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PURPOSE ;

MACH INES
AFFECTED:

PROCEDURE :

Copytignt ®Carrier Corporation 1983

R-5190

The purpose of this bulletin is to tranamit the attached
Barber—Colman Electronie Control Service Guida.

All 19C machines shipped after March 1961 having the re-dasigned
Barter-Colman Elecironic Controls.

The sttachment is divided intoc two parts. Part I, pages 2 thru
10 contains a service guide to be used when making extarnal
checks befors & control module is replaced or when proper control
cannot be obtained. :

Part IT, prges 11 thru-18 contains a detalled description of
the Barber-Colman Blec tronie Control and bridge cireuid,
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PART I

BARBER-COLMAN ELECTRONIC CONTROL -~ SERVICE GUIDE

General Troubles

There are several basic steps which wmust be taken when servicing the
19C electronic controls, They are as follows:

3,

411 electrical connections must be checked for tightness.

All electronic tubes must be checked. Be sure the tubes are
in their designated tube sockets.

On the chilled water module (proportioning amplifier) and on

the relay module, the relays must act with the water temperature
or all other efforts to stabilize this system will be unsuccessful.
Therefore, observe that water temperature changes do actuate the
relays.

The motor load control cannot be calibrated at full load unless
the signal from the shunt resistor in the starter is between

+45 and .35 volts at full load. This is the first item to check
when trouble is experienced with the motor load module.

Always obmerve the operation af the relays as they may be & clue
to the problem that exists.

If trouble 1s traced to any of the "pots" in the system, move
"pot" wiper arm back and forth to wipe off possible oxidation.

Do not attempt to adjust the miero-relays. If the micro-relay
is faulty, replace the entire relay.

The following summation of possible troubles with the 19C electronic
contrel parallels the set-up procedure as cutlined in the initial start-up
instructions. After the trouble has been corrected, recalibrate the controls
by following the procedure as outlined in the initial start-up instructions.

It is intended that this outline be used to differentiate between
external and internal module troubles. If trouble is determined to be in
the electronic components, they should be replaced,
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1. MOTOR LOAD CONTHOL
Asgume capacity control kmob in
"hold" position and % current
limit device in 100% position.
2+ Relay CRy de-snergized and cannct i, Voltage aignel from resistor in
be adjusted to energize at 100% starter between teminals 23 and
full load amperage. 2, is balow LS volts, Check the
voltage. This voltages must ba ba=
tween .45 and .55 volts at full
load amps or moduls cannot be
calibratad,
May have an open cirpuit in miero-
relay CR?. Haplace relay with new
FIZA-119 micro-relay.
Faulty CRp calibration potantiometer.
Raplace motor load module,
b. The full load signsl to terminals b. The value of the resistor in the

?3 and 2l is5 not within .uL5 to .55
volt range.

current trensformer circuit starter
is not correct. II the voltage is
below .45, the resistance must be
increased. If the voltage is above
«55 the resistance must be decreased.
Resize if & fixed resistor; change
ag required if a variable resistor.
The value of the resistor in the
current transformer cireuit is nore
mally on the order of .10 ohma to
+20 ohms. 1If 3 resistor change is
required, replace with one rated at
10 watts contimious duty,

Do not attempt to make any
sdjusimenta on the current
transaformer cireult while
the machina is opearating.
The secondary coil of an
energized transformer
should never te opened,

Warning:
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C. Relay CR2 energizad preventing ¢e Blectrical demand control imob set
vanas from moving toward the cpen at less than 100% position.
position.

- Cﬁg calibriation Serew should be
recallbrated. )

Faulty overload micro-relay. Re-
place with micro-rslay FYZA-119,

Signal from resistor and starter
above .55 volts. (See Item 1-b
lhﬂ?e)o ’

Check for locse commections on
N module tarminals and shunt reaistor
in startar.

Replace motor load control.

d. Ralay CRy de-enargized and vanes de Check terminal 13 to ground for 115

will not open. valta, If zaro volts, than troubls
is with auxiliary contact in startsr
or locae wire.

Chack wiring to ocil solenoid valves.
With the capacity control imob in

. . the "hold®™ position, terminal 21 to
ground should read 115 volts, Witk
the capaeity eontrol knob in the
"higher® position the voltage frem
terminal 22 to ground should be 115
voltx, Repeat these stapa on the
motor load module terminals 21 and

22 to ground for 115 volts. If either
voltage from these two tarminals ¢
ground la zero volis, replace tha
miero-relay FYZA-119, If the voltage
from tarminzl 21 and 22 to ground is
8til]l zZero volts urder the abowe cone
ditions, trouble is in the capacity
eontrol switch., 2aplace chilled
water module.

CBy (100%) rwlay snargizes. CRy e. Check for looss camectiona on the
-{105%) relay will not energize. modula,

Recalibrate the CRy calibration serew
a8 outlined in the initial starteup
instruetions,
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e. (Continued) e, May have an open circuit in relay
CR}. ZHeplace with new FYZA-119
micro-relay.
Replace motor load control if relay
will =till not open at 105% of motor
full load ampad «
f. CRi (10%%) relay energizes before f. Recalibrates CR; and CRp calibraticn

H-51904

CRz (100%) relay energlzes.

Screws as outlined in ind4ial start-
up instructions,

Heplace motor load micro-relays
FIZA-119.

Replace motor load control.

2.

CHILLED WATER GONTROL
(Proportioning Amplifisr)

iy

Rmlays CEC and CRO on relay moduls
will not operate properly. {Gapacity
contrel in manual peosition).

Place capacity control lmob in higher
ind lower position and check opsra=-
tion of CRC and CRO.

Cheek for loose connections at the
relay module,

Flace a wire jumper between terminals
G and RC on module. Relay CRC should
operate. Place wire jumper between
terminals G and RO on module, Relay
CRO should operate, Replace relays
CAD and CRC if relays do not functicn
ag above,

Replace faulty relays.
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b. BRelay CHRC and CED on relay modulae b. Check vacuum tubea 124V7 and 128X7.
wlll not operata properly. Heplace if faulty.
{Automatic position: assume opera- .
tion of relays correct in manual Check inpu% voltage to proportioning
position). amplifier, Install volimeter on ter-

minala T and X on the proportional
amplifier, Use 12 volt AC =cale. Move
the chilled water thermostat nob
from the low end of the scale to the
high end of the scale. The peinter on
the voltmatar should indicate a dew
crease and increase in veltage passing

through & null (minimum voltaga).

If this null is not indicated on the
voltmeter, the trouble is in the in-
put o the amplifier or the outpust
from the tamperature bridge. Since
the resistancs elament and vans poten-
tiomater i3 part of this bridge, checi
3ame »

Check voltage batween terminals 29
and 10, Voltage Should be appraxie
mately & volta. Z2erc volts indicates
a shert eircult in the resistance

i| . element. Approximately 12 volts in-

| dicates an open cireuit. Replace the
{ rasistancs element if faul 1y,

Check shielding on wires 25, 26, 27,
29and30tobegmundedonlyto
tarminal 28 in the conscle. Braided
shield wire % be 20 or 22 gage Beldon
Wire & Cabls Co. 8735-22-3 or aqual,

If above itams chack correctly and a
proper null is reached as indicated
oen the volimeter, then the input
voltage to the chilled nter module
13 correct.

Remove cover from FIZA-115 microe
relay. Operazts machine mamually and
bring chilled water temperaturs to
within the range of the chilled water

[-5190A
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b. (Continued)

R-51904

thermostat., Set capacitvy sontrel mab
to the "auto™ position. When the
¢hllled water thermostat 1a moved
towards ceolder® then the "Hi® micro-
relay should snsrgiza. Moving the
chilled watar thermostat to Mrarmere,
the "Lo* micro~relay should energizs.,
If micre-relay does not operats as
above, fault may ba in the vacvum tubes,
Check tubes and renlace if neceasary,
If micro-relay is still inoperative,
replace with new FIZA-115 micro-relay.

Remove external wires 25, 28, 27 from
follow-up potentiometer at tsrminal
2erip in conscla, Attach ohmeter to
Wirs 25 and 26. With closed vanas, the
Tesistance between 25 and 26 should be
approximately 350 olma and between wirs
26 and 27 approximataly 100 ohma.

With the ohmeter installed on wirez 25
and 26, rotating the potentiometer and
vanes through full travel will deczrease
the resistance from anproximately 350
ohma to approximatsly 100 chms, If re-
alatance resdings indicate 2 broken
wirs or ground, replace potentiometsr.

Trace wiring to terminals 25, 26, and
27 to insure correct temminals are
connectad.

. Miecro-relay CR] (105%) energized before

CRp {(100%)s This causee both CRC ard
CRO %o energize on pulldown if FLA is
reached - recalibrate CRy and CRp cali-
bration screws per ipitial start-up
instructicns.

Cheeck zontrel wiring to be sure it
is not run in same conduit with higher
voltage wiring.

Replace c¢hilled water module,
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ce Canacity balance will not rull.
(Reach minimum voltage. Assume
Temperature Bridge has nulled
correctly}.

Chilled watar temperature ico high.
Must be within rangs of chilled water
thermostat,

Use 12 volt AC scale on voltmeter,
Lower scale may give false reading.

Check shieldad wire 1o the resistancs
elemer.t. Sround should be conmectad
only to terminal 28 in conscle.

Check for faulty tubes and replace
1f necesasary.

Replace chilled water amplifler.

R-5180A

d. Tempearature Bridge will not null.

Check voltage batwesn tarminala 29 and
30. Voltage should bs approximately .
6 voltis., Zerc volts indicates a short
circuit in the resistance element.
Approxamately 12 volts indicates an
open cirenit. Replace the resistince
alement 1f fanlty.

Check shialding on wires 25, 26, 27,

29 and 30 to be grounded only to tar-
minal 28 in the console. Braided shield
wire to be 20 or 22 gage Beldon Wire &
Cable Co. 8735=22-3 or egqual.

Remove extarmal wires 25, 26 and 27

from follow-up potenticoetar at terminal

strip in consocle. Attach ohmeter o wirs
29 and 26, With closed prewhirl vanes,
the resistance betwwen 25 and 26 should
be oroximataly 350 ohms and betwesn
wire 26 and 27 approximataly 100 ohma.
With the ohmeter installed on wires 25
and 26, rotating the potentiometar and
vanea through full travel will decrease
the resistance from aporoximately 350
ohma to approximataly 100 ohma.

If the abaove checka correctily, replace
the temperature bridge.
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8. Chilled water temperature hunting
axcesyively.

Observe the operation of the chilled
watsr relays with the changing watar
temperators. The relays must quickly
Serise & tamparature change or any
sfforts % correct the hunting cone
dition will not be succesaful,.

Uss dieleciric grasse between ths re-
gistarce element and the element well.
Check for condensation at resistance
element tarminals. Use dielectric
gresss on the terminals,

Check for air in the chilled watmr
cireuit,

Solencid F and G may be cross—wired.
At varne hold position, F solencid
should be hot to the tcuch,

Check for proper immersion of resistancs
slement in leaving chilled watar.

Cheek for extsernal effacts on the water
circuit such aa changing GPM and quick
acting Lypasa valves, atc.

Throttls renge may not be atabilizing
the chilled water smplifisr, Add more
throttling ringe. Adding throttling
range will chanpe tha control point.
This i5 normal. Compensate for this

shift by moving chilled water thermo-
stat to "warmer*,

Chilled water thermostat ¢sn be re-
calibratad by placing capacity control
knob to "hold™ position. With chilled
Water temperature near design, sat
thermostat to actval temperature and
adjust temperature bridge calibration
acrew until CRC is enerpgized and CRO
is de-energized. :
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e, (Continued}.

If machine controls at a higher chilled
water temperaturs, checik terminals 25
and 27 as the vane petentiometer may
be wired backwards,

Check the van#é follow-up patentiometer

25 to 26 for approximately 350 chms

with vanes closed; 26 to 27 for approxi-
mately 100 ohms with the vanss cloged,

In addition, check for open or grounded
potentiometer {See Item 2-b).

If an increase in differential i3 re=
quired to obtain good control, use
following as a guide:

L70 ohms = 1iF Qifferential
330 ohma = 111" diffarmntial

The differential resistor is installed
between terminals X and Y on the chilled
water mcdule.

Replace chilled water micro-relays
FYZA-115.

Replace relays CRG and CRO.

Replace chilled water amplifier.

3. REPLACING CHILLED WATER MODULE

R-5190A

@« Chilled water module needs replacing,
none Immediately zvailabls,

a,

Can operate machine by switching
capacity control knob to manual
position. Watch leaving chilled
Witer temparaturs,
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Motor load module or micro-relays
FYZA-117 need replacing but nons
Lumediately avallabla.

Remove relay CRO. Place wire jumper
between tarmminals 3 and 22 to open
Yanes. Remcve jumper to stop and

hold vanaa in that particular position.
Do not exceed full lcad amps. Watch
Tsaving chilled water %emperatuves

S

51904

MISCELLANEQOUS

Ralays CRC and CRO are identieal.
They can be intarchanged to check
their operation. The micro-relays
carmot ba intarchanged,

Check voltage of power source to
chilled water amplifier across to
terminals 12 and L2. Should be
115 volts,
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FIGURE I -

. Electronic Control On-Off Switch

. Machine "'Start’' Button

. Chilled Water Thermostat

. Machine ''Stop’' Button

. 0il Pump Automatic-Manual Switch

. Calibration Adjusting Screw (Temperature Bnidge)
. CR1 Calibration Adjusting Screw (Motor Overload)
. CR2 Calibration Adjusting Screw (Motor Overiocad)
. Overioad Micro-relay

L= R B BRI BT

BARBER-COLMAN

ELECTRONIC CONTROL

. Electrical Demand Control Knob
11. Threttling Range Adjusting Screw
. Capacity Balance Adjusting Screw

CRO Relay

+. CRC Relay
. Capacity Control Auto-Manual Switch

Chilled Water “licro-Relay

. Relavs R1, R2, R3 reading left to nght (not shown)

Module terminals (not shown)
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emplifier which in trm activates mircoe-relays,

ELECTRONIC GONTROL SYSTENM

Gensral Deseription

The ¢lectronic control system conaists of tio circuits; one for
chilled watar temperature and the other for motor overload,both of which
poaition the prewhirl vanes throngh i hydraulic motor. Undar normal cen-
ditions, the watar temperature leaving the ccoler is controlled by the chilled
watar module. A resistance element immersed in the chilled water 13 sensitive
to temperaturs changes of leaving watar from the cocler. The element is part
of a bridge circuits from which signals are strmegthaned by an electronie
The mierg-relays in tom
operata the conirol relays CBC and CRO which open and closs 3olencid valves to
feed or bleed oil from the hydraulic control motor. When the temperature of
the watsr leaving the coolsr inereases, the vanes will move toward the open
positian. A decrsase in temperature results in a movement toward the closed
position.

Motor overload im detsctad by a current transformer and resistor
in the starter. An increase in current flow causes a change in voltage drop
across the resistor. This voltage is amplified sufficiently to activats micro-
relays CRy and CR2. Thesze micro-relays are located in the circuit to override
the chilled watar control relays.,

The console panel includes the machine start and stop buttons,
chillsd watar thermostat control, electonic control on-off switch, oil pump
switch and the indicator lights for the various safsty controls. A capacity
control switch for manually positioming the vanea is locatad on the chilled
Wy ter module. '

The vane position is indicated on the vane irdicator assembly on
the compressor, Inclosed in this housing 1s the "vane closed"™ switeh which
insures the prewhirl vines are closed before the compredsor metor will start.

4 potantiometar is included in this assemply to allew proportional fssdback
t0 the control circuit. - -

The sclenoid valves controlling the hydraulie moter are so arranged
that when de-enargized they will provide oil pressure to ons side of the piston

and hlead the other side closing the vanes. This insures the vanea will closs
should the eontrols fail,

* For description of the electronic bridge circuit, see page 1ll.
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The chilled water tempersture is controlled by a sensing resistance
alement in the leaving chilled watar line, A rise in tamperaturs sends a
signal through the chillsd water am:lifiar to position the prewhirl vanes
toward cpen. The inverse also occurs. The chilled watar resistance slament
i3 part of a bridge circult and any unbalanece in the bridge caused by resistance
change due to temperature change is det=ctsad by the amplifier.

Eaferring to Flgure 2, if the water tamperature 13 at the contrel
point and the bridge cirvuit is in balance, then the chilled water micro-relay
will be in the "hold" position and Loth relay coils CRC (normally closed} and
CRO (normally open) will be de-snargized,

Under this condition with solsnoid valve "F" enargized and salanoid
valve "G" de-energized, both sides of the hydraulic piston are subject to oil
pregsure which keeps the plston in a fixad position.

If the walsr tsmperature rises above the set point, thes micro-relay
goe3 1o the "higher® poslition and relay coil CRO is emsrgized. This snergizes -
sclenold valve "G™ permitting oil to bleed from one side of the piston (Port B)
whiles preasurs on the lower side (Port i) forces the piston open until a new
tamperature aquilibriim position is reached.

The mlicro-relay will then go to the "iold® position and relay coil
CHO will be de-ensrgized causing the vanes to stop in whataver position they
happen to be in.

A simllar action takes place 1f the water temperature drops below
the set point. The micro-relay goes to the "lower" position ensrgizing relay
eoll CRC which will da-ensrgize solenold valve "F® angd bleed oil from the
hydraylic motor. This allows the o1l pressure from solsnold valve "GM o

Slowly close the prewhirl vanes until a new tamparature equilibrium position
1s reached.

Motor Overload Controls

Motor averload is detected by a current transformer and resistor
circuit in the starter. An increase in current flow causes a change in voltage
acrosy the fixed resistor. The voltage drop across tha resistor is compared
to @ "reference™ voitage supplied in the motor overload module circuit, the
value of which is set to correspond to the rated current of the compressor
motor. Ths motor overload relays are activated by the voltage difference
(between "rafarence® voltage and actual voltage drop across the resistor) and
are located in the circuit t0 overr:da the chil’ed watar control Telays.
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The voltage signal betuwsn tarminals 23 and 2L should be batwsen
oI5 %0 55 volts when the motor reaches full load amparage,

Referring to Figure 2, if the motor current flcw reaches 100% of
full motor rating, a micro=relay (CR3) will open da-snergizing relay CRO and
solenoid valve ™G" and prevent the vanas from opening further.

If the motor current continues £o increass and reaches approximatsly
105% of full motor rating, the miecrceralay (CRy) will close anargizing relay
CRO, de=-snergizing solencid valve "F" causing the vanes to close and reducing
the load until the currant is dewn % approximately 103%. The micro-relay CRy
will then open csusing the vanes to stop moving.

N

When the motor current drops below approximately 97%, micro-rslay
CR2 will de-energize and the chilled water c¢ontrol will take over controlling
the prewhirl vines by activating relays CRC and CRD. -

-5190A
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Electronic Control Bridge Circuit

Tha 19C slesctronic control is essentially a Wheatstons bridge circuit
38 illustratsd in Figure 3. (A Wheatstons Bridge 13 a devics used o detarmine
the value of an unimown reaistance). Voltage i3 applisd to two lega of the
bridge circuit and when the total resistince on each side of the bridge is equal,
the bridge cireult will be in balance and the electronic amplifisr tc ground -
will read zero volts. Under these conditions the vanes will ba in the "hold"
position.

When the c¢hilled water tamperature changes, the resistance value of
the cesistince alsment will ehange and thus the resistance side (A) of the
bridgs will be diffsrent than side {B). This will produce a voliage drop be~
tween tarminals X and ¥ or slectronic smplifier and ground, and the control
relays will be activated. An increase in chilled water teamperature increazes
presistance and correspondingly a decreass in chilled watar tsmperature de-
creases rasistance.

-

This same peasoning applias to the control point adjustment and the
calibration imob. Changing either one of these variable potenticmetars during
the adjustment of the 19¢ control will change the resistance of cne side of the
bridge and thus shift the point at which the bridge is in balance 1o a diffarent
chilled watsr tamperature. .

A throttling range featurs is incorporated and i3 part of the amplifier
sireuit, (Not shown in Figure 3). If the throttlie range adjustment is turned to
1ts counter=clockwise stop, 1% has the effect of remcving the vane potantiometer
frem the control circuit. However, if the throttle range adjusiment is set for
a portion of ita travel, the operation of the vanes and potenticmeter will over-
ride the bridge output causing the vanes to stop before the chilled watar tamper-
ature reachas the sat point. This prevents "hunting® of the chilled watar temper-
ature.

-
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5. Proporticning and Floating Control

{(a).

(v).

(C}o

Ganeral

Proportional and floating coutrol are incorporated in the 19C elec tronic
control systam, Proportional control is gensrally usad on comfort air
conditioning applicatacns. /i partial loads it provides a lower leaving
chilled water temperature and therefore a lower relative humidity in the
condition spaces,

Fleoating control provides a conatant leaving chilled watar temperature.
However, 1t is atrictly an on-off control and considersble hunting of
chilled watar tamperature may result when floating control is used on a
changing load condition.

Proportional Control

Proportional eontrol permits the leaving water temparaturs todrop in
proportion to the load as shown in Figure L by adding throttling range.
A throttling range is used to prevent hunting. The added throtile range
resislance causes the amplilter tos ende that the chilled water is hotter
than it actually is, thus will cool %o bhelow the set point by the amount
of throttle range added. ¥For example, assume proportional control is
set to regulate to LS F at full load. With a 3 F throttls range, the
machine controls the leaving water at 42 F when the vanes are in the
cloded position.

© In most instances2 only a min:mum amount of throttls range 13 deairable

for good control and system performance. The throttling range is ad-
Justable from O to 10 on the re-designed Barber-Colman control,

Limits govern the vane posilion when the tamperature is changing. The
upper limit aa shown in Figure L shows wsne positions when the tamperature.
is inecreasing and the lower limit shows vane positions when the temperature
is decreasing. The arsa between the limits ia called the “dead zone®. As
long aa the leaving water tenperature remains in this z2¢ne, the vanes

will be stationary.

The addition of throtiling ringe will cduse a shifi in the ehilled water
control points The electrom:c contrels should be adjusted to obtain
design chilled water tamperature at full load conditions.

Floa ting Control

Floatjpg control does not incorporate the throtiling rangs adjustméht

and regulates the leaving ch:lled water within the differential sestting
of the design temparature uncer steady operating loads. Under fluctuating
load conditions, floating control has a tendsncy to over=-position the
cEpacity prewhirl vanes which may result in a4 hunting chilled water tem-
perature. See Figure 5. - .
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15 VOLTS |
CALIBRATION
/ POTENTIOMETER \'/

/
AVAVAVIWAVAVY
=0 OHME—\ AMPLIFIER |

/ | - , Rs
NA 8./ %\

S ™
55 95 OHMS
- AT 45°F
[\ 20 OFHMS |
AVAVAVATLVAVAVY
29| |30 . AmeF 50°F
e
~ CONTROL. POINT
ADJUSTMENT
CHILLED WATER i
RESISTANCE ELEMENT '
1000 OHMS AT TO°F. TEMPERATURE DIFFERENTIAL RESISTCR
951 OHMS AT 45°F ' 880 OHMS= r’F DIFFERENTIAL
(2.0 OHVS /°F) 470 OHMS:= 1'4°F DIFFERENTIAL
FJGURE 3
E CIRCUT

BARBER- COLMAN ELECTRONIC CONTROL
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LEAVING CHILLED WATER
TEMPERATURE (F)

FIGURz b
PROPURTIONING CONTTOL
WITH 3 F THROTTLING WiNGE

CLOSED
:

POSITION

46
45 -:\W

|—%FDEAD ZONE

K3
t
i
FULL
OPEN

43 4

LEAYNG CHILLED WATER
' - TEMPERATURE (F)

FIGURE &
FLOATING CONTTHOL



