SAF-T-LINER ER® & HD™ SERVICE MANUAL

Electrical

General

The 12-volt negative ground system is standard on the Thomas Saf-T-Liner
ER and HD buses. Two Group 31 batteries are standard; however, several
options are available to obtain additional battery power when required.

All standard wiring is color-coded with the circuit number embossed on the
insulation of each circuit, every 3 to 4" apart. Twelve colors are used. Certain
shielded cables do not follow Thomas' coding; the same may apply to
harnesses furnished by some component suppliers.

Three electrical compartments are located on the bus to house the Printed
Circuit Boards (PCB), various relays, junction blocks, buzzers, fuses, power
and ground studs.

The electrical compartment located beneath the driver's sash controls body
systems.

Chassis systems are controlled by a compartment located inside the body,
above the entrance doorstep, and another compartment in the engine
compartment.

The PCB is used to reduce the number of wires in the system, as well as aid
in troubleshooting the electrical system.

Three circuit boards are used in the body systems. A similar board is used in
the chassis systems.

Every effort has been made in this section of the manual to assist the
technician in troubleshooting and understanding the system, since there is
considerable difference between this model and older units.
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SAF-T-LINER ER® & HD™ SERVICE MANUAL

Before getting into the various subjects that will be covered herein, listed
below are some abbreviations that may appear through this section of the
manual, as well as the location of some of the components.

ECU - Electronic Control Unit - On side of engine

ECM - Electronic Control Module, Transmission - In or rear chassis front
electrical compartment

VIM - Vehicle Interface Module - On bracket, right side of PCB in chassis front
electrical compartment

PCB - Printed Circuit Board - Three in body electrical compartment; one in
chassis electrical compartment (front)

ECU-ABS - Electronic Control Unit, Antilock Brakes - Located on front side of
VIM, front electrical compartment of chassis

VEC - Vehicle Electrical Center - Located on splash panel beneath air cleaner
on ER model. Located inside engine compartment electrical box on HD
model.

DRL - Daytime Running Lights

LED - Light Emitting Diode - Located on PCB

ICU - Instrument Cluster Unit - The group of dash instruments

BLHD - Bulkhead

GND - Ground Circuit

IGN - Ignition Circuit, when Ignition switch is ON

BATT. - Denotes 12 volts at all times

TPS - Throttle Position Sensor - Located beneath accelerator pedal

Body Electrical System - Printed Circuit Boards

Three PCB located in the body electrical compartment beneath the driver's
sash control body lights accessories.

Figures 1, 2, and 3 show the layout of the three circuit boards and the
location and function of each component on each board.

On each board illustration "A" is the face side of the board.

On each board illustration "B" is the backside of the board and shows the
location of the various connectors that plug into the board. Each connector
has its number printed on the connector body and plugs into its corresponding
receptacle in the board.

On each board illustration "C" shows the fuse number, its rating, and the
circuit it protects.

On each board illustration "D" identifies the circuit monitored by each LED.
The LED is useful in troubleshooting the circuit if a problem arises in the
circuit. The GREEN LED indicates that the circuit has power and the PCB is
sending it out. The problem is not in the PCB.

The AMBER LED indicates current is flowing through the switch to the relay,

Page 16.2
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A Caution: Do not replace a
failed fuse with one of a higher
rating than the failed fuse. To
do so can damage the circuit or
component the fuse was
protecting.

Never use a solid object to
"jump" a fuse socket. This can
damage the printed circuit in
the board. The board is not
repairable.

Strong emphasis is given to
procuring the proper tools to
service the connectors and
terminals.

or from the chassis inputs (turn signals, brake lights).

When both LED are glowing, it tells you the problem is downstream of the
PCB, itself. Check for an open circuit, loose connection, etc. It does not tell
you if a bulb has burned out, or if a motor is inoperative. It only tells you the
problem is not in the switch or its power supply.

The connector side (backside) of the PCB is available by removing two 3/8"
bolts from the top corners of the panel assembly and tilting it outward.

Circuit Board #1 is located in the center position on the panel; all connectors
to that PCB are numbered with BLUE ink. Each numbered connector is
plugged into its corresponding receptacle on the board. Circuit Board #2 is the
front board and has RED numbered connectors. Circuit Board #3 is the rear
board and has GREEN numbered connectors.

Circuit Boards #2 and 3 have receptacles for fuses and relays that are not
used; however, the wiring is in place, making it easy to add additional circuits,
accessories, lights, etc.

All ground circuits are WHITE in color.

To service the AMP connectors used throughout the body electrical system,
extractor tool #755430-2 is required to remove the terminal from the
connector. Crimping tool #358521-1 is required to properly install a new
terminal onto a wire.

Circuit Identification to and from Each Circuit Board

Charts X-1 through X-6 lists the name of the circuit, the circuit #, the
connector #, the pin # in the connector for the circuit involved, and the color
of the wire for that circuit on PCB-1. At the top of each chart (X-1 - X-6) the
color "BLUE" refers to the color of the connects on this board.

Charts Y-1 through Y-4 cover the same items for PCB-2. At the top of each
chart (Y-1 - Y-4) the color "RED" refers to the color of the connects on this
board.

Charts Z-1 through Z-4 cover the same items for PCB-3. At the top of each
chart (Z-1 - Z-6) the color "GREEN" refers to the color of the connects on this
board.

Where a relay is involved the relay number is shown. If a fuse is involved in
the circuit, its rating is listed as well.

Note on these pages the number of the relay involved in certain circuits, is
listed. The same applies to Figures 1, 2, and 3. The relay number is not
actually shown on the relay itself. Instead, the relay number is molded into the
board base where the relay plugs into its receptacle.
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BODY PRINTED CIRCUIT BOARD #1

V34 SLFDI HOWAIN | N8 | 0%
HOH H3IV3H SHING0 | N336D | 6t
| Y3LV3H YFONISSVd | N3IED | 6e 8 [ N3] 6
ZH H3LV3H HIONISSV | N33O | I8 || e
1HOM BAISNT0 | N9 | ot N
dind N3O | Gt I wEEw | 9
Z HOH NV3 N33O | ve N3O
03dA NI3eD | te O |4V | ol
NENL_LHOM HIENY | et 0[N ©
1HO 3yveE ECA 6 (U3 2l
NENL 1337 H3ENY | of § | baEAv | §
INOE3 SIHDIT HOWAIN| N336D | 62 [ e ] 0 <
MO H3LV3H SHINHQ | N3O | & L[ N9 6
HALV3H L3 NGO | 2 9 [uwEav] 8
N3dO_HOOQ NFED | % 3 NIWD | £ doj je
SIHO H3YEVW | N33WD | & § | WAV ] 9 |
1HO] SHIAMA | NIMWD | #e v | WAV ] S
m Z MO NY4 NIHO | €2 € |wmenv| v a1 s3sn4 an
| HOH Nv4 N3O | 22 I
YOOTEIIN Y3LHVIS | HIsAY | 12 I [wienv ] e /
T MOT N4 NIEED |0 N |
\\O \\ NOLLdIE0S3d_LNJHiD | 40100 |'ON_ 3804 ON_AVT6] 40103 ON 31] /7 OJ
>GINSZAD+ddk @ e OL O m\
\ 0 4
mi O : L-AYT3H &9 AWN% F
il v m o | gt e | Ol OR Ot
i INOHd BV INTT0 oI z Inoud 150z QL Ose
! SHOUHIN_Q3LVaH YOI % —
= YH3INYD O3dIA Y0l Ge 80 9-AVTH - 0% Cez OLe
ﬁ 12 437708/ LHON 107d vg [ LO | G | O8% Osz Oge
J i {LLve) SHOLOW b3dM | ¥0i £ HvaH 14 o0 O%e
i AVI3E W3LVIH 1931 | Yoz | @2
; E AT GALVEH Sovd INOWd| vor | ke 90 O Cez Ore
g ¢18¢ ‘ddnS 3SIONIHONT 380HLS| Vol | 0¢ = S-AYIH Lomn |08 Oz Oee
T o ATH HILV3H 'SSVd Wv3H | V02 6l NowNol EEtEY ORr Oze
ok HALV3H 1508430 V02 o L
4 “ﬂ Y] e NV3_ISOEH Vo | 4 A on Ol
_ H NY4 1S0H43d Yo 9 SIHON 6-AV134
70 AVT3d BOBHIW GALVIH | V4 El 0 wiath NOSEHddnS ©d 08 Ot
HOLMS diANd YOI W
| W BIIV3H SSvd INOHS | V9 ] —
. AV13 SIHON NI Bvad | V9 ] - i -
i [joe AY138_IHOM 360HLS | V9 i vO | en iron ron @
I AV IHOM VL Vg 0l INo: wl w2
1 — AV13d SLHOM NI INOHd| v 6 ~
_ b3 HIH SSYd tv3d [zl g §
i 1€ MS_HINHVWIEIdM YOI i EO | Y %
= | SIFOI_HOWIIN Vg 9 #000 S
¥00Q VoI g ¢ ;0 N
_ b iNB]_1HOMA3LS V0l y 2 . o}
3 HALV3H HIANQ VG, £ N | 1O |
Tjee EENE:] va | ¢ = R .
i Y3LV3H 1508430 Vel |
- O ) NOILdHOSIa 1iNJHD | DMLY | ON 35nd O O )

Figure 1

Page 16.4



SAF-T-LINER ER® & HD™ SERVICE MANUAL

1HO ONNHYM Q34 | N3THo 6¢

1HOIT ONINHYM 034 | H38AY 8¢

(=]

LHOIT ONINHYM Q34 | N336D £

«©

G

N
e
A
a4
o
o
m
9% a4 u3gAY [ A g
¢ W NIWD | 9 5
1HOTT ONNHYM B8NV | B38| bt W HIawy | o 0
1HOT ONINHYM H3GAY | N3uo | e ] &
1H9T DNINEYM B3GAY | N33WD | 26 £l v
HILYIH d31S MOT | NI | It ] a
0¢ 8 NED [ o
62 i N3O | 0l < g
1HOIT ONNEYM Q36 | NB3WD | &2 i HIBWY | 6 o
1HO ONNHYM Q38 | N3O | 12 g N3O | 8 p o
1HOT ONINGYM 38 | B38WY | 92 g uIewy | L 0} je o
% ] WAV [ 9 7 5
[ N3dO H00q| t3gnY | §
m 1HOIT DNINHYM E3GAY | B3anY | e 7 a1 S3sn4 a1 a
1HDT DNINHYM H30AY | Naud | 2 £
1HOT DNINHYM B3GWY | N33WD | 12 i [EECEH \
SHILYIHIISOH430 MOT| N33W | 0¢ i H3ANY | \ _ _
NOILdHIS30 LiNJH!D | HOT0Q ['ON 354 ON AVT3H [H0I00[ON a31| /7 == N
= Q[ O :
Y
w
J &0 F
m cH| 60 | 20 | O O Ose
Iz ] L Lamod oL Ose
L =180 O% Oz OLe
7 LO | ‘il e |09 ORz Ose
9] 34vdS 8-, v0C mm . Oz O%
NDI 3veS 6L | oz | Ie S 90 M v O# Oez Ote
HOH] 1SOH3a Y02 0z = Sitor o8 Oz Oge
(NOI] 3HVdS v-L v0e 6l Rl NoLLNG! Or Cre
{HOH] H3LY3H IHD | woC o
1HOI DNINHYM Y02 ] g QO
9 gO | M sien | OT O8 O
4 azsn 1N dn-Yove
N9 MS_1HDT ONINEYM [ V0l W TNOLLO
Ms-xowa TNOILO | VOI o
11v8) 3HVdS £-L v0C 4] £-AVTIH G-AYTRH S-AYT
[3SION) 38ds 1-L | voc |0 YO B &
HOLIMS Y3IVIH IHOW | VS ] v A T
HOLMS 1SOH330 [F] 6 e — 5T I~
[3SION] 3d¥dS 2. V02 8 vy <
[g3M0Od) NOIS dO1S | vl L €O )
{HOLIMS] WdY SSOHO L 9 3vdS (@)
HOLNON LHOM (] 5 L |20 EZ@
’ S-AVTH
NS} 36vdS 1i-ct YOI € M L O |NolvALdvIa [N LN
JAHHIA0_TYANYI ve 2
TLLve] 3dS 26 | VOl ] N 7N
NOILJIEOS3d LINJHID_ | NILYH | ON 35n4 /O o ’ )

Figure 2
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Figure 3
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
1 Buzzer Power SHUNT 52004092
1 BATT + N/A Battery Power ]
2 SA33 N/A Buzzer Power Fuse # 24 5 amps
3 IGN + N/A Ignition Power |
2 Step Light Power SHUNT 52004092
1 LM168 N/A Tail Lights [
2 N/A To Step Lights Relay # 2 Fuse#4 10 amps
3 IGN + N/A Ignition Power |
3 To Main Harness AMP # 173851-1
1 LR170A BLUE Back-up light feed
2 LS38 PURPLE To Strobe Light
3 SA30 TAN Pull Cord/Push Out Slash ( Ground )
4 SA29 BLUE Rear Door Buzzer
5 SA31 GRAY Side Door Buzzer ( Ground )
6
7 FD34 GRAY Left Defroster Fan Low
8 LD21 BLACK Front Interior ( Dome ) Lights
9 GND WHITE Ground
10 SA33 PINK Rear/Side Door Buzzer Power
11 F317 ORANGE Hatch Fan
12 DS27 PINK Identification Sign
4 To Main Harness ( Tail Lights ) AMP # 173850-1
1 LR13 BLUE Right Back-up Light
2 LR14 BLUE/WHITE Left Back-up Light
3 LB15 RED Right Brake Light
4 LT10 YELLOW Left Turn Light
5 LT9 GREEN Right Turn Light
6 LM12 BROWN/WHITE | Left Tail Light
7 LM11 BROWN Right Tail Light
8 LB16 RED/WHITE Left Brake Light
5 Input From Chassis To Board # 1 AMP # 1738501
1 LM169 TAN Tail Lights Relay #8, Fuse#10 15amps
2 LB172 RED Brake Lights
3 LR170 BLUE Back-up
4 SA32 YELLOW Starter Interlock
5 LP70A BLACK Panel Lights
6 KEY SW BLACK Key Switch Relay # 5
7 LT175 GREEN Right Turn Lights
8 LT174 YELLOW Left Turn Lights

Chart X-1
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN#| CIRCUIT PART #
6 To Main Harness AMP # 1738511
1 LM40 BROWN To Marker Lights
2 LM17 BROWN To Cluster lights
3 MH4638 ORANGE To Heated Mirrors
4 MH469 BLUE To Heated Mirrors
5 SA32 YELLOW Starter Interlock
6 DF426 GREEN To Front Door Sol.
7 LD20 TAN To Driver's Dome Light
8 LD19 BLACK Rear Interior ( Dome ) Lights
9 FD35 TAN Right Defroster Fan Low
10 FD37 BLUE Right Defroster Fan High
11 FD36 BLACK Left Defroster Fan High
12 AV599 PINK To Video L.E.D.
7 To Front Heater AMP # 171898-1
1 Left Heater Low
2 Def./Heater low
3 Driver Heater High
4 Def./Heater High Relay # 11, Fuse # 18 - 20 amps
5 Left heater High Relay # 12, Fuse # 22 - 20 amps
6 Drivers Heater Low
8 Front Pass Low AMP # 1721281
1 RED/WHITE | Front Pass low
9 Rear Pass Low ANMP # 172128-1
1 RED/WHITE | Rear Pass Low
10 Defroster Fan Switch AMP # 173850-1
1 FD35 TAN Right Defroster Fan Low
2 FD37 BLUE Right Defroster Fan High
3 FD34 GRAY Left Defroster Fan Low
4 SW2 + BLUE Right Fan Power Fuse#16 15 amps
5 SW1 + BLUE Left Fan Power Fuse#17 15 amps
6 FD36 BLACK Left Defroster Fan High
7 GND WHITE Ground
8 LP70 ORANGE To Panel Lights
1 Video L.E.D. AMP # 1749231
1 IGN RED Ignition Power Fuse#25 10 amps
2 AV599 PINK To Video L.E.D.
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6
I
Chart X-2
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
12 To Interior Lights / Stepwell Power + AMP # 1749231
1 IGN RED Ignition Power Fuse # 4 10 amps
2 PURPLE To Stepwell Relay #30 + Relay # 2
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5 LD21 BLACK From Interior Lights
6 TAN To Interior Lights
13 Heated Mirror Switch AMP # 1749231
1 I
2 YELLOW Mirror Heat Relay # 10 Fuse#15 15 amps
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6 IGN RED Ignition Power Fuse#26 10 amps
14 Panel Lights Dimmer AMP # 1749211
1 GND WHITE Ground
2 LP70 ORANGE To Panel Lights
3 LP70A BLACK From Chassis
15 Buzzer Light + More AMP # 174921-1
1 SA33 PINK Buzzer + Fuse # 24 5 amps
2
3 SA30 TAN Buzzer -
16 Wiper Power AMP # 1749211
1 IGN + RED Ignition Power Fuse # 7 15 amps
2 GND WHITE Ground |
3 BATT + GREEN Battery Power Fuse#23 10 amps
17 To Board # 3 AMP # 174923-1
1
2 LP70 ORANGE To Panel Lights
3 SA504 TAN Buzzer
4 DS27 PINK Identification Sign
5 IGN RED Ignition Power
6 F317 ORANGE Hatch Fan
18 Door Switch AMP # 1749231
1 DF426 GREEN To Front Door Sol.
2 DF427 YELLOW To Manual Flasher Override
3 BATT + GREEN Battery Power Fuse #5 10 amps
4 LP70 ORANGE To Panel Lights
5 GND WHITE Ground
6 SD59 PINK Door Switch Signal ( Ground )

Chart X-3
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN #|  CIRCUIT PART #
19 To Strobe AMP # 174923-1
1 IGN RED Ignition Power Fuse#20 10 amps
2 RLY YELLOW To Strobe Light Relay # 13 Fuse#11 10 amps
3 LP70 ORANGE To Panel Light
4 GND WHITE Ground
5 L W82 GRAY
6 LM168 BROWN Marker Lights
20 Marker/Cluster Lights AMP # 1749231
1 LM168 BROWN Tail Lights
2 LM40 BROWN Marker Lights
3 LM17 BROWN Cluster Lights
4 GND WHITE Ground
5 LP70 ORANGE To Panel Light
6 IGN RED Ignition Power Fuse #7 10 amps
21 Power Outlet AMP # 1749211
1 BATT + GREEN Battery Power Fuse#27 20 amps
2 GND WHITE Ground
3
22 Pass Heaters AMP # 173851-1
1 F-L PURPLE Front Pass Heater Low
2 R-L PINK Rear Pass Heater Low
3 IGN-R-P BLUE Rear Pass Heater + Fuse #8 15 amps
4 LP70 ORANGE To Panel Light |
5 IGN-P BLUE Pump + Fuse#14 10 amps
6 R-P-N YELLOW Rear Pass High, Relay #6 Fuse#19 20 amps
7 F-P-H YELLOW Front Pass High, Relay #7 Fuse#21 20 amps
8
9
10 GND WHITE Ground
11 PUMP TAN Pump
12 IGN-F-P BLUE Front Pass + Fuse#13 15 amps
23 Front Interior Lights SHUNT 52004092
1 N/A To Front Interior ( Dome ) Lights
2 N/A From Relay #
3
24 Rear Interior Lights SHUNT 52004092
1 N/A To Rear Interior ( Dome ) Lights
2 N/A From Relay #
3
25 Front Pass High AMP # 1749231
1| | GREEN /BLACK [ Front Pass High Relay # 7 Fuse#21 20 amps

Chart X-4
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN #{ CIRCUIT PART #
26 Rear Pass Heater High AMP # 172128-1
1| GREEN / BLACK | Rear Pass High Relay # 6 Fuse# 19 20 amps
27 Noise Suppression Switch AMP # 174922-1
1 RLY YELLOW Noise Relay # 9
2 GND WHITE Ground
3 IGN RED Ignition Power Fuse#20 10 amps
4 LP70 ORANGE To Panel Lights |
28 To Board #2 AMP # 173850-1
1 GND WHITE Ground
2 LW82 GRAY Stop Arm Signal
3 LP70 ORANGE To Panel Lights
4 SW + BLUE Noise Relay
5 DF427 YELLOW To Manual Flasher Override
6 IGN RED Ignition Power
7 LR170A BLUE Back-up Light Feed
8 LW5E9 PINK Door Switch Signal ( Ground )
29 To Bus Front Harness AMP # 173850-1
1 MH470 ORANGE Heated Mirror
2 PUMP TAN Pump
3 LM168 BROWN To Park Lights
4
5 LE74 BLUE To Stepwell Lights
6 LT175 GREEN Right Turn Lights
7 LT174 YELLOW Left Turn Lights
8 LW59 PINK Door Switch Signal ( Ground )
30 Interior Light Dimmer AMP # 171898-1
1 LD19 BLACK To Rear Lights
2 LD21 BLACK To Front Lights
3 GND WHITE | Ground
4 LD19A TAN From Rear Light Relay # 3 Fuse#12 15 amps
5 LD21A TAN From Front Light Relay # 4 Fuse # 9 15 amps
6 GND WHITE Ground |
31 Interior Light Switches and Brake Light AMP # 1738501
1 LD20 TAN
2 GND WHITE Ground
3 LP70 ORANGE To Panel Lights
4 LD19 YELLOW Relay # 3 Fuse#12 15amps
5 IGN + RED Ignition Power Fuse#6 5 amps
6 LD21 YELLOW Relay # 4 Fuse#9 15amps
7 BATT + GREEN Battery Power Fuse#5 10 amps
8 LB172 RED Brake Light |
Chart X-5
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BOARD #1 "BLUE" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
32 Left Heater Switch AMP # 173851-1
1 GND WHITE Ground
2 L-H-L GRAY Left Heater Low
3 LP70 ORANGE To Panel Lights
4 D/H-L BROWN Def / Heater Low
5 D/H-P BLUE Def / Heater Switch + Fuse # 1 15 amps
6 D-H-L PURPLE Drivers Heater Low
7 D-H-H TAN Drivers Heater High
8 L-H-H YELLOW Left Heater High Relay #12 Fuse#22 20 amps
9 D/H-H YELLOW Def/ Heater High Relay #11 Fuse#18 20 amps
10 D-H-P BLUE Drivers Heater Switch + Fuse#3 15 amps
11 L-1SW BLACK Relay Low Def Relay # 1
12 L-H-P BLUE Left Heater Switch + Fuse # 2 15 amps
AMP TBB DESCRIPTION
PART # PART #
173631-6 52004936 Terminal 070 series (Receptacle Contact)
173645-2 Terminal 070 series (Tab Contact)
58521-1 Hand tool Assembly (crimper 070 series)
755430-2 Contact Extraction Tool
174463-1 52003907 Multilock Connector, 070 2P (Plug Housing)
174460-1 52003906 Multilock Connector, 070 2P (Cap Housing)
174921-1 52003868 Multilock Connector, 070 3P (Plug Housing)
174922-1 52004060 Multilock Connector, 070 4P (Plug Housing)
1749231 52003869 Multilock Connector, 070 6P (Plug Housing)
173850-1 52003870 Multilock Connector, 070 8P (Plug Housing)
173851-1 52003871 Multilock Connector, 070 12P (Plug Housing)
170258-2 52004076 Terminal 250 series
169400 Hand tool Assembly (crimper 250 series)
169628 Crimping dies ( for 250 Hand tool)
172128-1 52003876 Faston Connector, 250 1P (Plug Housing)
172134-1 52003877 Faston Connector, 250 4P (Plug Housing)
171898-1 52003878 Faston Connector, 250 6P (Plug Housing)

Chart X-6
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BOARD #2 "RED" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
1 Stop Arm Power SHUNT 52004092
1 IGN N/A Ignition Power |
TO FUSE N/A Stop Arm Power Fuse#7 10 amps
3 BATTERY N/A Battery Power |
4 Right/Step Heater Switch AMP # 1738501
1 RLY 1 YELLOW Right Heater High, Relay #6 Fuse # 18 20 amps
2 RLY 2 YELLOW Def/ Heater High, Relay #7 Fuse #20 20 amps
3 POW 1 BLUE Switch + Relay #12 Fuse#9 15amps
4 GND WHITE Ground
5 LP70 ORANGE To Panel Lights
6 LOW 1 TAN Right Heater Low
7 POW 2 BLUE Switch + Fuse# 10 15amps
8 LOW 2 BLACK Def / Heater Low [
6 Warning Light Flasher AMP # 173851-1
1 LW56 RED Warning Light ( Red ) |
2 LW149 ORANGE Power From Relay Relay # 11
3 LW149 ORANGE Power From Relay Relay # 11
4 LW55 YELLOW Warning Light ( Amber )
5 LW58 YELLOW Warning Light ( Amber )
6 Lw82 GRAY Stop Arm Signal
7 LW59 PINK Door Switch Signal { Ground )
8 LW81 PURPLE Door Open ( Active Low )
9 LAMP BLUE Lamp Light
10 LW57 RED Warning Light ( Red )
11 LW80 TAN Flasher Start Signal
12 GND WHITE Ground
7 Spare Fuse AMP # 1718981
1 NOISE + Noise Power Fuse# 11 20 amps
2 NOISE + Noise Power Fuse#8 20 amps
3 BATT + ) Battery Power Fuse#12 20 amps
4 IGN + Ignition Power Fuse #19 20 amps
5 IGN + Ignition Power Fuse#21 20amps
6 IGN + Ignition Power Fuse#22 20 amps
9 Warning Flasher / Switch Power AMP # 1721281
1 | BATT+ | GREEN | Warning Flasher / Sw Power ~ Fuse #1720 amps
13 Deactivation Crossing Arm Switch ANP # 1749231
1
2 LP70 ORANGE To Panel Lights
3
4 GND WHITE Ground
Chart Y-1
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BOARD #2 "RED" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
15 Power For Light Monitor AMP # 1749211
1 BLUE For Back-up Lights, Relay #9 Fuse# 13 20 amps
2 176 RED Monitor Feed Fuse#5 10 amps
3 177 WHITE Monitor Ground [
16 Manual Override Switch AMP # 174921-1
1 GND WHITE Ground
2 LP70 ORANGE To Panel Light
3 RLY YELLOW Relay Signal Relay #5 & 3
22 Warning Light Switches AMP # 1738511
1 LW81 PURPLE Door Open ( Active Low )
2 LW56 RED Warning Light ( Red )
3 LAMP BLUE Lamp Light
4 BK1 BLACK Signal From Switch To Relay # 11
5 LW58 YELLOW Warning Light ( Amber )
6 LW59 PINK Door Switch Signal ( Ground )
7 GND WHITE Ground
8 LP70 ORANGE To Panel Light
9 LW57 RED Warning Light ( Red )
10 LWS5 YELLOW Warning Light ( Amber )
11 LW80 TAN Flasher Start Signal
12 IGN RED Ignition Power Fuse#14 10 amps
28 From Board #1 AMP # 173850-1
1 GND WHITE Ground
2 LW82 GRAY Stop Arm Signai
3 LP70 ORANGE To Panel Light
4 SW + BLUE Noise Relay Relay # 12
5 DF427 YELLOW Door Cancel Relay |
6 IGN RED Ign Relay Relay # 10
7 LR170A BROWN Back -Up Light Feed
8 LW59 PINK Door Switch Signal ( Ground )
30 Step Heaters And Crossing Arm AMP # 1718981
1 HS120 PINK Def / Heater Low
2 HS122 GRAY Right Heater Low
3 CA443 YELLOW Crossing Arm
4 HS121 PURPLE Def/ Heater High, Relay#7 Fuse#20 20 amps
5 HS123 BLUE Right Heater High, Relay #6 Fuse# 18 20 amps
6 |

Chart Y-2
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BOARD #2 "RED" COLOR DESCRIPTION CONNECTOR
CONN/PIN #| CIRCUIT PART #
32 Spare Relays #2 & 8 AMP # 173851-1
1 #8 87a
2 #8 86
3 #8 30
4 #8 85
5 #8 87
6 #2 30
7 #2 85
8 #2 86
9 #2 87a
10 #2 87
1 IGN + RED Ignition Power Fuse#3 10 amps
12 BATT + GREEN Battery Power Fuse#1 10 amps
33 To Light Monitor AMP # 171898-1
1 LW56 RED Input ( Red )
2 LW2 BROWN Right Front ( Red )
3 LwWH1 BLACK Left Rear ( Red )
4 LW3 ORANGE Right Rear ( Red )
5 Lw4 YELLOW Left Front ( Red )
6 LW57 RED Input ( Red )
34 To Main Harness AMP # 1721341
1 LW5 BLUE Left Rear ( Amber )
2 LW1 BLACK Left Rear ( Red)
3 LW6 WHITE Right Front ( Amber )
4 Lw2 BROWN Right Front ( Red )
35 To Main Harness AMP # 172134-1
1 LW3 ORANGE Right Rear ( Red )
2 Lw4 YELLOW Left Front ( Red )
3 LW8 GREEN Left Front ( Amber )
4 Lw7 RED Right Rear ( Amber )
36 To Light Monitor AMP # 171898-1
1 LW8 GREEN Left Front ( Amber)
2 Lw7 RED Right Rear ( Amber)
3 LW5 BLUE Left Rear ( Amber)
4 LW58 YELLOW Input ( Amber )
5 LW55 YELLOW Input ( Amber )
6 LW6 WHITE Right Front ( Amber )

Chart Y-3
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BOARD #2 "RED" COLOR DESCRIPTION CONNECTOR
CONN/PIN #|  CIRCUIT PART #
37 Stop Sign AMP # 171898-1
1 LW82 GRAY Stop Arm Signal
2
3 GND WHITE Ground
4 LW56 RED Warning Light ( Red )
5 LW57 RED Warning Light ( Red )
6 POW GREEN Power From Fuse Fuse#7 10 amps
Chart Y-4
See Chart of Connector/Pin Location on following pages: CHART Z-1
through Z-4.

Page 16.16



SAF-T-LINER ER® & HD™ SERVICE MANUAL

BOARD #3 "GREEN" COLOR DESCRIPTION CONNECTOR
CONN/PIN #[  CIRCUIT PART #
3 Radio AMP # 1738511
1 SP462 GRAY Right Front +
2 SP110 VIOLET Right Rear +
3 SP465 TAN Left Front +
4
5 BATT + GREEN Battery Power Fuse #6 7 amps
6 SP111 YELLOW Left Rear +
7 SP109 PINK Right Rear -
8 SP464 BLUE Right Front -
9 SP112 ORANGE Left Rear -
10 SP466 BROWN Left Front -
11 GND WHITE Ground
12 IGN + RED Ignition Power Fuse # 4 7 amps
4 Outside Speaker Switch AMP # 1738501
1 SP111-A YELLOW Left Rear +
2
3 IGN + RED Ignition Power Fuse #4 7 amps
4 SP230 BLACK Outside Speaker
5 LP70 ORANGE To Panel Lights
6 GND WHITE Ground
7 RLY BLUE Switch To Relays # 8,9, & 10
8 SP111 YELLOW Left Rear +
6 To Speakers AMP # 173851-1
1 SP110 VIOLET Right Rear +
2
3 SP462 GRAY Right Front +
4 SP465 TAN Left Front +
5 SP111 YELLOW Left Rear +
6
7
8 SP466 BROWN Left Front -
9 SP112 ORANGE Left Rear -
10 SP464 BLUE Right Front -
11 SP109 PINK Right Rear -
12 SP230 BLACK OQutside Speaker
7 Outputs AMP # 171898-1
1 N/A N/A Output From Plug 11 Pin 2
2 N/A N/A Output From Plug 12 Pin 2
3 N/A N/A Output From Plug 20 Pin 2
4 N/A N/A Output From Plug 19 Pin 2
5
6
|

Chart Z-1
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BOARD #3 "GREEN" COLOR DESCRIPTION CONNECTOR
CONN/PIN #]|  CIRCUIT PART #
9 Low Speed Signal AMP # 172128-1
1] BLACK | Low Speed Signal [
10 Chassis Input / Output Signals AMP # 173850-1
1 BLACK Kneeling
2 BLACK Neutral
3 BLACK Brake Interlock
4 ACC BLACK Accessories
5
6
7 BLACK Low Speed Signal
8
11 Spare Switch Ignition Power AMP # 174923-1
1 IGN + RED Ignition Power Fuse#15 10 amps
2 GRAY Output To Plug 7 Pin 1
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6
12 Spare Switch Ignition Power AMP # 1749231
1 IGN + RED Ignition Power Fuse#14 10 amps
2 GRAY Output To Plug 7 Pin 2
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6
13 Spare Switch With 2 Outputs AMP # 174923-1
1 IGN + RED Ignition Power Fuse#5 15 amps
2 PINK Low Output
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5 PURPLE High Output
6
14 interlock Override Switch AMP # 1749211
1 BRAKE BLACK To Brake Interlock
2
3 FEED TAN From Brake Interlock Relay
15 Outputs Of Connector # 13 AMP # 1749211
1 PURPLE High Output
2 PINK Low Output
3 WHITE Ground
Chart Z-2
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BOARD #3 "GREEN" COLOR DESCRIPTION CONNECTOR
CONN/PIN #|  CIRCUIT PART #
16 Radio Power AMP # 174921-1
1 GND WHITE Ground [
2 IGN + RED Ignition Power Fuse # 4 7 amps
3 BATT + GREEN Battery Power Fuse # 6 7 amps
17 To Board #1 AMP #  174923-1
1
2 LP70 ORANGE To Panel Lights
3 SA504 TAN Buzzer
4 DS27 PINK Output Plug 32 pin 10
5 IGN + RED Ignition Power Relay # 4
6 F317 ORANGE Output Plug 32 pin 4 |
18 Lift Switch AMP#  174923-1
1 WC567 BLACK From Switch [
2 WC557 BLACK To Switch Fuse#9 15amps
3 WC566 GREEN Lift Light |
4 Relays#1,2, &3
5 GND WHITE Ground
6 LP70 ORANGE To Panel Lights
19 Spare Switch Ignition Power AMP # 1749231
1 BATT + GREEN Battery Power Fuse#7 10 amps
2 GRAY Output To Plug 7 Pin 3
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6
20 Spare Switch Battery Power AMP # 174923-1
1 IGN + RED Ignition Power Fuse#13 10 amps
2 GRAY Output To Plug 7 Pin 4
3 LP70 ORANGE To Panel Lights
4 GND WHITE Ground
5
6
30 Lift Door Power AMP # 171898-1
1
2
3 SA504 GRAY Buzzer
4 WC559 WHITE Relay Ground
5 WC566 GREEN Lights
6 WC567 BLACK Lift Power
Chart Z-3

Page 16.19



SAF-T-LINER ER® & HD™ SERVICE MANUAL

BOARD #3 "GREEN" COLOR DESCRIPTION CONNECTOR
CONN/PIN #|  CIRCUIT PART #
32 2 Spare Switches Ignition Power AMP # 173851-1
1 GND WHITE Ground
2
3
4 DS27 BROWN Output To Dest Sign
5
6 GND WHITE Ground
7
8 LP70 ORANGE To Panel Lights
9 LP70 ORANGE To Panel Lights
10 F317 PINK Output To
11 IGN RED Ignition Power Fuse#2 10amps
12 IGN RED Ignition Power Fuse#3 10 amps
33 Accessories AMP # 171898-1
1
2
3
4
5 ACC BLACK Accessories
6
36 Spare Relay #7 AMP # 171898-1
1 IGN N/A Ignition Power Fuse #17 20 amps
2 87 N/A
3 87a N/A
4 30 N/A
5 85 N/A
8 86 N/A
37 Spare Relay # 6 AMP # 1718981
1 IGN N/A Ignition Power Fuse#16 20 amps
2 87 N/A
3 87a N/A
4 30 N/A
5 85 N/A
6 86 N/A

Chart Z-4
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General Recommendations - Maintenance and Repair

The following comments may be helpful in avoiding some of the most
common problems experienced over the life of the bus.

1. Shorts in Cables and Harnesses:
Wiring should not be allowed to chafe.

2. Corrosion in Sockets and Terminals:
Buses operating on streets and highways using large amounts of salt
and sodium chloride products are subject to corrosion.

The use of an anti-corrosive sealant, such as Graffo 116 to coat
exposed-connectors, switches, and ground terminals, is very helpful in
deterring corrosion.

The use of dielectric grease to coat the base and sockets of bulbs will
deter the formation of corrosion in lamps exposed to road
contaminants. It can also reduce road shock in the bulb filaments.

3. Circuit Resistance:
Circuit resistance is usually caused by loose terminals at the point of
termination, improper crimping of replacement terminals onto the wire,
and unprofessional splicing of two wires together.

Practically all replacement terminals require a special tool to insure a
complete, secure bond of the terminal and the wire. If the proper
crimping tool is not available, the terminal should be soldered to the
wire, using rosin flux solder. Always cover the end of the terminal with
a one-inch piece of heat shrink tubing to prevent the entrance of water,
salt, etc.

Twisting the wires together to splice two wires together, is acceptable
only if the union is then soldered with rosin flux solder and covered with
a heat shrink tubing extending one inch on each side of the union. Butt
splices are also common in such a repair. Again, cover the splice with
heat shrink tubing.

Wiring left improperly sealed will corrode, and the corrosion can wick up
the entire length of the wire. Figure 4 is an example of the proper way
to splice two wires together.

4. Overloaded Circuits:
Additional electrical components should not be added to existing
circuits. There is room for additional circuit breakers on the side
electrical panel, if additional options are added in the field.

5. Proper Diagnosis:
Thorough diagnosis is a must to eliminate repeat failures in the
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electrical system. Determining the cause of a particular failure not only
solves the problem on the unit involved, but it may be helpful in
preventing failures on other similar units in the fleet.

In the event a particular fuse continues to trip, even though no short is found,
it would be wise to check the circuit flow on that circuit and compare it to the
rating of the fuse. The fuse may be tripping below its rating, or the current
draw may be in excess of the fuse rating.

To check current draw on any given circuit, connect an ammeter in series
between the circuit and a battery terminal. Energize the circuit and read the
amps registered on the ammeter.

SOLDER GUN
/SOLDER L
HEAT SHRINK
TUBE WITH
SEALANT

\\\\\“——WIRES TWISTED

Figure 4

System Protection from Short Circuits

The electrical system has three means of protection from damage due to a
short circuit in the total system:

1. A fuse protects each circuit. In some instances a fuse may
accommodate more than one circuit. In no case would the combined
load be in excess of the rating of the fuse if all the circuits were
energized at the same time. In the event such a fuse is tripping all the
time it will be necessary to check out each circuit using that fuse.

2. Two 150-amp manual-reset Master circuit breakers are located on the
rear electrical panel. (One for body and one for chassis.) This will
protect the electrical system from damage that may occur from a major
short in any area not protected by a fuse or automatic circuit breaker.
This circuit breaker must be manually reset in the event it trips. When
the breaker trips, the small RED button will depress. To reset it, move
the small black lever located on the left side of the breaker back against
the body of the breaker. Depressing the small RED button in the center
of the breaker can trip the master breaker, when the electrical system
has to be taken out of service to make other repairs.

In the event the Master breaker should trip more than once, the cause
MUST be determined before placing the bus back in service.
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In addition to the above precautions to minimize damage from an electrical
short, the insulation on all wiring is of a crosslink polyethylene composition
which will not maintain combustion once the copper core of the wire cools.
The same applies to convoluted tubing used to protect harnesses and tubing
from chafing and the elements.

Testing for Voltage Drop

This test checks for voltage being lost along a wire, or through a connection
or switch. See Figure 5.
1. Connect the positive lead of a voltmeter to the end of the wire (or to the
side of the connection or switch) which is closest to the battery.
2. Connect the negative lead to the other end of the wire (or the other side
of the connection or switch).
Operate the circuit.
4. The voltmeter will show the difference in voltage between the two
points. A difference (or drop) of more than one volt indicates a problem.

w

Testing for Short to Ground

1. Remove the blown fuse, leaving the battery connected.

Connect the short finder (Thomas part #TBB 01004372) across the

fuse terminals.

Close all switches in series with the circuit you are troubleshooting.

4. COperate the short finder. The short finder will pulse current to the short.
This creates a pulsing magnetic field surrounding the circuit wiring
between the fuse junction block and the short.

5. Beginning at the fuse junction block, slowly move the short finder meter
along the circuit wiring. The meter will show current pulses through
sheet metal and body trim. As long as the meter is between the fuse
junction block and the short, the needle will move with each current
pulse. When you have moved the meter past the point of the short, the
needle will stop moving.

w

Examine the wiring in that area for the short to ground. See Figure 6.
Checking Current Draw

Connected in series IN a circuit according to polarity.

1.
2. Measures current flow. -
3. Used in a closed circuit. See Figure 7. . . |AMETER

12V BATTERY

CURRENT DRAW

Figure 7
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Troubleshooting Tools

Electrical troubleshooting requires the use of common electrical test
equipment.

Test Light/Voltmeter:

Use a test light to check for voltage. A Test Light is made up of a 12-volt light
bulb with a pair of leads attached. After grounding one lead, touch the other
lead to various points along the circuit where voltage should be present.
When the bulb goes on, there is voltage at the point being tested.

A voltmeter can be used instead of a test light. While a test light shows
whether or not voltage is present, a voltmeter indicates how much voltage is
present.

Never use a test light on circuits that contain solid state components,
since damage to these components may resulit.

Jumper Wire:

A jumper wire is made up of an in-line fuse holder connected to a set of test
leads. It should have a five-ampere fuse. Use it for bypassing open circuits.
Never use a jumper wire across any load (motors, etc.). This direct battery
short will blow the fuse. See Figure 8.

Short Finder:

Short Finders are available to locate hidden shorts to ground. The short finder
creates a pulsing magnetic field in the shorted circuit and shows you the
location of the short through body trim or sheet metal.

Troubleshooting Tests

Testing for Voltage:

1. Connect one lead of a test light to a known good ground. If you are
using a voltmeter, be sure it is the voltmeter's negative lead that you
have connected to ground.

2. Connect the other lead of the test light or voltmeter to a selected test
point (connector or terminal).

3. If the test light glows, there is voltage present. If you are using a
voltmeter, note the voltage reading. It should be within one volt of
measured battery voltage. A loss of more than one-volt indicates a
problem. See Figure 9.

Alternator and Circuits

Figure 10 outlines the alternator charging circuits. A 2-AWG cable runs from
the battery (+) positive post to the starter positive (+) post.

Another 2-AWG cable runs from the starter post to the battery stud of rear
electrical box. The alternator positive (+) terminal is connected to this same
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post by a 2-AWG cable.

The alternator ground (-) post is connected to the starter ground post by a 2-
AWG cable.

Circuit 422 from the Vehicle Electrical Center (VEC), pin C, provides 12 volts
to the alternator field circuit when the ignition switch is turned ON. The circuit
is protected by 15-amp circuit breaker #8 inside the VEC.

The VEC is located inside the rear electrical box on the Saf-T-Liner HD model
bus. It is located on the splash panel/dust shield, beneath the air cleaner on
the right side of the engine compartment on the ER model.

4' [1 Eng gnd

starter
+0O +O O- Jlll chassis gnd
battery
- - veh.
? At O f22 [_ elect.
L center
1 -
batt. stud
rear elect.
comp ALTERNATOR CHARGING CIRCUIT
Figure 10

Leece-Neville Regulator Adjustment

The Leece-Neville JB series alternators have a replaceable, and adjustable
voltage regulator. To adjust the regulator, follow as noted:

1.

w

Before attempting adjustment, make sure all terminals and connections
are tight and clean, the drive belt is properly tensioned, and the
batteries are 90-100% fully charged.

With the engine OFF, flash the field by connecting a jumper from the
NEGATIVE output post to a piece of stiff wire, or a 1/16" drill, inserted
into the FULL FIELD access hole in the back of the alternator, just
above the row of terminals. Hold it in place for 1 to 2 seconds. This
should restore the residual magnetism in the rotor.

Connect a voltmeter across the battery terminals. Note the voltage.
Start the engine, run at fast idle of 1000 rpm. Voltage at the battery
should increase to 13.9 volts to 14.1 with fully charged batteries.

This is the proper operating voltage in the average environment. In
extreme hot and dry climates it may be necessary to drop the voltage
to 13.6 to prevent overcharging and loss of electrolyte.

In extreme cold weather it may be necessary to set voltage up to 14.4
to 14.6 volts to keep the batteries fully charged.
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5.

To adjust the "flat top" regulator, remove the plastic screw from the
plastic cover and insert a small screwdriver into the adjusting screw.
Turn the screw clockwise to increase voltage output, the opposite
direction to decrease output.

To adjust the DOME TOP regulator, proceed as follows:

a.
b.

Stop the engine; disconnect battery ground cable.

Remove 10-32 nuts and washers from the regulator terminal and
disconnect the diode trio, if so equipped.

Remove screws from the regulator cover and lift regulator from the
housing. Move it out of the way as far as possible.

Inspect the two regulator contact pads. If dirty or corroded clean with
#600 sandpaper. Note: In some cases contamination on the pads can
cause LOW voltage output and voltage adjustment may not be
necessary.

To adjust voltage, remove, and install the adjustment straps in one of
the following positions: A&B = low, A&C = medium, B&C = high. Each
change in position will result in a change of .4 volts, up or down.

Example:

Voltage at battery at 1000 rpm - 13.6 volts

Voltage recommended by Thomas - 14.0 volts

Strap position is A&C

Change strap to B&C would increase voltage to 14.0 volts.
Recommend torque of strap retaining screws to be 4-5 in/lbs.

Batteries should be fully charged when checking and setting the voltage
regulator; otherwise the system voltage will rise as the batteries are fully
charged.

Alternator Replacement

1.
2.

Disconnect battery ground cable at battery.

Remove the drive belt by relieving belt tension. Use 1/2" breaker bar in
the square hole in the tensioner to relieve tension.

Remove the upper and lower mounting bolts of alternator.

Pull alternator towards you far enough to disconnect cables and wiring.
Tag each wire to prevent incorrect hook-up when reinstalling the same.

Alternator Installation

—_

Inspect pulley fan for cracks, missing fins, being bent.

Install pulley spacer (if not in place), cooler fan, and pulley onto rotor
shaft. The flat slinger part of the fan must be against the pulley. After
pulley has been installed onto the shaft, place the pulley in a vise, using
brass jaws. Torque pulley nut to 70-80 ft/lbs.

Tap the lower hinge bushings back into the mounting lug to provide

Page 16.26



SAF-T-LINER ER® & HD™ SERVICE MANUAL

clearance between the mounting lugs and the bracket.

Reconnect cables and wires to back of alternator, and put in position on
the mounting bracket. Torque the lower mounting bolts to 60-70 ft/lbs.
after drive belt has been installed.

Testing/Troubleshooting Charging System

Initial charging system check, using accurate voltmeter:

1.

With engine not running, connect voltmeter across the battery
terminals. Make sure all electrical load is OFF. Record voltage shown
on the voltmeter.

Start engine, run at moderate RPM and observe battery voltage. If the
voltage at the battery is lower (with the engine running) than the initial
reading, the alternator has no output. If the voltage is higher, the
alternator has output but how much is not known until the rated output
test is made.

If the battery is overcharged, as evidenced by excessive use of water
or water on top of the battery or frequent replacement of bulbs, check
for battery voltage higher than 15 volts (with engine running and all
systems OFF). Check all terminals and connections in the charging
system for looseness and/or resistance. The same would apply if the
voltmeter fluctuates.

If voltage remains above 15 volts, replace the voltage regulator.

Rated Output Test

Test equipment required:

Voltmeter
Ammeter
Variable Carbon Pile Load Tester

Refer to Figure 11 for test equipment hook-up. If induction pick-up type
ammeter is to be used, place it around the alternator output lead.

Seri
@) Carbon Pile Ammeter
Load Test
Q Q Clamp-on
Ammeter
- +
| = e
~ Batter)\Terminal

®

3
Voltmeter : - ll
| -7
|
Vv -
// //
+ f———

Figure 11
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If a series type ammeter is to be used, place it in series with the
alternator battery cable and the alternator. Be sure the negative cable
is disconnected from the battery when making this installation.

2. Reconnect negative cable at battery.

3. Connect load test machine across the battery. Make sure the load test
is OFF.

4. Connect voltmeter negative lead to the negative post of battery.

5. Connect voltmeter positive lead to the positive post of battery and
observe voltage reading.

6. Start engine, with all electrical loads OFF, run at moderate speed.
Check voltage. It should be higher than previous reading but lower than
15 volts.

If voltage is lower than previous reading, replace voltage regulator or
alternator as required. If higher than 15 volts, replace the regulator.

7. To check maximum output of the alternator: With engine still running at
moderate speed, rotate the carbon pile knob until maximum amperage
is shown on the machine without allowing the voltage to drop below 13
volts.

Maximum output should be within 15 amps (+/- 15%) of the rated output
stamped on the drive end flange, next to the part number.

8. With the alternator still running at maximum output, move the voltmeter
positive lead from the battery positive post to a good ground on the
alternator housing.

Voltage drop for the ground circuit should not exceed 0.25 volts. If more
than 0.25 volts, clean and tighten all ground connections.

9. Remove all test equipment, making sure the load test is OFF and the
battery negative cable is disconnected if the series ammeter was used.
10. Reconnect battery cable.

Horn Circuit (Figure 12)

When depressed, the horn button completes the ground circuit to the horn
relay located in the harness beneath the chassis printed circuit board.

Current to the relay comes from fuse #21 through board connector J20, pin
#1, to post 2 on the terminal board located between the circuit board and the
front bulkhead. Circuit-H16 (yellow) from post #2 goes to relay terminal 86.
Circuit H49 (yellow) from post #2 carries current to relay terminal 30 and on
to relay terminal 87 when the horn button is depressed. Circuit H50 (yellow)
runs from relay post 87 to bulkhead connector J75, pin 23 from there it
continues to the horns.
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Figure 12

As mentioned before the horn relay is located beneath PCB-4 and is a part of
the harness.

Low Air Pressure Warning System

Two NORMALLY OPEN-air pressure switches are located on the air manifold
found at the extreme front end of the chassis, readily seen when the front
access panel is lowered.

The warning buzzer is mounted inside the Instrument Cluster Unit (ICU)
assembly. The warning light is located at the lower right corner of the
message center part of the dash.

Figure 13 is a schematic of the simple circuit for this important safety system.

One switch monitors the primary (rear) brake system, the other monitors the
secondary (front) system.

The buzzer and the warning light will operate for 3 seconds when the ignition
switch is turned ON as a part of the start-up self-test procedure. If air pressure
is below 66 psi, both devices will continue to function until system pressure is
above 66 psi +/- 6 psi (46 +/- 4 Pa).

J44 J75

S L SW. #1 SW. 42
mst T icuo2s |—| 1CU026 l_l £26 I 27

el | | A | I

LOW AIR PRESSURE WARNING CIRCUIT

Figure 13
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The system and circuit is designed so that when the switches are in the
CLOSED position, i.e., with more than 66 psi system, pressure the warning
devices are inoperative. The ground circuit is complete.

If one system drops below 66 psi the ground circuit is broken and the warning
devices function. This is contrary to the standard wherein components will
operate only when its circuit is completed.

The two switches are in series. If either switch should fail the ground circuit
would be broken, the same occurs when one system is below 66 psi.

Switch #2 is connected to ground via circuit A27. A jumper wire connects
switch 1 and 2. Circuit A26 runs between switch #1 and bulkhead connector
J75. The circuit changes to ICU026 in between J75 and connector P44,
located in the main electrical compartment. ICU026 then connects to
connector J64, pin A3 at the instrument cluster assembly.

Troubleshooting

The warning devices should function for 3 seconds when the ignition switch
is turned ON as part of the self-test procedure when system is above 66 psi.
If pressure is below 66 psi, they will continue to function until system pressure
is over 66 psi.

If the devices continue to operate above 66 psi, check for a failed switch by
checking for an OPEN circuit within one of the switches. A complete ground
circuit is required to turn the buzzer and warning lamp OFF.

To test the buzzer, warning lamp, and the circuit connect a jumper wire from
#1 switch post to ground. If these devices quit working the above items are
functional. In this particular system a closed ground circuit is required to
cause the buzzer and warning lamp to go OFF.

See Chart of Connector/Pin Location previously shown: Chart Y-1 through
Y-4.
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Chassis Electrical System - Compartment

The heart of the chassis electrical system is located in the compartment
beneath the dash cover, above the entrance doorstep. Other components are
located in the electrical module in the engine compartment. The front
compartment contains a Printed Circuit Board (PCB-4), relays, fuses, the turn
signal flasher, and the printed circuits, as well as select modules.

Figure 14 shows the face side of the PCB and the position of each relay.
While the illustration shows a relay in all positions there may be empty
receptacles on your buses because the options involved were not a part of
the original order. The number of the relay is not shown on the relay itself;
however, the position number is embossed in the circuit board base. Even
though a relay(s) is missing, the wiring is in place to the receptacle to facilitate
installation of an additional circuit or component later.

The fuse numbers begin at the top, 1 through 21. Numbers 21 through 27 are
spar fuse sockets that may be used if additional circuits are needed for later
installations.

Never replace a fuse with one of a rating higher than the fuse originally
installed.
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Figure 14
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The fuse chart on Figure 14 shows the accessory or circuit being protected,
as well as, the proper rating for the circuit being served.

The PCB-4 has a row of LEDS, but they are not used.
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BACKSIDE OF CHASSIS PCB

Figure 15

Figure 15 is the backside of the circuit board and lists the connector number
location into the board. AWHITE tag showing the connector number is placed
around the harness, near the connector.
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Figure 16

Figure 16 outlines the circuits that are linked at a terminal block located
between the PCB and the front bulkhead.

Figure 17 outlines the front side of the bulkhead connector receptacles,
where the main harnesses interface with the chassis circuits.
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J101
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Figure 17
Knowing the function and location of each harness can be useful in the event
it becomes necessary to check continuity of a given circuit.
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Figure 18

Figure 18 is a general description of the location of the various modules
located in the front electrical compartment.
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Note: Push the vertical support
bracket towards the center to gain
adequate clearance to remove the
ECM.

A diode block assembly that controls the Right windshield wiper motor is
located on the front bulkhead in front of the PCB assembly.

Procedure to Service the ECM, DRL, VIM, ABS, and H/L Wiper Modules
- (Units built prior 11/13/01, ER Chassis #88563 and HD Chassis #63085.)

The installation of so many components in the chassis electrical compartment
gives a first impression of being difficult to service these components.
However, by following the procedures listed hereafter, the
removal/replacement of each component is relatively simple.

The modules mentioned above are mounted on the PCB vertical support
brackets. See Figure 18.

1. Disconnect batteries, or OPEN the master circuit breakers on top
the engine compartment electrical box.

2. Remove electrical compartment cover.

3. Remove the 2-74" nuts from the rear corners of the circuit board
assembly, where the board is attached to the vertical support brackets.
Tilt the board assembly up from the rear as high as possible. It may be
necessary to loosen the PCB front mounting nuts. Use a pry bar or
large screwdriver to push the vertical support aside to clear the
attaching shoulder bolts.

The use of a /4" ratchet set is recommended for use in this area. The
various harnesses that fill this area can be pushed aside as required to
gain access to the module mounting fasteners.

4. Transmission Electronic Control Module (ECM) - With the PCB tilted up
as outlined in step 3, remove the three fasteners that attach the ECM
to the vertical support. Bend the top bracket up far enough to allow the
ECM to be pulled upward and out. (The top bracket mentioned above
may not exist on later units.)

To remove the gray and black connectors from the ECM, pull the RED
lock from its locked position and push down on the other locking fingers
while pulling the connector from its receptacle.

When reinstalling the ECM, place it back into the area where it will be
mounted and install the connectors before remounting it. The
connectors are color-coded to prevent improper connection.

5. Windshield Wiper Module - Located between the ECM and the vertical
support. Remove the ECM as outlined in step 4, but push it aside only
as needed to gain access to the wiper module fasteners.

With the fasteners removed, pull the wiper module outward and
disconnect the harness.
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Note: The VIM contains fuses and
relays inside the module. To
remove the module cover to check
or service the VIM components,
the ABS/VIM mounting bracket
must be removed from the vertical
support to gain enough clearance
to remove the cover. It is not
necessary to remove the VIM from
its mount, only lift it and push it
forward enough to permit removal
of the cover.

When reinstalling the module be sure to reconnect the connectors
before placing it back in position.

6. Daytime Running Lights Module (DRL) - Tilt the PCB up, as in step 3.
Remove the rear nut, but only loosen the front retaining nut enough to
permit sliding the module rearward enough to remove it. The mounting
lugs are slotted.

Remove the green sliding lock in the connector with a screwdriver, and
remove the connector from the body.

Make sure the connector is firmly in place before reinstalling the
module in place.

7. Antilock Brake System Module (ABS) - The ABS module is mounted on
a removable bracket that is mounted to the right vertical support. Two
72" self-locking nuts attach this bracket to the vertical support. Remove
the bracket to gain access to the ABS module's 4 3/8" socket nuts.

Disconnect the harness connectors and remove the module. Reverse
the procedure to reinstall.

8. Vehicle Interface Module (VIM) - Located on the backside of the bracket
mentioned above. Tilt PCB up and remove the bracket as noted in step
7.

Remove module fasteners, lift the module up and forward, remove
harness connectors and remove the module.

Procedure to Service Modules on units built on 11/13/01, ER Chassis
#88563 and HD Chassis #63085.)

Certain modules were relocated in the chassis front electrical compartment to
facilitate easier removal and service to the ECM, ABS, and VIM modules.

Procedure suggestions:
1. Using %" drive ratchet and sockets, open the two master circuit
breakers on the rear electrical module.
2. Remove PCB-4 compartment cover.
3. The printed circuit board can be lifted and moved aside to gain access
to the various fasteners that mount the modules to the vertical supports.

Loosen, but do not remove, the %" nuts at each corner of the circuit
board. Lift the rear side of the board to clear the fastener slots. Push
the board forward enough to clear the front horizontal mounting slots.
The board can now be moved off to the side and up enough to gain
access to fasteners in between the two vertical supports.

4. Transmission ECM - With the circuit board moved out of the way,
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remove the WS/HL module mounting fasteners. These fasteners also
mount the ECM adapter plate.

Once the adapter plate is loose, remove the harness connectors from
the ECM.

The connectors are held in place by a RED locking guard. Squeeze the
ends of the RED lock together and push down on the connectors at the
same time. Considerable effort may be required to disengage the
connectors.

With the connectors and harnesses removed, lift and tilt the ECM
assembly to remove it.

When reinstalling the ECM, be sure to connect the BLACK connector
first, before attempting to remount the assembly. The connectors are
color-coded to prevent improper connection.

WS/HL Module - This module is held in place by two sheet medal
screws, 5/16" socket. Is easily accessed by lifting the circuit board and
moving it aside.

DRL Module - Remove the bracket that supports two relays beneath the
circuit board. The outer end of the bracket is slotted for easy removal
of the bracket, no need to remove the fastener at that end.

Remove the rear nut that secures the module to the vertical support.
Loosen, but do not remove the front nut. The module can now be pulled
out and forward for removal. 11/32" socket is required.

ABS Module - The ABS and VIM modules are mounted onto a bracket
that is bolted to the right vertical support. The 2 4" bolts that mount this
bracket go through key shaped holes in the vertical support. Loosen the
retaining nuts, slide the assembly rearward and the modules and
mounting bracket will pull away from the vertical support. Either module
can then be easily removed from the bracket.

The above mentioned bracket has been moved upward and forward to
permit removal of the VIM cover without interference with the body, if it
becomes necessary to check the fuses or relays within the VIM.

Removal of the VIM module is the same as the ABS module described
above.
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Printed Circuit Board (PSB-4)

The printed circuit board is the centerpiece of the chassis electrical system. It
serves as the distribution center for chassis battery, ground, and ignition
circuits. Two-2 AWG cables from the terminals located in the front bulkhead
to the posts on the right side of the circuit board provide battery power and
ground circuits to the board.

The board contains relays to control certain circuits, fuses, and/or circuit
breakers for circuit protection, and accommodates the turn signal flasher. In
addition, it distributes the signals to the dash lights and the LEDs that may be
used.

Power and ground circuits for the Instrument Cluster Unit (ICU) and the
lighted dash switches, are provided by the PCB.

Other circuits controlled by the PCB include the headlight power, marker
lights, brake lights, various interlock circuits that may be on the bus,
transmission control signals, ABS control signals, and warning light signals.

Figure 19 is a schematic of the circuit board. The asterisks on the extreme
right side of the schematic refer to the terminal points of the 2 AWG cables
mentioned above.

In short, the PCB provides the power and ground circuits, through relays and
fuses, to the various switches and controls of chassis related circuits.

The board is not repairable. It contains spare relays and fuse holders that
permit protected, safe circuits to be added later.

Never replace a fuse with one of a higher rating than the one being replaced.
DO NOT substitute a solid object for a fuse under any circumstances. To do
so, will damage the PCB beyond repair.

V-1 through V-7 shows the circuits that make up each harness/connector
numbered in black that plugs into its respective receptacle on the bottom side
of the circuit board. See Figure 15.

See Circuit Board Schematic Inside
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN # | CIRCUIT PART #
1 NOT USED SHUNT
1 N/A
2 N/A
3 N/A
2 NOT USED SHUNT
1 N/A
2 N/A
3 N/A
3 ECM Diagnostic Switch AMP # 1738511
1
2
3
4
5 |BNEGS WHITE ECM Common Ground
6 |iL36 WHITE LED Switch Lamp Ground
=
8
9
10
11
12 }IL35 RED LED Switch Lamp Power
4 Headlights AMP # 173850-1
1
2
3 ELO3 YELLOW Headlamp Power Input
4 ELO7 BLACK Marker Lights Input
5 ELO2 RED L ED Switch Lamp Power
6
7
8 DRLO4 PINK Battery(+12V) to DRL Module Fuse #5, 20A
5 Not Used ANP # 173850-1
7 -
2
3
4
5
6
7
8

Chart V-1
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN #]  CIRCUIT PART #
6 ABS AMP # 173851-1
1 1E3 YELLOW ABS Warning Lamp Relay
2 1A1 WHITE Ground
3 1A2 WHITE Ground
4
5
6
7 1A3 WHITE Ground
8
9
10
11 1K1 WHITE ABS Active Signal to Transmission
12
7 Time Delay Module 171898-1
1
2 Jumper to Kneeling Circuit
3 Battery{+12V) Fuse #20, 15A
4
5 Ground
6 Jumper to Kneeling Circuit
9 Not Used AMP # 1721281
1] [
10 Transmission ECU 173850-1
1 Retarder in Use
2 ADT302 PINK Reverse Lamps
3 659 RED Neutral Signal Power Feed Fuse #12, 15A
4 660 YELLOW Neutral Signal
5 Neutral Signal
6 Reverse Lamps
7 Exhaust Brake Relay Fuse #13, 15A
8 ADT103 PINK To Panel Lights Fuse #11, 10 A
11 Not Used ANP & 1749231
1
2
3
4
5
6
[ | I
Chart V-2
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN #|  CIRCUIT PART #
12 Not Used AMP # 174923-1
1
2
3
4
5
6
13 Adjustable Pedals!/Option AMP# 1749231
1 |
2 Dimmer Power
3 Ground
4 Ground
5 ignition Power
6 Battery Power Fuse #6, 10A
14 Cruise Control On/Off AMP # 174921-1
1 BNEG3 WHITE ECM Common Ground
2 IL36 WHITE LED Switch Lamp Ground
3 L35 RED LED Switch Lamp Power
15 Air Tanks AMP # 1749211
1
2 Air Tank Drain Relay
3 Air Tank Drain Relay
16 LED Switch Lamp Dimmer Circuit ANPF # 1749211
1 DIMOO1 RED Dimmer Power Input
2 DIMO02 WHITE Marker Lamps Output |
3 DIMO03 LT BLUE Ground
17 Cruise Control Set/Resume AMP # 174923-1
1 IL36 WHITE LED Switch Lamp Ground
2
3 BNEG4 WHITE ECM Common Ground
4 IL35 RED - LED Switch Lamp Power
5
6
18 Ignition Circuit AMP # 1749231
1
2
3 IGNOG9 RED Ignition Relay Output
4 IGN115 PINK Accessory Circuit Fuse #16, 5A
5 STAD04 PURPLE Starter Circuit
6 IGN002 BLACK tgnition Relay Input

Chart V-3
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN#[ CIRCUIT PART #
19 Fast idle AMP # 1749231
1
2 1L36 WHITE LED Switch Lamp Ground
3
4 IL35 RED LED Switch Lamp Power
5 164 RED Exhaust Brake/Fast Idle Switch Power
6 BNEGS8 WHITE ECM Comman Ground
20 Chassis Bulkhead AMP # 174923-1
1 H50 YELLOW Horn Relay Output
2
3 ST04B PURPLE Start Signal
4 EX38 RED Exhaust Brake
5 TRIO7 GRAY Reverse Alarm Wire
6 EL387 YELLOW Luggage Compartment Lights Fuse #9, 10A
21 Retarder Switch AMP # 1749211
1
2 Ground
3 LED Switch Lamp Power
22 Brake Lights ANP # 1738511
1
2 BK59 RED Brake Light +
3
4
5 BK60 WHITE Brake Light -
8
7
8
9
10
11
12
Chart V-4
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONNI/PIN # 1 CIRCUIT PART #
28 | Body Interface Connector #1 ANIP # 473850-1
1 Kneeling BLACK Kneeling
2 Neutral BLACK Neutral
3 BKINT BLACK Brake Interlock
4 ACC BLACK Accessories
5
5]
7 LOWSPD BLACK Low Speed
8
29 Body Interface Connector #2 ANMP # 173850-1
1 LM169 TAN Marker Lights
2 LB172 RED Brake Lights
3 LM168 BROWN Park Lights
4 SA32 YELLOW Starter Door Interlock
5 LE74 BLUE Stepwell Lights
6 Key Switch
7 LT174 YELLOW Left Turn Signals
8 LT175 GREEN Right Turn Signals
30 Not Used AMP # 171898-1
1
2
3
4
5
6
31 Transmission AMP # 173850-1
1 ADT113 PINK ABS Active Input Signal
2
3 Dimmer Power to Shifter
4 Low Speed Relay Input
5 ADT125 GREEN "Check Trans" Light
6
7 ADT105 GRAY Transmission ECU Ground
8 ADT101 GRAY Transmission ECU Ground

Chart V-5
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN#|  CIRCUIT PART #
32 Kneeling AMP # 1738511
1 To Time Delay Circuit
2 To Kneeling Relay
3 To Accelerator Interlock Relay
4
5 To Time Delay Circuit
§] Ground
7 Ground
8 Ground
9 Ground
10 Dimmer Power
11
12 To Time Delay Circuit
38 Steering Column AMP # 174465-1
1
2
3
4
5 EL14 YELLOW Horn Signal from Steering Column
6 ELO4 BLACK Turn Signal Flasher to Steering Column
7 ELOS ORANGE Left Turn Signat
8 ELOG BLUE Right Turn Signal
9
10
39 Engine AMP # 173853-1
1
2
3
4 B46 GREEN Neutral Trace
5 BNEG10 WHITE ECM Common Ground
6 Fuse #19, 10A
7 B24 RED Accelerator Interlock
8 BNEG11 WHITE ECM Common Ground
9 B3 YELLOW "Check Engine" Lamp
10
11 Intake Air Heater Lamp
12
13 B1 RED “Step Engine” Lamp
14 A42 GRAY Exhaust Brake Relay
16 Shift Modulator Relay Qutput
16 BNEG WHITE ECM Common Ground
17 BNEG1 WHITE ECM Common Ground
18 Shift Modulator Relay Input

Chart V-6
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BOARD #4 "BLACK" COLOR DESCRIPTION CONNECTOR
CONN/PIN #[  CIRCUIT PART #
40 DASH AMP # 1749521

1 ICU799 "Check Engine”

2 ICU250 intake Air Heater

3 ICU042 Right Turn Signal

4 ICU043 Left Turn Signal

5 ICUB59 "Stop Engine”

6

7 ICU035 Dimmer

8 High Beam

9 Retarder In Use

10 ICUO12 Ignition Power

11

12

13

14

15 ICUQC36 Ground

16 ICU0C3 Ground

17 ICU1E" ABS Warning

18 ICU115 "Check Trans"

19

20 ICU121 Battery Power

Chart V-7
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Connector Locations - Chassis

During the course of this manual there may be occasions where a harness or
circuit connector is indicated. The chassis electrical system in total, on both
the Saf-T-Liner ER and HD models, (including all options that are available)
could incorporate many of the 140 connectors listed under Connector
Locations. The intent in listing the location of the connectors is to assist in
locating any given connector if it becomes necessary to trace a circuit. As
mentioned elsewhere the connector number should be listed on an
identification tag wrapped around the harness, near the connector. All
connectors on the chassis harnesses are identified with the letter "P"
preceding the connector #. The letter "J" designates the connector
receptacles on the printed circuit board. When a receptacle is a part of a
vendor supplied component it would be designated as a "J" connector.

On Figure 19 note all connectors (receptacles) are shown as "J" numbers.
Figure 15 shows the location of each "J" connector on the bottom side of the
PCB.

The connectors that plug into these "J" connectors will carry a P-C number.
Using Figure 19 as an example, refer to the "fast idle switch" connector J19
shown in the extreme upper right corner of the schematic. Harness connector
P19C would plug into J19 beneath the circuit board.

Circuit/Wiring Identification

Each circuit in the chassis electrical system should have the circuit #
embossed on the insulation, every 4" or so, apart. Component manufacturers
furnish a small number of harnesses, and their wiring may not show a
Thomas circuit number. The color of the wire in their harness may not match
the color of its mating wire in the Thomas harness. Therefore, if a circuit is
being traced by color make sure the color does not change when it passes
through a connector, when interfacing with a vendor supplied harness.

Each wire in a harness carries a one or two letter prefix to the circuit #.
Example: ST65 is "starter circuit #65".

Some of the letter prefixes found on the wires are listed below and should be
helpful in tracing a given circuit.

En - Engine Related Circuit

DRL - Daytime Running Light circuits
WP - Windshield Wiper circuits

H - Horn Circuits

BNEG - Ground Circuit

IGN - Ignition Circuit

EL - Circuit involving External Lights
IL - Circuit involving Internal Lights
BK - Brake Circuits
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ST - Starter Circuits

T or TR - Transmissions Circuits

A - ABS Circuits

ICU - Instrument Cluster Unit Circuits

Front Bulkhead Connectors/Receptacles

Deutsch connectors/receptacles are used in the front electrical compartment
harness-to-bulkhead interfaces. Sixteen and 18 gauge wiring is used in the
harnesses involved; however, the same pin and socket is used on both.

To prevent damage to the pin or socket or connector body when removing a
terminal it is critical that Deutsch Removal Tool, #0411-204-1605, be used. To
remove a terminal from the connector, snap the removal tool over the wire to
be removed. Slide the tool along the wire into the cavity until it engages
contact and resistance is felt. Do not twist or insert the tool at an angle. Pull
the terminal and wire from the connector.

The following (Deutsch) items should be in the operator's inventory and can
be procured from your area Thomas dealer.

Terminal Removal Tool - #0411-204-1605
Terminal Crimping Tool - #DTT-16-00

Pin - #1060-16-0122

Socket - #1062-16-0122

To install a pin or socket properly, remove 4" (6.3mm) insulation from the
wire. Use crimping tool DTT-16-00. After crimping, test the crimping quality by

pulling on the terminal and the wire.

Grasp the wire approximately 1" behind the terminal and push it into the
connector body until it engages solidly. It should not pull out at this point.

Pin Location

Reference will be made on occasion to pin position in its connector. The pin
# is embossed on the surface of the connector body in small print.

Figure 20 shows the pin positions in the Deutsch connectors in the front
bulkhead, as shown from the front of the bus.
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CONN. DES. COMPONENT LOCATION
P3 Horn #1 Behind Grill
P4 Park Brake Switch Dash
P5 Wheelchair Lift Alarm Behind Grill
P6 Low Air Pressure Switch Behind Grill
P7 Low Air Pressure Switch Behind Grill
P8 Headlight/DRL Connector RS Headlight Assembly
P9 Headlight/DRL Connector LS Headlight Assembly
P10 Throttle Position Sens (Rear) Rear Mod Box
P11 Throttle Position Sens (Front) Drivers Area
P12 Turn Signal RS AtF. TS.
P13 Turn Signal LS AtF. TS.
P14 Kneel Solenoid Front Axle Area
P15 Brake Interlock Front Axle Area
P16 Vehicle Speed Input Engine Area
P17 Engine ECM (CAT 3126) At Engine
P18 Engine Air Inlet Htr Relay At Engine
P19 Fuel Gauge Sender Fuel Tank (Midway)
P20 Air Dryer Near Rear Axle
P21 Hydraulic Oil Level Sensor Engine Area
P22 Hydraulic Oil Temperature Sensor Engine Area
P23 Trans Temp Sensor On Trans
P24 Oil Pressure Sensor Rear of Engine
P25 Oil Temperature Sensor Rear of Engine
P26 Water Temperature Sensor On Engine
P27 Coolant Level Sensor Module Conn. On Engine
P28 Low Speed Switch NA
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P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P49
P50
P51
P52
P53
P54
P55
P56
P57
P58
P59
P60
P61
P62
P63
P64
P65
P66
P67
P68
P69
P70
P71
P72
P73
P74
P75
P76
P77

Neutral Switch

Reverse Switch

Horn Sw. Conn.

Rear Box Bulkhead

Audible Turn Signals
Transmission TR1

Transmission TR2

Transmission TR3

Trans Eng. Speed Sensor

Trans Output Speed Sensor
Transmission HSOL
Transmission ASOL
Transmission RTemp
Transmission Modulator (AT/MT)
DRL Module Connector

Interior Bulkhead Interface #1
Elect Turn Sig Module Output #1
Elect Turn Sig Module Output #2 - Wiper
Elect Turn Sig Module Input #2 - Wiper
Interior Bulkhead Interface #2
Reserved BH Bulkhead

Ignition Switch

Fast Idle Switch

Engine Diagnostic Switch

Cruise On/Off

Cruise Set/Res

Exhaust Brake Switch

Air Tank Drain #1

Air Tank Drain #2

Retarder On/Off

Headlight Switch

Dimmer Switch

Turn Signal Switch "View A"
Wiper Switch "View B"

Headlight Dimmer Switch "View C"
Instrument Cluster (24 Pin)
Instrument Cluster (32 Pin)
Transmission ECU/S
Transmission ECU/V
Transmission ECU/T

Trans VIM (Green)

Trans VIM (Blue)

Trans VIM (Black

Trans VIM (Grey)

(reserved trans)

Horn SW. Conn #1

Main Chassis Bulkhead Connector
Engine Bulkhead Connector
ABS Bulkhead Connector

Fwd of Trans
Dash Area
Steering Col.
Rear Box
Behind Dash
Fr. Bulkhead
Rear Axle

On Trans

On Trans

On Trans

On Trans

On Trans

On Trans

Near Trans
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR

Dash

Dash

Dash

Dash

Dash

Dash

Dash

Dash

Dash

Dash

Steer Column
Steer Column
Steer Column
Steer Column
Dash

Dash

Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR
Elect Compt FR

Steer Column
Fr. Bulkhead
Fr. Bulkhead
Fr. Bulkhead
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P78
P79
P80
P81
P82
P83
P84
P85
P86
P87
P88
P89
P90
P91
P92
P93
P94
P95
P96
P97
P98
P99
P100
P101
P102
P103
P104
P105
P106
P107
P108
P109
P110
P111
P112
P113
P114
P115
P116
P117
P118
P119
P120
P121
P122
P123
P124
P125
P126

Vehicle Elect Center Conn A
Vehicle Elect Center Conn B
Vehicle Elect Center Conn C
Vehicle Elect Center Conn D

Fuel Water Separator

Rear Mod Box Data Link Connector
Allison Trans Speed Signal Output
Vehicle Elect Center Pwr Conn

Air Inlet Heater Conn #1

Air Inlet Heater Conn #2

Air Inlet Heater Contactor

Air Inlet Heater ECU Output
Exhaust Brake

Air Tank Drain

Air Tank Drain

SAE J1939 Wye to Mod Box

SAE J1939 Wye to WTEC Il Tans ECU

SAE J1939 Wye to ABS/Dash Connections

Water in Fuel

Manual Trans Clutch Switch

Data Link Diagnostic Plug

ABS ECU Connector (30 Way)
ABS ECU Connector (18 Way)
ABS Feed Through (24 Way)

ABS RF Modulator

ABS RF Speed Sensor

ABS LF Modulator

ABS LF Speed Sensor

ABS RR Modulator

ABS RR Speed Sensor

ABS LR Modulator

ABS LR Speed Sensor

ABS Traction Solenoid

Throttle Pos. Sensor

Air Dryer

Exhaust Brake Switch (CAT 3126)
Exhaust Brake Switch (Cum. ISB)
Allison MD WTEC Il Shifter Conn.
Transmission ECU/V to PCB Interface
Trans BH Interface P117 (Neutral/Speed
Reverse Alarm

Adjustable Pedal Switch Connector
Adjustable Pedal Switch Conn. (Pedal)
Snow Chains Switch

Data Link Diagnostic Plug

J1939 "T" Connector

J1939 "T" Connector

J1939 "T" Connector

J1929 Cummins

Top of R. Box
Top of R. Box
Top of R. Box
Top of R. Box
Engine Area

R. Mod Box Area
Engine Area

R. Mod Box Area
Engine Compt
Engine Compt
Engine Compt
Engine Compt
LS Eng Compt
Air Tanks

Air Tanks
Engine Compt
Elect Compt Fr
Elect Compt Fr
Engine Compt
Toeboard

Mod Box

Elect Compt Fr
Elect Compt Fr
Fr. Firewall
R.F. Axle

R.F. Axle

L.F. Axle

L.F. Axle

R.R. Axle

R.R. Axle

L.R. Axle

L.R. Axle

Rear Axle
Throttle

Dash

Dash

Dash

Elect Compt FR
Elect Compt FR
Engine Compt
Dash

Dash

Dash

Elect Compt FR
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P127 Idle Diagnostic Switch

P128 Fast Idle Relay Connector (ADT 200) Elect Compt FR
P129 Retarder Modulator RMR #1 Elect Compt FR
P130 Retarder Modulator RMR #2 Elect Compt FR
P131 Retarder Modulator RMR #3 Elect Compt FR
P132 Retarder Brake Press SW #1 Main Chassis
P133 Retarder Brake Press SW #2 Main Chassis
P134 Retarder Brake Press SW #3 Main Chassis
P135 Retarder Modulator Main Elect Compt FR
P136 Allison AD2000 Trans J1939 Conn. Chassis Xmbr
P137 Rear Box Conn. 31 Pin Silver Rear Box HD
P138 Rear Box Conn. 31 Pin Black Rear Box HD
P139 Rear Box J1939 Connector HD

P140 Pressure Switch DRL R Box Mtg Bkt
P141 Horn Connector Relay

P142 Dash, Cummins Interface

P143 Engine Power Conn.

P144 Engine Power Conn. (Cummins) Engine Comp

Rear Electrical Compartment
The rear electrical compartment is located in the engine compartment.

The starter solenoid is mounted on the outboard side of the left side of the
compartment, sometimes called "the rear box" on the ER model. It is located
on the front side of the compartment on the HD model.

If the ammeter option was specified on the bus, a shunt will be found inside
the compartment for each ammeter on the bus, for a maximum of two.

Two 10-amp fuses are built into their respective harnesses inside the
compartment. Circuits ign01A and ign01B has a 10-amp in-line fuse joining
these two circuits, and is the power supply for the ignition circuit, through the
toggle switch located on the rear compartment access door. This switch must
be ON to complete the power circuit to the front ignition switch.

Circuit 334A and 334B has a 10-amp in-line fuse joining them to provide
power to the Data Link.

The Vehicle Electrical Center (VEC) is located inside the rear box on the Saf-
T-Liner HD models, and is located on the dust panel beneath the air cleaner
on the ER models.

A power stud or terminal provides battery voltage to the entire bus electrical
systems, and is located on the left side of the rear box on the ER models. On
the HD models, it is located inside the rear box. Power to this terminal comes
through a heavy cable from the positive post on the starter.

Two 150-amp master circuit breakers mounted atop the rear compartment
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receive power from the above power stud.

In the event a major short should occur in the electrical system, the 150-amp
master circuit breaker would trip, or OPEN. To reset it, push the reset lever
located on the side of the breaker back in place.

A maijor short is required to cause the master circuit breaker to trip. If it should
trip again after being reset, the bus should be taken out of service until the

problem has been identified and repaired.

150-amp circuit breaker #1 located on the top left side of the compartment,
provides power to the chassis electrical system.

Circuit breaker #2 provides power to the three PCBs controlling body
electrical circuits.

Figure 21 shows the 12V battery circuit from the starter positive (+) post to

CcB3
. —
62201708 Line o o Load
135A Ar Inlet Htr
Arr Intake Heater
Circuit Breaker
62202798
Engine Block
_ Batlery Starter
Batt(+ ‘ ST(+) ST(-
(® | Batt2 74 } } > 62202799 Chassis Ground
N
2v 2V Grourjd
Stud Stud Stud
\
Batt(-) |
@ | Batt- 62202797 VEC
Ground | 422 Alt.
Stud ‘
62202873
150a CiBkr #2
Front Bukhead
—
7D\ 62202838-1 7D\ To Body PCBs
Re BO\J ° ° N
lzevar Stug Body Functions Body Power Stud
150a_CIBKt #1 Pee4
. Battery Stud
62203145 o o 62202838-2 7\ o Battery
N} Stud
Chassis Power Front Bukhead
o 230
Ground
12-VOLT BATTERY CIRCUIT O 23 @ A étud
VEC
Figure 21
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the battery post of PCB-4, which controls most chassis circuits.

CB #1 picks up its power from the battery power stud on the side of the rear
box. With the circuit breaker CLOSED, current flows through circuit
#62202838-2 in the chassis harness to the power stud (terminal) in the front
electrical compartment bulkhead. Circuit 62203333 completes the power
circuit to PCB-4.

Figure 21 also outlines the alternator circuits. Circuit 422 from the Vehicle
Electrical Center (VEC) provides 12V to energize the alternator when the
ignition switch is ON.

Ignition Circuits — Saf-T-Liner ER

The circuits and relays involved in the ignition circuits are outlined in Figure
22. The Vehicle Electrical Center, Printed Circuit Board 1, and Printed Circuit
Board 4 each contain a relay that is involved in the various circuits.

Relay #1 in chassis PCB-4, when energized, sends a 12-volt signal to the
VEC relay to power the engine ECU. It also sends the same signal to the
body PCB-1 to power all body functions.

The rear ignition switch, as well as the dash ignition switch, must be ON to
energize the bus electrical systems. Current for the chassis ignition controlled
circuits comes from the main battery terminal in the rear electrical
compartment.

1502
#1 Circuit Breaker

2v
Battery

Dash Ign.

PIJT5 Switch

Batt,

IGNOf 5] IGNOt |

+ Run
g B
] 3
lgn. Switch Rear (25
Rear Elect. Compartment =
P
IGNB3
T
o B e Enine sloe [ ¢3
Battery Batery o EC
+ + o 0 J29 30
° [ ]
pra] 4] ITI ICH [ $¢] P78 U _—lKey Switch T
- 0 o mB7 . Batt 87 To Body
Fuse Fuse 10a 8693y 85 V\/\J J |—6- + 86 85
S L] R - I !
30 > 30 > Batt. AMP = _L_
Ki K = —
2% 2 9 Chassis PCB-4 Body PCB-|
ReRaer‘al)?n. E”Qf;”e?a;gn- IGNITION CIRCUIT - ER MODEL

Vehicle Electrical Center

Figure 22
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Circuit IGNO1 connects the circuit breaker to the rear ignition switch, with a
10-amp in-line fuse in the circuit. IGNO1 exits the rear box through connector
P32, pin 16 that is located on the engine side of the box, and continues to
connector J75, pin 5 at the front of the body. From there it continues to the
battery post of the dash ignition switch.

With the rear and dash switches closed, circuit IGN02 from the RUN port of
the dash switch energizes PCB-4 relay #1 through connector J18, pin 6,
thereby energizing the VEC and PCB-1 relays.

Pertinent Component Locations:

» 150-amp circuit breaker — top of rear electrical compartment
IGNO1 10-amp fuse - in-line — inside rear compartment
VEC - top of splash panel, beneath air cleaner (ER model)
PCB-4 - in chassis electrical compartment
PCB-1 — center circuit board, beneath driver’s sash

Connectors:
» J75 — front of body, between ABS and J76 connectors
» P32 — main connector, left side of rear compartment
» P79 — gray connector on VEC
» P78 - black connector on VEC

Ignition Circuits — Saf-T-Liner HD

Figure 23 shows the difference in the rear ignition circuits of the ER and HD
models. From the IXI break on Figure 56 the circuits are the same after P/J75
connector. On the HD model circuits IGNO1 and IGN69 enter the rear
electrical compartment through connector P137, one of the major connectors

e |
i v :

[ Battery
| ; |

2
P75
{PB? F;ﬂ ; T :
IGN6S 2% IGNBIB N
_____ B % - —— F] %9 I
-GN | . q ¥ j To Eng ECU |
5 - JLlr g |
|8 ! P78 |
|0 1 i
: = |
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lgn ng\;itch | e Batlery |
) | 10a I
| |
I |
I |
l |
| |
L e |
IGNITION CIRCUITS - SAF-T-LINER HD Rear Elect. Compartment

Figure 23
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into the compartment.
The VEC is located inside the compartment, as is terminal block #2.

Note that the circuit IGNO1A from the rear switch to the terminal block
contains an in-line 10-amp fuse. Relay K1 is inside the VEC.

Starter Circuits

Figure 24 outlines the circuits and components involved in the starter circuit.
An understanding of the flow of the start signal from the ignition/start switch
to the starter solenoid is vital.

Components involved:
* Ignition/Start Switch
+ Starter Interlock Relay #2 on PCB #4
* Vehicle Electrical Center (VEC)
» Transmission Vehicle Interface Module (VIM)
« Starter Interlock Switch, engine compartment door
+ Starter Relay, side of rear electrical box
« Starter Solenoid, mounted on starter
+ PCB #1, when equipped with vandalock, or lift

The arrows on Figure 24 indicate current flow to energize the starter when all
components are in proper position for the start mode.

The transmission shifter must be in the Neutral mode to cause the ECU to
signal the neutral relay in the VIM to unite Circuits 323NO and 323CM within
the VIM.

Starter Interlock Relay #2 on PCB #4 carries the signal through normally
closed contacts.

The VEC, located in the engine compartment contains a relay that controls
starting the bus from the rear.

The engine compartment rear door incorporates a starter interlock switch that
must be closed to complete the start circuit, whether by hand or by closing the
door.

With the above in mind, listed below is a verbal walk-through of the starter
circuits.

When the start switch is energized, current flows from the switch through
circuit ST04 to starter interlock relay #2 located on PCB #4 in the chassis
electrical compartment. ST04 enters the circuit board through connector J18,
pin 5 and exits the board on J20, pin 3. ST04 then goes through the front
bulkhead connector J75, and continues through the main chassis harness to
the VEC located in the engine compartment. On the ER model it is located on
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the splash panel beneath the air cleaner, on the HD model it is inside the rear
electrical box.

STO04B enters the VEC on P80, pin "D". A jumper inside the VEC connects pin
"D" with pin "B" of J79. ST04B now becomes TR65 as it exits pin "B" and goes
back to J75 connector (front bulkhead connector). It becomes 323CM on the
other side of J75, pin #38 and continues to the gray connector, pin "G" of the
Transmission Interface Module located on the right side of PCB #4. Arelay in
the VIM receives a signal from the transmission ECU (when the shift control
is in Neutral), closing the contacts to bridge pin "G" and pin "A" of the gray
connector. 323CM becomes 323NO as it leaves pin "A" and returns to J75,
pin 39.

323NO becomes TR66 as it leaves J75 and returns to the VEC on pin "A" of
connector P80. A jumper inside the VEC connects P80-“A” with P81-"D",
ST66A exits from P81-"D" and goes to the starter interlock switch on the
engine compartment rear door.

ST66A now becomes ST112A at the switch and returns to the VEC, P80, pin
"G". A jumper inside the VEC transfers ST112A to ST112B, which exits the
VEC on P80, pin "H" and continues to the starter relay located on the side of
the rear electrical box.

Circuit 78 completes the start circuit from the relay to the starter solenoid.

Be aware if the bus is equipped with a vandalock system, or if it has a
handicap lift, and additional starter interlock switch may be included in the
starter circuit as a safety factor.

Rear Starting

The ignition switch must be in the RUN position. With rear door open, the
starter interlock switch must be closed at the same time the rear start switch
is energized.

Relay post 30 in the VEC provides 12V current from connector J79, pin "D"
to the rear start switch through circuit ST82. ST82 passes through connector
P32, pin 18 located at the rear electrical compartment bulkhead. With the
starter button engaged ST65 enters the VEC through pin "A" of J79 and
follows the same path as the front start.

Troubleshooting the System

Problem: Starter solenoid clicks, starter does not operate.
Suggestions:
1. Check for 12V at the starter solenoid with all switches closed. If no
voltage, go upstream of circuits after checking first to see if 12V is going
to post 30 of #2 relay on circuit board #4.
2. Check for 12V entering and leaving starter relay located on the side of
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the rear electrical box.

3. Check for 12V entering the VEC on pin "D" of connector J80, and
leaving the VEC on pin "B" of J79.

4. Check for 12V entering the VIM on gray connector, P72, pin "G", and
leaving the VIM on pin "H". The VIM, located on the right side of the
PCB, contains a relay with the contacts normally closed when the
ignition switch is ON and the transmission shift control is in the "N"
mode. If 12V enter the VIM, but does not exit, check the relay or its
controlling circuits. The ECU controls the relay ground circuit, when in
Neutral.

5. Check the rear door interlock switch for being closed, or has continuity.
If equipped with a Vandalock system or a lift, check for an OPEN or
failed starter interlock switch in that circuit.

If all above checks are positive, check for an open circuit in the various
circuits involved.

All the components listed in the opening paragraph are involved in the starter
system.

Rear Mounted Instruments — Saf-T-Liner ER
Figure 25 outlines the current flow to the rear mounted oil pressure gauge.

The VEC is mounted on the splash panel beneath the air cleaner on this
model.

Relay #8, protected by fuse #6, both located inside the VEC, provides 12V
through pin "C", P79 to circuit GA109. GA109 enters the main harness and
runs to pin 9 of connector P32. Located on the right side of the rear electrical
compartment. Inside the rear compartment GA109 connects to the gauge.

Circuit GA110 runs from the sender to P32, and on to the gauge.

Rear Eiect. Comp.

Vehice Elect Center

rekey Ol Press
48 Gauge

P79 P |
| . ] GAID ? Q
3 87 Pn<
Fuse j 1 ea

1 - 0 Green
0 amp 86 8

GAlI0

! g
I

OP
Sensor

REAR MOUNTED INSTRUMENTS - ER MODEL

Batt |

Figure 25
Engine Compartment Instruments — Saf-T-Liner HD

Figure 26 outlines the current flow for instruments mounted on the rear
electrical panel (in the engine compartment) when ordered as an option.
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The Vehicle Electrical Center (VEC) is located inside the rear electrical
compartment on the HD model. Relay #8, protected by fuse #6, is located in
the VEC (pin #9, P79) provides power to each of the gauges that may be
installed on the panel. A splice in GA109 provides 12V to each of the gauges.

Qil Press P37 Sgnspov

Gge GAIC [—| GA'0
I_] Green

Venicle Eect. Center

refay
8
P78 Cool. Temp,
% GAI0S GA10%B /—\ GAIE
Fuse 87 C Black Red v Blie
e e Pi38
0 86
0 am s GAIOIC
T F Red
LI L ..
gn. — GA'88
- . Reﬁ [1 Sensor
Voltmeter i_l
Term. H2
ENGINE COMPARTMENT INSTRUMENTS - HD MODEL Black
Figure 26

Oil Pressure Gauge

Circuit GA110 from the oil pressure sensor which is located in a manifold
beneath the air cleaner assembly, runs to and through connector P137 on the
front side of the electrical compartment. P137 should have an identifying label
on the harness. From P137, GA110 connects to the gauge.

Coolant Temperature Gauge

Circuit GA195 from the temperature sender on the engine runs to and through
Connector P138, adjacent to P137 on the front side of the electrical box, and
continues on to the gauge itself.

Voltmeter

Circuit Ga188 goes from a ground terminal inside the compartment to #2 post
on junction block #2, and on to the voltmeter.

If all of the gauges are inoperative, check for blown fuse #6. If the fuse is OK,
check for a failed relay or an open circuit at pin "C" of connector P79.

Headlight and Daytime Running Lights

Figure 27 outlines the circuits involved in both the DRL system and the
headlight system.

Circuit ELO3 from chassis PCB-4, connector J4, pin #3 to the switch supplies
12-Volt power to the headlight switch.

Twenty-amp fuse #5 located adjacent to relay #2 on top of the circuit board,
protects the headlight circuits.

Circuit EL13 from the headlight switch sends current to the windshield
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wiper/headlight module, pin "d" and the Daytime Running Lights (DRL)
module, pins "j" and "h".

See Figure 27 for the location of these modules.

Headlight System:

The windshield wiper/headlight module and the combination dimmer, turn
signal and wiper switch, which is mounted on the steering column, control the
headlights. The column switch determines high and low beams.

High Beam Circuit:

High beam circuit EL11 from pin "b" of the module connector P45 goes
through bulkhead connector J75, pin #8 to connector P8 and P9, and to the
headlamps. P8 and P9 are seen when the front access panel is lowered.

EL11 has a branch circuit to P64 connector, located at the instrument cluster,
to illuminate the high beam indicator on the dash.

Low Beam Circuit:
Low beam circuit EL12 from pin "c" of the windshield/headlight module follows
the same route as EL11.

Daytime Running Lights:

The DRL lights are ON when the ignition switch is in the RUN position. (Some
states may call for the option to have the DRL lights ON only when the engine
is running.)

Ignition power to the DRL module comes from post #2 of the terminal block
located between the bulkhead and PCB-4.

PB3
steering
column switch

P8 S.
WDGND iy e
ELO9 Lift to Dim \ laa)
ELIO Flash to Pass E 2L RS. High
i LS. Low
HIL J75 LOJELR M Y
B gy ae % p—
O T | ELY g
cEOamp g s i . P9 LS. Hgh
| 1o | 8
oatt, ;

Chassis PCB-4

[Epezz
L. DRL
DRLO4 ‘CUOS’ s L)
DRL module | 0
i E4 hi-beam R DAL
| post 2 dash [ Tights )
9] @ Ign. |
: Term. bk 4t - *
| DAL P9 [a] ] 4l
i 1 DRLH
| o DRLO? 7 i
o DRLO! 10 ] | DRLOf J
! ol DRLO5 [ DRLO5
I —

HEADLIGHT/DAYTIME RUNNING LIGHTS

Figure 27
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The DRL lamps contain dual elements. With ignition ON and headlights OFF,
the bright element will glow. When the headlights are ON, the DRL bright
element goes OFF, and the other element becomes active and serves as a
park light along with the 8" amber above the headlamp assembly. This
element, dimmer in brightness, glows when the headlights are ON.

The DRL module is involved in the turn signal comments.
Tail, Marker, Park, Identification Lights

Power to the above circuits originates in chassis Printed Circuit Board #4 from
20-amp fuse #5. From that point power flows through board #4 connector J4,
pin 3 to the head light switch on ELO3.

Circuit ELO7 comes out of the switch and splits into two branches. One
branch goes to connector P75, pin #13 to power the front amber park lights,
and through connectors P8 and P9. These are seen when the front panel is
lowered. The other branch returns to board #4 through circuit ELO7 and
connector J4, pin #4. This circuit provides the signal to body board #1 to
power tail, marker, and identification lights.

The above circuits are protected by 20-amp fuse #5 located on chassis board
#4.

Circuit ELO7 from the headlight switch passes through pin #13 of the J75
bulkhead connector and into PCB-4 through connector J4, pin #4. Circuit
ELO7 changes to LM169 internally in the circuit board and exits board #4 on
J29, pin #1.

LM169 enters body PCB-1 on J5, pin #1, and connects to post 86 of #8 relay.
When post 86 is energized by the switch, the relay closes and the above
circuits are activated by post 87 (relay 8).

Relay 8 is protected by 15-amp fuse #5 in PCB #1.
The four circuits named above are split into their individual circuits within

board #1. Listed below are the circuit, connector, and pin numbers for each
circuit leaving board #1.

Circuit Circuit # Color Connector# Pin#
Tail Lights, LS LM11 Brown J4 7
Tail Lights, RS LM12 Brown J4 6
Marker Lights LM40 Brown J6 1
Front & Rear I.D. LM17 Brown J6 2
Park Lights LM168 Black J29 3

Figure 28 schematic is an outline of the circuits involved.
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Tail Lights:

Tail light circuits LM11 and LM12, after leaving board #1, become parts of the
main body harness. Connector P7 is located above the front window, beneath
the curtain rail. At the rear of the body the two circuits go through connectors
P8 and P9 located at the top of the engine compartment door, pin "b".

Park Circuits:
Circuit LM168 from connector P29, pin #3 board #1, goes through external
connectors easily seen when the front access panel is lowered.

Marker Light Circuits:

Circuit LM40 from board #1, connector J6, and pin #1, serves the marker light
circuits. Connector J20 has a jumper wire at pin #1 that picks up the signal
from relay #8, post 87 and separates LM17 and LM40. The jumper takes the
signal from pin #1 of J20 and sends it back into board #1 to serve both LM17
and LM40 from J6, pins #2 and #1, respectively.

Front and Rear Identification Lights:

Circuit LM17 serves these circuits from pin #2 of J6, board #1. See above
paragraph.

Stop Light Circuits

The stop light switches are located on the brake treadle valve, in view when
the front access panel beneath the windshield is lowered.

/L
Chassis Ed-4 U4 switch o ; X
T EL03 [ arber fron
k light ‘
%fuge b5 |le] ELO7 Pery Lients tail
2Camp . .75 Lights
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J5 LMII
body [ ] A HE
Ba-1 LU vz
8 relay| |5/ P8 _@
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|Samp et 87 i LMi7 — LU {g:j}
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LMIES a
a
ext. blkhd
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TAIL, MARKER,
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Figure 28
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Power to the switches comes from the Battery circuit within chassis Printed
Circuit Board #4 through connector J22, pin #2. Refer to Figure 15 for the
location of the "J" connectors on the backside of the PCB. The stop light
circuit makes use of J22 and J29 located on the PCB.

Figure 29 is a schematic of the stop light circuits. Listed below is a verbal
walk-through of current flow from the PCB to the stop lamps.

Chassis
FC3-4
o272 bikhd
2Camp J75 | Jumper l

2 fuse — )
= DAL 2= s BELEE Lo
- B<60 3KE0 stop|!ight swiiches
B red 5 whire

eng ne comp.
rear door

LBI72
red P8 ﬂ_@ stop
36 |[ ]
Js [’f7| U 4&@ tail
S-S 1
HRE
s
body — L8 2 B
FC3-1 3 QTA
18:5 |[ ]
Stop Light Circuits LJ —{3—{%;} tail

Figure 29

1. Battery 12V in chassis PCB-4 to PCB connector J22.

2. Circuit Bk 59 (red) from J22, pin #2 to bulkhead connector J75, pin #24.
A 20-amp fuse is built-in in the circuit between the two connectors. It is
visible in the harness beneath the circuit board.

3. Circuit Bk 59 continues from bulkhead connector J75 to the first stop
light switch. A jumper wire completes the circuit to the second switch.

4. Circuit BK 60 carries the current (back) to J75, pin #25, when the
brakes are applied.

5. Circuit Bk 60 (red) continues from J75, pin #25 to J22, pin #5.

6. The stop light circuit is transferred within the PCB-4 to J29.

7. New circuit LB172 from J29, pin #2 continues to body PCB #1, J5
connector, pin #2.

8. PCB #1 splits the circuit internally to circuits LB15 and LB16. They exit
board #1 through connector J4, pin #3 and #8 respectively. Both circuits
continue to body connector P7, which is located beneath the left curtain
rail, above the front window.

9. LB15 serves the right rear stop lamps; LB16 serves the left rear lamps.
From P7 the two circuits continue to connect P8 and P9 in the engine
compartment.
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Turn Signal Circuits

See Figure 30 for a schematic of the circuits, connectors, and printed circuit
boards involved in the turn signal circuits.

The turn signal flasher is mounted on top of the board; the only external circuit
to it is ELO4 from the turn signal switch. It passes through connector P61 en
route to chassis PCB #4, connector J38, pin #6.

Connector P61 is located where the turn signal/windshield wiper harness
exits the upper section of the steering column.

Left turn ELO5 and Right turn circuits EL06 go through the same connector,
P61, en route to chassis PCB #4, connector J38, pins #7 and #8. Internally in
the board ELO5 changes to LT174, and leaves the board through connector
J29, pin #7. It continues to body PCB #1, connector J5, pin #8.

Right turn circuit ELO6 enters board #4 through connector J38, pin #8 and
changes to circuit LT175 internally in the board. It continues on to body board
#1 through connector J5, pin #7.
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The dash indicator lights, circuits ICU042 (left turn) and ICU043 (right turn),
come from the two above circuits internally in board #4, and leave the board
from connector J40, pins #4 and #3, respectively. They join connectors P12
and P13 behind the dash.

Internally in PCB #1 circuit LT174 branches into two circuits, LT10 and LT174.
(Color green) LT174 serves the left front turn signal through board #1,
connector P29, pin #7, goes through the external bulkhead connector, pin "b"
and on to the small connector near the amber turn signal lamp.

LT175 follows the same path, exiting PCB #1 through connector P29, pin #6.
LT175 serves the Right front turn signal lamp.

Back to circuit LT10, serving all turn signal lamps on the left rear side of the
body. LT10 comes out of board #1 on connector J4, pin #4 and continues in
the body harness up to connector P7, pin "E". P7 is located beneath the left
curtain rail, above the front window. After the connector the circuit continues
to the rear of the body where it branches off at the rear of the body to serve
the Left rear side lamp, the rear amber lamp, and the red lamp. LT10 is yellow
in color.

LT09 exits PCB #1 through connector P4, pin #5 and follows the same route
as LT10. LT09 is green in color. It branches off at the rear of the body to serve
the turn signal lamps on the Right rear side of the body.

The DRL also becomes turn signal lamps when the turn signal switch is
actuated and the DRL are ON. At that time the DRL on the side actuated will
flash along with the amber lamp mounted above it.

Circuit DRL10 branches off ELO5 in between the P61 connector and the
chassis board #4, connector J38. Circuit DRL0O6 branches off EL06. Both
circuits connect to the DRL module on pins "k" and "f", respectively.

The DRL module controls the flashing of the DRL lamps, depending on the
signal sent from the turn signal switch.

Circuits DR101 and DRLO5 leave the module on pins "k" and "b", continue
through bulkhead connector J75, pin #10 and #11 and on to the external
connectors P8 and P9. These connectors are found in front of the bulkhead
when the front access panel is lowered.

Back-up Alarm and Lights

See Figure 31 for schematic of circuits involved. The relay that controls the
back-up lights and alarm is located inside the Vehicle Interface Module (VIM).
The VIM is located on the right side of the printed circuit board in the chassis

electrical center.

The transmission ECU completes the relay ground circuit (TR113) to relay
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post 86 when the shift module on the dash is moved to the "R" mode. Power
to relay post 30 comes from fuse #12 in PCB-4 through circuit TR313CM.
When the relay is energized, current flows from post 30 through post 87 and
back to PCB-4 via circuit TR313NO.

The circuit board splits the signal (internally) sent by the VIM, with circuit
LR170 being sent to body PCB-1 and circuit TR107 routed through the main
chassis harness to the back-up alarm at the rear of the bus.

Fuse #10 in PCB-4 protects the reverse alarm circuit.
Fuse #2 in the VIM protects the reverse relay.

The circuits involved in the back-up alarm and lights are shown in Figure 31,
as are the various connectors involved in these circuits.

Troubleshooting the Two Circuits:
PROBLEM: Back-up alarm is inoperative, but back-up lights are okay.
» Check for blown fuse #10 in PCB-4.
* Check for 12V on circuit TR107 at the alarm, when the back-up lights

are lit.
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I 1R L Goy
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HTrans. 6
larness
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I P67 ey D J28
L_ | TRI3 o J TR3NO 2] ]
Trans. 4 8 || Bl I 7 40 3 ]
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0 e §7 ] el (3 | |Fuse 5 [
P70 — c o] 5 j ]
e — 20 JTs
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Figure 31
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If 12V present, check for poor ground. Check for failed alarm.

If fuse #10 is okay, but no voltage at alarm, check for open circuit
TR107. It leaves PCB-4 on pin 5 of connector J20, goes to pin 26 of
bulkhead connector J75, through the chassis main harness to the rear
of the bus, and through connector P118 in the engine compartment.

PROBLEM: No back-up lights, alarm sounds.

Check bulb condition, check for 12V at each lamp.
If no voltage at lamps, check for 12V at pin 2 of PCB-1 connector J4 in
body electrical compartment.

Circuits LR13 and LR14 from the circuit board enter the body main
harness (beneath the curtain rail above the left windows) through
connector P7, and continue to the rear of the body.

Connectors P8 and P9 are in the engine compartment.

If no voltage out of PCB-1, check for 12V from PCB-4 on circuit LR170.
This circuit runs from PCB-4 on circuit LR170. This circuit runs across
the front of the body, from PCB-4 to PCB-1.

Check for blown fuse #F12 in PCB-4.

Check for blown fuse #2 in the VIM.

Check for inoperative relay.

Check circuit TR113 completing ground circuit when transmission is in
"R" and ignition ON.

Refer to Figure 31 for circuit numbers and connectors involved.

Vehicle Electrical Center

The Vehicle Electrical Center (VEC) is referred to in many instances in the
process of troubleshooting or tracing a given circuit. Figure 32 is an exploded
view of the circuits within the VEC. It is located on the splash panel beneath
and in front of the air cleaner assembly on the Saf-T-Liner ER model. It is
inside the rear electrical compartment on the HD model.

VEC Connector Identification:

Vendor Connector # Thomas # Connector Color
#1 P78 Black
#2 P79 Gray
#3 P80 Blue
#4 P81 Green
#5 P21 Gray
#6 P85 Black

Figure 32 shows the location of the various fuses and relays in the VEC.
Fuses are standard; however, circuit breakers are requested by certain users.
Fuses 1 through 10 are identified on Figure 32. The relay numbers are shown
on Figure 32, also.
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Accelerator/Brake Interlock Circuits

When specified by the owner/operator the rear brakes are applied and engine
RPM is reduced to idle when a side door is opened, or the handicap lift is in
use.

Figure 33 outlines the circuits in these two features.
A Normally Open switch located in the door handle assembly door completes
the ground circuit to Interlock relay #3 on PCB-3 when the door is open or the

lift is in use.

Before getting involved in how the interlock systems operate, it may help to
know the location of certain components that are a part of the circuits

involved.
Component Location
PCB-4 Chassis Electrical Compartment
PCB-3 Body Electrical Compartment — Rear Board
Neutral/Brake Relay #1 On PCB-3
Brake Interlock Relay #3 On PCB-3
Fuse #9 On PCB-3
Accelerator Interlock Relay #9 On PCB-4
Door Switch Door Handle Assembly
Brake Override Switch Left Switch Panel
Brake Solenoid Valve Body Electrical Compartment
30 PSI Pressure Regulator Body Electrical Compartment
Connector J76 Major Connector — Front Bulkhead
2
Batt\éry
Cat ECU
Brake Trans.
Interlock Neutral 7
PCB-3 Relay Switch |:;| P17 LD«» 56
PCB-4 3
— Accel. 8
—_ Intrick J76 w
.\.E \; | Relay ; - >
S st L sl 28 301\; - 1 B2t
Relay Hi 15 % Relay #2 . |_ 87 | 137
86 85 AMP 86 85 ] Bk Int 3 Relay #9 J39
. 2 1 . |_ 85 —
Neut/ 7 Bat; P 50 +
Ef!'é? fev R 4 _é_ 2
Ik wol _[td  Beligfue P7 [ T3]
ovard
verrde —_— .
Switch — Cummins ECU
1 == —_ T
Lift D —*
Creut Swich \;'J-—goﬁ [j:D To Shutte
7 Losi| — Valve
Press. Solenoid
ACCELERATOR/BRAKE INTERLOCK Regulator
Figure 33
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Interlock Operation

With the transmission in Neutral, 12V power enters PCB-3 through connector
J10, pin 2 to post 86 of Neutral Brake Relay #1, energizing the relay. Relay
post 30 receives 12V current though fuse #9. When energized the relay
transmits current to relay post 87, through a diode to post 86 of brake
interlock relay #3 (also located on board #3). The ground circuit for post 85 is
completed when the Normally Open door switches close (when the door is
opened).

When relay #3 is energized, current from relay post 30 to post 87 is
transmitted to connector J14 pin 3, and to the Normally Closed momentary
brake override switch panel. With this switch the brake solenoid valve is
actuated, allowing 30 psi air pressure to be applied to the rear brake
chambers.

The purpose of the Brake Override switch is to allow the driver to move the
bus in the event of an emergency. As soon as the override switch is released
the brakes are immediately reapplied until the door/lift is closed and
completely latched.

Accelerator Interlock

At the same time the brakes are applied, the engine RPM is reduced to IDLE
by the Accelerator Interlock relay #9 on PCB-4.

The engine controls the idle rpm when the ground circuit from relay #9 to the
engine ECU is completed.

12V current from PCB-3 is transmitted via circuit BK INT to connector J28 pin
3 of PCB-4 at the same time the brakes are applied, energizing relay #9.

Post 30 of #9 is grounded. When the relay is activated the ground circuit is
completed through post 87.

The completed ground circuit exits PCB-4 on connector J39 pin 7 to front
bulkhead connector J76 as circuit EC999B on the Caterpillar engines, as B24
on Cummins engines.

The 30 psi pressure regulator and the brake solenoid valve controlling rear
brake application are located in the body electrical compartment beneath the

driver’s sash.

The shuttle valve mentioned is mounted on or near the ABS relay valve
mounted on the crossmember just ahead of the rear axle.

Adjustable Pedals

Figure 34 outlines the circuits involved in the adjustable pedals, if so
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equipped.

Power for the circuit (PDL002) comes from the 12V ignition grid on the
chassis printed circuit board (PCB-4), through connector P13 pin 5. The
ground circuit (PDL0O05) comes from the PCB connector P13 pin 4. From the
PCB the two circuits go to the adjustable pedal switch mounted on the dash.

Connector P109 plugs into the dash switch.

Connector P110 plugs into the motor connector.

Connector P113 plugs into the PCB.

The pedal travels back with 12V power to pin 1 and ground to pin 2.

The pedal travels forward with 12V power to pin 2 and ground to pin 1.

Ny Adj. Pedal
Pedal Adj. Switch bI09 Connector Pedal
) O PDLOO! yI 1 Motor
1A PDL003 ||
| Red |
4
PDL002 5 5 A PDL004 [ 2 |
Red — White Pii0
PDLO05
White
BERALE
v —
Ign.
PCB-4 ADJUSTABLE PEDALS CIRCUITS
Figure 34
Intake Air Temperature and Fan Control
Figure 35 outlines the electrical circuits involved in the fan controlling coolant
and intake air temperature. A relay, #K3 in the VEC provides 12V to connector
P81 pin G of the VEC. 10-amp fuse 5 in the VEC protects the battery circuit
to the relay as well as the controller. Circuit FA216 continues through
connector P138 out of the rear box, through a fan drive harness to the fan
drive controller, pin B.
FA452D bk
intake air Conn.
temp. swilch B8 P78 VEC
fan 5 Rear .
controller o Relect. <
|24 T Comp. .
4
FAS60 bw [ ] ' L CB-4 .
FAS6! yl {0amp

=)

ll’]i [llll!|

FA452

FA216

FA216

INTAKE AIR TEMPERATURE CIRCUIT

Figure 35
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Controller ground circuit FA452 runs from the controller (pin A) to pin 5 of
P138, and from there to the VEC, connector P78, pin E. The ground circuit is
completed within the VEC.

Circuits FA560 and FA561 tie the intake air sensor to the fan controller, part
of controlled harnesses.

Sensor functions and location is outlined in the first two paragraphs above.
The VEC is located inside the rear electrical box.

The controller reduces the voltage to the sensor to 5 volts. Sensor voltage
back to the controller will vary, depending on the intake air temperature. This
permits the incremental increase in fan speed up to 160°F (71°C).

The system is designed to operate at full fan rpm in the event of any
malfunction of any type in the fan drive circuitry, whether it is a sensor failure,

controller failure, open circuit, or poor ground.

Operation and troubleshooting of the fan drive system is explained in detail in
the Cooling System Section of this manual.

Fan Control and Service for ER Model see Cooling section.

Air Dryer Circuit

Figure 36 outlines the air dryer heater circuit.

Power to the heater element comes from relay #8 inside the Vehicle Electrical
Center (VEC). Fuse #1, or a circuit breaker, (in the VEC) in the relay battery
circuit protects the air dryer circuit. Circuit AD100 runs from pin "H" of VEC
connector "D" (P81) to the air dryer.

The air dryer, when so equipped, contains a thermostat and heating element

in the exhaust cover that senses the temperature of the end cover. When the
end cover temperature drops to 400F (4°C) the thermostat closes,

Vehicle Elect. Cntr

] AD100
—t—1 ~
30 lay 87 H | Air Dryer
8
1
86 85 *#
T ._1
cb —
tha 01) J -
L
Ign.
Batt ATR DRYER CIRCUIT

Figure 36
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Note: The VEC could contain
either fuses or circuit breakers,
depending on customer
specifications.

Note: It would not be necessary to
remove the cover for checking
resistance values if the bus has
exposed to below freezing
temperatures for several hours.

completing the ground circuit for the heating element.

Excessive moisture in the tanks, or ice in the system indicates the dryer is not
functioning properly. Until the dryer has been serviced the tanks should be
drained manually by the drain cocks in each tank, daily.

In the event the heating element is not working, use the following procedure
to check the element:

1. Remove the electrical lead from the dryer purge valve located in the
end cover.

2. With ignition ON, connect a voltmeter to the lead; check for 12V.

3. If no, or low, voltage, check for a blown fuse, (tripped circuit breaker) in
the VEC.

4. Check relay #8 for proper operation; should have 12V at pin "H" of VEC
connector "D" (P81).

5. If circuit AD100 has 12V at the dryer, it will be necessary to check the
heating element and the thermostat in the exhaust cover. Make sure
the air system is drained before removing the cover.

6. Remove the 3-1/4" capscrews securing the cover, remove the cover
and place it in a refrigerator, or outdoors if the ambient temperature is
near freezing. Remember the cover temperature must be below 40°F
(49C) to complete the ground circuit.

7. With the cover properly chilled, place an ohmmeter lead to the pin in the
center of the cover female connector, and the other lead to the cover
body. The resistance reading should be 2.0 to 4.0 ohms. Warm the
cover to 90°F (32°C), the resistance should be approximately 1000
ohms.

8. If resistance values are within these limits the thermostat and heating
elements are OK, otherwise replace the cover assembily.

Antilock Braking System - WABCO

The WABCO Antilock Brake System (ABS) is standard on the Saf-T-Liner ER
and HD models. The system electronically monitors wheel speeds and at the
same time controls wheel lock-up in conjunction with the air brake system.
During normal braking the ABS passively monitors the speed of all wheels at
all times. When the ECU receives a signal , one of the wheels is approaching
lock-up, the ECU in turn, sends a signal to the modulator valve controlling that
wheel, regulating air pressure to the brake chamber as necessary to prevent
lock-up.

The system is composed of a signal generating tone wheel on each hub and
a corresponding sensor. East tone wheel contains 100 notches. As the wheel
turns the notch teeth interrupt the magnetic field created by the sensor. These
interruptions create electrical pulses that are transmitted to the ABS ECU.
Each sensor has its own captive harness direct to the ECU.

The ECU contains micro-computers that monitor the speed of each wheel.
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The ECU is mounted in front of the transmission VIM. Both are mounted on
a bracket attached to the right support of the PCB in the chassis electrical
compartment.

Each axle is controlled by a valve package. The front axle package contains
two modular control valves and a quick release valve. The rear axle package
contains two valves and the service brake relay valve. Each valve has its own
captive harness direct to the ECU.

The two modulator valve harnesses and the two rear sensor harnesses
merge into a separate ABS harness that runs alongside of the main chassis
harness to the front of the chassis. The two front sensor and modulator
harnesses enter into this harness, which ends at the ABS bulkhead connector
P101. Harness, part #TBB 62203655 continues the circuits from P101 to the
ABS ECU.

Figure 37 is a schematic of the circuits involved between the controlling ECU
and the modulators and the wheel sensors. This can be useful in the event it
is necessary to check continuity of any given circuit.
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Figure 37
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See the Brake Section of this manual for more information concerning this
subject.

Cruise Control

The cruise control feature, when specified, operates in much the same
manner as the average automobile; i.e. a single pole-single throw ON/OFF
switch turns the cruise control ON. A separate SET/RESUME switch controls
setting the cruise speed when reached as well as resuming cruise speed
when it has been interrupted.

The principle of operation is basically the same on Cummins and Caterpillar
powered units; however, the circuits are different. On each, the ECM controls
all facets of the cruise control operation. The ECM regulates the amount of
fuel being delivered to the engine to provide the desired road speed. There
are no external rods, cables, cylinders, etc. as was used on older vehicles.

Cummins Cruise Control

A normally closed switch, installed in the brake application pressure hose,
completes the cruise control ground circuit to the ECM when the cruise
control is ON. This circuit is broken when the brakes are applied, rendering
the cruise control inoperative. To resume operation, use the RESUME switch

The above switch is installed on the small air manifold located beneath the
driver’s floor panel.

Figure 38 outlines the circuits involved in the cruise control. The schematic
shows that the three (3) switches involved complete the ground circuits for the
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Figure 38

Page 16.75



SAF-T-LINER ER® & HD™ SERVICE MANUAL

ECM to control the cruise control.
Troubleshooting the Cruise Control System

To properly diagnose any problems associated with the ECM, the use of
Cummins' INSITE program is highly recommended, along with Cummins ISC
Troubleshooting and Repair Manual, part #3666245, and the proper test
equipment. Without the proper service information and equipment, damage
can be done to the ECM, sensors, connectors, and terminals. A number of
circuits served by the ECM, throttle control, fan drive, do not operate at 12
volts.

Troubleshooting tips for Cummins:

1. With cruise control switch ON, check for closed brake switch when
brakes NOT applied. Switch should be closed with normal air system
pressure and brakes not applied.

2. Check for inoperative ON/OFF switch.

Check operation of relay #3.

4. Check operation of SET/RESUME switch, ignition switch OFF.
Move switch to SET position - Circuit B7 should have no resistance
from pin P17 B7 to a good ground.

w

Move to RESUME position — Circuit B13 should show no resistance
between pin B13 and good ground.

5. If system checks out OK, use the INSITE program or refer the problem
to your area Cummins service facility.

Location of components that may be helpful:
* Relay #3 - on PCB 4
*  Connector J76 — on front bulkhead
 Brake Switch — on air manifold mounted on backside of front
crossmember.

Caterpillar Cruise Control

The principle of cruise control operation is basically the same as Cummins
powered units in that the ECM controls the cruise control system. The major
differences: 1) Caterpillar completes the POSITIVE circuits in its system,
whereas Cummins completes the GROUND circuits. 2) The circuit numbers
are different between the two systems.

See Figure 39 for an overview of the current flow in the Caterpillar cruise
control system.

The brake pressure switch in circuit 458-900 is mounted on the backside of
the front crossmember. This switch is normally open when the brake pedal is
released, it closes when the brakes are applied and completes the positive
circuit to the cruise control switch through the ECM on pin #64.
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The cruise control cannot be set to cruise at a speed lower than 30 mph or
higher than 75 mph.

Holding the SET or RESUME switch longer than 15 seconds will cause the
cruise control to "kick out". To place it back in service, turn the ON/OFF switch
OFF and then back ON.

At this point the technician is advised to refer to section PB-15 in the
Caterpillar Electronic Troubleshooting Manual #7ASI-UP in the event a
serious problem arises in the cruise control system. This manual is a MUST
in your shop library, and is available from your area Caterpillar dealer. This
manual takes you through the troubleshooting process step-by-step. Section
P-1.0 in this manual outlines the Electronic Service Tools required to
effectively troubleshoot problems associated with the engine electronic
systems. Your area service representative can assist in procuring the
necessary equipment.

Listed are several suggestions that might be helpful if the cruise control does
not operate, and you do not have the necessary test equipment on hand:
1. Cruise ON/OFF switch turned OFF or an OPEN circuit to the ON/Off
switch.

Check for a failed pressure switch in the brake.

Cruise Cruise
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Figure 39
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2. Vehicle speed signal is erratic. Road test to see if speedometer
registers smoothly.

3. Check with driver to see if he/she depressed the SET/RESUME switch
longer than 15 seconds. To do so will cause the cruise control to "kick
out".

The 12-volt positive circuit mentioned in the first paragraph comes from the
12-volt battery grid in the printed circuit board (PCB-4) through fuse #19 (15
amp) to pin 6, connector P39 of PCB-4. From pin 6 circuit EC458 (rd) runs to
pin 1 of bulkhead connector J76, and from there to the brake switch.

The circuit number changes to EC900 (pu) and runs through the main chassis
harness direct to pin 64 connector P19 of the Caterpillar ECU.

Relay #3 on the PCB completes ground circuit EC993 to the ON/OFF switch.
With the switch in the ON position, circuit EC975 runs to bulkhead connector
J76, pin 18. From pin 18 circuit EC975 runs through the main chassis harness
direct to pin 59 of ECU connector P19.

Refer to Figure 39 for other circuits involved in the cruise control system.

Location of system components that may be helpful:
* Relay #3 — on PCB-4
*  Fuse #19 - on PCB-4
» J76 Connector — on front bulkhead
* Brake Switch — on backside of front crossmember

Ether Start (Caterpillar only) Saf-T-Liner ER

This option is used only when specified by the customer and only with
Caterpillar engines.

Spraying a starting fluid directly into the intake air inlet is a dangerous
practice. This can cause an explosion with resultant damage to the engine
and possible injury. The ether start system used by Thomas is an automatic
injection system that injects the ether after inlet air has passed the intake air
grid heaters.

A fixed amount of ether is injected when the coolant temperature is below
130°F (54°C), at which time the N/O thermostat (temperature sensor) closes
to complete the ground circuit to the solenoid valve.

Circuit ST104A (black) from the starter relay carries 12 volts to the VEC, gray
connector P79-pin F, and on to the ether solenoid valve via ST104B.

When the solenoid valve is energized with the ground circuit completed, a
predetermined, one-time only amount of ether is injected into the intake
manifold. Once the initial injection is made, no further ether flow occurs,
unless the ignition switch is turned OFF, and the starter re-engaged. It will
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then inject only the predetermined amount. See Figure 40 for a schematic of
the circuits.

Veh. Elect. Center Séiﬁéer
P13 !
1  STI04A Bk Ether
[F | Vv Solenoid
Valve
- STI04B Bk stis [ ].sTioe |
G| LT 1L
Ether
Temp.
ETHER START - ER Senor
Figure 40

Ether Start (Caterpillar only) Saf-T-Liner HD

The comments above are the same for the HD model with the following
exception: On the HD model circuits ST104A and ST104B are routed through
rear electrical box connector J138. See Figure 41.

A 10-amp in-line fuse in circuit ST104A, between J138 and the VEC, protects
the ether start circuit.

Veh. Elect. Center SFEar‘ter
Ji38 elay
P79 Fuse 104a m
10a STI04A Bk
- STIOA Bk \ A0
N STI04B Bk ] st Bk
VEC P80
| > STI05 7
— Ether sties [] '
Solenoid I&I
Valve
STi06
Ether
Temp.
ETHER START - HD Senor =
Figure 41

Fuel Gauge Circuit

Access to the fuel gauge-sending unit is gained by removing the access plate
in the center aisle, above the fuel tank.

In the event the fuel gauge is registering improperly, remove the sending unit
from the tank and check the resistance values with an ohmmeter, based on
the chart below.

Indication Resistance Range — Ohms
EMPTY 244.0 — 249.0

1/8 194

Va 149.6 — 154.5

Vs 102.5-103.5

% 66.2 — 67.8

FULL 29.4-30.0
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The circuits involved in this gauge circuit are as follows:

Ground circuit FG6G (white) runs from the gauge retaining screw to bulkhead
connector J75, pin 20. The circuit number changes to ICUO6G on the
opposite side of J75, runs to connector P44 located in the chassis electrical
compartment. From P44, pin 4, ICU0O6G goes to pin D2 of connector P65 of
the ICU. (P65 plugs into backside of the ICU.)

Be aware that a poor ground connection at the sensor can cause an
inaccurate reading of the fuel gauge.

Circuit FG 6 (purple) transmits the resistance signal to J75, pin 2. The circuit
number changes to ICUQO6 on the opposite side of J75, goes to post 3 of P44,
and to pin D1 of P65 at the ICU.

Figure 42 outlines the fuel gauge circuits.

Fuel
instr. Gauge
Cluster
unit In Frt Blkhd

Elect. Comp. C.ET'
2
o e ICUOB 33 ICU06 PU 2 FG 6 PU O
ICU06G 4 1cuosG WH |20 FG6G WH\ Iy
D2 | wall
VU Ires P44 J15
FUEL GAUGE CIRCUIT
Figure 42

Fuel/Water Separator

Units operating in areas of extreme winter temperatures are usually equipped
with fuel/water separators that include a heating element. An automatic
thermostat within the filter assembly completes the heater ground circuit as
the fuel temperature drops to 359F (2°C). At this point the heater element
heats the fuel to remove and prevent the formation of wax crystals that
impede the flow of fuel through the filter element. In addition to preventing the
formation of crystals while en route, the heater element is vital at start-up after
the bus has been parked for any length of time in severe weather.

On start-up, turn the ignition switch ON and wait at least five minutes before
attempting to start the engine. This allows any fuel crystals that may have

formed in the fuel filter assembly to be dissolved.

Figure 43 outlines the relatively simple electrical circuits involved in the fuel
heater system.

Fuel/Water Separator — Saf-T-Liner ER

The fuel heater element is a part of the filter assembly.
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Relay K7 for this circuit is located inside the Vehicle Electrical Center, which
is mounted on the splash panel beneath the air cleaner assembly.

Figure 43 outlines the simple circuits involved in the fuel/water separator filter
heater. Note on the schematic that circuits FS141 and FS142 do not go
through a connector on the ER model, the two circuits run direct between the
VEC and the heater.

10-amp fuse #F9 protects the 12V power circuit to post 30 of the relay. The
relay is grounded internally in the VEC. Post 86 of the relay is energized from
the VEC ignition buss bar when the ignition switch is in the RUN position.

Circuit FS141 from VEC connector J81 (green) pin "E" is the 12V positive
circuit to the heater element.

Circuit FS142 (white) from the "F" pin is the ground circuit to the heater.

Vehicle Elect. Cnir NOTE: J138 connector applies to

HD Model only.

Pé Ji38 _
_,/ E FSt4t Or Fsit .

FSt42 Wh FS142 )

8 85 E it L
1» *—
Fuel/Water
co > 1 — Separator
Gnd

i0a lgn.

| fov Batt

FUEL HEATER SYSTEM

Figure 43
Fuel/Water Separator Heater — Saf-T-Liner HD

The fuel heater element is a part of the filter assembly. The relay for this
circuit is located inside the Vehicle Electrical Center, which is mounted inside
the rear electrical compartment. 12-volt power circuit, FS141 (orange) from
the relay exits the VEC through connector P81 (green) pin E, and connects to
J138 pin 13 inside the compartment. FS141 runs to the fuel heater from J138.

Heater ground circuit, FS142 (white) exits the VEC on P81, pin F to pin 14 of
J138, and on to the heater.

A 10-amp circuit breaker inside the VEC, between the battery circuit and relay
post 30, protects the circuit.

When the ignition is ON, current will flow to relay post 86. The relay will close
when the fuel heater thermostat drops 359F (2°C), completing the ground
circuit. The heater will not function above 35°F.

In the event the fuel heater is inoperative, disconnect FS141 and FS142 from
the fuel heater. If 12V is present, replace the filter bowl containing the heater
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element, both, ground and power circuits, are OK.
If no voltage, check both circuits back upstream.
Heated Automatic Drain Valves

When heated automatic drain valves are ordered it will be installed in the
WET tank first, but can be installed in other tanks if desired.

These valves dump a small amount of moisture or sludge when system
pressure reaches air governor cut-off pressure around 125 psi. The valve will
remain open until the governor cuts back in around 95 psi.

To ensure these valves are functioning properly, at each PM inspection insert
a thin tool in the exhaust port to unseat the exhaust valve. If an excessive
amount of contaminant comes out, it is an indication that the valve is not
functioning properly. It should be removed and cleaned, or replaced, if
necessary.

See Figure 44 for a schematic of the heater element circuits.

The heater, when specified, is energized when the valve body temperature
drops to 359F (1°C), and is de-energized when the body temperature
reaches 85°F (29°C).

Power to the drain valve(s) comes from relay #11 on PCB-4. Fuse #18 on the
board protects the heater circuits, A81 and A85. The ground circuit is
completed when valve body temperature drops to 35°F.

Circuits A81 and A85 exit the PCB-4 via pins 1 and 2 of PCB connector P15,
and runs to bulkhead connector J75, pins 17 and 16. The circuits continue
from J75 to the valves.

Troubleshooting Tips:
In the event the heater element malfunctions, check as follows.
1. Disconnect the lead from the valve. With ignition ON, check for 12v in

PCB-4

Tank Drain
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Figure 44
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akrobd

the lead. If 12v is present, the element has failed.
If no voltage, check for blown fuse #18 in the circuit board.
If fuse is OK, check for 12v at pins 1 or 2 in connector P15 at the board.

If no voltage, check for failed relay #11.

If voltage is present at all above checkpoints, check for an open circuit
in the circuit involved, possibly at J75 connector.

Retarder System (See Transmission section for more information pertaining
to this system.)

Figure 45 outlines in general the circuits involved in the retarder system.
Missing in this schematic are the circuits involved in the operation of the
transmission itself.
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RETARDER CIRCUITS

Windshield Wipers

Figure 45

Two modules located in the front of the body controls the Windshield Wipers.
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The Windshield/Headlight Module is located between the Transmission
Control Unit (TCU) and the left support of Printed Circuit Board #4 (PCB-4).
The other wiper module, sometimes call "diode block", is beneath the
windshield on the inside of the body front panel, above and to the left of PCB-
4,

The Windshield/Headlight Module receives its signals from the wiper switch,
which is part of the Turn Signal-Headlight Control. The control is mounted on
the steering column. This module receives its ground, battery, and ignition
circuits from PCB-1 located beneath the driver’s sash.

Fuse #23, 15-amp, protects the battery circuit (green) to the module. This
circuit runs from pin 3, of PCB-1 connector J16 to the "F" pin of #1 connector
on the module.

Fuse #7, 15-amp, in the PCB-1 protects the ignition circuit (black) to the
module, from pin 1 — J16 to pin "A" of module connector #1.

The module is grounded from pin "H" to #2 pin of J16.

When the Windshield/Headlight Module #1 receives a signal (high, low, or
park) from the switch, the signal is transferred to the wiper module #2 (diode
block) located on the front panel. This module is required because the
Windshield/Headlight module cannot handle the current demanded by both
wiper motors. Module #2 receives the signal from #1 and transfers it direct to
the driver’s wiper. At the same time that signal is received, #2 acts on that
signal and provides separate circuits to the passenger (right side) wiper
motor. Therefore, if the Right wiper should not operate, either module #2 or
the wiper motor itself would be suspect.

See Figure 46 for a schematic of the circuits involved.

Circuits WPA, WPB, WPC, and WPD are in a transfer harness from the Left
side of the body to the chassis electrical compartment, beneath the
windshield. A connector joins this harness with the harness coming out of the
steering column (connector P62).

The WL and WR circuits shown on Figure 46, from module #2, go to and
through the body bulkhead connector located beside the transmission
connector in the chassis electrical compartment. After leaving the bulkhead
connector each wiper has a separate harness to its motor with a connector
approximately 18" from the motor. They are visible when the front access
panel is lowered.

Windshield Washer Pump Circuit
When the wiper switch energizes the wiper wash circuit (WPD), a signal is

sent from the switch to the Windshield-Headlight (#1) module, pin "B" of
module connector #2 (P47). The module transmits that signal through pin "G"
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of P47 via circuit 67 to pin "O" of the bulkhead connector. From there, circuit
67 continues to the washer pump located in the washer fluid container.
Body Key Ignition Circuits (Figure 47)
Circuits in the body electrical system are controlled by a Key Ignition Circuit
Relay on each of the three body Printed Circuit Boards. Each PCB has its
own “Battery” and" Ignition” Buss Bars.
Relay #5 in PCB-1 energizes PCB-1 Ignition Buss Bar from relay post 87,
Ing.
Switch
Batt | *
-:\p Run
o Ignifion Buss Bar - PCB-1

lgn. Buss Bar 42 Ign. Buss Bar #3
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Figure 47
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A Caution: The exhaust brake
switch should be in the OFF
position during wet or slippery
road conditions. Failure to do so
can result in reduced control of
the bus, and possibly result in
personal injury and damage to the
bus.

when the ignition switch is on RUN position. Circuits taking power from PCB-
1 will connect with PCB-1’s Ignition Buss Bar.

PCB-2 Ignition Buss Bar would be energized by current from its relay #10,
post 87.

PCB-3 Ignition Buss Bar would be energized by current from its relay #4, post
87.

Referring to Figure 47, note these two relays receive their “trigger” circuits
from PCB-1’s Ignition Buss Bar to relay post 86.

As noted above PCB-1’s relay #5 controls all circuits related to the body.

Relay #5 (PCB-1) receives its “trigger” circuits to post 86 from chassis PCB-
4, connector J29, pin 6, via circuit Key Switch. This circuit is a part of the
harness that runs across the front of the body that ties body and chassis
functions together.

In studying Figure 47, note the Key Ignition circuit is protected by a 5-amp
fuse F8 between relay post 87 and connector J29, pin 6. It is also protected
by 10-amp fuse #3 between “Battery” and post 30 of relay #1. Therefore, if
the body PCBs are not functioning, check fuses 3 and 8 in PCB-4 before
getting involved in extensive checking procedures.

Relay #1 on PCB-4 is energized when the Ignition Switch is in the RUN mode.

Troubleshooting:
Complaint: Body PCBs inoperative.
1. Check fuses #3 and 8 in PCB-4.
2. Check for inoperative relay #5 in PCB-4.
3. Check for 12V at pin 86 on PCB-1 relay #5 with Ignition Switch on RUN.
If 12 volts are present, but no voltage to PCB-1, Ignition Buss Bar, relay
#5 is defective.

If circuits involving PCB-1 and PCB-3 are inoperative:
1. Check for 12 volts at PCB-1 Ignition Buss Bar.
2. If OK, check for 12 volts at post 87 of the PCB relay involved. If no
voltage, replace relay involved.

Exhaust Brake System

The purpose of the exhaust brake is to slow the bus on grades and curves,
and to reduce wear on brake linings and brake drums. It is most useful on
long down grades, where speed reduction is required but an extended
application of the service brakes is not desired.

Maximum retarding effort is generated at maximum rated engine rpm;
however, exhaust brake performance decreases in proportion to decreased in
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A Caution: The exhaust brake
should NOT be used in
conjunction with the service
brakes under such conditions.

engine rom. The brake will become inoperative when engine RPM drops
below 900 — 1000 rpm.

The following conditions must exist to cause the exhaust brake to function:
1. The exhaust brake switch must be ON.
2. The operator’'s foot must be OFF the accelerator pedal. (The pedal
must be in the IDLE position.)
3. Engine speed must be above 1000 rpm.

The engine ECM actually controls the activation and deactivation of the
exhaust brake based on signals sent to it by various sensors on the engine
and transmission system, and the above three conditions are met. It will
operate only when no additional fuel is being sent to the engine.

The anti-lock brake system may interrupt the operation of the exhaust when
the ABS is actuating.

The exhaust brake switch should be in the OFF position during wet or
slippery road conditions. Failure to do so can result in reduced control
of the bus, and possibly result in personal injury and damage to the bus.

The exhaust brake should NOT be used in conjunction with the service
brakes under such conditions.

Caterpillar Engines:

Figure 48 outlines the circuits involved in the exhaust brake system when
used on the Caterpillar engine. As mentioned earlier the engine ECM controls
the engagement of the exhaust brake, by completing the 12V ignition circuit
to the brake solenoid through K4 relay on the chassis PCB-4.

The 12V ignition circuit is initiated when the dash mounted exhaust brake
switch is ON, from the switch to the transmission VIM relay, post 30.

The transmission ECM signals the relay to close and transmit the current to
PCB-4 relay K4 via circuit 332NC. Fuse #13 in the PCB protects the power
circuit to the relay. With the three conditions mentioned above met, the
exhaust brake solenoid is activated by the engine ECM.

Listed below are the locations of certain components involved in the exhaust
brake system that may be useful in the event troubleshooting the entire
system is necessary.

Components and Locations:
*  Printed Circuit Board (PCB) — See Figure 5 (At the front of this section.)
*  Transmission Vehicle Interface Module (VIM) — See Figure 5.
*  Transmission Electronic Control Module (ECM) — See Figure 5.
+ Exhaust Brake Switch — Right side of dash console.
+ PCB-4 Relay K4 — In #4 position on PCB board.
*  VIM relay — Inside the VIM.
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*  Engine ECM - Mounted to engine.

Location of pertinent connectors:

P10 - Connects to PCB-4, see Figure 8.

P17 - Connects to engine ECM

P20 - Connects to PCB-4, see Figure 8.
¢ P67 — Connects to transmission ECM

* P70 - Connects to transmission VIM
+ P71 - Connects to transmission VIM
* P75 - Front Bulkhead Connector, see Figure 4.
* P76 — Front Bulkhead Connector, see Figure 4.

Cummins Engines:
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Figure 48

The operation of the exhaust brake on the Cummins engine is basically the
same as on the Caterpillar engines; however, different circuits are used in

some instances.

Figure 49 outlines the Exhaust Brake circuits on the Cummins engines.

The transmission ECM controls the VIM relay, which completes the 12V-
power circuit to the exhaust brake relay on the PCB-4.

The engine ECM controls the ground circuit for the PCB relay. When this relay

is closed, 12V current flows through the PCB relay to the brake solenoid.
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Figure 49

Fast Idle

Fast Idle is controlled by the engine ECM, and is preset at 700 rpm at time of
assembly.

Fast Idle of 1000 rpm (+/— 50 rpm) is activated by energizing the Fast Idle
switch on the dash, and with the transmission in Neutral. Fast Idle will drop
out when the shift is moved into any gear.

Fast Idle speed can be increased incrementally from 700 to 1000 rpm by
“toggling” the Fast Idle switch momentarily.

Idle and Fast Idle are controlled by the ECM by regulating the fuel to the
injectors.

Cummins Fast Idle

Figure 50 relates to the Cummins Fast Idle circuits. With the transmission in
Neutral (Neutral Switch Closed), 12-volt Current flows from the VIM through
PCB-4 connector J10, pin 4 to J39, pin 4, then through circuit B46 to post 85
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of the Fast Idle relay. This activates the relay, completing the ground circuit to
the engine ECU when the Fast Idle switch is ON.

Ground circuit BNEG8 comes from PCB-4 connector J19, pin 6 and runs to
relay post 86. Circuit 88a tees off this circuit to post 30 of the relay. When the
relay is energized the relay contact loses to post 87. B46A completes the
ground circuit to post 2 of the Fast Idle switch. With the switch closed (ON)
circuit B46 (gn) continues to bulkhead connector J76, pin 34 and on to the
engine ECU, pin 46.

Component locations:
* VIM - located in chassis electrical compartment
» Fast Idle Relay — mounted behind the dash
+ J76 Connector — located on front bulkhead.

Troubleshooting Tips:

1. Check for 12 volts at relay post 85, with ignition ON and transmission in
Neutral.

2. Check for completed ground circuit at post 2 of the Fast Idle switch ON
transmission in Neutral.

3. Check continuity of Fast Idle switch with switch ON.

4. Check continuity of circuit B46 (yl) at ECU pin 46, with the connector
removed.

5. If all check OK, use INSITE program or refer the problem to your area
Cummins service facility.

IL36A wh
L L35A wh
4 Pi9
B46-yl IT Cummins
r—i- ECU c
3
b urs g
=
s[4 T4 19 B46 gn
PCB-4 | % : L Fast
l 0V, | Ide
5 T — Switch
87
§ lll ﬁ 5 Relay ~ A
@ — < 8§ . 3 2
© 85
BNEGS wh
Jo[ 9] 4] B4GA wh
Haqsi
eutral
Switch B46b gn

FAST IDLE - CUMMINS

Figure 50
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Caterpillar Fast Idle

Low Idle is set at 700 rpm, Fast Idle can be set up to 1000 rpm by toggling
the Fast Idle switch. Fast Idle is disengaged when the brakes are applied.

Figure 51 outlines the circuits involved in the Fast Idle system.

12-volt current for the Fast Idle system comes from the printed circuit board,
connector P19, pin 5 to the Fast Idle switch through circuit EC88A. This circuit
is protected by a 3-amp fuse (#4) on the PCB. Circuit EC905A carries the
current from the switch to bulkhead connector J76, pin 20; from pin 20 EC905
continues through the main chassis harness to the engine ECM, connector
P19, pin31.

The ECM controls the idle rpm through the ground circuits involved in the
system. In addition to the Fast Idle switch that completes circuits 993 and
902, a Normally Closed brake switch is incorporated to complete the ground
circuit between the ECM, connector P19, pin 45 and PCB-4, connector J39,
pin 5. The brake switch is mounted on an air manifold located behind the front
crossmember. When the brakes are applied the switch OPENS, breaking the
ground circuit 993 and 992. This cancels the Fast Idle.

PCB-4 Fast Ide
v+ g J9 Switch J76 Ji9 | Caterpilar
damp. ] EC88A bl _ @ . EC05A rd [20]  EC905 rd % ECU
F4 ] EC993C wh u EC902A bl ] ECI02 gn 0
2 3 2! | |
| | IL35A rd N . .
L T ol e
el
= \| - EC993D_wh 3
' IL36A wh 9
Dimmer
| p—|
EC93D wh =

FAST IDLE - CATERPILLAR

Figure 51
Troubleshooting the Circuits

1. Turn Fast Idle switch ON. Disconnect circuits 902 and 993 from the
switch. Check for continuity in the switch.

2. Check for 12 volts on EC905 at ECM connector P19, pin 31 with the
connector removed from the ECM, and with the ignition switch and the
Fast Idle switch both, ON.

If no voltage, check for defective #4 fuse on PCB-4.

3. Check continuity of the brake switch with full system pressure and
brakes NOT applied.

4. If all checks are OK, use the electronic tools and Caterpillar Service
Manuals to investigate further.
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Check Transmission Light

This circuit is controlled by the transmission ECU, based on signals sent to it
by circuits from the transmission. See Figure 52.

Circuit TR115 leaves the ECU via pin 31, connector P66 and runs to printed
circuit board connector P31, pin 5. The circuit board transfers the circuit
internally to board connector P40, pin 18. From this point the circuit becomes
ICU115 and runs to pin A7 of the instrument cluster connector. See Figure
52.

Instr. Panel

Chk. Trans.
ECU ] Fegd Lamp
P66 |:
?I Tgns 5 ICutls
j | |:

CHECK TRANS DASH LIGHT

Figure 52

.‘
i
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|

I
L1l
I§

Throttle Control Circuits — Cummins Engines

Refer to the Cummins Engine section of this manual for extended comments
on the operation and troubleshooting of the throttle control circuits on the
Cummins engine.

Figure 53 outlines the circuits involved in the throttle control circuits for this
engine. The engine ECU controls throttle operation through signals from the
accelerator pedal sensors.

PCB-4
Cummins
P39 778 Engine
||}__ g | B24 Red Frt. Blkhd Connector P17 ECQU
30 _7_1
i ¥ B24 Rd - Throttle Interlock
86 85 D B25 Br 23 B25 Gn 25| _ e Valve Off
. ||
! - g B2 B 2 B26 VI P |- e vave on
relay —L: 8 BS Gn 4 B9 Gy R |- motte Retun
¢ B2 Gn £ B2S Rd 2 |- 5v Thottle Power +
A B30 Gn ¥ B30 Bk L |- Thiotte Posiion Input
] 5 [
Accelerator L | \
BNEG Sensors
THROTTLE CONTROL CIRCUIT - CUMMINS Grsdtar}!"eorst

Figure 53

Throttle Control Circuits — Caterpillar Engines

Figure 54 outlines the circuits involved in the throttle control on Caterpillar
Engines. Refer to the Caterpillar Engine section of this manual for extended
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Caterpillar
PCB-4 Engine
J76
P39 Frt. Bkhd Connector ECU
||I_ 87 EC939A Gn 27 EC999B Gn 56
. »
v c EC986A Bn 26 EC386 Bn 66
85 A EC985A BI 25 EC985 BI 4
[
T Il| 7 993A Wh B
l | .
— "o Thrott
Sensors

985 - Throttle Position Sensor
986 - Throttle Pedal Position
993 - TPS Common Ground

999 - Accelerator Interlock

THROTTLE CONTROL CIRCUIT - CATERPILLAR

Figure 54
information on the throttle system.

Transmission Overheat Warning Lamp

Retarder-equipped units will have a warning lamp on the dash cluster to
indicate an overheat condition of the transmission fluid during retarder
operation. The warning lamp will come ON when fluid temperature reaches
330°F (166°C).

See Figure 55 for an outline of the warning lamp circuits.
The overheat warning sensor, located at the transmission, sends a signal via
circuit 138 through Allison harnesses to pin 28 of the ECU blue connector

P68. Circuit 135A is the sensor ground circuit, through the ECU.

The warning lamp should self-test when the ignition switch is turned on, for 3
seconds, and then go OFF.

Instr. Cluster
P68 P34 P3%
— | Bz} Af “F Trans
pr 13%5‘\ N ® {otheat
1 Trans. . N Sensor
|| ECU
- || A
Orange
h
THeI?np. || ha 138 gL -
Warn.
oo — 1CUICS o 9]
/ :IM Whie g e
ped PLBT TRANS OVERHEAT LIGHT CIRCUIT
Figure 55

Transmission Temperature Gauge Circuit

The transmission temperature gauge circuits TR55 (+ yellow) and TR55G
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(- white) begin at connector 23 on the transmission temperature sender.
These two circuits enter the main chassis harness and run to the front
bulkhead connector J75, pins 7 and 21, respectively. TR55 changes to
ICUOQ55 (green) on the opposite side of J75 and runs top in #2 of connector
44 located in the front electrical compartment. TR55G changes to ICU055G
(white) and runs to pin #5 of P44. From P44 the two circuits continue to the
“C” connector of the front side of the instrument cluster assembly. ICU055
goes to pin C13, ICU055G goes to pin C12.

See Figure 56 for schematic of the temperature gauge circuits.

The resistance range for the temperature sensor is 83 ohms (low
temperature) to 6738 ohms (high temperature). If the resistance drops below
83 ohms, or fails shorted for 5 seconds or so, the gauge will be driven to FULL
scale.

If the resistance goes over 6738 ohms or fails OPEN, the gauge will go to
Z€ro.

Pad — J23
nstr. [ —ICU0%H 2] ICU05 Gn [71 TRS5 Ye
custer -1  icuoss 1 1cuos Gwh | TRS5 Gwh [ )
unt Cle| = 2 5 :
P85 — 77 Trans.
Temp. Sender
TRANSMISSION TEMPERATURE GAUGE CIRCUIT
Figure 56

Dash — Instrument Cluster ICU3

The instrument cluster assembly, ICU3, is a long-life, non-repairable
component of the dash assembly. A 59-pin connector on the backside of the
ICU3 directs all circuits into and out of the cluster assembly. Connectors P64
(blue) and P65 (gray) plug into the 59-pin connector, with signals to and from
the chassis.

Connector P64 accommodates pins A and B, P65 accommodates pins C and
D.

With exception of the high beam indicator lamp, the right and left turn signal
indicators, the fuel gauge, and transmission temperature gauge, all other
indicator lamps and instruments are ground activated and controlled by ICU3.

Battery power, ignition power, and ground circuits to ICU3 come from chassis
PCB-4, connector 40.

Self-Test
When the ignition switch is turned ON, ICU3 initiates a power-up self-test

within 0.1 second, activating the indicator lamps, instrument needle
movement, the buzzer, and checks the memory of the diagnostic system for
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any recorded failure codes.

During this test all needles will sweep in unison from the OFF position to full
scale and return to OFF within 12 seconds. At the same time the indicator
lamps will illuminate for 3 seconds as a bulb check, the buzzer will sound for
3 seconds, and the seatbelt lamp will glow for 15 seconds.

High beam indicator and the turn signal lamps will not test during this time.
They are tested, only, by operating the appropriate switch.

The Liquid Crystal Display will display all segments of each character
involved in the LCD. This will be discussed later.

The buzzer, a part of ICU3, will sound during normal operations only in the
event of an alarm due to low oil pressure, or if the park brake is applied and
road speed is greater than 2 mph.

Battery voltage will be displayed during the self-test procedure as registered
by the engine ECU. Normal operating range for ICU3 is 9.0V to 16.0V.

Out of Range Voltage

The cluster will shut down (emergency) if battery voltage at pin D14 on P65
(gray) connector goes outside this range, either above or below. During an
emergency shutdown, if one should occur, the instrument needles will freeze
in position, the LCD display will blank, and the micro driven lamps will turn off.
When power is restored to within the operating range (9.0V to 16.0V)
following an emergency shutdown, the needles will resynchronize to zero and
the self-test will be performed before returning to normal operation. This is
done automatically within the ICU3.

The cluster will also shutdown if the ignition circuit D15 is interrupted.
Transient dropouts will not affect normal operation as long as the dropout if
less than two occurrences per second. During such a shutdown the needles
will return to zero, the display will go blank, and all micro lamps powered by
ignition will turn OFF, assuming battery voltage is within normal operating
range.

When normal voltage is returned to the ignition circuit, the self-test will
automatically be performed before resuming normal operation.

Communication

The cluster (ICU3) receives and transmits information broadcast throughout
the bus via J1708/J1587 data bus.

Instrument Input Loss

The loss of input data to the instrument will cause the gauge(s) needle to
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move to zero.

A gauge using J1587 parameter input will be driven to zero if the input loss
lasts 5 seconds or more. If all J1587 data is lost, all micro J1587 gauges will
go to zero.

If the ICU3 loses the J1587 voltage parameter input from the engine ECU for
5 seconds, the voltage display will show all zeros.

If the received voltage is valid and greater than 19.9V, the display will show
19.9V.

The valid resistance range for the fuel level sensor is 27-261 ohms. An open
or short circuit would be an out-of-range resistance value. If this occurs for 5
seconds or longer, the gauge would go to zero.

The same applies to the transmission temperature sensor input. The valid
resistance range for this sensor is 83-6738 ohms. If sensor input resistance
goes out of range on the high side or fails OPEN for 5 seconds, the gauge will
be driven to zero.

If the resistance goes below 83 ohms for 5 seconds the gauge will be driven
to FULL scale.

Both the fuel level gauge and the transmission temperature circuits are
discussed elsewhere in the electrical section.

Indicator Lamps

The operator is responsible to check for proper operation of each indicator
lamp during the self-test (when the ignition is first turned ON). The ICU3
microprocessor performs no diagnostics of the indicator lamps or circuits.
Listed below is the circuit # and ICU3 pin # for activating each lamp in the
event a complete circuit check is needed.

Lamp Circuit# Color Pin# Activated by
Left T Signal ICU042 or C8 T/S Switch
Right T Signal ICU043 or D8 T/S Switch
High Beam ICUO051 ay A12 H/L Switch
Eng. Protect B4 viol C16 Engine ECU
Check Engine 799 gn C15 Engine ECU
ABS Warning 1X15 or B1 Grnd Activated
Low Air Pressure ICU026 gn A3 Microprocessor
Park Brake ICU001 ay C5 Microprocessor
HVAC - Recir. Air C10 Grnd Activated
Air Filter ICU005 wh A5 Grnd Activated
Trans Temp Warn ICU105 wh A4 Grnd Activated
High Coolant Temp. J1708 Microprocessor
Low Oil Pressure J1708 Microprocessor
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Low Battery J1708 Microprocessor
Fasten Seat Belt J1708 Microprocessor
No Charge A9 Grnd Activated
Stop Engine ICUO59B gn C14 Grnd Activated
Wait to Start ICU830 bl A6 Grnd Activated
Check Trans. ICU115 n A7 Grnd Activated
Air Intake Htr. ICU250 gn A8 Grnd Activated
Water in Fuel ICU825 gn B8 Grnd Activated
Rear Wheel Spin (option) Cc1 Grnd Activated
Buzzer, Stop Engine ICUB58A rd B12 Grnd Activated
Panel Light Power ICU035 rd A1 Dash Switch
Retarder in Use ICU325 C3 Grnd Activated
ICU3 Battery Circuit ICU121 rd D14 12V Batt. PCB-4
ICU3 Ignition Circuit ICUO15 rd D15 12V Batt. PCB-4
ICU3 Ground Circuit ICUO003 wh D13 Grnd. PCB-4
Headlight Power - ICU013 yl D16 12V Batt.

To Check Odometer

J1939 — Positive D5

J1939 — Negative D9

J1939 — Shield D11

J1708/1587 — Positive B3

J1708/1587 — Negative B10
Trans Temp Sensor ICUO06 wh C12 Negative
Trans Temp Sensor ICU055 lt/gn C13 Positive
Fuel Gauge Sensor ICU006 pu D1 Positive
Fuel Gauge Sensor ICUO6B6 wh D2 Negative
Figures 57 and 58 outline the circuits involved in the dash indicator lamps
that give warnings related to the Caterpillar and Cummins engines.

PeB-4 Caterpillar
J39 J76 P13 ECU
13, EC659A 15 EC659 pk 29:
9 EC799A 30 EC799B 28
Chk. Eng.

o d EC799 Q1 . Q. 1| 1cv pash

ICUB59A P12 —|1
ICUB53 Gn Stop Eng.

ICUB53B C _ /VVV\/*_

Pg5 Alarm

STOP/CHECK ENGINE - CATERPILLAR

Figure 57
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Figure 58
J1708/J1587 Roll Call

During the self-test the ICU3 will request faults from the engine and ABS to
determine if the ECU is responding on the J1708 datalink. The ICU3 will also
“listen” for any messages transmitted by the engine and ABS.

If the engine does not respond and is not transmitting, the ICU3 will record
the fault “no engine”. If the engine responds with active faults(s), the ECU3

will record the fault “ECU 128 - - -” and the related fault code information.

The same procedure will occur with the ABS system. If it does not respond
and is not transmitting, the ICU3 will record the fault “NO ABS”.

The displayed “no engine” fault code is MID 128 SID 254 FMI 07.
The displayed “no ABS” fault code is MID136 SID254 FMI 07.

Liquid Crystal Display (LCD) Driver Message Center
The driver’'s message center uses a positive mode LCD to display the various
messages, or information that will appear during the self-test sequence, or

when the RESET/MODE button is depressed (which is covered later).

During the self-test all segments of the LCD will be displayed to assure the
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driver that all segments of each character are functioning. See Figure 59.
These segments are current mileage, trip miles, engine hours, and voltage.

Odometer

The odometer reading will display as soon as the ignition switch is turned ON,
if no faults are registered, after self-test is completed.

To display the odometer with the ignition OFF or if the key is not available, the
headlight switch must be activated. See Figure 60. Circuit ICU013 into the
CU3 on pin D16 provides current for this function.

Voltmeter

Battery voltage, as reported by the engine ECU will be shown during the self-
test sequence.

If no J1708/J1587 data is present for one second, the display will show “no
data” until the data is received or the ignition switch is turned OFF.

Diagnostic Messages
The ICU3 will broadcast only ACTIVE fault codes.

During the power-on self-test, with the park brake ON, if an active fault is
received by the ICU3 the Diagnostic Message screen will display the failure
code of the unit or system involved (e.g. ECU-128).See Figure 61. If multiple
faults are on record, the screen will display the first fault for three seconds and
the next fault for three seconds. The message screen will continue to repeat
the faults until the ignition is turned OFF.

If no faults are on record, the message screen will display the current mileage
on the odometer and the system voltage. All of this occurs during the power
on self-test procedure. The Diagnostic screen will appear only if faults are on
record. See Figure 60.

Once the Diagnostic screen is present PUSH the RESET/MODE button once
to display the DIAGn message, which denotes the number of active faults on
record. (The letter “n” denotes the number of faults.) HOLD the
RESET/MODE button down to sequence the faults on record. The first fault
shown is designated FAULT 1. PUSH the button down will bring up the Unit
and MID #. PUSH it again and the failure code will appear. PUSH again if
more than one failure has occurred in that unit. See Figure 62.

After reading the faults listed, HOLD the button down to return to the DIAG.
screen.

To clear the screen at this point, PUSH the button once to sequence the
CLEAR screen. HOLD the button down, and the odometer mileage will
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appear.

As mentioned above, if no faults exist the LCD display will return to the
odometer display.

If a fault is recorded the message screen will display the unit or system
involved and its MID #. Examples: ICU relates to the Instrumentation Control
Unit. ECU relates to the Engine Control Unit.

The next three numbers represent the J1587 Message ldentifier (MID).
Example: the ICU’s MID # is 140. The ECU’s MID # is 128. The display would
read ICU 140, as an example.

Other MID numbers that may appear are:
ABS 136- -Antilock Brake Unit
tCU 130- -Transmission Control Unit
tSU 223- -Transmission Shift Unit
SbU 232- -Seat Belt Unit

At this point the RESET/MODE button on ICU3 comes into use.
Reset/Mode Button Operation

The RESET/MODE (R/M) button (switch) enables the operator to access the
portion of the display set aside for “Trip Distance”, “Trip Hours”, and
Diagnostic screens. The R/M switch has two functions: 1) MODE (push or
press), 2) RESET (hold). When the switch is “pushed” for less than (1.2)
seconds (variable) the button acts as MODE switch. When the button is
“HELD” for (1.2) seconds or more (variable) the button acts as a RESET
switch.

Trip Miles and Trip Hours - Check and Reset

Once the odometer display is present, push the R/M button once to display
the trip distance since the last time the distance was reset. See Figure 63.

Trip Hours:

PUSH the R/M button again to access the engine hours elapsed since the last
“time hours” was reset PUSH the button a third time to access the SELECT
screen and the current units (Ml or KM) will blink at one second intervals.
PUSH the button a 4th time and the odometer will be displayed steadily.

To reset the Trip Mileage back to zero, HOLD the button down while in the
TRIP MI mode on the display screen. HOLD the button down until the display
reads ZERO to cause the ICU to reset internally.

To reset the Engine Hours, move to the “Trip Hours” display on the display
screen, HOLD the button down until ZERO appears in the screen.
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Figure 63

ICU3 Replacement - Service

The only components in the ICU3 that can be replaced in the field are the air
pressure gauges and the indicator lamp bulbs.

ICU3 Removal

1. Bleed system air pressure completely.
2. Remove the 4 Torx head screws from the driver side of the bezel. Use
T25 Torx head screwdriver.

A Caution: Do not forcibly pull the ICU3 from the dash. This may
dislodge wires from the harness connectors on the back of the ICU3
housing, and damage the wires, the dash, or the ICU3.

3. Pull the ICU3 away from the dash. Pull the top towards you until the
back of the housing is free, then pull up and remove the entire unit.
a. Disconnect the two connectors from the center of the ICU3.
b. Disconnect the two hoses to the air gauges.

Installation

Reverse the above procedure, taking extreme care in joining the connectors
to the main body.

After installation, turn Ignition ON. All electronic gauges should make one
complete sweep and return to their normal position. The indicator lights
should turn on and go off.

A Caution: Electronic components in the ICU are vulnerable to damage
from static electricity. If available, wear a wrist grounding strap connected to
a cab or work bench ground. If not available, touch a grounded component
before touching the ICU3 with a tool or body part.

Air Pressure Gauge Replacement

1. With the ICU3 removed from the dash, place it on a clean protected
surface.

3. Carefully pry the nine large white clips away from the sides of the ICU
housing. Use a small thin piece of metal, or a spade terminal to hold
each clip away from the housing.
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