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Warranty Registration

SE5000, SES010, and SE5020
Temperature Controller/

power Supply

ies, Inc., (MI) warrants for a period of one (1) year from date of sale
Marlogggggstsneersies Tel('nperature Controller/Power Supply, including parts, not
the & d or misused by the customer as determined by MI. The warranty form,
dameg® d with product serial numbers and date of sale, together with a proof of
i e must be returned to MI, within 30 days of date of sale for validation. Unless
urchase._s notified otherwise, any unit requiring warranty service will be retumed to
custom;errlner within two (2) weeks of receipt by MIl. The customer shall pay all
ol ocharges for return of the product to MI; if covered by the warranty, Ml will
sippiee turn shipping charge. Temporary replacement units are not furnished for
oy Z‘frirfg the repair period. During the warranty period, Ml agrees to repair or
Lri-:;‘s;ace at its option a defective unit.
oing warranty shall not apply to produc_'ts including the Temperature
power Supply damaged by improper or inadequate maintenance, third
d software or interfacing, unauthorized modiﬁcation or misuse, or
manner or environment not specified for the product.

The foreg
controller/P
party supplle
operation ina

bove warranty is exhaustive and any further warranties, expressed, implied, or
The abo o hereby expressly excluded. To validate warranty, print or type the
statuwry, arbelow add your signature and date, and return this form in the enclosed
;nformaﬂon_th a cc')py of the receipt or purchase order within 30 days of purchase to:
:An;r?égfﬁ]g:lsmesr Inc., 10451 Vista Park Road, Dallas, Texas 75238-1645 U.S.A.

D M. E]MS

Name'—gist Middle Last

company: ————

Address:_——

I
ase:.__
pate of purch e Dy ST
rimarily in: o |
Ror Usfligh-Gain Amplifiers O Liquid Cooling
infrared Detectors O Air Cooling
Charged-Couple Devices O Cold Plates

O Laser Diodes

[Jother__————

SCHEMATIC DIAGRAM
MOOEL SES010 YFUPERATURE COMIROKLER
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Model Number: Serial Number:
Options and Accessories Purchased: (Please check all that apply.)
O RS-232-C Computer Interface Option [OtH 1 Bead Thermistor
[0 ™S-422-A Computer interface Option [OtH 2 Bead Thermistor
0 RS-232-C Interface Cable w/DE-9S [JtH 3 Bead Thermistor
connectors at both ends [JtH 4 Chip Thermistor

[0 RS-232-C Interface Cable w/DB-25S [0t tc Thermocouple

connector at computer end [ Single Rack Mounting Kit
[JRS-422-A interface Cable O Dual Rack Mounting Kit

Condition of Carton and Contents upon Arrival:
[ Carton and Contents Both Satisfactory
O Carton Damaged but Contents Satisfactory
] Carton and Contents Both Damaged (Please explain.)

[0 Carton Satisfactory but Contents Damaged (Please explain.)

Signature:

Date:

CCCCCCEEQEEEaEEuuga
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Warranty Policy

Marlow Industries, Inc., (MI) warrants for a period of one (1) year from date of sale the SES000 Series
Temperature Controller/Power Supply, including parts, not damaged or misused by the customer as determined
by MI. The warranty form, completed with product serial numbers and date of sale, together with a proof of
purchase, must be returned to MI, within 30 days of date of sale for validation. Unless customer is notifiad
otherwise, any unit requiring warranty service will be returned to the customer within two (2) weeks of receipt
by MI. The customer shall pay all shipping chargaes for return of the product to MI; #f covered by the warranty,
M will pay the return shipping charge. Temporary replacemant units are not furnished for use during the repair
period. During the warranty period, Ml agrees to repair or replace at its option a defective unit.

The foregoing warranty shall not apply to products including the Temperature Controller/Power Supply
damaged by improper or inadequate maintenancs, third party supplied software or interfacing, unauthor

. e ized
modification or misuse, or operation in a manner or environment not specified for the product.
The above warranty is exhaustive and any further warranties, expressed, implied, or statutory are hereby
expressly excluded.

Operator Safety Precautions

Every precaution has been taken to ensure that this Operation Manual instructs the
the SE5000 Series Temperature Controlier/Power Supply. Ml assumes no responsibility for 8rrors oromission
s

not found to be the result of wiltul or gross negligence. Nor does MI, assume any liability for
* - o a
result from the use or misuse of the information contained in this Operation Manuai. ’ ¥ damages that

Operator inthe safe use of

All safety warnings and precautions in this manual must ba complied with during all phases of ;

instrument. Failure to comply with the warnings and precautions in this manual violates the p?:):’at‘non of !has
manufacture, and intended use. Marlow Industries, Inc., assumaes no liability for the operator's fail uct’s design,
with these precautions and warnings. ailura to comply

The SE5000 Series Temperature Controller/Power Supply must be connected to an
minimize shock hazard. The instrument comes standard with a three-conductor AC .

either be plugged into an approved three-contact electrical outlet or used with a thr o able which st
adapter. In the latter case, the grounding wire must be firmly connected 1o an ol romact to two-contact
outlet. Sctrical ground at the power

electrical ground to

Do not operate the SE5000 Series Temperature Controller/Power §
operate in a potentially explosive atmosphere, such as in the presen

place the unit on an unstable cart, stand, or table, which may resultin the unjt falling, or
:9f INamannerwhich
allows

the cord to be walked on or otherwise damaged. Be sure the ventilatj
: s i at ;
unobstruged. if the unit exhibits a distinct change in p-orformaneo. |r‘::s;lr:c:sa}:at S and openings in the cabinet a
power, disconnact the AC LINE connector from the power source, an NG a need for Service, turn off “:e
' . ' 2]
air,

d return to M) for rep
Do not attempt to calibrate, repair, service, instal| substitute
a
the instrument. These procedures are to be perormed by pMI';se-r‘:;ﬁeﬁr
h ne

upply near water or other liqui
er liquids,
Ce of flammabie gases or fumeg. [';‘: \r::;

M any unauthori ifi
o Orized Mmodification to

: y objectthro -
voltages or other risks @ven when the power cable hlas beanl:g:jg‘vea‘éﬁnbljiahon slotsas it m ay resuh
. i

the cabinet, except when adjusting the current limit adj ever atiem o ndangerOUS
when enabling the hardware configuration switch (W1 ;U?lsn;:nsté?g Section 3.4'2 PUsh any g

'on 4.0, Cony; . odure
Unplug the unit from the wall outlet before Quration,), S.) or

. cleanin
Maintenance, for additional instructions,) 8 Donotuse

liquid
Quid or agrogg) Cleangrg. (See Socti
Operation Manual Part Number: 103-9005-001-11/89 o
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Temperature Controller/Power Supply Operation Manual

1.0
Introduction

ction provides a brief overview of this Operation Manual and your SE5000 Series

Thigae ture Controller, including its features and accessories.

Temperad

A etting up your SE5000 Series Temperature Controller/Power Supply, check to be
Pnort?I ﬁems have arrived undamaged. If any items are missing or damaged, see Section
su;e gusrome" Service . Your SE5000, SE5010, or SE5020 Temperature Controller/Power
6.3,

Supply comes standard with:

. Power Cord (7 ft, 2.13 m)

‘ SC(;: Output Cable (8 ft, 2.34 m)

. ttcType T Thermocouple (Copper/Constantan)
. Thermocouple Cable (8 ft, 2.34 m)

. Operation Manual

1.1 About this Manual

; al contains information for the operation and configuration of the
This operggggf;’a’;‘;d SE5020 Temperature Controller/Power Supplieg It has been
SE5000, ==~ 12'to help you obtain optimal use of your Temperature Controller/Power
written as @ grevem damage to the instrument or your thermoelectric device, it is critical
Supply- E%Eougmy read Section 2, Installation, and Section 3, Operating Controls and
';gatclé%z:es pefore attempting to use the instrument.
ro ’
. . ration , will help you tailor your SE5000 Series instrument to your own
gection 4, C?Sgggamtoriah Section 5, assists you in tuning your Tem);Jerature
needs. A wer Supply 03 specific I_oad configuration. Section 6, Troubleshooting, helps
ontrollezgg( binpoint a problem and find the correct solution.
you to qu

e gcifications in Appendix A, computer interface Communications
Appeng;gei: x’;g‘;ﬂﬁ.f 'é and Accessories in Appendix C.

wunema it UIACGRAM
FUPLRATURE COMIROUER
5901 o [5

00EL SE5010 1

e £}

4680 I
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Temperature Controlier/Power Supply Operation Manual

Unless a more specific reference is made, the term "thermoelectric device™ as used in this
Operation Manual, refers to: thermoelectric cooling devices, coolers, modules, chip
coolers, Peltier devices, heat pumps, cold plates, and thermoelectric assemblies.

The controls and indicators of both the temperature control and power supply modules of
the Temperature Controller/Power Supply are referenced in this Operation Manual by
capitalized, condensed, boldfaced type (e.g., POWER). Parameter list mnemonics,
indicating which parameter has been selected and the value of each, appear on the
Temperature Controller/ Power Supply front panel green displays and are referenced in the
Operation Manual as outlined type (e.g., [iAL).

1.2 General Information

The SE5000 Series Temperature Controller/Power Supplies are linear bipolar constant
current power supplies interfaced with temperature control modules. The instruments

operable in both manual and automatic modes. In the manual mode, a constant omare
current level may be programmed with the measured temperature displayed andput
temperature control action. In the automatic mode of operation both the setpoi i
measured temperature are displayed and the bipolar power supply autom P, o

L ! ati ;
the magnitude and polarity of current necessary to maintain the setpoint temt;!;ce?gu?;ov'des

1.3 Product Features

* The SE5000 Series Temperature Controller/Power Supp!

: Y provide . _
temperature control range for thermoelectric devices on the m%met--ffotmh?g‘;ldgst Precision
Features of the fully-programmable, multi-option instrument include: 9°Cto 150° G

- Programmable PID (Proportional-Integral-Derivative
- Four-digit LED and prompt displays

+ Simultaneous display of measured temperat
» Digital readout of output voltage and output
» |ndividual current limit adjustment for heatin i

- Red/green bargraph display for heat/cool mgdaensd cooling modes
» User-selectable Celsius or Fahrenheit tem
o User selectable parameter configuration

- Parameter lockout by user

o Linear bipolar output

o Automatic cutr?ack to prevent overshoot

o Operation with two different sensor types.- i

« Automatic shutdown for an open se%%r%rtﬁé?séor . ".‘ermocouple
» High, low, and deviation limit alarms ed thermistor

» 115/230 VAC for worldwide operation |

» Popular Electronic Industries Associati
» Tilt-up stand ‘allon (EIA) hatf rack size

)/ramp-to-setpoint control

ure and tem

er :

perature units

®©
1989 Marlgyw lndustries, Inc., Dallas, Texas
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Temperature Controller/Power Supply Operation Manual

1.4 Options & Accessories

. : remote programming and readout when equipped with one of the
The Umt-c%rt?:;geosptions: RS-232-C or RS-422-A interfaces. Computer interface cables (9-
oommupr: for the RS-232-C and 9-pin for the RS-422-A) are furnished with each option.
‘()Sr ezesgpendix C.2, Computer Interface Cables.)

it ries described in Appendix C include bead and chip thermistors, atype T
?ddzgg?/g'o ii?:ﬁf:n) thermocouple and single and dual rack mounting kits.
cop

ries, Inc., palias, Texas 7

© 1989 Marlow Indust
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Temperature Controller/Power Supply Operation Manual

2.0
Installation

getting Up the SE5000 Series Temperature Controller/
power Supply

O i uide you in immediately setting up your SE5000 Series
This section goﬂf,f,}?e?/%%\?e? Suppl{; to allow viewing of the controls and indicators as you
Terﬂp@rat"""arl Section 3.0 Operating Controls & Procedures. To prevent damage to the
work throug Comro"er/'power Supply or your thermoelectric device, follow safety
Terﬂpe""‘m"'en back of title page. Be sure to refer to Figure 2.1, Rear Panel, and follow in

precautions o preca“tions and procedures in this section.

2.1

sequence the

; emperature Controller/Power Supply should be operated in a clean

The SES5000 tsheart'eii Ireepof dust and potentially explosive vapors or gases. The

atmosphere T e nt operating temperature range is 0° C (32° F) t0 50 ° C (122° F). The
mmrﬁggt should be such that no condensation forms on or in the instrument.

environ

inc., Dallas, Texas g

© 1989 Marlow industries,
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Temperature Controller/Power Supply Operation Manual

Figure 2.1 Rear Panel
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Set-Up Procedures

STEP 1: Check the front panel to be sure that the p

OPERATE/STANDBY switch on the front panel is in ST vk

Switch |

ANDBY chis off and that the
STEP 2: Be sure that the AC LINE Selector (11 ;
panel is in the position that corresponds(m ?,Yéz:g\i)"?wnch 'OCated on th
Temperature Controller's AC LINE power corg toan AC (50 gov: age. COnne;rter?r

i 2 e
STEP 3: Connect the ) Power s
pane! of the unit.

STEP 4 : If not previously attached b
minimal amount of thermal epoxy to e'ith%rr‘?héqe thermistor o

. ther
Op cer moco -
&1 amic of the thermoeﬁgg Wwith a
389 Marlpy, Industyj nc heat

€s, Inc., Dallas, Texas
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Temperature Controller/Power Supply Operation Manual

pump or to the cold plate.

STEP 5: Connect the DC power leads (16 AWG ) to the thermoelectric device

leads, red to the positive lead and black to the negative lead.

Be careful that the polarity of the leads to the thermoelectric

ice are correct. Reversed polarity will cause the measured temperature
deviC

the setpoint temperature, in either direction, cooling or
lvsr%ee;;:g;ng on the starting conditions.

STEP 6: Be suré that the thermoelectric device is properly attached to a heat sink.

p7A: Ifa thermistor is being used for the temperature sensor, connect the
ST.E d 2'4 AWG twisted wire pair in the DC power cable to the thermistor at the
BHIEIES lectric device. Use a pair of approximately three-inch long, .003" dia.
mermoetan wires (or other wire of low thermal conductivity) to jumper from the 24
constan isted wire pair to the thermistor leads. Polarity is unimportant. Leave the
A:i\:;%trnconnected at the cable end to prevent a ground loop condition that may
S

cause noise. OR

. e T (copper/constantan) thermocouple is being used for the
STEP 7tB;e l;:ngna, corSnect the thermocouple cable to the TG connector on the
tempefﬁeti Attach the thermocouple to the thermoelectric device and connect itto
trggrz p.a,aAWé thermocouple cable while observing proper polarity.

NOTE: Strain relief of wire is important to prevent wire from breaking.

p 8: Be sure that the SENSOR switch is set to the appropriate sensor type, TH
?oT[tEhe rn:ﬂstor or TC for thermocouple.

STEP 9: Keeping the OPERATE/STANDBY switch in STANDBY, turn POWER on.

amage to the thermoelectric device, do not switch to
N T°| ':;:: et::vg thorgoughly read Section 3.0, Opera’ting Controls and

gﬁg‘:ﬁﬁfeﬁl in this Operation Manual.

g Marlow industries, InC-s Dallas, Texas )
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.'!I:C

3.0
Operating Controls & Procedures

: jon will assist you in obtaining a general understanding of the SE5000 Series
This S:r‘:t'gre Controller/Power Supply, its numerous controls and indicators, and basic
Temp

operating procedures.

3.1 General Overview

control module features a two-level security system for operation in three

The temperature ic, manual override, and open loop. In the automatic mode, two types of

" modes: automitibie' Figure 3.1 shows how these access levels, operating modes, and

control are Posre related. In addition, the controller may enter one of several _abnorrnal
control types ah as an alarm condition, a sensor break, or a diagnostic condition. (See

”';?“fgsy’ s,:lgnn Sensor Break, & Diagnostic Conditions.)
Section ©./, e

v
R ;;‘J;:L— -12v

v

1989 Marlow industries, Inc., Dallas, Texas .
©




Temperature Controller/Power Supply Operation Manual

Figure 3.1 Organization of Operator Environment

ACCESS LEVELS
OPERATING MODES

Dporator [N, =~ = CONTROL TYPES
Autematic —~
{clesed :
loop) L PIB with
Configuration instantaneous
Il'ldl { sstpoint
\ calibration Wiiioal modification
1
everride P10 with
ramped
satpoint
modification
Open loop

Access Levels

The configuration and calibration levels (See Fig. 3.1, Organizat;

Environment above.) are separated from everyday operation throug
hardware configuration switch (W1) inside the unit. This switch |
prevent unintentional tampering while allowing you to enable th
necessary. (See Section 4.0, Configuration.)

Operator Level

The operator level protects the instrument from accidental mogifi
calibration and configuration parameters. It alsg Simplifies eve

Configuration and Calibratign Level

The more than 30 parameters maintained in
determine the operation of the Te
Section 4.0, Configuration.) Yoy
delivered configuration 1o tailor
through two procedures: select
assigning an access leve| for ea
parameter list.

the
can modity these

ch parameter i o 1o

: Do not attempt calibration of t

: he co
returned to Marlow Industries, Inc., ¢ ntroller.

he in
OF proper recaIibratisotr:ume

(Se

) © 1989 Marlow Industries. Ing

. ar
the instrument - g sggceifliers fro
N9 values for gnqarrCHIC re

on of User

hthe use ofa
s desig ned to
€se whenever

non- :
mperature Controller/l:,o Volatile Memory

Nt musy be
ection

Dallas, Texas

Wt

=14 .

6.3, Customer Service.)

Operating Modes

operating modes:

Manual Operating Mode

controls and Procedures.

Configuration.)

Open-Loop Operating Mode

Control types
Procedures.)

temperature change.

industries, Inc., Dallas, Texas

© 1989 Marlow
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Automatic Operating Mode (Closed-Loop)

This is the control rnodule's-routine o}
the unit is factory-set. In this mode,
in view in the dual displays, and you
all alterable displayed parameters.

This mode is for manual adjustment of the out
panel. When selected_, it overrides the outpu
action of the automatic mode. In this mode
output level (%) are in view in the dual disp!
parameters can be modified as in the autom
manual mode can be inhibited at the configur

rol module can be conf_igured to func
;rgt?o%%n}or use in the automatic mode: (Se

rol with instantaneous setpoint mqqificgtion
X ;;Ig ?:%nr:trol with ramped setpoint modificati

i event damage to your thermoelectric device or

mT? = operate the Temperature Controller/Power S
not :;tlem%de until you have thoroughly read, Section 3.0
man

Temperature Controller/Power Supply Operation Manual

At the operator access level, you may operate the control module at three different

perating mode and is the mode in which
the measured value and the setpoint are
can modify the temperature setpoint and

assembly, do
upply in the
» Operating

put current level from the front
t level required by the control
the measured value and the
ays. All alterable displayed
atic mode. Entrance to the
ation level. (See Section 4.0,

This is an involuntary mode that occurs only upon detection of a broken input
sensor. Depending on the degree of acces
the operator may modify the output level or b
enter the manual mode, or wait for a retum to t
the input sensor is repaired. The manual light

S determined by the configuration,

Y pushing the A/M button can
he automatic mode as soon as

flashes to indicate this mode.

tion with one of two control
e Section 3.4, Front Panel

on for controlling rate of
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3.2 Overview of Controls/Indicators

Figure 3.2 Front Panel Controls/Indicators

morlow Indusides, Ine.

22 Fe | AT eooL
™~

21 OHFHA

DIEPLAY

oo [T pum

AL
19 /

18 1% 16 15

14 13 12

Controls/Indicators

For a complete explanation of each ¢

ontrol or indicator i
of Front/Rear Panel Controls/Indicators. 598 Section 3.3, Functions

Indicates communications transmission to h
Indicates "R" ramp-to-setpoint in progress
Upper green display of a measured valu

at?r?omgal oonditiony © as selected on the
Indicates "M" manual mode active

Output 1 energized light

Automatic/manual operation selection sSwitch

Parameter scroll and alarm acknowledge Pushbutt

Jack screw (used in configuring the instrument on

Up arrow for increasing value of Parameter Selecteq

10 Down arrow for decreasing value of Parameter gg|

11 Power switch elected

©CoNoOOo Wh —

Ost computer js in Progress

Parameter gt o
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-
-
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r
(™]
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12 Output 2 light (not used)

13 Lower green display of temperature setpoint, output level setpoint, and
parameter values or alarm condition

14 Operate/standby switch

15 Tilt-up stand

16 Current limit adjustment

17 Indicates amps selected for display

18 Volts/amps selection switch

19 Push to set current limit button

20 Indicates volts selected for display

21 Output voltage or current display o .

22 Heat/cool mode bargraph display indicating approximate percentage of current
limit setting

Power Supply Controls/Indicators

N N AND RANGE
%AW_NEIE Applies AC Power
OPERATE/STANDBY Selects Power Supply Operating Mode
VOLTS/AMPS Indicates Units in Display
DISPLAY Displays Output Voltage or Current
HEAT/COOL Bargraph Red |ncl{|c?ttes HEATIng as percentage of current
im
Green indicates COOLing as percentage of
current limit

PUSH TO SET--

CURRENT LIMIT Used to set current limit

Temperature Control Module Controls/Indicators

PAR Parameter Selection:
Mnemonics in Upper Green Display
Value/mnemonics in Lower Green
Display

eter List:
Param Top Display--Measured Temperature

I:

RIOHEE Lower Display--Setpoint (Output level in Manual)

PIAL High Alarm Setpoint: Range same as sensor

Loal Low Alarm Setpoint: Range same as sensor

g AL Deviation Alarm Setpoint:

0.1 to 500.0°C (900.0°F)

- Proportipnal Band: 0.1 10 500.0°C (900.0°F)

1028 Integration Time Constant: OFF, 1 to 8000 sec.
 Marlow Industries, Inc., Dallas, Texas 17
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18

dBr.0 Derivative Time Constant: OFF, 1 to 999 sec.
8P K Setpoint High Limit: Range same as sensor
SP L Setpoint Low Limit: Range same as sensor
0 PL Maximum Power Limit: 0.0 to 100.0%
G B °CF°F Selection
Se Sensor Selection: ) 1, {1 2, Y 8, W &,
or ¢ e
Addg Instrument Address: 0.0 to 9.9
bAwd Baud Rate: 300; 600; 1200; 4800; 9600: 19 200
(19.2) T
ldno Identification Number: 0 to 9999
Gerl Control Type: Pid or 7 §p
SPrr Setpoint Ramping Rate: 0.01 10 99.99°/min
SIE) Setpoint Range: 8PLto §p [y '
OFS¢ Calibration Offset: -9.99 to 99.99°
AIVM Auto or Manual Control Mode Selection
Down Arrow Decreases Val
i ue of Parameter
AN Up Arrow Increases V
alue of
op1 Selected Parameter
Output 1 Light--Intensity varies dir i
. e
;'nagrjntude of olutput signal, OFF f%tll-yo?:th
maximum cooling) and mayi : .
100% (maximumgheating)axmum 'ntensity for
gPZ gutput 2 Light--Not Useq
otunderRis illuminated
. Dis in progress when ramp-to-setpoint
otunder Mis illumin i
SENSOR mode nated when in the manyq
Selects sensor type TH (therm;
Mist
(thermocouple) (located on reasga%re'{)c

NOTE: Addr, bAxd, Idno, and OFSL are normally hi

and ldne are accessible if equipped with either
communications option. @FSt can be made accessible Eys tﬁs 2usc; o(s
f. (Se

4.0, Configuration.) Sz is accessible only wh » e Secti
: e . ecti
setpoint). y n &l js Settor gp (ramp.t%n

Two parameters--A63S and G4L--can only be vieweq y;
configuration switch (W1) closed. (See Section 4.9 Co”ﬁgurarwlt)h the hardware
' on,

* ATES (access) allows you to assign one of th

parameter. (See Section 4.3, Acce . "ree secyriy |'
be either: =3 ASngnment.) Eacg p:;e;s 10 each

ner ‘ et
(A%lp) included in the Operators' list with Modificat e
on Dn'vilege
S,
© 1989 Marlgy Industrigg, Ing
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=

* (fAQ) included in the operators' list with no modification privileges, IRER
or g!a:g_ 1

* ((Xdm) excluded from the operators' list. ";fl

 BAL (calibration) enables the calibration procedure. This is performed
either by reloading the permanently-stored factory calibration parameters
(See Section 4.4, Offset Adjustment and Factory Calibration.), or by a
complete recalibration.

: Do not attempt calibration of the controller. The Instrument must be
returned to Marlow Industries, Inc., for proper recalibration, (See Section .
6.3, Customer Service.)

3.3 Functions of Front/Rear Panel Controls/Indicators
Power Supply Controls

Switches

MR

L
1

n

B e

e | iy
e I¥Nd e

E————
——

=

POWER (See Figure 3.2, Control #11)
The POWER switch applies AC power.

OPERATE/STANDBY (See Figure 3.2, Control #14)

The OPERATE/STANDBYswitch selects the power supply
operating mode. The output of the power supply is
disconnected when the switch is set to STANDBY and is
connected when set to OPERATE.

VOLTS/AMPS (See Figure 3.2, Control #1 8)
The VOLTS/AMPS switch allows you to select the read out .

mode: volts or amps.

L
PUSH TO SET--CURRENT LIMIT (See Figure 3.2, Controls #16 BT
and #19) :
The PUSH TO SET--CURRENT LIMIT button is used to set the N

current limit. When in STANDBY mode, the PUSH T0 SET button
is used to apply maximum input signal to the power supply to
permit you to set the CURRENT LIMIT control to the desired
current limit.

Indicators

DISPLAY (See Figure 3.2, Indicator #21)
The three and one-half digit red LED DISPLAY indicates either

utput voltage in volts or output current in amps dependent
Spo% the position of the VOLTS/AMPS switch. P

© 1989 Marlow Industries,

memevrorAnE L O REAR PANEL
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Inc., Dallas, Texas 19
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VYOLTS (See Figure 3.2, Indicator #20)
The red LED VOLTS light indicates that volts is the unit of
DISPLAY.

AMPS (See Figure 3.2, Indicator#17)

The red LED AMPS light indicates that amps is the unit of
DISPLAY.

HEAT/COOL (See Figure 3.2, Indicator #22)

The HEAT/COOL bargraph indicates that the unit is in the
heating or cooling mode. The red/green LED bargraph display
indicates the approximate percentage of the CURRENT LIMIT
setting. Each segment indicates approximately 10% of current
limit setting. Red indicates heating (negative current polarit
and green indicates cooling (positive current polarity). The
yellow middle segment LED illuminates to indicate less than
10% of current limit setting.

Temperature Control Module Indicators

Upper Green Display (See Figure 3.2, Indicator#3)
The upper green display indicates the measured value in the
automatic or manual modes and mnemonics when viewing the

parameter list with the PAR button, or when an abnorma| conditio
exists. n

Lower Green Display (See Figure 3.2, Indicator #1 3)

The lower green display indicates temperature setpoint
automatic mode, output level setpoint (%) when in the mz?w]t.:neil Imnotclhe
and parameter values when viewing the parameter list with the P e,
button. If the measured value enters one or more alarm gon di?io ':\SH

the appropriate mnemonic(s) (WAL, LoAL, and d .
the displayed setpoint. BL) alternate with

Output Lights (OP1 and OP2) (See Figure 3.2, Indica

The intensity of lamp OP1 varies directly with thetor:?agii?nd #12)
output signal: off for maximum cooling, highest int ensity o ude of the
heating. OP2 is not used. F maximum

R Light (See Figure 3.2, Indicator #2)

The R light indicates ramp-to-setpoint in progre -

legend “R” above the upper display, this geee% L?:'SD ?o?ntitned by the
during the period when the controller is ramping fr 'S illuminateq
measured value to the-new setpoint. This lamp is omD':n the actya)
ramp-to-setpoint operation has been enableq in tz "".‘mif!ated i
configuration. When PAR is pressed during ramping. th e INStrument
as the operator inspects the instantaneous gef g.' & lamp flasheg
3.4, Subsection, Ramp Mode Indicators.) POINt. (Seg Section

» Texas
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M Light (See Figure 3.2, Indicator #4) :

The M light indicates manual mode operation. The green LED dot—
underneath the “M" above the upper-right corner of the upper
display—is illuminated when the instrument is in the manual mode. A
flashing manual light indicates the open-loop mode.

Additional Green Light (See Figure 3.2, Indicator #1)

An additional green LED light, located in the upper-left corner of the
upper display (with no legend), is illuminated when the controller is
receiving/transmitting information from/o the host computer. The light
can be operative only if an optional communications board (RS-232-C
or RS-422-A ) is installed.

Temperature Control Module Switches

© 1989

Marlow Industries,

PAR (See Figure 3.2, Control #7) o
The PAR parameter pushbutton function is used to advance to the
next parameter when examining the parameter list.

D &V (See Figure 3.2, Controls #9 and #10)

The up and down value arrows are dedicated to increasing and
decreasing the value of the parameter currently displayed. Most
parameters have continuously variable numeric values; examples of
these include setpoint, integral time constant. Others can be assigned
only discrete values that are presented in a list in the Lower Green
Display; these are mainly the configuration parameters, such as
control type, sensor type.

For the numeric values, pressing the uPAD (DOWNV) -
once increases (decreases) the displayed value by one digit. Holding a
button down constantly causes the value to increase or decrease
automatically as long as the button is depressed. The rate of change
of the numeric value increases as long as the button is depressed to
save the operator time in long range changes. The operation is
identical for discrete values, except that each button push reveals the
next value in the list.

Button (See Figure 3.2, Control_#s)
The A/M button selects automatic or manual mode operation.
Pressing the A/M button when the controller is in the automatic mode
laces the controller in the manual mode. Pre§§|ng'the button again
returns the controller to automatic. The transition is transient-free:
when transferring from automatic to manual, the output level in
manual is determined by the most recent steady-state requirements in
Utomatic; when switching from manual to automatic, the output leve!
fequired 1o attain the desired setpoint is smoothly reached by integral

action.

inc., Dallas, Texas
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g
display returns to the measured value and the setpoint after 6 seconds. To N
: , - : override this 6-second timeout and permit viewing as long as desired, hold glgg
This button can be disabled when configuring the instrument, then the ! down PAR. it
controller remains permanently in the automatic mode. Normal ” . ug -
configuration is with the A/M button enabled. ; STEP 3: To modify a specific parameter, pressing PAR repeatedly until its il
mnemonic appears in the upper display, then modify the value with the ns |
TH/TC SENSOR (See Figure 2.1, Control #7) WS .
Located on the rear panel, the TH/TC SENSOR slide switch sets the | UP & and DO p ’
el These procedures are valid in either the automatic or manual modes, ;
' iti i whether the measured value is in an alarm condition or not. (See Section '
* In the TH (thermistor) position, a shunt resistor establishes { 3.7, Alarm, Sensor Break, & Diagnostic Conditions.) Some parameter values K
the proper calibration for all themmistor types. s A . .
* In the TC (thermocouple) position, the resistor is switched may not respond to the UP an buttons; these have been
s : configured for viewing only at this level and not for operator modification. i
Others may be completely hidden from the operator. (See Section 4.0, 3
Configuration.)

3.4 Front Panel Procedures Setting Current Limits

Every keystroke is accompanied immediately by visual feedback—a changeina Parameter

) mage to your thermoelectric device, be sure not to
value or a change of state of a lamp. There are no double keystroke sequences. To prevent damag y

exceed the maximum rated current for the device as provided on Its product
specification sheet.

Be sure the OPERATE/STANDBY switch is in STANDBY. Press the PUSH TO
SET button. To adjust the current limit: insert a small screwdriver through the
front panel and turn the slotted shaft of the potentiometer while pressing the
PUSH TO SET button and observing DISPLAY until CURRENT LIMIT is at
desired setting. (See Figure 3.2, Front Panel Controls/Indicators.) Scroll to
¥ PL and set the % output level to limit the heating mode current limit to the

desired value.

If there is no response, verify that modification of all the parameters has not
out. If it has not, the control module may need maintenance. been locked

Procedures Common to Automatic and Manual Mode
Modifying the Setpoint

The setpoint can be freely modified within the high and imi :
measured value in the upper display and the 1g ow limits. With the

emperature setpoint i
lower display, use the UP £ and DOWN V7 it
value. Pushbuttons to change the

In the manual mode, the percent of power output is the
by this.same Procedure; its upper limit may have a cei'l)iﬁga”?ﬂer Modified
L (high power limit) Placed on it by

Locating and Modifying an Adjustable Paramete;

STEP 1: With the instrument displaying the me
- a
setpoint, press PAR once to reveal the display units (3 osru[;)ed value ang the

STEP 2: Press PAR once again to show the next ena

bled
current value on the display. Use the UP £\ gng D gr,ameter and itg
modify the parameter value. To display the next

Pushb
value, press PAR again. Repeat as needed Parameter and nsu?ns to

FRONT PANEL CA RCAR PAMEL

J

If the PAR button is untouched when viewing a Particy|
ar

Parametg
22 ® 1989 Marlow Industrles In 36 Inc., Dallas, Texas 23

© 1989 Marlow industries;

C., Ballas

Qe




Temperature Controller/Power Supply Operation Manual

CAUTION: When the Temperature Controller/p
and operating in the heatin
caution to prevent overheatin
Adjust current level very slowly by chan

Values of output level vs. output current are given in Table 3.1
NOTE: Output Current is given as % of Current Limit.

TABLE 3.1
Output Level vs. Output Current

OUTPUT LEVEL(%) | OUTPUT CURRENT (%)
100.0 -100.0
90.0 - 80.0
80.0 - 600
70.0 - 400 ..
60.0 - 200
50.0 0.0
140.0 20.0
-30.0 40.0
20.0 - 60.0
10.0 80.0
0.0 100.0

The equation for the values in Table 3.1 s :

Output Current(%) = -2 x Output Level(%) + 100

Example:
Current Limit set to
[ L set to 70.0%

Then heating mode current limit is:
2 Amps x -0.40= -0.8 AMPS

Additional Procedures for Manuaj Mode

2 AMPS for cooling mode

ower Supply |
g mode (negative curffn{)’s in OPER

9 and destroying the thern-?;(ewls'e

electric d
ging out ut lev @vice,
while observing measured temperature. P el in gj

24

The manual mode may be activated by the A/M ushby :
green “M" LED dot. In the manua| mode, the meagured Vgchn
display and the percent output level (0% = maximum POSitive Pears in ¢
OFF, and 100% =.mat>!<1|mum neg'ative Serrent limit) in the ey o ent limi

3.1.). When entering the manua mode from the aut ; Play. (Seg =
level is the most recent calculated outpyy | Omatic mode, g i oc® Table

evel, Adjust the outr.
UP £ and DOWN 7 buttons to obtain the desired currgn ortts utt A
Ut. Ace

®© 1989 Marlow Industrles ne
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manual mode can be inhibited in the configuration with the A[Y parameter.

Automatic Mode (with Ramp-to-Setpoint) Procedures

i n be initiated in only 2 conditions: power-up and a change in setpoint.
?gr;glr?gr?na ramp-to-setpoint operation, select ¢ 8P at the.@m par.amet.er in the
instrument configuration; this insures bumpless setpoint modification. The
instantaneous setpoint follows a straight line Joining the original measured value to
the target setpoint. Select the rate. at which ramping w:'li p_rogress_ (in °F/min or
°C/min) with the 8P (setpoint ramping rate) parameter: it will remain constant for

all ramps until 87w is changed.

Ramp Mode Indicators

During ramping, the upper display shows the measured value
automatic or manual operation); the lower display shows the ta
During ramping segments the “R” lamp is rllurnmateq. After th
setpoint has been reached, the lamp goes out. To view the in
setpoint during a ramping segment, depress the PAR button.

(as in normal
rget setpoint.
e new target
stantaneous
The “R" lamp

flashes to indicate that the value in the lower display is the current
instantaneous setpoint. (The instantaneous setpoint display replaces the
measured value units display [C or [ normally viewed after the first button

push.)
Ramping and Alarms

If the measured value follows a ramping setpoint through an alarm region, the
alarms are detected and displayed as usual. As shown in Figure 3.3, two

types of reactions are to be noted:

« "Full scale” high and “tull scale” low alarms. (See Fig. 3.3 A.)
The alarms are non-latching; therefore, crossing the alarm setpoints

into the “safe” region turns off the alarm.

- Deviation alarm. (See Fig. 3.3 B.) The deviation alarm band
follows the currently active setpoint. If the measured value cannot
track the setpoint within the bounds of the deviation alarm, the alarm

is turned on.

© 1989 Marlow industries, Inc., Dallas, Texas
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Figure 3.3. Ramp-to-Setpoint Operation and Alarms
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Figure 3.3. Ramp-to-Setpoint Operation and Alarms
(continued from previous page)
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Modification of Ramping Parameters

If the target setpoint or the ramping rate is changed, in mid-progress of a ramp
segment, the effects on the instantaneous setpoint are immediate, as shown in

Figure 3.4.

. Ramping rate. (See Fig. 3.4 A.) The moment that

This shortens or lengthens the time required to reach the

. Target setpoint. (See Fig. 3.4 B.) If the target set
(decreased) to a level beyond the current instantaneou
segment continues until the new target is reached.
decreased (increased) to a level that has already
ramp, the slope changes sign (negative/positive)

setpoint ramps toward the new target setpoint.

inc., Dallas, Texas
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the ramping rate
(SPm) is changed, the speed changes at which the setpoint rises or falls.
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Figure 3.4 Effect of Ramp Modification on a Ramp Segment in Progress
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Figure 3.4 Effect of Ramp Modification on a Ramp Segment In Progress
(continued from previous page)
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3.5 Automatic Mode Operation

Units are factory-set in the automatic mode. This mode is indicated when the dot under the
M in the upper display is unlit.

STEP 1: Be sure thatthe OPERATE/STANDBY switch is in STANDBY.

STEP 2: To select sensor type, press PAR repeatedly to scroll to Sn. Then use UP
2\ /DOWN  arrows to select sensor type that corresponds to sensor being
used, i.e., @9, %2, i 8, @ 4, ort fe. Ensure that the SENSOR switch on the

is set to the proper sensor type TH for a thermistor or TC for a
:ﬁ:rrm%igsig"e- (See Appendix , Section C.1, Sensor Types.)

. The following sensor types should not be used: J ¢s, CiRke, PL2, ¢ 3,
. ndg, b ts, «Lte, Lo, Lin. Use of these sensors can result In

S e, ;faﬁturﬁ errors, 0SS of control, and damage to the thermoelectric
temp .
device.
oTEP 3: To adjust the temperature setpoint, use the UP N and DOWN
puttons.
STEP 4: Press pUSH TO SET button and while observing BISPLAY, insert a small
© 1989 Marlow industries, inc., Dallas, Texas 29
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screwdriver through the front panel and tum the slotted shaft of the potentiometer to
adjust the CURRENT LIMIT to the desired setting. (See Section 3.4, Front Pang/
Procedures.) Scroll to i) PL and set the % output to limit the heating mode current
limit to the desired value.

CAUTION: To prevent damage to your thermoelectric device, be sure not to
exceed the maximum rated current for the device as provided on its Product
specification sheet.

STEP 5: Scroll to Gl and select control mode, Pid or v 8. 1f ¢ 8P i selected
scroll to 8Prr and set ramping rate. Set PID parameters ProP, (22,8, ang dE2.0 as'
required to achieve stability. Tuning procedures are explained in Section S, Tuning
Tutorial.

CAUTION: To achieve stability, the thermoelecric device should be ip an
enclosure which minimizes air currents and, if operated below the dew Point
it should be in a dry atmosphere to prevent condensation and/or icing. ’

CAUTION: Do not use the @n.0F. mode of control under any clrcumstances..t
do so will result in very poor temperature stability and could damage tho
thermoelectric device. 9 e

STEP 6: Use PAR and UP £ /DOWN M arrows to scroll to ang setverify th
following parameters: HIAL, LeAl, @ AL, Prop, uf.t, dEr.t, 8P [, §p [Ly@ L-f
and, if equipped with an RS-232-C or RS-422-A interface option, A9¢r, e and
1. .

STEP 7: Ensure AM is set to automatic mode. Set VOLTS/AMPS s
position. ~ Set the temperature setpoint to the desir
OPERATE/STANDBY switch to OPERATE to start controlling temp

Wich to desire
ed value ang se?
erature,

3.6 Manual Mode Operation

Perform Steps 3.4.1 through 3.4.6 in the previous subsection,
through the A/M pushbutton. Entrance to the manual mod
configuration.

then set tg m

anual
€ can be inh; Mode

bited in the

Use UP & /DOWN N arrows 1o set the % Output to 50.0¢
switch to AMPS, set OPERATE/STANDBY switch to'%f;"“shet VOLTS/Amps
d

T
UP & /DOWN Varrows. to set to desired current level. R E, an use
temperature in the upper display of the control modyle and o, o e-ad. Measureq
display. Read output current in DISPLAY. ° Output in the lower

Do not exceed the maximum rated current of th
device. Exercise extreme caution when operating jn th: :‘hermoel
ating

. © 1989 Marlow industrles. Ine
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(negative current) to prevent overheating and destroying the device. Adjust
curgont level very slowly In single Increments while observing measured

| temperature.

3.7 Alarm, Sensor Break, & Diagnostic Conditions

Alarm

When the lower display indicates [IAL, LoAL, and/or d AL alternating with the
setpoint, the measured value has entered an alarm condition.

Sensor Break
Overrange Condition

« A broken thermistorthermocouple or open input circuit is indicated by the

mnemonic Sa b (sensor break).
. The measured temperature value rises rapidly for a thermocouple (falls
rapidly for a thermistor) before the overrange sensor break condition

urs.
. ?’?e controller then enters the open-loop mode and outputs the sensor

break power selected by the SebP parameter (normally 50.0% which
indicates the unit is neither heating nor cooling).

Underrange Condition

 An incorrect thermocouple, reversed tperrnocouple connection, or shorted
thermistor is indicated by the mnemonic v (u.nderrange). .

. The measured temperature value rises rapidly for a shorted thermistor
before the underrange sensor break condition occurs. However, for a
reversed connection of a thermocouple or an incorrect thermocouple, the

red value falls.
. ?ﬁ:sc%ntroller then enters the open-loop mode and outputs the sensor

break power selected by the SabP parameter (normally 50.0% which
indicates the unit is neither heating nor cooling).

Automatic Transfer to Open-Loop Mode

e is indicated by a flashing “M" light. When the faulty input condition
the controller reinstates automatic operation (if it is not placed into

mode by the operator).

This mod
is repaired,
the manual

Set OPERATE/STANDBY to STANDBY until fault Is cleared.
CAUTION: S€

There are two operating procedures depending on whether or not manual

inc., Dallas, Texas 5
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operation has been previously authorized with the A ® parameter in the
instrument configuration:

« If manual operation has been used (normal), the operator can

modify the sensor break power with the UP £ and DOWN 7
pushbuttons. By pushing on the A/M button, the operator can enter
the manual mode. Transfer to the automatic mode is then possible
only by pressing the A/M button again (dependent on whether the
input fault has been corrected). If the controller remains in the open-
loop mode and the input fault is repaired, it resumes automatic
operation.

« If only automatic operation has been used, the UP A\ zng

DOWNY and A/M buttons are disabled and the controlier
transfers from the open-loop mode to automatic as soon as the input
condition is rectified. If only automatic operation is desired, the i i
parameter in the configuration list must be changed.

Diagnostic Condition

Checksum Error

The SE5000 Series Temperature Controller/Power Supply is self-diagnost;
It a checksum error is indicated by the message GG stic.
close the hardware configuration switch (W1)
Configuration.), push PAR and scroll and go to the bott
list where the GAgk and E23% parameters (and their v
(BAsk is the checksum value of the EPROM/ROM calculateq
microprocessor, and EEch is the correct checksum value storeq : the
EPROM. Note the values for CAel and EEsh and the versjon numb in the
software; then call Marlow Industries, Inc. (See Sectio o ot the
Service.) (The software version number is displayed in the lower digp)|
second after application of power to the instrument.) Piay for 1

in the lower displa

(See Section 4.g,'
om of the parameter
alues) are displayed.

CAUTION: I GEor appears, something Is wrong with the
should not be used. Return it to Marlow Industries, Inc.,

) © 1989 Marlow Industrles Inc., p ]
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4.0
Configuration

re more than 30 parameters maintained in non-volatile memory that determine the
Th:rrgti%n of the SE5000 Series Temperature Controller/Power Supply. These parameters
2§n be modified from the "as-delivered” configuration to tailor the controller to specific

requirements.

: of the parameter list can be scrolled an_d viewed in_the upper green display of
Twc)t ;g.‘r;g)rg?ure cor?trol module: the complete version for configuration purposes and an
thbebreviate d version with only user-designated parameters available to the operator for
Sonvanience and security during normal operation.

Configuration consists of two procedures:

. ion of values for specific parameters . .
. ig:i!grﬁ-nem of an access level for each parameter in the abbreviated operators'
parameter list as required by the operator.

4.1 Full List Enable

Y e should be taken to avold electrostatic discharge (ESD). All
(:I:;rne performed at a static-free work station. If a static-free work
work shou ilable, avoid touching components on printed circuit boards

smﬂom;ic?lﬁ:ga:eamperature control module out of its sleeve.
while

er list is enabled by the hardware configuration switch (W1) located

The cotwepggg;ﬁﬁfgﬂ_e}o access the switch, proceed as follows:
inside

TEP 1: Be sure the OPERATE/STANDBY switch is in STANDBY, then turn POWER off.
S .

emove the temperature control module from its sleeve by unscrewing the

Marlow industries, inc., Dallas, Texas N
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STEP 3: Close the hardware configuration switch (W1) near the rear of the module
on the left hand side.

STEP 4: Re-install the module in the sleeve and secure with the jack screw.

STEP 5: Tum POWER on.

NOTE: For normal operation, the switch should be left OPEN. Only during configuration
should the switch be CLOSED.

4.2 Parameter Protection

Each parameter can be assigned one of three security levels to prevent accidenta|
modification or tampering by unauthorized personnel. Procedures for assigning these
levels follow Table 4.1. The three levels are:

- M. The operator is at liberty to view and modify the value of the parameter,

- tBAd. The parameter and its value are presented on the operators' |jgt but
modification of the parameter is inhibited. The parameter value can be Chaf:lged
only by entering the configuration and calibration access level.

o [IdE. The parameter is removed from the operators' list; viewing and mg
of the parameter value is then only possible at the configuration and ¢
access level.

dification
alibration

Remove critical parameters from the operators' list to prevent
inadvertent modification or tampering of configuration Parameters or
parameter values.

Front-panel access time to pertinent parameters is reduced by removing from th
operators’ list those parameters whose values are determined solely by the instrume .
application. Standard configuration is shown in Table 4.1. Other parameters may be hidd:;

with HIdE.

Table 4.1
Standard Configuration
(continued on next page)

MNEMONIC PARAMETER
T Holdback band 500.0 ﬁ%g_eig
KiAL High alarm setpgint SP Hi Limit e
LoAL Low alarm setpoint SP Lo Limit ALTR
@ AL Deviation alarm setpoint 30.0°C
Prol Proportional band 10.0° ALTR
(mC.8 Integral time constant 4s ALTR
EEIRR Derivative time constant OFE ALTR
sp L -~ Setpoint low limit -99.9°C QLTH

LTR

®
. 1988 Marlow Industries, Inc., Dallag,
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- Table 4.1
Standard Configuration
(continued from previous page)

MNEMONIC PARAMETER SETTING ACCESS
SP Setpoint high limit 100.0°C ALTR
HINAG) High alarm output OFF HIDE
L A0 Low alarm output OFF HIDE
d A0 Deviation alarm output OFF HIDE
y PL Maximum powaer limit 100.0% ALTR
SnbP Sensor break power level 50.0%"*** HIDE
OBESt Calibration offset 0.00° HIDE™*
C B °C/°F selection C ALTR
8o Sensor selection tH 1 ALTR
Addre Instrument address 0.0 HIDE®*
bAxd Baud rate 9600 HIDE*
fdoe Identification number 0 HIDE*
etrl Contrpl type ' PID _ ALTR
SPor*** Setpoint ramgmg rgte 10.0°/min ALTR
P 1 Output 1 confagurat!on 0-20 HIDE
P 2 Output 2 configuration OFF : HIDE
A 0 Auto/manual enable HAND HIDE
B**** CJC reference selection INT HIDE
[@?JJ[@ d Proportional band display C-F HIDE
) Cutback operation AUTO HIDE
wﬁ Control action REV HIDE
Ae eS parameter access assgmn.  (blank) N/A
gg& Calibration ---- N/A

. ALTR if unit is equipped with either RS-232-C or RS-422-A communications option.

o set to ALTR by user. :
oun m%:ﬁanic displays only when Bl is set to ¢ &P.

«+ |ndicates the unit is neither heating nor cooling. (See Section 3.8, Subsection

K. ;
fnizsrg; ,ﬁfgis;)n!ays only when £ & thermocouple is selected at Se.

nics not in Table 4.1, Standard Configuration, above, are associated

OTE: Oiherg‘ggg%mpm channel which will appear (if OP2 is not set to Off) as you scroll
with thg #:;uggce ss assignments. Ignore those not listed above.

throug

4.3 Access Assignment

lowing procedure 10 compose the operators’ abbreviated parameter list. Only
0

dustries, InC.; Dallas, Texas .
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those parameters that are shown as alterable (LX) in Table 4.1 are to be used or altered
from the standard configuration shown.

STEP 1: Enable the full parameter list with the hardware configuration switch W1)
using the procedures in Section, 4.1, Full List Enable.

STEP 2: Scroll down to ABCS by repeatedly pushing on the PAR button. The lower
display will be blank.

STEP 3: Use UP N to display the first parameter in the lower i

splay.
terminates the procedure.) Play. (PAR

STEP 4: Use DOWN V to scroll through the possible selections visible in the

upper display: AL%r, tBAQ, or BIE. Press UP £ after the desire

appears to assign this level to the particular parameter, and view the
in the lower display.

d access leve|
next parameter

STEP 5: Continue this procedure until each parameter is assigned

If no assignments are being made, after 5 seconds the disp%ay wﬁ?:ﬁens;s vl
return to the condition and mode the unit was in when you began the proced g
PAR to leave this sub-scroll at any time remembering that the last paramet ol IuE
is assigned the access currently visible in the upper display. or viewed

STEP 6: Be sure the OPERATE/STANDBY switch is in STANDBY and POWER ;

Remove the temperature control module from its sleeve again aFE £ R is off.
hardware configuration switch (W1). Re-install the module in the sleey eopen the
with the jack screw. Turn POWER on. € and secyre

4.4 Offset Adjustment and Calibration

Determining if Recalibration is Advisable or Necessary

Final calibration of the temperature control module is ror

the unit has been burned-in and component valu o
values. Under normal conditions, it should neve
the factory.

at the
es have stabilizeg ractory a

r require recalibrati

fte
10 their life-lon r

on after Ieaving

Never attempt calibration of the controller
calibration or restoration of original factory calibratio?}%rr \ian thermistor
Recalibration can only be performed by Marlow Industrieg I thermocouples_
6.3, Customer Service.) » INC. (See Section

Most often it is the offset (€8?) that requires adju |
S
calibration. There are normally three instances whenjoff;?tent and not

. instry
adjustment jg ment

indicated:

- © 1989 Marlow Industrles

© 1989 Marlow I
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control loop, the measured value reading with the new sensor might ditfer
from the reading of the old one.

- Compensation for thermal gradient. This is the “classical” use of
offset; there exists a known temperature difference between the thermistor/
thermocouple location and the point of desired temperature measurement.

- Display esthetics. Sometimes exact numerical equivalence between
two side-by-side digital displays on two instruments connected to two
sensors is desired. Offset removes the ditference between the displayed
measured values due to differing zero offsets of each sensor and the
thermal gradient between them.

offset Adjustment

. Operation. The value of is added algebraically to the measured value, e.g.,
an offset value of -2.00 applied to a measured value of 75.0 yields a display value

of 73.0. o

« Rounding. The @fst parameter has two significant digits to the right of the
decimal point; the displayed measured value has only one (even though it has a
much higher-precision storage format). The value of @fst is added to the
measured value before rounding takes place. Normal, classical rounding
procedures are used: if the digit to the right of the least significant display digit is
greater than or equal to 5, the least significant display digit is increased 1 unit.

Offset Adjustment Procedures

STEP 1: If the calibration offset parameter (Ofs?) is not available on the
operators’ level, enable the full parameter list with the hardware configuration
switch (W1) using the procedures in Section 4.1, Full List Enable.

STEP 2: The procedure for the addition of offset is identical to the
adjustment of any parameter value: scroll to the parameter with the PAR

button and adjust the parameter value with UP £ and DOWN <7,

STEP 3: Be sure the OPERATE/STANDBY switch is in STANDBY and POWER is
off. Remove the temperature control module from its sleeve again and
reopen the hardware configuration switch (W1). Re-install the module in the
sleeve and secure with the jack screw. Tum POWER on.

calibration

. 1o determined that offset adjustment will not cure the problem at hand, then there
ik calipration procedures that the operator may perform that are dependent on
the typcfe of sensor that is being used. They are:

. Restoration of the original factory calibration for thermocouples
. Thermistor calibration

ndustries, INC-, Dallas, Texas o

SCHEMATIC |
_NOOEL SES010 TEWPERA

o
Lisa_
i

]
.-!_ YETRE & .
0 G

N TS

SN6AL

i)

Sy

=
2
:
'
i
oL
%’
o
'
>
2

J

I ANL UM CHASS'S,
PANEL

THONT PANEL OR REAR

[

e ST ALY




Temperature Controller/Power Supply Operation Manual

The thermistor calibration procedure may be performed
Independently of the restoration of original calibration for tharmocouples;
however, If the original calibration for thermocouples Is restored, then the
thermistor callbration procedure must be performed If the controller Is to be
operated with thermistors.

Restoration of Original Factory Calibration for Thermocouples
STEP 1: Be sure that OPERATE/STANDBY switch is in STANDBY.

STEP 2: Enable the full parameter list with the hardware configuration switch
(W1) using the procedures in Section 4.1, Full List Enable.
STEP 3: Scroll down to GAL by repeatedly pressing the PAR button,

The
lower display will contain the sub-scroll header: e

STEP 4: Use UP A or DOWN WV 10 display FAC in the lower displa
(PAR terminates the procedure.) y.

STEP 5: Press PAR to affirm that AG is indeed the desired calibration
procedure. FAG now appears in the upper display, and mo in the lower,

STEP 6: Use UP £ and DOWN Y again to select YES or @

i ; @ in th
display. V&S continues the procedure: me terminates the proc e lower

edure.

STEP 7: With V&S in the lower display, depress PAR again to

o ; launch th
selected calibration procedure. BAS will appear in both the y £
displays. PPerand lower

STEP 8: The procedure takes about 5 seconds after which GaL ,
the upper display, and === in the lower. If no assignments Féappears in

. . . are bein
after § seconds the display will automatically return to th . ~9Ng Made,
the unit was in when you began the procedure.  condition and moge

STEP 9: Be sure that POWER is off. Remove the tem
from its sleeve again and reopen the hardwar

Reinstall the module in the sleeve and secur
POWER on and resume operation.

Perature
€ configurat

€ with the ja

control mogy|e
on switch (W1),

ck screw. Turn

Thermistor Calibration Procedure

STEP 1: Be sure the SENSOR switch issetto TH a '
Cable and Thermocouple Cable are disconnected.n fthat both the B Outpuy

STEP 2: Enable the full parameter list with the hardwa

(W1) using the procedures in Section 4.1, Full List Enazra?econﬁgwation Switch

L

© 1989 Marlow Industries, Inc, Dallag, v
) » Texas
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STEP 3: Scroll down to GAL by repeatedly pressing the PAR button. The
lower display will contain the calibration sub-scroll header; ce=o,

STEP 4: Use UP & or DOWN 1o display ot in the lower display. (PAR
terminates the procedure.)

NOTE: Ignore any other mnemonics that may appear as you scroll to ®7.
These are used by authorized Marlow Industries, Inc., personnel only during
factory calibration.

STEP 5: Press PAR to affirm that ®d is indeed the desired calibration
procedure. ®¢ now appears in the upper display, and ne in the lower.

STEP 6: Use UP & or DOWN V again to select VBS or @0 in the lower
display. VES continues the procedure; no terminates the procedure.

STEP 7: With V€S in the lower display, depress PAR again to launch the
selected recalibration procedure. B will appear in both the upper and lower

displays.

STEP 8: The procedure takes about 5 seconds after which GAL reappears
in the upper display, and = ===in the lower. If no assignments are being

fter 5 seconds the display will automatically return to the condition
rann?ddrer;o?:le the unit was in when you began the procedure.

: he OPERATE/STANDBY switch is in STANDBY and POWER is
SJEF;ig}'nE\?es?r:g ttemperature control module from its sleeve again and
_oen the hardware configuration switch (W1). Re-install the module in the
r?ogve and secure with the jack screw. Reconnect the DC Output Cable and
;shee Thermocouple Cable and turn the POWER on.

If neither offset adjustment nor Thermistor Calibration has alleviated the

roblem, return the unit to Marlow Industries, Inc., for recalibration. (See
gection 6.3, Customer Service.)

inc., Dallas, Texas 5
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5.0
Tuning Tutorial

5.1 Introduction

This section will assist you in determining the values of the Proportional/Integral/Derivative
PID) terms and other related control parameters in the Temperature Controller/Power
Supply for a specific application. Proper tuning of a controller is essential to its correct

operation.

: ure is normally performed on system start-up, or if the thermoelectric
The'tumnge?;ogr?:nged, or if the mechanics of the system are altered appreciably. In this
device typ ce, the associated controller must be “re-tuned” to ensure optimal performance.
latter instar \roller is replaced in an existing system that is properly tuned, the parameters
Anytime a con Ust be set to the same values as those of the old instrument.

of the new instrument M
the controller module inv

al band Pro?, integral time constant (@8, and derivative time constant

olves setting values for the following parameters:
Tuning

. Proportion

QEo-L. atic cutback operation (Cb @ set to Awte) is utilized. No adjustment to the
. A;tt?:::k points is necessary; they are automatically set by the controller to three
ﬁmes the value of PraP.
i he behavior of the controller at int II-
ameters determines t at setpoint (sma
The choice ©f PIDT%aer automatic cutback parameters govern the performance due to major
signal 1esPONSO). . ing start-up (large-signal responise).
esin ¢ B
chang the procedures outhns_zd in this section. Temperature values
be either in Fahrenheit or Celsius. The operator selects the

a
s can . _
in this section s:tﬁ?pr’:easu"ing unit on the front panel. (See Section 3.2, Overview of

temper

rols/Indicators | | |
Cont — given are for a thermoelectric device with a relatively small time
NOTE: The éX
© 1989 Marlow industries, Inc., Dallas, Texas 41
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constant. The integral and derivative times will be longer for devic_es \‘Nilh.larger time
constants, such as cold plates. Conversely, shorter integral and derivative times will be
used for thermoelectric devices with smaller time constants such as fast transient

thermoelectric heat pumps.

5.2 PID Control Parameters
Proportional Band (Gain) PoelP

Proportional Band (PB), or gain, amplifies the error between setpoint and measured
value to establish an output level. Proportional band is the temperature range over
which the output level is continuously adjustable in a linear fashion from g,
(maximum cooling) to 100% (maximum heating). Below the proportional band, the
output level is 100%, above the proportional band, 0%, as shown in Figure 5 1.

The width of the proportional band determines the magnitude of the response to th &
error. If the proportional band is too narrow, meaning high gain, the system
oscillates by over- and under-shooting the target temperature. Deviceg with fast
-response times will require lower gain (wider proportional band) than slow device
-Also, a given device operating in the heating mode will require a lower gain th .
when operating in the cooling mode. an

A wide proportional band, low gain, could lead to control “wander,” i.e. erratic

from the setpoint, because of a lack of responsiveness. The idea| situat] strqy
achieved when the proportional band is as narrow as possible without ation is
oscillation. Causing

Figure 5. Proportional Band with Full PID Control

proportional band:

wide
Output
narrow

Maximum I-Ie.ating--1l]ll°/.f

0ff--50%

¥

Maximum Cooling--0% +

setpoint Temp.

. © 1989 Marlgw Industries, Inc
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Figure 5.2 Proportional-Only Control -

Temperature

A~ setpoint

—
increasingly
narrower
proportional
band

>
Time

Figure 5.2 shows the effect of narrowing the proportional band to the point of
oscillation. This control zone comes up to temperature with a proportional band
50° wide. This results in an appreciable initial error between setpoint and actual
temperature. As the proportional bang! is narrowed, the temperature comes closer to
setpoint until finally, at a setting of 10°, the system becomes unstable.

Integral Time Constant (Reset) Int.t

Integral action, or automatic reset, is probably the most important factor governing
control at setpoint. The integral term slowly shifts the output level as a resutt of an
error between setpoint and measured value. If the measured value is below setpoint
the integral action gradually increases the output level in an attempt to correct this

error.
Figure 5.3 demonstrates the result of introducing integral action. Again the
telrgnperatufe rises and levels out at a point just below setpoint. A 20° proportional

d is used. Once the temperature settles, iqtegral action is introduced. Notice that
&aentemperature rises further until it is at setpoint.

es, Inc., Dallas, Texas &
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with an 8-second integral time constant. Lengthening the integral time constant
results in the markedly slower response shown; however, the overshoot caused by
the positive 2° perturbation is markedly reduced.

Figure 5.3 Adding Integral Action

t
TempEratire Derivative Time Constant (Rate Action) dGr.¢

f, setpoint e

Derivative action, or rate, provides a sudden shift in output level as a resutt of a rapid
change in measured value. If the measured value drops quickly the derivative term
provides a large change in output level in an attempt to correct the perturbation
before it goes too far. It is most bgnefuc:al in recovenng from small perturbations and |
should be introduced after reaching the setpoint. e

proportional proportional-integral
-only control control

Derivative should not be used to curb overshoot on start-up. To

effectively use derivative to prevent overshoot on start-up, the steady-state

erformance must be greatly degraded. Overshoot inhibition is best left to
the automatic cutback operation.

—
integral added Time

The oscillatory response to a perturbation shown in Figure 5.5.A is virtually
eliminated by derivative action as shown in Figure 5.5.B. Here a 2-second derivative
term is added to the 20° proportional band and 4-second integral time constant. As
with the other two tuning parameters, there is a way of improperly setting this term:
derivative oscillation is typically a cyclic wandering away from setpoint caused by too
much derivative action.

Figure 5.5A & B Adding Derivative Action

The units of adjustment of the integral time constant are measured in seconds If th

integral term is set to a short time, the output level could be shifted tog quickl . L e
would cause oscillation, since the controller is trying to work faster than the loy' his
change. The longer the integral time constant, the more slowly th ad can

shifted; an integral time constant which is too long results in very slugg?:gpclgr:ﬁ;fel is

Figure 5.4 A & B Widening Integral Time Constant Temperature

Temperature 2°
2 _ :
setpoint F
Mo - g
\/ ~ <— 10 seconds e— 10 seconds |~

.20 ...E:...i;-r-a-ﬁ-mional-lntegral i B. Response with 2s

20} 10 seconds 4—10 seconds control response derivative action
it G o :
constant = 4s com:ag;?I.t'arge ;

when used, is often mistakenly associated with overshoot

. H l n; .
Derivativé actio transient response.

inhibition rather than

B T L

FRONT PANEL OR RLAR PANEL

[

gmr;i’?g;e sst':t')?é acgrc:polnional oAnd of 20° gral tim
ntrol at setpoint. A positi € Constant of 4 seco
overshoot before settiing, Figure 5 4 & sﬁg:}n;urﬁeigsp?nurbation results in sor;?:
u

t of a simjlar perturbation but gs, Inc., pallas, Texas 45
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described here is the closed-loop cycling method first formally described in an article
by J.G. Zeigler and N.B. Nichols'.

. -

Loy

5.3 Automatic Cutback Parameters

rature Controller/Power Supply contains two parameters which are
;&%;aetrizgﬁy adjusted to prevent overshoot: high- and Iow~cutbacl_& levels. These
parameters are independent of the other three tuning values. By using the cutback
parameters, the system can be set up for optimum steady-state response (with the PID
parameters) andthe overshoot is limited.

-{F-I-'

Tuning with the Zeigler-Nichols method requires forcing the system to oscillate. By
placing a proportional-only contrqller (no integral or derivative terms) in oscillation 18
through the setting of the proportional band to a very small value, the control loop |
cycles with a characteristic frequency (Figure 5.7). This characteristic frequency is a L
very accurate representation of the system’s responsiveness and is used to derive
the controller time constants.

g :—

~
[
—

e

it should be understood that “optimal tuning,” as defined by Ziegler and Nichols, is
achieved when the system responds to a perturbation with a 4:1 decay ratio, i.e.,
given an initial perturbation of +40°, the controller's subsequent response would yield
an undershoot of -10° followed by an overshoot of +2.5°. This definition of “optimal
tuning” may not suit every application.

Cutback operation involves moving the proportional band towards the cutback point
nearest the measured value whenever the latter is outside the proportional band and the
power is saturated, i.e., at 0% or 100%. Integral action is inhibited when the measured
value is outside the cutback region (e.g., on start-up). The proportional band moves
downscale to the lower cutback point, waits for the measured value to enter it, and then
escorts the temperature with full PID control to the setpoint (See Figure 5.6). This process
is reversed for falling temperature. In the great majority of applications, this process leads
to overshoot-free start-up and decreases the time needed to bring equipment into
operation.

"

ure 5.7 Determining Period of Oscillation, T, with Closed-Loop
i Cycling Method

[T =7

—setpoint l |
/\\// \\/

. The closed-loop cycling method Is not recommended for those
tems that cannot be made to oscillate conveniently or safely.
sys

With parameter Gb @ set to Ale (standard configuration), the high- and low- cutback
points are automatically determined by the controller and set to a value three times the
proportional band.

Figure 5.6 Cutback Operation

Temperature
f *upper cutback point

setpoint Maximum Cooling .
v e 0% output level procedures for Tuning .
e <4— Maximum Heatin _ 2.8 = OFF and @En.t = OFF.
----------- 100% output leyu) STEP 1: Setm :
lue of Pre until the measured value oscillates. Measure i
......... TEP 2: Reduce the va F un |
+|°‘"" cutback point 1She period of oscillation T as shown in Figure 5.7
i i i the value of ProP) until th ]
Time . Widen the proportional band (increase t : ) until the process
STEP 3: is value is called the point of ultimate sensitivity (P 3
is just slightly unstable. This itivity (P). 5;
STEP 4: Referto Table 5.1 for the values of PreP, InR.8, and dBr.2. - §a
5.4 Procedures for Tunlng TE: Most thermoelectric devices can be stabilized without use of .. In any k
NOTE:

The Closed-Loop Cycling Methog

)

tings for automnatic controllers, J.G. Ziegler and N.B. Nichols, Transactions of the
: 7

timum sé 769-76
Novem
A.S.M.E.

eeeeeeedaeeeet

There are several established -
techniques for tuning control loops. The dustries, Inc., Dallas, Neans -
- one
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" Again, the settings given in Table 5.1 establish control with a 4:1 de

event @r.0 should not be used during start-up. |f needed, it should be introduced
after reaching the setpoint.

Table 5.1
Closed-Loop Cycling Tuning Constants—4:1 Decay Ratio
PARAMETER
Proportional Integral Derivative
band time constant time constant
CONTROLLER Prop Int.t dEr.t
Proportional 2P N.A. N.A.
only (P)
Proportional and
integral (P) 2.2P 0.8T N.A.
Proportional,
integral and 1.67P 0.5T7 0.12T
derivative (PID)

P=ultimate sensitivity T=period of oscillation

Cay ratio which ma v
be better fulfilleq wig{hgthg
enng these valyes.

too much overshoot for some processes. Tuning objectives may
responses shown in Figure 5.8. Table 5.2 gives guidelines for aft

Figure 5.8 Typical Response Curves

;
? under-damped response
critically damped resonse

t

over-damped response

start-up response Perturbation response

© 1989 Marlow Industrles. Inc., Dallas

Texas
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Table 5.2
Variable Response Tuning Constants

PARAMETER
Proportional Integral Derivative
band time constant time constant
RESPONSE Prop Int.t dEr.t
Under- P 0.5T 0.125T
damped
Critically 1.5P T 0.167T
damped ke
Over op 1.5T 0.167T
damped

p=ultimate sensitivity T=period of oscillation

5.5 Troubleshooting PID Tuning

_ rol loop is slightly unstable and may oscillate a few degrees. This
In many '”Staqf.,eesf:cf ?r?;t the Igop was never properly tuned or that the tuning grocedures
can be due toe were not quite appropriate for the load. In these cases, it may not be
outl]ned albﬁ\:a eat the somewhat extensive tuning procedures outlined above. To quickly
deslr?f?'t?‘;%nﬁjg of the control loop, two procedures may be tried:
“repa

, eriod of oscillation (Figure 5.7) to the integral time constant
o First, cg?;‘%agﬁt;r;era? time constant should be at least as long as the period of
setting, n. If the integral time constant is shorter than the period of oscillation,
oscillatio the integral time constant to at least that value. If the loop continues to
incrgase with the appropriate integral term, the proportional band should be
osmllated until the oscillation is eliminated. :
increase irol zones have certain physical configurations which prevent them from
. Some con é with derivative action. Even though derivative action is a stabilizing
being t.une ot loads, some loads have transport lags which cannot stabilize if
actor In mo used. This would occur, for example, in a system where heat is
derivative 1S S the load by moving air. If adjusting the integral action and

transPOT'>" | and as stated above does not stabilize a controller, try reducing of

per%%?f?rggthe derivative action.

r

Marlow industries, inc., Dallas, Texas .
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6.0
Prevention &
Handling of Problems

is section addresses routine maintenance and provides a Troubleshooting Chart and a
:ggi:n on customer service information.

6.1 Maintenance

. INE Connector from the power source before Cleaning. Do not use
Disconnee theolMc;:l:aners. The outer case may be cleaned with a Clean, soft cloth
liquid C::eg";,r_} %st dripping) in mild detergent dissolved in water. Do not use a hard brush or
dampe

cloth or a solvent, as it may damage the finish.

6.2 Troubleshooting Chart

: : help you quickly pinpoint solutions to common problems:
; Iwart's|jesggn8C’t0
The following €

POSSIBLECAUSE  REMEDY
S_I_M_E_T_Q_M.s

en display.  Broken or disconnected Repair or connect
«Spbin ;Jpperrggrreeen display. sensor lead(s). sensor lead(s).
5 EHD'O in lowe "

. dot flashing under "M.

d:?s:rm indications- istor

" ® Lol & @ &L for thermistor
1 for thermo-

s & 6 AL nately flashing

51
fes, Inc., Dallas, Texas
jow Industries;
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POSSIBLE CAUSE BEMEDY
* Shorted thermistor * Repair or properly
leads or reversed connect sensor

SYMPTOMS

* mr in upper green display.
¢ 50.0 in lower green display.
* dot flashing under "M."
* alarm indications:
GIAL & d AL
alternately flashing
with the 50.0 in the lower
display.

thermocouple Ieads. lead(s).

» Measured temperature
diverges from setpoint
temperature.

» Measured temperature
is relatively stable but
different from setpoint
temperature and output
current is less than
current limit.

* Reversed polarity to
thermoelectric device
or reversed thermo-
couple leads.

* Connect leads to
thermoelectric device
orthermocouple
with proper Polarity.

* I20:2 (integral time

* Setin appro rate
constant) is set to off, ok

amount of (gg.¢
to achieve stabili
at the setpoint.

* Measured temperature
is relatively stable byt
different from setpoint
temperature and output
current is equal to the
current limit.

52

* Current limit is se\

t * Incr.
too low to achieve Hmite;s;;f;iamc&;ent

the setpoint, for the device,
* The thermoelectric

vice is not capable Check for improper

Of driving the hegy heatsinking of e
: evice, |
ten?r;é)rgzte:rseetl')omt Size hi;émg r
' AMaged devyiee

Laeeeeedee

03-14
IWER Oyt {
Jnoy

SYMPTOMS

« Measured temperature
is unstable (oscillating)
about the setpoint
temperature.

+av

103-11
7

[
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* Tuning of Pid para-
meters is not
optimum.

e Set @U@[D. g'm&nﬂ, and
@Br.0. (See Section
5.0, Tuning Tutonal.)

* Condensation on the
thermoelectric device
causing "detuning.”

* Operate in dry
atmosphere
or above dew point.

* Erratic air currents
blowing across
the device.

* Operate in draft-
free environment.

« Excessive overshoot

or undershoot) fronp
e(‘.etpoint #1 to setpoint #2.

"NOTE:

* Tuning of Pid para-
meters is not optimum.

* Improper current limits
for heating mode and/or
cooling mode.

* Set [Prop, zg.t,
and WEr.L. (See Section
5.0, Tuning Tutonal.)
oruse r 8P (ramp
to setpoint) Gl
(control) mode and
set 8Pm (setpoint
ramping rate) to de-
sired rate. (See Note,
below.)

red when going from a low to a highgr Setpoint, reduce the heating
g o;ersz:')r?n?cl:if:i; by reducing [ Pt (maximum power limit). (See Section 3.4, Front
moage C

Panel Procedures.)

d when going from a low to a higher_se}point. increas:.e the heating
- undersrr%?:tcl)icnﬁilt"g increasing [ FL (maximum power limit). (See Section 3.4, Front
mode cu

panel Procedures.)
« If overshoot
Proceaures.)

n going from a high to a lower setpoint, reduce the cooling
?clfi;r:li';'egy“;gzucging Et’he CURRENT LIMIT. (See Section 3.4, Front Panel

d when going from a high to a lower setpoint, increase the cooling

« If undershoot 088 T ereasing the CURRENT LIMIT (See Section 3.4, Front Pans/

mode current limit b
Procedures.)

© 1989 Marlow Industries,

inc., Dallas, Texas ”
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SYMPTOMS

» Measured temperature

POSSIBLE CAUSE BEMEDY
« CURRENT LIMIT set to + Set CURRENT LIMIT to

does not change. "zero” (fully counter- proper value.
« POWER is on, unit is in clockwise).
the OPERATE mode, and
DISPLAY indicates +0.0X  DC power lead(s)not ~ « Connect DC power
AMPS and £XX.X VOLTS connected to thermo- leads to thermo-
(where X is any value from electric device. electric device.
1to 9.
08 « Damaged thermo- * Inspect thermo- _
electric device. electric device for
damage (open
circuit); replace if *
required.
« Measured temperature » DC power leads are * Inspect and repair DC
does not change when shorted together or the power leads or
unit POWER is on and thermoelectric device thermoelectric device
unit is in the OPERATE is shorted. as required.
mode and DISPLAY -
indicates £X.XX AMPS
and £00.X VOLTS. (Where |
+X. XX is equal to the < |
CURRENT LIMIT and is any
value from 110 9.) , :
v [5lois vhig alato) * Alam it * Check alarm limits
o @ AL (deviation alarm) improperly set. for proper sett
alternately flashing with Ings. ‘_
setpoint in lower display
with measured tempera- ]
ture stable and equal to d
setpoint.
e '
o el (low alarm) * Alarm limits . '
o @ AL (deviation alarm) improperly set. g’r‘eCk alarm limits u
atternately flashing with Proper settings.
setpoint in lower display f
with measured temperature
stable and equal to setpoint.
S.inc., Dallas, Tgpgs | |
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« Cannot adjust setpoint - 8P [ (setpoint high » Check setpoint limits
temperature above (or limit) and/or S_'i';’.&. for proper settings.
below) some value to (setpoint low limit).
reach desired setpoint. improperty set.

i sing a thermo- * A material other * Check thermocouple
\gor,'_g:gusenngsor, the than copper or constan-  wiring to make sure
measured temperature tan has been introduced the lead up to and
is stable and equal to the in the thermocouple mcludm_g the thermo-
setpoint; however, there leads connecting the couple junction at the
is a temperature offset at unit to the thermo- thermoelectric device
the thermoelectric device electric device. (If wires is all copper and the
detected by some other pass through connec- other is all constantan.
means of measuring tors, the connectors

ture. should have copper
tempera and constantan pins
for the thermocouple
wires.) This material is
creating additional
thermocouple junctions
introducing thermal emfs
(electromotive forces) or
=yoltage"which vary with the

these junc-
temperature at

tions, creating errors and
drift in the measured tem-

perature-
""'"""—T_— gimmed or « Power cord discon- » Reconnect broken
. LED displays @ nected. connection.
not working.
« Incorrect AC LINE » Check AC LINE selection.
selection
. Blown line fuseonrear <« Replace line fuse with
panel. spare fuse. If spare fuse,
blows, retum unit to
Marlow Industries, Inc.,
for service. (See Section
6.3, Customer Service.)
Mariow industries, Inc-» Tains; Tyaxt -
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Temperature Controller/Power Supply Up italy Spain E_ii_:
Customer Service \E/Pregegéfr'r’uif i el Ansalmo Ciave, 96-98 5
6.3 Gus 26%9 4 ASSaso 08800 Vilanova ila Geltru
: . I
To order additional units, options and/or accessories or to replace or repair products, Milano, Italy45 _— ggraci’ﬁ o
contact Marlow Industries, Inc.; Marlow Industries U.K.; or your representative: TEL: (39)-2-4%-

Customer Service Department
Marlow Industries, Inc.

10451 Vista Park Road
Dallas, TX 75238-1645 USA
TEL: 214-340-4900

FAX: 214-341-5212

Representatives
(Country codes in parentheses)

Denmark

Radio Parts A/S
Glentevej 57

DK 2400 Copenhagen NV
Denmark

TEL: (45)-38 33 33 11
TELEX: 19613

FAX: (45)-31 34 22 32

France

Equipements Scientifiques S.A.

127 Rue de Buzenal
B.P. No 26-92380
Garches

France

TEL: (33) 1 47 959900
TLX: 20 4004 F

FAX (33) 147 011622

Germany
Nucletron Vertriebs GmbH

Gerate + Systeme
Gaertnerstrasse 60
8000 Munchen 50

rman
?gl.: (49y) 089-149002 20
TLX: 5215297
FAX: (49) 089-149002 11

Marlow Industries UK

7 Laura House

Jengers Mead
Billingshurst West Sussex
England
(44)-403-784-849
(44)-403-782-901

Holland & Belgium
Rodelco

P.O. Box 6824

4802 HV Breda
Holland

TEL: (31-76-784911
TELEX: 54195

FAX: (31)-76-710029

India & Subcontinent
Regal International, Inc.
273 Closter Dock Road
Closter NJ 07624

USA

TEL: 201-784-9428
TLX: 642250
FAX: 201-784-1805

Israel
Landseas Ltd.
§$ Box 676

ehonathan Nethan ah
Or-Yehuda 60255 o o
Israe|
TEL: (972)-3-533 3

033

FAX: (972)-3-533 3052
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FAX:(39)-2-48-80275

n
‘Flligi Industries, LTD.
1-1, Kyo bashi 1-Chome
Chuo-Ku, Tokyo 104
(Yaesu Dai Bldg.)

an

1o 81) 3-3278-3916
: 225318

.:,'i>>(<; (81) 3-3281-6697

TEL: (34)-3-815-1471
FAX: (34)-3-815-7980

Sweden

Kaitech Trade AB
S-161 69 Bromma
Sweden

TEL (46) 08-764-5455
FAX (46) 08-98-8130
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Appendix A
Specifications

A.1 Specifications for Model SE5000

Output Pc:wert i
rren '

83:8& sgltage (Vo) Compliance

| Stability

'?g;t;;gratura Control Range

Ramp Rate Range

Control Mode ]

Temperature Sensor

Temperature Accuracy

* Linearization Accuracy

ibration Accuracy

gg\l:gf ‘tC-I‘»?JppI Output Stage
i nd Noise

gggrlgt?ngfswrage Temperature

AC Input Power

AC Input Current

S Range
Vo) Readout F.
Votage (/0 e dout F.S. Range

Vo & lo)
Readout Acc(gic{q;lf Rack)

' hang
Speciﬁcaﬁons subjectto €

© 1989 Marlow industries,

in€., Dallas, Texas

18W max

0 to 2 Amps

Otot9 Vdcat2 Amps

10.1°C (Typical)

-99.9°C to 150.0°C

0.01°/min. to 99.99°min.

PID and PID with Ramp-to-Setpoint
See Appendix C, Accessones
Depends on Sensor Tolerance

0. 51’ :g for Thermistor, 0.2°C for Thermocouple
0.

Linear Bipolar

Less than 10 mA rms

0°C to 50°C/-10°C to 50°C
104-125/208-250 V ac 48-62 Hz
0.6 Amp max for 115 V ac

0.3 Amp max for 230 V ac
1999V de

+19.99 Amps

1% of reading + 2 digits

522"H x 8.38"W x 10.6" D
(13.26 cmH x21.29 em W x 26.92 cm D)
10 Ibs. (4.55 kg)

1 Amp, 250V ac
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A.2 Specifications for Model SES010

Output Power

Output Current (lo)

Output Voltage (Vo) Compliance
Control Stability

Temperature Control Range
Ramp Rate Range

Control Mode

Temperature Sensors
Temperature Accuracy
Linearization Accuracy
Calibration Accuracy

Power Supply Output Stage
Ripple and Noise
Operating/Storage Temperature
AC Input Power

AC Input Current

Voltage (Vo) Readout F.S Range
Current (lo) Readout F.S. Range
Readout Accuracy (Vo & lo)
Dimensions (EIA Halt Rack)

Waeight
Line Fuse Rating

96W max

Otot6 Adc

Otot16Vdcat6 Amps,tot21 Vdcat 1 Amps
10.1° C (Typical)

-99.9°C to 150.0°C

0.01°/min. to 99.99°/min.

PID and PID with Ramp-to-Setpoint

See Appendix C, Accessonies

Depends on Sensor Tolerance

0.1°C for Thermistor, 0.2°C for Thermocouple
0.5°C

Linear Bipolar

Less than 10 mA rms
0°Cto50°C/-10°Cto 50°C
104-125/208-250 VAC, 48-62 Hz

2.4 Amps max for 115V ac

1.2 Amps max for230 V ac

+199.9Vdc

+19.99 Amps

1% of reading + 2 digits

;.51.%22"6H x 8.38"Wx 1 g‘.r?' D

.26 cmH x21.29

20 Ibs. (9.09 kg) Wx4064.em D)
3 Amps, 250 V ac

" Spaecifications subject to change without notice.

®© 1989 Marlow Industrles. Inc,

» Dallas, Texas
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A.3 Specifications for Model SE5020

Output Power
Output Current (lo) .
Output Vottage (Vo) Compliance

tabilit
$§rrr11t;r>glr§ture C{mtrol Range
Ramp Rate Range
Control Mode
Temperature Sensors
Temperature Accuracy
Unearizatio; ﬁ:@c"
ibration

gg‘lflvber S:gﬂy_%utput Stage

' 0is
Cﬁ)gep :gt?ng/Sto rage Temperature
AC Input Power
AC Input Current

o (Vo) Readout F.S Range
éﬁl:raegnt Elo) Readout F.S. Range
Readout Accuracy (Vo & lo)

Dimensions, EIA Half Rack

eight ;
gnegFUSG Rating

SpQCiﬁC

192W max

0to+12 Amps

Otot16 Vdcat 12 Amps,
tox21VdcatiAmps

+0.1°C (Typical)

-99.9°C to 150.0°C

0.01°/min. to 99.99°/min.

PID and PID with Ramp-to-Setpoint

See Appendix C, Accessones

Depends on Sensor Tolerance

0.1°C for Thermistor, 0.2°C for Thermocouple

05°C

Linear Bipolar

Less than10 mA rms

0°Cto50°C/-10°C to 50°C

104-125/208-250 VAC, 48-62 Hz

4.8 Amps max for 115V ac

2.4 Amps max for230 V ac

+199.9Vdc

+19.99 Amps

1% of reading + 2 digits

522"Hx8.38"Wx16.0"D

(13.26 cm H x 21.28 cm W x 40.64 cm D)

30 Ibs. (13.64 kg)

6.25 Amps, 250 V ac

ations subject 10 change without notice.

Dallas, Texas 61

SCHEMATIC DIAGRAM
_MODEL SES010 TTUPLRATURE CONTROUER
<

Lisa

3
i
.

FHONT PANEL OR RLAR P

l( “106" SERES COUPONINTS ARC ON CHASD:



O ER
v

5. e,

[

sv

IER Cul |
{

i - 5 3
J.! l : [ 3

DIAGRAM

03=14

J03

103-1
EUPERATURE CON TR

Paa
o

SCHEMATIC

MOOEL SES010 7

ol b

Temperature Controller/Power Supply Operation Manual

B

. Appendix B
Communications Programs

dustries, Inc., SE5000 Series TemperatL_Jre Controller/Power Sy lies, in
gdcacg?:a rla?:e with RS-422-A specification, can provide two-way asynchrono%ps serial
communication with a computer; the protocol used corresponds to ASCI| X3.28 rev. '76
beategories 2.5 and A4. This protocol Qeﬁnes the necessary procedures to perform the
su munication functions of establishing connection, message transference, and
com'nation of the connection. Messages consist of ASCII characters including non-printing
Eerm; ol characters and can be classified in two sequences, one to read information from
coqrremperatufe Controller/Power Supply and one to send data to it. This information is
:fha?i d for SE5000, SES010, and SE5020 units and Sections (B.1 to B.5) apply to all of them.

g.1 Formal Specification
| Multi Drop Supervisory Link

. -einn Standard :RS-422-A (bi-directional z
Tgtm'ssm” ANSI-X3.28.2 584 %
Sata Rates i%os;:?of; 1200; 2400; 4800; 9600; 19,200 =

t : +1 start, 1 parity, and 1 e

Character Forma stop bit. ty 2

, :Even L~

Partty g
single Serial Link 3

- ard 'RS-232-C (bi-directional i
Transmission Stand :ANSI-X3.28-2.5-A4 ) i3,
Protocol :300; 600; 1200; 2400; 4800; 9600: 19,200 e

Rates;:ormat ‘ACSII+1 stant, 1 parity, and 1

Character stop bit. £

:Even o

Parity F
Dallas, Texas 63
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Digital Communication
Table B.1 Digital Communication

RS-232-C RS-422-A
Electrical Connections 3-wire 4-wire

single ended differential
No. of drivers and 1 driver | driver
receivers allowed per line 1 receiver 10 receivers
meximum cable length SO ft (15 m) 4000 1t (1200 m)

Computer Interface Cables

Two 12-#t. (3.05 m) computer interface cables are available:

RS-232-C (DE-9S connectors on both ends or

end and DB-25S at computer end)
RS-422-A (DE-8S connector

w_i_th DE-9S Connector at unit

atunite <
G4 nd and DB-25P Connector at computer

(See Appendix C, Accessori
information.

es, for ordering information.) Table B.2 Provides wiring

ot
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Table B.2 Computer Interface Cable Wiring J-Ef;gi
The cables connect to the COM connector on the rear Panel of the Temperature | ::;
Controller/Power Supply (TC/PS). lii? ;
RS-232-C Cable RS-422-A Cable ,5_
TC/PS Computer TC/PS | Computer J_ ‘
signal | DE-9S | DB-25S | DE-9S Signal | DE-9S | DB.osp .
i 3 3 X+ : L
3 + 8 12
RX - 2 2
COM 5 7 5 COM 7 7

B.2 Explanation of Terms

Mnemonics

Infor
mnem

ion is exchanged with a Temperature Controller/Power Supply using
m:é;g: 01:5 two characters to specify the actual parameter, for example;

PV is the process variable

o

AT

XP is the proportional band, etc.

ble B.5 Mnemonics of Parameters Accessible via Communications Link, in

gse?:ieic;r: B.3 Communications Mnemonics, for a full table of accessible mnemonics.) “@1
control Characters -
ot control characters are used to control the messages: [

ix non-printing ASCI! 3

ASCI-HEX Start of Text i3

02 fgm End of Text 9

03 (EOT) End of Transmission SH

gg (ENQ) Enquiry s

ACK) Positive Acknowledge 8

06 EN AK) Negative Acknowledge N

15 X

inc., Dallas, Texas

100K
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Data Formats

Associated with each mnemonic is a value for which there are two possible data
formats: Free and Fixed.

Free Format

This is the format normally used. There are five characters used in the
Temperature Controller/Power Supply which include the number and if
necessary the decimal point and minus sign. Leading or trailing zeros or
leading spaces may be used to pad out the data, e.g..

13.9 may be sentas 013.9, 13.9, etc.
The minus sign must precede the value, e.g.:
-2 may be sentas -2, -002, -0002, etc.

The decimal point and the minus sign are treated as one complete character
When returning the data, the Temperature Controller/Power Supply will
always place the decimal point (or the minus sign) in the same place as it

appears on the display of the controller, and it will pad it out wi
the five characters. th spaces up to

Fixed Format

This corresponds to the TCS ASCI| Protocol. Space ;

the data string is always five characters in lengtﬁinclaégeg ?ﬁ; germmed and
For negative numbers, the minus sign replaces the decimal mi“teg'g"f" point.
+5.3

5.300, 05.30, 005.3, etc.
-5.3

5-300, 05-30, 005-3, etc.

Again, when returning values, the Temper
always place the decimal point (or minpu ok C_Zontroner/ P

instrument display and will Pad out to five Characters with zee position as the

The choice of Free/Fixed is made b i :
special parameter called the Status wgrgl‘??ﬂ)"g/semng a "lag” or pit in a

Status Words

 Check state of alarms

* Auto/manual selection
* Remote/local selection
* Disable front pang| keys

° Free or fixed data format selection etc

CATTCC(

€683

J

PARITY BIT
START
BIT 1 STOP BIT
RETURN TO IDLE
IDLE STATE [ 7 BIT ASCII—— STATE
L [ é[o|1]|2]|3([a|5|6]|d|d] a: or
0 ~ NSTART BIT OF NEW
ONE CHARACTER CHARACTER

© 198

Table B.3 provi
hexadecimal (H
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ASCIl Codes

Before a character is transmitted, it is turned into an ASCII code. This is a universal
code. Full lists are shown in Tables B.3 ASCIl Codes and B.4 Complete List of
HEX-ASClIs in this section. The ASCII code is 7 bits and to this the start, parity,
and stop bit have to be added as shown in Figure B.1. Marlow Industries, Inc.,
protocol requires even parity and a smgIe_sto_p bit. This has to be programmed as
part of the software related to the communications output port of the computer.

Figure B.1 ASCII Code Composition

EX) code in the right column.

es, Inc.; pallas, Texas _

des a short list of ASCII codes with the character (or code) in the left column a
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Table B.3 ASCII Codes

ASCII Codes ASCII-HEX

STX - Start of Text 02
ETX - End of Text 03
EOT - End of Transmission 04
ENQ - Enquiry 05
ACK - Positive Acknowledge 06
NAK - Negative Acknowledge 15

- Space 20
- - Minus Sign 2D
. - Decimal Point 2E
0 30
1 31
2 32
3 33
4 34
5 35
6 36
7 37
8 38
9 39
>(greater) 3E

Table B.4 provides a complete list of HEX-ASClIs with the HE
the corresponding character (or code) in the right column.

© 1989 Marlow Industrlas. Inc

ot e e

X code inthe left column and

» Dallas, Texas

Table B.4 Complete List of HEX-ASClls

[+3 1

J103

OvER Qul |

n03-11

H2907
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00 NUL 10 DLE 20 space 30 0
01 SOH 11 DC1 21 | 31 1
02 STX 12 DC2 22 " 32 2
03 ETX 13 DC3 23 £ 33 3
04 EOT 14 DC4 24 $ 34 4
05 ENQ 15 NAK 25 % 35 5
06 ACK 16 SYN 26 & 36 6
07 BEL 17 EB 27 ' 37 7
08 BS 18 CAN 28 § 38 8

9 HT 19 EM 29 39 9
gA LF 1A SUB 2A 3A
oD CR iD GS 2D - 3D =
OE SO 1E RS 2E ; 3E >
OF S| 1F US 2F / 3F ?
20 @ 50 P 60 70 P
41 A 51 Q 61 a 71 q
42 B 52 R 62 b 72 T
23 - G 53 S 63 ¢ 73 S
44 D 54 T 64 d 74 t

: E 55 U 65 e 75 u
4 = 56 V 66 f 76 Vv
i 57 W 67 g 77 W
47 H 58 X 68 h 281,
- 59 Y 69 i 79 Y
49 ) EA © Z 6A TA 2
4R 58 | 6B 'k 78
4B 5\ 6C | 7¢ |
4C L 5D ] 60 m 7D }
s M s A 6E n TE v
AE g sF - 6F o 7F  CEL
4 Sl

Nis-a001- non [F
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B.3 Communications Mnemonics

Table B.5 provides a complete list of all parameters accessible via the communications link
(RS-232-C or RS-422-A). The parameter names and corresponding ASCIVHEX code and
mnemonics are listed for each parameter.

Table B.5 Mnemonics of Parameters Accessible via Communications Link

ASCII/HEX MNEMONICS PARAMETER
48 353 HS Setpoint high limit
4C S3 LS Setpoint low limit
50 56 PV Last measured value
4F 50 oP Output power in auto read only
S3 57 Sw Stetus Word Hexadecima!
53 4C SL Local Setpoint
48 41 HA High alarm setpoint
4C 41 LA Low alarm setpoint
44 41 DA Devietion slarm setpoint
S8 S0 XP Proportional band
5S4 49 Tl Integral time constant
54 44 TD Derivative time constant
42 50 BP Sensor break power
48 4F HO Heat output 1imit
53 52 SR Ramp-to-setpoint ramp rate

B.4 Status Word

The status word is made up of 16 bits, each one of which re
the controller as detailed below. These are
Read/Clear (R/C) addressable.

presen

ts ' ;
Read/Only (R/O a particular function on

), Read/Write (RW) or

The 16 bits are sent as four hexadecimal numbers nym
that the data is hexadecimal. The format is thys %rs\cl:e.—_deigy > 10 warn the computer
transmitted in ASCII code. >ABCD. These digits are stil|

70

© 1989 Marlow Industrigs, Inc., Dallas Texas
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Table B.6 Status Word Bit Functions

TYPE DIGIT|BIT| FUNCTION ATTRIBUTE | CLEAR/SET
D 0 | Data Format R/W Free/Fixed
Reserved D 1 | Sensor Break R/0 No/Yes
D 2 | Key Disable R/W No/yes
D 3 | Spere - -
Alerm 3 c | 4 |Spere - -
d key c | s |Perameter Change via keys R/W No/Yes
;:ndh‘ng C 6 |Dev. Alm State R/0 off/0n
c |7 |Dev. Alm Cause R/0 Absent/Present
B 8 | Low Alm State R/0 off/0n
Alerms B |9 |LowAlmCeuse R/0 Absent/Present
1 end 2 B 10 H!gh Alm State R/0 0ff/0n
B |11|High Alm Ceuse R/0 Absent/Present
A |12 | Alerm Acknowledge R/C ACK/Alarm
Comm s |14 spere - -
A |15| Auto/Manuel R/W Auto/Menusl
TES
NO Indicates whether the Temperature Controller/Power
Alarm State Supply has identified and flagged an alarm condition.
Identifies if alarm condition is still present.
ause NN .
plarm © Writing a logical bit "0"into this bit location will cancel the state
m ACK of any of the alarms, but it will not clear the cause of any of the
Alar alarms.
Indicates that a parameter has been changed via the front
ter Chang eys. This bit can only be cleared by writing a logical bit "0"
parame into this bit location.
Indicates either a sensor b&eak condition (over range) or
e condition exists.
sensor Bred a sensor under rang
Stries, Inc- pallas, Texas mn
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B.5 Example Programs (written in IBM Basic)
READ - CONTROLLER

This program will read all of the parameters of the Temperature Controller/Power Supply
and display them on the computer screen.

Program:

The program communicates via COM1 at 9600 baud. If either of these need to be changed,
then alter the statement in line 640. Changing COM1 to COM2 will communicate via the
second RS-232-C port if fitted.

10 REM READ-CONTROLLER PROGRAM

20 REM - - - - - o mm e e e e e
30 REM DATE
A0 REM- < === = = = = = = e e e e e aeeeeeeiiiaao L
50 REM INTITALIZE SCREEN

BOREM - = = - - - - - = e e e e e e et eeieaa o

70CLS 'CLEAR SCREEN FOR THE FIRST TIME ONLY
80 CYCLE=0 'COUNTS HOW MANY CYCLES WE DO

90 GOSUB 340 'SETUP GLOBAL DEFINITIONS

100 GOSUB 610 'SETUP COMMUNICATIONS PORT

110 LOCATE 2,29
120 PRINT "MI READ - CONTROLLER DEMO PROGRAM"

130 REM === v e meeenneocccnananoccomaaemreececconnaaennn .. ..

140 REM MAIN LOOP T

150 REM - - - o m e e el
160 CYCLE = CYCLE +1
170 LOCATE 4,32
180 PRINT "CYCLE :",CYCLE;
190 LNUMB=6

200 FOR PN=1 TO LASTPARAM
210 PARAMETER$=PNAMES(PN)
220 LOCATE LNUMB, 31

230 PRINT ">";

240 GOSUB 670 '‘BUILD PACKET

ggg fggg%?fgw& e :ggrg[DT EA)ACKET AND WAIT FOR UNIT TO REPLY
270 PRINT PNAMES(PN)" = “RX$." N CURSOR TO NEXT LINE ON DISPLAY
280 LOCATE LNUMB, 31 '

290 PRINT " *;

300 LNUMB = LNUMB +1

310 NEXT PN

T GOTG J60 PO THENCYCLE <0 'RESET AFTER DOING THi MANY
BAOREM -~ rvceemennnenn REPEAT MAIN LOOP

350 REM INITIALIZE PAR o

360 REM AMETERS

'MOVE TO NEXT LINE

S e aq
-----
® e ea
------------
--------
--------

--------
------
-----
® aeaas
.....
.......
- el
......
-----
-------
---------

72

© 1989 Marlow Industries, Inc., Dallas, Texas
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370 ADDRESS $ = "0000

380 STX$= CHR$(&H2)

390 ETX$ = CHR$(&H3)

400 EOT$ = CHR$(&H4)

440 LASTPARAM = 14

450 DIM PNAMES( LASTPARAM)

460 PNAME $(1) ="PV"

470 PNAME $(2) ="SL”

480 PNAME $(3) ="HS’

490 PNAME $(4) = "LS"

500 PNAME $(5) = "OF

510 PNAME $(6) = "HA’

520 PNAME $(7) = "LA”

£30 PNAME $(8) = "DA"

540 PNAME $(9) = "XP"

550 PNAME $(10) = TI"
0 PNAME $(11) = "TD"

'X.Y ADDRESS OF UNIT TO BE INTERROGATED

'DEFINE PARAMETER MNEMONIC

80 TRUE =0
590 FALSE = -1
600 RETURN i
GIOREM- oA ToNs PorT

REM -----~ o 500, E.7,1,RS,CSO,DSO,CDO"

gig COMFILS = "COM1 :9600 'SET BAUD RATE HERE
550 OPEN COMFILS AS #1
660 RETUﬂN -----------------------------------------------------------
ggg F;EM BUILD PACKET_TC_)E.EPI D """""""""""""""""""""""""""
690 Ei cké:ré; TS + ADDRESSS + PARAMETERS + ENQS

L s B
?/10 RELUR_"_J """""""""""""""""""
-7138 HEM SEND PA(.;&EI A g -T-$. .L-O-é-({)- -#.1-) ------------------------------
helt: | EOF (1) THEN RX8 = INPUTS (5
75 %
760 Rxs =u L 7
770 t;ﬁ T #1 PACKgTs- HOW LONG TO WAIT BEFORE WE TIMEOUT

80 2100
60 INTERVAL CLEAR TIMEOUT FLAG
800 Tlm EguT _ FALSE 'CLEAR RECEIVE COMPLETED FLAG

TI
B RXEND = R 73
” ies, Inc., Dallas, Texas
1989 Marlow Industric>
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830 WHILE (RXEND = FALSE) AND (TIMEOUT=FALSE)

"TERMINATE ON RXEND OR TIMEOUT !
IF COMMS BUFFER CONTAINS DATA THEN GET [T
'READ NEXT CHARACTER FROM COMMS BUFFER
'APPEND TO RECEIVED DATA STRING

840 WHILE NOT EOF(1)
850 IN$=INPUTS( 1,#1)
860 RX$ = RX$ +IN$

870 IF (IN$=ETX$) OR ( IN$=ACK$) OR (IN$=NAK$) THEN RXEND = TRUE

880 TIM=0 RESET TIMEOUT IF SOMETHING WAS RECEIVED
890 WEND 'BUFFER EMPTY

900 TIM=TIM +1 MAY HAVE TO TIMEOUT IF WE DONT GET T

910 IF (TIM >INTERVAL) THEN TIMEOUT + TRUE

920 WEND 'RXEND OR TIMEOUT

930 IF LEN(RX$) <= 1 THEN 1060
940 BCCERROR = FALSE
950 BCC =0
960 FOR X =2 TO (LEN (RX$ ) -1)
970 BCC =BCC XOR ASC (MID$(RX$,X,1))
980 NEXT X
990 IF CHR$(BCC) <>IN$ THEN BCCERROR = TRUE
'LAST CHARACTER IN INSWAS BCG
1000 IF BCCERROR = TRUE THEN RX$ = "BCC ERROR" : GOTO 1050
1010 SOD = INSTR(RX$,STX$ ) +3  'FIND FIRST DATA CHARAGTER
1020 EOD = INSTR(RX$, ETX$ ) 'FIND LAST DATA CHARACTER
1030 LOD = EOD-SOD
1040 RX$ = MID$(RX$,SOD,LOD)
1050 GOTO 1090
1060 TIMEOUT = TRUE THEN RX$ = "TIMEOUT"
1070 IF RX$ = ACK$ THEN RX$ = "ACK"
1080 IF RX$ = NAK$ THEN RX$ = "NAK"
1090 RETURN

N0y |

OVER QU1 |

Cang
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Program: WRITE - CONTROLLER

This program will allow the operator to change any of the addre_ssable parameters. The
user is prompted for a parameter, which must be in the appropriate two-digit mnemonic.
The user is then promptgd for a new valpe for this parameter. The data is constructed into a
string and sent to the unit. The mnemonic data, and reply string are shown on the computer

screen.
The baud rate can be changed by altering the command in line 550.

10 REM WRITE - CONTROLLER PROGRAM

BB e o o BB T e e e e s a b e

gg REM DATE :JUNE 21, 1989

M
g EEM INITIALIZE VARIABLES

BOREN Baz0  'SETUP GLOBAL DEFINMIONS ™~ ~TT""TT
gg ggggg ggg 'SETUP COMMUNICATIONS PORT

90 FEEM DRAW MAIN BERERN degagy Tl
= et
120 CLS 'DISPLAY PROGRAM TITLE AT TOP

}38 ',;IOR%.T FMZI"S\?RITE-CONTHOLLEH DEMO PROGRAM"

50 LOCATE 12,28 'PARAMETER MNEMONIC
1 1 « B,

160 PRINT "PARAMETER "VALUE

170 LOCATE 13,28 b

180 PRINT "Vﬁliqus ' RESPONSES
190 LOC T GAGE RECIEVED 7

200 RRINT MBS S SR R Y o wtenins MBS, U St

EM
210 REM MAIN LOOP

REM ------ P
gig PROMPTS =

osuB 610 2 THEN 240
ggg |(r3= LEN(USERENTRY$) < 'lGNORE BLANK ENTRIES

570 CMD$ = USERENTRYS

: W VALUE"
580 PROMPTS = ENTERHE 'GET USER TO ENTER NEW VALUE

B 610 = 0 THEN 240
290 G?.glr{l(usERENTHYS) O THE e GNORE BLANK ENTRIES
300 IF 'SAVE NEW VALUE

'REPORT NEW VALUE ON SCREEN

H2907
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--------------------------------------------------
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360 GOSUB 710

370 GOTO 240

380 STOP

BO0 REM s cimnic simomm mme cioio cmmis warmwrmis s 508 2838 0 mrmrmw s s
400 REM SETUP GLOBALS

A10REM - cvcanmn e,
420 ADDRESS$ = "0000"
430 STX$ = CHR$(8H2)
440 EXTS = CHR$(&H3)
450 EOTS$ = CHR$(&H4)
460 ENQS$ = CHR$(&HS5)
470 ACK$ = CHR$(&H6)
480 NAKS = CHR$(&H15)
490 TRUE =0

500 FALSE = -1

510 RETURN

520 REM - - - - oo,
530 REM SETUP COMMS PORT

540 REM === - e e ce e e

550 COMFIL$ = "COM1 :9600,E,7.1 ,RS,CSO,DSO,CDO"

'SET BAUD RATE HERE
560 OPEN COMFIL$ AS #1
570 RETURN
580 REM - -eeecmmeenneoii .

590 REM USER ENTRY
600 RE

610 LOCATE 23,1

620 FOR I=1 TO 79 : PRINT "":: NEXT |

CLEAR ANY PREVIOUS PROMPT F|RST
630 LOCATE 23,1 'NOW READY TO DISPLAY PROMPT
640 PRINT PROMPTS;

'DISPLAY IT
650 INPUT " . ", USERENTRY$ 'WAIT FOR USER INPUT.

660 IF LEN(USERENTRY$) = 0 THEN PRINT CHR$(7) ;
'SOUND BELL IF NONE EN
670 RETURN TERED.

680 REM - --ecocennn L

690 REM MODIFY PARAMETER
700REM ---cemmemmmee ...

710 PACKETS = STX$ + CMD$ + VALUES + ETX$ " " seeeeen

'CONSTRUCT SEND PACKET
720 BCC$ = PACKETS '‘CALCULATE BCC
730 GOSUB 1340

740 PACKETS = EOT$ + ADDRESS$ + PACKETS + CHR$(BCC)

------------------

----------------
- - - -

---------------------
- .-

------------------------------------------------------

..........
..........
------
-----

' PACKET COMPLETE
750 MESSAGES = PACKETS THEN PACKET
760 GOSUB 1110 -
770 GOSUB 820
780 RETURN -
7IOREM == -cvemnne L

76
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800 REM RECIEVE DATA FROM UNIT

4 A EOKBOC = FALSE 'SET TRUE IF WE NEED TO CHECK BCC

5 E 'INITIALIZE RECIEVE STATUS FLAGS

830 TIMEQ%UI FAT.ASES 'BREAK LOOP IF EITHER OF FLAGS GO TRUE
840 RXE ; 'INITIALIZE TIMEOUT COUNTER

850 TIM=0_ 'CLEAR RECIEVED DATA STRING

860 RX$=" 'CLEAR LAST CHARACTER READ

870 IN$= _FALSE) AND (TIMEOUT=FALSE)
880 WHILE (RXEND=FALSE) T TERMINATE ON RXEND OR TIMEOUT
'IF COMMS BUFFER CONTAINS DATA, GET IT
'READ NEXT CHARACTER FROM COMMS BUEFER
AR 'APPEND TO RECEIVED DATA
910 RX$=RX$+ 'RESET TIMEOUT WHEN WE RECEIVE
920 TIM=0 SOMETHING
HECKBCC = TRUE
930 IF (IN$=ETX$) THEN C 'BCC SHOULD BEsNEXT SO CHECK IT
ACKS) OR (IN$=NAKS) OR (IN$=EOTS$) THEN RXEND = TRUE

=ETX$) OR (IN$=ACKS) ('BUFFER EMPTY

'UPDATE TIMEOUT COUNTER

OUT=TRUE

THEN TIME TIMEOUT AFTER COUNT REACHES THIS

TIMEOUT OR RECEIVE COMPLETE

WHILE NOT EOF(1)
500 INS=INPUTS(1 #1)

50
g&rﬂMiﬂM+1
970 IF (TIM > 100)

80 WEND _ THEN 1040
390 IF gggca%cs?ﬁigﬁfm(nxs)q )) ' STRIP OFF BCC CHARACTER FIRST
1000 BCCS= '

1010 GOSUB 1340 N RX$="BCC ERROR"
1%8 IF CHR$(BCC) < ING THE 'SAY WE HAVE AN ERROR

. OTO 1050 ="NONE RECEIVED" '
: 038 |(r3= LEN(RX$)=0 THEN RX% 'NOTHING RECEIVED SO SAY SO
J 'DISPLAY RECEIVED DATA STRING

=RX$

0 DISPLAY$

1029 GOSUB 1160

1070 RE&URP ---------------------------------------------------------

o REMSENDMESSACE |

}1?% PR'N-T #1 sMESSAGEs' ____________________________________

1120 RETU qu_ ----------------------

el U e

1140 REM PR eeee- 'SCREEN POSITION TO PRINT

1150 FEPLTE 14,48 0 <ol aYS) -

1160 LOCA 73 '70 LEN(DISPA LOOK AT NEXT CHARACTER TO DISPLAY

1170 FOR M,Dﬂolspl.;)wf)' AND (X=LEN(DISPLAYS)) THEN CH$="<BCC>"GOTO 1270
= > = ",

180 7 (CENDISFLAYEX Cris- X EoT0 1270

1190 =STX$ THE | CHE="<ETX>"G

1200 IF x$ THE _"<EOT>"GOTO 1270

ATURE_CONTROLFR
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1230 IF CH$=ENQ$ THEN CH$="<ENQ>":GOTO 1270

1240 IF CH$=ACK$ THEN CH$="<ACK>":GOTO 1270

1250 IF CH$=NAKS THEN CH$="<NAK>":GOTO 1270

1260 IF CH$ <" * OR CH$ > "~" THEN CHS="<#"+ASC(CH$)+">"
1270 PRINT CHS$;
1280 NEXT X

1200 PRINT*  *
1300 RETURN
AFAQFERN smiseris sratoeraisrn mrsls soum rvm womimpmimsiomim e iz im0
1320 GENERATE BLOCK CHECK DIGIT

TS PN Y e e g ——— S

' DO EACH CHARACTER

1BA0BEE=D .| L T T R B e

1350 FOR X=2 TO LEN(BCC$) 'FROM AFTER STX UP T
1360 BCC=BCC XOR ASC(MID$(BCCS$,X,1))

1370 NEXT X

1380 RETURN

78
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Appendix C
Accessories

; ories are available from Marlow Industries, Inc., for use with the
The folloggﬁ:sc%s;perature Controller/Power Supply. To order, contact Marlow

SE5000 < Inc.; Marlow Industries U.K.; or your representative. (See Section 6.3,
Industries, e

Customer Service:)

Bange (°C)
-89.9 to 100.0

pescription

Bead Thermistor

9 Bead, .022" dia x .100" | (.56 mm dia x 2.5 mm )

d wire, .002" diax 1" | (5 microns dia x 25 mm |)
b 25'°C resistance
.line thermistor for use when I
interchangeability are critical.
accuracysaenddon all Marlow Industries, Inc.,
Can be L2 ling devices and cold plates.

Bead ThermiSTOF -99.9t0 100.0

" dia (.36 mm dia)
i 2 Bead, -914 dcl)?-'(d?a x .3"| (25 microns dia x 8 mm )
Bead w;reo/.o-@ 25°C resistance

125K £ ‘stor offering good
e o to stabilize at 25°C,
" at extreme temperatures.

a :
put poor acey s minimize conductive heat

all lead wnrere special handling care.

loads but requi
hermistor -70.0 t0 150.0
e ;
" qia (2.4 mm dia) _
w8 Bead -Q%s g&% g)}a x 1.5" 1 (.2 mm dia x 38 mm )
Bea -

_pallas, Texas 19
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q331;
e e Table C.2. tH 1 Thermistor R vs T Table - f_
resistance _
. 3 | RESISTA B it
oot mitr i it ey an - e L. .s s B
il easiger h 'téi. Large bead and leads 400 3684742 3413114 3162644 2031628 2718499 2521821 2340273 2172641 2017812 1874765 Tl L
handling but limit use 1o large o 1742560 1620337 1507303 1402732 1305957 1216366 1133394 1056527 985288 919240 ‘355 |
thermoelectric cooling devices and cold o - 57983 801147 748394 699412 653912 611632 572329 835777 501773 470124 [k, |
plates. - # gg 440657 413211 387637 .:sggggz ?;; ggg ?ggggs 301469 283397 266518 250747 G |
‘ ] . 1 0 ¥
W 4 Chip Thermistor . 206004 222218 AOOMEl OO 103319 99707 'seuzp  |oo.f2 147447 130273 |
- -55.0to0 150.0 131603 124403 117641 0 94428 89462 84788 80387
049" w x .1" | x .022" h 02 19 g - 76243 72337 68656 65186 61912 58823 55908 53155 50555 48099
(124 mmw x 2.5 mm | x 56 - 45777 43581 41505 39540 37681 35921 34253 32674 31177 29758
10K £5% @ 25°C regi 96 mm h) . 8413 27136 25925 24775 23684 22647 21662 20726 19836 18990 :
i 3% C resistance - fmgs 17419 16690 15996 15335 14706 14106 13534 12989 12469 iUl
W-Cost therrmstor for use when moderate N 11973 11500 11048 10617 10206 9812 9436 9077 8734 8406 g
i:curacy and Interchangeability are needed 8092 e ;g% ;ﬁég 2322 E;E’g gng 4308 d241 3100
r 4 . . i 438
ge size limits use on small thermoelectric gﬁi 2‘3‘3 3709 3588 3473 3361 3254 315? gg;] g;gg

cooling devices. Lead wires are not attached. 2689 2607 2528 2451 2377 2306 2238 2171

75

g?g‘a‘ 2 1986 1929 1874 1820 1768 1718 1670 1623
1578 1535 1493 1452 1412 1374 1337 1301 1267 1233
1 1170 1139 1110 1081 1054 1027 1001 976 951
1';’3 5 905 882 861 840 819 800 780 762 744

Sk 709 693 676 661 646 631 617 603 589

i e Type T Thermocouple--(Co
. pper-Consta
003" dia x 12" |, uninsulated =t
(I:IG microns dia x 2.54 cm |)
ow-cost thermocouple offering high acc

uninsu!ated .Ieads. Requires 1hgem?ocoulegacy'
extension wire and isothermal connector block
if third metal conductor is used in either lead.

-89.910 150.0

8B3IBBBEEBc03R8E83

100

Table C.3. tH 2 Thermistor R vs T Table

RESISTANCE (ohms)
oC 1 2 3 4 5 6 7 8 9

Table C.1 Sensor Accuracy Specifications 0 ispio 781523 723003 663206 619729 574203 532204 493696 458131
o 914853  B4SZO gepp0s 341446 317655 295670 275345 256546 239149 223043
! . 425345 39 g1481 169591 158557 148312 138796 120952 121720 114080
Mnemonic Temp. Interval 90 94299 1
v Accuracy . 208125 194230 ‘o460 88407 83043 78040 73371 69012 64941 61136
-80  foesst 10033 ijp  amps 45502 42945 40551 3305 3sise 34222
’ w0 9 -100 to -80°C = 7 57580 505 ogops 27446 25999 24637 23356 22150 21013 19943
° $1.5°C - 2 32366 30583 17086 16239 15440 14686 13973 13299 12663 12060
80 10 100°C $1.0°C “ o 18934 1798 jou2 9958 9501 9067 8656 8266 7896 7545
- 40 11491 1039{5 6596 6310 6039 5781 5536 5303 5081 4870
W 2 -100 o -25°C = 80 7212 8 4204 4121 3955 3797 3646 3502 3385 3234
+65°C - 20 4669 M7 ogs 2765 2661 2561 2466 2375 2287 2204 :
25 to 50°C - 10 3108 2989 1974 1903 1836 1771 1709 1650 1593 1538 :
@25°C
1. 10 6 964 850 824 799 ;
50 to 100°C +6 g S 20 :gg 1028 32_9 707 686 666 647 628 610 592 e
T & 20 775 751 543 528 513 499 485 472 459 447 2
W 8 -70 to -30° 40 575 559 412 401 390 380 370 360 351 342 -
-30°C +1 50 055 423 317 309 301 294 286 279 272 266 >
-30 to 110°C 0°C o e 325 247 241 236 230 225 219 214 209 18
110 to 150°¢ f?.5°c 70 S ggg 105 191 18 183 178 175 171 67
$1.0°C 80 205 g
W 6 90 13
-S5 to dpeog 100 18 5
@25 °C 11.8°C 83,
40 1o BOoC +1.3°C Ezi
80 t0150°¢ 136°C §;
78°C 3as
t te ) 353
10 to 66 C
130 1o 150 °C * 1.0°C b

£1.1°%C ™ pallas, Texas 81

rless Inc.,

jow Indust

® 1”9 mMar

©1
983 Marloy lndustrles, Inc., Dallas, Texas

J
+3.5°C 0 2047 1340 1296 1253 1212 1172 i
2124 1435 1287 934 905 877 e "N P
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th 3 Thermistor Rvs T Table  Qf.. 9229 o5

2
2650430
1216126

587541
297795
157776
87076
49896
29596
18121
11423

7397

4910

3334

2313

1635

1178

862
641
484
370
286
224

RESISTANCE (ohms)

3
2445856
1128242

547792
278926
148407
82225
47286
28140
17282
10925

7093

4719

3212

2232

1581

1141

837
623
47
360
279
219

4
2258308
1047246

510975
261368
139650
77673
44827
26764
16486
10451
6802
4536
3094
2155
1529
1105
812
605
458
351
273
214

tH 4 Thermistor R vs T Table

Table C.4.
(-]

C 0 1
.70 3117494 2873695
.g0 1415156 1311531
.50 676878 630477
B G s
. 178546 1
. 33 97764 92248
- %0 55615 52669

0 32769 31137

2 120 10y

8053

s sa20 5110

pos 3597 3463

R 1+

70 e 1216

80 e 889

91
2w
410 511 49

10 390 380
130 230
by 235
156 186
Table C.5.
oc 1 A

11
533999 50
: 215008 20
. 40 116589

20 123038 1120
20 7292 pse2
* 44657
. 10 26948

0 28174 17522

0 18271 1683

1 12153

20 7972

o 8275  ggeg

4085 2862

= 2953 2107

60 2171 1577

;g 1223 1197

1

90 os 3
130 371
148 301
15

ustri
© 1989 Marlow Ind

es!l“c"

2
470490
345343
191729
110517

65951
40633
25782
16807
11233

7683

5367

2823

2773

2046

1533

1165

897
700
552
441
355

RESISTANCE (ohms)

3
441907
325030
181155
104798

62745
38776
24673
16126
10804

7405

5183

3699

2688

1986

1490

1134

875
683
540
431
348

pallas, Texas

4
415233
306035
171227

99408
59715
37015
23618
15476
10393
7139
5007
3580
2606

1929

1449

1105

853
667
528
422
341

S
2086275
972559
476857
245021
1314863
73400
42511
25464
15732
10000
6525
4362
2981
2080
1479
1071
788
588
446
342
266
209

5

288265
161904
94328
56848
35344
22614
14856
10000
6884
4338
3466
2527
1873
1410
1076
832
651
516
413
334

6
1928389
903654
445226
229797
123805
69388
40328
24234
15016
9571
6261
4195
2873
2009
1431
1038
765
572
434
333
259
204

6

271835
153144
89538
54136
33758
21659
14264
9624
6639
4675
3355
2451
1819
1371
1048
811
636
504
404
327

7
1783409
840053
415886
215610
116639
65619
38270
23070
14337
9163
6009
4035
2770
1840
1385
1006
742
556
422
325
253
199

256065
144911
85020
51569
32253
20749
13700
9264
6405
4519
3249
2377
1767
1334
1021
791
621
493
395
320

8
1650209
781317
388659
202386
109931
62077
36329
21969
13693
8775
5768
3883
2671
1874
1340
975
721
541
411
317
247
195

8

241482
137170
80756
49139
30823
19883
13160
8920
6180
4369
3147
2306
1717
1298
985
772

83

9

1527768
727046
363381
190053
103649
58747
34497
20927
13081

9

227817
129889
76732
46838
29465
19057
12645
8590
5964
4224
3048
2237
1669
1263
969
753
592
471
379
307
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c.2 Computer Interface Cables

Two 12-ft. (3.05 m) computer interface cables are available:

i -9S connectors on both ends or with DE-9S connector at
Rs-zsﬁ'gnggsra?ture Controller/ Power Supply (TC/PS) end and DB-25S at

computer end)

RS-422-A (DE-9S connector at TC/PS end and DB-25P connector at computer end)
232-C Cable RS-422-A Cable
RS-232-
TC/PS Computer TC/PS | Computer
; DE-9S | DB-25S | DE-9S Signal DE-9S DB-25P
signe! pin No. | PinNo. [Pin No. PinNo. | Pin No.
™ - . RX - 5 =
3 3 ™+ 8 12
A : TX- 9 13
M 5 7 5 COM 7 7
co

3 Rack Mounting Kits

its for mounting alone or in a pair into a standard
single and dual rac‘;;“sggi”a‘ﬂ';':,s (EIA) 19" cabinet. Kits include brackets, mounting
ic Industnes
Electronic

hardware, and instructions.

85
pallas, Texas
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Warranty Registration

SE5000, SE5010, and SE5020
Temperature Controller/

Power Supply

Marlow Industries, InC., (MI) warrants for a period of one (1) year from date of sale
the SE5000 Series Temperature Controller/Pov.:ar Supply, including parts, not
damaged or misused by thg customer as determined by MI. The warranty form,
completed with product serial numbers and date of sale, together_wnth a proof of
purchase, must be returned to Ml, w:th!n 30 d_ays of date of sale forva_hdation. Unless

Ustomeris notified otherwise, any unit requiring warranty service will be returmed to
c customer within two (2) weeks of receipt by_ MI.  The customer shall pay all
tf;:? ing charges for return of the product to Ml; if covered by the warranty, MI will
shipp eturn shipping charge. Temporary replacement units are not furnished for
8:: tg:rirng the repair period. During the warranty period, Ml agrees to repair or

' i ive unit.
replace at its option a defect

arranty shall not apply to produgts including th'e Temperature
/Power Supply damaged by improper or inadequate maintenance, third

Controller/F 4 software or interfacing, unauthorized modification or misuse, or

party ?UPFi’[:'e or environment not specified for the product.

operataon

The foregoing W

a manner

rranty is exhaustive and any further vyarranties, expressed, implied, or
The above wa b expressly excluded. To validate warranty, print or type the
statutory aré her ‘:jd your signature and date, and return this form in the enclosed
information below, @ of the receipt or purchase order within 30 days of purchase to:

envelope ‘:“ht:ecs"?,’:c 10451 Vista Park Road, Dallas, Texas 75238-1645 U.S.A.
Marlow Industries, 7=
0 Mmr. [J Ms.

COrnPa“y: /
AddresS=/

e

R o D Y
pate of purchase'—— i = el
cmarily in° [] Liguid Cooling
For US‘—‘,P;fgam Amplifiers [ Air Cooling
Hig red Detectors m [J Cold Plates
(] Infra Couplé Devic [] Laser Diodes

0 chafgj""’//"
] other

Jiosy
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v
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