
/tn co Dtftotvl e

@

M'E
FILE INFORII1ATION:
DIVISION TAB.TRANE REFRIGTRATION

PRODUCTS
PRODUCT TAB.RECIPROCATING COI!,I.

PRESSOR COt]DENSER UNITS
I4ODEL TAB-HERMETIC I.,I.R
LITERATURE ITE14.GENERAL SERV ICE

EULLETIN

UIENAIURE RtI IIO.

HCOM-SB.2(|A
GEl{ERAL

SERVICE BULLETIl{
StD nE T'e Cdio.ry ho. rdlc'y ol @ithql. Fldd imFdnn, t u|6 tt tblr io cn.,!. ?.dilcd@ Itd
it.tan najl mtb.. Ih. Ldrll.don.nd .ary5n! ol nr .qlgwt rldr.d ro h $a boold.l .hcJld b. dom by 4rll_
id. @d.r..d r..lrict 6.

7 /T  /B I
Supersedes HC0M-SB-20

Dated IolT /11

SUBJEcT: oPERATI0N AND TRoUBLESHooTING,
SOLID STATE I4OTOR PROTECIORS

INTRODUCTION:

The purpose o f  th is  serv ice  bu l le t in  i s  to
out l  ine  t roub leshoot inq  procedures  fo r  the
pro tec tor  re lays  used in  Trane equ ipment .

DISCUSS ION:

Ident i f i ca t ion

Three Robertshaw notor protector reldys
are the Robertshaw t4Pl3 (Trane Part No,
545) ,  the  o ld  s ty le  [1C20 (Trane Par t  No.
Par t  No.  cNT-710) .  Refer  to  F igures  1 ,

R0BERTSHAII I, lP13, l ' lP23 AND 1,4C20

d iscuss  the  opera t ion  o f  and
so l  id  s ta te  Rober tshaw motor

are used on Trane
RLY-545 ) ,  the  l ' lP23

589) and the new
2  a n d  3 .

equ ipment .  These
(Trane Par t  No.

style l '1C20 (Trane
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otD sTYtE t4c20 FIGURE 3 - I,IC2

The operation of the three Robertshavi motor protector relays are sim'i lar
w i th  the  main  d i f fe rence be ing  tha t  the  MC-20 incorpora tes  an  o i l  p ressure
sens  i  nq  func t ion .

The proper  w i r ing  connect ions  and bas ic  opera t ion  o f  each cont ro l  i s
d  i  scussed be  I  ow:

l'rP -13

1.  lhe  two te rmina ls  marked "Power  Supp ly "  (T l  and T2)  a re  connected  to  L l
and L2  o f  the  cont ro l  vo l tage respec t ive ly .

2 .  The cont ro l  c i rcu i t . i s  connected  to  the  two te rmina ls  marked "cont ro l

circuit" (l '41 and 142). l. lhen the motor temperature is below 200 F' the 141
and M2 contac ts  in  the  modu le  a re  c losed and the  p i lo t  c i rcu i t  i s  .
enerqized. NoTE: At motor temperatures beloti 200 F, resistance of all
notoi tempera-t-ure sensors wil l be below 100 ohms. If the motor
tempera ture  r i ses  beyond sa fe  l im i ts ,  the  res is tance o f  the  no tor
sensors  inc reases ,  caus inq  the  cont ro l  c i rcu i t  ( l ' 11 ,  M2)  to  open,  Th is
cont ro l  c i rcu i t  w i l l  rena in  oDen unt i ' l  the  motor  coo ls  to  170 F
(95 ohms sensor  res is tance) ,

3 .  The "sensor  leads" ,  s1,  s2,  53 and "sensor
sensor and corrnon terminals located on the

tlP-23

Pl  P2 SlS2 53 C
I{EI STYLE MCzO
( N o  R 2  T e r n i n a l )

coninon " C are connected to the
coflpressor termi na I board,

The MP-23 is  very  s imi la r  in  opera t ion  to  the  MP-13.  The T l  and T2 te rmina ls
are  connected  to  L l  and L2  respec t ive ly  o f  the  cont ro l  vo l taqe,  The cont ro l
c i rcu i t  i s  connected  to  the  l '41 ,  | \ |2  te rmina ls .  The sensor  leads  are  orange.
The common lead is black. l. lhen the motor temperature is belor 200 F, contacts
ll1 and M2 are closed. If the motor attains a temperature of 200 F contacts 141
and 1 ,42  w i l l  open,  and w i l l  no t  rec lose  un t i l  the  motor  coo ls  to  170 F .

Ml t'r2 R2

I \\ nil, T1T2
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1.  Termina ls  T1  and T2 on  the  modu le  a re  connected  to  L1  and L2  respec t ive ly
o f  the  cont ro l  vo l tage-

2 .  P1 and P2 are  the  d i i fe ren t ia l  p ressure  s l r i t ch  (oPs)  connect ions .  The DPs
is located on the junction box of the Model "lt j" and "R" colpressors. The
func t ion  o f  the  oPS is  to  sense the  ne t  o i l  p ressure  o f  the  co f ip ressor '
The DPS contac ts  open be lo t t  15  ps ig  ne t  o i l  p ressure .  The o i l  fa i lu re
func t ion  o f  the  cont ro l  opera tes  as  fo l lows:

a ,  l , /hen  the  compressor  i s  s ta r ted ,  a  t im ing  c i rcu i t  w i th in  the  motor
pro tec tor  modu le  j s  energ ized.  Th is  t im inq  c i rcu i t  (approx imate ly  90
seconds)  when un in te r rup ted ,  opens  the  contac ts  o f  141-112 a t  t i rn ing  ou t .
I f  o i l  p ressure  in  p roper ly  es tab l i shed and main ta ined dur ing  th is
t im inq  per iod ,  the  P l . -P2 c i rcu i t  d isab les  the  t imer  and prevents  the
141-M2 c ;n tac ts  f rom open ing .  I f  the  proper  o i l  p ressure  is  no t  es tab l i shed
by the end of the timing period, lt l l  -M2 contacts open, stopping the
co lp ressor .  The motor  p ro tec t jon  c i rcu i t  must  be  nanua l ly  rese t  to
cont  i  nue  compre5sor  oPera t ion .

b .

3 ,  a .

b.  M1-M2 contac ts  rese t  au tonat ica l l y  when the  tempera ture  a t  a l l  no tor
, , / ind inq  sensors  fa l l s  be low 170F (95  ohms) '

4 .  l le  opera t ion  o f  the  new s ty le  l t l c -2o  no tor  p ro tec tor  i s  iden t ica l  to  the
o ld .  However ,  the  new s ty le  MC-20 does  no t  have an  R2 te rmina l .  The
t in inq  c i rcu i t  on  the  new un i t  i s  in te rna l  and js  ac t i va ted  by  cur ren t  f lo r i
throuqh lt11-1t12.

TROUELESHOOT I NG

I f  an  opera t inq  conpressor  has  t r ipped ou t  on  motor  p ro tec t ion ,  g ive  i t  a  -
min imun o f  one hour  coo l ing  per iod  to  a l low the  I ' J1- t '12  contac ts  to  c lose .  I f
the  contac ts  rena in  open a f te r  th is  t ime,  per fo rm a  res js tance check  on  the
molor  sensors .

I4OTOR SENSOR RES I STANCE CHECK

t4c-20

Termina l  R2 is  t ied  to  a  sens inq  c i rcu i t  wh ich  insures  the  l ' l c -20  t r ips
the  manua l  rese t  c i rcu i t  on  an  o i l  p ressure  fa i lu re .
The no tor  tempera ture  sens ino  c j rcu i t  (s1 ,s2 ,53  and c )  con tac ts  open i f
the tenperdture at any conpressor motor winding sensor exceeds 200F (100
onms J .

1. Disconnect the sensor leads and the cofinon lead at the notor protector
te rn ina l  s .

2 .  use  an  ohnmeter  ( th ree  vo l t  max imum)  to  measure  the  res is tance be tween each
sensor  lead and the  common lead.  Res is tance shou ld  fa l l  in  the  75-90 ohm
rdnqe as  ind ica ted  by  Curve  1 .

CAUTI0N: lvleasure resistance vJith an ohnneter only. Current in excess of
three volts can damaqe the motor sensors.

Res is tance read inqs  must  fa l l  w i th in  the  ind ica ted  ranoe '  Proper  opera t ion  o f
the  en t i re  cont ro l  sys tem depends on  the  presence o f  a  cont inuous  c i rcu i t
th rouqh a l l  th ree  sensors .  A  res is tance read ing  approach ing  zero  ohms
ind ica tes  a  shor t  in  the  c i rcu i t  wh i le  an  in f in i ty  read jng  ind ica tes  an  open
connect ion .  I f  the  ohmneter  ind ica tes  tha t  one o f  the  sensors  i s  open '  the
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sensor can be bypassed by using the "l. lotor Sensor Eypass" procedure that
fo l lows.  Th is  w i l l  a l lo r l  the  motor  to  oDera te  w i th  the  pro tec t ion  o f  two o f
the  or iq ina l  th ree  sensors .  I f  the  res is tance o f  more  than one o f  the  sensors
does not fall in the required range, the motor should be replaced or the
cont ro l  c i rcu i t  n tod i f ied  to  a l  low the  no tor  to  run  w i thout  Dro tec t ion .

:  100.8  oHMS

MODULE TRIP POINT 1OO OHI'IS

150

1 0 0 80 0Hl',1S

72 0Htrls

BO705050 90 100 110 t20

RESISTANCE (OHi4S )

CURVE 1 - Sensor Resistance Versus Compressor Motor l, l indinq Tenperature



BYPASSING OP€N MOTOR SEI'ISORS

I f  on ly  one o f  the  motor  sensors  has  been damaged (open c i rcu i t ) ,  the
protector nodule wil l prevent further compressor operation even though the
motor  i t se l f  may re rna in  in  good cond i t jon .  once the  open sensor  i s  loca ted  by
tak ing  res js tance read ings ,  i t  can  be  br idged ou t  o f  the  cont ro l  c i rcu i t  w i th
a  res is to r .  Th is  w i l l  a l low the  motor  to  run  w i th  two w ind inq  pro tec t ion
instead of three. Two sensor operation does not provide as high a degree of
protection as three, but does allow continued cofipressor operation with a
sa t is fac to ry  leve l  o f  no tor  p ro tec t ion .

open lt lotor Sensor Bypass Procedure

Th is  p rocedure  app l ies  to  a l l  th ree  no tor  p ro tec t ion  modu les  (MP-13,  W-23 and
t4C-20) .  Th is  i s  a  temporary  f ie ld  f i x  tha t  p rov ides  fo r  con t inued sys ten
opera t ion  un t i l  p roper  repa i rs  can be  nade.

1 .  Take res is tance read ings  to  loca te  the  open sensor '
2 .  Ins td l l  the  res is to r  spec i f ied  in  F iqure  4  be t r ieen the  co f inon te rn ina l  (C)

and the  te rmina l  o f  the  openb sensor  (s1 ,sz  o r  53) .  Ins ta l la t ion  o f  the
res is to r  w i l l  ' i nd ica te  the  presence o f  an  acceptab le  anount  o f  res is tance
in  the  damaged sensor  c i rcu i t  and a l  low cont inued compressor  opera t ion .

2 t{att
t 2 6 p y + 5"li ire ul-ound" or
Carbon Type

Renove Bad Sensor  Lead and
Connect  Res is to r  to  Termina l

4  -  Res is to r  Ins ta l led  to  Bypass  open l4o tor  Sensor

Res is to r

'Zar:r
,r€/;;

t4l I,t2 c J2 Jlrower  <^" .^ " .  \  Cont ro l  sensor
)uPPrY ' '  - -  "  

\  C i rcu i t  Cormon

F I GURE
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TESTITIG THE MOTOR PROTECTOR I!,IODULE

Af te r  check ing  the  sensor  res is tance ( i f  requ i red) ,  ins ta l l  a  junper  across
the  M1- f12  te rmina ls  to  bypass  the  motor  p ro tec tor  con t ro l  c i rcu i t .  I f  the
conpressor runs with the jumper installed and stops when it is renoved, test
the protector module for proper operdtion,

The proper testing procedure for an MP-13, MP-23 or lt lc-20 motor protector
modu le  requ i res  the  use  o f  a  tes t  board  (F iqure  5) .  The par ts  requ ' i red  to
bu i  ld  the  tes t  board  are  I  i s ted  be low,

NUI,IEER REOUIRED PART REOUIRED

3

3

I

1

82 OHt4, 1./2 UATT ftIRE fioUND 0R CARBoN RESISToR
(+ 101 GRADE )

0-25 0Ht4, VAR IABLE RESISToR

120 VAC PILOT RELAY OR SI4ALL CONTACTOR

5 CONI{ECTIOI.{ TERI4INAL STRIP AND I.IISCELLANEOUS I,iIRE AI]D
CONNECT IONS

TEST BOARD CALIBRATION

use th is  p rocedure  to  care fu l l y  ca l ib ra te  the  tes t  board  be fore  us ino  i t  to
tes t  the  motor  p ro tec tor  modu le .

1 .  Use a  h iqh  qua l i t y  ohmneter  (d ia i ta t  p re fe r red)  to  ad jus t  the  to ta l
res is tance o f  each o f  the  th ree  ser ies  res is to r  c i rcu i ts  (82  ohms +  0-25
ohms)  to  100 ohms,  lhen each c i rcu i t  ind ica tes  100 ohms.  mark  the
pos i t ion  o f  each o f  the  var iab le  res is to r  sha f ts .

2 .  Turn  the  var iab le  res is to rs  to  reduce the  to ta l  res is tance read ino  o f  each
of  the  th ree  ser ies  res is to r  c i rcu i ts  {82  ohms +  0-25  ohms) to  93  ohns .
Aoa in ,  mark  the  pos i t ion  o f  the  var iab le  res is to r  sha f ts .

3 .  Ca l ib ra t ion  is  comple te .  To ta l  res is tance fo r  each c i rcu i t  shou ld  now read
93 ohms.

I1ODULE TTSTING PROCEDURE

0nce the  tes t  board  is  ca l ib ra ted .  tes t inq  can oroceed,
1 .  Connect  the  leads  o f  the  tes t  board  to  the  no tor  p ro tec tor  modu ' le  as  shown

i n  F i  q u r e  5 .
2 .  Ins ta l l  a  jumper  be t , r ieen  te rn ina ls  P1-P2 o f  the  IVC-20 pro tec tor  nodu le

(F ioure  5) ,  There  are  no  P l -P2 te r rn ina ls  on  the  tP-13  or  on  the  l rP-23
modu I  es .

3 .  l . lhen  tes t inq  an  o lder  vers ion  o f  the  l4C-20 wh ich  has  an  R2 te rmina l ,  no
connect ions  to  the  R2 te rn ina l  a re  necessary .

4 .  I f  the  nodu le  be ino  tes ted  is  the  I ' lC-20 .  depress  and ho ld  the  rese t  bu t ton
in  fo r  d  min imum of  f i ve  seconds to  rese t  the  cont ro l  c i rcu i t .  The MP-13
and the lt lP-Z3 do not have a reset button.

5 .  Enerq ize  the  tes t  board  by  connect inq  i t  to  a  120 VAC power  source .  The
re lay  o f  the  tes t  board  shou ld  pu l l  in  and remain  enera ized.
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RESET
BUTTON

J UITIPER

82 0Ht4. l/2 l,tATT
FIXED RESISTORS
IO' TOLERANCE

USED ON
OLO STYLE
f'lc20 0NLY

120 VAC

o-25
0Ht',t A0J.

120 VAC

FIGURE 5  -  Schemat ic  Showinq Tes t  Board  Connected  to  an  t '4C-20 Motor  Pro tec tor

Sensor  Input  Check

l .  I f  the  cont ro l  re lay  remains  proper ly  energ ized,  inc rease the  res is tance o f
one o f  the  var iab le  res is to rs  f rom the  93  ohn pos i t ion  to  the  100 ohn
pos i t ' i on  tha t  was  marked on  the  tes t  board  dur inq  the  ca l ib ra t jon
Drocedure. The 141-l '12 contacts of the protector module should open and
d.onero ize  the  cont ro l  re lay .  Return  the  var iab le  res is to r  to  the  93  ohn
pos j t ion .  The M1-142 contac ts  o f  the  pro tec tor  shou ld  c lose  and reonpra iz r )
the  cont ro l  re lay .  Repeat  the  procedure  fo r  the  two remajn inq  var iab le
res is to rs .  I f  the  un i t  per fo rm as  descr ibed,  the  motor  sensor  inputs  a re
perfonning properly. If the trip point (I.f l  -M2 open) for any of the
three  sensor  inputs  i s  above 105 ohns ,  the  rDdu le  shou ld  be  rep laced.

Pl Pz s1s2s3 c Ml MzR2 rt rz
CONTROL
RELAY

TER I,IINAL
SIRIP
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0 i l  F a i l u r e  C i r c u i t  C h e c k

0nce the  sensor  inputs  d re  checked fo r  p roper  opera t ion ,  check  the  o i l  fa i lu re
circuit on the fi lc-2o protector module,

l .  S ta r t  the  tes t  w i th  the  tes t  board  energ ized (cont ro t  re lay  energ ized)  and
a l l  th ree  var iab le  res is to rs  a t  n in imum pos i t ion .

2, Renove the jurper from the P1-P2-TffiT-nals and begin timing. After 90
seconds, l. l1-1,12 contacts should open, deenerqizing the control relay.

3 ,  fhen Ml -M2 open and the  cont ro l  re lay  deenerg izes ,  p ress  and ho ld  the  rese t
bu t ton  fo r  a  n in imum of  f i ve  seconds.  A f te r  f i ve  seconds,  re lease the
but ton .  The l i l l -M2 contac ts  shou ld  c lose  and pu l l  in  the  cont ro l  re lay .
Any  pro tec tor  nodu le  tha t  r i i l l  no t  t r ip  o r  rese t  on  th is  s imu la ted  o i l
fa i  lu re  shou ld  be  rep l  aced.

F IELO TESTING THE P-13 ANO I I , IP-23

Use th is  p rocedure
when no test board

to  f ie ld  tes t
i s  a v a i  l a b l e ,

the MP-13 and l '1P-23 notor protector module
Refer  to  F iqure  6 .

trP23

IIJPl3

120 vAc

( s l )  0 R
30 or 40 AltlP
CONTACTOR

A rp-r: (s2 )
(s3 )

2 .

l .

3 .

5 .

(c

FIGURE 6  -  F ie ld  Tes t inq  the  l , lP -13  and the  l i lP -23  Motor  Pro tec tor

If testinq the IttP-13, connect the three orange (0R) sensor 
' leads 

and the
b lack  (BLK)  conmon lead together .  I f  tes t ing  the  MP-23,  ins ta l l  a  iumper
across  a l l  sensor  tenn ina ls  (s1 ,s2 ,s3)  and the  connon (C)  te rmina l .
Connect a 120 vAc contactor coil between terminals T1 and t41 of the
m o d u l e .
Connect M2 to T2.
App ly  120 vo l t  power  to  te rmina ls  T l  and T2.  The contac tor  w i l l  enerq ize .
Remove one o f  the  sensor  leads  (51 ,52 ,53  or  0R)  f rom the  connected  bund le .
The 120 vAC contac tor  shou ld  deenerq ize ,
Repeat  th is  fo r  each o f  the  th ree  sensor  leads  in  the  bund le .  I f  the
contac tor  deenerg izes  each t ime,  the  modu le  i s  opera t ing  sa t is fac to r i  l y ,

6 .
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Investigation of nuisance lockouts t| ith the t4P-23 protector nodule has found
tha t  the  t ' lP -23  is  sens i t i ve  to  ex terna l  e lec t ronechan ica l  in te r fe rence.  t {o ise
in te r fe rence (vo l tage sp ikes)  can be  genera ted  by  the  energ iz ig  and
deenerq iz ing  o f  e lec t romechan ica l  dev ices  such as  I iqu id  I ine  so leno id  va lves ,
conpressor  un lodder  va lves ,  an t i recyc le  t imers ,  e tc .

I f  an  l t lP -23  is  caus ing  nu isance lockouts ,  rep lace  i t  w i th  a  new s ty le  l4C-20
motor  p ro tec tor  (no  R2 te rmina l ) ,  a  fuse  assembly  and a  t in€  de lay  re lay .
Refer  to  Serv ice  Bu l le t in  HC0M-S8-25 fo r  de ta i l s  concern ing  the  new s ty le
l ' lc-20 motor protector.

The new s ty le  l4C-20 has  an  in te rna l  o i  l  p ressure  t im ing  c i rcu i t ,  I f  the  MC-20
js  used to  rep lace  the  MP-23,  ins ta l l  a  jumper  across  te rmina ls  P1-P2 on  the
t4C-20. Testing of the l1C-20 shows it to be inpervious to the types of
e lec t ronechan ica l  in te r fe rence tha t  can  cause nu isance lockouts  | l i th  the
t '4P-23,  The l4C-20 hds  bu i  l t - in  no ise  suppress ion  f i l te r ing  to  p revent
inadver ten t  open ing  o f  the  Ml -M2 contac ts ,

F IELD TESTING THE MC-20

l jse this procedure to field test the MC-20 notor protector module if no test
board is  ava i lab le ,  Refer  to  F iqure 7.

1.  Insta l l  a  junper  f rom the sensor  terminals  (S l ,S2,s3)  to  the connon (C)
t e r m i n a l ,
Connect  a  120 VAC contac tor  co i l  be tween te rn ina ls  T l  and I '11 .
Connect f12 to T2.
App ly  120 vAC poner  to  te rmjna ls  T1  and T2 and beq in  t im inq .  l i th  the
modu le  connected  as  descr ibed,  the  P1-P2 contac ts  a re  open,  s imu la t ing  o i  l
p ressure  fa i lu re .  The contac tor  shou ld  deenerg ize  a t  a  po in t  be tween 60
and 90  seconds f ron  t im ino  s ta r t ,

5 ,  when the  contac tor  deenerg izes ,  p ress  and ho ld  the  rese t  bu t ton  fo r  f i ve
seconds to  rese t  the  pro tec tor  c i rcu i t .

r4c 20

? .
3 .

I
I
I 120 VAC

30 or 40 AMP
CONTACTOR

t20v c0t  L

FIGURE 7 - Field Testina the l. lc-20 I ' lotor Protector
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6 .  Ins ta l l  a  Junper  across  te rmina ls  P1-P2 and beg in  t im ing  to  120 seconds.
The contac tor  shou ld  remain  enerq ized.

7 ,  D isconnect  the  jumper  to  one o f  the  sensor  (s l ,s2 ,s3)  tenn ina ls .  The
contactor should deenergize, Reconnect the junper. Repeat for each of the
other tro sensor terminals. If the contactor deenergizes each time a
sensor  i s  d isconnected ,  the  modu le  i s  opera t ing  sa t is fac to r i  l y .

0ifferenti al Pressure Switch Check

once proper operation of the i, lc-20 is confinned, use this procedure to check
the  opera t ion  o f  the  d i f fe ren t ia l  p ressure  swi tch  (Ds)  loca ted  on  the
conpressor,

1 ,  Re l ieve  a l l  p ressure  f rom the  co fpressor .
2. Disconnect the t| io f lare fitt ings that connect the DPS to the corpressor.
3 ,  App ly  20  ps ig  p ressure  on  the  oPS th rouqh the  f i t t ing  d isconnected  f ron  the

coopressor oil puflp connection,
t ' loTE: A small amount of leakage throuqh the switch is nornal.

4, Connect an ohrmeter to the DPS terminals,
5 .  S lowly  reduce the  pressure  on  the  swi tch  to  l0  +  2  ps ig .  I f  the  ohnmeter

ind ica tes  open inq  o f  the  DPS contac ts ,  the  DPS Ts  opera t inq
sat is fac to r i  l y .

NElr PRoDUCII0N

Al l  new rec ip roca t jng  produc ts  v i i th  Rober tshaw motor  p ro tec t ion  dev ices  are
equ jpped w j th  the  new s ty le  MC-20 (no  R2 te rmina l )  p ro tec tor  nodu le .


