WARNING

ACCESSING THE WATLOW SERIES 942
PROGRAMMERS SETUP MENU OR CHANGING
ANY OF THE FACTORIES PRESET VALUES WILL
EFFECT THE OPERATION OF THE CHAMBER AND

- WILLVOID ANY WARRANTY.
CHANGING ANY OF THESE VALUES WILL

VOID ANY WARRANTIES.
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Congratulations on purchasing a Tenney Environmental {est chamber. We truly hope that every aspect
of design and quality will measure up to your striclest standards. Your chamber has been designed to
operaie with the reliability you expect for the demands you impose on your product and research testing.

Your environmental test chamber incorporates many different engineering technologies. Tenney
Engineers have designed even the most complex chambers to operate in a way that {he customer can
competently understand, configure, and maintain. Anytime you have & guestion, you can phope, fax, or
E-mail our dedicated service staff. Their diverse experiénCe and knowledge will gt you the ahswers you
need. We have put the Parts And Service Inquiries section int the front of the manuat for your

convenience.

Like our test chambers, this manual has been designed with the custorner in mind. Section General gives
a brief overview of the chamber specifications, while the remaining sections detail the different functions
and operating conditions and procedures. In the rear of the manual you'll find the Supplemental
Instructions Section filted with a variety of information. As applicable ta the chamber, this section
includes separate vendor user manuals and cut-sheets, expanded instruction and informaticn sections,
drawings, tables, data shests, the test inspection repor, and the warranty. It is extremely important that
you read the entire manual and alf of the information contained therein before operating your equipment.

You must adhere fo'the warnings and safety procedures listed throughout this manual as well as io those
listed in the vendor user manuals and cut-sheets. Failure to follow the warnings, safety procedures

and proper operating procedures listed throughout the manuals could result in damaged
equipment, personal injury, or death.

NER NP ORTANE WARNIL

YOUR POWER SUPPLY LINE VOLTAGE MAY BE TOO LOW, OR TOO HIGH TO

_ PROPERLY AND SAFELY OPERATE YOUR CHAMBER.
BEFORE. MAK!NG THE POWER SUPPLY CONNECTION T0O YOUR CHAMBER,
YOU MUST FOLLOW THE SF’I?CIFIC D[RECf]ONS‘STATED UNDER
“POWER CONNECTION" ﬂ\! THE [-EJSTALLAfION INSTRUCTIONS SECT]ON.

FAILING TO PERFORM THE DIRECTIONS STATED MAY VOID YOUR WARRANTY!

Tannou ininr Teat Chambers: Models TJR & TUJR. W842 or WF4 Page 2
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" Tennev.lunior Test Chambers: Models TUR & TUJR WR42 or WF4

FENIND 1 N WA T 0 0

Application:

This manual applies to the following reach-in temperature test chambers, which employ a capiliary tube
type refrigeration system, '

4 - Modei TJR: Tenney Junior - Benchtop Unit ;

¢ Model T-U JR: Tenney Junior - Upright Unit

Environmental Conditioning Functions:

¢ Temperature conditions are attained by recirculating chamber air through a refrigerated cooling
coil and opén air nichrome wire heater elements. Non-CFC refrigerants are used in the

refrigeration systems of alt Tenney chambers.

¢ Air circulation is generated by a propeller type fan, which is directly driven by an extémally
mounted motor,

4 The chamber is equipped with a cascade refrigeration system, which employs two semi-hermetic
compressors. This is a multiple design, consisting of a low stage system and a high stage
- systern. Both are integrated in a highly efficient design to permit extreme low temperatures fo be
attained. This is accomplished by utilizing a cascade condenser in the low stage, where low
stage refrigerant is cooled and condensed by high stage refrigerant. An air-cooled condenser 5.

used in the high stag=.

Specifications:
4 Temperature Range:. -75 to +200 degrees Celsius, 0.3 degrees Celsius

. t
4 Workspace: 15-5/8"W x 11"D x 11-3/4"H (40W x 28D x 30H Centimeters)

Temperature Coniroller:

One of the following temperature controllers is employed with the Tenney Junior. The type used is
indicated on the cover of the manual. .

Temperature conditions are controlled by a Watlow 942 {ime/temperature profiling contrqller.
Profile operations include 24 step pregram capability, timeftemperature profile - rate, or fime -
based programmiing, guaranteed soak deviation, and program fooping. The W42 can also be .

used for simple single, or fixed set point operation.

4

An RTD sensor is used for temperature measurement. Dual outputs are configured in the time
- proportioned, On/Off, or switched de modes. Two optional auxitiary outputs can be set up as

alarms, or time-based events, Optional retransmit output allows retransmitting set point, or

process variable. Data communications is optional using RS232/R5423, RS422, EiA-485, or

[EEE interface.

Page 3
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v (Alternate Controlfer) Temperature canditions are controlied by a Watlow F4 Controller. Most
chambers will utilize a one channel Mode! F4S. However, some appiications will utilize a two
channel_Model F4D. The F4 is a powerful time / temperature profiling controller designed for
demanding ramp and soak appfications. Up fo 256 sieps can bs programmed into as many as 40
variable-length, nameable profiies. A four line high definition LCD interface display enhances
quided software to make profile programming and controller configuration faster and easier. A
16-bit microprocessor provides this operational versatiity, along with precise process control.
The F4 can also function as a static set peint controller. £]A-232 and EIA-485 serial

communications with Modbus RTU protoco! is standard.

Chamber & Product Over/Under Temperature Protection:

ter fuse. Product overfunder

utput from the main controlier. The
be used for redundant product

in a comprehensive alarm and

Chamber overtemperaiure protection is provided with a heat fimi
temperature protection may be provided with an optional alarm @
optional TempGard IV feature with the Watfow 93 Controller may
over/under temperature protection. These devices are canfigured

shutdown circuit.

Additional Options:

que optians such as boast heating, boost cooling
and a chart recorder. Watlow 842
ten chambers.

Your Tenney chamber may include many other uni
using CO, or LN?, a purge air system using compressed air or GN,,
Controllers may include LinkTenn software thai enables a computer to control up to

AS you can seg, Tenney Environmentaf Test Chambers are diversified tools designed to encompass a
wide range of operating conditions and functions. if you come upor any guestions as you confinue on
through the manual, please contact our Service Deparfment.

Tanney hininr Tast Chamhare: Madele TR 2 TILIR  wWo42 ar WF4 Fage 4
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10.

11.

Tannau uninr Tact Chambarss  Madals TJR & TILIR  WG42 nr WF4

Read the entire Tenney / Lunaire instruction manual as well as the vendor manuals and cut-
sheets provided, before operating this chamiber! Failure to adhere {o the safety warnings, or
to follow the proper operating procedures listed throughout the manuals and information
provided, could cause damage to your equipment, personal injury, or death.

Do not use this chamber in any manner not specified in this manual. Improper use may
impair the safety features employed. :

Only Certified service personnel should ever be permitted to perform any service related
procedure on this chambert

A main power disconnect is not provided with your chamber. We recommend that a fused
disconnect switch on a separate branch circuit be instalfed as the power source to your
chamber, in accordance with all nationai and local electrical codes. If your chamber is
equipped with a power cord and plug, you must utilize a receptacle with the appropriate
rating, which is on a branch circuit of its own. Opening the branch circuit breaker{s) in the
test chamber H8eSmBEao AR hambeT _

Installation of chamber: Do not position the chamber in a manner that would make it
dif_ﬁcult to operate your main power disconnect swiich.

" Electrical enclosures, gauge boxes, conditioning compartment, etc., centain exposed

electrical connections. Disconnect and Lock-Out / Tag-Out al! electrical power from the
facility at its source before servicing or cleaning.

Do not attempt any service or adjustment to any electrical or mechanical compenents during

operation.
Keep panels in place properly wien the chamber is in operation.

This_chamber is not.explosion proof, The air conditioning section contains low mass, open
wire heating elements. Due to this low mass, the heater elements can raadily attain
temperatures sufficiently high to ignite gas vapors. Do not install test articles that may
release explosive or flammable vapors in the chamber. '

Refrigerants under high pressure are used. Service of the refrigeration system must only be
carried out by a qualified refrigeration mechanic. :

Human exposure to temperature extremes can cause injury. Take appropriate precautions
before opening chamber doors and upon handling test specimens. ) :

Page 5



IMPORTANT! - - WARNING LABEL DEFINITIONS

The following intermnational warning labeis may be used on your eguipment.
Deiﬂniticns of each label symbol are provided below.

“WARNING OF DANGEROUS “WARNING OF HAZARDOUS AREA”

ELECTRIC VOLTAGE"

EARTH (GROUND) PROTECTIVE

“WARNING OF HOT SURFACE”
- CONDUCTOR TERMINAL
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-inspecticn. Any claims for damage must start at the receiving point.
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Read this section completely before attempting to install, or operate the equipment.

Delivery: inspect equipment and shipping crate immediately upon receipt. If any damage is apparent,
you shouid discuss it with the trucking delivery person, and contact the transportaiion company

immediately. Make notes of any damage on the Bill Of Lading. Retain ail shipping materials for
Check packing slip carefulty and

make sure all materials have been received as indicated on the packing ticket. Uniess otherwise noted,

YOUR ORDER HAS BEEN SHIFFED COMPLETE.

¥ __ ALL chambers and machinery skids should be handled and transported in an upright
position. They must never be carried on their back, front, or any side.

%Jmmwl‘ﬁlﬂ% Inspect the circulation fan inside the chamber. This fan is driven by a motor that is’
the motor is pushed cut of vertical alignment.

mounted in isolation bushings. Sometimes during shipping,
If this has occurred, the fan blade will strike the casing. Cure the interference by pushing the motor back
into alignment on its rubber mounts. However, be sure that the shipping abuse was not so great thatthe

extension shaft on the fan has been hent.

installation of Ghamber: Your equipment has been fully operated, tested, and balanced in our piant
prior to shipment, unless notified otherwise. Foflow the installation requirements below.

¢ Chamber Weight: Approximately 260 (bs.

4 Environmental Specifications (For CE European Marked Chambers Only):

Pollution Degree 2, Installation Category Il

here is good air ventilation,

¢ Ventilation: Thé chamber should be instalied in an area where't
gen any wall

especially if an air-cooied condenser is used. Allow a minimum of 18 inches betw
and chamber side. ‘ T

Do not position the chamber in a manner that would make it difficult to operate your main
power disconnect switch. See “Power Connection” balow.

4% Make sure the chamberis leveled when set up.

Air Supply Connection:: -Your chamber will require a compressed air supply for the Purge Air System
option, or for the Dry Air for Dehumidification (humidified chambers only!!) option. The supply should
range from 80 PSIG min. to 100 PSIG max. Make sure that the air supply is clean (relatively oil free) and
the connection is secure. Reference the corresponding “Optional” section in this manual, or your

chamber specifications for maore detajls.

GN, Connection:  Your chamber will require a supply of gasecus nitregen (GN,) for the Purge Air ‘
System (using GN,) option. The supply may range up to 100 PSIG maximum. Make sure the connection
fon in this manual, or your chamber specifications

is secure. Reference the comesponding “Optional” sect
for mare details.

j?; - - Gaseous hitrogen displacés oxygen. Make sure the area surrounding the chamber is
well ventilated to dilute the gas vented from the chamber vent port checkvalve!

Tanney finiar Test Chambers:  Models TIR & TUJR. W842 or WF4 Page 8
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LN,/ CO, Connection: Your chamber will require a supply of liquid nitrogen (LN,), or liquid carbon
dioxide {CO,) for the Boost Cooling option. When LN, is used, the supply may range up to 40 PSIG
maximum. When using CO,, the supply will be rated for either up to 300 PSIG, or up 10 1000 PSIG,
depending on which option is purchased. Make sure the connection is secure. Reference the
corresponding "Optional™ section in this manual, or your chamber specifications for more defails.

- The gases from these systems displace oxygen. Make sure the area surrounding the
chamber is weil ventiiated to dilute the gas vented from the chamber vent port

checkvalvel .

Electrical Specifications: 18 A Max., 100/120V, 50/60Hz, 1PH

Your main power fused disconnect switch should be fused at 20 Amps.

Power Connection:

-~ BEFORE MAKING THE POWER SUPPLY CONNECTION 7O YCOUR CHAMBER
YOU MUST DO THE FOLLOWING:

1. Verify the power supply voitage rating established for your chamber. Tae voltage rating is listed
above. It is also found on the serial tag on the side of the chamber.
Please note the rated value here:

2. Measure and record the voltage source you intend to supply your bhamber_with. Piease note the
measured value here: - .

Go to the following manual section entitled “Line Voltage”. Verify that the power supply voltage
source you measured and recorded is within the minimum and maximurmn allowable operating
voltages for your chamber rating. If it is not within this operating range, do not make the power

connection! Otherwise, erratic operation and damage may occur to your chamber which may void
your waranty. If you have any questions, please call the Lunaire Limited Service Departmpnt.

4

1 - Do not position the chamber in & manner that would make it difficult to operate your
main power disconnect switch.

© - High Accessible Current - Earth cennection essential before connecting to supply. Make
sure equipment is properly grounded in accordance with ait codes.

A main power disconnect is not provided with your chamber. We recommend that a fu:sed disconnect
switch on a separate branch circuit be installed as the power source to your chambgr, in acccrdanpe with
all national and local electrical codes. Reference your Electrical, or Power Schematic for ali electrical

reguirements.

Making The Power Supply Connection To The Chamber:

The power connection is made via a cord and plug for standard units. Connact to a receptacle that has
the appropriate power supply on a branch circuit of its own.

For special units that have the power supply hard-wired to the chamber, connect incoming lines o the
main input connections provided in the control cabinet. ,

Tarnms biminr Tact Chambaras Madele TR R TILIR  WA47 e WF4 Page 9
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" on the refrigerafion system to maintain a set temperaturs. Although
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Before Energizing Your Unif:

4 Before gnergizing any equipment give it a visual inspection for ioose components, electrical
connections, fittings, etc. Shut ali operating switches to the «gff* pasition before energizing.

4 Have trained personnel start and check out the equipment before its first cycle.

For CE European Marked Chambers Only: Chamber Fuse Type and Rating:

1FU {Qty. 1) Geuld Model GDG1/2 .5 A, 250 VAC Time-Lag

One of the most common causes of chamber maifunction is low line voltage as the power source tothe
chamber. Ordinarily in this condition, the compressor miotors would operate erratically, eventually
overheat and shut down. You must be certain that your equipment is connected to a circuit with an
adequate voltage and current source. An oversupply voltage would also cause erratic operation and

eventual shutdown, or damage to your equipmerit.

operate with a nominal 115 V, 60 Hz, 1PH power supply.

tion with 208 or 230VAC, 60 Mz supplies, or for outside
The allowsahle minimum and

Tenney Junior test chambers are designed to
Optional equipment is available fo allow opera
The United States, operation with 200, or 220 VAC, 50 Hz power supplies.
maximum voltages at each of these nominal voltages is tabulated below:

Nominal Voltage Minimum Voliage Maximum Voltage

60 Hz Power Supplies

115 : 104 127
208 108 218
230 207 253

50 Hz Power Supplies

180 220

200
242

220 198

Operation outside these limits can result in damage to the sysiem's motors.

Note: This feature is only available with the TempGard {V option.

oduced by a powered test unit, this heat must be
ternal logic of the controlier will autornatically turn
a cooling system failure is not fikely

VWhen operating with an active heat load, such as intr
removed or the chamber temperature will rise. The in

to occur, it is aiways a possibility when mechanical systems are used. in the event of a coaling system
ailure that results in an out of limit over temperature conditien, one or mere of the-system safeties will
remove power from the system. However, heating will continue if power remains applied fo the active
load. To guard against this continued heating, the product should be powered through the spare contacts
of the Master Contactor (CON) from the TempGard IV circuiley. This is described in the Alamm And .

Shutdown Circuit section.

& e RA—doin T 6 TLIITY VAMMAM e WATDE Paas 10
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re profiling controller. Profile
le - rate, or time - based
W042 can also be used for simple

Temperature conditions are controlled by a Watlow 942 time/temperatu

Uperations_inc:[ude 24 step program capability, ime/ftemperature profi
programiming, guaranteed soak deviation, and program looping. The
single, or fixed set point operation. ‘

ARIDIs useq for temperature measurement, Dual outputs aré configured in the timeproportioned,
On/Gff, or switched dc modes. Two optional auxiliary outputs can be set up as alarms, or time-based
events. Optional ratransmit output allows retransmitting set point, or process variable. Data

communications is optional using RS232/RS423, RS422, FlA-485, or IEEE interface.

Data Communications:

As an option, your chamber may include data communicafions with the main controller's serial port.
When employed, either a Data Cammunications manual, or a Computer interface manual will be
included in the Supplemental Instructions Section. As a reference, the available data types are listed and

briefly described below. Please contact g Tenney Sales Engineer for more Infoﬁglation.

wires- a single transmit wire; a single
50 féet. Only a single chamber may be
d minus 12 volts to common with

RS232C / RS423A: Both interfaces are comnpatible and use 3
receive wire: and a common line. The maximum wire length is
connected to your computer. Data signals are measured as plus an
RS232C, and plus and minus 5 volis to cormmen with RS423A.

pair; a receive pair; and a common line. Up to ten

RS422A: This inte:fat:e uses 5 wires: a fransmit
to 4,000 feet long. Data

chambers may be connected to your computer ofi a multi-drop network up
signals in each pair are measured as a plus or minus 5 volt differential.

EIA-485: This interface uses only 2 wires. Both wires are used for transmitting and receiving data, and
therefore, only one device may talk at a time. Up to 10 chambers may be connected to your computer on
a mutlti-drop network up to 4,000 feet long. Data signals are measured as 3 plus or minus 5 volt
differential. An E1A-485 card must be installed for signal conversion. :

IEEE-488: This is a parallel muiti-drop interface with several control and data lines. Each device
connected must be set to a unique address. Data from cther test devices may also be collesied. An

IEEE-488 to seral converter card is installed. Max. cable fength is approx. 33 fi.

Chamber Conditioning Control Functions:

able the controller's outputs..Closing 1SS also

The Main Power switch 155 must be turned.CON to en
various outputs.

staits the conditioner fan. The following descriptions detail the functions of the

¢ be turned ON fo activate special controi circuitry, or {0
ts that operate optional features are described in the

Event outputs are user entered outpuls that‘ mus
operate an optional feature. Descriptions of even

Options section.

frrebooar e R e S N

Qutput 1C-01 -- This time proportioned Butput will trigger triac 1TRC to conduct and provide power to

the electiic heaters.

Output 1G-02 - - This On/Off output will trigger triac 2TRC to conduct and energize the refrigeration

Pane 11
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system. The high stage compressor wiil im mediately start. The low stage COMpressor

will start after 2 siight delay from the Low Pressure Cut-in Switch PS2.

Cutput 1C-03 -~ Thisis Event No. 1, which serves as a compressor shutoff when going from a very
low to a vary high setpoint. in this scenario, any cycling of the compressors is not
desired, and a heat oversfioot is tolerated. 1C-03 contacts are normally clased. They
will open when the event is turned ON to disable the Cocling Control Outpdt.

Compressor Turn-On Logic:

In determining when to turn the refrigeration system Cn or Off, the controller’s logic will compare the

foltowing signals and setpoints.

1. Actual Chamber Temperature . 3. Hysteresis
-2 Setpoint Temperature 4. Deadband

Hysteresis (HYS) and deadband (db) are parameters entered at the factory. Hysteresis is the
temperature change necessary to change the output from full ON to full OFF, and is detailed in the Setup
Menu section in the Watlow 942 Manual. Deadband is the span in which Output 1C-02 will resnain ON
below the contraller's low setpoint, and js detailed in the Operation Menu section of ffie Watlow Manual.
HYS and db are entered in degrees Celsius, Deadband is always entered as a (-) minus. The logic is:

¢ Measured temperature rises above setpoint: Rerfrigeration tum-on = hysteresis minus deadband.
¢ Measured temperature falls below setpoint:  Turn-en is always above setpoint.

¢  Turn-off is always below setpoint: Tum-on is always above setpoint.

EXAMPLE SETTINGS FOR HYS AND db

HYS db Tum-On (Above SP)  Tum-Off (Below SP)
Standard 4 -3 1 3
5 -3 2 3
5 1 4 1
No Good . 3 0 3 0

the top line in the above examples. It is
these settings are not subject to “cold
n EEROM, not hattery-

Chambers are shipped with HYS = 4, and db =- 3, as shown on
unlikely a change to these settings will be required. Fortunately,
start” defautt, and will remain valid after a power interruption. They are held i

bhacked RAM.

Controiler Configuration:

The pre-prcgrammed Wailow 942 conﬁgurétion for your chamber is documenied in the Test Report,
which is focated in the Supplemental Instructions Section. For complete programming information on the

controfler; pigase refer to the controllers User Manual located in the same section.

important! The configuration set-up is mainly provided for your reference. Not all of the parameters
shown apply 1o your chamber. Changes fo some of the set-up parameters may drasticaily affect your
chamber performance and void your warranty. Contact the Lunaire Service Depariment before

. attemnpting any changes.

ammene Iimine Toct Chamherss Madels TIR & TILR  W942 or WF4 Page 12
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" blocks for the ramping profiles. These include Autostait, Ramp Time, Ram

~ Ramp Tims;

TENMNEY ENVIRONMENTAL

The Watlow F4 Controlfer is a pawerful time / temperature profiling contraller designed for demanding
ramp and soak applications. Most temperature-only applications utilize a singie channel Model F4S.
Special designs may utilize a two channel Modei F4D. A 16-bit microprocessor provides simplified
versatility with precise process control. The F4 can also function as & static set point controller. A four
line high definition LCD intesface display enhances guided software to make profile programming and
controller configuration faster and easier. The Information Key is a unigue feature that allows a wealth of

information to be accessed about any feature or parameter. .

Standard Features:

Many features are packed into the standard Model F4. Temperature measurement is made with & 100
ohm platinum RTD sensor. Control output types include dual solid state relays, and dual switched dc.
Dual alarm outputs consist of Form “C" electromechanicat relays, which can be programmed as process

or deviation alarms.

Four digital event inputs can be programmed to remotely start, pause or terminate any of your
preprogrammed process recipes. Eight digital event outputs are segment programmable, or three of
them can be assigned to programmable compressor and hoost heat / boost cool control. A real time

clock (with battery backup) can be used to start a prefiie at any fime.

F4 Data Communications: ,
Data communications utilizes EIA-232 and EIA-485 serial interface with Modbus RTU protocot. Modbus
RTU enables a computer or PLC fo read and write directly io registers containing the controiler's

‘parameters. These data interface types are briefly described below.

RS232C / R3423A: Both interfaces are compatible and use 3 wires: a single transmit wire; a single
receive wire: and-a common line. The maxifum wire length is 50 feet. Only a single chamber may be
connected fo your computer. Data signals are measured as plus and minus 12 volts to common with -

 RS232C, and plus and minus 5 volts to common with RS4Z3A.

EiA-485: This interface uses only 2 wires. Both wires are used for transmitting and receiving data, and
therefore, only one device may tak at a time. Up to 10 chambers may be connected to your computer on

a multi-drop network up to 4,000 feet long. Data signals are measured as a plus or minus 5 volt
differential.

Profiling Features:

many as 40 variable-length, nameable profiles; A profile is a

ce of steps. Six different step types provide the building
p Rate, Soak, Jump, and End.

Up to 256 steps carrbe programmed into-as
set of instructions programried as a sequen

Each step is described below.

Autostart: Pauses a profile until the specified date or day, and time (of a 24 hour clock). -

Changes the set point to a new value in a chosen period of {ime. Ramp Time is the
same for both channels of a dual-channel controfler. .

Ramp Rate:  For single channel only, changes the set point 10 a new value at a chosen rate.

Maintains the set point fram the previous step for a chosen fime in hrs/min/sec's.

Jumnp: initiates another step or profile.

Tk P lemabm e Aol T 0 TIEAEY  WAIGATY e \AIEA Paae
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- When the condition causing the emror or alarm is correcte

JENNE Y ENVIRVGIVISN § A

End: Terminates the profile in a chosen state. Alt profiles must have an End step.

not a step type) up to four events or

Ramp and sozk steps can be individually programmed to Wait For (
t be satisfied before the time clock

three different process variables. This means the wait conditions mus
and the step activily proceeds.

Dispiays, Indicator Lights, and Keys:

annei 1. Channel 2 process value can be

Upper Display: Shaws the aciual process value of Ch
sle manner. This is selectable in Process

alternately displayed in a time selecta
Display of the Go Ta Setup Menu.

operation, and programming. A Cursor (>)
t value in memory. A Scrofl Bar appears
formation. Channel 2 process value

Lower Display: Displays information abeut the setup,
indicates the sefected parameter or presen

when the Up or Down keys can reveal more in
is accessible here.

Active Outpuls: Lit when the corresponding channel output is aclive.
Alarm Outputs: Lit during an alarm state.
Communications; Lit {pulsates) when valid data is sent or received.

Profile Indicator. ~ Run/Held status; Lit when a ramping profile runs. When
blinking, profile is on hold. When not lit, the controlter

operates as a static set point controller.

indicator Lighis:

(Profile Run/Hold) Summans a menu that allows you to start, hold, resume or
terminate a profile. ' S

Profile Key:

Provides information in the Lower Display about the cursor-selected paramieier.
Another press toggles the display hack to the parameter.

information Key;

Up(A), Down(¥)  Move Up/increase, Move Down/Decrease

Movement Keys: ‘ :
hoice to the right of the cursor

Right > Key (Next) Move right to select the ¢
and proceed to the next screen.
Left < Key (Back Out) Move leftto exit.

+

To Ciear an Alarm or Error:

In an alarm condition, an alarm message will appear on the Main Page (if this option has been selected
on the Setup Page). Ta silence it, move the curser to the alarm message and press the Right Key >. A

pop-up message. will confirm the silencing of the afarm, and the indicator light will go off.

d, retumn fo the error or alarm message on the

Main Page, and press the Right Key again. A pop-up message confirms the alaim is unlatched.

Cascade Temperature Gontrol (Optional):

MNote: Tenney chambers are setup to run in the “No_Cascade” mode because of the many variations ir§

customer products that require special tining with this option.

Process Cascade control and Deviation Cascade control dre available as an option on Channel 1. The
primary purpose of cascade control is ta get the product to ihie desired temperature in the quickest
manner. Both types of cascade control simultaneously measure the conditioned air supply temperature
(Anaiog Input 1) and the product temperature (Analog Input 3). Typically, when product conditioning is
started, the product temperature is ata level higher or lower than the conditioned air supply {process air)
being discharged into the chamber. The product temperature Input 3 takes precedence over the process:
air temperature input 3 untif the product temperature approaches a certain vajue. This value maybe a

PID value.in Process Cascade, or a deviation limit in Deviation Cascade.

Page 14
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Chamber Conditioning Control Functions:

The folicwing descriptions detail the fupctions of the various F4 oufputs. Event outputs (user entered;} are
provided mainly for special applications. These features are normally described in the “Cptions” section

of the manual.

AR

Qutput 1A - - This rtime proportioned oulput will trigger triac 1TTRC to conduct and provide 'powerto
the electric healers, '

This digital On/Off ouiput will energize sofid state relay SSRx and a control rela;;r, which
triggers triac 2TRC to conduct and provide power to the entire refrigeration system. The
high stage compressor will immediately start. The low stage compressor will start after

a slight delay from the Low Pressure Cut-In Swifch PS2.

Dig. Out #8 - -

Note: Digital Output No. 8 serves as a Compressor Confrol cutput, which can save
wear on a compressor and prevent it from locking up from short cycling. Compressor
On % Power sets the power level that will switch this output (compressor & control
circuitry) on. Compressor Off % Power sets the power level that will switch the

compressor off.

The compressor(s} will not turn on until the oufput power exceeds the Compressor On -
% Power for a time longer than the Gompressor On Delay. The compressor wiil not fum
off until the output power exceeds the Compressor Off % Power for a time langer than

the Compressor Off Delay.

Controlier Configuration:

The pre-programmed Watlow F4 configuration for your chamber is documented in the Test Report, whi
is Jocated in the Supplemental Instructions Section. For complete programming information an the
Watlow F4, please refer to the Watlow F4 User's Manual located in the same section. The User Profile

Sheet in the F4 manual should be copied and used for planning profiles.

ch

Importantl The configuration set-upis mainiy' provided for your reference. Not ali of the parameters
shown apply to your chamber. Changes to some of the set-up parameters may drastically affect your
chamber performance and void your warranty. Contact the Lunaire Service Department before.

attemnpting any changes.

Paae 15_
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Note: This descripticn applies to standard chambers without the CE Mark (European).

A heat fimiter fuse is provided to protect the chamber against overtemperature conditions. |t is mounted
to. the heater elemeni bracket in the conditioning plenum at the top of the workspace. The heater limiter
wiil permanentiy open and remove power from the heater elements when a temperature of -
approximately 221°C is reached. Once it opens it must be replaced.

..... Y L4

8 ! Before replacing the heat limiter, you must disconnect your power supply cord and
plu_g from the_power supply receptacle. If your chamber is hard wired, you must open the closest
main pewer disconnect switch. Lockout / Tagout dll electrical power to the chamber before

proceeding. Read the description below before attempting to replace the heat limiter.

Heat Limiter Description:

pper forked terminals on bath ends. 1 is wired
ached to a heater element mounting stud, and
nut. This. end hangs in free air to the left of
heat limiter connects the two forked

f approximately 221°C is reached, the
nthe one end. As &

This 1% long device has a white ceramic body with two ¢0
in series with the heating elements, having one terminal att
the other connected to the neutral line with an 8-32 bolt and
ihe heater bracket. A copper metal strip on ihe back side of the
terminals and carries the heater current. When a temperature 0
copper strip will separate from the heat limiter body at the soldered connection 0

result, power is removed from the heater elements.

Removing the Heat Limiter:

2. Remove the conditioner (plenum) cover at the top of the workspace by removing the four mounting

SCTews.

2. Remove the heater bracket from the pienum ceiling by removing the two mounting Screws located
at both ends. Once the screws are removed, the bracket can be left to hang. ‘

0. 8-32 nut that secures the one end to the heater -

3.  Remove the heat limiter by loosening the N
e opposite end io the

elernent mounting stud, and the No. 8-32 balt/nut assembly that secures th
neutral wire. '

4. As youinstall the new heat limiter, take great care in your replacement procedure! Make sure -

all connéections are secure.

ployed. This option uses a Watlow

Note: The heat limiter is not used when the Boost Heat option is em
that section for details.

147 Limit Controller for overtemperature protection. Please reference

e devioin Tk A levnbheres Madalea T IO § TIID MAIDAT Ar WAEA Paqe 16
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important Note: This description only applies to CE Marked (European) chambers!

the chamber against overtemperature conditions.

A Heat Limiter (thermal cutoff} is provided to protect
a smalt white ceramic terminal

Thisis an a_\xial leaded one shot protection device that is mounted in
block. it is :_ns_taEIed in the conditioning pienum &t the top of the workspace.
The Heat Limiter will perrmanently open and remave power from the heater elements when the

surrounding air temperature reaches 240°C. Once it opens it must be replaced. .

cord and
e closest

{ Before replacing the heat limiter, you must disconnect your power supply
r supply receptacle, If your chamber is hard wired, you must open th

ect.switch. Lockout / Tagout all-efectrical power to the chamber before
ce the heat limiter.

plug from the powe
main power disconn
proceeding. Read the description below-before attempting to repla

Replacing the Heat Limiter:

1. Remove the conditioner (plenum) cover at the top of the workspace by removing the four mounting

SCrews.

2. Remove the heater bracket from the plenum ceiling by removing the two mounting screws located

at both ends. Once the screws are removed, the bracket can be left to hang.

3. Remove the heat limiter from the white terminal block by loosening the corresponding screws in

the block.

4. Asyou install the new heat limiter, take great care in your replacement procedure! Make sure

all connections are Secure.

onis emplo'yed'. This option uses a Watlow

Note: The heat limiter is not used when the Boost Heat opti
ference that section for details.

147 Limit Contraller for overtemperature protection. Please re

Page 17
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Heating of the chamber is accomplished with the use of apen air low mass nichrome wire heating
d response to the controller's demands.

elements. These elements have low thermal lag and provide rapi >
The slements are mounted in the conditicning section (plenum). They are isolated from the workspace {0
prevent direct radiation to the product. The heater bank is rated 500 Watts, consisting of two 250 Wait

element racks.

Heater Control;

The heaters are controlled by a time proportioned cutput from the main controiler. This output triggers a

triac to conduct and provide power to the elements.

Note: When the optional Boost Heat feature is provided, please reference the corresponding *Options™

section for a complete description.

Page 18
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Capillary Tube Contrel Description:

g length of seamliess copper tubing with

This system employs capillary tube type refrigerant conirel. A fon
tube acts as an automatic throttle in

a smail internal diameter is used to feed the Evaporator Coil. The
controliing refrigerant pressure and flow to the Evaporator Coll. WR the compressor funning, a high
pressure is maintained on the infet to the capillary tube, and a low pressure is maintained in the
Evaporator Cail. The pressures will balance when the compressor is tumned off. This places a low stariing
load on the compressor motor when turned back on. A fine fitter, or filter-drier is provided at €ach
capillary tube inlet fo remove moisture and dirt from the refrigerant.

Basic System Description:

ge and a high stage system. These systems
Is. This is accompiished by utilizing a
t is cooled and condensed by the high

This is a muliipie refrigeration system consisting of a low sta
are integrated to efficiently provide very low temperature leve
cascade condenser in the low stage, where low stage refrigeran

stage refrigerant, The cooled low stage refrigerant now has greater cooling capacity in the chamber
Evaporator Coil.

The low stage system includes the compressor, the cascade condenser, an expansion tank, and the

Evaporator Coil located in the chamber conditioning section.

Refrigerant flow in the low stage is from the compressor as a hot compressed gas and then through a
desuperheater where most of the heat of compression is removed. The desupearheater is part of the high
stage air cooled condenser. As a cooled gas, i then flows to the cascade condenser where it condenses
to liquid form by heat exchange with circulating high stage refrigerant. The liquid refrigerant flows
through a drier assembiy, and is metered through a capillary fube to the evaporator cooling coil in the
chamber conditiening section. Warm chamber air circulates through the cooling coil, and heat exchange
occurs as the liquid refrigerant boils, vaporizes, and absorbs heat. The vapoiized refrigerant returns to

the compressor through the suction line. The cycle is repeated.

4

The high stage system includes the compressor, an air cooled condenser, and a suction line accurnulator

to guasd against liquid refrigerant reium to the compressor.

Refrigerant Fiow:
pressor as a hot compressed gas, to the air cooled

condenser where the gas coals and condenses te liquid form. it then flows to the cascade condenser,
heing metered by a capillary tube. In the cascade condenser, high stage refrigerant absorbs heat from
the circulaiing low stage refrigerant. As it absorbs heat, the high stage refrigerant boils and vaporizes. it
then returns 1o the compressor through the suction line accumufator SLA. The cycle is repeated, ’

Refrigerant flow in the high stage is from the com

e U OO TR S T U T S e R L VIR AN A= VATTA Paae 19
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Low Pressure Cut-in Switch PS2;

The low stage cdmpressor will start after a slight delay from the Low Pressure Cut-In Swilch PS?, which
monitors the suction pressure in the high stage compressor. This swiich will close when the suclion
pressure reaches 20 PSIG. This delay prevents both compressors from hitting the power line at the same

instant.

High Pressure Cut-In Switch PS1:

An Arificial Loading solenoid valve SV will be energized by the High Pressure Cut-in Switch P81, when
low stage compressor head pressures reaches.280 PSI. This action dumps refrigerant info the expansicn

tank for storage unti the pressure drogis to 240 PSL.

Compressor Motor Overioads:

A motor overload protective device is installed in the windings of pach compressor, which will open if the
motor windings exceed a preset temperature. Probable causes are insufficient flow across the motor.due
to a refrigerant loss, or a failure of the liquid injection valve provided for suction gas cooling. The mator

overload wiil autornatically reset and restart the compressor after the motor has cooled.

NOTE: Flease reference the section entitled “Servicing CaéCade Refrigeration Systems” for a more:
detailed description.

Tennev Junicr Test Chambers:  Models TUR & TUJR, W942 or WF4 Page 20



A Silence switch 35S is provided to disable the aia
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A comprehensive alarm and shutdown circuit may be provided for protection against product overfunder

temperature. This optional feature ulilizes a Watlow 83 Coniroller configured as a TempGard IV
temperature protector, The Watlow 93 is a micreprocessor based controller that incorporates
nrogrammable high and low temperature limits. A one hundred ohm platinum RTD is used for
temperature measurement. It is placed at the plenum in the downsiream airflow, which is the most
responsive area of the chamber. '

r be included on the main Eiecﬁ‘]cal

An electrical schematic of the TempGard 1V circuitry will eithe
nstructions Section.

Schematic, or be on a separate drawing in the Supplementat !

Circuit Operation:

rature is within the sefected setpaints, the white NORMAL light 2LT is illuminated
of CON provide power to the conditioning control
d for the customer’s closure, It is recommended

VWhen chamber tempe
and Master Contactor CON is energized. The contacts
circuitry. Note: A spare set of CON contacts are provide
that these contacts be used to energize an active heat load if utilized.

When a preset temperature limit is reached within the Watlow 93, the alarm contacts TG will open and

‘deenergize CON, which causes the following to occur.

4 Power is removed from the main temperature controljer and conditioning circuitry. .

&  Alarm buzzer sounds.

Gard IV panel will illuminate. The lower display

¢ Alarm and Chamber Overterp lights on the Temp
larm message, e.g., AH! and Hl, or ALO & LO.

of the Watlow 93 will blink with the corresponding &

& to an alarm condition, power is only -

SRABKIRTEE When Master Contactor CON is deenergized du ,
removed from the conditioning contral circuitry. The instrumentation and afarm circuitry will stiil be

energized! :

rm buzzer while corrective action is taken. When 355

i activated, the white Silence light 5LT will lluminate. When conditions are corr{ected, you must reset

the chamber power systemt.

RESET:
trolter control circuitry, press the Chamber Power

To reset the alarm circuitry and the main con
r switch also serves as a Reset switch.}

switch on the TempGard IV panel. (The Powe

he system was successfully reset with the Power

Important: |f the alarm buzzer was disabled and {
rt the operator to place the sifence swilch 35S inif’s

switch 2585, the alarm buzzer will now sound to ale
off position.

rouit to provide for automatic start when power is applied

A 1.5 second timer TC is included in fhe reset ci
 reset each time that power is removed and reapplied.

to the system. This avoids the need for a manua

s detailed in the section entitled Watlow 93 - TempGard'

The configuration for the TempGard IV option i
ow 93 user manual for complete details of the

IV Configuration & Use. Please refarance the Watlo
controlier, which is found in the Supplemertal lnstmctions Section.

e imior Tt Chambare: Madole TID 2 THID  AAQ47 ar WEA Page 21
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temperature alarm setpoints with the
d Shutdown Circuit described earlier.

Thﬁ: purpose of this section is o explain how o set your low & high
optional TempGard [V. This feature is part of the optional Alanm Ad

Normal Conditions: When conditions are within the alarm setpoints, the upper display of the Watlow

93 will indicate the process temperature (normaily in degrees Celsius), and the lower display will be
blank. Temperature measurements are made with a 10 ohm piatinumn RTD sensor.

Alarm Setpoint Entry Procedure: Disreqard parameters not tisted. (You will be in the Operation iMenu.)

to scroll fo the Alarm Low (ALO) parameter

¢ Press the Advance Key (key with two curved arows)
the desired fow alarm setpoint (upper display).

{lower display). Use the Up / Down arrow keys to set

4 Press the Advance Key io scroll to the Alam High (AH1) parameter lower display). Use the Up/
Down arow keys to set the desired high alarm setpoint (upper display).

nue scrolling with the Advance Key unti the Alarm

] After setting the low and high limit values, conti
e lower display. 1t will go blank after a few seconds.

Low setpoint that vou just entered appears in th

you must press the “M" key to scroll.in any mentu.

Note: On the old style Watlow 965 Controller,

Alarm Conditions:. When an out of limit condition occurs, the lower display will flash *Hi" or “LO™

Reset switch, or the Chamber Power

Important: When the alanm has cleared, you must press gither the
the TempGard IV panel.

switch (Models TJR & TUJR only). Both switches are on

nce only. It has already been configured. Do not

Setup Menu: The Setup Menu is provided for refere
uch as when you need to change controllers.

change any values unless circumstances demand it, s

and the Down Arow keys simultaneously. Setup

meter values appear in the upper display. Press the
for the Low Range Limit (L) and the High Range Limit
per, minus and plus 4 degrees, respectively.

To access the Setup Menu, press the Up Ariow
parameters are shown in the lower display. Para
Advance key to scroll through the menu. Values
{rH) are the low and high temperature ratings of your cham

SETUP MENU: WATLOW 93 - TEMPGARD IV
~Value . Value
1 PrA |
rd 1
(default) nLA
_ " (default)
Low Limit minus 4 deg. l din
High Limit plus 4 deg. OFF
bt 100
(default) Pro
Page 22
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feature, which includes exira heatars to

As an option, your chamber may be equipped with the boost heat
tically turn on if a preset time delay

provid_e rapid.inc_:regses in temperature. The boost heat will automa
relay times out, indicating that the desired temperature has not been achieved.

As heat output of the main controller energizes the main heater bank, it will at the same time energize
mercury relay MR, which provides power

time delay relay TC. When this relay times out it will energize meic

to the boost heaters. .

he Heat Limiter fuse is not used. In iis place, a Woatlow 147 Limit Controlter 178 18
vertemperature condition. This controller is an

d scate for selecting the high limit temperature
red LED on the Watlow 147 will illuminate in an
ature measurement, Note: The high fimit is

With this opfion t
used to monitor and protect the chamber against an o
open board type with an adjustable dial and a calibrate
setpoint. 1t is instailed inside the main control panegl. A
alarm condition. A Type T thermocouple is used for temper.
preset at the factery and should never be changed.

1738 contacts will be closed to energize contactor CON.
th both the existing heater elements and the boost heater
riemperature condition, 1TS will open to deenergize -

When the temperature is below the preset limit,
Separate contacts of CON are wired in sefies wi
elements. When the Watlow 147 detects an ove
CON and all heaters,

The boost heat option is available in a 500 W, and & 1000 W version. A coresponding electrical
schematic would be included with each type.

Pane 23
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ng system utitizing efther liquid nitrogen
ply may range up to 40 PSIG maximum.
IG, or up to 1000 PSIG, depending on

As an option, your chamber may be equipped with & boost cooli
(LN,), or liquid carbon dioxide (CO,). When LN, is used, the sup
When using CQ,, the supply wiil be rated for either up to 300 PS
which option is purchased.

Warning! The gases from these systems displace oxygen. Make sure the area surrounding the
chamber is well ventilated o diiute the gas vented from the chamber vent port checkvaive!

activate the system. For the event
i ist label affixed to the side of the
fy the event number assigned before

An Event output from the main controller must be turned ON to
number assigned to this option, reference the Event / Function
chamber, or your controlier Setup page in the Test Report. Veri
operating your chamber.-

QOperation:

The boost cooling circuitry can be only be activated when the controiler’s heat output is in the OFF state.
Control relay CR is used to either enable or disable the boost cooling circuitry, based on the heat output
status. Turning ON the Boost Cooling Event will activate a ten sacond on-delay timer TC. Afierten
seconds, solenoid valve SOL will energize and open to permit the injection of LN, / CO, info the

chamber.

h a manually set flow adjusting valve, which permits the adjustment of
nitrogen flow to aveid incomplete evaporation at varying LN, supply pressures. Incompiete evaporation

of nitrogen may damage the door gasket. A seiting of 4 turns open generally provides good
performance at a supply pressure of 20 to 25 PSIG, This valve may be readjusted as necessary o

accommodate the supply pressure al the end use point.

LN, systems are provided wit

CO, systems are provided with a manually set flow adjusting valve, which permits the adjustment of
carbon dioxide fiow to avoid incomplete evaporation at varying CO, supply pressures. incomplete
evaporation of carbon dioxide may damage the door gasket. This setting will vary, depending on the
optional supply pressure used, The valve may be readjusted as necessary to accornmodate the supply

pressure at the end use point. !

Maaen DA



TENNEY ENVIRONMENTAL

As an option, your chamber may be equipped with a purge air systemn utiiizing either compressed air, or
gaseous nitrogen (GN,). When compressed air is-used, the supply-must range from 83 PSIG min. to 100
PSIG max. It should be relatively oil free. When GN, is used, the supply may range up to 100 PSIG max.

Warning! Gaseous nitrogen displaces oxygen. Make sure the area surrounding the chamber is wel
ventilated to difute the gas vented from the chamber vent port checkvalve!

An Event output frorm the main contraller must be turned ON to activate the system. For the dvent
number assigned ta this optior, reference the Event / Function List label affixed to the side of the
chamber, or your controller Setup page in the Test Report. Verify the event number assigned before

operating your chamber.

Compressed Air w/Dryer Purge:

This system incorporates a heatless desiccant dryer for the generation of a controlied flow of dry air into
the chamber. When activated, the Event output will energize Solid State Relay SSRx, which then
energizes the dryer and the Purge Air solenoid valve ASOL.

The dryer Is a twin tower heatless desiccant type that is self regenerating. Each desiccant tower
(chamber) contains a compression packed molecular sieve. As the compressed air passes through the
sieve, moisture is picked up by the desiccant. The dried air is released through an outlef port and
injected into the test chamber's conditioning airflow through solenoid valve ASOL. A small portion of the
dried air is passed through a sized orifice {o the other tower to purge the desiccant of moisture coilected
during the previous cycle. There are four distinct phases of the heatless dryer where the compressed air
is alternately cycled and dried in each of the two desiccant towers This is all controlled by integral timers

and sotenoid valves within the dryer,

A metering valve anrd flowmeter is supplied as part of the system to establish the design purge flow. The
valve should be adjusted until the indicated flow is about 300 cubic feet per hour.

’

GN, Purge:

The GN, purge system is primarily utilized to provide an inert atmosphere which minimizes the buildup of
moisture and prevents condensation on the product under test. Eliminating the oxygen in the chamber air

helps prevent corrosion of the product under test.

When activated, the Event output will energize Solid State Relay SSRx, which then energizes and cpens
the GNSOL solenoid valve fo paimit the injection of GN,. A metering valve and flowmeter is supplied as
part of the system {o establish the design purge flow. The valve should beadjusted undil the indicated -

flow is abouf 300 cubic feet per hour.

As an option, your chamber may be provided with either a circular or strip type chart recorder to record
{emperature versus time. This recorder is typically.a one pen type which also digitally displays the
process value. A 100 ohm platinum RTD is used for temperature measurement and is normally placed in

the pienum of the chamber.
The recnrder canﬁgﬁraﬁon is documnented in the Test Repert, which is located in the Supplementai

Instructions Section. For complete details on the operation of the recorder, please reference the
recorder’s users manual which is [ocated in the same section.

Tanney luniar Test Chambers: Models TIR & TR WO4% nr WF4 Pape 25
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aire Limited. LinkTenn software is
complete control of Tenngy and Lunaire
icating through a RS232/RS422 interface
Up to ten chambers may be controlled

Welcome to another unigue optional feature developed by L.un
desigred to operate on-a remote computer system and provide
Environmental test chambers. This is accomplished by commun
with the VersaTenn [ll or Watlow 942, 945, and 988 Controllers.
from one computer with RS422 interface.

LinkTenn software is provided both in a DOS format and in a Windows format on 3% inch disketies. In
the DOS format, “LinkTenn II" software is designed to work with the VersaTenn IIf Coniroller, and

“| inkTenn 942" software is designed to work with the Watlow 942 Controller. In the Windows format,
“LinkTenn For Windows” software is designed to work with the

VersaTenn 1l and the Watlow 942, 945, and 988 Controliers.

The hardware and software requirements to run LinkTenn software in hoth formats are fisted below.

DOS Format: LinkTenn il & LinkTenn 942

Any DOS based computar

256K of RAM memory

CGA graphics card

DOS 2.0 or higher

RS$232 computer interface for single chamber control

RS422 computer interface for muitiple chamber control
With JEEE-488 communications, a National Instruments PC2A or compatible card

NO ;s e

Windows Format: LinkTenn For Windows

Computer with 486 processor or higher

Eight Meg of hard drive memaory

Eight Meg of RAM memory '

Windows 3.X operating system or higher

RS232 computer interface for single chamber control

RS422 computer interface for multiple chamber control
Currently not available to work with IEEE-488 communications

Rl ol

A sample menu disptay screen entitled “Program Control” from the LinkTenn For \Nin.dows program, is
provided in the Supplemental Instructions Section. This screen shows some of the unigue features

incorporated into the program along with sample setpoints.

When LinkTenn software is provided in either format, a corresponding LinkTenn User's Meanuat will be

provided in the Supplementai Instructions Section.

Dann 7R
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} Meke sure the Instaliation Instructions have been properly followed before operating the chamber. Make
sure the power supply plug is secured in the receptacie. All-switches should be in the Off position before

starting the sequence below.

Chambers Without Watlow 93 TempGard IV Option:

1. Tumn on the power source to the chamber (Customer supplied disconnect, or circuit bredker). The
display of the main controller should be ilfuminated.

2. Make sure the door is securely closed.
3. Enter the desired temparafure program, or manual setpoints into the main controller.

4. For chambers that include an optional feature, please refer to the appropriate “Optional” manuai
_section for a detailed operational description.

5. Close the Power switch on the main controiler panel. The swilch green ON light should ittuminate.
The conditioner fan will start, and chamber conditioning will begin.

Chambers With Watlow 83 TempGard IV Option:

1. Turn on the power source to the chamber (Customer supplied discdnnec:t, or circuit breaker).

i 2. Press the Chamber Pawer pushbutton on the TempGard IV panel. The Normal light and the
displays of the main controller and the Watlow 83 should be ilfluminated.

gt

3. Make sure the door is securely closed.
4. - Enterthe desired temperature program, or manual setpoints into the main contioller.

Enter the desired high andrlow limits info the Watlow 93. Refer to the "Alarm And Shutdown _
Circuit” description, and the “TempGard [V Configuration And Use instructions” for further details.

6. For chambers that include any other option, please refer to the appropriate “Optional” manual
section for a detailed operational description.

7. Close the Power switch on the main controller panel. The switch green ON light should illuminate.
The conditioner fan will start, and chamber conditioning will begin.

tmportant Note! For complete ﬁrogramming anti/or operating instructions on any of the controllers,
electrical / mechanical components, or optional equipment, you must refer to their operaiing manuals

included with your Tenney Environmental manual.

Tennav Junicr Tast Chambers: Models TJR & TUJR. W842 or WF Page 27
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Only Certifizd service personnel should ever be perrmttﬂd to perform any service related
procadure on this chamber!

Freguency of preventive maintenance procedures depends upor how the facility is used and upan other
circumstances. Because of this, a hard and fast schedute of maintenance operations is ditficult to
present. indeed, an inflexible schedule might be suitable for one user, but completely inadeguate for
another. Therefore, we have provided periodic figures when to perform maintenance procedures hased

on the average chamber use.

We suggest that you maintain a preventive maintenance log. In this log you will record operating notes,
pressures, temperatures, and electric readings. The log is valuable because it will help maintenance and
service people by documenting fong term trends and by showing parameter levels when the chamber is

operating properly.

Since the refrigeration system is seaied and the instruments are solid state, little maintenance is required
on the temperaiure chamber. However, the following preventive maintenance steps are suggested.

ALL INTERLOCKS AND SAFETY FEATURES SHOULD BE TESTED
PERIODICALLY FOR PROPER OPERATION. ,

For air-cooled refrigeration systems, inspect the condenser coil for dust or dirt accumulation that
would impede the flow of air. A dirty condenser will decrease system efficiency and drive up
compressor head pressure, causing it to trip out. If necessary, clean with a brush or vacuum
cleaner. Frequency of cleaning depends upon the air quairty at the chamber.

" Pariod: approx. every 30 days.

For water-caoled refrigeration systems, make sure the condenser water supply is according to the
specifications listed on the Refrigeration Drawing. If a closed-loop water supply system is not
utilized and the water-out port connection is to an open drain, make sure that flow to the open drain
is not restricted. Inadequate flow will decrease system efficiency and drive up compressor head

pressure, causing it to trip out.  Period: approx. every 30 days.

3. fnspect the chamber door gasket. Check to see if the door geals tightly amund its perimeter.
Replace gasket if significant wear is evident. If the gasket doesn't show any sign of wear, check the
operation of the door latch. Adjust the door latch if necessary. Peried: approx. every 30 days.

Only after disconnecting all pewer ta the chamber, inspect and clean the conditioner fans / blower
wheels, and the condenser fans (air-cooled units). Make sure they spin freely. Make sure that the
conditioner fans / blower wheels are tight on their shafts. Period: approx. every 6 months.

5. Only after disconnecting alf power te the chamber; clean the evaporator coll in the chamber
conditioning plenum. Period: approx. every 6 monihs.

Only after disconnecting all power to the chamber, inspect inside the machinery compartment and
look for loose electrical connections, frayed wires, loose uemponents or other potential problems.

Period: approx. every 6 months.

7. Only after disconnecting all power to the chamber, inspect the electric heaters inside the chamber
conditioning plenum and lcok for sagging elements, broken insufaters, er other defects.

Period: approx. every 8 months.
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8.

If your chamber has the optionai TempGard 1V, perform the procedure below. Reference ihe
Watlow 23 - TempGard IV manual section. Period: approx. every & months. -

- a} High Seipoint: Select a temperature setpoint well below the actual workspace temperature in

the Operation Menu, The Watlow 83 must transfer to an alarm state, disabling protected cireuils.

b} Low Setpoint: Select a temperature setpoint well above the actugl wquspace tempe_ratqre in
the Operation Menu. The Watlow 93 must transfer to an aiarm state, disabling protected circuits.
¢) The alarm buzzer should sound. k

d} If customer's contact closure is used fo energize an externally pawered heat source, make sure
that the contact closure remaves power when TempGard 1V is in the alarm state.

Important Note: For complete preventative maintenance instructions or equipment_ mamtenancg
instructions on any of the instruments, electrical or mechanical cernponents, or electrical / mechamca_l
machinery and motors, you must refer to their operating manuais included with your Tenney, or Lunaire
Environmental manual. The smaller manuals and vendor cut-sheets are located in the Suppiementgl
Instructions Section. Any large manuals that could not fit into this 3-ring biue binder are sent alongside of

It

NOTES:

¢ The refigeration system is permanently sealed and a peridcﬁc oil change is NOT required.

¢ if a loss of cocling performance is hoied; imm_ediaiely check the condenser for restn’c:ted airor
water flow. : :

#  All motors are permanently lubricated; therefore, greasing or oiiing is not required.
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* Prior to the development of low boiling point refrigerants such as

TENNEY ENVIROMNMEN AL

INTRODUCTION

Note: Only Certified service personnel should ever be permitted to perform any service reiated

procedure on this chamberl

bie-shoot and repair low temperature

This information is written to help the refrigeration serviceman trou
dard refrigeration practice and is

f:ascade sgstems. it is assumed that the reader is familiar with stan
interested in the special techniques applicable to cascade systems.

Important! Please remember that the following description may differ in some respects to the
refrigeration system equipped with your particular chamber.

History:
R13 (114 deg. F) and R503 (-127 deg.
frigeration was difficult. R2Z2 was used down to -80

F), reaching ultra fow temperatures with mechanical re
d cumbersame, the machinery was subject to the

deg. F, but its system had serious drawbacks. Large an
many troubles that afflict a compound system operating at suctions as low as 23 inches of vacuum. The
modem cascade system can reach as low as -120 deg. F with suction pressures of 0 PSIG or higher.

Compact, serviceable, and reliable, today's cascade system is found on thousands of environmental test

chambers.

How it Waorks;

Two types of popular cascade systems are expansion valve and capiilary tube. The system described in

this manual is the capillary tube type.

Refrigerarits with low boiling points have correspondingly high condensing pressures at siormal ambients.
They cannot be liquefied by conventional air or water-cooled condensing units. Therefore, low
temperature refrigerants are condensed by a separate refrigeration system called “the high stage”. The
main job of the high stage in most cascade systems is to condense low stage refrigerant.

High Stage:

m having a compressor, air or water cooled
vaporator is the cascade condenser, serving the low
-50 deg. F refrigerant temperature possibie

The high stage Is a conventional single-stage syste
condenser, expansion valve, and evaporator. The €
stage. Modern systems.use R404a in the high stage, making
at 0 PSIG suction pressure. ' ‘

low Stage:

‘The low stage is-charged with refrigerant in vapor phase only fo a specified gauge pressure. When the
low-stage is idle with dll components <tahilized at 70 deg. F, it will contain no liquid refrigerant. When the
system is actjvated, the low stage compressor will pump hot gas through the discharge fine to the
de-superheater (on 1HP units only). The de-superheater {air or water-coaled) removes some haat from
the refrigerant gas, ightening the heat lcad on the cascade condenser. I eaving the de-superheater, the
gas passes through an oil separator and flows to the cascade condenser. Here it is liquefied by heat

exchange with high stage refrigerant and flows 1o the expansion valve.
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Cascade Condenser:

The cascade condenser is the high stage system’s evaporator and low stage system's condenser. {t can

-be either-tube-in-tube with the-low-stage refrigerant inthe outside tube, ortube-in-shell with the fow-stage

reirigerant in the shell,

De - Superheater (only on 1HP unitsj:

The de-superheater consists of coils as part of the high stage candenser with low stage dischérge gas
running through them. Its purpese is to remove some heat from the l(_}w stage discharge gas and thereby

lighter: the load or the high-stage system.

Evaporator Coil:

The evaporator coil is part of the low stage system in which the liquid refrigerant boils or evaporates,
absorbing heat as it changes inlo a vapor. The refrigerant flow to the evaporator is metered by a capitlary
tube type valve. _

Capiilary Tube:

A capillary tube is a length of tubing of small diameter with the intemal diameter held to extremely clase
tolerances. It is used as a fixed orifice to meter the proper feed of liquid refrigerant.

Themosiat: '

A thermestat TS is mounted on the suction return line near the low stage compressor to monitor the
temperature of the retumn gas flow. When a predatermined high temperature is reached, the thermostat
will energize the Artificial Loading solenoid 14SOL. The setting is norrnally 70 degrees Fahrenheit.

Load Limit Switch:

A high pressure cut-in sensor monitors the pressure inside the low stage compressor
and will activate the Load Limit Switch 4PS when the low stage discharge pressure reaches 280 PSIG.
This will energize the Artificial Leading solenoid 14SOL. 4PS will be deactivated when the pressure falls

to 240 PSIG.-

Artiﬁc;ial Loading:

in response to the Thermostat switch TS or the Load Limit switch 4PS, the Artificial Loading solenoid wili
inject liquid refrigerant into the suction side of the low stage. It will first enter the expansion tank where
the added volume permits the charging of additional refrigerant without increasing the standby or
charging pressure beyond workabie limits. Refrigerant gas is then sucked out of the expansion tank and
metered through a capiltary tube to the suction side of the low stage compressar. This action will
maintain a positive cool refrigerant flow to the compressoer, preventing overheating of the compressor

and the dischargs gas. ’
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Expansion Tank:

An expansion tank is provided to add volume fo the low stage. Added volume permits the charging of
additionai refrigerant-without-increasing the standby or charging pressure beyond warkable fimitsT -
Refrigerant gas is sucked out of the expansion tank during system operation. It is metered through a
capillary tube, regulafing the rate of gas entry into the system.

Frosted Lines Are Typical: :

A low-stage characteristic is frosted liquid and suction fines. In a normal cascade system, the liquid line is
always below +32 deg. F. The suction fine, retumning from a -100 deg. F evaporator, assuming 15 degree

superheat, will alse be far below freezing.

Leak Testing:

Loss of refrigerant is the most common cause of refrigeration failure. Because of temperature exiremss

~ experienced by its metal paris, the cascade system is particularly suscepiible to leaks.

Check the entire system with an electronic leak detector. If the system is empty or at low pressure, boost
pressure to 200 PSIG with inert gas (not oxygen) diluted with a percentage of high stage refrigerant. Test

again.

A leak check while the system is at low temperature, -80 deg. F or coider, is & necessity. Expansion
valve flanges, superheat adjusiment caps, and other mechanical joints should be tightened and checked
for leaks while at low temperature. : )

You may use a Halide torch to locate large leaks, but make your final test with the more sensitive

electronic teak detector. This is especially important on the low stage. The low stage is gas charged with
a relatively small quantity of refrigerant. Because of this, smail leaks can quickly incapacitate the

system.

Testing by Static Charge: '

One advantage of a gas charged system is that its tightness can be checked by periodic observation of
static or standby pressure. You must read the pressure with all parts of the system at ambient

temperature. This is important. The unit must be shut down at least 24 -
hours befors a static pressure reading is taken. To eliminate the possibility of cooling the cascade
condenser with the high-stage, pump-down cycle, all power to the unit raust be off during the shut down

period,

When reading static pressure, consider ambient temperature. Most static charge data are for a 10 deg. F
decrease in temperature. Due to a large system's considerable thermal mass, several days may be

required for all components to completely stabilize at a particular ambient.

Evacuation:

Gramnted, refrigerants R23 and R404a are ekpensive, but thera are times when charges must be
recovered. A contaminated systern must be cleaned and evacuated regardless of refrigerant expense.

If there is a possibiiity that moisture, non-condensibles, or the wrong refrigerant contaminated a system,
recover the charge and evacuate.

Select a two-stage pump capabie of pumping the system down below 200 micrans, and connect an
appropriate gauge to ready system pressure. The ordinary compound refrigeration gaugs is inadequate,
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however a thermocouple gauge is ideal. Evacuating a leaky system is an exercise in futility; therefore,

make sure the system is absolutely tight before beginning evacuation.

Charging a Low Sfage:

1. Do not charge liquid info the low stage.

2. Do not charge the system when it is below room temperature. .

3. Do not use charging hoses on very high pressure refrigerants of low stage
refrigerants. Cylinder pressure exceeds 500 PSIG. _

4, Never charge the unit when it is running.

ers fiom the conventional method.

As you will note from the above, low stage charging procedure diff
e or in the instructions. Remember, it

Caorrect charging pressure will be noted on the equipment namepiat
is important that you charge by pressure, not by volume of refrigerant.

and system. Open the cylinder valve very slowly.

Use 1/4 inch copper tube between refriéerant cylinder :
discharge gauge. When correct pressure 1S

Charge into the suction side while closely watching the ,
reached, shut off the refrigerant cylinder valve, allowing the system to equalize from 10 to 15 minutes. If
the pressure drops, crack open the cyfinder valve, and slowly raise the pressure. Always take enough
time: systems with expansion tanks connected by a capillary tube or restrictor valve may need several

minutes for gas pressure to equalize.
harging. Above all, be careful. Do not 0ver~pressuﬁza.

harging is complete. A leaky cylinder valve couid continue to
bly causing it to rupture. Do not take chances. The

Keep the refrigerant cylinder upright when ¢
Disconnect the cylinder immediately when ¢
bleed high pressure refrigerant into the system, possi
saturation pressures of low temperature refrigerants are exiremely high.
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Only Certified service personnel should sver be permitted to perform any service refated.

procedure on this chamber!

This_section does not propose to be a cornplete and comprehensive troubleshooting guide for the
serviceman. However, it attempts to help you locate the causes of possible troubles so that you can
make simple repairs or adjustments yourself. The information here should aiso hielp you in iocalizing
troubie so that you can beiter describe the malfunction when contacting the Tenney Service Department.
Refer to the appropriate electrical and refrigeraticn drawings when using these troubleshooting

suggestions.

TROUBLESHOOTING GUIDE

S

Verify - rotate by hand carefuliy! -

1. Conditioner Fan Dead Motor shaft frozen

Verify - feel for heat & measure

Defective moter
current

2. Insufficient Heat Chamber door Is ajar Close securely

Verify - measure ctirent

Oné heater element is burned out

Controller Faiture Carefully check programeming

3. No Heat Heat Limiter opened Replace

Heater elements burned outfopen Replace

Heat output failing to close ) Verify - Call Tepney Service

Triac 1TRC failed open Replace
Cpen temperaiure sensor Replace
- Replace

Triac 1TRC failed in conducting

4. Excessive Heat
* state {usual failure mode)

Heat cutput failing to open Verify - Contact Tenney Service

Short circuited temperature sensor Replace

5. Refrigeration System Dead Cooling output faj!ihg to close Verify - Contact Tenney Service

Trac 2TRC failing to condurct Replace

Wait 5 minutes, if overload does not

Compressor motar overicad
close - replace &

protector has tripped

6. Compressor hums but will Low Line Voltage Get proper electrical service

not start

Starting Capacitor is défective . Replace

Compressor relay defective Replace

measure winding resistance, test for

Infernal compresscr probiem
grounds, contact Tenney
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TROUBLESHOOTING GUIDE - Continued ~ J

7. Repeated sherting or
biowing of start capacitors

Excessive start time, voltage too
fow

Correct low line voltage prablem

§. Compressor starts, hums,
runs slowly, staying on
start winding

Low Line Voltage

Get proper electrical service

'

Compressor relay is stuck

Replace

Sherted winding

Test resistances, test for grounds,
Notify Tenney

9. Low Stage Compressar Will
Not Run

Pressure switch PS2 not closing

Contact Tenney Service

10. Low Stage Runs, But Liftle
07 No Cooling

Low stage is low on refrigerant

Have system leak tested

Artificial loading valve SV stuck
open full time

Replacs

Main cooling coll badiy frosted

Raise temperature to defrost

11, Compressor runs but cools
inefficiently

Restricted ventilation, dirty
condenser fins

Move unit away from wall, clean
condenser fins

12. Refrigeration works long or
" confinuously

Excessive heat load

Reduce load if pessibie

Ice on evaporator coil

Defrost

Low refrigerant Charge

Have charge checked by refrig.
mechanic - charges aré on iD label

13. Compressor repeatedly
trips out overload protector

Pressure switch failure !

Have refrigeration mechanic check
switches. Contact Tenney Service

14. Noisy Compressors

Compressor loose on mounts

Tighten hold down nuts

15. Neisy compressors, even
with secure hold-downs

Broken springs within compressor
housing

Replace compressor - Call Tenney
for assistance

NOTE: At site ambient temperature, if the chamber does not pull down substantially in

temperature within 15 minutes, something is wrong. Tum the chamber off. Let it normalize and defrost.
Then, try it again. If it still does not pull down to low temperature, shut it off and get technical help. A~
refrigeration system which does not cool properly should not'be run for prolonged periods. [t may have a
leak and be low on refrigerant. Since the compressor depends upon cood returning refrigerant for

cooiing, ¥ can be overheated when operated in an undercharged system.

Remember that the compressors have iniefnal overloads with autornatic reset; these are in addition to
circuit breakers. Therefore, when a compressor cuts out, it must be given time to cool so that its isiemal

protector has time to reset.
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RESISTANCE TEMPERATURE TABLE

us. INDUSTRIAL SPEC. 8 100c /R oz = 1.3911
PLATINUM RESISTANCE THERMOMETER

-PRODUCTS, INC.™
polis, Minnesola 55432 U.S.A./ TWX: 910-576-2848/ Telephone: (612)571-3121

100 OHMS AT 0°C.

TABLE

TiC)  RUOKMS) Ticr Riowus) Tich  AlpoHss) TiC)  RUJHES) [ TIC) RinHHS) Ti=l  R10A4S) Ttgy  RIDHMS) TiC! AUCKMS)
Sg00.0 17.286 |-155.n 36467 [=1lo.0 55.51 | -45,9 73.93 “20.0 LENTY 25.6  In?.89 70,0 127+50 | 115,0 144,87
-199.0 iT.70 {-154.n 37,09 |-109.0 S5.93 [ -gh,p T34 “19ep  9Z-44 2640 110428 | T1.0 127489 |116.0 145.26
~198.0 8.1 {-153.,0 37.5% {-108.0 S643% | =3 Tha'ls -1Bap g2.86 -] 27.0 110.47 T2.0 1zedze 1117.0 14564
~19Ta 1B.58 1-152.n 37,94 | -107.0 Se.73 [ ~42,0 15,15 BERL] 93,24 28,0 lil.07 73,0 128+66 [118.0 146,02
~196.0 19.01 $-153.0 38,37 |-106,0  SV.1T | -el.p 75,55 -16.n 43,63 29,0 111,48 74,0 129,05 [1i9.0  146.%]
=195.¢ 19,45 J-1Sn.0 38,79 {-105,0 ° S7.58 l-go.n  75.%6 -15.0 94,03 § 3Jg.n 111.86 | 75,6 129.4% |1ze.o  145.79
-194.0 19.89 f~lag,a 39,21 |~10400 57.99 | -5g.q 76436 “lhen 94,43 Jlen o 132,25 16,0 129.83 [12l.0 14T.LT
-193.0 20,32 §-16A,n 39,63 | «103,0 58,40 | -58,p Thall ~1349 94,81 Io.n 112,64 T7.0 130,22 [ 122.0 147,55
~192.0 20,76 [=147.0 40.06 [-102,0 58.B1 1-37,9 1T.AT -12.0 95.23 330 F1deed TE,0 130480 [ 122.0  [4T.94
~19144 21420 [-14E.0 4048 [-101.0 5342 1 -56,9 17.58 “llea 95,63 40 113443 79,0 130499 [124.0 148432
~190.0 2l.63 |-145.4 40,98 {-100.0 5%.5¢ | -55.y 17.98 -1k 4,02 . 113,82 49,8 131.34  i25.0 IsB.70
~185.0 22407 [=1d4.n 4l.32 [ -99,0 60.05 ] -34.q 78,39 -9, Gb.42 368 11%.21 Bl.d  133.7T [126,0 (49.08
-188.9 22459 [-143.0 41,74 | -9B.0 tasst | -53.p 78.79 «Bad 96.82 LI TS 82,0 132,15 | 127.0  14%.47
-187.¢ 22,34 | ~l4gZ.n 42,16 ¢ 97,0 bo.81 [ -57,9 73.19 ~7en ?7.22 Ja.a 145.00 B1.0  132.5% | 12B.0  149.85.
I T: 108 23.37 |~l41.0 A2.59 | -S68.0 81428 | -5, 79.64 ~Bed 97.62 17,8 115.39 84,0 132.93 [129.0 1S0.21
~18549 23.8n0 f-l40,0 43.01 [ -95.0 61469 | 50,18 80,00 “5.0 98,81 40,6 115.78 85,0  133.32 {130,0 156.61
18429 2é.24 |=139,0 43,43 1 =949 6210 | -49,9 84440 —hap 98,41 41,8 11&.18 86,0 133.76 [ 1310 154.9%
=1B349 24447 [~138.n 43,85 | =91, 62451 ] -4d.0 80.81 -31.n 98.81 42,0 116.57 7.0 134.09 |132.0 151.37
=182.0 25.1n | ~137.n 44,27 { 92,0 62.92 | ~a7,0 B1.21 2.5 @9.21 43,0 116.96 98,0 13448 [133,0 i5t.T6
~iglen 25.5s | =136.0 44,69 1 91,9 63433 | =ib.p H1,81 -149 59,50 ba.n 117,35 89,0  134.85 {134.0 152.14
~180+0 25,97 f-135.9 45.10 [ -90.0 63.74 | -a5.p 82.0% 0.0 100.00 8500 . 111,74 90,0 135.2% [135.0 152452
~179.0 26440 [-134,0 45.52 | ~89.¢ Bhuld [ maa,n HZ. 42 1en 100.40 46,0 H15.13 91,0  135.64 | 136,86 152,90
~1TB.¢ 26,83 | -133.0 45,98 | -88.0 64458 | =43,p 8z,b2 2.0 100,79 s7.0 113,53 92,6 136,02 | 13T.0 153,28
=177 27426 1 =130 46436 | =87,0 84407 1 nigLgp 83.22 30 1.9 4R 11a,92 53,0 . 136.4) | 136,0 153,66
“176.0 27,69 {131 .0 46,78 | -B6.0 65,38 | a4y ,0 b3, 62 aa0 10159 4gon 119,30 4,0 136,79 §139,0  15k.04
~iT5.0 2B.t2 | -13n.0 47,20 | ~85,0 &5.T9 [ 400 Haatd S.0 10L.96 50,08 119.7¢8 95,0  137.18 [ 140.0 154,42
=17éa0 28,55 | =12%.0 4T,62 | «84.0 5624 | =39.9 A4,43 " 6.0 In2.38 5{.n 120,89 96,0 137.57 | 1al.8 154,80
=173.0 28,98 | ~i2B.n 48,03 | -83,p G&esl | -38.0 84,83 Teh o 1n2.78 52,8 120,48 .0 JAT495 | 142.0 155,18
-172a0 29.4] | =12T.n 48,45 | -Bz,q 67402 | -3T.0 g85.213 8.0 1017 51,0 12p.87 98,5 138.3% [ 43,0 155.5¢
=171l.0 Z9.8% [ ~126.N 48,87} =Hl,0 67442 [ =36.0 a5.43 G.n  103.57 Sa.p 121.26 9.0 13B:72 | 1ak,0 155.94
~170.0 30.27 {~12%.0 49,28 | -80.0 6T«B3 | -35,¢ Be.03 10.0 103,96 55.0 121.6%5 100,0 139,31 145,90 19832
899 3T [ 12400 49,70 1 «79,0 BEL24 [ 3449 85,43 1.0 10436 56.0. 122,04 | 101,0 139,49 [146.0 156.7C
=168.0 A.13 | =123.0 .12 | -78.0 68455 | -33,0 Bb.84 1240 104,75 57.0  122.41 | 102.0  119.88 | 14T.0 157.08
-187.0 3.56 (~l322.0 50,53 =T7.0 a9.nt { -32.¢ "BT.24 1340 165,15 SR, 122.82 103,40 140426 148.0 157446
=166.0 .98 |=121.0 50.95 | «T6.4 6%+48 { =31 .9 HY, 64 lhan 1n5.55 5.0 123.21 104,0 160,465 149,06 157,84

1 -165.g 32,41 |-120.8 51,37 [ =75.0 69.87 | -30.0° 88,94 15.0  105.9% 62,0  123.60 | 105,.0  141.03 }150,0 158.22

i wlB4ag 32,84 [=118.0 51.78 § =74.0 TOA2E | 29,9 W84 lee0 106.34% 61,0  123.9% |196,0 14i.62 J15L,0 198460
16340 33.27 | ~l18a.0 G2.20 -Ti.o0 T8 =28.0 88,84 17«0 1a6.73 4z.p 184,38 107, 0 141.80 152.0 158,98
~162+0 33.6% |~ 17.n sa.61 | -T2.¢ 7109 | «a7,0 89,24 18.0  197.13 810 124,77 | 18B.0 147.19 {153.0 159.3¢
-161s2 26,32 {-115.p 83.03 | -11.4 T1a50° ) -26.p 49,64 19.9 187.%52 be,n 125.16 11090 142,57 [154.0 199.74
-160.0 34,54 [~115.,0.  53.44 | =704 Ti.90 | -p5.p 99,04 20+0  187.92 85.p 125,55 |1laco  142.95 J155.0 §60.12
=159.9 34,97 [ -114.0 53.86 | -89,9 T2«3l | =24.b G044 2leg 108,31 65,0 125,94 f111,0 143.3% |[156,0 168.58
“158.9 A5.40 [-113.0 54,21 | b 12.72 { -21,3 9p,84 z2ep  1DB.TH 67 126,33 | 1iZup 143,72 {157.0 109.67_
~1579 35,82 [ ~112.9 S4.68 | ~67.0 T3.32 } ~22.4 91.24 23«0 10910 BR,0 " 126.72 | 113.0  T44eil [158B.0  161.35
~]15640 36,25 | =t1la0 65,30 | -b6.0 73.5) | ~21,0 91ba _J 2448 109449 69,0 [27.11 | 1l%.0  144.49 [ (59,6 161.83

.

l_T(C* R tOHMS) Floy  RiDHMS) TiC)  RfoMMS) TICH  RIOHHS) r TIC)  RIOBMSY Tic)  R{OHYS) 14C)  RLOHMS) TICY  AIOHMS)
tboso 162,41 | 205.0 178491 § 250,0  195.57 | 295.0 212400 346D 228,39 | 385.n 244,14 | 430,0 250.86 | 475,80 275.34
161es 182,39 | 206.0 179,26 | 25,0  195.9% [ 96,9 212.34 361,40  P2B.55 | 38,0 244,50 [ 43i.0 260421 | 476.0 275.68
152.9 162,77 | 207.0  1T9.66 | 252,¢ 1961 P 2970 212.73 - 2k240 228,91 387.0  244.85 f 432,080  2b60.53 [477.0 2TH.02
163.0 163,14 § 20B.0 180,03 | 253.0 196.66 | 298.n 213,09 34300 229.26 | 3BA.0  245.20 [ 423.0  260.90 | aT8.0  276.26
18§40 163,52 [ 200,90  100.48 | 254.0 197404 [ 299.¢ 213445 344e0  229.62 | IB9,0  245.55 | 44,0  261.25 | 479.0 27670
165,00 163,70 [ 210.0 180,77 | 2%5.0 197441 | Jgg.0  213.3] 345.0  229.98 | 399.0 245,90 | 435,80 261,59 |480.0 277405
166en  dba,za f 231.0  181.15) 25600 197.78 | 3pl.0  21aaLT Tebag 230,33 | 393.0  246.75 | 436,90 261,94 1sgl.o 277.39
167.5 164,65 | 212.0 1B1.52 | 25T,0 98415 | 3p2.0 216.54 36740 RIBLAT | 392,00  246.50 fa3T.0  262.20 [4B2.0  277.73
18840 165,03 ] 213.0 161,89 | 258,0  198.51 { mi.e 214,99 3aB.0  231.04 | 393.0 24695 | 4380  252.63 | &B3.0 27E.07
16940 165,41 [ 214,80  1B226 259,08 198.88 | g4, 215,26 34940 2314 | I%h.0  247.31 | 439,00  262.98 |4pe.p 27841
1700  165.79 | 215,40 182,863 | 260.0 © ]199.25 | 345,4 215.62 350.0 231,76 f 395,0  2aT.66 | 480,0 263432 [ 85,0  27B.T5
I71en 166,16 | 216.0  183.01 ] 261.0  199.61 | 3p6,0 215,98 A53e0 23211 § 396.0  24B.0l F 4RL.0 2EI.ET | ABG.0  279.09
172«0 166,54 | 217.0 183,38 | 252,0  199.98 | 07,0 216.34 352i0  232.4T [ 397.0 248,36 | 442.0 264,01 | #8T,0 279,43
173va 168,92 § 216.0 103,75 263,0  Z00.34 | JE,0  2i6.70 353.0  2I2.82 | I98.0  243.71 | 443.0  2&A.36 | hBB.0  2TV.TT
1740 167,29 [ 219.6 18412 § 264,80 200.7% | 3p9.0  217.06 3560 233418 § 399,0 249.06 | A%4.0 264470 [ 489.0 280.11
175.0 167.67 | 220.0 184,49 ] 265,0 201,08 | 210,80 2[7.42 356.0 233.54 | 400.0  249.4% [ 445,00  265.85 | 490.0 200.45
1T6.9 168,05 | 22]1.0 184,86 | 266,80  2pledk [ 31,0 217479 3560 233,89 | 40,0 249.76 | 4M6,0  265.39 [49l.0 2BL.79
177T.0 168,42 | 222,6 185,23 | 267.0  201.81 | 312.4 218415 35T.g 2.5 | 402.¢ 250.11 | 447,0  265.74 | 52,4 EB1.13
178.0  148.80 | 223.0 185.60 | 268, 202417 }3fa.p 2i8.51 3580 234.60 | 403.0 250,45 | 448,0 2a6.08 [ 493.0  2BL4AT
E79¢0 169,17 [ 224.0 185,98 § 269.0  20Z.5% | 3)4.0 218.57 35940 234,94 § 404,00  250.83 ) 449,00  286.50 | 4g94,0  PB1.80
l80va0 189,55 | 225.0 186,35 | 2To.0  202.w0 35,9 2i9.23 60«0 23531 | 405.0 251.16 | 450,08 266.77 [ 98,0 282.14
181.c 189,93 | 226.0 186.72 | 271.0  263.27 {3jesg 219.59 36len 235467 | A06.0 251,51 | #51.0  267.11 | 496.0  2B2.48
182.0 170,30 | 227,80 187,09 | 272.0  203.64 [ 217.0 219.95 362.0 2a02 | 407,0 251.56 ; 452,0  267.46 { 4GT,0 2B2.B82
183.0  170.68 | 228.0  1B7.46 | 273.0 204400 [ 8.0 220431 363.0 236437 | 408,0 252.21 | 453,0 267.8p [agslo 283,16
1B4.p  17l.p5 | 229,n 18T.83 | 274,80 204.37 [2319,0 229.67 366.0 236,731 | 405,84  252.56 | 454,0 268415 | 499,0 263,50
185,59 171,43 23p.0  188.20 | 27S.0  204.73 [320,0 221.03 365:p 237.p8 | Alj.0  252.92 | 455.¢  263.49 | 5go.n  283.8%
l86.s 171,80 [ 231,0 188,571 276,0  205.0% | 32l.0 221.38 66,0 ZIT. k4 1 253,25 | 4Sk.0  268.83 | s5pi.0 284418
1BTaa.  172.18 | 232,0 1868.94 [ 277,0  20S.4t |3pa.¢ 221.74 3670 237.79 253.50 | 357.0 268.18 [ 5p2.0 2B 5)
188.0 172,55 | 233.0 129,21 | 278,0  205.82 |323,9 222,16 288.0  23B.15 | 413.5 253,95 | 498,0 269,52 | 5¢3,0 284,85
18940 172,93 | 234.0 18968 ] 2796 206439 [3zé.0  222.46 369.0  238.54 | 4la.0 254230 | 459,40 269,86 [ 54,0 285.19

17T3.30 235,0 190.05 | 280,90 206455 | 325,p 222,682 AT4.0 238. 85 A15,0 ~ 254,65 | #60,0 27023 | 5050 2A5.53
173,68 1 236.0 190.42 § 281,00 206292 [ 3p6.p 223,18 37140 239421 § 416.n 255,00 | 461.0  270.55 [ Se6.0 285487
[74.05 | 237,0 190.78 | 282.0 207.28 | 327.0 223454 3720 EW.56 | ¢1T.p 255.34 ] 462.0  270.89 | 5p7.0 286.Z0
174442 | 238,0 191,05 | 283.0  207«6% | I2g.p 222.9% 373.0 239491 | #is.0 255.69 | 463,00  271.2% | SpB.0 285,54
174,80 239.n 191.52 | zB4.0 208.0l | 329,080 224426 37%e0 280,27 | 4iG.n  756.0% | &6A.0 271.58 | spv.p 2086.88
175.18 | 2Zho.0 191,89 | 2850 208437 | 330.0 224,61 375.0  240.67 | 420,60 256,39 | 465,08  271.92 | 5l0.0 RET.Z2
175.55 [ 241.0 192,26 [ 286,84 208474 | 31,0 224,97 3TE+0 240,57 F 421,0 256.7T4 | 456,0 272426 | Si1.0 28T.35
1%7.0 175.92 | 242,0 192,63 | 267.,0 209.1¢ {332,0 229,12 3T7.0 241,33 | 422,0 257.08 | 46T.¢ p72.61 | 512.0 2E87.8%
19B,0 176,30 | 243.0 193.00 | 288,0 20946 | 333.0 225, 69 3ITH«  24L. 58 | 423,60  257.43 | 486,0  272.95 | 513.0 2608.23
19%.0 176,67 | 244.0 193,37 | 269.0  209.82 [ T3k.0 226,08 TSy 242402 | 424,0 257.TB | 469,0 273.29 | S14.0 28,56
§°°-0 177.06 | 2#5,¢0 193.73| 200.0  210.19 | 335,00 225,40 IBH.0 242,33 § 425,p 258413 | 4T0.0 273463 | $iS.0 208,90
0lan 177,42 | 24640 194210 291.0 219455 | 3360 228276 ABYeq 242 T4 | 42B.0  25BeAT [ #7l.p  272.87 | 'mig.0  2¥0.24
BO0Tag 177,79 | 24T.0 194,47 292.0 ¢ 210481 | 3a7.p 22112 3820 243,09 | 427.0  258.82 | 4720 278.32 | §17.0  209.57
203,09 178,16 | -246.0 ° 194,84 | 293.0 Pl1.28 | 33,0 227,48 382,0. 243,44 | 42800 25917 § 471.0  2T4.06 | 518.0 2089491
2h4.p §TE.54 | 245.0  195.21 | 2%4.0  Z1i.54 [ 339,00 227.23 38440 243,79 | 429.6 259,51 | 4Th.0  275.00 } 519.0 290.25
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ON and OFF Switch

Controiler

Watlow 942

made by Watlow Controls
Phone 507-454-5380

The ON and OFF switch only controls the circuits describad
below. It does rot disconnect power. The only way to
disconnect all power is to disconnect the power cord,

Circuits energized by the On switch

1. fan motor for conditionar

2. pilot fight

3. Amms temperature oufput #1 which arms the heating
elements, relay 1CR, and the artificial ioading valve.

4. Arms output # 2, which energizes the high-stage compressor,
allows the low-stage cut-in switch to start the low-stage
compressor, and energizes the coil o relay 1CR (This refay’s
contacts then reduce heater power from 500 to 250 watis, and
simultaneously piacs the artificial loading valve under command
of the controller’s output #1. In this configuration, when the

controller cails for heat, the controller energizes the 250-watt

heater and simultaneously opens the artificial roadng valve to
rechics rafngeratzon capacity). :

The Watlow 942 is a sophisticated device, capable of
exscuting & number of complicated tasks. A great deal of
information must be transmitted through a limited display. As a
resuft, many messages in the display are written in a form of
alphanumeric shorthand. It is important that you understand
the meaning of the symbols. This informaticn js presented in
the Watlow manual.

. We will give you the basic concepts, but you will need the
Watlow mantal for the details and more esoteric information.

We suggest that you start with chapter 5,
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REFRIGERATION CHARGE AND SET-UP
High stage: 14 az; Low stage: 78 psig @ 72° F

PRESSURE SWITCHES
Low stage: suction @ 20 psi
By-pass (to prevent high head pressure);
reieases at 280 psi,

performance.

In addiion to ordinary cleanirg, oiling hinges, and
general housekeeping maintenance, we suggest a few simpie,
periodic preventive maintenance measures.

The reftigeration compressors are hermetically sealed,
intenally sprung, and are not user serviceable. However,
examine them occasionally, making sure they are weil secured
and that vibration has not chafed pressurs or suction fines.

Be sure each starting capacitor, relay, and thermal overload are
firmly clipped in place on the hermetic unit,

Onca or twice a year, clean the condenser caif with a
vacuum cleaner and brush. Frequency of cleaning depends
upon the dustiness of your location. To get at the coil, remove

- the right panel.

As required, clean the inside of the chamber. Carefully
clean the blades of the conditioner fan. Tennay's Humiclean is
an exceflent metal cleaner for use in all environmentai chambers
and is available from our service depariment,

Inspect the door seals, making sure the door closes
tightly. Even the smallest ieak can degrada thermal

Make sure the chamber has not been pushed intc a

tight comer where its refrigeration system cannot breathe, Also,
see that it is not operating on an extension cord, and finally,

maka sure the chamber is well grounded,

Electrical

Measurement

Item Resistance
Compressor common term 4.8 Ohms
Compressor COIRMORN term - 1 Ohms
Compressor common term Infinite
Conditioner across terminais 20 Ohms
Heater element HL 103 535 Ohms
Heater element HL to 4 55 Ohms
Solenoid valve across coil 30 Ohms
Temi}eramre - across termigals 1006 Ohms
Condenser fan | across terminals 37 Ohms

A good ohmmeter is a great help in trauble shooting the
electrical and conirol system. The use of an ohmmeter and’
referance fo the schematic drawing included wrth this. manual
should heip you locate difficuities.

Tha Chart is a tabulation of more‘important “normal”
resistances measured on new equipment at room temperature.
Remember, though, that resistances vary considerably from item
to item and chmmeters deviate from one instrument to another,
Usa the table of values as a guide, realizing that modsrate
variations do not necassarily indicats trouble.

Satisfactory refrigeration performance depends on
gocd line voltage at all imes. Incoming power lines should ba
heavy encugh that voltage never drops below 104 volts
measured close to the compressor motor terminals. If the
compressors seem to sfuggle when starnng measure this

important voltage.

Note: Terminal arrangement on the Copeland compressor units
is as follows:  There are 3 terminals. Center top one (12 o'clock
position) is common. Going clockwis to the 4 o'clock position is
the run winding terminal. Around the 8 o'clock position is the

start winding terminal. Al are insulated from ground, Ses photos

under specific tasks,



003

Replacement of compressor relay

004

Unplug unit from power cutlet and remove side panel.
Remove reiay cover by releasing the spring clip.
Disconnect and mark wires. Note wiring description that is
printed in refief on the inside of the relay cover.

Puli relay off of its mounting pins.
Instaliation is the reversal of this procedure.

Measurement of winding resistances

Un;ﬂug from pawer outlet,
Remove right hand side panel. ,
Locate relay, which is attached fo comprassor housing. The

©.compressor wiring is always described in a diagram that is

printed on the inside of the relay cover. The relay cover is
easily removed by releasing the spring clip that holds it in place.

- Onca the cover has been removed, you shall see the

compressor refay, as shown. Pull the relay away from the pin

. connaxions to which it is affixed. The pins shall be aranged as

depicted in the drawing. Use an Ohm meter. Note: see page 8
for other resistance checks.

O

48 4
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Ttem | Measure | Resistance
Compressor Start common 4.8 Ohms
Compressor Run common 1 Ohms
Compressor COmmon Infinite

Location of pressure switches

The Tenney Jr is equipped with two prassure switches, located

just above each of the compressors, as shown. The low stage
switch is set for 20 psi, and the other switch, which by passes

the second stage when high chamber temperatures might induce
excessive head pressure, is sel to dump at 280 psi.

Examination of the switches can only be carried out by
refrigeration mechanic. )f you suspect a problem, calf Teaney.

13
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SUPPLEMENTAL USE INSTRUCTION

for

OPTIONAL BOOST COOLING
using

LIQUID NITROGEN or CARBON DIOXIDE

Boost cooling systems are activated by an event output from the VersaTenn Il or Watlow
942 controller (depending on the type chamber purchased). Cooling is achieved by injecting
either LN2 or COZ2, depending on the option purchased, into the chamber through a selenoid

valva,

To use the system, the event must be turned on as expla:ned in the appropriate instument
manual, .

Event No. 1 is generally used for this function. However, a reference table defining the

function of each event is affixed to the control panel of each chamber. Please check this

table before operating the chamber. NOTE: Altitude chambers use Events No. 1 and No 2 for
altitude operation; the boost cooling system will therefore generally be activated by

Event No. 3.

Once enabled through the event, the cooling will turn on if a demand for cooling exists
for a preset time period. A timer connected to the time proportioned output of the -
controller "times out” and energizes the cooling solenoid valve if the output IS 100

percent "ON* indicating a need for additional cooling.

When the desired temperature is attained and the controlier output begins to turn on and
off, the boost cooling function will cease to come on. :

LN2 systems are provided with a manually set flow adjusting valve provided to allow for
adjusting the flow to avoid incomplete evaporation at varying LN2 supply pressures. A
setting of 4 turns open generally provides good performance at a supply pressure of 20 to
25 PSIG. This valve may be readjusted as necessary to accomodate the supply pressure at

the end use point.

Tenney Environmental
1090 Springfield Road
Union, N.J.
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SERVICING
CASCADE REFRIGERATION SYSTEMS

TENNEY ENVIRONMENTAL
1090 Springfield Road
Union, N.J .
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Introduction

This information is written to help the refrigeration serviceman repair and trouble-shoot
low temperature cascade systems. It is assumed that the reader is familiar with standard
refrigeration practice and is interested in the special techniques applicable to cascade

~ Systems.

Historv

Prior to the development of low boiling point refrigerants such as R 13 (-114°F) and R
503 (-127°F), reaching ultra low temperatures via mechanical refrigeration was difficult.
R 22 was used down to -80°F, but its system had serious drawbacks. Large and
cumbersome, the machinery was subject to the many trouble which afflict a compound

system operating at suctions as low as 23" of vacuum.

The modern cascade system can reach as low as -120°F with suction pressures of 0 PSIG
or higher. Compact, serviceable, and reliable, today’s cascade system is found on

thousands of environmental test chambers.

How It Works

Two types of cascade systems are pépular expansion valve and capillary tube. Both are
discussed in the text, and capillary systems are shown in the schematics which comprise

part of this paper. o

‘Refrigerants with low boiling points have correspondingly high condensing pressures at

normal ambients. They -cannot be liquefied-by conventional air or water cooled
condensing units. Therefore, low temperature refrigerants are condensed by a separate
refrigeration system called "the high stage". The sole job of the high stage in most

‘cascade systems is to condense low stage refrigerant.

High Stage

The high stage is a conventional single stage system having a COMPIessor, air or water
cooled condenser, expansion valve , and evaporator. The evaporator is the cascade
condenser, serving the low stage. Modern systems use R 502 in the high stage, making

-50°F refrigerant temperature possible at 0 psig suction pressure.
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Low Stase

The low stage is charged with refrigerant in vapor phase only, to a specified gauge
pressure. When the low stage is idle with all components stabilized at 70°F, 1t will
contain no liquid refrigerant. When the system is activated, the low stage compressor
will pump hot gas through the discharge line to the de-superheater. The de-superheater,
air or water cooled, removes some heat from the refrigerant gas, lightening the heat
load on the cascade condenser. Leaving the de-superheater, the gas passes through an
oil separator, then flows to the cascade condenser where it is liquefied by heat ex-

change with high stage refrigerant flows to the expansion valve.

Expansion Valve

The expansion valve meters refrigerant to the cooling coil located in the workspace. In
the coil, refrigerant evaporates, absorbs heat, then returns to the compressor as a cold

gas.

}_Frostecl Lines Are Typical

" A low stage characteristic is frosted liquid and suction lines. In a normal cascade

system, the liquid line is always below +32°F. The suction line, returning from a -
100°F evaporator, assuming 15° superheat, will also be far below freezing.

Expansion Tank

An expansion tank is provided to add volume to the low stage. Added volume permits
the charging of additional refrigerat without. increasing the stand-by or charging
pressire beyond workabie limits. Refrigerant gas is sucked out of the expansion tank
duririg system operation: It is metered through a constant pressure valve, capillary
tube, or needle valve, the valve or restriction regulating rate of gas entry into the

system.

Load Limit Valve

Connected between expansion tank and discharge side of the low stage, a load limit
valve acts as a relief device. It bleeds down or dumps gas into the expansion tank when
low stage discharge pressure reaches valve setting, usually 185 to 240 psig. High
pressures are generated when the low stage starts up but the-load limit valve, acting as
a relief, prevents the compressor from cycling on and off in response to signals from

the high pressure cutout.

Leak Testing

Loss of refrigerant is the most common cause of refrigeration failure, Because of .
temperature extremes felt by its metal parts, the cascade system is particularly

susceptible to leaks.
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Check the entire system with an electronic leak detector. If the system is empty or at
low pressure, boost pressure to 200 psig with inert gas (not oxygen!) diluted with a-

percentage of R 12. Test again.

A leak check while the system is at low temperature, -80°F or colder, is a must.
Tighten and leak check expansion valve flanges, superheat adjustment caps and other

mechanical joints while at Jow temperature.

You may used a halide torch to locate large leaks, but make your final test with the
more sensitive electronic leak detector. This is especially important on the low stage. -
The low stage is gas charged with a relatively small quantity of refrigerant. Because of

this, small leaks can quickly incapacitate the system.

Testing By Static Charee

One advantage of a gas charged system is that its tightness can be checked by periodic
observation of static or standby pressure. You must read the pressure with all parts of
the system at ambient temperature. This is important. The unit must be shut down at
least 24 hours before a static pressure reading is taken. To eliminate the possibility of
cooling the cascade condenser via the high stage pump-down cycle, all power to the

unit must be off during the shut down period.

When reading static pressure, consider ambient temperature. Most static charge data are
for a 10°F decrease in temperature. Due to a large system’s considerable thermal mass,
several days may be required for all components to completely stabilize at a particular

ambient.

Evacuation

Granted, refrigerants 13 and 503 are expensive, but there are times when charges must
be reclaimed. A contaminated system must be cleaned and evacuated regardless of

refrigerant expense.

If there is a possibility that moisture , non-condensibles or the wrong refrigerant
contaminate a system, reclaim the charge and evacuate. '

Select a two-stage pump capable of pumping the system down below 200 microns, and
connect and appropriate gauge to read system pressure. The ordinary compound
refrigeration gauge 1s inadeguate, but a thermocouple gauge is ideal. Evacuating a leaky
system 1s an excerise in futility; therefore, make sure the system is absolutely tight

before beginning evacuation.
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Charpeine a Low Stage

I. Do not charge iiquid into the low stage.

2. Do not charge the system when it is below room temperature.

3. Do not use charging hoses on R 13 or R 503. Cylinder pressure exceeds 500
psig.

4, Never charge the unit when it is running.

As you will note from the above, low stage charging procedure differs from the
conventional method. Correct charging pressure will be noted on the equipment
nameplate or in the instructions. Rementber, it is important that you charge by pressure, -

not by volume of refrigerant.

Use 1/4" copper tube between refrigerant cylinder and system. Open the cylinder valve

very slowly. Charge into the suction side while closely watching the discharge gauge.
When correct pressure is reached, shut off the refrigerant cylinder valve, allowing the
system to equalize from 10 to 15 minutes. If the pressure crops crack open the cylinder
valve, stowly raise the pressure. Always take enough time: System with expansion tanks

connected by a capillary tube or restrictor valve may need several minutes for gas

pressure to equalize.

Keep the refrigerant cylinder upright when charging. Above all, be carefull Don’t
over-pressurize. Disconnect the cylinder immediately when charging is complete. A~
leaky cylinder valve could continue to bleed high pressure refrigerant into the system,
possibly causing it to rupture. Don’t take chances; the saturation pressures of low

temperature refrigerants are extremely high. :

Drawing No. 1

A small cascade system, using two 1/3 hp hermetic compressors is delineated in this
schematic. The high stage is charge with 14 oz. of R 12 the low stage carrying a static
pressure of 52 psig at room temperature. 10 ¢. ¢. of pentane is added to the low stage
charge to help prevent waxing of the lubricant at extremely low temperatures.

Flow of refrigerant in the high stage is from compressor C2 to the air cooled condenser.
As a liguid R 12 flows from condenser to capillary tube dizer assembly D2 which meters
refrigerant to the cascade condenser. After evaporating in the condenser assembly,
which is a heat-exchanger, R 12 returns to the compressor CZ via the suction line and

accumulator ACC.

Function of pressure switch PS2 is to energize the low stage compressor after the high
stage has started.  Purpose of the arrangement is to prevent both compressors from

hitting the power line at the same instant.
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Refrigerant flow in the low stage is from the compressor through the de-superheater to
the cascade condenser where gaseous R 503 is cooled and liquefied. Capillary tube

assembly D1 meters R 503 into the evaporator 11771-2 which cools the chamber. From
the evaporator, refrigerant returns to the compressor via the suction line.

Excess refrigerant is stored in the _expans_io'n tank and is fed back to the system on
demand through capillary tube 5.

Solenoid valve SV serves two purposes: On a cooling "off" cycle it functions as an
artificial loading valve, partially by-passing the evaporator and reducing cooling
capacity.  Refrigeration is modulated through this valve, not by cycling of the
compressors. Valve SV also functions as a dump valve. Responding to signals from
pressures with PSI, it opens when head pressure exceeds a predetermined pressure

setpoint, typically 280 psig.

Drawing No. 2

The refrigeration system shown is similar to the described on drawing No. 1. Hot gas
from high stage compressor C2 is used to heat the chamber door mullien before entering
arr cooled condenser CON/20/ Switch PS2 energizes the low stage compressor, and
switch PS1 operates the dump valve SV14, that valve also being under command of th
temperature controller which uses it to modulate refrigeration capacity. .

Drawing No. 3.

‘When operated in cascade mode, the system shown on this schematic functions
essentially the same as the two systems previously described. R 502 flow is from
compressor C2, through mullion heater to condenser, then through cap tube assembly
D/9 to the cascade condenser. Return flow is via the suction line and accumulator -
ACC/21. Flow of R 503 is from compressor through cascade condenser and cap tube
/8 to the low temperature coil, then back to the compressor through the suction line.
Valve SV14 functions as modulating (artificial loading ) and dump valve in the usual

manner., '

Low stage R 503 compressor C1 is shut down when the system operates in single stage
maode for "ambient" cooling and workspace de-humidification. R 502 flow is then ag

follows:

After being liquefied in the condenser CON/20, refrigerant flow to soleroid valves SV1
and SV4. When the dry buib temperature controller calls for cooling, it opens valve
SV1, admitting refrigerant to the ambient cooling coil. After evaporating, the R 12, as
a cool gas, returns to the compressor via evaporator pressure regulator AEV/6 and
suction line Purpose of the regulator AEV/6 is to prevent the ambient coil from
operating 0o cold, a condition which is undesirable when the chamber is being operated

- at high humidity.
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When the wet bulb controller or humidity control signals for decreased workspace
humidity, control voltage is applied to solencid valve SV4. Refrigerant is admitted to
the de-humidification coil, returning to the high stage compressor via the suction line.

Capillary tube DD/9 which feeds the cascade condenser 1s not valved off while the high
stage operates in "ambient" single stage configuration. It functions as a by-pass so that
when solenoid valves SV1 and SV4 are both closed there remains a path through which
refrigerant can circulate. On most larger systems, this line is valved off, and other

forms of by-pass are provided.
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CASCADE REFRIGERATION GLOSSARY

Cascade Condenser - is the high stage system’s evaporator and low stage system’s
condenser. Can be either tube in tube with the low stage refrigerant in the outside tube

or tube in shell with the low stage refrigerant in the shell.

De-superheater - can be either air or water cooled. Its purpose is to remove some heat
from the low stage discharge gas and thereby lighten the load on high stage condenser
are used as the de-superheater. Water cooled de-superheaters are either tube in tube
or shell in tube. The water flow is usually in series with the high stage condenser.

Low_Stage - is the low temperature stage or system that cools the chamber or work
space evaporator. Common low stage refrigerants are R 13, R 503, and R 14. Low

stage . refrigerants have low boiling points and correspondingly low condensing
temperatures. _

High Stage - usually R 12, or R 22, is used to cool the low stage condenser. Some
s a separate function, fo provide moderate cooling for the

chamber work space.

Load Limit Valve - is sometimes called dump or blow dow valve. Located between
the discharge side of the low stage sand the expansion tank, this valve opens, allowing

gas to flow into the tank, thereby reducing head pressure.

Expansion Tank - is used in the low stage to provide additional system volume. It
allows the use of sufficient refrigerant charge, while maintaining reasonable standby or

static pressure. ’

Static Charge - is the gauge pressure indicated in the low stage. The equipment - -
manufacturer will designate proper static or stand-by pressure for a particular unit. A
typical nameplate will specify low_stage R 13. 7 Ibs. static 120 psig. This means that
if you add R 13 gas to an evacuated unit, until system pressure 1s 120 psig, you will

have removed 7 lbs. from your cylinder.

Puli Down Time - is the length of time réquired to lower air in the chamber work space
from ambient, a nominal 70°F, to desired low temperature. The temperature is
measured at the discharge of the fan. Air is normally drawn over the evaporator and

discharged into the work space.

Sub Zero Cooling - is the term used to deseribe the mode of cooling wherein the low
stage refrigerant is used to cool the work space. ‘

Ambient_Cooling - describes the high stage unit being used to cool the work space via
its own evaporator.
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WARNING

ACCESSING THE WATLOW SERIES 942
PROGRAMMERS SETUP MENU OR CHANGING
ANY OF THE FACTORIES PRESET VALUES WILL.
EFFECT THE OPERATION OF THE CHAMBER AND

WILLVOID ANY WARRANTY
CHANGING ANY OF THESE VALUES WILL

VOID ANY WARRANTIES.

"
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Alarm 1 High: This parameter represen
alarm for Alarm 1. This parameter appears
Ot3=AL. See the model number. AL 1=
AL 1=dE: Range: 0 fo-899°F/0 o -993

Alarm 2 Low: Fiepresenfs the fow proce
Alarm 2. Appears if your unit has an auxi

ar>/0 1o -999 Units

ts the high process alarm or high deviation
if your unit has an auxiliary output and
Pr. Range: A1LOtorH Default rH

Defauit: -99%°F

sg aiarm ar low deviation alarm for
liary output and Otd = AL See the model

Default: rl.

number. FAL2=Pr Range: rlto A2HI
C/0 1o -999 Units Default: -989°F.

If AL 2 = ¢E: Range: 0to-999°F/0t0 -889°

Alarm 2 High: Represents the high process alar
Alarm 2., Appears if your unit has an auxitiary out
number. fAL2=Pr Range: A2LOtoH
If AL 2 = d=; Range: 010 -999°F/010 -699°

CAL Calibration Offset: Adds or subtract
i Range: -99°F to 99°F/-55°C 10 55°G/-
99.9°F/-55.5°C to 55.5°C

Auto-Tune: This parameter

only. This paramster appears if Otl =
Chapter 8. Range: 0 = off,

Tabie 3 « _‘

1 = slow, 2 = medium, 3 = fast

m or high deviation alarm for -
put and Ot4 = AL. See the rmodel

Default: rh
C/0 t0 -998 Units Default: -998°F

s degrees from the input signal.
09 Units to 99 Units; or -89.9°F to
Default: 0

initiates auto-tune for OUtpLﬂ 1 in the heating mode
ht. For more information on Tuning see

Default: ©

Qperation Menu Parameters and Descriptions.
Operation Parameters | Value Range Factory Defauli
SE OFF/r to H _75°F
Prog YES orno no
\Enfl Qn or OFF OFF
Eni2 ‘ On or OFF OFF
Pb1 I dFL = US: 0 - 999°F/0 - E55°C/0 - 899 Units | 25°F
0-90.9°F/0 - B5.5°C/0 - 88.9 Units .
ﬁ/ fdFL =8l G tc 993.9% : 3.0%
- 0 = ON/OFF control._HYS1 = switch. diff.
Poz DO MNOT (LI6e¢8 O | Sameas Pbi. Wil not appsar if Ot 2 =no. [ ‘
Baser 0.00 to 9.9S repeats/min. ) 0.00 repeats/min.

BNt
/0 Integrat: 0 and 00.1 to 99.9 min.frepeat
’ 0.00 = no raset. Will not appear if Pb1 =0.

'D.OO repeats/min.

rE2/f2 777 | Game as re1, Will not appear if Pb2 = 0.
rA{/dE1 Iy 0.00 t0 9.98 min. - 0,00 min. -
: |0 0.00 = No Rate. Wil not appear if Pb1=0
rA2/dE2 L 4w | Same asrA1. WIll not appear if Ph2 = 0. 0.00 mir.
ctl 1 to 60 seconds 5 seconds
' 2.£2 | won't appear if Po1 = 0, or output 1 is 4-20
C12 1 to 60 seconds ‘ 5 seconds
£2/r3 | will not appear if Pb2 = 0 or Ot2 =no. :
db T 0- 89°FH 0 - 55°C/0 - 99 Units. o}
Do MGZ -5 [£00- 9.8°F/0.0 - 5.5°C/0.0 - 8.9 Units
CHagrees Appears if ht/CL or CL/Rt.
AMLO - DeviationdE - -899° 10 0° -ggge
) Process Pr rLto ATHE rk
t{’/ﬁ Appears If auxiliary output and Ot3 = AL
A1HI - Deviation dE 0° 1o 999° §99°
Process Pr AtLO o iH H
A A? Appears if auxiliary cutput and O3 = AL.
ARLG- Deviation dE -699° to 0° o -989
Process Pr i to A2H! k.
/L)/,rf,‘ Appears if auxiliary output and Ot4 = Al
AZH- Deviation dE 0° to 999° ) ggg°
Process Fr A2t O te rH rH
d /44 Appears if auxiiiary autput and Otd = AL
+ 99°F/+ 55°C/+ 99 Units . - ) 0

CAL

0 T

AUt JEER. A S wo |Gl
30 . WATLOW Serles 942 User's Manual
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Setup Menu Parametersand Descriptions.

Factory Defauil :

=t
Setup Parameters Value | Hange
Loc / lon3 0
In J. K (sppears as H), 1, n. ¢, 7. S b, Jorr
P, rdi, rd. 1, 0-5, 420
. Denendent on model number.
dEC 0, 0.0, or 0.00 0
Dependent on input type.
C.F CorF F
(' | Wil notappear if in = 0-6 or 420,
rk. rLfo M Input selection dependent.
rH rHto L Input selection dependent.
ot Az | ntorcL ht
HYS1 {oF - §G°F, 1°C - 540°C, 1U - 998U 3°F :
3.0/ 0.1°F-99.9°F, 0.1°C - 54.0°C, 0.1U - €9.9U N
o Dy Aoy L anvees C L | nt, CLorno cL
3°F » :

nyse o MNOTT

{9 - 999°F, 1°C - 540°C, 1U - 998U
0.1°F - 99.9°F, 0.1°C - 54.0°C, 0.1t - 92.8U

A = Auxiliary Status

ChHavers | F

O3 4/} | AL Entorno | AL
AL1 My | PrordE Pr
LAt | Latornla nlA !

ﬂllﬁ‘ | Dependent on AL 1 = Pror dE.
HYS3 | {oF - g99°F, 1°C - 540°C, 1U - 998U aF

' W/ | 01 -90.9°F, 0.1°C - 54.0°C, 0.1U - 998U

SIL A Ji# 1 Onor OFF ' i oFF
ot A7/x | AL, Ent,no, PrOC or SIPt AL or PrOC
AL2 L/ | PrordE Pr : :
LAt 2 M /3| LatarniA | nLA |
HYS4 1oF - 998°F, 1°C - 540°C, 1U - 995U 3F

U/;:} 0.1°F - 89.9°F, 0.1°C - 54,0°C, 0.1U - 999U i
rid | wisordn din |
PtYP £ 1 ti or rALE i
gSd 0 - 99°F, 0 - 65°C, 0 - 89U 0

.| 0.0-98°F, 0.0-55C, 6.0U-9.9U
POUt () s | Cont, HOLG, Abrt or rSET Cont
pstr S Pé| Procor SIPL . StPt
bAUd 2300, 600, 1200, 2400, 4800, 980G 1200
dAtA 70 =Odd parity, 7 £ = Evenparity 70

' 8 i = 8 data bits and no parity
Prot FULL or On FULL
Addr 0 to 21 0
Log On or OFF OFF
int 0.0 to 60.0 minutes 0.0
tag PSA, PS-, F-A, P—, -84,
G <A,
P = Process, S = Set point

Setup, Chapter 4
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Chapter 1

The Watlow Series 842,
A Microprocessor-Based Control

Single Input ‘ Pual Outputs-
| ' OFF, U :
Type J, K, T, N, R, 5, B, C or Pt2 PID or ON/DFF, User Selectable

Thermocouple, RTD er Process Cutput 1
’ : Heat or Cool

% Quipuii

g- Auto-iuning

{Heaat only}

> Output 2
Heat, Coogl or None

ES-422A, R5423A
R5-232C compat-
ibig), or ElA-485
Opticnal Computer
interface

Figure 1 -
Serjes 8942 Input and
Ouiput Overviaw.,

Set Point

Process

General Description

Welcome to the Watlow Series 942, a 1/4 DIN ricroprocessor-based ramping
temperature contral. It is a single input, dual output, auto-tuning control with 24
step program capability and easy fixed set point operation. The 942 decepts &
Type J, K, T, N, R, S, B, C or Platinel 2 themocouple, RTD, or process input. The
primary output is heating or coofing, while the secondary cutput can be heating,

cooling or none.

With the Serfes 942 you can select sither PID or ON/OFF for Output 1 or 2. You
can input a complete set of PID parameters for both outputs, including propertienal
band, resst/integral and rate/derivative, You can also select automatic uning for
Output 1 while in the heating mode. By setting either output's proportional band to
zero, the Series 942 becomes a simple ON/GFF conirof with the switching differen-

tial selectable under the HYS Setup parameter.

Two optionaj auxiliary outputs may be alarms or events. An event is an ON/OFF
mecharical relay output. Events ars based on time, and can trigger peripheral
squipment or processes. An optional retransmit oLitput is offered in lieu of one of

the auxiliary cutputs. Select either retransmit of process variable or set point.

Cperator-frigndly features include automatic LED indicators to aid In menitoring and -
setup, as well as a calibration cffset at the front panel. The Watlow Series 842
altornatically stores all information in a hen-volatiie memory.

4 WATLOW Series 942 User's Manual Getting Started, Chapter 1
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How 1o Open the 942

Before going further, open the Series 942 and pull the control chassis from its case.
Here's how: '

The control chassis fastens io the case with a single standard screw locatedon the

Three strip connectar plugs, in the rear of the control chassis, fecd power and
signais through the back of the case to the terminai strips. Theze plugs will let go

as you puit.

When removing the Serigs 842 control from its cass, pull firmly but gently. When
returning the control io the case, be sure you have the top up to match the plugs”
with the case. The 942 will not fit in the case upside down, but check to be sure it
is orientad corractly. Press the unit in firmly, then turn the front panel screw
clockwise to secure ft. This insures proper electrical contact.

How to Set the DIP Swiiches

The Watlow Series 942 has a Dual In-line Package (DIP) switch inside the control
on the AOD7-1954 circuit hoard (middle board). The location of the board and
switch appear below. The switches are clsariy numbered. When Switch #1 is ON,
the Setup parameters can be viewed but not changed. When Switch #2 s ON, &
provides battery backup of the Run parameters. When the control leaves the

factory, both switches are OFF.

PBun parameiers

{Faclory defaukis OFF)
e

1 Hardware [oclkout ot
? Ltz Setup parameters J
L‘ PF 2 batary backegeidne |

Figure 2 -
How io Open-the’
Serjes 842.

WARNING:

The frort panel
screw turns 80°
only. Do not apply
oxcassive foree or
turn the screw mots
than 90°.

Figure 3 -
DIP Swiich Location
and Orientation.

.JS “MNOTE:

The lithium baitery
has a life of approxi-
mately ten years.
When the battery
expires, Poutand -
Run are affected
{see Chapters 4 & 5},
Return the unii o
iha factory for =
replacement.

WATLOW Series 942 User's Manual B

Getting Started, Chapter 1
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MOTE:

The Upper display
always returns to
the process value
after 1 minute
without key strokes.

Figura 34 -

_ The Operation Menu. -

[SF]

. Prog ('no)

28

Operation Manu

I st point control, Selecta sat
If your unit has auxiliary
N or OFF. All ouipuis

In the Operation ment, the 942 operates as & digita
point and the 942 attains that value ona non-linear ramp.
outputs programmed as events, they can be selected as O
are turned OFF when set point is set o QFF.

‘l Mode Key
J

-
i [Set Poini]
Program?

= Parameter may or may not appear
depending on control configuration.

Event 1

Event?

Proportional bend 1

Proportional band 2

Aeset ifintegral 1

Reset 2ategral 2

Hate 1/Darivative 1

Hate 2/Derivaiive 2

Gy.b.’e fime 1

Cyels time 2 : ) ‘
Deadband .
Y Alarm 1lon

Afarm 1 high

Alarm 2 lon

Alarm 2 high

Galibration offsal

) Auto-tune

Operation Paramelers

WATLOW Series 942 User's Manual

Set Point: Sets the oparating set point forthe control outputs.  *SP" does not
appear, the control set point vaiue will. Decrementing the set point below L
displays OFF in the lower display. This disables all outputs except deviation alarm

outputs, which remain energized.
Range: OFF/rLt0 ™ _ Default: Dependent on input range

Program: Select whether you want o enter the Program menu ar enter the
Qperation mentl. By safecting no, you continue to the Operation ment.

Range: YESorno Default: no

Enil: Select whether Event 1 ( Qutput 3)is ON or OFE, When a profile is com-
plete or has been put on hold, it holds at its previous state. Only appears if Ot =
£nt, and your unit has auyiliary outputs. For more information on events ses
Chapter 6. Range: Onor OFF Default: OFF

Setup, Chapter 4-
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-Cycle Time 2: Expressed ins

£ni2: Select whether Event 2 (Ouiput 4) is ON or OFF. When a profile is com-
plete or has been put on hold, it will hoid at its previcus state. This paramster only
appears if Ot4 = Ent, and your unit has auxiliary outputs. For more information on
events see Chapter 6. Range: Onor OFF Defauit: OFF

Fbi

Proporticnal Band 1: A proportional band expressed in degrees or process units,
or % of span, within which a controller proportioning function is active for Qutput 1.
When Pb1 =0, it functions ag an ON/OFF control. The switching differential is then
determined by the HYS1 parameter. |f dFL = US: Hange: 0 to §99°F/0 to 555°G/0
0 999 Units: 0.0 to 99.9°F/0.0 to £5.5°G/0.0 to 99.9 Units Default: 25°F/2.5°F

If dEL = S1: Range: 0 to 999.9% of span Defauit: 3.0%
Span is defined as the operating range of the input sensor or rl to rH if the input
type is 05 or 420. :
proportional Banct 2: A propertional band expressed in degrees of process units,
or in % of span, within which a controller proportioning function is active for Ouiplt
5 When Ph2 = 0, it functions as an ON/OFF control. The switching differential is
determined by the HYS2 parameter. This parameter will not appear i your unit
doas not have a secondary output or Ot2 = ro. If dFL = US: Range: 0 to §83°FA
i 555°C/0 to 998 Units; 0.0 to 89.9°F/0.G to 55.5°C/0.0 to 99.8 Uniis Defmult °
If ¢FL = Sl Range: 0 t0999.6% of span Default: 0.0%

Reset /integrall: A reset {integral) control action for Output 1 autornatically
eliminating offset, or "droop,” betwean set point and actual process temperaiure in
a pro-portional control. Will not appear if your unit does nothave a secondary
output, or Pbl =0. Resat Range: 0.00 to 9.99 repeats/minute Integrai Range: 0

and 00.1 to 99.9 minutesfirepeat Default: 0.00

on for Quiput 2 that automatically

Reset fintegral 2: A reset {integral) control act!
| process temperature ina

aliminates ofizet, or "droop," between set point and aciua
proportional control. This pardmeter will not appear if your unit does not have a
secondary output, or Pb 2 =0, 0r i Oi 2 = no. Reset Range: 0.0010 .99 repeats/
minuie Integral Range: 0and 0G.7 1o 4.9 minutes/repeat . Defauit: ¢.00

put 1 bf the Series 942.

Rate /Derivative 1:  The rats (derivative) function for Out
his parameter will not

The rate is determinad by how fast the eror is changing. T
appear it Pb 1= C. Range: 0.00 o 8.89 minutes Default: 0.00

Bate/Derivative 21 Rate (derivative) function for Qutput 2. Ralals determined by
how fast the error is changing. Doss not appear if your unit does not have a
secondary ouiput, Pb 2 =0, or Ot 2 = no. Range: 0.00 to 3.99 min. Defauli: 0.00

Expressed In seconds, time for a controller to compiete cne ON/
arameter will

Cyele Time 1:
OFF cycle for Gutput 1. Time between successive turn ong. Thisp

not appear if Pb 1 =0, o Gutput 1 s & process output.
Range: 1 to 60 seconds Default: 5

econds, time for a controfler to complete one ON/

OFF cycie for Output 2. Time between successive tum ons. This parameter will
not appear if your unit does not have a secondary output, Ph2=0 oQi2=n0
Range: 11060 seconds Defauit: 5

Dead Band: The area hetween Output 1 and 2 where no heating or cooling takes
place in & heat/cool proportional control. This parameter only appears i your unit is
setup as a hGL or ClLht uritt, Range: 010 9G°F/0 to 55°C/0 to 98 Units; or £0.0

t5 9.9°F/0.0 to 5.5°C/0.0 to 9.9Unils Default: 0

Alarm 1 Low: Bepresents the Jow process alarm or low deviation alarm for Alarm
1. This parameter only appears if you have an auxiliary output and Ot3 = AL. Ses
the model number. If AL 1 = Pr. Range: rlto ATHI Default: 1L

f AL 1 = dE: Range: 0to-989°F/C to -999°C/0 to -998 Units Default: -999°F

Setup, Chapter 4 WATLOW Series 942 User's Manual 29
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Table 3 -

Operation Meau Parameters-and Descriptions.

Alarm 1 Bigh: This parameter represents the high process alarm or high deviation
alarm for Atarm {. This parameter appears if your unit has an auxifiary output and
013 = AL. See the model number, If AL 1= Pr: Range: A1LO torH Defauilt tH
AL 1 =dE: Range: 0 to-898°F/0 to _009°C/0 to -899 Units Defauit: -985°F

low deviation alarm for

Alzrm 2 Low: Represents the jow process alarm or
AL. Sesthe mode!

Alarm 2. Appears if your unit has an auxiliary output and Gté =
number. [FAL2=Pr.  Range: rlto AZH Default: 1L
[f AL 2 = dE; Bange: G10-998°F/0to .999°(/0 to -999 Uniis De_fauii: -989°F-.,

Alarm 2 High: Represenis the high process alarm o high deviation alarm for .
Alarm 2.. Appears if your unit has an auxiliary output and Ot4 = AL, See the madel

number. HAL2=Pr  Range: A2LOtorH  Defauit: th :
[f AL 2 = dE: Range: 010-999°F/0 to -999°C/0 to -89 Units Defauit: -999°F

Calibration Offset: Adds or subtracts degrees from the input signal.
Fange: -09°F to 99°F/-55°C to 55°C/-89 Units +p 99 Units; or -99.9°F to

99.8°F-55.5°C to 55.5°0 Dafaull: §

Auto-Tune: This parameter infiiates auto-tune for Output 1 in the heating made
only. This parameter appears if Ot1 = ht. For mere information on Tuning sea
Chapter 6. Range: 0=off, 1= slow, 2 = mediurm, 3 = fast Defauli: 0

Fac‘iory Default

Operation Parameters | Vaiue Rangs
sP OFF/rL. to i 75°F
Prog YES orno no
| Entd Onor QFF OFFE
Enid On or OFF OFF
) b If dFL = US: 0 - 999°F/C - 555°C/0 - 9049 Units 25°F
} 0 - 99.9°F/0 - 55.5°C/0 - 99.9 Units
; i dFl = Sl 0tc 999.9% - : 3.0%
0 = ON/CEF conirol. HYS1 = swilch. diff.
P2 Same as Pb1. Will not appear f Gt 2 = no. e
rE1AH Reset: 0,00 0 9.99 repeats/min, 0.00 repeats/mirn.
integral: 0 and 00.1 to 99.9 rhinJrepesal |
0.00 = no reset. Wil not appeat if Fbl =0,
2112 Same as [E1. Wil not appear if b2 = Q, 0.00 repeais/min.
rA1/dET 0.00 io 6.99 min. ’ - 0.00 min.
0.00 = No Rate, Will not appear fPb1=0
rA2/dE2 Same as rAl. Wil not appear if Pb2 = 0. 0.06 min.
Cit 1 1o 60 seconds 5 saconds
Won't appear ii Ph1 =, or output 1 is 4-20
iz 1 to 60 seconds 5 seconds
Wil not appear if P2 = 0 or Ot2=n0.
db + (- 99°FH: 0-55°C/0 -89 Units. 0

+0.0 - 9.8°F/0.0 - 5.5°C/0.0 - 8.9 Units

] “Appears if hit/GL or CLAL,
A1L0 - Deviation dE -g9ggcto 0° -999°
Procass Pr rlto ATHI ‘ fl.
- Appears if auxiliary outout and Ot8 = AL,
A1H! - Deviation dE 0° o 999° 69g°
Process Pr AL torH rH
. Appears if auxiliary output and Ot3 = Al
AZLO- Deviation dE -999° to C° -939
Process Pr ri o AZHI rl..
Appears f auxiliary output and Otd = AL,
AZHI- Deviation di 0° to 999° Qgg°
Process Pr A2LOtorH - i
A | Appears Jf auxiliary output and Ot4 = AL
; CAL + 95°F/+ 55°C/H: $6 Units 0
Al 003 ; 8] J
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How to Program & Run the Series 942

We begin this chapter by introducing the Prograxﬁ menu. Each parameter is clearly

definad. A description'of a few Series 942 features fellows,

profile to experiment with programming the Series 942 You will quickly grasp the
necessary terms and concepts by entering and cbserving your profiles. Enter your
profile values in the Master Step Chart at the end of the chapter.

PROGRAM Menu

Create your profiles here in thé Program menu. Your profile can have upto 24
steps. Choosa one step type per siep.

Figure 35 -
The Program Menu.

[SP] | [Set Poiny = Parameter may or may rot appear

P an

EPFOQ(YES) Program ? o SEEESSEZSDTyomconfroi's

| SIEP { )| Step number _ '

G5 )} st toe ‘

- T T v
(StPt)  {(Set Poinl] i (SoAh) | (Soak) L) (Jumploop) (End) | {End Step)
Sat Foint [ ( M Jumpsiep - End | )| End Program
() Jumpoounﬁ an ()| Return
{ M Aefurn
WATL.OW Series 942 User's Manual 31
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Program Parameters

Prog (YES) Program: Select whether you want to enter the Operaticn or_the Program mantl.
Selecting YES continues inte the Program mefd. '
Range: YES orno Default: no

StEP Step: Represents the current step of the profile to he edited or viewad. Whan
selecting Step 1, you will not see the JL step type. :
Range: 11024 Default: 1 then automatic increment
SryE 'S‘iep Type: Choose from four different step types.
— Range: StPt, SoAh, JLor End Defauit: End
(SiPY) Set Point Step (3tP1) : The following parameters are associéieﬁ with the s&t
point step.

Set Point: Represents the temperatisre the system trias to achiave. This is done
linearly, producing a ramp from a heginning set point to an end set point.
Range: rLiorH Defauit: 75°F/24°C or rl value il = 75°F/24°C or if i<
75°F/24°C '

ih the Min and SEC parameters,

Hour: The number of hours, in combination wi
ture under the StPtstep type. This

equaling total step time ta achieve the tempera
parameter cnly appears if PtYP =1l
Range: 01023 Defauit!

Winutes: The number of minutes, in-combination with the HOUr and SEC param-
oters, agualing tota! step time t¢ achieve the temperature under the StPt step type.

Tris parameter only appears i PLYP =i \
‘Hange: 01058 . Default: O

Seconds: The number of seconds, In cormbination with the HOUr and Min param-
eters, equaling total step time ic achigve the temperaiure under the StP1 step fype.

This parameter only appears if PtYP =1i.
Aange: Q1059 ‘Defauit: 0

Rate: Represents the rate at which he set point changes in degress per minﬁte.

“This parameter only appears if PIYP = rAte. : o
Range: Oto 350°7/0 10 200°C or 0.0 to 360.0°F/0.0 to 200.0°C Defauts 0.0

Event 1: Selects whether Event 1 is o of off. ,This'parameter only appears if

O3 = Ent. _
Range: Onor OFF Default: OFF

Event 2: Selects whether Event 2 is oh of off. This parameter only appears if

Ot = Ent.
Rangs: Onor OFF Default: OFF

Peturn: Select no and you return to the SEF parameter to continue programming.
By selecting YES, you exit the program mant! and return te the control set point.

Bange:; YESorno Defauits no

WATLOW Series 942 User's Manaul - Programiming, Chapier 5
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Soak (SoAh) . The foliowing parameters are associated with ihe soak siep.

Hour:  The number of hours, in combination with the Min and SEC parameters,

equaling total step time to achieve the temperature under the SeAh step type. This

parameter only appears if PIYP = 1i.
Range: 0to23 Default: 0

Minutas: The number of minutes, in combination with the HOUrand SEC param-
eters, equaling totai stap time fo achieve the tamperature under he SoAh step
ype. This paramstsy coly appsars if PtYP = fi.

Fange: 0059  Default: 0

Seconds: The number of seconds, in combinatior with the HOUr and Min param-
total step time to achieve the temperature under the SoAh step

eters, equaling
type. This paramsiar only ears if PIYP =ti.

Event 1: Selects whather Event 1is on or off. Only appears if Ot3 = Ent.
Hangs: Onor GFF Defauit: OFF

Event 2: Selects whether Event 2is on or off. Only appears if Ol4 = Ent.
Range: Onor OFF  Default: OFF

Return: Select no and you return to the SIEP parameter 1o coninue programming

.the 942. By selecting YES, you exit the program menu arid return 1o the control set

peint ,
Rangs: YESorno. Default: no

Jumpicop Step (JL) 1 The foliowing parameters aré associaied with the
jumploop step. When SiEP = 1,.JL will not appear.

Jump Step: The Series 942 jumps backwards to any step in your file.
Range: 11023 Default 1 .

Jump Count: The number of times the Serles 942 jumps to the step spectied by
the JS (jump step) parameter. 0= infinite number of jumps.

FRange: 010100 Defaull: 0

Return: Select no and you return to the SIEP parameter to continue programming
the Séries 942, By selecting YES, you exit the program ment! and return to the
control set point. Range: YES orno Default: no

End Step (End)': The iollowing parameiers are associated with the end siep.

End: When HOLd is selected, the control and auxtiary outputs are enabled and
maintain the same state as in the last sat point and/or soak step befora the End
step was encountered. When selected as OFF, the control and auxiliary outputs
{except for deviation alarms) are de-energized and OFF is shown in the lower
display. When selacted as OFFA, the control outputs are de-energized and OFF is
shown in the lower display. Deviation alarms are inactive (relay energized) and
process alarms are active {refay energized in non-alarm conditions).

Range: HOLd or OFF Default: HOLd '

Return: Select ne and you return to the SIEP parametar to continue programiming
the 942. By selecting YES, you exit the program menu and reiurn to the control set

point. Rangs: YES orno Default: no

SEC

(End)

End

Programming, Chapter § WATLOW Series 842 User's Manual
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Figure 36~
The RBun Menu.

NOTE:

Shaded parame-
ters may not
appear on your
control. These
parameters ara
dependent on how
your control is
configurad.
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Running a Series 942 Profile

You caf run your Series 942 profile from anywhere except ihe Sefup mend. Press
the HOLD/RUN key. The BUN LED begins fiashing, and the lowsr display flashas
and asks what StP (step) to begin on. Usa the UP/DOWN key to enter the step
and press the HOLD/RUN key once again, your profile bagins, and the RUN LED is
it Ifthe HOLD/RUN kay is not pressed swice within 1 minute, the RUN function
will abort. While the profile is RUNning, you cat only view the RUN mentl.
Press the MODE key to advance you through the RUN menu. For more informa-

tion on Pout (power outages) see Page 25.

Resume a Profile

| O/RUN key once. Press the MCDE key

L

To resume & halted profile, press the HO

to advance to the rESU parametar, and orass the HOLD/RUN key again, the
profile resumes, and the AUN LED is Iit. You can only resume atthe exact step
you left off en. If you halta running profile and make clanges, you cannet resime
running. The rESU parameter only appears when a running profile is halted.

To Run your profile... Press the key twice.

key once.

To Stop a running profile..  Press the

To Resume a halted profile...  Press the @ - key, press the

key to advance to the (ESU parameter, and press e, key.

MODE Key

HOLD/RUN Key

1c

1

UP/IDOWN Key

Step (¥ lo start al)

fesume (step #)

Hefum
‘ Current Sef Point
E Fnd et Point
Et i ' Hour remaining
N

Minutes remaining

3 ..
[»_;: Seconds remaming
[ Rale

: _i Event 7
1&:_ Fvart 2

Elapsed jump court
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Make photocopies, Keep ariginal clean.

Chart 1 - Masier Step Chart
Step # lf} Step Type Values Time On Events QFF
(I siet SP Hour | bin SEG Ent1 Ent2
rAtE
[ Soah HOUr | win SEC Entt | Eniz
o J5 Jic
[ 1 End QFF OFFA J HOod
Step# {[¥ ] Step Type Valies Time On Byants.  OFF
T st P hour | Min SEG Entt | Ene
TAtE
L] scAh HOUr Min SEC Entl | Eni2
JL Js 1Jc
[ Eng OFF oFFA | HOLd
Step # |V | Step Type | Values Time on Events OFF
L set B HOUr | Min | sec Ents | En
rAlE
-] Soth HOUr |Min SEC Entt ]"Emz
e Js Jc
1 End OFF OFFA - [Hom
Step# || -Step Type . Values - Time On Eyents OFF
st 5P HOUr Min | sec Entl | Ene
] rAtE
(] s0Ah HOUr IMin |SEC Ent] ' Ent2
[ 5 NE [Jc ‘
1 &nd OFF OFFA | HOLd
step# (] StepType Values Time on Events OFF
71 st sp HOUr Mn | SEC Enti | ez
rAiE
[_] SoAh | Hour IMin - lSEC Entl I Ent2
1 o Js lJC
] end oFF OFFA | HOLd
Step ¥ Step Type Values Time Oon Events OFF
[T 5P HOUr | Min, | sec Entl | Ene
rAtE
(7 soah : HOUr | Min SEC Entt | ez
C1ouw Js ’—l Jc
[ Ead oFF OFFA | HOLd
35
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Event Outpuis

5 its capability for two event outputs. An
FF svent per profils step. The
ON or OFF to assist you In

One of the features of the Series 942
“event output® is simply a pre-programmad ON/C
event may turm any number of peripheral devices
controling your procgss, gystem of environment.

For instance, in an environmental chamber, you might wish to circulate air at 2 given
time in your profile for one o more steps. You might want to turn fights on or off, or
signals, cr lock out your humidifier, or you could activate a video recorder.

Ent] and Eni2 are not visible under the Operation ment unless your unit has

[ty lY

auxfliary outputs and you Setup Of3 and Otd as events.

To selsct auxitizry outputs as events, enter the Setup menu by pressing the UP/
DOWN kays simultaneously for 3 seconds. The LOC parametsr appears. Press
the MODE key until you reach the O3 parameter. The default for Ct3 is AL
{alarms). Change the value to Ent (event) ¥ it hasn't already been done. Press the
MODE key to continue on to the Ot4 parameter. Do the same for this parameter
also. Continue pressing the MODE key 10 exit the Setup menu.

If you return to the Operation mend, Ent1 and Ent2 are visible, and can be turned
ON or OFF from here. Ent! and Ent2 can also be viewad under the StPt (Set Point)

and SoAh (Soak) parameters in the Program menu.

Thess event ouiputs are mechanical relays rated at 6 amps Up o 240VAC.

Guaranieed Se:a'aﬁ»( Deviation

The Serles 942 Guaranteed Soak Deviation (gSd) feature insures that the actual

temperature tracks a programmed profife within a window around set point. See

the example on the next page. Ifthe deviation is exceeded, the time clock stops

and the lower display alternately flashes gSd and the current parameter until the
process variabla retums within the window. Programmed in degress or units, gsd

is located in the Setup menu. Entering a value of (0} disables the Guaranteed Soak

" Deviation function.

Programming, Chapter b
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Set Point

- Set Point

Guaranteed Soak
Deviaticn Window
Around Set Point

Time

Multiple Profites

The Series 942 is a single profile contral, but can be programmed for muttipte
profiles, To do this, enter your first profile; the next step you enter following the
End step is the start of another profile. You can continue entering profites until you '

run cut of sleps, remember there are atotal of 24 steps.

Jumploop

The Series 942 can only jump backwards. A jump forces you o astep already

- performed. The Jump Step (JS) must be less than the current step. You cannot

jurmploop to the step that you are on.

* Step 2 Stt

Step 3 StPt

Step 4 Stht

Step 5 Jumnploop JS-02 JC - 01
" Step 8 End

Your Jump Count (JC) can be anything from O - 100. If you enter 0, this will be an
infinitz ioop and never progresses to Step €.

Programming, Chapter 5 . - WATLOW Series 942 User's Manual
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Tahle 4 -

.Series 942 -

Rampand -
Soak Profile

NOTE:

If auxifiary
outputs are not
present or 03 and
Qi4 are seiscted
as alarms, the
Ent1 and Ent2
parametsrs will
nof appear in the
program men.
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This is a sample program. Depending on your application and
parameter sottings, your system may not respond like this.

Programming a Ramping Profile

rt ramp and soak profile. Step 1
e ramp, Step 2 Is a short ramp,
ed set point constant for the

Our first step in programming is to make a sho
initializes the set point to & knewn starting point for th
and Step 3 is a soak step, which holds the programii
orogrammed time. Step 4 Is 2n end step signalling the end of the profile.

point, press MODE once and you see the Prog

1. When the lower display reads set
lay. Press the MODE key once again.

parameter. Select YES in the upper disp

5. The Series 842 asks you for a SEP. The upper display reads (1). '

(StYP). The defaultis

3. Press the MODE key and you are asked for a step type
then press MODE if it is

End. Use the UF/DOWN keys to select StPt (set point)
noi already there.

4. Use Table 4 to enter the corresponding paramsters and values. The parameters
appear from left to right on the table. Remember that the MODE key is used {o
progress through the menu, and the UP/DOWN keys are used to select param-

aters and values.

SIEP| StYP sP HOUr | Min | SEC | Entl |Ent2 | End |rin
| (Step Type) | (Set Paini) _ '
1 StPt 75 [0} Q0 1 QFF {OFF —- 1nQ
2 StPt 100 0 0 25 On QFF - inQ
3 So0Ah “- 0 G 25 on OFF - | nG
4 End : OFF |YES
128
190 V . : = Slepd
. % A;.{gg:!?p An end step.
Bamps i no 5580
Temp/°F Bl St TSlGP\UUr“O: paint at 100°F.
Iniliahizes
50 | 5et Point.
25
8
0 5 10 15 20 25 %0 .35 40 45 80

Time {secopds}

Running Your Profile
1, Start your profile by pressing the HOLD/RUN key. You can be at any poiht
except the Sefup menu. '

The RUN LED begins flashing. The upper dispiay shows the step 1o begin on,
and the bottom display shows the SIEP parameter.

o

3, Press the HOLD/RUN key again. Ifnot pressed within approximately 1 minute,
the RUN procadure wiil asort. The profile starts running. -

Programming, Chapter 8



The RIUN LED is continually Iit. The upper display shows the PROCESS value,
and the lower dispiay shows the current set point.

You may step through the Run menu parameters with the MODE key to 586 what
the step type is and what the parameters are set at, Al any time you may press
the HOLD/RUN key fo stop the profile. To resume running the profile where it
was stopped, press the HOLD/RUN key oncs; the RUN LED begins flashing.
Now, press the MODE key o advance to the rESU parametar; once again, press
the HOLD/RUN key. After the profite has ended the Run LED s off and the lower
display reads QFF. This means the End step was selected as OFF, disabiing all
outputs,

Editing Your Profile

Now let's try editing the profile by expanding it with ancther ramp and soak step,
adding a jumploop and programming the End step i halc. We'll jurmp to Step 1 and
repeat Steps 1 through 6 two more times. This is accomplished by programming a

Jump Step (JS) = 1 and Jump Count (JC} = 2. This means that once the 942 goss

through the profile and reaches Step 6, it jumps back to Step 1 and repeats the

nrofile two more times (Steps 1 - 6). I then continues to Step 7 and hoids the set
noint and event status of the last step of the profile before the end step was en-

countered.

By this time you should understand the basic concept of the Series 942 and be able
to get around on your own. Remember that the MODE key takes you through the

menus and the UP/DOWN keys select paramaters and values.
1. Return to the PROGRAM menu by selecting YES when Prog appears. .

2. Press the MODE kay and select (4} whsn StEP appears. We are going o
change this step type from an End step fo a Set Point step, This is our second

ramp. Use Table 5 to enter values info the corresponding parameters. Table 5 -
' ) . Editing Your
3. Once you have editad your profile, run it again and watch its progress. Profile,
Sieps 4-7.
StEP | StYP SP HOUr [Min 1SEC |Ent | Eni2 {JS 1 JC End | rin
(Step Tyne) | (Set Point)
4 St 125 ] n 125 |OFEL On P M - 210]
5 Stbt i25 0 0 | 25 On | OFF -] - -~ nQ
6 JI . -~ - - - - - 112 - 0
7 End - - - - - -- - | - |HOLd| YES
NOTE:
128 Step § Slep 7 .
Jumps o Step 1 Holds Set Point. If auxiliary out-
f““_d repeais program puts are not pre-
e, sent or 013 and
sal point. Of4 are selected
Temp/°F 8 Slep | as alarms, the
30 i\‘?:llaphuziisl. Edit Program Entt and Eni2_ .
parameters will
25 pot appear in the
. Program mend.
& 10 20 30 40 50 80§ 8¢ 9% f04.. 500

Time {secands)
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