N UNITED Commercial Divislon BULLETIN: CA-SB-19-C-60-8
%‘ TECHNOLOGIES Carier Corporation DATE: 8/19/60
CARRIER PAGE: 1 OF: 30
SERVICE BULLETIN SUPERSEDE
BULLETIN:
SUBJECT: DATE:
ELECTRONIC CONTROL TROUBLESHOOTING GUIDE PAGE" OF:

Insiallation, repzir and service and equipment referenced in this Service Bulletin should be undertaken only by qualified persons. Carrier Corporation (1) makes no
represeniations or warranties, expressed or implied, concerning the accuracy, completeness or right to use the information contained herein, and{2) disclaims all labiity
for injuries, damages, infring s and other losses which may arise onaccount of, or which may resuli from, the use or application of any information, method or
apparatus disclosed herein.

PURPOSE:

The purpose of this bulletin is to transmit the attached 19C Electronic
Control Trouble~shooting Guide.

EQUIPHMENT AFFECTED:
19C Hermetic Centrifugal
DESCRIPTION:

This attachment is divided into two partes. Part I, pages 2 through 12
coutains a trouble shooting guide to facilitate servicing the electronic
controls, The purpose of this guide is to provide external checks which

can be made before the electronic module is replaced if proper control cennot
be attained.

Part II, pages 13 through 30 contains a detailed description of the

electronic control system and the bridge circuit. This information is

intended as general background information and does not imply that servicemen must
be electronic technlcians. A thorough understanding of Part I is all that

is required to trouble shoot the 19C controls.

Gopyright #Carner Corperation 1983
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ELECTRCONIC CONTROL - TROUBLE SHOOTING GUIDE

GENERAL TROUBLES

There are several basic steps which must be taken when trouble shooting
the 19C electronic controls. They are as follows:

1. 4ll slectrical connections must be checked for tightness.

2. All mlectronic tubes must be checked., Be sure all tubes are in
designated tube sockets.

3. Be surs plug connectors are installed properly. Chesck plug pins
to be sure none have been bent.

4. On the chilled water control, the relays must act with the water
temperature or all other efforts to stabilize the system will be
unsucecessful., Therefore, observe that water temperature changes
do actuate the relays.

5. The motor overlosd contrcl cannot be calibrsted unless the signal
from the starter is between ,L5 and .55 volts. This is the first
item o check when trouble is experienced with the motor ovarlos
controller, -

6. Always observe the operation of the relays as they may be a clus
to the problem that exists.

The following swmmation of possible troubles with the 19C eleactromic
control parallels the Set-Up precedure as cutlined in the Initial Startup In-
structicns. After the trouble has been corrected, recalibrate the modules by
following thea procedure as outlined in the Initial Startup Instructions.

It is intended that this cutlins be used to differentiate between
external and internal module troubles. If trouble is determined tc be in the
electronic componants they should be replaced.

R-51904
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1. Zero and

Span Adjustment

a. Zero
adjusting screw
will not adjust
capacity meter
to zero.

a.

The vanes may be in the open jnstead
of clused position. Terminal 21 and
22 should be de -energized. GCheck the
vane close switch with a volt ohmeter.

" The vane switeh should be c¢losed.

Check the ecil circuit piping,

Check the wiring of the vane potanll -
ometei which controls the vane in-
dicator, terminals 31, 32 and 33.

 With the venes closed, the resistance
_between 31 and 32 should be approx.-
- mately 50 ohms and between 32 and }3,
350 ohms (these values are only ap..

- pruximate and may vary as much as 20
. ohma},

Open the vanes while having an ohmeler
installed between terminals 31 and 33,
The ryesistance should increase from
50 to approximately 350 ohms.

Check for open or ground on all po -
sitions of the vene potentiometer.

If this check 3s done at the terminal
module and indicates a bad vane po-
tenticmeter, repeat the above at the
terminal block at the potentiometer.
Do nof replace the potentiometer until
it is [removed and checked separately.
If grqunded or shorted by itself,
replace, .

The vanes may be in the open instead
of closed position. Terminal 2! and
2¢ should be de -energized. Check Lhe
vane close switch with a volt ohmeler.
The vane switch should be w«:losed.

Check the oil carcuit piping.

Check the wiring of the vene potenti..
ometer which controls the vane in-
dicator, terminsls 31, 32 and 3).
With the vanes closed, the resistance
value between 31 and 32 should be
approximabtely 50 ohms and betwsen

32 and 33, 350 ohms (these values

are cnly approximate and may vary as
much as 20 ohms),

Open ‘the vanes while having an ohmeter
instzlled between terminals 31 and 33.
Resistance value should increases from
50 tc approximately 350 ohms.

Check for open or ground on all po..
sitions of the vane potenticmeler,

If this check 15 done st the terminai
module and indicates a bad vane po-
tentiometer, repeat the above at Lhe
terminal block at the potentiometer.
Ilo not replace the potentiomster until
it is removed and checked separately.
If grounded or shorted by itself,
replace.
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d. Gers adjusting screw will not If the above che cks éhow a good po
adjust capacity meter to zercf tentiometer, then the cspacity indicatm
{con t1 nued) should be replaced.

Replace the terwminsl module.

CIf this does not produce the desired
results, the console psnel should then
be replaced.

b. Span adjuatment serew will b. 3ame procedure as outlined in 1s, above.
not. adjust meler.

Capasity indicalor erratic . Same procedure as outiined 1n 13, above.

‘d. Poter operates baclwards. d. Check vane potentiometer as outlined

© 1n |a, aoove,

Change pulerity by changing leads on
the beck of the meter,

If this does not correst trouble, re-
plece the meter or console panel.

¢. !otor overload contral
Lissume cepacity control
switch in manual position .

#nd current demand knob in
10050 position)

a. Jdelays cannot be adjusted to | a. Check the voltage between terminals J2:
hold vanes at 100 full load and J2li. This voltage must be between
amperage. 5 and .55 volts at full losd amps or

module cannot be calibroied,

b. The full load sagnal to J273 The value of the resistor in the current

and J2h 13 not within U5 te
.55 volt range.

transformer circuit in the starter ig
nob correct. If the voltepe is below
45 the resistence must be increased.
If tha voltage is above .55 the re -
sistance must be decreased.

'\:&/J
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be replaced.

replaced.

I the above checks show & good potenti -
cmeter, then the cspacity indicater shouid
feplace the control module.

If this does not produce the desired re-
sults, the console panel should then be

b.

dsme procedure as outiined in la. ebove.

C.

3ame procedure as cutlined in la. asbove,

d.

Check vane potentiometer as sutlined 1in
la. above,

Change polarity by changing leads on the
bock of the meter.

If this does not correct trouble, re-
place the meter or conscle panel.

Check the voltage between terminals J23;
and J2k. This voltage must be between
.15 and .55 volts at full losd amps or
wodule cannot be calibrated.

The value of the resistor in the cuarrent
transformer circunit in the starter is
not ecorrect. If the voltgse is belou
1|5 the resistznce must be incressed.

If tne voltage is above .65 the ra.

sistance must be decreased. -
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b, The full load signal to J2)
and J2 15 not within 45 to
.85 volt range. {Continued}

.Jarnlng:

Resize if a fixed resistor, change as
required if a variable resistor. The
value of the resistor an the current
trensformer circuit is normally on the
order of .10 ohms to .20 chms.

: Do not attempt Lo make any
adjustments on the current transformer
circuit while the machine is operating.
The gecondary cotl of an energized
current transformer should never be

open.

v. HRelays open preventing vanes
from moving toward the open
position.,

‘Notes

.EBlectrical demand control knob set at

less than 1004 position.

*d2), gprounded in the starter instead of
.szl

Early machines without the
electrical demand control knob
will not operate with a ground
on the current transformer.

Signal above .55 volts

Check for loose connections and faulty
tubes. '

Replace external diede. (iN3L located
approxdmetely in the center of the
moduie),

Replace motor overload module. It
this does not correet trouvble, replace
terminal module.

d. Relays elosed and eamnot be
calibrated to open.

Voltage at J23 and J2} is below .45
volts. (See item 2b)

Check for loose comnections.

Check for faulty tubes and replace if
necessary.,

Replace motor overload module.
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wesize if a fixed resistor, chanze as
required if a variable resistor. The
valie of the resistor in the current
transformer circiuit is normaliy on the
crder of L10 ohms to .20 ohms.
Haxnlnﬁ_ Do pot attempt to_@ggg_ﬂuv
adjustments on the current transform

circuit while the machine is operafmgi

The secondary coil of an energized
current transformer should never be

OEe'I'l .

Electricsl demand controel knob set at
less than 100¥ position.

J2l, grounded in the starter instead of
J23.

Faulty overload micropositioner or
overload relay. lieplace.

Bignal above ,55 voltas,

Check for loose connections and faulty

tubes.

Replace controller.

Voltage at J23 and J2L below L5
volts., (See item 2b)

Chack for loose connections.

Check for faulty tubes, overload
micro positioner and overload
relay.
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&,

Relays ctose and vanes will
not open,

-

Check terminal Ji¥ to ground for 115
volts. If zero volts, then trouble
is with auxilisry contsct in starier
or lnose wire.

With the thermostatic switch in manual
posation, terminal 21 to ground should
read 115 volts. Depresswighernpush
button and check voltage beluaen
terminal 22 to ground. Voltage should.
be 115 volts. If elther voltage is
zero volts then trouble i3 an high or
low push button switches or internal |
wiring. Hteplace fsulty pushbutton. '

Check for dirty CRl andCRZ2 relay
contacks,

Check waring to solenocid valves.

£

. 100% relay opens., 105% relay

will not open.

Check tubes and replace if faulty.
Check for loose connectlons.

Heplaca module if the relay still will
not open at 110%.

To check 105% relay {CH1) held 100%
relay (CR2) closed.

If 105% relay does not open before
machine starier overioad reiay siops
mechine, replace motor overload module,
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e. Check terminal J1H to ground for 115
volts. If zero volts, then Lrnuble is
with auxiliary contact in starter or
loose wire.

With the thermostatic switch in manual
position. terminal 21 to ground showd
read |15 volts. Depress*higher "push
button and check voltage between
terminal 22 to ground. Voltage should
be 115 volis. If either voltage is
zero volts then trouble is in high or
low push bution switches or internal
wiring. Replace faulty pushbutton.

Interchange overload relay with
either GRC or CRO relay to check
operation of overload relay. Re-
place if faulty,

Check wiring to solencid valves.

f. Check tubes and replace if faulty.
Check for loose eonnections.

Place thermostatic aswitch in "manual
positiom. Operate "lower" pushbutton
and observe if relay Ul operates,
Replace overload micro positioner.

To check 105% relay, wira across
continue to open. At 1058 of full
load amps observe operation of CRC

relay.

Replace control if relay still will
not open at 1108,

terminals J18 to J22. Vanes will e
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g. 105% relay opens before 1008 | g. Hemove the ground on the current trans
relay. former in the sterter,

Isolate motor overlosd module from its
hold down bracket.
-Check for incorrect control wiring,
Replace motor overload module.

i. Chilled Waler Control a. Check shielding on wires J25, J26, J27,

a, Retays CRC and CRO on chilled
water module will not operate
properly.

J29 end J10 to be grounded only to
terminal J28 in the console. Braided

‘shielded wire to be 20 or 22 geuge

Beldon wire 8735-22-3 or egual.

‘Check voltage batween terminals J29
-and J30. Voltage should be between 6
and B volts. Zero volts indicetes a

short ¢ireuit in the resistance element.
Approximately 15 volts indicates a
grounded circuit. BReplace resistance
eiement and/or shielded wiring.

Remove wires from terminals J26,J25
and J27. Jith the vanes closed the ;e
sistguce value between termingls J26 and
J26 should be approximately 350 ohms,
between J26 and J27, approximately

50 ohms,

Cognect ohmmeter betuween terminals J25
and J256 at the potentiometer (with
vanes closad) end rotate potantiomstar
through full travel. Resistance (ohms)
should slowly decrease from approxi-
mately 350 ohms to 50 ohms. Next con-
nect ohmmeter between terminals J26
and J27 snd repeat potentiometer rota..
tion. Heyistance value shauld increase
from 50 chms to 350 ohms, If readings
indicate & broken wire or ground, re-
place potentiomeier.

Trace wiring to insure correct
Foarmino s arm cornected
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E.

Replace overload micro-positioner.
Check for incorreet control wiring.

Replace control module,

Check shielding on wires Jg5, Jd76, J#7,
J29 and J30 to be grounded only to
terminal J28 in the console., Bralded
shielded wire to be 20 ovr 22 gauge
Beldon wire §735.-22-3 or egual.

Check voltage between terminals .F29
and J30. Voltage should be approxi-
nately 6 volts. 2ero volts indicates
a short circuit in the resistan.ce
elemanl. Approximately 12 wolks in-.
dicates a grounded eirecuit. Heplace
resistance element and/or shielded
wWiring.

Remove wires from terwinals J26,J2%
and J27. Jdith the vanes closed the re..
sistence value between terminals J?5 and
J26 should be approximately 350 ohms
between J26 and J27 approgimately 50
ohms ,

Connect ohmmeter between terminals J25
and J26 at the potentiometer {with vanes
closed}and rotate potentiomeler through
full travel., Resistance (ohms) should
slowly decrease from approximstely 350
ohms to 50 ohms. MHNexbt connect chmneter
between terminals J26 and J27 and repeat.
potentioneter rotation. Resislance value
siuld 1ncrease From 50 obms to 350 ohms.”
I{ readings indicate a broken wire or
ground, replace potentiometer.

Trace wiring to insure corre.b lerminals
are eonecled,
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4. Relays GRC and CHO on chilled
water module will not operate
properly. {Continued)

P

Check for fsulty tubes. iHeplace if
necessary. :

Control wiring should not be run in
same conduit with higher voltage
wiring.

Replace chilled water module,

b, ©Capaciiy baiance voltage
asbove 2 or 3 volts. (If
satisfactory operation of
chilied water module cannot
be attainaed),

L

Use 50 to 60 volt scale on volt

ohmeter as lower renge may load the
amplifier and give a false reading.
Hetain the minimum voltage possible

and calibrate the chilled water module.
IT satisfsctory control is not obtained
check for faulty tubes and loose con--
nections,

Check shielded wire to the resistance
element.

Repisce chilled water module only if
gatisfactory operation cannot be
attained,

¢. Ghilled water temperature
hunting excessively.

R-51804

Obsgerve the operstion of the chilled
water relays with the changing water
temperature, The relays must quickly

"aenSE-'a—tcmperatui'a change o 8ny

efforts to correct the hunting con-
dition will not be successful,

Use dielectric grease between the re-
sistence element and the element well.

Check for condensstion at resistance
alement terminals. Use dielectric
grease on the terminals.

Check for air in the chilréd water

ree oyl
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Check for faulty tubes. ieplace .f
necessary.

Contrel wiring should not be run 1n
same conduit with higher voltage wiring.

Replace chilled water micro-positioner
on controller,

Replace relays URC and CRD

fleplace controller.

b. Not applicable,

c. Observe the operation of the «hilied
weter relays with the ehanging water
temperature, The relays must quickiy
sense a temperature change or any

efferts 4o correct the hunting con

dition will not be successful,

Use dielectric gresse between the re-
sistance element and the element well.

Check for vondensation at resistance
element terminals. Use dielechri..
grease on the terminals.

Check for air in the chilled wabe:
ciprait .

1-51804
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%, Ghilled water Lemperature
huntine excessively.
{Canta nued)

~Chang= the vane aspeed and differential

Check for proper im ersion of re -
sistance element i1n leaving chilled
waler.

Check for external effects on the
water circuit such as changing GPM and
qurck acting bypass valves, stc.

Throttle range may not be stabilizing
the chilled water controller. HReset
the throttling range adjusting screw.

With throttis range added, the machine
controls at a lower chilled water
temperature as the vanes close. This
is normal. If machine controls at a
higher chilled water temperature,

.raverse terminals Jf5 and J27 as the

throttle range adjustment may be
backwards.

Check the vane follow-up potenliometer
Jz5 to J26 for asproximately 350 ohms
with the vanes closed; J26 tu JZ7 for
approximately 50 ohms with the vanes
closed. In addition, check for open or
grounded potentiometer {see item 3-a).

adjustment between relays as necessary.
Check the camtrol point adjustment
potentiometer on the conscle panel for

open or ground,

Check for faulty tubes and loose con-
nactions.,

Replace chilled water module.
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Check for proper immersion of resistance
element in leaving chilled water.

Check for external e’fects on the water
circuit such as changing GPM and quick
acting bypass valves, elec,

Throttle range may not. be stabilizing
the chilled water controller. Haset
the throttling range adjusting screw,

With throttle renge added, the machine
controds at @ lower chilled water Lempsr-
ature as the vines ¢lose., This is Two)-
mal. If mactine controls at a higher
chilled water temperature, reverse
terminals J2C and J27 as the throttle
range adjustment may be backwards,

Check the vane follow-up putentinmeter
J25 to J26 for spproximately 350 ohms
with the vanes closedy J26 to J27 for
spproximately 50 chms with the vanes
¢logsed. In addition, check for open or
grounded potentiometer (see item 3 a).

Chanpge vane speed and differential be.-
tween CRC ond CRC relays. On machines
shipped before April lst, 1960, the
differential was controlled by a re-
sistor between "GR¥ and "Grid". On
machines shipped after April 1, 1960,
the external resistor was eliminated.

If an increase in differential is
Ane%u-d s WYY AR [ P E N

N
ceslire - o Thim ISSI3VOYT OSUWoEN

Wirid® and "GR" will increase the
differential to 13 F. (Refer to
bulletin 195B-60..7).

Check the control point adjustmsnt
potenticmeter on the conscle panel
for open or ground.

Replace chilled water micro-po-
sitioner and relays GCHC and CRO.

51904
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c. Chilled water temperatura
hunting excessively.
(Continued)

L. Chilled water module needs 4. Can operate machine by switching ca-
replacing, none immediately pacity control switeh to manual and
avzilable. operating higher and loyer push buttons

"menually. Watch leaving chilled water
temperaturs .

C. Motor overload module needs 5. Place cevacity coutrol on manusl with -
replacing, none immediately arreter installed in main motor. circuit.
aveilablse, "Block i overload rzleys CAl, CR2 and.:

operste wsénual push buttoris. Lo not -
greced full lozd amps and witch lezving
t. 5i~vn ehillad water temperature.
6. Miscellanacus 6. Check 5 amp fuse in control circuit if

control cannot be enargized.

Diode cen be installed backwards.

There should be a white dot to align
dicde with socket.

Tubes in module can be switched to
check tube failures,

‘Check voltage of power source. Should
be 115 volts.

NOTES :

NOTES:
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Replace controller.

L.

Can operate machine by switching ca-
paclty control switch to manual and
operating higher snd lower puash
buttons manually. Watch leaving
chilled water temperaturs.

Place a jumper between J18 or J3 to
J22 to open the vanes. To hold the
venes,remove the jumper, Push "lower"
button on comsole panel to close vanes
{(with jumper remcved). Do not excsed
full load amps. Watch leaving chilled
Water temperature.

The 3 relays are identical. They can
bs interchanged to check their opera-
tion.

The micro-positicners cannot be inter-
changed.

Check voltage of power source. Should
be 115 wolts.

NOTES:
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CHILLED WATER MOTOR OVERLOAD JUNCTION
MODULE MODULE MODULE
FIGURE 1
MINNEAPOLIS-HONEYWELL ELECTRONIC CONTROLS
1. Capacity indicator 13. Calibration Adj. Screw
2. Push Button - higher capacity 14. Relay CRI
3. Electronic Control On-Off Switeh 15. Relay CR2
4. Chilled Water Thermostat 16. Electrical Demand Control Knob
S. Capacity Control Thermostatic - Manual Switch 17. Calibration Adj. Screw
6. Push Button - lower capacity 18. Relay (Con. High Pressure Cutout)
7. Relay CRC 19. Relay (Refrig. Low Temperature Cutout)
8. Relay CRO 20. Span Adj. Screw
= 9, Test Jack 21l. Zero Adj. Screw
10. Tlrottle Range Adj. Screw 22. Terminal Strip
11. Capacity Balance Adj. Screw 23. Reset (Refrig. Low Temperature Cutout)
12. Differential Adj. Screw 24. Contro] Circuit Fuse
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FIGURE 2
BARBER-COLMAN ELECTRONIC CONTROL

1. Capacity Indicator 11. Span Adjustment Screw

2. Push Button - Higher Capacity 12. Overload Relay

3. Electronic Control On-Off Switch 13. Relay CRO

4. Chilled Water Thermostat 14. Relay CRC

S. Capacity Control Thermostatic - Manual Switch 15. Refrigerant and Condenser Relays

6. Push Button - Lower Capacity 16. Electrical Demand Control Knob

7. Chilled Water Micro - Positioner 17. Reset Button, Refrig. Low Temp. Cutout
8. Zero Adjustment Screw 18. Calibration Adj. Screw (Chilled Water)

9. Overload Micro-Positioner 19. Threttle Range Adjustment Screw
10. Calibration Adjustment Screw (Motor Overload) 20. Fixed Resistor (Differential Factory Set)
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PART II

ELECTRONIC CONTROL SYSTEM

l. General Desacription

The electronic control system consists of two circuits; one for chilled water
temperature and the other for motor overload which position the prewhirl vanes through
a hydraulic motor. Under normal conditions, the water temperature leaving the cooler
ig controlled by the chilled water module. A resistance element immersed in the chillec
water is sensitive to temperasture changes of leaving water from the cooler. The element
is part of a bridge circuit* from which signals are strengthened by an electronic
amplifier which in turn activates relays. .The relays open and close solencid valves
which feed or bleed oil to and from the hydrazulic prewhirl vane motor. When the temper-
ature of the water leaving the cooler increases, the vanes will move toward the open
position. A decrease in tempersture results in a movement toward the closed peaition,

Motor overload is detected by a current transformer and resistor in the starter.
An increase in cuprrent flow causes a change in voltage drop across the reaistor. This
voltage is smplified sufficiently to activate relays. The reldys are located in the
circuit to over-ride the chilled water zontrol relays.

The console panel includes push button switchas for manual oparation of the
prewhirl vanes, a remote prewhirl vane position indieator, and safety contreol lighta
which indicate the cause of a amitdown. A vasne close switch together with an inter-
locking circuit insures the prewhirl vanes being closed before the compresscr motor
will stert. An awcliary contact in the starter prevents the prewhirl vanss {rom
opening until the motor attains. full spsed.

The solenoid valvaes controlling the hydraulic motor are so arranged that when
de-energized they will provide oil pressure to one side of the piston and bleed the
other side closing the vanes.

2. GChilled Water Temperature Control Operation

a.) Oeneral

The chilled water temperature is controlled by & sensing resistance
element in the leaving water line. A rise in temperature sends a signal
through the chilled water amplifier to position the prewhirl vanes toward
open. The inverse also occurs. The chilled water resistance alsmant ia
part of a bridge circuit and any unbalance in the bridge caused by resistance
change due to temperature change is detected by the amplifier.

R-51904
#+ For dascription of the electronic bridge circuit, ses page 16.
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b.} Barber-Colman

Referring to Figure 3, if the water temperature is at the control
point and the bridge cirguit is in balance, then the chilled water micro-
positioner will be in the "hold" position and both relay coils CRC,
normally closed, and CRO, normally open, will be de-energized.

Under this condition with solenocid valwe YF" snergized and solenoid
valve "G" de-energized, both sides of the hydraulic piston are subject to
oil pressure which keeps the.-piston in a fixed position.

If the weter temperature rises azbove the sat point, the micro-pasition-
er goes to the "open" position and relay coil CRO is energized. This
energizes =olenoid valve "GM permitting oil to bleed from one side of the
piston (Port B) while pressure on the lower side (Port A) forces the pistam
open until & new temperatures squilibrium position is reached.

.

The micro-positioner will then ge to the "hold" position and relay
coil CRO will be de-ensrgized causing the vanes to stop in whatever
position they happen to be in.

J

A similar action takes place if the water tempe rature drops below the
set point. The micro-positioner goes to the "close® poesition energizing
relay coll CRC which will de-energize solencid valve "F® and bleed oil from
the hydraulic motor. This allows the oil pressure from solencid valve "G
to slowly close the prewhirl vanes until a new tamperature equilibrium
position is reached,

c.) Minnespolis-Honeywall

Referring to Figure L, if the water temparzture is at the control
point and the bridge circuit is in balance, the chilled water module will
be in the hold position and the left relay {CRO) will be open and the right
relay (CRC) closed.” Under this conditien with solenoid valve "F* energized
and "G" de-energized, both sides of the hydraulic piston are subject to oil
pressure which Xeeps the piston in a fixed position.

If the water temperature rises above the set point, the chilled watapr
module goes to the "open" position and relaw CRC and CRO are closed. This
energizes solanoid valves"G" snd "F" permitting oil to bleed from the upper
side of the piston (Port 3) while pressure cn the lower side (Port A) forces
~he piston oven until s new temperature equilibrium position is reached.

The crilled water module will then go to a "hold"™ position and the left relay
(CRO} will be open anc the right relay (AC remain closed causing the vanes to
Stop in whatever position thay happen te be in,

-51904
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A similar action takes place if the water temperature drops below
the set point. The chilled wster module goes to the clesed position,
with relay CRC and CA0 open which will de-energize sclenoid valve ugFn
and "G" and bleed oil from the hydraulic moter. This allows the oil
Pressure from solencid valve "G" to slowly close the prewhirl vanes
until a new temperzture equilibrium position is reached.

MOTOR COVERLOAD CONTROLS

al.

b).

Ceneral

Motor overlcad is detected by a current transformer and resistor
circult in the starter. 4n increase in currenmt flow causes a change in
voltage across the fixed resistor. The voltage drop across the resistor
is compared to a “"reference® voltage supplied in the motor overload module
cireuit, the valus of which is set to correspond to the rated current of
the comprassor motoer. The motor overload relays are activated by the
voltage difference (between "reforenca” voltage and actual voltage drop
across the resistor) and are located in the circuit to over-ride the chilled
weter conbrol relays.

The voltage signal bestween terminals J23 and J2L should be between LS
to .55 volts when the motor reaches full load amperzge.

Barber-Colman

Referring tc figure 3, during normal operstion the overload micro-
positioner is in the "under 100%™ position. If the motor current flow
reaches 100% of full load amps, the micrc-positioner goes to the"L0O%
to 105%" position, de-energizing relay coil "R™ and contact "R", de-
energizing relay CRD and solenoid valve "3" causing the vsnes to hold,

If the motor current continues to increase to 1058 of full load
amps, the mlcro-positioner moves to the "over 105%" position, snergizing
relay coil ORC, opening contact GAC and de-energizing soleneoid *F* causing
the vanes to clase until the current decreases to approximately 103%. The
micro-positioner will then go to its 100% position, relay coil CRC will be
de-energized cansing the vares to stop c¢closing.

When the current drops below 975, the micro-positioner will go to the
"under LO0%" position, relay coil "R" will energize and the chilled water
control will control the positicn of the prewhirl vanes.
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c.} Minneavolis-Honeywell

Referring to figure l, if the current flow reaches 100% of full motor
reting, the right relay (CR2) will open which will de-energize sclenoid
velve "3" znd prevent the vanes from opening further.

If the current continues to increase and reaches approximately 105% of
full motor rating, the left relay {CR1) will open which de-energizes solenoid
vslve "F" causing the vanes to close and reducing the load until the current
is down to approximately 103%. The left relay CR1) will then close causing
the vanes to stop moving. :

‘then the current drops below approximstely 97%, relay CRZ will close

and the chilled weter contrel will take over, contrelling the prewhirl vanes
by activating relays CRC and CRO. .

ELECTRONIC CONTROL BRIDGE CIRCULT

The 19C electronic control is essentially a Wheatstone bridge circuit as
illustrated in Figure 5. (4 “heatstone Bridge is a device used to determine the valupe
of an unknown resistanceé). Voltsge is spplied to the bridge circuit and when the total
resistance on each side of the bridze is equal, the bridge circuit will be in balance
and the electronic amplifier to grownd will resd zero volts. Under these conditiems
the vznes will be in the hold position.

-

‘lhen the chilled water temperature chsnges, the resistance value of the re-
sistance element will change and thus the resistsnce side (A} of the bridge will be
difZerent than side (8). This will produce a voltage drop between the electronic
amplifier and ground or across the bridge circuit, and the control relays will be
activated. An increase in chilled water temperature increases resistance and cor-
respondingly a decrease in chilled water temperature decrezses resistance.

This same reasoning applies to tha control point adjustment and the cali-
bration knob. Changing either one of these variable potentiomstars during the
ad justment of the 19C control will change the resistance of one side of the bridge
ard thus shift the point at which the bridge is in balance to a different chilled
water temperaturse.

Figure 5 shows how the throttle range feature is incorporated. If the
throttle range adjustment is turned to i{ts counterclockwise stop, it has the effect of
removing the vane potentiometer from the bridge circuit, However, if the throttle ramge
adjustment is set for s portion of its travel, the operation of the vanes and potentio-
metar will remove more resistance from side A than is reslly required, causing the
vanes to stop before the chilled weter temperature reachea the set point. This pre-
vents "hunting” of the chilled water temperature,
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Genaral

Proportional and floating control are incorporated in the 19C electronic
control system. Proportiocnal control is generally used on comfort air condi-
tioning applications. At partial loads it provides a lower leaving chilled
water temperature and therefors a lower relative humidity in the condition
spaces,

Floating control providss a ceonstant leaving chillsd water temperature.
Howaver, it is strietly an on-off control and considerable hunting of
chilled water temperature may result when floating control 1s used on a
changing load condition, N

Proportional Control

Proportional Control permits the leaving water temperature to drop in
proportion to the load as showm in Figure é by adding throtiling range. A
throttling range is used to pravent hunting. Ths added throttle range resia-
fance to side A of the bridge (Figure 5) causes the amplifisr to sense that
the chilled water is hotter than it actually is, thus will cool to below the
set point by the amount of throttle range added. For example, assume propor-
tional control is set to regulate to LS*F at full load, With a 3°F throttle
range, the machine controls the leaving water at L2°F when ths vanes are in
the ¢losed position.

In most instances only a minirmum amcunt of throttle range is desirable
for good control and system performance. The throttling rangs is adjustable
from 0 to 10° on Minneapolis-Honeywell and from O to 30° on Barber-Colman

" controls., (A recent Barber-Colman revision changed the tlrottle range from

(e}

0 to 20 dagrees.)

The 1imits govern the vane position when the tempsrature is changing.
The upper limit as shown in Figure 6 shows vane positions when the tempera=-
ture is increasing and the lower limit shows vane -positions when the tem—
perature is decreasing, The area between the limits is called the "dead
zens". As loug as the lsaving watsr temperaturs remains in this zoney the- -

vanes will) be stationary,.

The addition of throttling range will cause a shift in the chilled
wataer contrel point., The electironic controls sheunld be adjusted to cbtain
design c¢hilled water temperature at full load conditions.

Floatggg Control

Floating control dees not incorporate the throttling range adjustment
and regulates the leaving chillad water within the differential setting of
the design temperaturs under steady operating loads. Under fluctuating load
conditions, floating contreol has a tendency to over-position the capacity
E;awhirl vanes which may result in a hunting chilled water temperaturs. See

gure T,
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GHILLED WATER

RESISTANGE ELE MENT
M-t 560 OHMS AT JOUF
8-C 1000 OHMS ATZDCF

M-H L2 GHMS PERCF
B-C 2.3 OIMS PERCF

BRIDGE

V!

oPEN CLOSED
VANES VANES

500 OHUM VANE
POTENTIOMETER

HAGURE 5

CIRCUHT ~ELECTROMIC £ i ThOL
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FIGURE 6_

PROPOGTIOHING CONTROL

WITH 3 F THROTTLING RANGE
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FLOATING CCRTHIL




