a
corresponding error code:

a Tnyolid ingrrati~e

sequence.
¢ T/O addyess errors.

¢ Incorrect cassette tape
recorder operation.

4 Turbo Refrigerating Company 6/94

Note:

Emor code breakdown may
be found in section 4 — Pro-

gramming Error Messages.

VO Circuit Check

The I/O display or monitor-
ing feawre helps define
whether trouble occurred in
the controller operation, /O
module operation, or field
side.

Note:
You can use the programmer

1o turn output signals on and
off. To force the state of an

1/O reference, refer to section
3 — System Programming.

Model
T1325/TI330 CPUs

The CPU module (T1325-07
or TI330-37) is the heart of
the programmable controller.
It consists of the program
memory, system ROM, arith-
metic section, and backup
battery.

Noto:

A e

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 lithiumn backup battery

voltage for RAM backup is low. When
this LED is lit, replace the battery as

$00n 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




1 2 jor n nti ion E nsi

Status indicators CPU module

Power supply
unit

Power supply
teminais

= Run output
j"' terminats

ground

/
-n -
I I .
0
Power supply fuse
(accessible by removing
N front coven
\ \KJW \ Connector for
Expansion
connectors \/ _—

\

Plug-in VO modules

\ <O

A *

ller Major Component Identification
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TI325/TI330 1/O Processing

The CPU processes data by cyclic operation execution; the response time from receivin g a signal
to sending it varies with the input timing and program contents. See Figure 1-6.

[V S

Execute Ladder Logic

Extemnal Communication

Execute Forcad 120 Requests

Update Outputs

Figure 1-6 CPU Processing

Modular CPUs 6/94 Turbo Refrigerating Company 7




& TROUBLE-SHOOTING & MAINTENANCE d

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 mormal opera-
tion.

CPU module

Trouble-shooting and mainte-
nance must be done only by
authorized personnel who are
trained and experienced in
clectrical and  electronics
safety practices.

Trouble-shooting the Series
TI305 System consists of ob-
serving system operation for

nction symptoms and
isolating the fault. Table 2-1
lists the most probable causes
for typical malfunction symp-
toms. A reference to a de-
tailed wouble-shooting proce-
dure is listed for each
probabie cause.

Figure 2-1 Replacing Battery in Mode! TI325/T1330 Controller

Trouble-Shooting & Maintenance

6/94 Turbo Refrigerating Company 9




Table 2-1 Trouble-Shooting Symptoms

Symptom Probable Cause Paragraph
BATT LED indicator on Low battery voltage Replacing
Controller
Rottar:
.l-u.u.l-\'.lJ
Run LED OFF Place system in Run mode 2
CPU failure 3
Single input point defective Input module faulty S
Mounting base faulty @
Programming error ®
CPU faulty 3)
Single output point defective Output module faulry (6)
Mounting base faulty @
Programming error )
CPU faulty 3)
Multiple inputs or outputs on one base defective Mounting base faulty N
Programming error %)
CPU faulty 3)
Multiple I/O defective Input module faulty (5)
Output module faulty (6)
Mounting base faunlty 7
Programming error ©)
CPU faulty 3
AllT/O past a single point defective Mounting base faulty €]
Interconnection cable faulty (8)
Scrambied memory 2)
No LEDs on AC power off Ensure AC
power is on
Power supply fuse blown N
CPU LED off CPU failure 3)
10 Turbo Refrigerating Company 6/94 Trouble-Shooting & Maintenance




Replacing The ,
Model TI325/TI330

pnntrn!!or B"ttf;'r"

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-
1y 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:

b
1. Tum off AC power to the

controller.

2. Remove CPU module.

(93]

. Cur 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.

- Connect new battery and
secure 1t with new plastic
bands to the CPU board or
place the battery in the
battery clip on the CPU
board.

n

6. Install CPU module and
urn on power to
controller,

Trouble-Shooting & Maintenance

7. Check BATT LED

indicators to make sure
that they are out. (Roth

controller and programmer
LEDs must be off.)

See Figure 2-1 on page 9.

Troun ble-Shooting
Models
TI1315/T1325/TI330
— St R RIS

Introduction (1)

During normal operating con-
ditons, the power source
(PWR) and RUN LEDs on
the unit are on and the CPU
and BATT LED:s 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
rouble-shooting is covered in
paragraph 3.

Checking Program
Meimory Error (2)

A program memory error is
indicated by the message E21
appearing in the programmer
ADDRESS/DATA display
secuon. 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-
dons.

All invalid instructions must
be cleared before the control-
ler enters the RUN mode. Er-
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-
toning properly. If the RUN

R
LED does not Comc on, tne

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-occuming
under normal operation, the
CPU could be defective or
electrical noise could be
causing the CPU memory to
be scrambled.

694 Turbo Refrigerating Company 11




Trouble-Shooting A
CPU Error (3)

If the CPU LED is lighted
and no parity error is indicat-
ed, turn off AC power mo-
mentarily, then tumn 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 waichdog 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-

= Y ~
down, momentarily tum off

AC power, then mm 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.

IO Circuit Check (4)

For greatest accuracy, make
the I/O circuit check through

tho searelid swmZond oo oo

e multi-poiiit operatton stai-
us monttoring method, using
the 305-PROG programmer.
This method allows signals to
be displayed exactly as they
are applied to the CPU.

Note:

TI305 Modular I/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 /O input stams LED
should be compared with the
corresponding  programmer
I/O indication. If there is a
difference between the two,
the input module probably is
defecuve.

WARNING

m ]

To minimize the risk of per-
sonal injury or property
damage, disable all power

to the svstem hefore ingtall.

T Ay R wAsd WAV b LLASLGLL
ing or removing /O mod-
ules,

Trouble-Shooting
Input Modules (5)-

When you suspect a module
1s 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 touble-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.

. If the voltages at moduie
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

o 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
screws,

Trouble-Shooting & Maintenance




4. Remove fuse and check
with an ohmmeter.

Lh

. 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 & Maxmenance

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-

3 3 T s nae
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




& & & SYSTEMPROGRAMMING d P O

11305 Programmer

The TI305 programmer (Fig-
ure 3-1) provides the pro-

a Frr thoa

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
insguctions.

= 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. Yon
can order TISOFT and the TI-
SOFT User's Manual (part
number PC305-6201). A
Data Communications Unit is
alsc 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 1o 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-
1ance 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.

In load mode, you can record
a program in CPU memory
onto a cassette iape, 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

AT\R

This LED is on when an ad-
dress is being displayed

SHF

This LED is on when you
press SHFE. The illuminated
LED means that future key
functions correspond to the
labels above the selected kev

HAw sl ULl AN Y.

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 tum-
ing controlier power off.
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Address/Duta \ [
Dsplay -
b =
LA TA .
Cata/Register RUN BATT
Kaye \ PWR CPU & =D
S
T
300
O o &
"’."’P‘."“’m
A oo w2
/
awich ™ | S——
(RUNPRGALOAD)

P —

CHECK allows you to verify
that a program was success-
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-

ry.

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.

e @ QIO Alla

Edit Keys

DEL when a program instruc-
ton is displayed in the ad-
dress/data area, pressing DEL
PRV deletes that instruction
from CPU memory.

Figure 3-1 TI305 Programmer

INS allows you 10 insert logic
instructions between existing
logic instructions.

ENT completes a logic entry.

CLR clears previously en-
tered instructions.

T TV g |
SHE 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
poiats), for a memory ad-
dress.

PRV causes the previous
memory address or instruc-
ton 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

Data/Register Keys

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

QN/OFF 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




CPU is on when there is an
internal hardware fault.

Address/Reference Display is
a four-digit display showing
the location of either the

an address is displayed, peri-
ods appear at the bottom right
comer of each digit, and the
ADR LED is on.

Example: 0.0.0.1.

Programmer Functions

Table 3-1 lists the functions,

the keystrokes required to en-
ter them, and the modes in
which the function can be

memory address or the pro-

performed. Function Ta-
grammed instruction. When od

tions are fully explained in
sections that follow the table.

grammer Functions

Table 3-1 TI305
Function Keystrokes Mode
RUN PRG LOAD

Go 1o Run mode. Tum mode select switch to the RUN position. .
Go to Program mode (PRG). Turn mode select switch to the PRG position . .
Clear memory. CLR SHF 3 4 8 DEL NXT .
Go to 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. Display the instruction to delete and press

DEI. PRV .
insert End. CLR SHF INS NXT .
Search for a specific Display address by entering
instruction. [Instruction] SHF

: [Data] SCH
Display the instruction by pressing NXT . .

Systemn 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.

M . Cpui, P |
Timer/counter accumul

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*.

T mm

Force ttmer/counter™
accumulated valyge.

Force data register value*.

Check program grammar.
Cassette Operation

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 fMemory 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

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 0 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.

18 Turbo Refrigerating Company 6/94
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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.
Dispiay 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.

Displaving Address 0
Dis

Press SHF NXT at any time.

Displaving 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

3 P P . |
first available location (end

statement).

Changing From Address
Display To Instruction
Dispiay

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 steps:

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 to be
inserted.

3. Enter the new instruction;
for example: AND SHF 4.

. Press INS. The address
display shows a lower case
i in the left digit of the
display.

3. Press NXT to confirm the
insert. The display shows
the address of the next
instruction.

4

these steps:

1. Place the mode selector
swi_tch in the PRG

posidon.

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
Temaining instructions
automatically back up one
address lacation taward

S Al wERAL/LL AL VY G

0.0.0.0. 1o 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

1 1 Al ansad Lo
group of eight, is indicated by

Hluminated L. EDs.

1. Place the mode selector
switch in the RUN
positon.
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Figure 3-3 Timer/Counter Accumulated Value Display

2. Select the reference to be

moritored. For example,
to monitor input 6, press
SHF 6.

. Press MON. The dicnl

Ay
iy A V4 4ilv Waopiay

shows a character
followed by the lowest
reference in that group.
From the example in step
2, the vaiue 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 eighi LEDs. I/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 accumuiated 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
iluminated. = Accumulated
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 valye
of data register 400, press R
4 0 0 MON. The value of
the data register is displayed

in the address/data arca.

Sys_tem Programming




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
CIR R 4 0 0 MON

or

timer/counter reference
CIR R 6 0 0 MON

. Change the value of the
specified timer/counter
reference or the specified
data register by pressing:

data register
SHF New Value ENT

nr

ra

timer/counter reference
SHF New Value ENT

earching

The search operation allows
you to locate logic instruc-
tons or reference numbers
{contact poinis) 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.

. 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 15

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

wrang arnnnd tn mamare

ST Sl L AL Y

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

eyl Ay v A AASNE RhA

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 1o 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
1o the end of the program,
it wraps around to memory
address zero nntl a
contact point-address

match is detected.

iforins A ram

Checking Status Of

I/O Designators

To check the status of the I/O
designators:

1. Place the mode selector
switch in the RUN
positon

2. Select reference to be
monitored by pressing
SHF and the beginning
memory reference number
and pressing MON. The

1 h o e
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 statas of
16 references. The first
eight LEDs represent the

stams of the group with

AL L Al VY Aual

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.

6/94 Turbo Refrigerating Company 21




4. Pressing the CLR clears
the monitor display.

Example of monitoring
reference 105, press:

SHF 1 0 5 MON

The Address/Data area
displays 100. The
instruction/numeric LEDs
tells you the status of

NN oy T
references 100 through

107, and 110 through 117,
If the LED display is as
shown in Figure 34, you
can determine that
references 101, 106, 110,
114, and 117 are on.

J

0 4 0 4
* @
1 5 15
[ ]
2 6 2 6
|
3 7 3 7
-
L‘E—l?? 110-117

¥

Checking T/C Accumulated
Value

To check the timer/counter
accumulated valge:

1. Place the mode selector

switch in the RUN
positdon.

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
LED:s representing the last
two digits of the timer or
counter is illuminated in

16 LED iamps display i
statusos from 100 1o 2117

Figure 3-4 Example Of Monitoring

/O Reference Status
N e B 4 0 a4 )
_1 1 _1e 2;5 st o
D— ~ i 5 1 5 imar/counie:
Exampie of number are
} } deplayed.
Tune Displayed 2 6 2 3 Example:
n0.1 s8c, 17 of numbar 617
increments i 3h
3 ? 3 7
LS
| —— o
10-70 0-7

Figure 3-5 Example Of Monitoring
T/C Accumulated Value

22 Turbo Refrigerating Company 6/94

the instruction/nurmeric
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 153 sec-
onds;

Press SHF 6 1 7 MON.

Figure 3-5 shows the Agd-
dress/Data display and in-
struction/numeric LED dis-
play for this example
sttuation.

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

s NP
- Change the value of the

specified timer/counter
reference or the specified
data register by pressing:

A%

data register
SHF New Value ENT
or

timer/counter reference
SHF New Value ENT

System Programming




& & PROGRAMMING ERROR MESSAGES O O

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 Elil

Program verification error with cassette. E25

Cassette volume not adjusted correctly. E28

Instruction being searched for does not exist. E9%

Program Syntax Error Display Code

The reference number or a slot containing an input module was

used as an output, EQ2

Stack overflow: More than eight levels of logic have been programmed.

Check the usc of AND STR/ORSTR/MCS/MCR. EQ3

Duplicate ontput or timer/counter number. EQ5

MCS/MCR PAIRS do not match. EO6

An input contact is missing from before a CNT or SR instruction. EQ7

Missing TMR or CNT preset or shift register range. EO8

The rung does not terminate in an QUT or box instruction. EQo

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




Additional TI315 Errors " Display Code
Maximum number of high speed counter preset points exceeded. E13
Lost communication between TI315 and I/O expansion. E30
Communications framing error between TI315 and [/O expansion, E31
Communications parity error between TI315 and /O expansion. E32
I/O expansion does not respond to TI315. | E33

24  Tubo Refrigerating Company 6/9%4 Programming Error Messages




& @ CASSETTE RECORDER OPERATION d >

IMPORTANT

ms R ir

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.

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.

ntr ion

The programs used for TUR-
BO programmable controllers
may be stored on standard au-
dio cassette tapes. It is wise
0 keep a tape copy of the
program handy in the event
that the CPU either becomes
defective, or somehow loses
its memory.

Audio Cassette Recorder

This is a standard size cas-
sette tape recorder which has
a microphone jack, earphone

1 PR
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-
dic quality required and

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 function 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

should not be used. controller has AC power.
2. Tumn the mode switch on
the Programmer to the
LOAD position.
—
ADgRﬁS/ LOGIC
A =1 ——
DiSPLAY ;- e o . o P I DISPLAY
L] ounl MCS ADR
—HRESOMU— R T wm ok
ONOFF  Rur  AaT? AR I
-
STATUS | oy 3 o 5 o
UISFLAT I_ KGT SR RSI REG
= o LOGIC
DATA i '/— KEYS
OPERATION —r—:\\ « s o e |
Kevs EEMEEEN e
RuN PRG LOAD TaPE ! z 3 READ me—- FUNCTION
T - @@/5 Evs
M ——-.(@ S:) 0 o upn wRiTE
/ y
L X

;Y

PERIPHERAL JACK —/

Cassette Recorder Operation

| S———

Figure 5-1 Programmer Features

\—EDiTlNG KEYS
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3. Connect the Programmer 6.
(TAPE port) to the tape
recorder (MICROPHONE
input) with the audio cabie
(gray with red tracer).

Refer to Figure 5-2.

4. Rewind the tape to the
beginning or to the desired 7.
record position if multiple
programs are to be places
on one tape. Programs

require approximately 1.5

S SR LI ALY

to 4 minutes of tape per 8.
program. Note counter

positon.

3. For identfication of a
program, if desired, entera 9.

four digit number

(0000-9999) on the

Programmer. When tape 10
is accessed later to load

the CPU, this number can

be used 1o identify the

COITeCt program prior to

altering CPU data.

ifa

program number is not as
expected, the operator can

terminate the load

operation and get the
correct tape without foss
of the existing program or

Adjust the volume setting
on the tape recorder to
approximately 75% of the
maximum setting. If a
tone control is available,
adjust it 10 75% of the
maxirnum 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.

The ON/OFF light on the
Programmer will come on.

. When the record is

complete, the
Programmer will display
End in the Address/Data
display and the 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.

12. It is recommended that

the tape be rewound to
where the recording
began and that the
“Check A ngam”
(described later) be
performed 10 ensure data

; -
Integrity.

Load A Program Onto CPU
(READ)

1.

Prior to loading a program
onto the CPU, the existing
program must be cleared
from the CPU memory.

To do this, turn the mode
switch to the PRG mode
and press the following
key sequence:

3 EL

~r o An
CLR SHF 348

NXT NXT

The program has now
been cleared from the
CPU.

. Install the Programmer

onto the CPU. Verify that
the programmable

controller has AC power.

delay incurred by loading 11. Depress the CLR (Clear) 3. 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 1S
OPTIONAL.
——r —
Microphana
alalal=]=]=] M e 5
oooooo | e | L) O
w6 22255 | | g ——
eC
Loader | - ¢ 28800 :‘“““'E HEREER
305C—08RS | Earphone jack  Cassette tape recorder

__________ ~

Figure 5-2 Writing From Controller To Tape
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4.

= LAlaj UL SLiw

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).

i »
Adingct the Velnmn Scmg

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 3, the Address/Data
screen of the programmer
will display PASS.

Cassente Recorder Operation

12. When the load is
complete with no errars,
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. Tumn 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

ed program. Enter
the program identification
numbser (if previousty
recorded).

record

th

- Adjust the volume setting
on the tape recorderto
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
ﬂ_ﬂ_sh an E2R birnafly

At N UJ-LVI.LJ -

. The LED corresponding to

the 7/REG on the lower
right hand side of the
Programmer will light

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
1s 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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& & TI305 QUICK REFERENCE GUIDE d >

External TMR/CNT Memory

Mamory M:"lfzs 1330 Mam“315 Reference Ranges
Functions Ref Dec  Ref Dec TI325/TI330 = 647-677
VO Points 000-157 112 000-137 9g TI315 = 600-623
700-767 56
Control relays Shift and Data Register References

Non-retentive  160-337 112 140277 g6 . .

Retentive 340-373 28 300372 50 * Shift register references 400-577 are
Shift registars 400-577* 128 140-372 155 discrete references. Data register
Timers/counters  600-677 64 800823 20 references 400-577 are byte references
Sequencers 600-677 64 600823 20 (T1325/T1330 onty).

Data registers 400-577+ 64 N/A
Speclal Function Relays
Set retentive control relays 3732
- First scan reset 374
Programming Error Messages 0.1 second clock 575
d -g g Disable all outputs 376
E01  Programming error Batiery staius 377
E02  Data/memory reference error Set 0.01 second timer 7701
EO03  Stack overflow Extemnal diagnostic coil 7711
EO5  OQutput or TMR/CNT duplicated
E07  CNT or SR missing element .
EOB  TMR, CNT, or SR missing value Accumulator is < 772!
E0S  Rung not complete Accumulator is = 7731
E11  Memory full (RAM) Accumulator is » 7741
E21  Memory parity error Accumulator carry/borrow 7751
E25  Tape/CPU verify error Accumulator is zero 77861
E28  Records volume level incorrect Accumulator overflow 777
E99 L”smr':tn'f;ebﬁ:gg searched not in ' Valid in T1325/T1330 modeis only,
g Y 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 instrucion= 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

TI305 Quick

Reference Guide
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Data instructions

F50 (D*STR)
F51 (D*STR1)
F52 (D*STR2)
F53 (D*STR3)
F55 (D*STRS)
FE0 (D*OUT)

F&1 (D°OUT1)
F62 (D*OUT)
F63 (D*OUT3)

F65 (D*QUTS)

F70 (CMP)
F71 (ADD)
F72 (SUB)
F73 (MUL) -

Load 2 bytes into accumulator
Load 1 byte into accumulator
Load high bits into accumulatar
Load low 4 bits intc accumulator
Load 18/md! into accumulator
Write accumulator to 2-byte
reference

Write accumulator {low byte) 1o
1-byte reference

Write accumulator (low 4 bits) to
1-byte reference (high 4 bits)
Write accumulator (low 4 bits) to
1-byte referance (low 4 bits)
V¥rite accumuiator to 16/mdi {out)
Compare 2-byte reference/4-digit
constant to accumulator

Add 2-byte reference/4-digit
constant to accumulator
Subtract 2.bwre reference/d-digit
constant from accumulator
Multiply 2-byte reference/d-digit
constant by accumuiator

F74 (DIV)

F75 (D°AND)
F76 (D'OR)
F80 (SR)

F81 {SL)
F82 (DEC)

F83 (ENC)

F84 (INV)
F85 (BIN)
F86 (BCD)
F20 (FAULT)

Divide accumulator by 2-byte
reference 4-digit constant

Bit AND 2-byts reference/4-digit
constant with accumulator

Bit OR 2-byte reference/4-digit
constant with accumulator
Accurnulator shift right “n” times
Accumutator shift left “n” times
Accumulator {low 4 bits) are
decoded to a decimal number. A
“1* is placed in the correspending
bit in the accumuiator (1 -15}
Accumuiator {1 bit

on) is encodsd

to & 4-bit code representing the
decimal number 1-15

Logically invert accumulator
Convert BCD to binary
Convert binary to BCD

Display BCD number on
programmer display

Notes: Al Math instructions use BCD format.
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 rasult.

TI325/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 5 g
2 2 2
™ [=] —
Jumper 1 IEJ . D D
u)
Jumper 2 D ’g, D
[=] — [=]
Dipswitch Functions
Dipswitch 1 On Retain coils
Clear coils
Dipswitch 2 On CMOS memory
Off PROM memory

30 Turbo Refrigerating Company 6/94

Memo!
TI330 Speciﬁca;:ycns
3.7k 3.7k
Switch RAM EPROM
ON OFF
Dipswiich 2 N
JIK
Jumper 1 D
IR
Jumper 2 D D
[=]
Jumper 3 d ] o
TI305 Quick Reference Guide




® & & & vopEL33sBM0CPU @ d O >

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

CPI_T conficuration (refar tn

SrAAliim el S RALAL  \AWAWL BAJ

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-
patbility, 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.
nce  programmed, an
EEPROM can be removed
and used in any 335/340 CPU
as required. If desired, you
can disable the 335/340 CP

from wiiting 0 the
EEPROM.

You can edit the EEPROM
with TISOFT or the HHP.
While editing 2 program in
the PRG mode, the editing re-

sult is temporarily stored in’

RAM. Afier 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 lsted 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

Fr i S
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  ingmll an
EEPROM in your 335/3

CPU.

Note:

If you are installing an
EEPROM and intend to keep
the user program cumrently 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.

|98

.4
- Insert the EEPROM,

aligning the notches on the
EEPROM and the socket.
Refer to Figure 7-1.

I

- Check that aii pins are
seated properly in the
socket,

5. Set Switch 2, Positdon 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
pOWwer on.
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Mode After Power-Up

If no HHP or DCU is con-
nected to the paraliel 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 is

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-
tons Manual (PPX;305-
8102) for details.

CR340-373 can be retentive
or non-retentive. Retentive
memory will retain the last
staie through a power cycle.
Set switch 2, position 2 in the
ON position to make CR340-

373 rPrPnﬁvc; OFE far nAan

AR 10y “AAL AU LRI

retentive. Refer to Table 7-2.

n /
Sanery
4
BERR
= | | &4 b
— B | b
EPROM Socket
U
Hel 1
i
3
‘ ]
L | =
Figure 7-1 EPROM/EEPROM Socket Location

Table 7-1 Selecting Memory Type

"RAM EEPROM | EEPROM ~ EPROM '
| | rite Protectad
Memory IC Bocket [Empty 28C64 Installed 28C64 Installed 270256 Installeg
Switch 2 123 4 12 3 4 1 2 3 4 12 3 4
ONir rir: e ON Frr ey ON Epl I o'l ] ON i &M
o | HH || HHHE| | o BEEE | HER
Jumper Pin 12; ‘__Lza 1 2 3 T 2 3
B = - | TES - (e | ey
Table 7-2 Selecting Retentive Control Relays
| CR 340-378
Switch 8
32 Turbo Refrigerating Company 6/94 Model 335/340 CPU







Read Safety Section before this section. Failure to carefully follow these instructions
could result in permanent injurv 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,
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