X2 UNITED Commercial Division BULLETIN: CA-SB-19~D-88-113
% TECHNOLOGIES Carrier Corporation DATE: 11/14/88
.i CARRIER PAGE: 1 OF: 11
SERVICE BULLETIN
BULLETIN:
3200MP TROUBLESHOOTING ‘ PAGE- OF:

Installation. repair and service and equipment referenced in this Service Bulletin should be undertaken only by qualified persons. Carrier Corporation (1) makes no
representations or warranties. expressed or implied. concerning the accuracy. completeness or right to use the information contained herein, and (2) disclaims all liability
for injuries. damages. infringemnents and other josses which may arise on account of, or which may result from. the use or application of any information, method or
apparatus disclosed herein.

PURPOSE

This bulletin transmits our newest guide to 3200MP control troubleshooting.

MACHINES AFFECTED

17/19DK, DM, DR and 19EB Chillers and Retrofit Chillers with
3200MP Microprocessor Controls

BACKGROUND

To most of us at first, troubleshooting microprocessor electronics seems a

bit mysterious, a bit intimidating. But, with a little understanding of what
. each board is doing in the system and some logical step-by-step use of the

built-in self-diagnostics and available guides, we hope it will seem a lot less

mysterious and begin to make sense.

This is alsc aimed at pulling together under one cover most of the basic
troubleshooting information as a handy guide that a service technician can
have with him on the jobsite without searching through different product
Start-Up, Operation and Maintenance Instructions. It also includes a new
one page guide (page 2 of the attached) to give some additional ideas aimed
at first isolating whether the symptom really indicated a controls problem.

The Controls Test and The Diagnostic Codes and Troubleshooting Guide included
here are "generic'" to all machines. For single-compressor units, this could
just as well be a DR, a DK or a DM unit. And, of course, references to
movable diffuser wall units are only applicable to DM's or DR's with DM
compressors.

ACTION
These same instructions will be packaged with replacement boards shipped from
the Replacement Components Division under their instruction sheet number

99TA550110. This version is largely a comsolidation of material from existing
literature.

Copynight ¢ Carner Corporation 1983
R-5180
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of the

nting the problem
A basic understanding of each board's

Next is a table of software compatibility. Only the correct EPROM versions, or corpination of EPROMS will send the
proper instructions to the MICroprocessor.

This is followed on subsequent pages by troubleshooting guides and tests using the control systemr's built-in

self~diagnostics.

Processor Board — The processor board is mounted
inside the control center pancl and functions as the
central computing and control unit for the system.
It contains the logic (CPU) and time base necessary
to perform all machine control functions. The pro-
cessor board controls all other system boards and
monitors all analog and digital outputs. In addition,
the processor board controls all digital outputs and
initiates capacity overrides or safety shutdowns
when required.

The processor board also contains configuration
(DIP) switch banks 1 through 4, the motor current zero
and span adjustment potentiometers, a_refrigerant
temperature set point potentiometer (for brine duty),
the power-on reset (POR) pushbutton, and the seral
communications port.

Analog Expansion Board (Dual Compressor
Unit Only) — Dual compressor units have an A/ X
boerd that plugs into the processor board to support 5
additional analog inputs required for compressor B, and
to provide additional system control configuration inputs
through DIP switch banks. 5, 6 and 7 (see Table 3b).

A toggle switch for selecting the lead compressor
(A or B), a pushbutton for displaying the lag compressor
status, and the motor current zero and span poten-
tiometer for compressor B are also on the A/X board.

Input/ Output Board — The 1/O board is mounted
inside the control center pancl and functions as a Jogical
block for interfacing 115-vac input and output control
signals to the low-voltage processor board. Inputs are
optically isolated from the processor board. Outputs
are optically coupled triac drivers. All triacs are fused
to provide overcurrent protection. The 1/O board
contains a line voltage monitor capable of detecting
high, low or loss of voltage and generating an interrupt
to the processor board.

Compressor B In ut/Output Board (Dual

Compressor Unit Only) — The dual compressor

unit has an additional 1/O board that interfaces 115-vac

inputs and outputs for compressor B. This board is
mounted on standoffs over the compressor A (main)

1/0 board.

‘Set Point/Display Board — The S/D board is

mounted in the control center gage panel and allows

the operator to interface with the CPU when the local/
remote switch is positioned in local. It is the input center
for all local machine set points and operating commands
or for a stop command during remote operation.

The following components are located on the S/D
board:

1. NUMERICAL 2-DIGIT LCD for displaying diag-
nostic codes and operational data.

2. LOCAL/REMOTE rocker switch for selecting
local or remote machine control.

3. START AND STOP PUSHBUTTONS for initiating
and terminating machine operation.

4. RESET PUSHBUTTON for clearing a lockout duc
to a condition e;wedix)g a safety limit (after the
condition is within limits); advancing through the
controls test; or overriding the 8 manual starts per
12-hour counter.

s. RECALL PUSHBUTTON for displaying up to 5
stored safety shutdown codes.

6. DEMAND LIMIT CONTROL KNOB for limiting
machine motor current down to 40% of RLA.

7. TEMPERATURE CONTROL KNOB for adjusting
the leaving chilled water or brine temperature set
point.

8. FOUR-POSITION CAPACITY CONTROL KNOB
for selecting automatic operation or manual control
of guide vane position.

SOFTWARE COMPATIBILITY CHART
If an ESP is installed, all software mrust be fram the sare basic/options version.

Single Campressor Software

EPROM version 1| Version {11 Version IV version V. Version Vi version Via Version Vil
. -msor (Basic) HK9BEZ-OO3A HK96EZ-003A H(OBEZ-004  HKSBEZ-004 HK9BEZ-O0Gw«  HKIBEZ-O00A HK98EZ-006
nxBoarg (Ootiom) WoeZoua MoezOlz HRCOD IEFGH NSHRY N3 N3
STATUS ks
(Options Software) VALID VALID VOIiD VOID VALID VALID VALID
% VERSION refers to a set of 3 EPROMS. The Basic, plus Options software needeg for ESP operation .
e STATUS ties only to options software within 3 version. I no ESP installed, all Basic software valid,
except 5.
busl Carmpressor Software
EPROM version | Version |l Version (1 version {V  Version V
mm (Basic) HK9BEZ-031  HKIBEZ-(34 HK9BEZ-034  HK9BEZ-034  HK9EEZ-0F5
g e wes HIEYS B WA
STATUS VOID votD VOiD VALID VALID

(10-88)
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Before initiating any troubieshooting procedure, n:tialize the systaw ess the P.O.R. switch on the
Processor Board. e f'me probier persists, or if the error code m’:s m‘t”c?‘ur.'gm proceed as fol “'(‘S)

WARNING: D0 NOT insert meter probes into pin connectors

CHECK THIS POSSiB8LE REMEDY

1) BLANK OR SCRAMBLED DISPLAY

a) Check for loose display Push display in

b) Check Ems for bent pins or poor contact between Either straighten pins or replace EPROM if pins cannot
pins and socke be straightened to make contact

¢) Check all EPROMs per Software Carpatibility Chart Replace EPROMs

d} Check L2 for 120V Turn power on

© O TAVR™ PR e e we e e ot ieg between thrminal pins

a:eem U mu:éfgo‘r’"g?omyma Replacerent) R+ Por 'o?‘mgt?om Ribbon Cable on
Note: ‘l’at pms may be coated, Use ancgator clips b. ?ﬁ&? Recheck, If still bad, replace

sharp-posnted meter test probes to penetrate foard

OCeSSor
2) If test points wrong, check plug 14 pin connections
9) lf Trar&fmver and Processor Board 0K, check following: ) poin e pis P '

BOARD test point vol
"’ {wnaoﬂa% ?ﬁ ng!w “b?.:ntgge?e o :: ::p?:ytfss::; .t:qalaoe {/0 Board
R 4 Pa“r‘gnon;us mé:g&nw&n‘egb;&ms its lf bad, replace D-solay Board
Stop Switch leads.  voitage OK, repiace Ribbon Cable
2} ERROR CODES
a) Do Controls Test See Diagnostic Codes and Troubleshooting Guide
b) Check Pen%g}e;mﬁmag?rcemg to Diagnostic Make prescribed corrections

¢) Unplug and reconnect all plugs on 1-0 Board

d) Check TP1,2,4 on 1 /0 Board B Reo{g Cable

e) See CONTROL TROUBLESHOOTING: {/0 Board Repiacerent

3) CHILLED WATER TEMPERATURE TOO HiGH

38) Check Peripheral Devices (see Troubleshooting Guide) take prescribed corrections
4) SURGING COMPRESSOR '

a) Low refrigerant level A refrigerant to correct charge level
b) Air in Condenser Purge air fran systen
¢) High Condenser Pressure 2; Lower vaw temperature or increase fiow rate
DM Compressor with wrong DIP Switch settings Reset DIP Switches (See Service Bulletins or Chiller
@ ' ' e b. mea{'on and v"m ntenance lnstruc{nons)
¢) incompatible software install Iamt software
) Sensor readings underestumte conpressor 1ift Reset DIP Switches for smaller inpelier digmeter
S5) CAN'T CALIBRATE MOTOR CURRENT
a) Check Motor Current s 1 agroxmtel S VAC starter signal resistor to correct signal
) at Full Load Aps aa':)gs“ﬁ( terminal sY23-24) M"(o/- 1) VAC atgfell 1oad

when chiller is in Run rrode (Capacity Contro! on Hold)
Calibrate Motor Current to correct % of Full Load
Ams with Calibration Potentiareter ‘on Processor Board

b} Do Controls Test Step 0.3 Calitrate Motor Current Zero (Capacity Control on Hold)
€) CONTROLS LOCK WP
3) Display Shows 3: Doesn't change within { minute Check for power at line side of fuse f1{

'b‘:t%r:\fng“o?f wtrmzmmm "m 1) If open, check for tad fuse F1

continuity with oimmeter (should be approx. €00 ofms) 2) £ still open, replace {0 Board
b) Check a1l EPROMs per Software Cavpatibility Chart Replace with latest software as required

© Ct’\e_gx 9.5 v::wm avgétage ‘tmglug k> 18 VAC %:cekwe t;md%ﬂﬁg beu?eumnmmmnal pins

L D BB B B ORE S r  meptacementy VP aT Tow Powr O/ Sbotug Ribbon Cable on

Note: Test pins may be coated. Use atligator chps b. ;rurn ma&a‘rd Recheck. if still bad, replace

or sharp-pointed meter test probes to penetrate sor Board
2) If tat ponnt.s wrong, check plug 1J4 pin connections
NOTES ON SPECIFIC ERROR CODES AND SMIPTONS
a) Display .8.8 Z leaogrénts%ﬁtm
3) Check that cables are piugged in properly

b} Code &4 B Tor Y o oo T oansor that s QUi o Fange
¢) Alternates Codes 89 and 4 Check DIP Switch 4-1; Check Troubleshooting Guide
d) Code 76 Check DIP Switches 1- and 1-2, Chack mechine 1D 10 ESP
¢) Incorrect tenperatures on ESP Check DIP Switch 2-4; Sensor Voltage vs Temp. Chart
) Pre- and Post-Lube Tiures wrong Check DIP Switches for 1ine frequency and machine type
3 Code &2 Check DIP Switch for motor sensor type

fh) Coge €3 Check DIP Switch for thrust bearing sensor type
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Controls Test — The singlc compressor unit controls must be depressed twice. The first depression displays
test is 8 M&zromm that utilizes the LCD on the the aumber of the test siep. The second depression
S/D board. (Dual p unit Is test has displays the results or exercises the command for the
44 sieps.) The test veriftes microprocessor controlier sest step numbet.) The results of test step number 0.1 isthe
inputs and outpuis by exercising or displaying the status display of 88. This test confirms if the elements in the
of peripheral control devices. he test can be initiated LCD are operabie. The test step is distinguished from
any time the machine is not opcrating by positioning the test results by a decimal point between the 2 digits
the L, R switch 10 loca! and depressing the POR push- in the test sicp number (i.c.. the test siep aumber is
pution. The LCD will show 03 minutes. always a decimal fraction and the test sicp result is

always 8 whole number [integer]). Flashing of a test
sresults integer indicales a negative value. Successive
depressions of the reset pushbutton will display the test
aumbers and resulis of the remaining steps as outlined
in Table 42 and .
To recheck 2 step while in the test mode. the test can be
seinitiated with the POR and reset pushbutions or the
ram can be recycled by advancing past the iast test
siep number (3.4 for single compressor unit; 4.4 for dual
unit) and back to the desired test siep

LA WARNING
Never depress the POR pushbution while the
machine is operating. Serious damage may result.

Depressing the POR pushbution causes 3 sysiem
resct and a loss of all volatile memory. Always
recall and record shutdown code history before

initiating a POR.
To enter the test mode, depress the reset pushd ber by depressing the reset p hb in
within 10 seconds after the POR pushbution has been To exit the controls tesl program, depress the POR
ressed. The number of the first step (0.1) will be pushbutton and aliow the time on the display to decrease
displaved. (For each test sicp. the resct pushbuttion until it goes blank (timc 0). ~
Table 48 — Controls Test for Single Compressor Unit
sTER TEST DESCRIPTION DISPLAY CODE OR ACTION
NUMBER
8.1 Dispiay 88 10 verify proper operation 88 — OK
XX ~— Faulty
62 Dupiay set pownt of evaporator retnigerant 33 -~ Water
tempersturs cutout XX — Brine Tempersiure (sdjust with refrigerant tempersture
361 pOWNL POtENLIOMEtE! SRS NOM Set POt displayed
n LCD)
3 D-ptuybﬂuo'wmmwmml 00 -~ OK
XX F C {onc is Y051
controt at HOLD and adjust motor curent
L 1 iapiay reacs 0.0. Re-enter controls
test and check rescing on LCD)
0.4 Dispiay controlier numoper {00 1o 07) XX - Confirm
[ X3 Mymvmmﬂmwmmlmm 1 - OK
¢ = Faulty
tr1Qetant senso 1 — OK
[T Daolay eommo' retniger r anput 0 - ‘F)uuny (Foulty senscr mey
be SO tec, Gpen or
[%] Deapisy COMPressor GIsCharge SENSOr DUt siatus !I’ -?.:My poor |y corvectied)
— Fa
[ ¥ Dispiay Svaparsion refrgerant 19MPerSILTE SENSOr MPUL SlatUS ‘1, - ?x
MACHNGS wilhh ANSIOY MOLOr WINing SENSOr — T stor 1 - 0K
Dapisy sensor input siatus 0 = Foulty
o 2 ~— Faulty Configurstion
Machines with digial MOIOr wNdING SENS0r ~ Kl oen 2 -~ 0K
Dusplay sensor input status 0 ~— Feulty
1 - Fautty Configuration
Machines with Snalog thrust Desnng sensor — twrmmstor 1 - OK
Display sensor nput status - 0~ Foulty
10 2 - Fn tion
Mchines with digrial thrusl DEsrNg Sensor — [ 2 — 0K
Duapiay s0ne0r Input BBtUS 0 — Fauity i
1__= Fauty Confpuration
1.1 Display lesving chiliec set POt 1 - OK
nput status 0 -~ Faulty
12 Duuuyumnemwpommwmmm 1 - 0K
0 — Faulty
i with DM comp - 1 - OK
Dusplay Orffuser wall potenuometer Sats 0 - Faulty
3 2__— Fautty Configuration
All mactunes exceot DM — 2 - O«
Dispiay conliguration status 0 = Eaulty )
1 = Fautty Configurstion
14 Enerpe O DUMp SIane: reiay’ 146 = fesponse (Conliem)
1.8 Energize waving ChieC wite! pump staner ey’ 1€ = Reaponse (Confwm}
1.¢ Enerpge conoense waler pump sisrier reiny’ 16 — Resporse (Contrm)
1.7 EnerQize 1owe’ 1aNn Slarier relav- 17— Respomse (Confum)
1.3 Energze increase Ciffuser wail POSIION SORNOIC SR oW pump | 16 — Resoonse (Contirm)
onty tor macrnes wih DM compressor)
19 Enerp artiuser wali Dot aAns o1 pump'| 18— Rusponse (Contem)
1or.v 10t machines with DV. compressor)
20 Enetgize wcrasse puice vane DOSMON ogital output” 20 — Response (Contrmj
(CasACy CONO! switeh m AUTOD )
29 Enetp Quide vane oipnar output” 21 = Response (Contsrm)
(CADACT CONTOI switch in AUTO.}
22 Enetpae DUTPE DUMD feiay’ (where 80DICADIE) 22 ~ Response (Contwm)
23 Energize 8iarm QUIDUL INOKCAUNG SATely hwl hias Deen exceeoec”| 25 — Response {Contum;
Machines with BRBIOE MOTOT wINGING SeNnsor — Thevustor 1 = O
24 Duplay cOnhiguration statvs 0 = Fauity Configueation
Machines wilh OIpial MOLO! winNOING SENSOr « €lonon 1 = OK (Ciosed)
Dispiay MOIOT g 1empDersivre Switth sistus © - Faulty (Opent
Machines wilh anaiog tnfus! DesrnNgG sensor = Termstor v - OK
2s Display conligutaton siaivs 0 = Fauly Conhguration
Tiathnes wilh Orpaal ATus: DRNING Sensor —  Kiuwn 1 - OK (Ciosed)
Disolsy switch stalus ¢ — Fauhty (Open)
X3 Drsoay buige DOersLNG Swiich $iaius (where sppicepie) 1~ OK (Ciosed) m«m
0 ~— Fauhy (Ogen) wm
27 Dispiay contiguratron status of wDet jer 1 - 0K
or sn3f% movemEnt santch D = Fautty Jumpe Betweer 11211 and 19212
o swilch open
28 Thspiay spare saiely mput sislus T = OK (Closed)
0 -~ Fautly (Open)
2.9 Drsplay Chitiec waier HOw Swilch conect sty T — OK — Open. Pump Oft (Contirm}
0 - Cioses — Pump On (Contrm)
ac Dispidy COROenser waler 1iow swien CONLEC: Sisius 1 - — Open. Pump Dtt (Conlirm;
0 ~ Close¢ — Pump On {Conlirm)
31 Dispisy Ol pressure swilch sistus T = OK — Open. Pump Of! (Contirm)
0 ~ Cioses — Pump On (Contwm)
2 Disptay 1CR auauasy CONMALT siatus 1 OK (Close0)
0 - Fautty (Open)
33 Display siarier rur cOntact 1~ OK (Open;
0 — Fautty (Closed?
34 Cvete Dach 10 15! 1681 (OeDress resel pushoulion) [
- End controts tes: (Oepress POP pusnoution) 03 Minutes
0 can be by Gepreasing resel pUShDUTION within one SoCONC stier test UMbt s dBDlayed.

XX — Represents sny other numbers 0S0lsyes
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Teble 4b — Controls Test for Dust Compressor Unit

XX - Represents any other numbers displayed .

_ﬁi’sn TEST DESCRIPTION DISPLAY CODE OR ACTION
.1 Display BE to verity proper cperauon 88 — OK
XX — Faulty
0.2 Dispisy set point of evaporalor retngerant 33 ~ Water
temperature cutout XX ~ Brine Temperature (adjust with refngerant tempersiure

set point potentiometer and NOte S8t point dispiayed
n LCD)

0.3 Dispiay % RLA of compressor A motor current 00 - OK

XX — Faulty Cahbration (end controis tesl. s6t Capacily

contro! 8t HOLD and adjust motor current 2er0
until display reacs 0.0. Re-enter controls
test and check reading on LED)
04 Dispisy % RLA of compressor 8 motor current 00 — OK )

XX -~ Fautty Cakibration (end test, set . t
a1 HOLD anc adjust motor current zero potentiometer
untit display reads 0.0, Re-enter controls test and
check reading on LCD)

0.5 Display controt.er wenufication number (00 10 07} XX ~ Confirm
08 Dispiay lesving chilied water $6nsor INput s1atus 1 - OK
0 — Faulty
07 Dispiay conoanser refnigerant sensor input 1 - 0K
0 — Faulty
.8 Digpisy compressor A discharge sensor mput stat T - (Faulty sensor mey
0. pisy pr (' pu us i gl‘(uﬂy & ; B4 }a
0.9 Dispisy compressor B discharge sensor input status | 1~ OK Y
¢ — Faulty
1.0 Display evaporator relrigerant temperature sensor 1 = OK
input status 0 — Faulty
1.1 Dispiay comp A motor g SeNSOF i« 0K «f themstor {faulty Configuration +f i :ixon
npul statlus 5 - ?.:u;: Kioon (Fauf!y Configurstion :f v.umiwi
- \
12 Display compressor B molor winding sensor 1 « QK of thermmustor (Fault ¢
input status 2 = O 1f Klison (Fay t:uCa"ﬁs:‘tfa‘ -ot.'a‘ :?m' “;g'

0 - faulty .

1.3 Display compressor A inrust bearing sensor input 1 ~ 0K 1f thermustor (Faulty Confiaration if Klixon
status 2 = O of Klpwor. (Faulty Configuralion of mxmrg

O - Fauity

1.4 Display compressor B thrust bearing sensor input 1 ~ 0K if thermstor (Faulty Conf N "
status s - ?:u ;:yﬂ xon (r.ufu Ca\!rhgr‘ l&‘t :gntnum' "ii"ﬁ'ﬁ
1.5 Dispiay leaving chilled medium set point 1 ~ 0K
potentiometer input status 0 -~ Faulty
16 Display demand limit set point potentiometer 1 — OK
nput s1atus 0 — Faulty
7 Display compressor A diff wall p 1 -0 f DM (Faulty Configurstion if otner
status 2 = Ok 1f rot Dn (Fauity &'ﬁg‘rn:m of
0 - faulty
16 Dispisy compressor B ditt wall 1 - 0K of DM (Fault . [
y Configuration if other
status S - %;:Ymt Dt (Fawity Cgrmg}u:on of nzo
1.9 Energize o1l pump slaner relay’ 18 — Response (Contirm oil pump energued)
2.0 Energize leaving Chilled waler pump starter reisy” 20 — Response (Confirm chilled water pump energized)
2.1 Energize concense: waler pump starer relsy”’ 21 — Resp (Confirm \ser waler pump energized)
2.2 Energize t1ower fan starter relay’ 22 — Response (Confirm tower fan energized)
23 Energize compressor A increase dittuser wall 23 — Response (Confirm increase diffuser wail position
DO3itION $0ien0id and il pump” (1f D) solenocid and oil pump enerpized)
2.4 Energize comp or B 't wall 24 — Response {Confirm increase ditfuser wall position
poOSILION 30/enO10 and off pump® (1« D) solenoid and oil pump energized)
2.5 Energize compressor A aecrease diffuser wall 25— Response (Confirm cecrease Oiffuser wall position
DOSIMON $OIBNOIC and Oil pump*®  (1f DN) solenowd and oil pump energured)
2.6 Enerpize compressor B Oecrease diftuser wall 26 — R Confirm H wal p \
position solenoid andg oil pump® (1 D) solenoid and oil pump energred)
2.7 Energize compressor A increase guide vane position | 27 — Resp {Confirm guide vane D
oigital output” (Capacity control switch in AUTO ) gigite! output energized)
24 Energize comp: B increase guice vane 28 — Resp (Confirm guKie vane position
diginal outpul” (Capacity control switch in AUTO ) digits! output energized)
29 Energize compressor A cecrease guide vane position | 29 — R [{=] Quide vane positi
aigital output” (Capacity contro! switch in AUTO ) cigial output energized)
3.0 Energize compressor B oecrease guide vane postion 30 ~ Response (Confirm cecrease guide vane position
digital output® (Capacity controt switch in AUTO.) digital output energized}
3.1 Energuze purge pump relay’ 37 — Response (Contirm purge pump snergized)
32 Energize siarm outpul indicating satety hmit has 32 -~ Response (Confirm aisrm output indicating satety
axceecsd’ henit has been exceeded energized)
33 Display compressor A motor high temperature Ki 1 -~ Ox .
Swnpc‘:ysumsw motor high 1xen 0 — Faulty Conliguration if thermestor; Faulty (Qoen) i€ €laxon
a4 Ons: Compressor B molor high temperature Kiomn| 1 — OK
mp;ysum v © — Faulty Configurstion :f thermistor; Faulty (Open) 1f Kluon
35 Dispisy purge operaling switch status 1 = OK {Cilosed) wn:‘
0 - Faulty (Open) '
as Display spare satety nput status 1~ OK (Closed}
0 - Fauity {Open)}
[ %4 Dispiay chilied water iow switch contact status 1 = OK — Open, Pump Off (Confirm)
0 — Ctoses — Pump On (Confirm)
3 Dispiay condenser water fiow Swilch COntact ststus 1 = OK -~ Open, Pump Off (Confirm)
0 — Closed — Pump On (Confiren)
3.9 “Dhispiay ol pressure swilch status 1 — OK — Open. Pump Off (Contirm)
0 - Ciosed — Pump On (Confum)
4.0 Dispiay compressor A TCR suxihary contact stailus 1 =~ OK (Closed)
0 — Faulty (Open)
4.1 Oisplay D 8 1CR hary status 1 - OK (Ciosed)
0 - Faulty (Open)}
4.2 Display compressor A starter run CoOntact 1 — OK (Open)
0 — Fautty (Closed)
43 Dispiay compressor B stanier run contact 1 — OK {Open)
¢ -~ Fautty (Closed)
P CTycle back 10 Tust 1€st (oepress resel pushbution) 0.1
- —Ena controls test {depress POR pushoution) 03 Minutes .
“Energize ¢ can be liec Dy Oepressing resel pushbution within one second sfter st -number 1S dusplayed.
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CONTROL TROUBLESHOOTING

All references to Cawpressor Diffuser wall or Diffuser wai! Potentiameter in "CescriptionMatfunction®
or "Probable Cause/Rereay” apply oniy to DN Chillers, or LR Chullers wi th Dt Carpressors.

These Diagnostic Codes and the Troubleshooting Guide that follows apply oniy to the foilowing software versions:

Sin?le Carpressor HESBEZ-006, -O1S, -023 EPROMS and earlier
Dual Carpres. GEEZ2-034,

sor KK

The microprocessor control system used in this unit

contains extensive diagnostic capabilities. Diagnostic
information is displaved on the 2-digit LCDincode form.
-Diagnostic_codes should be used in conjunction with
Tabie 8. Diagnostic Codes and Troubieshooting Guide,
to resolve most control problems.

i
2.

If a problem is suspected. usc the following procedures:

Check display for diagnostic code and refertc Table8.
Recall and record stored codes before turning off
control center power oOr depressing the POR
pushbutton.

IMPORTANT: Displayed and stored diagnostic
codes will be lost if power is turned off ora POR
is performed.

. Compare displayed code with recalied code(s) for a

pattern of similarities.

. 1f control center is energized and thereis no diagnostic

code and no stored codels), inquire about power loss.

1f control center is not energized or controis test

malfunctions. check for loose jumper block or ribbon
cable connections or blown fuses and check control
center transformer as follows:

a. De-energize control center and remove terminal
plug 1J4 from the processor board. Re-energize
control center transtormer.

b. Check for 19vac =15% between transformer
orange and blue leads (terminals t and 3). Replace
transformer if voltage is outside these limits.

c. Check for 18vac =15% between transformer
brown and red icads (terminals § and 6). Replace
transformer if voltage is outside these limits.
De-encrgize control center. Reconnect terminal
plug 1J4 and re-energize control center.

_ Perform controls test and make visual inspection of

machine and starter. If evervthing is correct, start
machine and monitor closely. If not correct, check
processor. 1/0 and $/D boards to determine if
replacement is required.

Test Points — When checking the 3 boards to deter-
mine if replacement is required. use reference voltages
given at certain test points. These test points are labeled
on the particular board as TP~X", where X is the number

of the test point. The voltages are listed in the following
sections on board replacement. When taking readings at
test points, connect ground side of DVM to negative
(tower) side of large capacitor on processof board.
Processor Board Replacement — The processor
board should be replaced if one or more of the following
abnormalities exist with proper power supply from the
contro! center transformer and with teraunai plugs 1J1
and 1J2 disconnected.

The voltage at any of the foliowing test
points exceeds the range fasted:

Mm VOLTAGE RANGE (vic)
™1 48108
P2 481108
TPe 48108
TS -481t0 -8
™s 9t0 14
™ 1110 V7

A0, ~-OSCE EPRCHs ang earlier

2. Both types of inputs (analog and digital) malfunction
or indicate faulty during the controis test. (Sec Analog
Expansion Board Replaccment.)

3. The display on the S/D board and outputs from the
1/O board malfunction at the same time during the
controls test.

4. The control sequence is not followed.

S. An out-of-range sensor reading is displayed but sensor
resistance is within limits.

6. The circuit board or any component on the circuit
board has been damaged.

input/Output Board Replacement — The YO

board should be replaced if one of the following ab-

normalities exist and the processor board has been
checked and is functioning properly.

1. The voltage at TP1 exceeds -5 = .2 vdc: the voltage at
TP2 exceeds +5 ¢ .2 vdc: or the voliage at TP4 ex-
ceeds +5 + .2 vdc.

2. An input channel from a peripheral device mal-
functions during & controls test when the signal from
the device is correct. (Example: Microprocessor
indicates flow switch open when flow switch is closed
and voltage is at the input channel.)

3. An output channel to a peripheral device malfunctions
during a controls test when the LCD indicates that the
command is being execcuted. (Example: Micro-
processor indicates water pump relay is energized
but no power is on relay.)

4. A safety trip occurs due to a high. low orloss of power
indication when the power supply is within limits.
(Not applicable to compressor B input/ output board
on dual compressor units.)

S. A 110-vac open or close signal is applied to the guide
vane actuator when the DIP switches are properly
configured.

6. The circuit board or any component on the circuit
board has been damaged.

Set Point/Display Board Replacement— The

S/D board should be replaced if the following abnor-

malities exist and the processor board has been checked

and is functioning properly.

1. The voltage at the center terminal on the START or
STOP pushbutton exceeds +5 = 2 vde.

2. An 88 is not displayed on the LCD during the first-
step results of the controlk test.

3. The demand limit or leaving chilled medium set point
potentiometer status indicates faulty.

Analog Expansion Board Replacement — The

AiX board should be replaced il one or more of the

following abnormalities exist and the processor board

has been checked and is performing properly.

1. All compressor B analog inputs malfunction or
indicate faulty during the coatrols test.

2. The lead compressor selection switch malfunctions.

3. The lag status pushbutton malfunctions.

4. The circuit board or any component on the circuit
board has been damaged.

Table 8 — Diagnostic Codes and Troubleshooting Guide

TYPE CODE NO. DESCRIPTION/MALFUNCTION PROBABLE CAUSE/REMEDY
TIMER 00-1$ Time Remaning Until Restart 15-minute of J-rminute stan nh mers
(Decreases at one-minute intervals) L nute ¥ ot not expired.
’sy?rn‘;r‘ 24 Lag Comopressor Manuafty Disabled Lag compressor disatie DIP switch set to ON.
2 Recycie Restart Penang Leaving Chilleg water or Dnne temperature t0o low for recycle
. stant-ud ( € SF [2.8 C] above set pont).
F. Start-Up n Progress Prestart checks be
phsiany . g performed, water flows and on pressure




Tabie B — Diagnostic Codes and Troubleshooting Guide (cont)
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TYPE CODE NO. DESCRIPTION/MALFUNCTION } PROBABLE CAUSE/REMEDY
RUN b44 Temoarature Reset Active | _tndicates trat e:ther of 1he temoerature reset 0PUONS 1 active.
STATUS [ 33 Tempersture Capacity Controt | MaCching Operanng AOTMBIlv UNOET LEMBEraULe CONIO!.
’ 2 Ramp Loaoing Capacity Controt Leaving 1emperaiure pULICOWN rate DeING HMIted Dy ramp
toacing

b 7] Demand Lumit Capacity Contros Compressor motor current > Gemanc iinut set POt — checx
MOLOr Current caubranon

35 Motor Temperaturs Overrice Motor temo=eature > 200 F (93.3 C) — cnecx motor tempera-
ture IMmMeciatsiy. CHECK SENSOT rEMSIANCE.

36 Reirig T [+ Aetngerant amoermiure & 1°F (0.56 C) anove trip kmit —
CHECK refrgerant 1eMOerature. CHECK SENSOT ESISIENCE,
CRECK TetNgerant Charge.

» Excessive Purging §o¢ descriptonvmattunction Purge Cycies Often i AUTO,

°$|(I0ﬂ
PRESTARTY 40 Motor Winaing Temperature Too High Motcr tamperature > 190 F (87.8 C} — check motor tempera-
FAILURE to Start ture reset wren £ 190 F (87.8 Ci. check sensor resistance.
STATUS “ More Than 8 Starts i Past 12 Hours Start inibiea vy 8 Starts/12-mour counter. Depress reset
Sushb « ag start is
a2 Fature of C Pump to & Check pumc cperalon, CReck power :unoty and piot relay,
Flow checi tiow swiich, Check waler vaives, Check for &ir in
water ines. i
43 Fadure of E Pump 0 E Check bump COralOn, CNECK POWSr SUDDIY and p-lm relay,
Flow CNECK HOw SwIlth, CYOCK water vaives, ChecK for Mir
water hnes

a4 Detective Oil Pump Pressure Switch Oil Dressurs switch CONLACt CION With DUMD CO-ENErGIZed;
check contacts. Check sefting.

3 Out-ot-Range Sensor Resaings Pertorm controts 198t 10 CNECK Of GIECTIvE S8t DO
potentiomater (s} Of 0DEN OF SNOMET SONSONS; CHECK SSNBOT
resistance

48 Oil Pressure Switcn Not Closed Wittwn Checx power 10 DUMD. Chack Cil level, CNECK O pressurne

18 Seconas Atter Pump s Energuzec SWItCh Setting, Check 107 Cirty O flltens.
(Fadure 10 deveiop pressure!

48 Low/rugn Line Voltage Conirot center vortage sugdty < 94.IVAC or > 135.7 VAC for
one funute. Cnecx voitage suodry. Checx controi center
transtormer, Check CIrcuIt ORCING. CONSUIt POwer uttlity
hne voltage 1 iow. Ses i/O Boars Reoiacement.

SHUTOOWN 58 Lag Compressor Mattunction Salety hirut exceeoed on mg compressor. (D»rm ug com-
STATUS {Dus! Compressor Unitsi S131US DUSNOU Q
& Comoressor Oiscnargs Temperature Checx M sensor
> 220F (104 C) resistance, chec for oroper congenser weter flow ang
18MDOrAtUrE, CHECK ONl FESETVOLr IEMDITEIUTE, ChaCK CON-
aenser 107 Bir Of waler lgaxs.
[ 3] Evaporator Retngersnt Temperature Check retngerant 1emperature, CHECK SENSOr rESISIANCS,
<& Limit Chock refrigersnt charge.
[+] Motor Winaing Temperaturs > 220 F Chec motor tempersture IMmed:ataly, CHECK sensor
(104 C) Resets at 190 F (88 C} ang & COMOressor NCHON DOX,
checx Motor tor
[ Thrust Bes Temperaisre Checx o1l reservoir ISMDErature. CNECK O COOISr water HIow
> 220F (104 ) ANG SOIINOIG, Chack ou nester xmrmosw setting, check
SONSOT
DOX. Check (ournat ma thrust bo-rmq- it other cnecks OK.

64 Sensor Out-of-Range Pertorm contro:s 1est 10 CNECK fOr GETECTive S8t DOINt
potentiometer(s) 0 0DSN OF SNOCIED SENSOE. CHECK 3ONSOr

resistance. Check 10r MOIOr Currant $IGNS! 88 COMPressoOr
starta. Check diruser wall CBiidy

s Oit Pressure < Limit Checx power (¢ Dump. check Ot level. check o pressure
SwitCh seting. cneck fOr Qirty O filters. check for o foaming
¢ S13MT-uD, recuce ramp loading rate if ol foaming is noted.

65 Motor Overioag Trip Checx motor overioad GasNPOLS SNG SETiNG (0O NOt attempt
H01d caiibraton;, Check MOLOr cCurrent demand calibration.
Checa opthional C2MEressor MOLOr Starter Protactive devices
(r.e.. pnass loss. cround fault, e1c.). Check motor for open or
QIOUNGEC Phase DeIOre ANMMDING & testart.

&7 Temporary i.oss of Line Voitage Controi center voitage < 57.5 VAC for one cycie =— depress
10381 DUSNDUION 3NG restan.

[ ] Low~Line Voitage Conirotl centsr vottage < 94.3 VAC tor one munute: Check
control canter vollage. Check CONrol Center transformer .

check Circuit (080G, Consult power comosny.

() +igh-Line Voitage Contrct canter votage > 135.7 VAC for one minute. Check -
conirol center vriiage. Check CoNrdl canter transtormey,
Check power Lomoany.

[ To Lo38 of Cruiiec Water Flow CNeck Dil0t reiay. Check POWwer 10 PUMP, CNECK How swatch,
— CNOCK waler vaives

" Loss of Condenser Waier Fiow Check p+iot refay CHCK DOWST 10 PUME, CNECK flow Switeh,
Check water vanes

2 Fauity Jumper Checx Grounced .umper wire.

73 Hign Concenser Prassure Checx fugn conoenser pressure switch setting, check for
DrODer CONGNNsSer waler How SNd LeMDersiure, Check for
fouted 1upes.

4 Fariure ot Stanter 10 Compiete Transihon | Checx starter, checx run contact. chacx OIP switch con-
fiquration 10 prooer Starter type.

s [3 Mator A Time Check 10 ensure Guide vane o CiO3ed 8t SLart-up, Check starter
transter time, Checs Quine vane kinkage. Check DIP switeh
CONNGUr ANON 101 CrODB! SLarter VDe.

:=G Hegat ﬁonltqwnuon Cneca tor proper vmt CONTIGUration.

n RurvTransition Contacts Faied to Checx run contact check TCR feay, CHeCK Siarter 1or wenaed

Descirvate On Shutdown contacts Check tor 0 vorts at (18) . repisce nbbon cadie.

78 [¢] S S100 DUSADUNIDT Cenressad with LA Swilch & remote
DOBION —~ rPant

) Soare Satety Limit Exceeoed Chace spare sateiv ~ONACTIS], CNeCk spare Safely ODErSHION.

80 Recycie with Motor Current > 65% Chasx 101 precer Z20ter ano conoenser water Hows and

of RLA temperatures. Cnecx iglving Chilleo water/brine sensor
TRSISIANCS. CHech ™OIOT CUrrent CALDratlion, ChECK guide
YENe BCILIOr ¥7C HNKBGe
I Loss ot Commumcston ne DASIC CO ana the ESP not

s muuzed O (1081 107 MOre than 15 seconds atter beng initislized.
See £SP Dperating instructions

a5 Lag Compressor Dsttuser Wall LEg Compressor S:'user watl A0t DOBHOMNG Withen 10ierance.

. M:Num:uon {Dus Comoressor Umts) Check DDeranon of solendnd vatves
(2] Starter Aun Contact Was Openea Checx staner. CHeck run COMACL CNECK 1K) wirng
White Rumnmg connechHons
™) Lag G Surge P “heCK 101 8% s9ecs. 10UISC 1LDES. Check QUGS vaneractuator
ShUtIOwn ang ineage

-

with the ESP (Expenced Services Panet}.
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Table 8 — Diagnostic Codes and Troubleshooting Guide (cont)

TYPE | CODE NO.‘ DESCRIPTION/MALFUNCTION

PROBABLE CAUSE/REMEDY

Chnilled Water Ternperature Too High
{Macnine Running) .

THERMOSTAT SET TOC HiGr — Return thermostat 1o
proper setling -

CAPACITY OVERRIDE OR EXCESSIVE COOLING LOAD
(Machine at Capacity) — Checx for cisgnostic code, check
for infittration of 0utSIAS Rif N0 conditioned SDaces.
CONDENSER TEMPERATURE TOO HIGH — Check con-
censing water flow. Check condensing water temperature;
examing cooling tower ooeraLon. Check for air and water
jeaks, check for foulec tubes

REFRIGERANT LEVEL LOW — Check for leak: repair. Agd
refnigerant and tnm charge

LIQUID BYPASS IN WATER BOX — Examine division ptates
and gaskets 1or feaxs.

GUIDE VANE FAILS 10 GPEN ~— Check for gelactive actuator —
repisce.

GUIDE VANES FAIL +O OPEN FULLY — Be sure that capacity
controt switeh 18 in AUTO. position. it vanes will not open

with switch at INC, check for excessive cooling load (see
spove). Check chillea water or brine 3ensor resistance.

Check guide vane linkage. Check limit switch in actuator,

cnecx that sensor 3 connectad 10 Drope’ terminais.

LAG COMPRESSOR NOT STAGING ON (DUAL COMPRESSOR
UNITS) — Check lag compressor status. Check that stan
recuirements have been met.

Chilied Water or Brine Tempersture
Too Low (Machine Running)

THERMOSTAT SET TO0 LOW — Rsturn thermostat 10
proper setting.

GUIDE VANES FAlL TO CLOSE — B8e sure that capacity
control switch 13 in AUTO. position. Check chilied water
sensor resistance. Check guide vane tinkage. Check tar
gefective aciualo” — repiace. check that sensor is connected
1o Droper terminals.

[TDEFECTIVE SENSOR — Thecx sensor resistance.

EVAPORATOR REFRIGERANT TEMPERATURE SET POINT
IMPROPERLY SET (Brine Chilling Only) — Check refrigerant
temperature sat pont.

Chitied Water Tempersture Fluctuates:
Vanes Hunt

DEADBAND TOO NARROW (Errauc Flow or Tempersture) —

Contigure DIP switen for 2 F (1°C) deadband.
PROPORTIONAL BAND TOO NARROW (Erratic Flow or
Temperature} — Contigure DIP switch tor 15F (8.3C)

proportionat band.

LOOSE GUIDE VANE LINKAGE — Adjust guide vans hinxage.
DEFECTIVE VANE ACTUATOR — Replace actuator.
DEFECTIVE SENSOR — Check sensor resistance.

Oil Reservoir Temperature Too Low

OIL COOLER WATER FLOW TOO HIGH — Throttie water 10
reguce flow

THERMOSTAT IMPROPERLY SET OR DEFECTIVE —~ Check
voltage across thermostat while agjusting; if contacts do not
ciose. repiace thermastat.

OIL HEATER DEFECTIVE — it hght ingicates power but unit
aoes not heal. check unit tor open or shoft. Replace unit
i reguired.

Oil Reservosr Tempersture Too High

THERMOSTAT IMPROPERLY SET — Adiust thermostat.
OIL COOLER WATER FLOW TOO LOW — Open piug vaive.
OiL COOLER STLENOID VALVE OPERATING IMPROPERLY —
Check electrical coeration of solenoid. inspect vaive: if screen
1s fouled. Clean angd nsiall a 20-mesn straner snesd of vaive,
OIL COOLER COIL FOULED — Clean coil, replace cooler i
required

Purge Cycies Otten in AUTQO. Position

Purge vaives not higntly ciosed. Check vaive settings per
purge vaive char (see Fia. 61 Ciose sopicabie vaives securely.

S d vaive G. Allow 10 anift past connection B
{F1g. 11). i 3moke 13 arawn N0 fine. repair Or repiace vaives

INCOITEeCt Purge oderating switch selting. Check switch per
Tapie 7 with Mmetersc suppty of au. Recalhibrate of repilace
a3 required.

£ a'r leaxage Mo macning. Check machine tor teaks

condensing cnamoer Hoa! vaive stuck n ctosed position
or return line plugged. (Refngerant ievel will be above
sight glsas.)

Purge Higug supoly orifice DIOCKET OF excessive tiashing «n
the line anead of the orifice.

- - Excessive Retrigersnt Loss Purge pump Cycies ofien. See Purge Cycles Often in AUTO.
P ahove. :
- Not te in AUTO. Normal. Purge pump coes not operate uniess purge pressure
- M':oa"" Opers is within 2 10 4 D31 (14 10 28 kPa) Of congsnser pressure. Check

gage readings Ses Purge Operation
Blown tuse (On some umits } Check 15-amp fuse 1nSiCe purge

slectncal switch box lon some units)

LOOS® CONNECHOns Of DIoken wires Check purge controt
switch cor 2

Check circut to Dusgs moter. incicator hght, SOIENOID Switch
and solenoid vaive bv switching 10 MANUAL.

Check purge ocaraling switch ana K1 reiav connections.
Purge inniDieg cneck J1301dy tor tode

incorrect purgs of QDeratnNg switth setiinge Check switch
per Taple 7 with metered supply 0f air. Recalibrate of replace
a3 required.

Purge conaensing charmuml 1081 vaIve SIUCK 1N Open posiion
{inaicated Dy iow refrigerant levet).

Tre Oifference neiween suclion temperature ang condensing
temperature ‘3 iess Mman 24F (13.3C)




PURGE CYCLE

The purge removes water, air or other noncondensable
gases from the refrigerant system. It indicates air and
water leaks and may be used to evacuate or pressurize
the machine.

A sampling line from the condenser (Fig. [1) con-
tinually brings refrigerant gas, and any contaminants,
into the purge condensing chamber. Here the gas-vapor
mixture passes over a cooling coil. Since the refrigerant
liquid within the coil is colder than the mixture sur-
rounding it, the refrigerant gas and water are condensed
to liquid.

Water, if present, separates from and floats on the
heavier refrigerant. The water level may be observed
through a sight glass and the water may be withdrawn
manually at the water drain valve (Fig. 7). The liquid
refrigerant flows through a U-trap and a float valve back
to the cooler.

Purge Operation — The standard operating mode
is AUTOMATIC. The purge MANUAL-OFF-AUTO.
switch is placed at AUTO. position. As the machine
starts up. the purge operating switch will open.

As air and other noncondensable gases accumulate in
the upper part of the condensing chamber. raising the
chamber pressure to within 2 psi (14 kPa) of machine
condenser pressure. the purge operating switch closes,
sending a signal to the microprocessor. (See Table 7.) At
this point. if the compressor has operated a2 minimum of
2 minutes and the condensing temperature is at least
24 degrees F (13.3 degrees C) higher than the suction
temperature. the microprocessor energizes the purge
pump and opens the purge vent solenoid. The air is then

discharged through connection B (item 12), Fig. 7. When

VALVE NUMBER | SWITCH
OPERATION i 3 3 o oo
1 Automatic Ciose | Open | Close Auto.
Remove water
2 (See Note) Open | Close | Close oft

NOTE: Start machine and allow purge pressure to rise above
atmosphenic. Open valve No. 1 and aliow water to drain from top
of refrigerant. Ciose valve No. 1 after removing water.

Fig. 6 — Purge Valve and Switch Settings
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Table 7 — Purge Operating Switch Settings

URE
SWITCH o SETTING CONNECTION

Cutout Cut-in

Purge Cond-

Purge Oper 4 pai 2 osi
0 Closed (28 kPa} | (14 kPa) | Machine Cond

P2)

the pressure difference increases to 4 psi (28 kPa), the
purge operating switch opens, de-energizing the purge.
The compressor must be energized for the purge to
discharge while in AUTO. mode.

Since machine condenser pressure and purge chamber
pressure also equalize at machine shutdown, air and then
refrigerant could be discharged each time the machine
stops. To prevent this, K1 relay opens whenever cooler
and condenser temperature difference drops below
24 degrees F (13.3 degrees C). The K1 relay deactivates
the purge AUTO. circuit until machine operation again
builds up temperature differences within the refrig-
erant system.

When the chamber pressure drops during air dis-
charge, the pump and solenoid valve will be de-energized
by the purge operating switch. Excessive purging will be
prohibited by the microprocessor as described under
Excessive Purge Pump Run Time.

If the control switch is placed at the MANUAL posi-
tion, the purge pump will operate continuously without
regard to whether K1 or the purge operating switch is
closed. Manual operation is used for removing air from
the machine after service work or for pressurizing the

machine for leak testing.
»2) fosr== S
CONDENSER |
OpeRArmG | [PRESSURE |
SWITCH

t

1

—— {

1

sougow :
VALY '

‘ 5 fcooen :

1PRESSURE| |i

1 ]

§ i

PURGE PumP b=—1-4F

£ -N FLARE
CoNN_ &

PURGE
CONDENSING

CHAMBER ]

REFRIGERANT
FLOAT VALVE ~. N

CONDENSER

. WATER

STRAINER

3N FLARE CONN A

SAMPL ING
LiNE

" DRAIN
\ VALVE 1

LiouID

Fig. 11 — Purge Cycle

LEVEL
SIGKT
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8 RerRGERANT LiouiD

(I - cow oF nonconpENSABLE GasEsS,
WATER VAPOR AND REFRIGERANT VAPOR
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Table 6a — Sensor Resistance and Temperature (F)
TEMP | RESISTANCE | VOLTAGE | TEMP | RESISTANCE | VOLTAGE | TEMP | RESISTANCE VOLTAGE | TEMP | RESISTANCE | VOLTAGE
F (Ohms) DROP(v) | (P (Ohms) DROP(v) | (P (Ohms) prOP(v) | B (Ohms) DROP (v)
~25.0 98009.6 4.664 38.0 13825.5 5.373 101.0 28348 | 1.500 164.0 7653 0.527
-24.0 947071 4673 29.0 13449.2 3.343 1020 27732 1.476 165.0 7495 0.518
-2.0 915215 4662 4.0 13084.2 3312 103.0 2713.1 1.453 166.0 7342 0.509
20 884489 4.651 41.0 12730.1 3.281 104.0 2654.7 1.430 167.0 719.2 0.501
-21.0 85485.5 4.640 @20 12386.6 3.250 105.0 2597.8 1.407 168.0 704.6 0.493
-20.0 82627.2 4.628 4ags 12053.3 3219 106.0 2542.3 1.385 168.0 690.4 0.484
-19.0 79870.6 4616 440 117300 3.187 107.0 2488.3 1.362 170.0 676.6 0.476
-18.0 772120 4.604 45.0 11416.1 3.156 108.0 2435.8 1.341 1710 6633 0.468
-17.0 74647.9 459 460 111115 3124 109.0 2384.5 1319 172.0 650.3 0.461
-18.0 72175.4 4578 ar0 10815.8 3.093 1100 2334.6 1.208 173.0 637.7 0.453
-15.0 69790.3 4.565 48.0 10528.7 3.061 1110 2285.9 12717 1740 625.5 0.446
-14.0 67490.4 4551 4.0 10250.0 3.029 1120 22385 1.256 175.0 612.8 0.438
-13.0 65272.4 4537 50.0 9979.3 2.997 113.0 21922 1.236 176.0 602.3 0.431
-12.0 631333 4523 51.0 9716.5 2.965 1140 2147.0 1.216 117.0 581.3 0.424
-11.0 61070.3 4509 52.0 9461.3 2933 115.0 21030 1.196 1780 580.7 0.417
-10.0 59080.6 4.494 §3.0 9213.4 2.901 116.0 2060.0 1.176 178.0 570.3 0.410
- 9.0 57161.7 4479 54.0 89726 2.869 117.0 2018.0 1157 180.0 560.5 0.403
- 80 55310.9 4.463 $5.0 87386 2.837 118.0 1977.0 1.138 181.0 550.9 0.397
-10 53525.8 4.448 $8.0 8511.4 2.805 119.0 1936.9 1.120 1820 5417 0390
- 60 51804.0 4431 57.0 82906 2.772 120.0 1897.8 1.101 183.0 5329 0.384
- 50 50143.2 4415 58.0 8076.1 2.740 1210 1850.5 1.083 1840 524.4 0.378
- 40 48541.1 4.398 50.0 7867.7 2.708 122.0 1822.1 1.065 185.0 516.2 0.371
-390 46995.6 4.381 80.0 7665.1 2676 1230 1785.5 1.048 186.0 508.4 0.365
- 20 45504.7 4363 61.0 7468.3 2.644 124.0 1749.7 1.030 187.0 500.8 0.360
- 10 44066.3 4345 62.0 72771 2612 125.0 7147 1013 1880 4036 0.354
0.0 426785 4327 63.0 7091.2 2.581 126.0 1680.4 0.997 189.0 486.5 0.348
1.0 413393 4.308 64.0 69106 2549 1270 1646.8 0.880 190.0 4799 0.342
2.0 40047 1 4289 65.0 67351 2517 128.0 16138 0.964 191.0 4734 0.337
3.0 38800.0 4270 86.0 6564.4 2486 129.0 1581.6 0.948 192.0 467.2 0.332
40 37596.4 4.250 67.0 63986 2.454 130.0 1550.0 0.932 193.0 461.2 0.326
5.0 36434.7 4230 68.0 62375 2423 1310 1518.0 0.917 194.0 4556 0.321
6.0 353133 4.209 ©9.0 6080.8 2.391 132.0 1488.6 0.902 195.0 450.0 0.316
7.0 342307 4188 70.0 59268.6 2.360 133.0 1458.8 0.887 196.0 4445 0.311
8.0 33185.4 4.167 71.0 §780.6 2329 134.0 1429.6 0.872 197.0 439.2 0.306
2.0 32176.2 4.145 720 $636.8 2.299 135.0 1400.9 0.857 198.0 434.4 0.301
10.0 312015 4123 73.0 5497.0 2.268 136.0 1372.7 0.843 199.0 429.2 0.297
11.0 30260.1 4101 74.0 5361.2 2237 137.0 1345.1 0.829 200.0 4241 0.202
12.0 29350.9 4078 75.0 5229.1 2.207 138.0 1318.0 0.815 201.0 419.4 0.288
13.0 284725 4055 76.0 5100.8 2177 139.0 1201.3 0.802 202.0 4146 0.283
14.0 276238 4032 70 4976.0 2147 140.0 1265.2 0.788 203.0 410.2 0.279
15.0 26803.7 4.008 78.0 4854 8 2117 1410 1239.5 0.775 204.0 4053 0.274
1.0 26011.2 3.984 79.0 4736.9 2.088 1620 1214.3 0.762 205.0 400.8 0.270
170 25245.1 3.959 0.0 4622.4 2.058 143.0 1189.5 0.750 206.0 396.2 0.266
18.0 245046 3934 810 45111 2029 1440 1165.2 0.737 207.0 3912 0.262
19.0 237887 3.909 820 44029 2.000 145.0 11413 0.725 208.0 386.4 0.258
200 23096.4 3.883 830 42977 1972 148.0 11178 0.713 209.0 3816 0.254
21.0 22426.9 3.858 84.0 41955 1.943 147190 1094.8 0.701 210.0 376.7 0.250
2.0 217793 3.831 85.0 4096.1 1915 148.0 10722 0.689 21.0 3716 0.247
23.0 21152.8 3.805 6.0 39996 1867 149.0 1049.9 0.678 2120 366.1 0.243
24.0 20546.7 3778 7.0 3905.7 1.859 150.0 1028.1 0.666 213.0 360.7 0.239
25.0 19960.2 3751 8.0 3814.4 1.832 151.0 1006.8 0.655 2140 3556 0.236
26.0 193925 3723 ”.0 37258 1.805 152.0 985.8 0.644 215.0 3498 0.232
210 18843.0 3696 90.0 3639.5 1778 153.0 965.2 0.634 216.0 3437 0.229
28.0 18311.0 3668 91.0 3555.7 1751 1540 945.0 0.623 2170 337.6 0.225
200 17795.8 3639 920 34742 1725 1550 925.3 0613 218.0 3317 0.222
30.0 17297.0 3611 3.0 3395.0 1.699 156.0 905.9 0.602 219.0 325.0 0.219
310 168138 3582 940 33180 1673 157.0 887.0 0.592 220.0 3184 6215
320 16345.7 3553 ¥5.0 32431 1647 158.0 868.3 0.582 221.0 3114 0.212
330 15892.2 3523 96.0 31703 1622 159.0 850.2 0.573 222.0 3044 0.209
34.0 15452.7 3.494 97.0 3099 4 1597 160.0 832.4 0.563 223.0 296.9 0.206
5.0 15026.7 3.464 98.0 3030.5 1.572 161.0 815.1 0.554 2240 289 .4 0.203
2.0 14613.9 3434 99.0 29635 1.548 162.0 798.1 0.545 225.0 282.1 0.200
37.0 142136 3.404 100.0 2898.4 1523 163.0 7815 0.536
38.0 13825.5 3.373 101.0 2834.9 1.500 164.0 765.3 0.527
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10.

Table 6b — Sensor Resistance and Temperature (C)

Teme | FISEE [voTace | TEwe | RERIST- [voLtace | vewe [RESIST- fyo vage | Temp | RESIST- |yorrace | Teme Rt |voLTace
©) | (ohmsy |PROP (V) | (C) (Obms) | PROP (M | (©) (Ohms; | OROP (M ]| (C) (Ohms) | DROP (v) | (C) (Ohms) | DROP (v}

~32.0 { 100049.0 4.690 -4.0 | 20075.9 3756 24.0 | 5203.2 2.201 52.0 1694.0 1.003 80.0 | 602.4 0.431
318 § 87C06.4 4.680 -3.5 | 19560.8 3.732 24.5 | 5088.1 2.174 §25 1663.5 0.988 805 | 5924 0.425
-31.0 | 94060.8 4.671 -3.0 | 19060.6 3.707 250 | 4976.0 2.147 53.0 1633.5 0.974 81.0 | 5828 0.418

-30.5 | 91208.3 4.661 -25 | 185748 3.682 25.5 | 48668 2120 53.5 1604.1 0.959 815 | 5734 0.412
~30.0 | 88449.0 4.651 -2.0 } 181029 3.656 260 | 47602 2.094 $4.0 1575.2 0945 82.0 | 564.4 0.406
-205 | 85777.0 4.641 -1.5 17644.5 3.631 265 4656.4 2.067 54.5 1546.9 0.931 825 | 555.7 0.400

-20.0 | 83180.7 4.630 -1.0 | 171991 3.605 270 | 45552 2.041 §5.0 1519.0 0.917 83.0 | 547.2 0.394
-28.5 | 80687.1 4.620 0.8 | 16766.3 3.579 215 | 4456¢ 2.015 55.5 1491.6 0.903 83.5 | 539.1 0.388

~28.0 | 782630 | 4.609 0.0 | 163457 3553 ] 280 | 43604 1,989 $6.0 | 1464.7 0.890 84.0 | §31.2 0.383
-275 | 759183 | 4.597 05 | 159369 | 3.526 285 | 4266.7 1.963 56.5 | 14383 0.876 845 | 5236 0.377
-270 | 736480 | 4586 1.0 | 15539.5 [ 3500 290 | 41754 1.938 §7.0 | 14123 0.863 850 | 516.2 0.371
-265 | 714506 | 4.574 1.5 | 151531 3.473 295 | 40863 1.912 S7.5 | 13868 0.850 8s.s | s09.2 0.366
-26.0 | 69323.7| 4.562 20 | 147775 | 3446 300 | 39996 1.887 §8.0 | 13616 0.837 86.0 | 502.3 0.361
«25.8 67265.0 4.550 25 14412.2 3.419 30.5 39150 1.862 58.5 1336.9 0.825 86.5 4957 0.355
-25.0 | 652724 4.537 3.0 | 140569 | 3392 310 | 38325 1.837 59.0 | 13126 0.812 87.0 | 489.4 0.350
245 | 633437 4525 35 | 137114 | 3364 s | 37521 1813 595 | 12887 0.800 875 | 4832 0.345

~24.0 | 614769 4.512 4.0 13375.3 3.337 320 3673.7 1.788 60.0 1265.2 0.788 88.0 477.4 0.340
-23.5 | 59670.0 4.499 4.5 13048.3 3.309 325 3597.3 1.764 60.5 12421 0776 885 | 4716 0.335
-23.0 | 57920.9 4.485 5.0 | 127301 3.281 3.0 35229 1.741 61.0 12193 0.765 89.0 | 466.1 0.331
-22.5 { 562278 4471 8.5 12420.5 3.253 3s 3450.2 1.717 615 1196.9 0.753 895 | 4608 0.326
-22.0 | 54588.1 4.457 6.0 12119.2 3.225 4.0 3379.4 1.693 62.0 11748 0.742 90.0 | 4556 0.321
-21.5 | 530027 4.443 6.5 11826.0 3.197 B 3310.4 1.670 82.5 1153.2 0731 90.5 | 4506 0.317
«21.0 | 51467.0 4.428 7.0 11540.5 3.169 35.0 3243.1 1.647 63.0 LRKIN ] 0.720 91.0 | 4457 0.312
-20.5 | 499804 4.413 7.5 | 11262.7 3.140 38.5 1775 1.624 63.5 1110.9 0.709 915 | 4409 0.308

-20.0 | 48541.1 4.398 8.0 | 10892.1 3.112 36.0 31134 1.602 84.0 1090.2 0.698 92.0 | 4363 0.303
-19.5 | 471477 4.383 85 | 107288 3.083 36.5 3051.0 1.579 84.5 1069.9 0.688 925 | 4318 0.29%
-19.0 | 45798.6 4.367 9.0 | 104723 3.054 37.0 2990.1 1.657 85.0 1050.0 0.678 93.0 | 4274 0.295
-18.5 | 444924 4.351 9.5 | 102226 3.026 75 29307 1.536 65.5 1030.3 0.667 93.5 | 4230 0.291
-18.0 | 43227.6 4.334 10.0 9979.3 2.997 38.0 28728 1.514 66.0 1011.0 0657 940 | 4188 0.287
-17.5 | 42002.9 4.318 105 9742.5 2.968 385 | 28162 1.492 66.5 992 1 0.648 945 | 4145 0.283
-17.0 | 40816.9 4.301 11.0 9511.7 2.939 39.0 27611 | 14T 67.0 8734 0.638 95.0 | 4103 0.279
-16.5 | 39668.3 4.233 115 9287.0 2911 39.5 27072 | 1450 67.5 9551 0.628 95.5 | 4060 0.275

-16.0 | 38555.9 4.266 12.0 9068.0 2.882 40.0 2654.7 | 1430 68.0 9271 0.619 96.0 | 4018 0.271
-185 | 37478.4 4.248 125 8854.7 2.853 405 26034 & 1.408 8.5 9194 0.609 9.5 | 3976 0.267
~15.0 | 364247 4.230 130 8646.9 2.824 “.0 2553.3 1.389 69.0 902.1 0.600 97.0 | 3933 0.264
-148 | 35423.7 4211 135 B8444.5 2.795 4.5 2504.4 1.369 69.5 885.1 0.591 875 | 389.0 0.260
~14.0 | 34444.2 4.193 14.0 8247.2 2.766 420 2456.6 1.348 70.0 868.4 0.582 98.0 | 3847 0.257
=135 | 33495.2 4.174 145 8055.0 2.737 a5 2410.0 1.330 705 852.0 0.574 98.5 | 3803 0.253
-13.0 | 32575.6 4.154 15.0 7867.7 2.708 430 | 2364.4 131 71.0 836.0 0.565 9.0 | 3758 0.250
=125 | 31684.6 4,135 15§ 7685.1 2.680 435 2319.9 1.292 7.5 820.2 0.557 9.5 | 3711 0.246

-12.0 | 30821.0 4118 16.0 7507.2 2.651 440 2276.3 1.273 720 804.8 0.548 100.0 | 366.5 0.243
-115 | 29984.0 4.094 16.5 7333.9 2.622 445 22338 1.254 T2.5 789.8 0.540 1005 | 361.6 0.240
-11.0 | 291727 4.074 1.0 7164.9 2.593 45.0 21922 1.236 73.0 775.0 0.532 101.0 | 356.7 0.236
-10.5 | 28386.3| 4.053 1ws 7000.3 2.565 455 21518 1.218 bt 2] 760.6 0.524 1015 | 3515 0.233
=100} 27623.8 4.032 180 6839.8 2.536 460 | 21117 1.200 74.0 746.5 0.516 1020 | 346.3 0.230
-85 26884.4 4.010 18.5 6683.4 2.508 46.5 20728 1.182 745 7326 0.508 1028 | 3411 0.227
-80] 26167.5 3.969 19.0 65309 2479 a9 20347 1.165 75.0 718.2 0.501 103.0 | 3353 0.224
- 85| 25472.2 3.967 19.5 6382.3 2.451 4715 1997 .4 1.148 755 706.1 0.493 103.5 | 329.7 0.221

- 8.0] 247978 3.944 20.0 6237.5 2423 48.0 1960.9 1IN 76.0 683.3 0.486 1040 | 3238 0.218
- 78] 241436 3.922 205 6096.3 2.395 485 1925 1 1114 76.5 680.8 0.479 1045 | 3179 0.215
- 70] 23509.0 3.899 210 5§958.7 2.367 49.0 1890.1 1.008 770 668.6 0.472 1050 | 3116 0.212
- 85| 22893.2 3.876 215 5824.6 2.339 9.5 1855.7 1.081 ns 656.8 0.465 1055 | 305.3 0.209
- 80| 222956 3.852 220 5693.9 231 50.0 | 1822.1 1.065 78.0 645.2 0.458 1060 | 2986 0.206
~ 881 217157 3.829 225 5566.4 2.283 $0.5 1789 1 1.049 78.5 634.0 0.451 1065 | 2921 0.204
- 80] 211528 3.805 2.0 5442.2 2.256 §1.0 | 17568 1.034 79.0 623.2 0.444 107.0 | 285.2 0.201
- 45| 206064 3.781 238 §321.2 2.228 518 | 17254 1.018 785 612.6 0.437
- 40| 200759 3.756 4.0 5203.2 2.201 $20 | 1694.0 1.003 80.0 602.4 0.431






