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2004-2006 VA Sprinter OM647 Diesel Fuel System 

ACRONYMS AND ABBREVIATIONS 

The following is a li:;t of acronyms used throughout this course: 

ADR 
CAN 

CARD 
DLC 
DTC 

EEPROM 

EGR 

EPA 
820 

K-Ll.ne 

LCD 

MAPPS 

MgO 

MIL 

MOSFET 

NTC 

02 

OBDII 

PTC 

RAM 

SCI 

Sm Co 

SRS 

TERMINAL 15 

TERMINAL30 

TERMINAL31 

TERMINAL 58 

TERMINALD-t 

WIF 
ZR02 

Constant RPM Option (Arbeitsdrehzah.lregler) 

Controller Area Network 
Californian Air Resources Board 
Data Link Connector 
Diagnostic Trouble Code 

Electrical Erasable Programmable Read Only Memory 
Exhaust Gas Recirculation 
Environmental Protecuon Agency 
Water 
Serial Communications Line for Diagnostics 
Liquid Crystal Display 
Magnetic Passive Position Sensor 
Magnesium Oxide 
Malfunction Indicator Lamp 
Metal-Oxide-Semlconductor Field EJTect Transistor 
Negative Temperature Coefficient {Thenrustor) 
Oxygen 
On Board Diagnostics Second Generation 
Positive Temperature Coefficient 
Random Access Memory 
Serial Communications Interface (K-Llne may also be used) 

Samarium Cobalt 
Supplemental Restraint System 
Ignition Powered Circuit 
Battery Powered Circuit 

Ground Circuit 
Circuit That is Powered When Parking Lights are ON 
Crrcuit That is Powered When The Engmc is Running 
Water-in-Tuel Sensor 
Z'rrconium Dioxide 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

ACRONYMS AND ABBREVIATIONS 

The following is a li:;t of acronyms used throughout this course: 

ADR 
CAN 

CARD 
DLC 
DTC 

EEPROM 

EGR 

EPA 
820 

K-Ll.ne 

LCD 

MAPPS 

MgO 

MIL 

MOSFET 

NTC 
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OBDII 

PTC 

RAM 
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Sm Co 

SRS 

TERMINAL 15 

TERMINAL30 

TERMINAL31 

TERMINAL 58 

TERMINALD-t 

WIF 
ZR02 

Constant RPM Option (Arbeitsdrehzah.lregler) 

Controller Area Network 
Californian Air Resources Board 
Data Link Connector 
Diagnostic Trouble Code 

Electrical Erasable Programmable Read Only Memory 
Exhaust Gas Recirculation 
Environmental Protecuon Agency 
Water 
Serial Communications Line for Diagnostics 
Liquid Crystal Display 
Magnetic Passive Position Sensor 
Magnesium Oxide 
Malfunction Indicator Lamp 
Metal-Oxide-Semlconductor Field EJTect Transistor 
Negative Temperature Coefficient {Thenrustor) 
Oxygen 
On Board Diagnostics Second Generation 
Positive Temperature Coefficient 
Random Access Memory 
Serial Communications Interface (K-Llne may also be used) 

Samarium Cobalt 
Supplemental Restraint System 
Ignition Powered Circuit 
Battery Powered Circuit 

Ground Circuit 
Circuit That is Powered When Parking Lights are ON 
Crrcuit That is Powered When The Engmc is Running 
Water-in-Tuel Sensor 
Z'rrconium Dioxide 
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2001 -2006 VA Sprinter Body Electrical 

COMPONENT CROSS-REFERENCE CHART 

Deacrlption Dodce FreicJitliner 
Atrb:lg Control Module ACM AB 
Automauc TempcratUtt Control ,___ ATC .HZR 
Annlock Brakes CAB ABS 
Central Timl"r Modult' --- CTM zv ---~ngnoirric Scan Tool ORBIU DAS 

->--
Engine Con 1 rol Mtldule !::CM CR3 

~eyless entry Module & lmmobllizcr SKREEM -
WSP 

Shift Lever Module SI.A EWM 
Transm1ss1on Control Module TCM EGS 
Vehicle Theft Alarm VTA E:DW 
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2001 -2006 VA Sprinter Body Electrical 

COMPONENT CROSS-REFERENCE CHART 

Description Dodge FreJ&btllner 

Airbag Control Module ACM AB 

Automatic Tcmpcracure Control ATC HZR 

Anulock Brakes CAB ABS 

Central Tim~r Moduk CTM zv 
Diagnostic Scan Tool --- ORB III DAS 

Engine Control Moduk ECM CR3 -
Keyl"'IS Entl)' Module & lmmob1lizcr SKREEM WSP -Shift Lever Module SLA EWM 
Tmnsm1ss1on Control Module TCM EGS -
Vehicle Tht'ft Alarm VTA EDW 

• • • .. .. .. .. 
• .. .. .. .. .. .. .. .. .. .. .. 



2004-2006 VA Sprinter OM647 Diesel Fuel System 

COMPONENT CROSS-REFERENCE CHART 

DeaoriptJon Dodge F~elghtllner 

Accelerator Pedal Pos1tion Sensor APPS 9147 

Airbag Control Module ACM AB 

Automatic Temperature Control ATC HZR 

AnWock Brakes CAB ABS 

Boost Pressure Sensor BPS Bl41 

Boost Air Temperature Sensor BTS Gl4 

Crank Position Sensor CKP 873 -
Cam Position Sensor CMP BIOS 

>---
Diagnostic Scan Tool ORB ill OAS 

EGR Actuator EGR I Y85 

Engine Control Module ECM CR3 

Engine Coolant Temperature Sensor ECT I 816 

Engine Oil Sensor EOS BllO 

Fuel Pressure Solenoid FPS Y92 

Fuel Quantity Valve FQV Y93 

Fuel Rail Pressure Sensor FRPS Bll3 

Fuel Temperature Sensor FTS B30 

Intake Air Pressure Sensor IAP I Bl42 

Keyless Entry Module & lmmob1tizer SKREEM WSP 

Kickdown Switch KS 897 
>-
Mass Air Flow Sensor MAF BlOl 

>---
Oxygen Sensor 02 R25 

Shift Lever Module SLA EWM 
Transrrussion Control Module TCM EGS 

Water-in-Fuel Sensor WIF I . 8129 



2004-2006 VA Sprinter OM647 Diesel Fuel System 

COMPONENT CROSS-REFERENCE CHART 

Deacrlptlon Do4e 1 Freightfinu 
Accelerator Pedal Posmon Sensor APPS 8147 
Airbag Control Module ACM AB 
Automatic Tempera hire Control ATC HZR 
Anlllock Brakn CAB ABS 
Boost !'Rssure Sensor BPS 8141 
Boost Arr Temper&NI"<' Sensor BTS Gl4 
Crank Posiuon Sensor CKP 873 
Cam Pos1uon Sensor CMP I 8108 
Diagnostic Scan Tool OR81Il DAS 
EOR Actuator EGR Y85 
Engme Control Module ECM CR3 
Engine Coolant Temperature Sensor ECT 816 
Engme Oil Sensor EOS 8110 
Fuel Pressure Solenoid FPS Y92 
Fuel QuanUty Valve FQV Y93 
Puc! Rall Pressul"<' Sensor 

1---
l'RPS I 8113 

Fucol Temperature Sen&or F1'S 830 
ln takr A1r Pressure SellSor IAP 13142 
Keyless Entry Module & lmmobUfzcr SKREEM WSP 
Kickdown Switch KS 897 
Mass Air Flow Sensor MAF 8101 
Oxygen Sensor 02 R25 
Shift Lever Module SLA EWM 

Transnussion Control Module TCM EOS 
Water-in-Fuel Sensor WJF 8129 

I 
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2001-2006 VA Sprinter Body Electrical 

MODULE 2 POWER DISTRIBUTION 

CIRCUIT CONTROL AND PROTECTION 

The power distribution system for the Spnnter van incorporates various types of cir­
cuit control and protecuon features, including: 

• Micro lSO relays 
• Mini ISO relays 
• Power Miru ISO relay 
• Mini ISO relay with reverse polarity protection 

• Blade-type ATO fuses 
• Blade-type MAXI fuses 
• Bolt-on MIDI fuses (high current protecuon) 

Micro ISO Relay• 

The Micro ISO Relays are located in Fuse Block No. I (under the steering column) and 
the Relay Block under the driver's seal. The normally-closed contacts of lhe relay are 
rated at 10 A. The normally-open contacts arc rated at 20 A. 

Figure I Micro ISO Relay 
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2001 -2006 VA Sprinter Body Electrical 

MW ISO Relay with Reverse Polarity Protection 

The Mini ISO relay wtth reverse polo.nty protection is located in the Relay Block (under 
the dnver's scat) and supplies power to the TCM and SLA contr0l modules. A diode on 
the ground side or the relay coil prevents relay activation if the polarity of the vehicle LS 
accidentally reversed. The normally-open cont.acts of the relay are rated at 40 A. The 
relay does not contain nonnally-closed contacts 

30 87 

Lii -
l'1gure 4 Mini ISO Relay with Reverse Polarity Protection 

1 = 86, 2 = 85, 3 = 30, 4 = 87a, 5 = 87 
r Note: Starter 87 relay is a high amp special 
1 (Right side, gray relay on my 2004) 

' 
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10.3.1 AUTOMATIC TEMPERATURE CONTROL (ATC) 
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2001-2006 VA Sprinter Body Electrical 

POWER DlSTRIBUTJON CENTER (PDCI 

The PDC 1s located on the battery positive cable and houses SL'< bolt-on midi fuse loca­
uons (Figure 61 It supplies power to all of Lhe vehicle circuits, except Lhe staner motor 
and awohary battery (if eqmppedJ. The fuses arc numbered I lb.rough 6 starung from 
Lhe ten. 

Figure 6 Power Distribution Center (PDC) 

Table 1 Fuse Ammgem ent, Power Distribution Center IPDC 
acrlption Current Fuae 

Ra tine Color 
Fuae I Circuit De 

PoaitJon 

Alternator 200A Violet 

2 Opuonal equipment re lay 70A Brown 

nder driver's seat 3 K26 relay, fuse block u 125A Pink 

4 Independent rear A/C unit (MY2004) SOA White 

5 Glow plug module 125 A Pink 
-

6 Fuse b lock under stee ring column 100 A Blue 

11 
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2001-2006 VA Sprinter Body Electrical 

POWER DISTRIBUTION CENTER (PDCI 

The PDC 1s located on the battery positive cable and houses sL'C bolt-on midi fuse loca­
uons (Figure 61 It supplies power to all of the velucle circuits, e..xcept the staner motor 
and auxiliary battery (if eqmppedJ. The fuses are numbered I lb.rough 6 starung from 
the left . 

Figure 6 Power Distribution Center (PDC) 

- Table 1 Fuse Arrangement, Power Distribution Center (PDC 
Fuse I Circuit DeacrlptJon Current Fuae 

PoaitJon Ra tine Color 

I Alternator 200A Violet 

2 Opuon.al equipment relay 70A Brown 
-

3 K26 relay, fuse block under drive r's seat 125A Pink 

4 Independent rear A/C umt {MY2004) SOA White 

5 Glow plug module 125 A Pink 
-

6 Fuse b lock under steering column 100 A Blue 

II 
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2001 -2006 VA Sprinter Body Electrical 

FUSE BLOCK 11 

This molded plastic fuse block is located under the steering column and houses 
twenty one blade-type mini fuses arranged in two rows. It also contains lhree micro 
ISO relays and an electronic umer circuit for the flashers, tum-signals and wipers. 
FJve electrical connectors (1 5) are located on the back of the fuse block (Figure 7). 

2 

3 

10 11 12 13 1• 15 16 1711119 20 ... 
1 2 3 ' 5 II 7 II 9 ~ 

FRONT VIEW 

REAR VIEW 

Tum Signal Relay (8) 

Engine Control Relay (M) 

Wiper ON/OFF Relay (W) 

Figure 7 Fuse Block No. I 
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2001-2006 VA Sprinter Body Electrical 

T bl e 2 Fuse Arrangement, Fuse Block No.1 a 

No. Rat . Consumer No. Rat. Consumer 

l tOA Parking lamp, taillamp right 12 IOA Low beam headlamp, right 

2 IOA High beam headlamp, right 13 tOA Low beam headlamp, left 

3 !OA High beam, headlamp, left, 14 !SA Fog lamp 
high beam indicator lamp 

4 JOA Backup la.mp 15 JOA Radio (terminal 15) 

5 JOA Brake lamp 16 25A Engine control unit 

6 20A Windshield wiper motor 17 lSA Engine control unit 

7 lSA Hom, heated rear window, 18 15A Ignition (terminal 15) 
air recirculation switch 

8 20A Interior lighting, cigarette 19 lSA Fuel pump relay 
lighter, radio (terminal 30) 

9 l5A Clock, hazard warning lamps 20 ISA Heater controls (terminal 30) 

10 lOA lnstrumenl lights, license 21 30A Heater blower (terminal 30) 
plate, daytime running Its. 

11 lOA Side lamp, left; tail lamp left 

TURN SIGNAL (B) RELAY 

The tum signal (8) relay powers the turn signal and flasher circuits. The activation of 
the turn signal relay, and the flashing of the lights is controlled electronically by the 
Timer Module in Fuse Block No. 1. The Timer Module (not to be confused with CTM) is 
also known as the Wiper/Tum Signal/ Engine Start Control Module (Figure 8). 

r----------------------,~u 

I r----------------, 111191 1111.00< 
I I JWCO.U. l "°-

1 

I I 

I , ___ _ :y--;:----,J" I 

i I Z-1--£ 1= ! 
I 11A V 11 y • I 

L----------------------J u'( C1 
r-.-f-------- ------ - , MULn. 
I ri .,_ ri,_ IFUllCmll 

: I I= I I:'° :llWITCI! 
L::-=1-------==} ____ J 

Figure 8 Turn Signal Relay Circuit 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

Figure 9 Common Rall Fuel C1rcu1ts 

FUEL FLOW 

Fuel Supply 

The electric fuel pump delivers fuel from the fuel tank, through the fuel filter 10 the 
inlet side of I.be high pressure pump nnnge. 

Hi&h Pre.au.re Circuit 

Fuel Oows from the outlet side of the high pressure pump to the fuel rail to the inJec­
tors 

Fuel Return 

Return fuel from the l11Jectors (control fuel), the fuel pressure solenoid and high pres­
sure pump nange flows into the fuel return system and is returned to th<' fuel filter or 
the fuel tank (depending on the temperature of the returned fuel). 

14 



14. 24 FUEL DELIVERY--------------------- VA 

1 · Strap Bolts (2) 
2 - Hose {not with all engines) 
3 · Fuel Outlel Line 
4 · Fuel Return Line 
5 · Plug 
6 · Fuel Tank 
7 · Tank Straps (2) 

Fig. 20 FUEL TANK ASSEMBLY 

8 • Nuts (2) 
9 - Filler Tube 
1 O - Vent Hose 
11 · Hose 
t 2 ·Clamps 
13 - Cushioning Material 
14 - TV.'O·Way Valve 

-· -· 



2001-2006 f A Sprinte r Body Electrical 

AC'tlvlTY 2 .1 : TURN SIGNAL (B) RELAY ACTIVATION 

Answer questions 1 through 4 usmg the turn signal dJagra.m in Figure 8 

1. Which pin provides the sense signal to the Turn Signal Control module when Lhe 
tum Signal switch, or t.he hazard switch has been actuated? 

n 7 

2 What kind of signal docs the module s.-nse? 
Ir senses a qroynd thcqygh the tun ?-ianal bulbs 

When the Timer Module senses that the turn signal switch or the hazard switch has 
been actuated, it responds by grounding terminal 85 of the Tum Signal Relay. Termi­
nal 30 of lhe tum signal relay has already been supplied WJth voltage through pin 11 
of I.he module. Wben the relay is grounded, the contact closes powering the turn signal 
lights (Figure 9) 

r----------------------,f\llE 
I r----------------,- 11LDCX 
I I 1-...t 1*1.

1 

I L----------------_J I 
: 'LQ"I ~bl:JI : l I 1\--1J1= l 
1 1•1ov n • I 

L-~------------ --------J ,,ya 
r-~---------------,.._~ 
I r.:,_ rl-,..,..., I:* 
I I 1=. I 1:: .. "" I 
I L --' L _ _J I L-----------------J 
F11rure 9 Tum Signal Relay Circuit, Relay E:nergized 

3. Whet kind of signal is the module sensing now? 
Battem volraqc 

With the signal that the module 1s now sensing, 1t removes the ground at tcrmmal 85 
The contact opens and power 1s interrupted. 

4. I low does the nashing of the lights take place? 
Tiu• module senses g qrowtd af!d the sequence js mx:med unl!l the rum srangl 

or 1!4Z<ln:i suntch r.~ r! 'CO"Cd. 

14 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

FUEL PUMP MODULE 

The fuel level sensor module is installed in the top of the fuel tank. It contains lhc fol­
lowing components: 

• Electric fuel pump 
• MAPPS fuel gauge sending unit 
• Fuel supply/return pick-up tubes 

• Suction jet pumps/throttle bypass 
• Fuel pump module rcservoir/bafile 

SIDE VIEW 

1 Electric Fuel Pump 4 Fuel Return 

2 MAPPS Fuel Gauge Sending Unit 5 Heater Booster Pick-Up (Option) 

3 Fuel Outlet [Inlet to Fuel System) 6 Upper Suction Jet Pump 

Figure 16 Fuel Tank Module 

20 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

Electric Fuel Pump 

The electric fuel pump delivers fuel from the fuel tank, through the filter to the high 
pressure pump. E:xcess fuel flows back to the tank through the fuel return circuit. 
When activated, the fuel pump runs continuously mdependenl of engine speed. 

A safety circuit prevents the delivery of fuel when the ignition is on and the engine not 
running. When the ignition is switched on, the electric lift pump runs for 20-30 sec­
onds. lf the engine starts, the pump will remain activated. 

The electric fuel pump operates at a pressure between 4-4.5 bar (SS-65 psj). 

Roller Cell Pump 4 Suppression Capacitor 

2 Check Valve 5 Prcsssure Relief Valve 

3 Fuel Outlet Port 6 Fuel Inlet Port 

Figure 17 Fuel Pump Cutaway 

The fuel pump is comprised of a positive-displacement pump and an electric motor 
with.in an aluminum housing. An end cover is crimp-sealed on the upper part of the 
pump housing. The fuel pump end cover contains the e lectrlcaJ connections and the 
fuel outlet port. A check valve in the fuel outlet port prevents the fuel m the supply line 
from draining back to the pump, maintaining system pressure. A luF /SOV capacitor 
is integrated in the end cover for interference suppression. The end cover also includes 
the carbon brushes for the drive motor commutator. 



2001 -2006 VA Sprinter Body Electrical 

FUSE BLOCKS/ RELAY BLOCKS UNDER DRIVER SEAT 

The followmg components are located under the driver's seat: 

• Fuse Block 112 

• Fuse/Relay Block 
• Relay Block 

Fuse Block No. 2 

2 Fuse/Relay Block 

3 Relay Block 

Figure 14 Fuse Blocks/Relay Blocks Under Driver Seat 

FUSE BLOCK NO. 2 

The Fuse Block No.2 is a single or double-row molded pla.stic fuse block contruning 18 
fuse locations per row. The total number and arrangement of the fuses varies from one 
vehicle to v.nother, depending on the opuonal equipment. 

FUSE/ RELAY BLOCK 

The Fuse/ Relay Block is mounted ~low Fuse Block No.2. It holds blade· type m111i and 
mruo fuses, as well as mini ISO relays. The lop side of the block bas five slots where 

21 



2001 -2006 VA Sprinter Body Electrical 

additional maxi fuse holders can be installed. The arrangement of these fuses vary 
depending on optional equipment. 

Figure 15 Fuse Block No. 2 and Fuse/Relay Block 

Table 3 Fuse Arrangement, Fuse/Relay Block 

No. Rat. Component No. Rat. Component 

1 Fuse locations I 41 depend 1s Maxi Fuse (not ln use) 
on opuonat equipment 
mstalled on vehicle 

2 D1ode (idle-up option) 9 40 A Maxi Fuse, Anti lock brakes 
(CASI 

3 Diode (idle-up option) 110 MaxJ Fuse (not an use) 

4 Diode (id le-up option) 11 20/ Mmi ISO Reloy, Electric Fuel 
40A Pump ----

5 IOA M1n1 Fuse,lnunobilizer 12 70A Power Mini ISO Relay. Starter 
(SKREEM) Motor 

6 7.SA Mini Fuse. Anti lock brakes 13 Power M1nl ISO Relay (noL in usel 
(CAB) 

7 2SA Mm1 Fuse, Anu-lock brake• 
(CAB) 

22 
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VA------- - 8W·1 1FUSEBLOCK ----- - - 8W -1 1-3 

NOA/llfl rN£Ft7 f1t£N' 1f€llOW/Mf' 

1?£L/l'(J "'1/t¥' J"µ1.:r ro /iJr'7 

Red Notes are from my 2004 

r:J 
TURNSIGNALI 

. 
ANTI-THEFT 

,, D ALARMRELAY· ----
LEFT 

ALA RMRELl.Y· 

IGNmON 

SWITCH 
RUN-START 
RELAY 

BAnERY 
RELAY· 
AUXILIARY 

O•RELAY 

N0. 2 TIMEDELAY 
RIGHT 

,.D 
~----+--

tMllOLAMPRELAY· 
LEfT 

l!E.AO LAMPR~l~A:; ~ 

TRANSMISSION 
REL.t, Y 

O•RELAY 
N0.1 

OAYTIME 
RUNNING 

LAMPS RELAY 

FOG LAMP 
RE LAY 

OA.YTIME 
RUNNING 

LAMPRRAY· 
LHTSIOE 

OAYllME 
RU NNING 

LAMP RELAY· 
RIGHT SIDE 

D 
D 
D 
D 
D 
D 
D 
D D 

DEFOGGER 
RELAY-LEFT 
REAR 

RELAY 
"'DOW 
DEFOGGER 
RELAY·RIGfIT 
REAR 

Note!!! Verify pOsitions witli wire colors .before work 

NOTE:THERELAYLOCATIONSSHOWNHERE 
MAYVA RYFROMVEHICLETOVEHICLE. 

-r1-t·rs r-urr:, MAP j$ ""1CkC T''f"P1c ltt.. or- 11 /'µLL orFtt!N='.) v11,-..: 



TU~H SIGHAlJ 
Alffi.lllEFT 

Al.ARM R$.AY· 
l.Efl 

TURN $1GNA.LJ 
Alffi.Tl!EFT 

ALARM RS.AY· 
RIGKT 

LAMP R:EUY. 
LEFT 

LAMP ASAY· 
RIGKT 

TRANSMISSION 
RELAY 

Ot-RELAV 
NO. I 

DAYTIME 
RUK.~INO 

I.AMPS REU Y 

FOG UMP 
REUY 

DAYTIME 
RUNNING 

LAMP RELAY· 
LEFT SIDE 

DAYTIME 
RUNtiltfG 

LAMP Fl£1.AY. 
RJGKT SIDE 

EJ 
-0 
D 
D 
D 
D 
D 
D 
D 
D 
D 

REUYBlOCK 

#2 ~/D 

#3 CJ 
CJ .... ,,,, 
CJ 

' CJ 
CJ 
CJ 

' CJ 
CJ 

~ CJ 

D CJ 
.. 

Note: Verify positions using wire colors! 

..,,,., 
NOTE: THE RELAY LOC,A TIONS SHOWN HERE 
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AUXILIARY BATTERY 

DESCRIPTJON 

An op11onaJ ou.'Uliary I '2\' / 1 OOAh deep cycle banery 1a m11talled for running ndd1uonal 
electnc-nl equipment. Then: 1a an 1~18.uon relay 10 aepurate 1t from the &tarter bolter. 
c1rcua Thl8 bnttcry may only b<1 u~ to powcr defined auxiluuy consuml!TII such ns 
auxilia1' heatmg or 'ltr cond1uomng, a loading tailptc, etc. 

.~--~C: 

OEM 

Awuhary Banery - Bartery Under Front Sut IBUFSI 

:2 leolauon Relay 

rtgl.IJ'C 18 Auxtlwy Bettcrv Layout 
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LOCATION OF COMPONENTS 

The additional battery is located under the passenger seat. It mounts on a tray which 
is welded on to the floor of the vehicle. A breather venting rube is fed into the open air 
through an orifice in the noor. 

NOTE: it is essenLial that the breather venting is fed into the open air through a cen­
tral vent hose. Failure to provide for adequate ventilation of any additional battery may 
lead to contamination of the passenger compartment and may cause serious injury or 
death, and/or explosion. 

Central Vent Hose 

2 Ground Stud 

Figure 19 Top View, Auxiliary Battery Location 

The battery cable is grounded through a ground stud on the battery tray. The positive 
cable is routed under the battery tray, through a channel under the tloor covering, to 
the isolation relay on the driver's seal base. 

26 
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Figure 20 Isolation Relay Location 

The isolation relay prevents electrical equipment connected to the auxiliary battery 
from discharging the starter battery. When the engine is running, the relay allows the 
battery to be charged. The isolation relay bas a reversed-biased clamping diode con­
nected in parallel to I.he coil circuit (Figure 21 ). This diode supresses the voltage peaks 
generated during the collapse of the coil's magnetic field. Proper polarity must be 
observed to avoid damage to the diode. 

A new style isolation relay features a built-in resistor for voltage spike suppression 
and a diode for reverse polarity protection (Figure 21). 

~ .. 
RELAY WITil EXTERNAL DIODE 

NEW STYLE RELAY 

Figure 21 Isolation Relay 
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au."' ._I e_An _ __. rs'! I D+RELAY I I (ENGINE 
I - I RUNNING) 

L- _J 
~y 

• 5350 

, J ,FUSE 
I @ IBLOCK 
I IN0.2 
I I 
I I 

'""-T- ..J 

• $310 

J 
FROM 

BATIERY 

I 
ff ____ \~ 1:~' 

. bI_ l \ _AUXILIARY 

85 T r7 

.a.G202 
._ ____ ____. 

Figure 22 Auxiliary Battery Diagram 
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Engine Front 

Fuel Solenoid 

Braided Rubber Hose 3 Stainless Steel Tubing 

2 H.NBR Rubber Hose 

Figure 32 Low Pressure Fuel Lines 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

HIOR·PR.&68UR& Pt7EL CIRCUIT COMP0lf£HT8 

HJGR PREBSUR& PUMP 

Th• high pn:••U"' pump IS mountod 10 the front Of the C)'bndtt head The pump IS 
dnvrn at about I 3 umca the si-ct of th" cam.hafi and ~uin:a no timing. Fuel that 
entO"ra the high prcaaurc pump 1S prcuuriz.cd bc<wttn 200-1600 bar !2900 - 23.205 
petJ . Thr pruaunzcd fuel,. then :oupphcd to the fuel 1'8Jl 

lligh Prnaurc Port 

3 Fuel Ink! Port (From Filkr1 8 

4 Fuel Rctum Port 9 

5 Pump Element Check Ball Plug (31 

F\Jcl l....,asure ReJJef ValVc 

~"ucl QuantJiy Valve 

Pump _Flan-'ge"--------1 

fr;gure 35 Htgh Prettu"' Pump 

The htgh preaautt pump ia a radial J11Sl0n pump with three plStons arranged at an 
anttlc or 120'. The llilnB" located behind rhe pump eonlalna rud pusagt:• and control 
ciemenr., which rogulate the Oow of fuel to the pump. 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

Figutt 36 High ~sure Pump Cutaway View 

Specific mOV1ng pan1 m11de the high preS&urc pump foature a corbon ba..:d (C2) CO<lt­
mg to nuoat with the lubncaoon process during Opt'touon The hJl!h pruaut<: pump is 
non seiviccoblo And mull be replaced as an ""'°mblv. 

Operation 

Lo·w Pl'eaauro Side 

Refer to rlflUtC 37 The fuel supplied ·by thr electric fuel pump Oaw1 through the fuel 
feed (SJ •t th• high pr<S&ut<: pump flange (I) and ia pa .. c:d from the"' to the fuel qwut-
1uy valve 111) and to the fud pressure relief valve (91 

The fuel quanuty control val"" ( 11 J controls th• •'Olumc of fuel whJch now. along tltt 
annular i>U""&<" (4J through the foed poru !JJ to th• lhrtt pump clements t>f the high 
Pf"Ssurc pump. To lubncate the plungcr....,,d -barrrl •S#mbl.e. when the quanttty 
control'""'" oa closttl (°"crrun modcJ, fuel is led directly into the annular pon (41 via 
the ttro drhvny reatnctor (101 
The rw,1 prc .. ure relief valve !9) ltmus the fuol pn."Uure which eXtsts at the fuel quan 
til)I control valve ( 11) to approximately S bar (72.S pslJ ma.'Umum If th.a pressure 1s 
exceeded, the p~nure rcbe(valvc opens and again pal\\t"I the CJCt:eN fucl mto the 
rctuni now (6/ to the fuel tank. 

.. 
• .. .. .. ... 
~ .. ... .. 
f! .. .. .. 
"' .. .. 
"' .. .. 
• • • • • • • .. 
P. 
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• .. .. .. .. .. .. .. 



2004-2006 VA Sprinter OM647 Diesel Fuel System 

In add1uon, the fud pn: .. un: rebel ''al"" (9) dn-.Cll a pan of the fuel as a lubncauon 
quantity 10 1hr ttten1nc shaft (lubncation port 8) 
Any a.r entrained by the fud is puscd through the furl prc.1oun: rdJrf val'" to the 
n:tum now of the high pressure pump (bleed pon 7) 

:
:Z:Z: Z::: <ll: FUEL FROM OUANTfT"V COHTROL VALVE 

FUEL FROM TMK 
!At!! Nfilg!!!t;·!ID FUEL RETURH FLOW 

I llgh Preuun: Pump Flange 7 
2 Fuel Trmpcratuic Sensor 8 

3 Furl Fttd to Pump Elements 9 
4 Furl Annular Port 10 
5 Furl lnk1 Port (From Fud Filrerj II 

6 Fuel Return Port (To l'ud Tank! 

Bleed Port 

E.c<:ent Me Shall l.ubnClltlon Pon 

f'll<I Pn:asurc Relief Valve 

Zeni ll<'bvery Restnctor 

F\lrl Quanuly Valve 

Figure 37 Low Pn:asun: Sode, Pump Flanitt 

~fer 10 rigure 38 to follow <he fucl 11ow mto the high prcaaun: pump Fud from the 
quantity control valve nows along the annular pasa8gt' 15) lhrough the feed ports (7) lo 
the thn:e pump elements of"'" high pressure pump 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

c:::::::::::=i FUEl FROM QUANTITY CONTROL YIU.VE 

~ HIGH PRESSURE 

c==:J FUEl RETURN A.OW 

Valve 6 Ecttntric Shafi 

Htgh PrHau"' Puaagc I 1 Feed to High P...,asur,: Elements 

Check Ball ------'--'-8-1-'-R-'-M\J= m.:.;.:.Po= n--- -----J 
+-"'-'•-'-ro_n'-----------'---9-+-H_,,1gll._.~ __ u"' Linc 10 Fuel Rail 

.__ _ _._An_n_ular Pnsaag,:--"'------'----'-
F1gur< 38 Low Pressur,: Sid~. Pump Elemcnta 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

HIC)> pnaun alcle 

i«rcr to Yigutt 39 Th• cam (81 or lhc eccentnc •haft 191 mo'u th• 1»atons (6) up..,,<) 
down agauut tht puton spang (7). 

6 P\ston 

Th• piston (6),. mo~ down as a ttsult or the piston apnna 171. The fuel ouppllM by 
the tlcetnc ruol dclJ\'~ry pump flow• along the annular pa•••&• 1101. the fuol feed 111 
and, by OY~n:omlng the force of the vah.., spnng (31 throu~h the valve (21 mlO the C\'lin 
der. Tho chock ball (41 pttvenU lhc fuel being able to fi&1>· beck from the high pressure 
PM""ll" (SJ 

Producina bJ&b preaaure (Compresaion Pbue) 

The plOtOn (bl ii m~ up by the asc=dulg tcett1tn<" ahan (9) and the fuel is pressur­
W:d Th• valve (21 ahuta off the deliverv volum• to th• fuol lr<d Ill Once the fuel pres· 
1ure 1n thr cylinder nse.s beyond the pres.sure-" h1ch exiats tn the btgh prcss1.1~ circuu 
(SJ, the ch<c:k billl (41 opens and the fu<l ••pumped 11110 the high prcaaurc on:uu (SI 



BRAKE LAMPS 

The brake lamps operate only when the brake pedal is depressed. The purpose of the 
brake lamps 1s to alert following drivers of vehicle slowing or stopping. 

Brake Lamp Switch 

The brake lamp switch is located in the pedal mounnng bracket above the brake pedaJ 
(Figure 391. When the brake pedal is released, the switch plunger is depressed. When 
the brakes arc applied, an intern.al spring pushes the plunger out and the internal 
electrical contacts switch positions (open to closed and vice-versa). 

The brake lamp switch also supplies a redundant signal to the ABS controller (See Fig­
ures 41 and 421- Depending on vehicle opbons, the swach may supply a signal to the 
shifter assembly (SI.A) . 

.__ _ _..__Pedal __ Mounting Bracket 2 Brake Lamp Switch 

Figure 39 Brake t.a.mp Switch Location 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

FUEL RAIL 

The rail is located above the intake manifold. The fuel pressure solenoid, fuel pressure 
sensor, high pressure lines and return lines are attached to lhe rail. The rail acts as a 
high pressure fuel storage device (accumulator) for the injectors. 

Figure 40 Fuel Rail 

The stored volume also acts as a damper for pressure fluctuations resulting from the 
pulsating of the high pressure pump and the brief, large extraction of fuel by the injec­
tors during injection. The constant pressure in lhe rail enables the ECM to accurately 
control the injected quantity. 
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2001 -2006 VA Sprinter Body Electrical 

Two types of brake lamp swucbes are installed dependmg on vehicle equipment Velu· 
cles without the Electronic Stabjjjty Program System (ESP) require an add1t1onal brake 
switch input for releasing the shift lever parking lock. Vehicles equipped wilh ESP pro· 
Vide tbis input to the shift lever control module fSLA) via the CAN bus. 

Vehicles equipped with ESP have a 4-pin brake switch. The switch contains two ~of 
electrical contacts. One set of contncts is normally-open while the other set is nor­
mally-closed. The position of both sets of contacts is inverted when the plunger 1s 
depressed. 

Vehicles without ESP have a 6-pin brake switch Tbe plunger is also 4 mm (0. I 57 in .) 
longer thnn the ESP brake switch. The switch contains three sets of contacts. Two set$ 
of contacts are normally-open and lhe lhlrd set 1s normally-<:losed. The position of the 
contacts is inverted when the plunger is depressed. 

o D 
~ 

D D 
REARVlEW 

0 

D 
REAR VIEW 

S"'itch for Vehicles Without ESP 2 Switch for Vehicles With ESP 

Figure 40 Broke Lamp Switches 
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Two types of brake lamp swucbes are installed depending on vehtcle equipment Veht· 
cles without the Electronic Stability Program System (ESP) require an additional brake 
switch input for releasing the shift lever parking lock. Vehicles equipped with ESP pro· 
vidc this input to the shift lever control module (SLA) via the CAN bus. 

Vehicles equipped with ESP have a 4-pin brake switch. The switch contains two~ of 
electrical contacts. One set of contncts is normally-open while the other set is nor­
mally-closed. The posnfon of both sets of contacts is inverted when the plunger 1s 
depressed. 

Vehicles without ESP have a 6-pin brake switch. Tbe plunger is also 4 mm (0. I 57 in .) 
longer than the ESP brake switch. The SW'ltcb contains three sets of contacts. Two sets 
of contacts are normally-open and the thi rd set is normally-dosed. The position of the 
contacts is inverted when the plunger is depressed. 

o D 
~ 

D D 
REAR V1EW 

0 

D 
REAR VIEW 

S"'itch for Vehicles Without ESP 2 Switch for Vehjcles With ESP 

Figure 40 Broke Lamp Switches 

ESP was optional prior to NAFT A 2004. Std equip 2004 and on . 
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Two types of brake lamp swllcbes are installed depending on vehicle equipment Vehi­
cles without the Electronic Stability Program System (ESP) require an additional brake 
switch input for releasing the shift lever parking lock. Vehicles equipped with ESP pro· 
vide this input to the shift lever control module (SLA) via the CAN bus. 

Vehicles equipped with ESP have a 4-pin brake switch. The switch contains two ~of 
electrical contacts. One set of contncts is normally-open while the other set is nor­
mally-closed. The position of both sets of contacts is inverted when the plunger 1s 
depressed. 

Vehicles without ESP have a 6-pin brake switch. Tbe plunger is also 4 mm (0. J 57 in .) 
longer thnn the ESP brake switch. The switch contains three sets of contacts. Two setS 
of contacts are normally-open and the thi rd set is normally-dosed. The position of the 
contacts is inverted when the plunger is depressed. 

on- ESP #001545950905 

o D 
~ 

D D 
REAR V1EW 

ESP #60856230AA 

0 

c 
REAR VIEW 

Switch for Vehicles Without ESP 2 Switch for Veh;cles With ESP 

Figure 40 Broke Lamp Switches 
ESP was optional prior to NAFTA 2004. Std equip from 2004 and up. 
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l Fuel Outlet Port to Injector (5) 4 Rail Mounting Hole (3) 

2 Fuel Rail Pressure Solenoid 5 Fuel Rail Pressure Sensor 

3 Fuel Return Port 6 Fuel Inlet Port From Pump 

Figure 41 Fuel Rail Components 

The drop forged steel fuel rail has a yellow chromate finish for surface protection. Due 
to the high fuel pressures it contains, the fuel gallery inside the rail has a small diam­
eter relative to its outside diameter. The fuel rail has an ID of 10 mm (0.394 in.) and an 
OD of approximately 27 mm (1.063 in). 

l Fuel Outlet Port to Injector 3 

2 Rail Mounting Hole 

Figure 42 Fuel Rail Cross Section View 
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Piston Pu111ps 

Pressure -J>.~ 

Regulating Valve 

Rail Pressure Sensor P 

Fuel Te111perature .____, 

Sensor 

Fuel P111np 

Fuel Filter ···••·· 

Tank -
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Figure 41 Stop Ll!mp Wiring Diagram, Vehicles Without ESP 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

FUEL INJECTORS 

Five electronically-controlled fuel injectors are positioned on top of lhe cyHnder head, 
under the engine cover (Figure 44). The injectors must be able to generate a fine fuel 
atomization at injection pressures up to 1,600 bar (23,205 psi) and small injection 
rates (approx 1.5 mm3/stroke). 

Figure 44 Fuel Injectors 

The fuel injectors feature seat-hole type nozzles with seven spray holes. The spray 
boles have a diameter of approximately 0.135 mm (0.005 in.) and are formed by elec­
trical ruscharge machining (EDM). EDM is a non-conventional machining technique in 
which the material is removed by tbe erosive action of electrical ruscharges (sparks) 
provided by a generator. The nozzle needle and injector plunger have a carbon based 
(C2) coating to reduce wear. 
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• • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
I RIJll.STAl!T I 

r- F -,FUSE 
I !ROCK 
I @ 1N0. 1 
I I 
I I 
I I L __ l_ ___ J 

'T C5 
·-----•1129' 
.l C1 .1C1 

I {------\· 1~ 
·1 C1 ,le' 
·~ ~ 

r- iiW(! - - - - W,.[ -, COllJ'R(]UER 
I ...... "'"°' I AH111.0C1< 
I SWITT:H CIU1M I BIW<E 
I CMM I 
L.------ -- ...J 

Figure 42 Stop Lamp Winng Diagram, Vehicles With ESP 
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2001-2006 VA Spri.nter Body Electrical 

Brake Lamp Switch Adjustment 

The brake lamp switcb may affect engine performance if misadjusted. To adjust the 
switch, push the pedal to the applied position and pull the plunger until it stops. 

D D~ 
~ 

D D 

Brake Switch Plunger 2 Electrical Connector 

Figure 43 Brake Lamp Switch 

49 

-- ------ ·-



2004-2006 VA Sprinter OM647 Diesel Fuel System 

Coated Nozzle Needle 3 Pressure Chamber 

2 Injector Spray Hole (7} 4 Fuel Inlet Passage 

Figure 45 Injector Nozzle 

Each injector is held in its recess by a tensioning claw and a retaining stretch bolt 
[Figure 46). A seal ring is located on the injector tip to seal off the injector to the com­
bustion chamber. When removing the injectors, the seals and torque to yield bolts 
must always be replaced. 

Tensioning Claw 2 Retaining Stretch Bolt 

Figure 46 Fuel Injector Position 
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Coated Nozzle Needle 3 Pressure Chamber 

2 Injector Spray Hole (7) 4 Fuel Inlet Passage 

Figure 45 Injector Nozzle 

Each injector is held in its recess by a tensioning claw and a retaining stretch bolt 
[Figure 46). A seal ring is located on lhe injector tip to seal off the injector to the com­
bustion chamber. When removing the injectors, the seals and torque to yield bolts 
must always be replaced. 

Tensioning Claw 2 Retaining Stretch Bolt 

Figure 46 Fuel Injector Position 
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BACK-UP LAMPS 

The SI.A microcontroller recognizes the position of the shift lever via the shift lever 
pot=tiometer. With the selector lever in the "R" position, the microcontroller switches 
on a power field-effect transistor (FET) to activate the back-up lamps. 

I RUN.START I 
r---,rusE 
f ~,l tBLOCK I 1No. 1 

I I 
I I 
L_L..J 

14I C4 
:rC202 

f"""1--I =~,---~-- -~o~~ ~!~::LY IP I ..-- - D I 
I :R --H µc J m I 
I I ~ I l__ G S I 
I~ __ _, I 

~--------- ----~ ,OT 
• $320 

J r-r-1 TAIL 
I 1 LAMP 
I ((/\ I ASSEMBLY· 
I VY I LEFT 

I '°L-1 
L_J.... ~ J 

al 
.A.G300 

Figure 44 Winng Diagram, Back-Up Lamps 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

An edge filter is mounted in the injector high pressure cormcctor to filter impurities 
and d1rt upsu-eam of the mJector nozzle (Figure 4 7). Edge filters are effective to filter 
particles in the fuel or particles created by machirung of components and/or from the 
high pressure fuel flow. The edge fllter has a flat front face with three V-shaped open­
ings leading to V-shaped channels. 

High Pressure Connector 

Figure 47 lligh Pressure Connector With Edge Filter 

The mJcctor operation can be subdJVided into four operating states with the engine 
running and the hlgh-pressure pump generating pressure: 

Injector Closed (At-Rest State) 

Refer to Figure 48. The fuel coming from the rail is present at the fuel Ullet (2) in the 
valve control chamber (8) and in the chamber volume 14). The rail pressure builds up 
in both areas (8) and (4) . 
The surface difference of the valve control chamber (8) compared to the chamber vol· 
ume (4) and the additionally acting force of the nozzle spring (6), prevent the nozzle 
needle (5) from operung. This condition exists when the start phase begins or if the 
veh1clc Is m the deceleration mode (engine running and high pressure pump deliver­
ing). 

Injector Opens (Start of Injection) 

When the solenoid valve (11) 1s energized, the check ball (I 0) 1s attracted and over­
comes the force of the valve spring. The check ball now opens the valve control cham­
ber (8) and the controlled quantity of fuel is able 10 flow along the fuel return (1) back 
to the fuel tank As a result of the pressure drop m the valve control chamber (8) the 
nozzle needle (5) is raised by virtue of the dilTerence m pressure. The rate of open mg of 
the nozzle needle depends on the cross-section of the bleed orifice 19) above the valve 
control chamber (8) and the feed onfice (3) positioned between high pressure feed (2) 
and valve control chamber 
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2004-2006 VA Sprinter OM647 Diesel Fuel System 

11\Jector Opened Fully 

The control plunger (7) reaches its upper stop when: it remains supponed by a cush· 
ion of fuel, which is generated by the flow of fuel between the bleed and feed orifices. 
The injector nozzle has now opened fully, and the fuel 1s in1ected into the combustion 
chamber at a pressure almost equal to that m the fuel rail. 

Injector Cloaea (End of injection! 

Mer the solenoid valve current is switched off, the valve spring pushes the check ball 
(I 0) back onto the valve seat. The bleed orifice is closed as a consequence of this and 
the pressure tn the valve control chamber (8) rises i.o the level of the system pressure. 
The closing force which is active m the valve control chamber (8), 1s greater than that 
tn the chamber volume (4), as a result of wluch the nozzle needle (5) closes. 
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..... . .. . .. . ... .. . . ..... . 
J Fuel Return 7 Control Plunger 

2 Fuel lnlet 8 Valve Control Chamber 

3 Feed Orifice 9 Bleed Onlice 

4 Chamber Volume 10 Check Ball 

5 Nozzle Needle 

6 Nozzle Spring 

11 Solenoid Valve I 
~~--l- :=J 

Figure 48 Fuel Injector Cutaway 
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Fuel Injector ClaHlficatlon 

The ECM compensates for both injector variations due to production tolerances as weU 
as due to injector wear over lhe life of U1e injector. The injectors are identified with a 
six-digit alphanumeric code etched on ilie injector top. To allow ilie ECM to compen­
sate for tolerances, the code 1s programmed into the ECM memory using the diagnos­
tlc scan tool. At the end of the coding procedure, the diagnostic tool performs a proof 
check to ensure the code has been entered correctly. 

Six-Digit Alphanumeric Code 2 Data Matrix Bar Code (Plant Use) 

Figure 49 Injector Top View 

SERVICE NOTE: WHEN REMOVING THE INJECTORS, THE SEAL Rl:NGS AND 
TORQUE TO YlELD BOLTS MUST ALWAYS BE REPLACED. COAT THE INJECTOR 
BODY WITH THE APPROVED LUBRICANT BEFORE INSTALLING ON THE ENGINE. 
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MODULE 3 ECM INPUTS 

The ECM output decisions are based on input values. As the input values change, the 
ECM will change the fuel curve for optimum performance. 

I Ignition ON (Terminal 15) ~ 
I Engine Start (Terminal 50) ~ 

~'C=ra==n=ks=h=a=ft==P=os=i=ti=o=n======~ 
='C=a=m=s=h=a=ft==Po=s=i=ti=o=n======~~ 
I Accelerator Pedal Position ~ 
~' l=nt=a=k=e=A=i=r=P=re=s=s=u=re======~~ 
='B=~=o=s=t=P=re=s=s=u=r=e=========~ 
~'F=u=e=l=P=re=s=su=r=e========~~ 
~I B=o=o=st===Ai==·r=T=e=m==pe=r=a=tu=r=e====~ 
!:I F=u=e=I T=e=m~pe=ra==tu:::re======~~ 
:I Co=o=la::n:::t:::::T:::e:::mp::!::::::eratu=:::r::::e======~ 
Mass Air Flow Sensor+ 
Intake Air Tem rature 

102 Signal 

IKickdown 

Oil Temperature I Level and 
Qua Ii 

I Speed Control 

I Constant RPM Request 

I water in Fuel 

I Glow Plug Circuit 

I Enhanced Accident Resp. 

lcAN Bus 

I Diagnosis (K·Line) 

I Atmospheric I 
Pressure 

Figure 50 Block Diagram ECM Inputs 
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POSITION SENSORS 

CRANKSHAFT POSITION SENSOR (CKP) 

The crankshaft position sensor (CKP) 1s located opposite the teeth on the flywheel and 
uses a non contact method to record the position of the cmnkshafL When the crank­
shaft is rotatrng, an alternating current signal is produced. The leading edges of each 
tooth on the flywheel generate a positive currem signal lll the CKP, while the trading 
edges generate a negative current signal. The period or frequency of the signal is the 
time required by the crankshaft to turn throu11h the gap between two flywheel teeth. 

Figure 53 Crankshaft Posmon Sensor (CKP) 

OPERATION 

The clearance between the CKP and the flywheel are fixed by the lllStallation position. 
The flywheel toothed ring has 58 teeth, which are evenly $paced every 6°. Two teelh on 
lhe flywheel are missing (the 59th and 60th). The resulting gap is used by the ECM to 
detect TDC of cylinder number one. The angle between the gap and TDC of cylinder 
number one is 108 . or 18 teeth. The crankshaft position 1s calculated so that the start 
and end of injection can occur at the right moment. The engine speed signal is also 
processed by the ECM from the crankshaft position sensor Thls signal is then broad· 
cast to other control modules over the CAN bus. 
The loss of crank signal will cause the ECM to stop triggcnng the injectors. The engine 
shuts down and will not restart. 
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Figure 54 CKP Sensor and Flywheel Toothed Ring 

When the crankshaft rotates, an alternating voltage is generated (Figure 55) tn the 
CKP by the flywheel teeth. The front edge of o. tooth generates a positive voltage pulse 
and I.he rear ed ge a negative voltage pulse. The distance from the positive to the nega­
tive voltage peak correspond s to the length of a tooth . 
The gsp produced by 2 missing teeth results tn no voltage being generated in the CKP. 
This is used to detect the position of cylinder nu mber one. 

( V ) n ~ ~ ~ ~ n ~ ~ ~ ~ 

0 
I 

v v v v v v \ ~ v 
••• •••••• 

Figure SS Crankshaft Position Sensor Signal 
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Failure Modes 

The ECM monitors the operation of the CKP end stores fault codes related to the fol · 
lowing condhions: 

• Crankshaft sensor plausibility J 

• Crankshaft sensor plausibility 2 

• Crankshaft sensor over speed detection 
• Synchronization between crankshaft and camshaft - now linuter activated 
• Synchroruzation between crankshafl and camshaft • no crankshaft signal 

• Synchronization between crankshaft and camshaft - plausibility 
• Synchronization between crankshaft and camshaft maln injection correction 1s 

faulty 

CAMSHAFT POSITION SENSOR (CMP) 

The camshaft position sensor (CMP) is located on top of the exhaust camshaft, al the 
rear of the engine near inJector number 5 . The CMP utilizes a non contact method on 
one segment of lhe camshaft to record the camshaft position. When the ECM receives 
the signal from the CMP, 1t can then detect TDC of cylinder number one The signal 
from the CMP Is only required during engine starting for synchronlzing mJection um 
Ing. 

Figure 56 Camshaft Position Sensor (CMP) 
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OPERATIOl'f 

The CMP consists of a Hall-effect integrated circuit, flexible printed circuit board, 
capacitors and a magnet (Figure 57). 

Figure 57 Camshaft Position Sensor (CMP) 

The CMP 1s a 5 volt Hall-effect type sensor, wnh a return signal that switches from 0 to 
5 volts depending on the position of the segment machined mto the exhaust camshaft. 

,-------------------1 ENG1~ 
I sv ~v I CONTROi. 
I I MOOUlf 
I cw I <ECMl 
I ~ cw 5EN10ll =o I 
I SUPPLY I 
I I 
l- ------ -------- -~ 

CAMSHAFT 
POSITION 
(CMPJ 

~CT SENSOR 

Figure 58 CMP Schemabc 
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TRAILER TOW PROVISIONS 

DESCRIPTION 

Trailer towing electrical provisions are either ractory installed or dealer/ aftennarket 
installed This chapter deals with the factory mstalled system, for dealcr/aftermarket 
installed systems, rerer to their installation instructions and winng diagrams 

Figure 54 Trailer Tow Seven-Way Connector 

MODULE FUNCTION 

The Trailer Towing Module converts the separate brake and turn signal mputs from 
the vehicle mto a combined tum/stop light signal ror standard trailer winng as well as 
providing a 12 volt signal for an elecmcal t.ra.ilcr brake. 

Module Location 

The Trai ler Towing Module is located under dnvcr seal. 

Module Input 

A five wire connector provides B• over a 25 Amp ruse located in the Fuse Block No.2 , a 
chassis ground, a bra.kc switch input, a left tum signal input and a nght tum signal 
mput 

Module Output 

A three wire connector provides left tum and slop hght output, right tum and stop 
light output and e lectncal Lro.iler bra.kc output. 
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The signal wire of I.he CMP is normally switched high (approximately 5 volts). When 
the segment machined into the exhaust camshaft is positioned opposite the CMP, the 
camshaft signal switches to low (approximately OV). A low signal 1s used for detecting 
igniuon TDC of cyltnder l by the ECM. If no signal is supplied by the CMP, the vehicle 
will not start because cylinder order can not be detected {Figure 59). 

(V) 

zs:~l-o ~~~~__._1 ~-n-0~~~~~1-r.:=-44-0~ 
CAM ........................................ . 
SEGMENT 

Figure 59 CMP Signal 

Failure Modee 

The ECM monitors the operation of the CMP and stores fault codes related to the fol­
lowing condiuons: 

• Synchronization between crankshaft and camshaft - no camshaft signal 
• Synchronization between crankshaft and camshaft - flow limiter activated 
• Synchromzauon between crankshaft and camshaft - camshaft frequency signal 

loo high 
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The signal wire of lhe CMP is normnlly switched high (approximately 5 volts). When 
the segment machined into the exhaust camshaft is positioned opposite the CMP, the 
camshaft signal switches to low (approximau:ly OV). A low s1RJ1al 1s used for detecting 
ignition TDC of cylinder l by the ECM. If no signal Is supplied by the CMP, the velucle 
will not start because cylinder order can not be detected (Figure 59). 

(V) 

zs:~l-o ~~~~__._1 ~-n-0~~~~~1-r.:=-44-0~ 
CAM ........................................ . 
SEGMENT 

F'igure 59 CMP Signal 

Failure Modee 

The ECM monitors the operation of the CMP and stores fault codes related to the fol­
lowing condiuons· 

• Synchronization between crankshaft and camshaft no camshaft signal 
• Synchronization between crankshaft and camshaft - flow limiter activated 
• Synchroruzation between crankshaft and camshaft - camshaft frequency signal 

too high 

See page 140 for possible LHM 3200 RPM type limit 
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Note: The BT ground, reverse light and tail light inputs at the trailer Lowing connector 
at the rear bumper come directly from the appropriate vehicle harness and are not 
provided by the trailer towing module. 

l Trailer Tow Connector 

2 Ground Wire To Ground 0300 {Right Rear Body) 

3 Six-Pin Connector C2 (Black) 

4 Six-Pin Connector Cl (Green) 

5 Trailer Tow Control Module 

6 Ground Wire To Ground G202 (Under Dnver Seat) 

7 Wire To Brake Lamp Switch 

8 25 A fuse in fuse Block No. 2 

9 Wires To ruse Block No. I (Left Tum/Right Turn Signal and Tail Lamps) 

Figure 55 Trailer Tow Wiring Harness Layout 
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JNJECTION TlMING SYNCHRONIZATION 

The injection liming 1s synchronlzed by means of the signals supplied by the CKP and 
the CMP. The ECM analyzes bolh signals to detect the TDC position of cylmdcr num­
ber one. When the ECM detects the voltage gap resulling from the two missing teeth 
on the flywheel, il must also detect the low signal from the segment on the exhaust 
camshaft. The simultaneous voltage gaps are tm indication to the ECM thal lhc engine 
is 108° BTDC of cylinder number one. 

s 3 

!~Im!\~~ 
Crankshaft Angle / Firing Order 3 CKP Signal 

2 Offset Angle Cyllnder No. I 4 CMP Signal 

Figure 60 Injection Timing Synchronization 
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SEVEN-WAY CONNECTOR LAYOUT 

Insertion End 
I 0 -Pin Connector 

From View 
Seven Way Connec tor Socket 

Figure 56 Seven-Wey and 10-Pm Connectors 

DESCRIPTION 

A IO· pin rectangular connec1or is plugged to the beck of the 7-way trailer tow connec­
tor socket. Cavities I, 6 and 9 are not used and have seal plugs to keep moisture out. 

The wmng diagrams show the pin layout of 1he 10-pin wiring harness coonec1or. The 
seven-way connector socket is not shown. See Figure No. 57 for cavity numbers and 
corresponding trailer circuits 

Caution: The electric brake circuit does not provide brake modulation. If connected to 
Lhe trailer, it will apply the trailer brakes al futl power An a!terrnarket unit will have 10 
be installed in order to modulate the trailer brakes (See Figures 60 and 61) 
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Circuit Deacriptlou Cavity Number (10 Pin Connector) 
~~~~~.i.-~~~~~~~~~~-l 

Elccmc Brakes 7 

LH Stop Turn 10 

Running Lamps 5 

Power(+) 4 

Ground(-) 8 

Figure 57 PUl Layout, 10-Pm Connector 
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EJ 
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Figure 58 Trailer Tow Wiring Diagram (continued on next page) 
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r------ -- ------------ - -!FUSE 
I l 11 )_ 1BLOCK 
I 30 r------,Tl!ER 1No.1 

I r-~,:'.a. I =._ lll<n.lE I 
I L _ IAEtAv I = S:, I I 
I l ,t_ I I RELAY I 1 
I ';;J 874 v J L---~-1 I 

L _____________ ~ ___ ____ J 
11 C1 

r - - - - - - - - - - - - - - - - - - - - - - - - - -, MULn. 
I I FUNCTION I r-- ----,I~ ,.-----------,~..,. !SWITCH 

I I SW1lCH I I SWITCH I 
I I I I I I 
I I I I I I 
1 I I I I I 
I I I I I I 
I L _J L -- ---- - .J I 
I I r - ICONTROU..ER 
I I I a!Ui<E I AHllLOCK 

'-- ------------------------.J 1 ~1BRAKE 

r-J--------1--•ruse 1l C1 I.I Ct ~,:!..J 
L__ - ------- __ J:~~K 'T es 'TC5 

j~ J:t J:S1 
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I S1GIW. SOOll. SYWltH I CONTROL 
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L_ __________________________ ~ ___ J 

cla 
.A.Gi.02 

Figure 59 Trailer Tow Wiring Diagram 
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MODULE 4 INTERIOR LJOHTING 

DESCRJPTIOll 

The Spnntcr van C<1n be outfitted Wllh a vanation or intmor hg.hllng coofigurattons 
~pcnd1n11 upon model and optlOM. The followmg,. a h11 or component>< that are con­
••de~ pan or the lnlcnor lighting system. 

• Cargo/ O..mr Lamp A.. standard equipment the Sprin1or Will be equipped with 
rorwnrd and rear cargo/dome lamps The aumdard cargo/dome lamps contam a 
single lncande11<:ont bulb. A lhrcc po•1llon 1hde-1ypc •wilch protrude$ 1bcough 
th• lnrnp lcna. 

,_ ___ _ .,.,rman•ntly ON f'ositlao 

2 OFF Position 
lnte-r-1o_r_l.o_ m_p_s_Elll __ sw_ 1t_c_h_ed_O_N_/_O_r_r_by_th_e_Doo __ r_J_am_ b Sw1tchC11 

Figure 62 Cargo/Dome Lump 

• Oonic/fkading Lamp The optional dome/rc•dmg fnmp &18embfy will be located 
between lhr driver a.nd pasocngcr sun vtsors m thr cab/ roof otren. This assembly 
contruns two incnndesccnt bulbs and • four posh.ion allde-typc awitch 1hat pro­
tn.1dc• 1hrough thr lamp lens. 
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1--:.....-1.;;.~..:..;.rr:.;nan;;;;.;.:;•n;.;.:uyO:.;.;N:.;Posl..:.:::;u::;o~n:..... _ _______ ~ 

2 lntenor Lamps are switched ON/OF'F by the Door Jamb Swi_.;.;tch= es _ __ _ 
3 OFF Po::;s•:.;llo.:;n:_ _ ____ ________ _ 

l-----!-R-'r"'-a-'d"onK Lamp Position 
5 I Rrad1n11 Lamp Lons 

Ftgu"' 63 Oomr/Rrad1ng Lamp 

• Oomr Lntnp/lntruaoon Srnsor·An optK>rutl dome lamp/lntnwon 1ensor 1s located 
ovrrhrad 1n th• •eh..,le tntrnor. ThlS lamp fcatu"'9 four tnCAodrattnt bulbs .-..'O 
for dome lampo and two dedicated readmg lampe . Then-....., "'"o mtrgral lhr<r­
pos1uon awnche• Ont> •'Witch to controJ mterior lrunp OPf"rtillon and one to con­
uot re-admg IA.mp opc:ratton.. Three mtrus1on Rnsora, rhAt n.re part or an opttonal 
vch1rlr: theft a«unty ayatcm. ace housed in th1a unit 

1----1-Th- = ·Poaition lnt<nor Lamp Swnch_(ON, Jamb Sl'illth Opctabon, OFF) I 
L-......:2_-'-Th""-'= · Poaouon Rradlng Lamp Swuch (Le/I Lamp ON, OFF, Rlght Lamp OSI 

F1gu"' 64 Dome Lamp/lnlrus1on Sensor 
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• Cargo l..nmp Swit~.h • Thr Sprinter CM be outfitted whh momentary contact 
rocker tY)>C Cargo Lamp Swiu:hu in the instrument panel center stack. behind 
1he carao area bulkhead and on the rear cargo door ptllar The switches all con 
tain two LEDs, one ror the pu'1'09C or 11lummauon and the second for on/o!f Indi­
cation Only thr rront mounted •witch will use lhc lllummntion I.ED. 

Ftgurr 65 Cargo Lamp 5.,.,tch 

• Tune Delay !ttl11y-Vthielca cqulppcd w11h the optional r<mote cargo lamp •witcllro 
also havt" a time delay relay located tn th< electrical ant<r below the dn"""' sell! 
In the rear raw of relay• and antall ECUa 

f'igurc 66 Time Delay Kelay 

NEW STYLE 
RELAY 

• Entry/El<lt Lamp· An cntry/cXlt lamp to 1Uum1nateeaeb front and •hd1n11 sKk 
door olcp well lo optional equipment on wagon models. 

F11<Urc 67 Enuy/Ex11 l.omp 
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PRESSURE SENSORS 

AIR INTAKE PRESSURE SENSOR 

The air intake pressure sensor, also known as inlet air pressure sensor, ls mounted to 
the air filter housing. 

Figure 64 Air Intake Pressure Sensor Location 

The ability to monitor intake pressure allows better control of variable geometry turbo­
charger to suit driving environment and preserve turbocharger durability. The sensor 
is used by the ECM to adjust for changes in altitude and for air intake obstructions 
due to clogging of the air filter. 

OPERATION 

The rur intake pressure sensor consists of piezoresisbve elements auached to a mea· 
suring diaphragm. The resistance value changes when stress is applied to the dia­
phragm. The resistors fonn a measuring bridge, so that when the diaphragm moves 
the bridge balance is changed. The bridge volt.age is a measure for the boost presssure. 

The sensor receives a 5-voJt reference from the ECM. Sensor ground 1s also provided 
by the ECM. The bndge vol Lage varies from 0.5 to 4.5 volts depending on rur mtnke 
pressure. 
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• Door iamb awitch · Jamb •wilchca for cnch ront door a,.., standard equlpmtnt on 
all models. A door 1runb awm:h for each sbdln1 sidr door and w nAtu """door 
1s standard cqwpmcm on ""agon modcl1. 

1'1gurt 68 Door Jamb Switch 

• Ash ReceJvtr/ CtglU' Llghtrr Lamp-Located 1n th• io..-,.r muldlc pon10n of the~­
u:r stack 1a the Ash Rccc1vcr/C1f!"r Ul()iter aaRmbly. The 1llurrunotlon cC)rncs 
rroru o single lamp ttull s<rves to light the translucent ha.lo ring and ash rttetv.-r 

Cigar Lighter lllurrunauon 

Whtn malung tepall'S !O any oC the C<lmpon<nts m the interior ltghnng ll'j'5tem always 
!'l'fer 10 Hie nppllmble Service or DlnRllo•tic mMual 
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INTAKE 
AIR 
PRESSURE 
SENSOR 

,--------'"jENGINE 
C1 I t CONTROL 

I I MODULE 
!!ii I 

C>1M----------f~<J 6VSENSORSUl'P\.Y I 
I I 
I I 

--~~~~~~~=~:~H-~~~-~-~----1~~~: 
I 80ISQR GROU'<O I 
I I 
~--------~ 

Figure 65 Air Intake Pressure Sensor Schematic 

As wr intake pressure increases, the signal voltage also increases. If the engine is not 
running, the value sent to the ECM is equal to the atmospheric pressure. The air 
intake pressure operating range is from 0.1 to 1.2 bar (1.45 to 17.4 psi). 
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OPERATION 

Dq>end1nt1 on w •elude model and opnons w 1n1enor hghung may include cargo 
llttA 1Jun119. ftltry /exn laml"'. and """rh~ hflhnng lmmor hl!l>IUJ8 cln:uUs are pm· 
vid<d With bettny ~nl .. 1 all times by. ruse In Fuse Blod< •I. 

Catto/ Dome Lamp and Dome/"Readlnc Lamp 

The front, 11de and rear door 1amb switches pro"1d< • ground path for "3clt of the 
mtenor lam pa except for the opuonal rcnchng lamp. If equipped with the opnonal 
cargo/dome Jo mp the lamp assembly will ha" a thr"" poa11ion allde·typc switch pro· 
trudinR throu11h the lamp len•. JI equipped with 1l1e 011tJ011ol dome/rending lamp the 
switch will hove four pos1ll01\S. P<>siuon one will provide o 11round path tndcpendcnt of 
the door inm 1wt1<hes. Position two Will allow the jam 1w1lches to tum the lamp on 
The third p01luon open• the drcnit to tum off the lump. Tiir fourth po&Jtion will illu· 
minn1' the reading lllJllp bulb thal will emu l1Aht on 1ho posaw~er side or tbe cab. 

F111ure 70 Dome Lamp/ Read11111 Lamp W1nng 01agrrun 
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VOLTS 5 
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1.5 2 2.4 2.9 3.3 4.5 5.6 6.8 8 9.2 10.3 12 12.7 13.9 15 15.2 17.4 
(0.1) (0 17) (0.24) (0.3) (0.381 (044) (0 51)(0.58) (0.65)(072)(0.79)(0.88}(0.92) {0.99) (l.llij) (113) (12) 

AIR INTAKE PRESSURE IN PSI (BAR) 

Figure 66 Air Intake Pressure Sensor Signal (Approximate Values) 

Failure Modes 

Ir the air intake pressure sensor fails, the ECM records a OTC into memory and con­
tinues to operate the engine in limp-in mode. When the engine is operating in this 
mode, a loss of power will be present, as if the turbocharger was not operating. 

The ECM momtors the operation of the air intake pressure sensor and stores fault 
codes related to the following conditions: 

• Signal voltage too low 
• Signal voltage too high 
• Supply voltage loo high or too low 

Substitute Values 

• If the sensor ground Wlre has an open circuit, the actual value displayed is 38.29 
psi 

• If the signal wire has a short c1rcuh to ground or open circuit, the substitute 
value is 11.2 psi 

• If the 5-volt power supply has a short circuit to ground or open circuit, the substi­
tute value is 11.2 psi 
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Carco I.amp Switchea o.nd Time Dela1 Rel&y 

If the vehicle ,. .-quipped wllh the opuonal mnote c•rgo lamp awitchc• the rear cargo 
an:a lamp11 are provided battery voltag<> by the time delay relay. The ume delay relay is 
a •a.man· relay that •• compri5C'd of internal dcc:tromca that control the ttlay opers,uon 
bakd on input from the cargo lamp switch~ Wh<'n a targo lamp SW1tch ta pressed 
th• elcctrorucs will ene~ the conuol 1tclc of the ...,14y llnd close the conuicta m the 
h111h cllrTt!nL P"th The high current path through the rolav will provide voltage to the 
eo.rgo orca lnmps and the md!catorpon1on of the cargo la.mp switches. TI1r c lectrorucs 
in the umc dclay rcloy will auto(naucally abut off the rear CIU'go area la1np1 after n 15 
mJnutc pcnod h4s elapsed The UM'r can press any of the cargo la.mp swu.chcs and ;;.,ij 
the caf'(!IO lamps Wlll illuminate ~in for 15 minutes ~ 

~ 
t!"'! 
ell! 
~ 
~ 
~ .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ., 
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BOOST PRESSURE SENSOR 

The boost pressure sensor is mounted to the charge rur pipe (Figure 67) The sensor 
allows the ECM 10 monitor intake air downstream of the turbocharger. 

Figure 67 Boost Pressure Sensor Location 

The boost pressure sensor is a three-wire sensor with a sensing pressure port on the 
bottom The pressure port is inserted into I.he charge rur pipe through an access hole. 
An 0 -ring provides the sealing once the sensor is mounted to the charge air pipe (Fig­
ure 68). The ECM uses boost pressure combined wtlh m1ake rur temperarurc 10 de1er­
mme 1hc volume of rur entenng the engine. 

Figure 68 Boost Pressure Sensor 
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BOOST PR.Z8SURE SENSOR 

Th<' boost p~ure ~niwr mounted to the ch.argt- rur pipe fFigurC'.' 67) The ~nsor 
allow• the t:CM to monitor 1n1akt- air downstream of lht- 1urbocbargtt. 

F1gurc 67 Boost Pressure Sensor LocallOn 

The boost prcSllure seni:or Is a thr~wirc ~nsor wtth a senatng pressurc pon on the 
bottom The pl"l"MUR port Is inserted mtn thi- charRe rur pipe through an GCCf'H hole 
An O·nng provide& the scaling once the sensor 1s mounted to the clul~ air pipe !Fig­
ure 68) Th<' ECM usc:a boost pressure combir cd ,.~th tntakr arr trmpcnmuc to detl r­
m me the volume of air entenng tht' engine. 

Figure 68 Boost Pruaurc &nsor 
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OPERATION 

The boost pressure sensor consists of p1ezoresistive elements attached to a measuring 
diaphragm. The resistance value changes when stress is applied to the diaphragm. 
The resistors form a measunng bndge, so that when the diaphragm moves the bridge 
balance is changed. The bridge voltage is a measure for the boost presssure. 

The sensor receives a 5-volt reference from the ECM. Sensor ground 1s also provided 
by the ECM. The bridge voltage varies from 0.5 to 4.5 volts depending on boost pres­
sure. 

BOOST 
PRESSURE 
SENSOR 

...---------ENGINE 

C2: lcoNTROL 
I MODULE 

0 1 
1--.-b---------~<1 tNSENSOfl 51-.Y l ;r __ --Tt- --, ~! BOOST 

.___~. ______ --=.---.. JH-~~~--tt~~ 
I SENSOR GROUND 
I ... ________ _, 

Figure 69 Boost Pressure Sensor Schematic 

As boost pressure increases, the boost signal voltage also Increases. If the engine is 
not running, the value sent to the ECM is equal to the atmospheric pressure The 
boost pressure operating range is from 0 to 3 bar (0 ro 43.5 psi). 
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A.ah Recelver/Cigu Lichter Lamp 

The ash rece1ver/ogar lighter lamp 1s illuminated any time lhe multifunction switch is 
in the "park", or "headlamp on" position. A small lens in the ash receiver bin allows 
light from the lamp on the halo ring to also illuminate the ash receiver. 

.. ...; 

"T"" ·-+~ 
.... 

Figure 72 Cigar Lighter lllummaoon 

Dash mumln•tion 

The EMlC' 1s illuminated when the multifunction switch is m the "park or •headlight 
on position. The E~IC Illuminauon level can be adjusted Wllh the·+· and·-· buttons. 
The other components: SLA, ATC, Ash Tray, and all center stack switches receive volt­
age from a fuse in fuse block 111 thAt is energized by a switched mput from the multi­
function switch 

Figure 73 EMIC lllumina1:1on Adjustment Buttons 
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7.3 96 11.8 14 184 18.6 20.9 23 254 27.7 299 32.2 345 36.7 39 41 .2 43.5 
(0.51 (0661(0.81) (0.971(1 13)(L28) (1 « )(1 S9)(175)(1.91)1206) (2.22) (2.38)(2 531(289)(U4) (3 00) 

BOOST PRESSURE IN PSI (BAR) 

Figure 70 Boost Pressure Sensor Signal (Approximate Values) 

!!t Failure Modes 

If the boost pressure sensor falls, the ECM records a OTC into memory and contmues 
lo operate the engine in limp-in mode When the engine is operatmg m this mode, a 
loss of power will be present, as if the turbocharger was not operating. 

The ECM monitors the operation of the boost pressure sensor and stores fault codes 
related to the following conditions: 

• Signal voltage too low 
• Signa l voltage too high 
• Supply voltage too high or too low 

Substitute Values 

• If the sensor ground wire has an open cU"cwt, the actual value displayed ts 38.29 
psi 

• II th!' signal wire bas a short c ircuit to ground or open c1rcutt, the substitute 
value 1s 2.90 psi 

• If the 5-volt power supply bas a shon c1rruJt to ground or open circuit, the substi­
tule value is 2. 90 psi 
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BAROMETRIC SENSOR 

The barometric sensor, also known as ATM pressure sensor, is integrated into lhe 
ECM. The pressure range of the sensor is from 950 to 1100 mbar (13. 78 to 15.95 psi) . 
This pressure value can be verified with the clill8flOstlc scan tool. 

Barometnc Sensor 

Figure 71 I ntemal View of ECM, Barometric Sensor Location 

Failure Modes 

The ECM monitors the operation of the barometric sensor and stores fault codes under 
any of the following conditions: 

• Signal voltage too high 

• Signal voltage too low 
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Th• fuel rsiJ prcaaun: KWIOf Ill mounted QB the front Of the fud ra1l Th• S<!llSOT pro· 
video an output \'Oh.age to the: engine control module th.It corttaponda to the a:ppu.d 
prr11utt 

Figure 72 F\lel Rail Presaure Scnoor 

OP!RATION 

The fuel roll pceaaure st!nsor ronsl•u. of" hlllh-gradc apr1ng 11.rl dl~phrugm " 'th on 
ottached atroln 8"8<· Tbe deOection of the dinphragm chtlnges the reJl•tancc of the 
strain gn.(tf The acnsor rnensures the C'l..l.m:'nt fuel raJI prc1tutt nnd Rnds a voltage 
signol 10 the ECM The ECM then aetuateo the fu•I rail pl't'UUl'C aokno1d <J.Dd fuel 
quanuty vaJve untJI Lbc dc&lrcd rail pressurc la •chi~ If the rs1I pn:nurc sensor 
fa1l1. the tngjnr will run in lunp-tn mode. The preuurc actual value rang09 from 200 
to 1600bar12.'IOO to 23.205 psij. 
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I Signal Cond1t1orung Electronics 3 Metal Otaphrofllt\ & Sensor Cin:Wt 

2 F\Jtl Pr....u"' l'ort 4 ElcctncaJ Conntttor J 

F~ 73 F'Uol Rail Prcs~urc Sensor ConttructJon 

Th~ ECM U&"ll lh< fuel rail pressure mput 10 c:onltOl lh< ou1pu1 of the fud pressure 
aolenOld. The ECM Koda a 5 volt supply to the fuol nuJ p...,..utt knoor. Depending on 
the fuel rail prcatutt. the sensor output signal vanes from 0.5 to 4.5 volta lfigutt 751. 

FVEL 
RAIL 
PRESSURE 
SENSOR 

F•gw't' 74 F\Jel Rail l'rcs5UR Sensor Schcm .. 11~ 
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The ECM •tores fault cocks und.r any or I.he follawing cond1tJons: 

• Vol~ too hi(lh 
Voltll8<' too low 

• Voltnl!" too high or too low 

• Plaustbilily bc-IWttn fuel rail preuurr RM<>r and fuel pressure sol•noid 
• Maxunum pTttsure has been cxettdcd (inspect th• fuel filtCT 1f OTC " present; 
• Rml pressurie too 1Qw 

• Na prcssutt build up. Fuel pr~aisure solenoid open 
• FIJcl preHure eolmold stutk 10 closed poa1uon 
• Fl.lcl pressure leakage detected 

• Control deviation •ngine spttd too htl\h 

SUl>atJtute Valuu 

The duignostJc scan tool may dJ•plAy a sp<Clfl<'d rail PTffSUre value of 5801 PSI 

VOLTS 

S5 

2.S 
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05 

- I I 

I I ,./'/' 

I ,/ 
_,,, 

,.,,... .,...,.. 

I I _,.,.. v 

I ,.,,... ....... 

,/ 
/ I I 

/ 
,.,,... v I 

I 
IW J2Q 4.IQl5 1621 1159 1190 t1.t22 tlOM 141M 16317 11'1N9 tll580 212t1 2:11-&l 2.ur.i 26'~ 
(113) i22S) f338) (4501 (6Sl> (f15> {7881 (9001 11013) (1125111138) f13SOJ I 1•«131 •1&151 (IUI) (tllOOl 

RAIL PRESSURE IN PSI (BAR) 

F1gu..., 75 Fl.lcl Rail ,,,_su"" Sc.-nsor Signal (Approxlmal? ValuMI) 
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TEMPERATURE SENSORS 

INTAKE AIR TEMPERATURE SENSOR (IATI 

The Inlet air temperature (IATI sensor is mounted to the charge air pipe. The IAT is a 
two-pin sensor, which consists of an NTC resistor in a plastic housmg. The !AT is 
locked m place by two retauung clips and sealed with an 0-Ring (Figure 76). 

Figure 76 Inlet Air Temperature Sensor 

Operation 

The NTC resistor located within the !AT changes Its resistance in Une \\'ith the charge 
air temperature. The E:CM sends 5 volts to the NTC resistor and grounds it through 
the sensor return line. The E:CM interprets the voltage as wr temperature. 
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ll'IFORMATJOll 1.HPUT - CAN BUS 

:fil • ~11byECM 
~ • Eogln< .. U..blod 

S • Trknamlt An•~ .. Valid TN.nsponder 
~ • Swt £noble 

Figure 82 CAN Bus Data E:xchange, SKREEM 
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INTAKE 
AIR 
TEMPERATURE 
SENSOR 

,---------- ENGINE 
I fN CONTROL 
1 SENSOfl MODULE 

C21 SOPl'l.Y 

I 
.ti IAl 

---bell-+----- - - --'*-' """i---1-- TEMPERATURE 

I 
I 
I 
I 
I 

~I 
'----1=>:11-1----------k-=r-i_ 

SIGNAL 

I SE!<SOR GROUNO I __________ _, 

Figure 77 lAT Sensor Schematic 

The IA'!' temperature value ranges from -40°C to 150°C (-40°F co 302°F). If the engine 
is cold, the IAT actual value equals the ambient temperature. 
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Figure 78 !AT Sensor Resistance Chart (Approximate Values) 
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Failure Modes 

The ECM monitors the operation of the inlet wr temperature sen~r and stores fault 
codes under any of the following condiuons: 

• Signal voltage too bjgh 
• Signal voltage too low 

Substitute Values 

• If the signal wire is shorted to ground, the actual value displayed is 1 SO'C (302"F) 

• If the signal wire is shoned to positive, the actual value displayed is ·40' 

• If the signal wire has an open circuit, the actual value displnyed ts 40° 

COOLANT TEMPERATURE SENSOR 

The engine coolant temperature sensor (ECT) is a two-pm sensor located m the ther· 
mos tat housmg. The sensor consists of a plastic housing, wluch contams an NTC 
resistor. The ECT is locked m place by a locking spring and sealed with an 0-Ring. 

Figure 79 Coolant Temperature Sensor 

Operation 

The ECM sends 5 volts to the NTC resistor and grounds it through the sensor return 
tine The ECM determines the coolant temperature based on the voltage drop within 
the sensor circuit and changes the fuel supply accordingly. 
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ENGINE 
COOLANT 
TEMPERATURE 
SENSOR 

-----------' I 
c1l 

I 

fl 
SENSOR 
SUPPl.V 

~I ECT 
r-~--l=•JH~~~~~~~~--H[-=t~-+-~- TEMPERAruRE 

I 
I 
I 
I 
I 

!£1 
'--~-p.JH-~~~~~~~-H:---i 

SIGAAI. 

I SENSOR GROUND , __________ ..... 

Figure 80 ECT Sensor Schematic 

ENGINE 
CONTROL 
MODULE 

Tbe ECT temperature value ranges from -40°C to 140°C (-40°F to 284°F). If the engine 
is cold, the ECT actual value 1s equal to the ambient temperature. 

Failure Mode. 

The ECM monitors the operation or the coolant temperature sensor and stores fault 
codes under any of the following conditions: 

• Signal voltage too high 

• Signal voltage too low 
• Operating temperature not reached 

Substitute Values 

.. 
• • • • • • • • • • • • • • • • • • • • .. .. .. .. 
• .. .. 
• • • • .. 
• • 

• If the signal wire is shorted to ground the actual value displayed is 140°C (284°F) • 

• If the signal wire is shorted to positive, the actual value displayed is -40° .. 

• If a wire has an open circu it, the actual value displayed is -40° .. ----86 .. .. 
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Figure 81 ECT Sensor Resistance Chart (Approximate Values) 
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MODULE 6 MODULES ON CAN BUS 

SENTRY KEY REMOTE ENTRY MODULE 

DESCRIPTION 

The Sentry Key Remote Electronic Entry Module (SKREEMJ conlains the functions ror 
the Sentry Key Immobilizer Mcxlulc (SKIM) and the Remote Keyless Entry (RKE) Mod 
ule. 

Figure 83 SKREEM Module 

Sentry Key lmm.oblllzer Syatem (SJOS) 

The Sentry Key Immobilizer rccciV« a code from the transponder wruch IS IOQlt('d 1n 
the 1gn1tlon key Companng the received code with the stored codes, the SKREEM 
module decides if there is a drive au1horiiation for this key or not An "Authorized To 
Stan" or ·Not Authorized To Start" message 11 then s.ent VJa CAN-Bus to the ECM . 

If there 11 no dnve authonuulon. the engmc will not slru1 and a •start Error· meslla~e 
will appear m the display on the 1nstrumen1 cluster 

The transponder works independently from lhe rudio remote control. The transponder 
Is energized without wires. The transponder rode is sent via the tTansponder ring to 
the SKRl::EM module. 
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FUEL TEMPERATURE SENSOR 

The temperature sensor is located at the front of the engine, on ibe high-pressure 
pump flange. The sensor detects the fuel temperature and supplies information to the 
engine control module IECM). If the fuel is too warm, the rail pressure in the system is 
lowered. The controlled quantity of the pressure regulating valve is reduced and the 
fuel temperature lowered. The NTC resistor integrated in the fuel temperature sensor 
alters its electrical resistance in line with the fuel temperature. The electrical resis­
tance becomes less as the tempera.ture rises. 

Figure 82 Fuel Temperature Sensor 

The sensor ranges from - 40°C (-40°F) to 120°C (248°F). If the engine is cold, the 
actual value sent will read ambient temperature. The value rises after the engine has 
been started. 
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Figure 83 Fuel Temperature Sensor Schematic 
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Figure 84 Block Diagram, Inputs and Outputs 
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OHMS 3500 

........ 

"" ' \ I 

3000 

2500 

2000 

500 

\ 
'~ 

"" ......... i '- I 

1500 

1000 

0 
68 73 77 91 104 122 140 158 176 185 194 203 212 230 248 
(20)(22.5)(25)(32.5)(40) (50) (60) (70) (80) (85) (90) (95)(100)(110)(120) 

FUEL T EMPERATURE IN °F (°C) 

Figure 84 Fuel Temperature Sensor Resistance Chart (Approximate Values) 

Ftllure Moclea 

The ECM monitors the operation of the fuel temperature sensor and stores fault codes 
under any of the following conditions: 

• Signal voltage too high 
• Signal voltage too low 

Substitute Values 

• lf the signal Wtre 1s shorted to ground, or 1f the sensor wires short circuit to each 
other. the actual value displayed is 12o•c (248°F) 

• lf the signal wire 1s shorted to posmve, the actual value displayed is -40• The 
intake temperature value d1splayed 1s also -40° 

• If a wire bas an open circuit, the actual value displayed is -40• 
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Key Fob / Tranamitter Keys 

The purpose of the key fob 1s to lock and unlock Lhc vehicle via I.he cenu-al locking sys­
tem and to rcl~se the drive authorizauon system. The key fob contains an RF' trans­
mllter, a cronsponder chip for the drive authorization system, two 3-volt mtemal 
banerles, and a meeho.nical key 

F'igurc 85 Key F'ob 

When the key fob button is pressed a radio frequency signal is transmitted to the 
SKREEM. The SKREEM rcceiv<'S I.he signal via an antenna. 

With the key fob, all doors can be locked and unlocked via the central locking system 
lf eqwpped the anti-theft alarm 1s also activated or deactivated. 

The SKREEM contains In its memory a list of fixed codes for transmitter keys. The 
module receives the radlo frequency signal from the key fob and compares lhe fixed 
code contained in the signal. If the code matches one of the active oodes In the 
SKREEM memory, it communicates with the CTM to lock or unlock the doors 

lf the code received does not match any of the active codes in I.he SKREEM memory, 
the communication with the CTM 1s inhjbtfcd. 

The key fobs use batteries to energize the RF transmlrrer. If the batteries nrc dtS­
charged, it is still possible to lock or unlock the vehicle using the mechanical key or 
the central locking switch in the d11.Sbboard. An LED in the key fob shows Lhe status of 
the battenes. 
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ENGINE OIL SENSOR 

The engine oil sensor is a three-wire sensor located on the left side of the oil pan, near 
the oil drain plug (Figure 85). The oil sensor detects oil temperature, oil level and oil 
quality. The sensor operates on the capacitance principle and an integrated electronic 
circuit analyzes the three signals. 

Figure 85 Engine Oil Sensor 

Operation 

The engine oil sensor consists of a platinum temperature element (Pt l 000), two cylin­
drical measuring capacitors and integrated electronics (Figure 86). The platinum ele­
ment measures the oil temperature. One of the capacitors measures the oil quality, 
and is totally immersed in oil. The second capacitor measures the oil level and is posi­
tioned between the expected minimum and maximum oil levels. The measured values 
are lransmilted as pulse-width-modulated (PWM) signals to the ECM. 

The oi l level sensor has a measuring range of 80 mm (3.15 in.) . The minimum measur­
ing limit for the oil level is approximately 40 mm ( 1.57 in.) The maximum measuring 
limit is approximately 120 mm (4. 72 in.) . The accuracy of the oil level measurement is 
approximately :t3 mm (0. l 18 in.). 

The oil quallt)I is used lo determine oil change intervals . The engine oil condition mea­
surement is based on the dielectric properties of the oil (dlelectrics: does not conduct 
electricity). As engine oil breaks down and additives are depleted, the dielectric proper­
ties gradually increase. The oil quality sensor determines the dielectric constant num­
ber of the oil in a scale from l to 6. An oil quality number between l and 4 is good. A 
number between 5 and 6 indicates poor oil quality. 

90 
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Confinnation of the locked or unlocked state is accomplished via the rum signals. (The 
process 1s confirmed by 3 Oasbca for locked status and l flash for unlocked status). 

Note. The batteries opcratt- wrth the remote keylcss entry ay1ncm, They are indepen­
dent of the dnvc authonzauon system . 

l ,, 
"-~--~~---~~~.!1 

Figure 86 Block Diagram, RKE FUncuon 
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01! Level Sensor 5 Electronic Circuit 

2 Oil Quality Sensor 6 Start of Measunng Range 

3 Oil Temperature Sensor 7 End of Measunng Range 

4 Electrical Connector 

Figure 86 Engine Oil Sensor 

The engine oil sensor constantly suppbes data to the ECM in the form of information 
blocks (Figure 87). Each information block consists of three successive square wave 
signals of 100 ms each, followed by a synchronization pause of 1 second+ 200 ms. A 
measured variable 1s assigned to each square-wave signal (A. B. C). The values are 
determined by the ON/OFF ratio, which ranges from 19 to 81%. 

Refer to the examples shown in Figure 87 The first information block (1) contains 
square wave s1gnals which fall between the 20-80% window. The values for 011 temper­
ature (60%1. oil level (SOOA>) and oil quality (30%) arc an order. 

The second Information block (2) contains square wave signals with ON/OFF ratios 
above 80%. The oil temperature signol (81%) indicates a temperature h1ghcr thlln 
160•c (320' F), the oil level signal (80%) indicates an oil level higher than 80 mm (3. 15 
in.), ond the oil quality (81%) indicates good oil quality. 

The third anformation block (3) contains square wave signals With ON/OFF ratios 
below 20%. The oil temperature signal ( 19"-'o) indicates a temperarurc lower than -
40 C, the otl level signal ( 19%) indicates an oil level lower than 0 mm. and the 011 qual· 
1ty ( 15%) indicates poor oil qualll)·. 
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DRIVE AUTHORIZATION 

The drive authori?..ation system is intended to prevent unauthorized persons from 
removing the vehicle. When the ignition ls switched on. the drive authorization is 
checked and the ECM is enabled if the authorization 1s OK. 

Operational sequence 

1. The ignition lterm.inal 15) is switched on 
2. The transponder ring is energized, building a magnetic field. The field supplies the 

transponder in the key with inductive energy. 
3 . The SKREEM control moduJe transmits 11 password and the number of the data 

block to be retrieved in the transponder, via the tTilnsponder nng to the transpon­
der in the key [the password is specific to the vehicle and the key). 

4. On receipt of a valld password. the transponder code validity is ven.ficd by the 
SKREEM control module. 

5. When its validity has been verified, the Engine Conu-ol Module IS enabled over the 
CAN bus. 

Note: The drive authorization system is independent of the locking status or lhc ~­
tral locking. 

Engine startup 1s not enabled if; 

• No request from the ECM is dete<:te<i after ignition •on" 
• No acknowledgmenl signal from the ECM 1s dei:ected within 1.5 seconds aftrr the 

request. 
• The transponder code ls invalid 

If the startl.lp is not enabled, the instrument cluster receives a signal and displays 
·start Error". 
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A B c 

0 , ... , 

2 

3 ---------,~, fLJl ~-& -

•-·- ~ mns I IOOma l 11111 .. ~_.2ll0 .. '~ )( ' - )~ 

A Oil Temperature Signal I On/Off Ratio Between 20-800,{, 

B Oil Levtl Signal 2 On/Off Ratio > 80% 

c Oil Quality SlgnaJ 3 On/Off Ratio < 20% 

T Time Period 

Figure 87 Engine Oil Sensor Information Block 

If the engine is cold, the oil temperature actual value is equal to the ambient tempera­
ture actual value. The actual value rises after the engine has been started. 

Failure Modu 

The ECM monitors the operotion of the oil sensor and stores fault codes under any of 
the following conditions: 

• Synchronization pause error 

• Wire open or shorted to ground 
• Supply voltage too !ugh or too low 

• Tunmg error 
• Oil level plaus1b1hty 
• Oil quality plausibihty 
• Water contamination 
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Figure 87 Block Dwgram, SKIM Funcuon 
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Substitute Values 

The engme coolant temperature is used as a substitute value under the following or· 
cum stances: 

• Signal wire is shorted 10 ground 
• 5 -volt supply wire is shorted to ground 
• Open circuit m any wire 

An oil quality value of 2 is displayed under the followmg circum:n.Ancc": 

• Signal wire is shorted to ground 
• 5-volt supply wire 1s shorted to ground 
• Open circujt in any wire 

An oil level value of 40 mm (1.57 in .) is displayed under the following circumstances: 
• Signal wire 1s shorted to ground 
• 5-volt supply wire 1s shorted to ground 
• Open circuit in nny wire 
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Tranaponde:r Ring 

Figure 88 Transponder Ring 

The tnu'lspondcr nng snaps onto the sumer swuch housing It scrves as the dnt.a. hnk 
between thc transponder and the SKREEM Actuation or the transponder nng builds 
up a magnet.Jc field which supplies energy to the transponder in the transmitter key 
and allows data to be transferred inductively. 

DISABLJNO THE TRANSPONDER ISKIM FlmCTION) 

Whcn a key fob or a mechanical key with transponder is lost or stCllen, it i m."cessary 
to erase the affected transponder code using the diagnostic scan tool However. the 
process docs not allow to erase only one key All the acuvc keys will be erased and the 
remaining keys (not stolen or lost) should be reprogrammed It is necessary to relearn 
thc keys still present to the SKREEM . 

Whcn a key (lost or stolen) 1s found or after rc<;t'1ving an add1uonal key, 111s necessary 
to relearn thc key to tht' SKREEM 

Use the specific fonn when it is necessary to order an additional key fob. mechanu:al 
blade for key fob, mechanical key wah transponder. cylinder locks or igruuon tumbler. 
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MASS AIR PLOW SENSOR (MAF) 

The Mass Air Flow {MAF) Sensor is located m the rur intake duct berwecn the air filter 
and the turbocharger (Figure 88). The MAF sensor uses semiconductor technology 
throughout, and 1s used to calculate the rur mass flowing past it per llme urut. 
The ECM uses the mass air flow (MAF) sensor value for EGR control, parocuJarly a1 
tugh engme load. The MAF sensor also supplies an air temperature input to the ECM. 

Figure 88 MAF Location 
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DrSABLINO TBE RADIO FREQUENCY CODE (RKE FUNCTJONI 

A lost or stolen key fob must nlso be disabled to a.void unauthorized vehicle entry The 
proccdurt- Involves turning the ignition key Ol'F/ON m the proper sequence, and 
pressing either the lock or unlock button of the remaining key fob:s. Only the key fobs 
lhnt arc present while the prO<'edure 1:s earned out will remain active 

O• 

OPf 0,, 

< 6 I .. 3 • .. 6 • > 1 0 • < 2 0 I 

0 0 
Figure 89 Five-Step lgniaon Sequence for 01sebhng the RKE Function 

PROCEOUR.£ (S~E FIGURE 891 

I Switch the igrutlon ON and OFF twice within 6 seconds. 
2 Prus any key fob button flock or unlock) w11tun 3 seconds after tummg the 1gm-

uon OFF 
3. Press any key fob button flock or unJock) 3 more times within 6 seconds. 
4. Wan for 10 seconds 
S. Press any bunon of ALL. key fobs belongmg to the \0eh1cle at least once wuhm the 

next 20 seconds. 

Note· lf no key fob buttons a.re preased in step S, none of the key fobs will be enabled 
or d111ablt'd. 
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CONSTRUCTION 

The MAF sensor contains an internal measuring tube with deflector screen. The shape 
of the measuring tube removes whirl effects from the incoming air. The deflector 
screen protects the sensor element against dirt ao.d contamination. The screen sepa­
rates water from the intake air and prevents clogging by dust particles . 

The sensor uses a m:icromachined sensing element, which is etched from a silicon chip 
which is only a few thousandths of a millimeter thick. An integrated temperature sen­
sor measures the incoming air temperature. A hybrid electronic circuit within the MAF 
sensor evaluates and conditions the sensor signals. 

l Electrical Connector 3 Sensing Element 

2 Hybrid Circuit 4 Measuring Tube 

Figure 89 Mass Air Flow Sensor 

Note: Plug may have only 4 pins. See page #97 
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OPERATION 

A rrucromechanical sensor diaphragm on the sensor element is heated by a cenlral 
heating resistor and held al a constant temperarurc of l 60°C (320°F) above the intake 
air temperature. The lemperature on the diaphragm is measured by two resistors. 
Without air now, the temperature 1s lhe same on both resistors. When llU" nows over 
the sensor element. a temperature cWferential 1s created between both resistors. The 
temperature differential 1s a measure of the llU" mass now. 

Sensor Diaphragm 3 Central Heating Resistor 

2 Upstream Measunng Resistor 4 Downstream Measuring Resistor 

Figure 90 MAF Sensing Element 

The ECM provides a 12-voll signal and ground to the electronic evaluation circuit 
within the MAF sensor. The dtfforcnce between both resistor values is converted by the 
electronic evaluation circwt within the MAF sensor into an air mass value The mea­
sured rur mass value is sent to the ECM as a digital signal with a 50% duty cycle and 
a variable frequency, which depends on air mass now. The signal from the integrated 
intake air temperature sensor is also evaluated and converted mto a PWM signal. 

Note: Plug may have only 4 pins. See page #97 
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DRIVING SAFETY SYSTEMS 

The Spnntcr van can bt- cqwlll"'d wnh the follOWtng dnvtn& JA!cty a)'llkms: 
• Anulock brakes IABSI 
• A<<:cl<<lll>On alud control fASRI 

• Electronic stab1ltty program !ESP) 
• Brake aulat system (BASI 

• Eltttronlc brake force dJWibuuon (EBO) 
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--- - 8• 

, 
.-------------1-
1 I CONTROi. 
I I IAOO\A.E 
I " ' I (ECM) 

C I 
I 

H-_ ___ % ___ -t( lllftAA ...... .,...... : 

J_[ j 
I _,_,.. l 
I I 
I I 
I I 

., I I 
- I I 

I .A.. I , _ _,.,.., I 
'--~---------

Hz 

.. l. ~1 

Figure 91 MAF Sensor Schematic 

.................................... . . . . . . . . . . . . . . . . 
6 ; 

1 : 

z : 

0 

Cha!!l ... . 
HELP VOLTAGE RECORD CURSOR 

Figure 92 MAF Sensor Signal 

Note: Only 4 wires connecting MAF to ECM 
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ANTILOCK BRAKES (ABS) 

The antilock brake system is designed to prevent the wheels from locking. The vehicle 
can be steered around an obstacle even during a full brake application. The antilock 
brakes are operational after the ignition is switched on and the vehicle reaches a speed 
of 4 m ph. All braking actions in the lock-up range are performed at control speeds at 
and above 6 mph. 

The controller antilock brake (CAB) uses the input signals to decide which functions 
are to be performed by the hydraulic system: 

• Normal Operation 

• Pressure Hold 

• Pressure Reduction 

• Pressure Build-Up 

When there is no speed differential detected between the individual wheels, all sole­
noid valves in the hydraulic control unit (HCU) are in the "at rest" position. 

ASR Switch 
lnstrument 

CAN Bus 

Figure 91 CAB Module Input/Output Block Diagram 
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ANTILOCK BRAKES (ABBI 

Theo antilock brake system is designed to prevent the wheels from locking. The vehicle 
can be steered around an obstacle even during a full brake application. The antllock 
brakes arc operational after the ignition is switched on and 1he vehicle reaches a speed 
of q 'Ylph. All braking actions m the lock-up range are performed at control speeds at 
and aDovc 6 mph. 

The controller antilock brake (CAB) uses the 111put signals to decide which functions 
are lo be performed by the hydraulic system: 

• N on'llal Operation 
• Pressure Hold 
• Pressure Reduction 
• Pressure Build-Up 

When there is no speed dlffercntlal detected between lhe indiVJdual wheels, all sole­
noid valves in the hydrauhc control unil (HCU) are In the "al rest" position. 

ASR Switch 
Instrument 

@) Cluster 
=> 
~ 

Stop Llght 'g 

Switch 
cg Solenoid Valves 

~ 
=> 

Wheel Speed @ Return Flow 

"" Sensors ~ Pumps 
g: 
@ 

CAN Bus 
g 
@ 

CAN Bus 

Diagnosis 
~ 
({J) Diagnosis 

K-Llne K-Llnc 

Figure 91 CAB Module Input/Output Block Diagram 
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Failu.re Modes 

The ECM morutors !.he operation of !.he MAF sensor and stores fault codes under any 
of the following conditions: 

• Signal voltage too low 
• Signal voltage too high 

• Supply voltage too hlgh or too low 
• Plausibility 

98 



The anrilock brake syst~:n consists of the following main components: 

• Wheel speed sensors 
• Hydraulic control unit (HCU) 
• Controller antilock brake (CAB) 

WHEEL SPEED SENSORS 

The inductive wheel speed sensors provide the CAB module with information on wheel 
speed. The sensor consists of a magnet core and a coil. 

The leading edge of each tooth on the tone wheel generates a positive signaJ in the 
position sensor, while the trailing edge creates a negative signal. When the tone wheel 
is rotating, an aJtemating current is produced as a result. The period of the signaJ is 
the time required by the tone wheel to turn through the gap between two teeth . 

... 
' / ------

1 Permanent Magnet 

2 Coil 

3 Pole Pin 

4 Tone Wheel 

5 Magnetic Field 

Figure 92 Wheel Speed Sensor and Tone Wheel 

The clearance between the wheel speed sensor and the teeth of the tone wheel is fixed 
by Lhe installation position and is not adjustable. The sensor is held in its mounting 
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J"f'KYft"'P5r""'1lC•n·· '1117"1?"' 
The amilock bnike ll)"5U:m conassu of the .following main components: 

• \\'bed speed llCl150f'll 

• Hydraulic cootr0l unit (HCU) 

• Controller antilock brake (CABJ 

WHEEL SPEED SENSORS 

The Inductive wheel speed sensors provide the CAB module with information on wheel 
speed. The sensor consists of a magnet <:ore and a coil. 

The leading edge of each tooth on the tone wheel generates a PQsitive signal m the 
po:ntion sensor, while the trailing edge creates a negative signal. When the tone wheel 
is rotating, an alternating current LS produced as a result. The pcnod of the signal is 
the time required by the tone wheel to tum through the gap between two teeth. 

I ' Pcnnancnt Magnet 
2 Coil 

3 Pole Pin 

4 Tone Wheel 

5 Magnetic Field 

Figure 92 Wheel Speed 54ensor and Tone Wheel 

The clearance between lhe wheel speed sensor and the teeth of the tone wheel is fixed 
by the installation position and is not adjustable. The sensor is held in Its mounting 

99 

---- - - -

r 



-
2001 -2006 VA Sprinter Body Electrical · 

hole by a •pnnR busiuJ13. Whm mstallt!d In the vehicle the seruior i. poSJuoncd 
aputat the ion<' wh«J , and the gap is st>l automatiealJy whtn dn\-111g. The whttl 
bcannR play and tlasuc defonnaoon of the ule result 111 the apc-cd ..-noor posttiorung 
tL!iclf lhc C'Orn=c:'t chatanrc Crom the ~r 

CONTROLLER AIITILOCK BRAU ICABI 

The eontrollrr anulock brake (CAB} is mountt!d to the hvdraubc control unit (HCL, 
The CAB/HCU aascmbly lS locatt!d under the hood Tii< CAil control• the vnriou. 
functions or the hydrauli< urut (HCU) The CAB module•• aupphed wtth power via ruse 
~s In F'UllC Block No I 

Figure: 93 CAB/HCU Assembly 
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hole bl' a •pnnR bushing. Wh= mstallt!d In the ·~hide the aenaor Is pollluoncd 
agru.nat the Ion<' wh«J , and the gap is ~1 automatically when dnnng. The whttl 
bcannit play and tlaslJC de(onnabon o( the utt result U1 the ape«! l<"noor posttlorung 
1l .. I( the C"Orttel daUUICC from the ~r. 

CONTROLLER A.llTILOCK BRAU tCAB1 See Below 
The eontrollrr anttlock brake {CAB) is mounted to the hvdrau~c control unit (HCl. , 
The CAB/HCU a1scmbly lo located under the hood Tii< CAii controls the vario\1$ 
functfon1 or the hydrouU< urut {HCU) The CAB module•• aupphcd wtth power via ruse 
•s In Fu11e Block No I 

Figure 93 CAB/HCU l\sscmbly 

Adjustment per Doktor A. 

Unless the bore is clean annd shiny you need 
to remove parts to see the gap. Then you can 
gently tap the sensor to adjust the gap closer if needed. 

~ ,_. ,_. ,_. 
~ ,_. ,_. ,_. ,_. 
~ 
~ ,_. ,_. 
~ ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_. 
~ 
~ 
~ 
f!!. 
~ 
~ 
~ 

http //sprinter-source com/forumtshowthread php?p=163321 #post163321 f!!. 
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The contr0llor anUlock bnikr fCABf P<"fonns approxunatrly 4 to 10 control eye~ l><'f 
S«Ond d~ndtng on the road surface cond1uons The control cyt"lc ror one shed is 
the rolk>wtng· 

Frum the altemaung vol'- geMnued from the wheel •pttd ..,nsor, the dtttn:>ruc 
control module calculates the whttl rouwon, dccekrooon and acttkrauon signals. 
By combining the mdtvidwal wheel •P<«h. a "rderrntt spttd ia calculnted, wtuch 
approxlmata to lhr actual vohlck speed. Shp slgnala arr dcnv.:d lrom companng the 
whrrl apccd and the rrforrnce spttd 

..... ______ ------... ~ 

J : . ' 
•'----~---' • 
!~---'---~ . 
~---

Ttl!tC'Onlrol 
ll!q'l..lrnorl" m•y br 
"'P"iltrd it.14 10 
llm~•pr-r~m 

1'1gutt 94 Anu-L.ock Brakn Control Cvcle 
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RY'ORAULIC OOlfTROt. VlfIT (BCU) 

11H' hydraulic control urut (HCUJ consuts or 1-lve aoi.,no1d valvta and a return flow 
pump There are 1wo valves for each wheel bra)(e cyhnder and another "'" vulves per 
brake diarional cu·cu11. When IM ABS is 108Ctive, the brake p...,..ure produced by !hr 
dnvn- iravela cbrect 10 the brake cyltndtts (pressure build-up funcuont 9v acruating 
ceMJUn valves the prcoaure can atber be held (prrssurt holding funcuonJ or reduced 
With the "'d of the "'tum now pump (pressure reducuon funcuonJ It 1a no• possible to 
increaar the brake pre.sure beyond I.he pressure produl'ed by the dnver with the 
brake pedal 

Table 4 Component Desenpuon. Hydraulic Unit 

ASV lnlrt Volve (ASRJ ,_ 
AVliL Oullot Vnlvc Rear Left IABSJ 
AVHR Outlet Valve Rear Right (ABS) 
t-
AVVL Out lot Valvc ~·ront Left fABS) 

AWR Outlet Valve Front Right (ABS) 

D Dampening Chamber 

EVHL lnlrt Val•-.o Rear Left CASSI ,_ 
EVHR lnlrt Val11e Rear Right CABSJ 

EWL Inlet Vah-e F'ro111 Left (ABS) I 
EWR lnl<t Valve l'ront RJd>t (ABSJ I 
VL Left ~·ront Wheel 

VR Right ~·rom Whc<l 

HL Left Rear Wheel ,__ 
HR Ri!lhl Rear Wheel ,__ 
RVR ,__ Non Rotum Valve 

SPK ,___ Accumulator 
usv ._ ChAng<' Ovrr Valve (ASR) 
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Alfn-LOCK BRA.KU COMTROL PHAS~ 

• Preaauro Bold tr a whe•I ••about to lock up due to cxc:ttalvc pl'1'Hurc Jn lhc 
brake caliper f<l llltuation which is d•ltttcd from the wbcol speed Kl\$0T mpull 
tben the pttSSUrt •• kq>l conslant by closing both the prns0rt holding .olcnOld 
''8lve (EVXX), nnd pressure TNucmg ~olcno1d valve tAVXXI. 

F1gu,... 95 Pmosurt Hold l'hase, Len Front Whttl Circuit 
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• Prenure Reduction - If the tendency to lock up continues to exist because the 
constant pressure is still too high, the pressure is reduced by opening the pres­
sure reducing solenoid valve (AVXX). The brake fluid is pumped back to the mas­
ter cylinder through the open pressure reducing solenoid valve (AVXXI, a reservoir 
and check valve (RVR) by the return pump (RFP). The brake fluid is pumped 
upstream of the brake master cvlinder in order to not exhaust its capacity. 

Figure 96 Pressure Reduction Phase, Left Front Wheel Circwt 
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• Pressure Build-Up Phase · If re-acceleration of the wheel exceeds a threshold 
value, the pressure ts temporarily increased by opening the pressure holding sole· 
no1d valve (EV.XX). Brake system pressure during lhis phase docs not exceed the 
pedal force pressure within the master cylinder. 

Figure 97 Pressure Build-Up Phase, Left Front Wheel Circuit 

105 

- - --== _--



2004-2006 VA Sprinter OM647 Diesel Fuel System 

OTHER INPUTS 

OXYGEN (02) SENSOR 

A heated wide-band oxygen sensor measures the oxygen content in the exhaust gas to 
conlrol EGR. The sensor 1s mounted in the exhaust pipe at a 30 degree angle to pre­
vent the collection of Liquids between the sensor housing and sensor element during 
the cold start phase. The sensor is located close to the turbocharger for a quicker 
response. 

02 Sensor Location 3 Protective Tube 

2 Planar Sensor Element (Pump Cell & Sensor Cell) 

Figure 101 Oxygen (02) Sensor 

The 02 sensor is a planar zin:onium-dloxlde (Zr02) dual cell limiting currem probe 
with an integrated heater. The term wtde-band refers to the ability of the sensor to 
generate a clear signal within a wide air-fuel ratio measuring range (from 0.7 to oc). As 
a dual cell sensor, it incorporates a second chamber (oxygen pump cell), which 
requires a separate voltage supply. The 02 sensor has 5 wires (Heater power and 
ground, reference voltage, and 2 wires for pump cell current) and connects to a six­
w1re harness leading to the ECM. 
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Ir an c:rTOr 1a dctttt<d either In the CAB/ HCU or m th• clrctrical a.i tem out.aide the 
control modul<', th<- ay11cm I• ehut down end the dm-.r warned bf the lilumlnatian or 
the ABS/ /.SR lamps A safety CU'Clllt also constantly morutors the battery volt&fl". If 
the wltalll!' drape below 9 S. the sys1em is &g!Ut1 shu1 down until the volt&!!" returns to 
!he opcali<d rong.- nr at laaot 10 volts. 

In odd1uon lO Ito monltonog furu:uon, the saJcty c11cu11 alao prnorms a test cycle 
whrn the ignition I• switched on. The ABS/ /.SR lamp1 are lllumlnat<d while the fol· 
lowing lnltinliiatlon teat is performed: 

• The solenoid vnlvc cireult.s arc checked for open drcuita o_nd short Circui ts to 
ground or p0$lllve 

• The wht'<"l sprod oensor d11:Ui1$ arc constnntly checked for open drcults and 
shon circu1t1 co ground or positive 

• The solenoid vah-es arc bnelly energized l•hl• acuon can bc felt 1r the bruk<" pedal 
IS ckprcsoed At the tune of the iest) 
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Construction 

Refer to Figure 102. The sensor element combines a sensor cell (8) and an oxygen 
pump cell (9). Both cells are made of zirconium-dioxide (Zr02) and are coated with fl 
porous platinum electrodes. The sensor cell operates just like a typical 02 sensor. The fl 
oxygen pump cell transports oxygen ions when voltage is applied to it. fl 

A gas sample chamber (5) is sandwiched between the oxygen pump cell and the sensor I!! 
cell. A pump cell electrode and a sensor cell electrode are located in the sample cham-
ber. A sample passage (10) connects the sample chamber to the surrounding exhaust fl 
gas. A sensor cell electrode is located in the reference air channel (6), which connects 
to the ou tside air. 

.,. 

1 Exhaust Pipe 6 Reference Air Channel 

2 Exhaust Gas Flow 7 Heater Element 

3 02 Sensor Connector 8 Sensor Cell 

4 Trimming Resistor 9 Oxygen Pump Cell 

5 Gas Sample Chamber 10 Sample Passage 

Figure I 02 Oxygen Sensor Construction 
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ASR 

DUCRJPTJO!I 

Aettlttation slad control (ASRj 1s a traction control syatcm that 11 mtn>ded pomanly 
to C'Oniml whC'C'l lpln 10 tow tracnon condinons. A aptnnlng whttl as braked and 1ts 
tract1V<" power Is transferred to the wbttJ wnh ruJJ grip. Th< ~nc torque is hma<d lO 
lmpf'Q\'C dnvmg stability. 

ASR 111nrc11nued w1lh lhc Ann-Lock Bmke systcrn ond 1a atandard equipment on all 
Spnn1cr vnns. The ASR 3)'stcm consists or the CAB/llCU mtcgro1cd control unit 
located under the hood, the ABS/ASR wheel •p.ed srn•oro, no ASR switch located in 

the center aUlck or the instrument panel, An ASR Indicator lo.mp and ASR Malfunction 
mdico1or lo.mp both located in the electro mcc:hanlcal in•trumcnt eluotcr (EMIC). 

OPERATION 

When the CAB module dctenrunes that one o( the rear whttla 1• shpping due to h<Avy 
areelenu1on. It romme.nd• the Chang<- 0..,,-Val"" (USV) to dooc and the Inlet Valvc 
(A.SV) to opni for the alTocted whrcl and tncrgat'a the pump motor to dnve the pump 
The pump then draws flwd from th<! master eybnder through th,. Inlet Valvc IASV) . 
The pump output pl'CMurc 1s blockcd by the Change Over Vain (USV) The Ouid prtt· 
sure now. through the ABS Inlet Valve !EVXX), m=asing the prcssure m that wbecl 
cylinder. The pump runs to supply Ould pressure 

The CAB module al150 acn<b me$$a(!C$ through the CAN Bua to the ECM and IC mod 
ulcs The ECM rcduccs the ~ cngme torqu< and lh• Instrument clusler fbsbcs 
the trecr.Jon control lndJcator 
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A tnmming resistor is built into the 02 sensor connector. The resistance value is 
dependent on the overall length and the type of sensor . 

Connector With Trimming Resistor 3 02 Sensor 

2 Overall Sensor Length 

Figure 103 02 Sensor and Cable 

When replacing the 02 sensor, the tnmming resistor is already installed in the new 
sensor and must not be changed (resistor is dependent on sensor). 

02 Sensor Fundamentals 

At high temperatures, certain ceramic materials, such as zirconium-dioxide (Zr02l 
become oxygen ion conductors. 

In a typical 02 sensor, the Zr02 1s used as a solid electrolyte, whtch conducts oxygen 
ions. The solid electrolyte is sandwiched between two platinum electrodes. The sensor 
generates a small voltage when oxygen ions moves from the rugh concentration side to 
the low concentration side. 

HIGH OXYGEN 

CONCENTllATIOH 02 

Oxygen Ion 

2 Solid Electrolyte (Zr02) 

LOW OXYGEN 

CONCENTRATION 

Platinum Electrode (2) 

Figure I 04 Typical 02 Sensor Construction 
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Figure 98 ASR Control, Right Rear Wheel Slipping 
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The same holds true if the process is reversed. If a voltage is applied to the platinum 
electrodes, oxygen can be pumped from one side of the solid electrolyte to the other 
(from cathode to anode), becoming an oxygen pump. The amount of current flow is 
directly proportional to the amount of oxygen pumped by the sensor. When the oxygen 
level on the supply side reaches zero, the current stops. 

Oxygen atoms have six valence electrons in its outer shell and would like to gain two 
more (octet rule). Once they pick two free e lectrons they become oxygen ions, which 
have a negative charge. 

OXYGEHATOM OXYGEN ION 

Valence Electrons 2 Gained Electrons 

Figure 105 Oxygen Atom and Oxygen Ion 

Oxygen atoms pick up two electrons from the negative electrode (cathode) to become 
oxygen ions. The~e ions are then transported through the solid electrolyte (Zr02) to 
the positive electrode (anode). The ions transfer the negative charge (two electrons) to 
the anode and combine with other oxygen atoms to form 02. 

stoichiometry 

Stoichiometry is the ideal air-fuel ratio for perfect combustion. In theory, this ratio is 
14.7: I (14. 7 pounds of dry air for 1 pound of fuel). A value of 1 is used as a reference 
point to denote stoichiometry. When stoichiometry equals l, the ideal air-fuel ratio is 
achieved. A value higher than 1 means that more air is present than is needed for per­
fect combustion lean m1xture) . A value lower than l indicates the amount of air is 
insufficient to produce a perfect combustion (rich mixture). 

Gasoline engines run on air- fuel mixtures that are very close to stoichiometnc (stoichi­
ometry: 1). Diesel engines however, always run with excess air (stoichiometry > l). If 
the excess a1r is low (stoichiometry < 1), the diesel engine will produce higher amounts 
of CO, HC and soot. 
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ASR OFF SWITCH 

A switch mounted in Lhe Instrument panel allows the driver to manually deactivate the 
engine derate function of the ASR system when dnving WJth snow chains, m deep 
snow. or on sand or gravel. The traction control is sull operational, but the engine 
torque is no longer linuted and the drive wheels are free to spin 

I ASR OFF Switch 

2 Traction Control Indicator 

Figure 99 ASR OFF Switch 

When the ASR OFF switch is pressed, the CAB module sends a message to the instru­
ment cluster via the CAN Bus to tum on the traction control indicator 

The ASR can only be deactivated with the engine runnmg. The system will return to 
normal operation once the ignition key is cycled. 
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Wide-Band 02 Senior Operation 

The ECM activates the integral heater element to raise the temperature of the sensor 
to 700°C (1292° F) for the Zr02 to become conductive. Once the sensor is heated, the 
exhaust-gas components diffuse through the gas sample chamber. Upon reaching the 
electrodes on the oxygen pump and concentration cells they achieve a state of thermo­
dynamic balance. 

• 

Oxygen Pump Cell Circuit 2 Sensor Cell Circuit 

Figure 106 Wide-Band 02 Sensor Construction 

The sensor cell measures the difference between the oxygen concentration in the gas 
sample chamber and the oxygen concentration m the outside air from the reference air 
channel. A small voltage 1s generated across the sensor, which is proportional to che 
air-fuel ratio in the sample chamber. At stoichiometry, the corresponding open-circuit 
voltage at the sensor cell is 450 mV. If the stoichiometric ratio m the sample chamber 
1s higher than l (excess air) a lower voltage is produced. If the stoichiometric ratio is 
lower than I (insufficient air) a higher voltage is produced. 

The ECM uses th.is voltage signal to determine how and when to run the oxygen pump 
cell. The goal of the ECM Is to modulate 1he pumping current through the pump cell to 
a.Jways maintain a stoichiometric air- fuel ratio of 1 (14.7 to 1) in the gas sample cham-
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ber. When stoichiometry is reached, there is no current flowing to the oxygen pump 
cell. 

ffi 
a: 
a: 
:::> 
0 
..J 
..J 
w 
0 
Q. 

:t 
:::> 

mA 

3,0 

2,0 

1,0 

0 

? 
I 

Q. ·1,0 

·2,0 ._____. _ __,__....___.____,__ 
0,7 1,0 1,3 1,6 1,9 2,2 

STOICHIOMETRIC RATIO 

Stoichiometric Point (14.7:1) 

Figure 107 Oxygen Pump Cell Current Cwve 
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ELECTRONIC STA.BlLITY PROGRAM IESP) 

Th<! Bosch ESP version 5.7 is mttallc:d as sl.Andard apeoficanon on oil Sprinter cargo 
vruu with a OVWR of 8550 lbt. Th• Spnnler'• elcctronlc alobnity progrum (ESP) 
Encludcs the roUowing •~'ems' 

• Bnikc Asstst S) tcm 1a"51 
• And Lock Brnl<e Swtcm IAl:lSI 
• AocclerntiDfl Skid Control (ASR) 

!!9 • EJ...-1ronic For"" Oaatnbution /EBO) 

The dynamlc handhnR conuol •yotcm ESP imprOV9 the drMng stabahty and the t.rn< 
non o( a V('h.icle in 1.·nticnJ situa1lona as ll counlemcu o v("hlclc's trndt"ncy of over 
steering or understr<nng by applying braking ron..'C to apprnpriau: wheels and, if 
rcqu1ttd, by l1m1dnfl engine torqu<. 

ESP•• d .. agned to avoid many cntacal dnvmjl .,onditiona t.ll't'ady wh~ they are about 
to an.at and has become on impon.ruu amtnbuuon to mcreased dtivuig aofety. 

Otivlng Rctponse Wath ESP Dnving R<Spo~ Wathout ESP 

Figur• 100 Onving Stability With £SP 

l ll 
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High Excess-Air Mode 

When the exhaust gas is too lean, the oxygen concentration in the gas sample cham­
ber is high. The sensor cell measures the difference between oxygen concentrations in 
the gas sample chamber and the reference air channel. A voltage lower than 450 mV is 
generated across the sensor cell, which is proportional to the air-fuel ratio in the sa.rn· 
pie chamber. The ECM compares the sensor cen voltage to a reference voltage (V Ref), 
which corresponds to the stoichiometric point voltage. Since sensor cell voltage is 
lower than V Ref, The ECM determines a Jean condition exists. An amplifier applies an 
appropriate voltage to the pump cell to transfer OJ1.7gen from the gas sample chamber . 

. . ... . . 
. . . 

I HEATER GROUND CONTROL 

I 
I 

L-------- ----

Flow of Pump Current 2 Flow of Oxygen Ions 

F'igure 108 02 Sensor, High Excess Air 

The oxygen atoms in the pump cell pick up two electrons from the negative electrode 
(cathode) to become oxygen ions. The ions are transported through the solid electrolyte 
(Zr02) to the positive electrode (anode). Each ion transfers its negative charge (two 
electrons) to the anode and combines with other oxygen atoms to form 02. The 
amount of current flow is directly proportional to the amount of oxygen pumped by the 
pump cell. While the sensor cell voltage only provides a rough indication of the air-fuel 
ratio, the !!:CM can determine with precision the stoichiometric ratio based entirely on 
the amount of current Oowing through the oxygen pump cell. 
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ESP acts both on the brll.kr system and the "1lg!nc mana111emcnt. It ~eruly eval­
uat("S 1hc mea1uttmcnta made by the $lCCring angle acnsor. whcrl spttd sensors and 
IM yaw nue/latei.l att•lcrauoo sensor and dctttta unstablo dnvmg atlUauons at a 
""!'\' earl) •tag.: Within fractions o( a SttOrul, i;-.sp tntcivenes via the engine control 
modulo IEC~rt and the brake system and assmta the dri\ocr In mastering IM cntlcal 
sit< Jllon It apphes braking (ortt to on" or more of the whctls to pnxluoc a twisting 
movcm•nt whtch tounl<'racta the danger or •kidding and 1tab1hus the velucle 

The ESP oyst<m does not take the vehicle load Into Oe<.'Ount Instead, thc cocffiocnt or 
fnct1on ia colculat<d In a 20 mlllJaecond period, where the controller meaaurcs the rate 
at whirh the wheel •P<'<d la dctth!rated, u brako prcuurc Is applied to the wheel. 

ESP opcrnrea: 

• When comcr1ng [vchiclt under- or overstccrcdl 

• When dnvm11 atraJ~ht ahead tvcluclc deviate• orr course due to uneven road con­
diuonat 

Est4'nlullly, aJI outaJde fo~ a.cung on a vcluclc attempt to rotate n about ns ~or 
grav11y, reprdl•~ of whether IMac arc one-skied brakmit dn'~ fora.a, or lateral 
forces. ESP analnu the vehicle bcliavior and applies spn:1ric braking forces to md1-
wlual whocla to COnT<'I any 1ostabd11y 
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Low Exce H -Air Mode 

With low excess air, the oxygen concentration in the gas sample chamber is low. The 
sensor cell measures the difference between oxygen concentrations in the gas sample 
chamber Md lhe reference air channel. A voltage higher thllJ'I 450 mV is generated 
across the sensor cell, whlch is proportional to the air-fuel ratio in the sample cham­
ber. The ECM compares the sensor cell voltage to V Ref. Since sensor cell voltage 1s 
higher than V Ref, The ECM detenrunes a low excess-&r condition exists. The polanty 
of the pump cell is reversed and so is the direction of the current flow. 

V > 450 mV I SIGNAL VOLTAGE 

I 

. ,A """""'rl. I V1R'TUALGROUNO 

I 
"------- ---11---t>--t-- -----f'I HEATER GROUNDCOOITROC 

.._ _ ___ ___ __ A_i_o_;_-+-~i--1--- B+ : 

~ED! L------ -- ---

Flow of Pump Current 2 Flow of Oxygen Ions 

Figure l 09 02 Sensor, Low Excess-Air 

Decomposition of water (H20) and carbon-dioxide (C02) molecules occurs in the 
exhaust pipe, next to the pump cell. Oxygen atoms separate from lhe molecules and 
pick up two electrons from the cathode to become oxygen ions. The ions arc trans­
ported through the solid electrolyte to the anode in the gas sample chamber (the direc­
uon of flow has been reversed). The ECM determines the stoichiometric ratio based on 
the amount of current flowing through the oxygen pump cell. 
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Refer to Figu"' 101 for cumpl<1 of ESP acllvation When the whlck undcrstocrs on a 
left tum i• pushes outward• over the front wheels ( I I ESP applies a pteelll<'.ly calcu 
lat.-d fon:c to the left front wheel 15). When Lhc vehicle O\'erstoers on a left turn, I he 
rear of the vehicle breaks away (•I· ESP apphcs th" b..-Jong force lo W n&ht fron1 
whocl 121 

D 
VEHICLE UNOERSTEERING VEHICLE OVERSTEERING 

Underatccnng Velucle Mo~?l _4_,__0vus_ tctttng Vehicle Mowin 

Braked Wheel 5 Braked Whocl 
--!------------~ Vehicle Comprnsat!ng M~ A 0 .. 1~ D1rtction nfTravol 

Figu"' 101 ESP Activation £xamp14'1 
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GLOW PLUG MODULE 

The glow plug module is located in the engine compartment under the battery tray. 
The module integrates diagnostics and an eleclronic system that processes the input 
signals from lhe ECM for glow plug activation 

Figure 113 Glow Plug Module 

The glow plug module is equipped wllh a smgle-wire serial communication interface 
for bi-directional data communication with the ECM. The glow plug module morutors 
the operation of the glow plugs and continuously informs the ECM by sending a PWM 
signal through lhe single-wire interface aboul the operating state (glow plugs ON/ 
OFF), and the presence of any system faults. 

Detected faults in lhe glow plug system are stored in the diagnostic memory (RAM) of 
the glow plug module. The contents of the diagnostic memory are senl sequentially to 
the ECM through the single-wire communlcation interface. 
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r-~-----~1~ --~ ~ ~ '--1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Glow Plug 3 Relay 

2 Voltage Comparator 4 Fusible Link 

Figure 114 Glow Plug Module Schematic I ,,,..., 1 tM, 

,.,,, f-1 I ' fl 

The glow plug module monitors the PTC propertl<'s of lhe glow plugs for d iagnostics. 
Each glow plug circuit contains a fusible link rated 111 150 A. When activated, current 
flows through the fusible links to the glow plugs and a small voltage drop is produced 
across the fusible !mks. A voltage comparator c1rcwt within the glow plug module 
detects the voltage drop across each fusible link and iriggers a signal if a threshold 
voltage 1s exceeded Smee the comparator circuit measures voltage drop, the momtor· 
ing is only possible while the glow plugs are energized. 
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l 

2 

3 

4 

Printed Circuit Board 

Relay 

B+Terminal 

Glow Plug Connector 

5 Oatalink to ECM Connector 

6 Fusible Ltnk 

7 Voltage Comparator Cm:un 

Figure I IS Glow Plug Module 

Fault Recognition 

The following faults are recognized by the glow plug module and transmitted to the 
ECM: 

• Open circuit/short etrcu1t to battery positive-The comparator circuit detects 
open circuit voltage instead of the desired voltage drop. The glow plug module 
stores a OTC (open circuit) in its memory 

• Short circuit to ground (same OTC as above)-The increase in current flow will 
cause the I SOA f\lsible link within the glow plug module to blow out, leading to an 
open circuit. The comparator circuit detects no voltage and the glow plug module 
stores same OTC as above (open circuit}, p lus a general overcurrem fault. Once a 
fuse is blown, the glow plug module has to be replaced. 

• Internal relay faull 
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The ECM stores a fault code when it receives an open glow plug circuit message from 
the glow plug module. The ECM will also activate the prcglow indicator lamp in the 
instrument cluster for about one minute once the engine is running. If the message 
received by the ECM is .related to a short circuit, or a communication fault, it will store 
a fault code and immediately activate the preglow lndicator lamp. The lamp will 
remrun activated until the fault is no longer current or the ignition is switcllcd olT. 

SERVICE NOTE: TO AVOID lNTERNAL DAMAGE, ALWAYS ENSURE THE GLOW 
PLUGS ARE NOT SHORTED BEFORE REPLACING A GLOW PLUG MODULE. 

ACM ENHANCED ACCIDENT RESPONSE INPUT 

The airbag control module (ACM) enhanced accident response input is received by the 
ECM in the event of an accident where the airbagll have deployed. A hardwire signal 
from the ACM is sent to the ECM and centraJ timer module (CTM) simultaneously (Fig­
ure 116) 

j------------, AIAUG 

I I m~•• 
I I MODULE 
I IAC"I 
I I 
I I 
j "'m• I 
L _____ _,~~~------l 

1 
I 

1 
j-----;~~-----, !NGIN! 

I ""''°""" I CONTROL 

j-----.;;;,.-;-----, CfNUAl 

I UWi,._OCQO I lt._.~ .. 
I COMW.NO I MODULE. 
I I 1ftMI 

I I 
I I 
I I 
I I 
~-------------

I '°"'"""° I ,.oouu I I (CTMI 

I ! l ___________ J 

Figure 116 ACM Enhanced Accident Response Input 

The enhanced accident response input signal consists ofa 12 volt, 50 milhsecond 
pulse generated by the ACM during airbag deployment. Upon receipt of this input, the 
ECM shuts the engine down The engine can be restarted again if necessary. 
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The ECM stores a fault code when II receives an open glow plug circuit message from 
the glow plug module The ECM wtll also activate the prcglow •ndicator lamp in the 
instrument cluster for about one minute once the engine is running. If tbe message 
received by the ECM is related ton short circuit, or a communication fault, it will store 
a fault code and immediately activate the preglow indicator lamp. The lamp will 
remain aetivated unul the fault 1s no longer current or the ignition is switched off 

-O.,.,.. "'1 "''I G-P f .. ' f,.,/'4r<r ;-J,, Jlr< 11•.., ~A1/ dt~• 'f ti•"' .l<lcr./,.I( "i• '"".(2.,,.,) 
SERVICE NOTE: TO AVOID INTERNA.l. DAMAGE, Al.WAYS ENSURE THE GLOW ~ 
PLUGS ARE NOT SHORTED BEFORE REPLACING A GLOW PLUG MODULE. 

ACM ElfBAl'fCED ACCIDENT RESPONSE INPUT 

The airbag control module (ACM) enhanced nocident response input ia received by the 
ECM m the event of an accidenL where the airbags have deployed. A hardwire signal 
from the ACM is sent to the ECM and central timer module (CTM) simultaneously Wig· 
ure 116). 

,----------------, AIRIAG 
I I CONTROL 
I I ,.ODUU 
I I fACMl 
I I 
I I 
I "'°"'' I I ,UlSl I 

l 
~------1---------

1 
i----,;~-----, fNGINE 
I U•ulOOw111 I COHTAOl 
I co~""" I MOOUU 
I I £lCMI 
I I 
I I 
I I 
I I 
.... ____________ _ 

j-----~,-----, ClNfUL 
I OC• 0 I TIMU 
I ,,_..., I MODUH 
I I fCT"'I 
I I 
I I 
I I 
I I 
~------·-------

Figure 116 ACM Enhanced Accident Response Input 

The enhanced accident response input signal consists of a l2 volt, 50 millisecond 
pulse generated by the ACM during airbag deployment. Upon receipt of this input, the 
ECM shuts the engme down. The engine can be restarted again if nceessruy. 
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WHEEL SPEED SENSORS 

The: wheel ~peed sensors arc the same as 1hose used on Spnnter vans with ABS/ ASR. 
Tho sensors supply speed signals of the respeotive wheels 

Wheel Spc:cd Sensor 3 Tone Wheel 

2 Spring Bushing 

Figure 110 Wheel Speed Sensor 

The four conditioned wherl s~d signals arc constantly compared with each other 
and W1l.h specified slip thrcsholds on the front and rear wheels in rclation to the speed 
of 1he vc:h1clc:. 
This oomparison is used to deterrmne the followmg values ond control variables: 

• Veh1CIC' speed 

• Accclemtion/decelcrotion 
• Brake slip (ABS) 

• Accclerauon shp IASR) 
• DC<'clcratlon slip (EBR) 

• Signal from steering anlt)e sensor 
The wheel speed sensors detect the diffcrcm rotational speeds when the vch1clc 
changes dlrcct1on or 1s being driven on o curve. With this infonna11on and the signal 
from the steering angle sensor, the ESP control module recognizes the vehicle han­
dling characterisucs desired by the driver 
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INDIRECT INPUTS 

CAN BUS INPUTS 

ln addition to the hardwired inputs, the ECM receives data from other control modules 
through the CAN bus. 

INFORMATION INPUT - CAN BUS 

~ 
Brake Light Switch 
Wheel S!"'cde 

() Reducllon of Engine Specified Torque 
CruJse Control OF'F 

Requested Eng.me Torque 

::e 
Torque Con~ncr Clutch Status 
l..unp Home Mode 

g Engine Emergency Shutdown 
.!! Kickdown Acknowledge 

Excess 1Tanam1ssion Tem!"'rnture ~ 
'§ 
0 

< • Shift Le..:r Posluon ~ 
M rn 2 

¢' 

::e 1hmsrru1 An11wrr · Valid Transponder c 
0 

a 
Stan Enable (,) 

~ rn y 
IYl!I 

() A/C Compressor Switched ON 

~ Refngernn1 Pttasure 

CiJnut 61 ID•) 
AJr Cond.ollomng lnatalled 

() MPH Instead of KM/HR ... Speedometer Calibrauon 
Ambient i\Jr Temperature 

Figure 1 18 CAN Inputs 
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ACTMTY 3.5 ENGINE SENSORS 

The purpose of this activity is to familiarize the students with the engine's behavior 
resulting from various sensor fill lures. Task 2 of 1 he activity fam.i.liarizes the studenrs 
with the operation of the cruise control switch. 

TASK 1 

1. Disconnect the following sensors and observe the details as irulicated, Use the 
diagnostic scan tool to read the sensor substitute values. 

Fuel Temp Sensor· 

Does the engme run? 0 YES D NO 

ts the MIL lamp ON ? 0 YES 0 NO (after 2nd sturi on 50 state 11an} 

Engine maximum RPM: 4200 RPM 

DTCs: POIB0-001far!1emo sensgr t>oltaqc coo high !clearco4e 10 !Urn 0111 f.111.1 

Sensor value displayed: -40.1 'F 

Coolant Temp Sensor· 

Does rhe engine run? 0 YES 0 NO 

Is the M1L lamp ON ? 0 YES D NO (after 2nd starr on 50 state t•a11) 

Engine maximum RPM: 4200 RPM 

DTCs: POJ 15 001 ECT Yolrgge too high £dear the Ct>de to rum out tf14• MIL! 

Sensor value displayed: -40. 1 F 

Connect a DMM to the coolant temperature sensor and measure its resistance. 

Sensor resistance value·---------- ---- ------­
Compare the resistance reading to the values of the ECT resistance chart in the 

student book. Does the sensor value agree with the chrui ? 0 YES 0 NO 

Fuel Reil Pressure Sensor· 

Does the engine run? 0 YES 0 NO 

ls the MIL lamp ON? It] YES 0 NO (after 2nd sran on 50 state t'(ln} 

Engine maximum RPM: 2800 RPM 

DTCs: 1'0190·001 t)1cl P,.essure S<msor Voltqqc 100 high 

Sensor value displayed: KOEQ:580J Goes uo with thro!tle (could hi' socc @luc/ 
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Otl Temp Sensor: 

Does the engine run? 0 YES 0 NO 

Is the MIL lamp ON? 0 YES 0 NO (oil lt.>uelind1cator - 10 seconds) 

Engine maximum RPM· 4200 RPM 

DTCs: P206I{J(JJ. P2014-004. 2040004. 2041-004 

Sensor value displayC'd: Uses C'OQ/ant temp Oil Oua/rtu 2. Oil let'f!I I 57 m. 

Intake Air Temp Sensor. 

Does the engine run? 0 YES 0 NO 

Is the MIL lamp ON? 0 YES 0 NO (after 2nd start on 50 state van) 

Engine maximum RPM: 4200 
OTCs: POI 10-001 !AT 11oltaqe too high le/ear fault ro rum 011! MILi 

Sensor value displayed: 

Boost Sensor: 

Does the engine run? 0 YES 0 NO (engine runs rough/ 

Is the MIL lamp ON ? 0 YES 0 NO (after 2nd sea rt on 50 slate uan) 

Engine maximum RPM: .;i;4a20"'0"-"R.._P.cM'--'u."''.uil.,h_,.s"'tuii.lm.....,bl.,.e _____ ____ _ 

DTCs: POJOS-002 boost pressure t'oltaae too low fcic'ar stored fnull lo tum out MILi 

Sensor value displayed: Uses Ant orcssurt' (>all.le tfjxedl 

MAF Sensor. 

Does the enguie run? 0 YES 0 NO (engine runs rough) 

Is the MIL lamp ON ? 0 YES 0 NO (after 2nd star1 on 50 s1a1e van) 

Engine maxunum RPM: ...:4,.2.,.0.,.0'-'R"'Pu!.,..1_.,w ... 1.,_l/._1 -;.,,1"'11_,_..m .. b,.,le.__ _________ _ 

OTCs: P2067-002. 2067-004. 2068-004 f2 (quits on lsb gdd fault on 211d sraa/ 

Sensor value displayed: I.ow SQOs 1518 543 mqlstrokel t'Cru lrttlr mowmmt 
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HYDRAULIC COlfTROI. tJlfil' (BCU) 

The H)'drauhc Control Unn (HCUJ is located m th,. m111nc c:ompanm .. nt. Tbc HCU hu 
a brake prHsure aemor moun•ed on~ back or the unot The port wh<:re the""""°' is 
mountro co c:onn-cca W1th the pressure orn111 hne from th< mu1cr cybndu The 
dlamcccr of the bral<< Ou1d Ima between mn.sta cylinder and the !ICU has bttn 
increased for a faatrr rrsponae 001' 4 Plus is the approved brake Ould. 

3 ESP I lom..u Connector 

4 Hydraulic Con1rol Uni! 

P1gurc 113 Hydraulic Control Un11 (liCUI 

HCU COMPONENTS AllD OPERATION 

Tbe hydraulic con trr1I unll (HCUJ eomblncs the control c:omponwi. or ABS, ASR. and 
ESP Refer 10 1'1gurca 114 through 116. 

bolatloa ValTU (IVLJ', IVRJl', IVl.R, IVR.R) 

The isolation val..,a an: nonnally open 2/2 (two-port , two-poa11lon} valves The val•"CS 
clOK' dunna ABS opcrahon to pn:vcnt an mcrca9<' an brak~ pregsu~ ~re 1& o.nt: 
\'811io·e foT each bt11kf"' channel 

Dump Vmn (DVLI'. DVRI', DVLR, DVRR} 

Th• dump valvca nrc normally closed ?./'2 valves There la one dump valve for each 1so­
lntion valvr Opening n dump valve allows pressu"' to be rrl~ from its brake chan­
nel lO thr. low prcasure accumulator. 
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Intake Pressure Sensor: 

Docs the engine run? 0 YES 0 NO 

ls the MIL lamp ON ? 0 YES 0 NO (after 2nd start on 50 ~rar<? t'On) 

Engine maximum RPM: ~4=2=0~0..,R ... P...,M.._ _____________ _ 

DTCs: P2025-002 lntnke pressure !'o/iaae too low 

Sensor value displayed: 11 4 and 0.000 polls on DRBm 11.260 on DAS 

TASK 2 CRUISE CONTROL SWITCH 

J. Connect I.he diagnostic scan tool to the vehicle and access the engine . 
2. Actuate/Press the cruise control stalk. Record your findings below . 

Position UP ACC: YES Safety Contact· ON 

Position DN 

Position: BK 

DEC: YES 

RES: YES 

Safety Contact: ON 

Safety Contact: ON 

Position: FWD OFF': YES Safety Contact: ON 

3 How does the ECM determine a fault, or an unintentional actuation? 
Bu rcccivmg g Wmb!OOlton of switch inours mrhcr than sjnqle moor 
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Prime Va!Teo fPRVl , PRV21 

The pnm4' \ft)lleS are closed dunng lhc prusurc·holding pM..- of ASR and ESP con 
trol The pnmc •11lves ~ also used to control the etrcult prc .. u,.,. The ''lllves OJ"'n to 
allow the pump 10 pull Quid mto !hr urut dunng ASR and ESP ccntrol A pressure 
bc-tw<rn 3.5 ba.r (44 73 p$1) ,. produced wuhout dnvt'r tntcrvenbon 

Pilot Va!Tea (P!Vl, l'IV:ll 

The pilot valvtt close to keep fluid from rerurmng to the mnator cy~ndcr dunng the 
p1·e .. urc build-up und pressu,.,.holdmA phase or ASR and f:SP control The valves 
open during the pre8"urc-reduction phnee. ,,,., pilot Y{llvca nrc •loo designed as pres­
sure relier valvu and open at pressures or approximately 170 bar (246S psi). The 
brRk4' Ou Id Oowlnjl through the pU01 valves l>1 dlr.,,tcd back to the rruuter <'Ylindcr. 

Pumpo (Pl, P:IJ/Motor An<oml>ly (Mll 

Th< pump/motor llU<!mbly supplies pressure during ASR and ESP con1rol ,,,., 
pump/ motor Ukmbly also returns brake Owd dunng ABS. ASR and ESP control 

Low l'rusure Accwnulatoro fLPAl, LP.UJ 

The lo-. prc ... urc accumulators GU wtth returned b~ Ouid dufUllt the ABS/ ASR/ 
ESP prcUUtt n'ductlon pbaK and sends 11 to the pump/motor asS<'lllbly 

Damplnc Cho.mb•n (DCl, DC2) 

Each brake circuit has. damper chamber lo mumc the pumping aound 
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Table 3 Component Dcscnption, Hydro.ulic Control Unit (HCU) 

DI Diagonal I Circuit (Left Front and Right Rear Wheels) 

D2 Diagonal 2 Circuit (!Ugbt Front and Left Rear Wheels) 

DCI Damping Chamber-, Diagonal 1 Circuit 

DC2 Damping Chamber, Diagonal 2 Circuit 

DVLF Dump VaJve, Left Front Wheel 

DVL.R Dump Valve, Left Rear Wheel 

DVRF Dump Valve, Right Front Wheel 

DVRR Dump Valve, Right Rear Wheel 

!IL Left Rear Brake Channel 

HR Right Rear Brake Channel 

NLF Isolation Valve, l..eft Front Wheel 

IVLR Isolation Valve, Left Rear Wheel 

IVRF Isolation Valve, Right Front Wheel 

rvRR Isolation Valve, Right Rear Wheel 

LF Left Front Wheel 

l..R Left Rear Wheel 

1..PAl Low Pressure Accumulator, Diagonal 1 Circuit 

LPA2 Low Pressure Accumulator, Diagonal 2 Circ'utt 

Ml Electric Motor 

Pl Hydraulic Pump, Diagonal I Circuit 

P2 Hydraullc Pump, Diagonal 2 Circuit 

PIVI Pilot Valve, Diagonal I Circuit 

PIV2 Pilot Valve, Diagonal 2 C1rcu1t 

PRY! Pnmc Valve, Diagonal l Circuit 

PRV2 Prime Valve, Diagonal 2 Circuit 

RF Right Front Wheel 

RR Right Rear Wheel 

VL Left Front Brake Channel 

YR Right Front Brake Channel 
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MODULE 4 ECM CONTROL 

ENGINE CONTROL MODULE (ECMI HARDWARE 

The engine control module fECM) is located on the left hand side, under the instro­
ment panel (Figure 119) . 

.__.~ 
~c1rJ 

Figure 119 ECM Control Module Location 

The ECM is made by Bosch and has a metal housmg with finned surfaces for heat dis­
sipation. The inputs, outputs, power supply and grounds are connected to the ECM 
through two plug-in connectors with a total of 154 pins. Six of the pins have a heavier 
gauge for carrying the higher current load from the main power supply and ground cir­
cuits . 
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ESP CONTROL MODE, PRESSURE BUILD-UP 

The control procedure and valve positions shown in this example rclaLe to the rear 
right brake circuit. 

r ·- ·-· - ·-· - ·- ·- ·- ·- ·- ·- ·1 
• PRV2 

P2 

02 

101 

I 
I 

High Pressure 2 Primary Pressure 

Figure 114 ESP Pressure Build-Up Phase 

- 0 
...,,.,.,.,.,0 

The ESP control module i:niliates brake intervention to stabilize the vehicle. 
Al the start of the ESP control phase, the pilot valves of diagonal circuits I and 2 
(PJV1, PIV2) are switched to the closed position and the pump/ motor assembly is trig­
gered. The prime valve of diagonal circuit 1 (PRV l) is only opened during the pressure 
build-up phases. The hydraulic pump (PI) draws brake fluid out of the reservoir via 
the prime valve (PRV I) and master brake cylinder. 

The hlgh pressure Is limited by the pressure relief valve integrated into the pilot valve 
(PTV l) to approximately 170 bar (2465 psi) . 
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Figure 120 ECM Connectors 

The electrical circuits at the ECM are split into two separate wiring harnesses (vehicle 
and engine wiring harness). The 58-pin connector (marked F) is used for lhe vclucle 
wiring harness. The 96-pin connector marked M is for the engine wiring harness 

Figure 121 ECM Harness Connectors 
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ESP CONTROL MODE, PRESSURE BOLD 

The control procedure and valve positions shown m this example relate to the rear 
right brake clrcwt. 

2 

High Pressure 

Wheel Brake Pressure 

101 

I 
I 

3 Primary Pressure 

Figure 115 ESP Pressure Holdmg Phase 

When no more brake mteivcntlon is required to stabilize the vehicle, the ESP pressure 
hold control mode Is initiated. The prime valve of diagonal circuit l (PRV I) is closed 
and the pressure in the brake caliper cannot be Increased by the hydraulic pump (Pl) 
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Both plug-m connectors are secured in place by means of slide locks. The slide locks 
are located on opposite ends. The 58-pm connector 1s mounted on top of the 96·pin 
connector. For this reason, it must be removed first and installed last during disas­
sembly and assembly procedures. To remove the plug-m connectors. pull the slide 
locks sideways to the end of their travel and lift the plug-in connectors. 

l Engine Plug-In Connector 3 Vehicle Connector Slide Lock 

2 Vehicle Plug-In Connector 4 E:ngme Connector Shde Lock 

Figure 122 E:CM Connector Mounting Position 
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ESP CONTROL MODE, PRESSURE REDUCTION 

The control procedure and valve positions shown in thls example relate to the rear 
right brake circuit. 

r ·- ·- ·- ·- ·- ·- ·- ·- ·- ·- ·- ·1 
• PRV2 

Return Fluid 

P2 

02 

101 

I 
I 

2 Reduced Pressure 

Figure 116 ESP Pressure Reduction Phase 

lf the brake pressure required for stabilization is too high, the pressure-reduction 
phase of the ESP control is initiated. 

The pressure reduction phase begins by opening the pilot valve of diagonal circuit l 
(PlVll. The right rear wheel isolation valve (IVRR) remains open and the right rear 
wheel d u mp valve (DVRR) remains closed. The hydraulic pump (P l ) pumps the back­
flowing brake fluid through the pilot valve of diagonal circuit 1 (PfVl), and then 
through the master brake cylinder back to the brake fluid reservoir. 
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The ECM has guide pegs to ensure the correct mounting position of the plug-in con­
nectors. When re-installing the plug-in connectors, align the connector 1racks with the 
guide pegs. Push the connector down while pressmg the sbde lock in to the end of Its 
travel. 

ALIGN TRACKS 
AND PUSH DOWN 

GUIDE PEGS 

PUSH SLIDE 
LOCKS 

LOCKED POSITION 

Figure 123 ECM Connector lnstallat1on 

When retrofitting optional features to the vehicle, the 58-pin velucle harness plug-in 
connector must be disassembled for inserting additional wires. Extreme care must be 
observed to o.vo1d damage lo the electncal pins or the connector housing. 
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ESP SYSTEM OPERATION 

Thr Electr0mc St4b1bty Pro(tram !ESP! module ralculAt" the following 1ralues 
• AC'Cf'~rauon 

• Dttclrrauoo 
• Wherl ahp 
• Orm: shp 

• Dc:cel •hp 

Oeprndjng on thr tro.ction condioon tbe Electronic Stmb1hry Progrnm (ESP) control 
m<>dulc lnterwnra wlth any of th<· following control modro: 

• ABS con1rol 
ASR control 

• BAS control 
• ESP control 

The purpo.., of the ESP eontt0l ts to ensure within phyairal hmlt4, th8t the velucle 
does not deviatr from the cou....., spcafied by lhe dnver Coun<' d<vtaJJons arc cau~ 
by outside fol'C'Ca, auclt .. braJung and acccleraun11 fort'<'• ••Wig on one <1de, or side 
fOt'C."ff which want to roi.tc the "~bJcle about ua center of gravtty. The course dl:\ia­
llOns can oc-rur both "'hrn comcnng and dnvmg atnught ahtad. 

Example or Cornui.nc 

The fnctlonal contAct br""een the from and rear wherla and the road can be cbnnged 
m such" manner that the velucle no longer follows the direction of travel •prcificd by 
lhe at.,.,rinR nnglr 11nd yaw motions The veh1clr then deviate• rrom the specified 
course. Jn lhift co~ the \lt'hiclc pushes outwards, ruhcr nvtr the front whrcls tU'nder-­
steer, or ovC'r I he rcnr wheel.a (ovcr$tcer~, 

Example or 8ual&ht Ahead Driving 

Uneven road cond1uon• apply diffcttnt forcos of fncnon to I hr wheel• o.nd the allp of 
Lb• individual wheels 14 dilfcrent. Without regulaun11 shp the "eh1rl• would d<Vlate 
from 11B murw without aiC't'"OJlg correction 

The ESP contmt modul• processa the wheel spttds. lh• llttnng angle, the yaw rate 
of the Vf'h1cle, the lateral accelenwon and the brak• prrasure The ESP control module 
is hnkcd to lhe enl(ln• and l.ranmnssion control moduks over the CAN dat.1 bus and is 

oonunuously supphed ,.,th cum:nt data on eiwn• torque, attclcrator pedal position 
and the actual tl'llntmi.l&lOn gear. 
If the dmin.11 fol"Ct'a a•ttng on the veblclc cxcccd a:nom control thresholds. the appro­
pnate solenoids aa well es the high-pressure/return-now pump m the hydrauhc umt 
~ ""tuated \10 the !':SP control module in order to apply prec1&<:ly defined brake pn;s-
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R.d'cr to Figure 124 for disassembly of the vehicle plug-in connector Insert a wide 
blade screwdnver in the wedged area between the connector housing and protective 
cap (arrow). Alternating between both aides of the connector, gently twtst on the 
screwdriver handle to separate the protective cap from the connector housing. Shde 
the protective cap away from the housing. 
Remove the electrical terminal holders only if you require more clearance when insert­
ing additional wires. The electrical termlnal holders are held in place with two locking 
pins. Carefully remove both locking pms with a small screwdriver and pull them out. 

,__l_..__Protective Cap _ __. __ 3_, Front locking Pm 

2 Rear Locking Pin 

Figure 124 Vehicle Harness Connector Disassembly 

131 



• • • • • • , 
' • • I 
I 

' I 

' ' • 
' p 
p 
I 
I 
t 
! 
I 
I 
I 
I 

2001-2006 VA Sprinter Body Electrical 

•ure to one or more wheels. The ESP brake mlf'1'\-enuon C"OUntrracu the unde.sr~ 
driVlng bc-havlot. 

Commanda an- ••multaneoualy ~ .,.,.... the CAN data bu. to thr ~ corurol 
modul• fl;;CMJ, and rhe ttJlnlmission control module CTCMJ . Cl\lculat...i •-.Iues (or 
on!l)nc torque are preddincd and downslufung is 1uppreucd tn ordu ro reduce dnv­
mg torque F:SP .ntcrvcnuon ta completrd within a (t"W fracUona or a second to en.sure 
optcmum vehJclc atablhty. 

If oven1tc•nng or undcratccring 1.a detected, a calculated bmking Corce .. apphcd to th• 
from or rear ule via thr ESP control module and 1he hydraulic urut. A sign"1!Sent10 
the ECM v1n the CAN d<lro bus triggen< the demand baaed reduction in engine torque. 

Safety Circuit 

The aa!ety circu11 d•tecta faulty signals from .. naora and faults tn the cont>OI module. 
The ac11vauon of the hlgh-prcuure/rerum-now pump ta monitored dunng the control 
proceao The solenoid valves and stop lamp 1"'11Ch an- monitored P<"rtnanently If a 
Cault ,. det<"Ctcd, the ayalem is abut down and the driver ia alerted by the hghnng of 
the ESP malfunehon Indicator lamp. In Addu.1on, a fault code aa atorcd iD the control 
module. 

The aa!ciy t'1n.-u11 alao constaotly monnoT'S the battM)' volC.R"C If the ''Ult.age fall$ below 
10.S Vor CJU:ttds 17.S V, the sy11tem is switd1c:d ofrunul the volrnge n:tums to the 
specified eanllC-
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ESP StJB-SYSTEMS 

In addmon to dynamic bandbng control. me Spnnr.rr's ESP includes thr functionality 
of lhr followtn& sys1cms 

Al'ITl·LOCK BRAU SYSTEM (ABSI 

Same func11on ea before ABS prevents wheel lock-up during braking to enhance 
vehicle 11cen1blllty. 

ACCELERATION SKID CONTROL (A.SRI 

Tho l"'ction conlrt>I oystem Improve• the driving llobllily or o vchlCI< ond regulates 
wheel spin dunng accelerabon and speedmg from A suindlng tiop, parucula.rly on 
sbppery road surface• To prevent the drivmg wh...,Js from spinnlng fr•el» trnrtloo 
C'On1rol appltrs btllking fon"t" to individual wheel• or C"Vrn cut1 engine power 
If snow chains arc Oiled or if a vehicle 1s operar.rd m deep snow, sand or gravel, il may 
be useful to 1w1teh olT ASR to P"""'nt thr system from cutting the engine power Al a 
mrult, dri\Tn whttl1 may apm freely to generar.r a •m1lhng" dT«:t n<'<'Clcd to worl< the 
'·clucle out of loose Mild or gravel. For this purpose, ASR can be •wttehcd olT rASR 
OF'F"I Wnh ASR switched olT, t1"8C1.lon conuol •• aull acuve ""' the brake system. I. e. 
If only one dnvcn whttl sbpa, 1t is br.oked to mcnase tracuon 

ASR nlso pl'OVldea enpne decclerauon iTgu\auon. If the vehK'lt 1s on a perch of ice. the 
wnple ecuon or r<movmg the foot off th• throttle IS enough to coUM! the 1Tll.r whttls to 
•~p To ovoid th.Q lhc throttk input is regulated so power drop. alowly inlltend of 
abruptly The ongl11c power will be reduced (de«lemtrdl H n.cdcd . 

ELECTROll'IC BRAKE FORCE DISTRJBIJTION (EBDI 

EBD is to ensure thlll the brnkc fore« npphtd 10 the renr OJ<le never cause the rear 
whcda to overbrakc. The EBO system Integrated In £SP la on Improved vcnilon of the 
EBO from ABS/ ASR For lhJs reason. vehicles equipped wH h !>SP no lon((ct come .. 1th 
an o.ddtuonal automatic twm controller fol" load·eensu t\.'f' br11cc pres.au re control. 

The EBO syarom aclf·adapr.. to operating condJtlons. II detect• tho vch1c1e·a payload 
when the w-h1dt- ~tan& and pulls away. Ba.scd on th~ aC"N'J('rat1on rate whr:n the vehi 
cl• first pulls away from a standstill, the system 11 able 10 calculate the actual payload 
This 1s a rou&h .,.bmatc which '* U$cd iruiiaJJy Later on, the oystrm gathers more pre­
... .., mformatlon by morutonng the brllla! prl'SSUtt and wheel •P""d and negauve abp 
when the dnver appbes the brakes ~system Wiil th<'n produce a more aeeurar.r cal· 
culaoon of payloud dcpcndmg on brake retATdauon The adaptation u cruro whtn 
lhc 1gruuon ts ... "ched off. A new adaptal10n will occur on the next dnvmg cycle. By 
dcfaul!, th~ syalem act• upon the •'dude as If in on unlondt'd cond111on (oafe mode). 
Once A new dnvmg cycle begins with the V<:h1Clc m a fully loaded cond1uon (without 
hnvmg galhered more pl'l'CUle uifonnatlon) the ayatcm will detect ABS ocruotion m the 
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front whttls and wdl allow enough pttssure to b<- apphcd to the r.ar axle, to an cxtcnL 
where the wheels are JUll abour 10 lock up fma.xlmum braking p<>ss•bltJ 

Th• system caleulat~a the brllking fon:c ar the front and rear wdcs. If the dnver broke• 
genth• and thm ttali••• the brakes need 10 be applied further, 1he l::BD allows the 
proJl<'r preuutt to be applied ID the fronl and rear brakes 

When brolang OttUnl, all the wheds slow down at th<' &ame ra1e tJUuall) . 1ll<' Tear axle 
brakn lend to ovcrbrake, bm;evu, u the braking fora: increasn, whJCh lncttaSCS 
ahp at the rear "'hcela If the sUp th=holda eatabUshed in the £SP control module are 
exceeded, the brake presaUtt of the rear whcel brllke i.s conrrolled by the ·pressure 
holding" fuoct1on in th• hydraulic control un11 (HCU). The corttaponclJng solenoid 
vlllvea arc activated Tho hJgh pressul't'/relum now pump I• noL a•1lvat<tl for this 

Tiie EBO also con wins a feature called Comer Brak<' System (CBSI. whk:h opcrntca 
when the vehicl~ '• braked while comttin& to •void a poggibl~ ovrratrc:nng cond1uon 
The EBO monitora the whttl s.,.,.,.S o( both rear whcells to d~ wht'n the ,..,hide 1a 
comcnng and allows pn:c:ISC brake preuure apphcntion to the front and rear brakra. 
When the brake$ are apphcd dunng comcrln(l. the outer wheels get mon: of the veh • 
•k• wl!lght whUc th• inner wheels get leas weight Wheel lock-up of the tnner wheels 
may occur due to this tond1tiou The EBO •Y•t•m spins the pttsaure between left and 
nght sides in additton to front and rcQr brn.kea. 

BRAKE ASSIST SYST&M IBASJ 

The Brake Msl$t Syai.,m (BAS) nru>lyzcs how herd and fast th• dm tr wanu to brake 
h monitors W brakt prca.sutt: via t.bc pR'UUre- xn.sor m the hydraulic control umt 
IHCU). The BAS then uaea the HCU to dt"Velop the brake pn:uun: 

The Brake M;slst System (BAS) was developed due to the lindmg that moat drivcni, 
uncJrr nonrutl braking conditions a:s we'll 01 under emergency conditions, t:tart: out 
with little brake prcHurc and whenever neccasa.ry will U\e:rcasc their pedaJ effon. In 
an emergency this behavior often leoda to ~ craah e!ru:c the vthldc <"Annot be stopped 
mlimc. 

A d1Stmcuon ta made between the follov;1n(l condibona· 
• Hesitant brakc apphcation-the dnwr •pph5 too lttttc ptd.aJ force m tht- m1unJ 

phaR and m=•••• ti too slowly 
• Insufficient brake nppllcatton-the dnvcr applies too little proo.l force dunng the 

entire brake apphcnUon. 
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ln•uJlinont Brake Appbcatian 

lfes1tant Brake ApplicatJon 

CIA OA 
TIME 

0.1 1.0 
(•) 

3 BAS BraJu. Appltcauon 

F gure 117 OtlT=nt Bcalre Responsn Under Panic Draktng Cond1bons 

Tho BAS system Interprets the braking behavior or the driver And lllltlates the full 
braking powtr whon 11 tdenufies an emergency situation Th11 reduces the bralong dis· 
tanee 1ub1tantlally .. the ruu bralang power .. built up lmmcdwtely by a pump tntc­
grmed In the ESP actuator and modulator assembly. How<"Vtr, tho wheels do not lock 
uc aa the braking power 11 timJted by ABS to mamuun the oteernblllty of the vehicle. 
T • wrll-known broke pcdnl pulsations during ABS eentrol do not 1w1tcb off the BAS 
lun<rtlon The 0 1\S runctlon Is deactivated a• sr>on us the driver reduces the rorec 
applied tn lhe brake pc>tl11I. 

BAS OPERATIO!f 

BAS becomes acuvc wh~n the dri\'C' brakes ve-ry quack1v men lf'm~ncy siruauon . 
· be sy11em dt1ect1 whether an emergency braking 111wuion CXJ911 ba""'1 on the speed 
at wh>eh thr brake pedal " deyrnocd. If an CDtagt!ncy bralan11 aituauon does exist. 
the ESP control module actiVates the pump/motor a• .. mbly In the b~dnauhc control 
urut IHCUI 10 achi~ rutl bralong --eT. '!be ESP modulr dctorta when the clrnoer 
relcaM'S the bnake and tunu off tbr bydraubc pump •pin 

The BAS .. fully tntrgratcd into the ESP program. The d.-.tron1e• ~ located in the 
ESP control module A modtf'ied !ugh pressure and return now pump in lbc hydmuhc 
urut u; u1rd to provido the pressure. To opamtzr the return brake Ould rxrlQnnnru:r 
brukr nuid hnrs wtth lncrcosed cross-sectlon and a now·oparnlzcd mruotcr brake cyb 

134 

.. .. .. .. .. .. .. ... ... ... ... ... ... ... ... .. .. .. .. ... .. .. .. .. .. 
• .. .. .. .. .. 
• • • • • • • • • .. 
• .. .. 



• • • • • • • 
• , 
I 
I 

' 

2001 -2006 VA Sprinter Body Electrical 

dcr are u!l<'d Mu lh• m8Jn• ts aianed. a \-ehlcl< 1dennllca110n and aclf~hcd< of 1h< 
syatcm 1bke11 place . 

The BAS 1s midy to furu:tion If no fault 11 prcscn1 and the vchJclc ha.I <xettdcd a 
lpC"cd of I 0 kph \6.2 mphl afier dmmg otr, F'ollowmg th IS, BAS can b<: ncllvnt<d down 
tu a speed or 3 kph 12 mphl 

The control module cnlculale• th• 11ctuot 1on speed oI the brake pedal from U>c •peed or 
ptessurT nsc m cht: brake pres.sure sensor 

The "IX'"" or nctuation or the bro.kc pedal o.nd the vehlclc sp<:cd are measurrd m U>c 
ESP control module. If tbe ptdal 1pttd la ll"""t<r than lh< threshold val"" •pcalird for 
the parucular voluck- spttd, the lugh pr<HUtt &nd return flow pump 1n thc hydraulic 
Uni! IS 8CllV8"d and rult broJ<ing power la 4Chkvcd. 

In the case of a defect, the BAS la d1&ablcd (mdlcatcd by amalfuoe11on indicator lump 
In 1hc ill•lrumcnt cluster!. The normal opcn<hon or the brakn is not alf«:tcd by thia 

BAS Proaaure Reduction Function 

The ESP control module rttel"'" the mforma.bon from the brakc pn:ssurc SC"- 1ha1 
the emergency brakC' apphcation h.ae endtd Th<" pump/motor n!'l.sembly ta net lonK~r 
ncllvatcd, lhc pilot vnJvcs (PIV I and PIV2) arc closed and the pnme valves IPRV I and 
PRV2) are op<ned.. MGXm>wn bralong power suppon 11 now •witched oft The normal 
bralnnR, aul11anoc lorcc rem•'"" unchanged 

BAS 11 awttchrd ofl' when one of the following cond11Jons aiait 

• The brake pcdt'll prc .... urc i& reduced by tho driver 10 a level at which emcrgtn<Y 
braking 1a no longer nettasary 

• Brake tamp switrh is not actuated 
• Speed lower tluln 3 kph (2 mph) 
• A lault 11 detect<'(! tha1 cau~a tbe BAS mallunct:ion indicator lamp to br act.ivnted 

BAS PreNure lnc:reaae Function 

The ESP contml module recognlus 1bn1 the precondJtions exi•t for BAS acuvntlon 
from the speed of the brakr pres.Ur< """ and lh< ~hlclr spe<'d 
Al the 11ar1 of the SAS conuol phase, lhr pilot valves tPIVI and PTV2J OTC' owilchrd 10 
the clo~ poeluon Md •hr pump/motor ussco>bly is tnggcrcd 
The pnmc valva f PRV I and PRV21 arc opened Th< hydra.ubc pump Ihm dniws brake 
flu1d from the rcsavOff via the: prime valves and the master brake cy1mdcr 
/I higb·prcssurc llmluiuon of oppmx1matdy 170 bar 12466 pall is provided by the tnte­
fTal pre11sutt niliefvalves"' the ptlol valves fPIVl and PIV21 
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BAS ,. acuvatcd wbm the foUoWU'lg condmona =•• otmultaneou&lr 
• Vdu..i., •P<'ed 11 hlgltcr than 10 kph (6 mphJ 
• Bnikc lamp • .,,tcb •• operated 
• No rault IS currmtly det«Ud 

• The •Y*tcm 11 enabled (after S<>lf-tcst) 

• The orovatlon thrcahold or tl1c ~ apctd haa i,.,cn exc:tt<Jrd 
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ESP DIAGNOSTICS 

A8 an nddilioual chc<>k or thr ESP systom, o rood le"t proe«lure ill o.va11Ablc in th• 
dlnllJlo•uc ICatl tool. This tt•t •hould be: carried out when any ESP component 11 
replaced in ord<r 10 ensutt proP"r function. Sine• lhc wbttl apecd smaoni att 
rcqwred iopui. lo the ESP, tlu1 teat 1houkl alao be P"T(armed 1f the wh«"I speed ••n· 
•o ... are replaced. First, th• brakn are ftppbed w11h the vehicle •tntlonruy and as o 
second step tho vehicle 1s dnvcn ot approximatl!ly 10 kph (6 mph) The ctnver has to 
make i.,11. and nalu rum1. wuh a mll\lmum 90 drgrc:c atttnng turmng angle lfth< 
mdl<ator lamp gon out. "''Cl)'tlung,. an o~r If the lamp romams illuminated. the 
cltagnos11c ..can 1001 will d,.play the fauh codea that arc caue1ng the tnl to fail. Tho 
rood tcs1 funct1on Is set in the ESP control module, and can only be tJeoe1nv01ed oncie 
tht-f'C" are no rnore rault c:odca detr:cttd 
l! thr \/\"hide 1f eomg to the !hop (or • whttl ahgnment, I.bf Btttring ~le sensor will 
lMl"-e to be recalibrated wrth ~sue: scan tDOl.. lbe se-nsor mu.a1 .a 6C rccali 
bro1ed if, afler removing and relnatn!hng 1hc s•ecnng column, 1hc alJgnmcru bu 
chwigod by more tluln 5 drgrocs. 

htdleator Lamp Stanu 

Whrn tho lgnJIJon is sw11ehecl on (lgn1t1on switch in position 2), the ESP and ABS 1ndl· 
cntar larups Ug)l111p during the bulb rhcck. One~ lhe cng1M haa started, the ESP 1tnd 
ABS andJcator lamps should go out Th,. ind1a.tes that ESP 1• Op<nltional 

The ESP or ABS mdk:alor lamp may UGht up whon the velucle,. bang dnven. and 
then go out tll'ttin •llor o while. Thi• Is cou•ed by battery undcrvaltage or overvolta11e. 

I! the ESP andl<ator lamp bgh!S up wh1k the engine ts runrung. !Mre 1 a Coult m the 
ESP System. BAS and ESP an: no lonRCr func11onnl 

If thr ABS .ind ESP tndlealor lnmps light up while the engin• is running. a fnult hna 
ocourred ~cung the ABS. BAS. ASR and ESP con1.n>I funl'taon" All or the systrm• 
are deacavated 
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AllTl...ntR.K COlfTROL 

'IM ECM det«:ta 1rttgulannn m mgme speed (ruultmg, for txamplc, from load 
changes or gcanlul\a) from the signals supplied by the crankshaft posibOn sensor and 
reduces them by adJUlllng the quantity injected mto """h Of the cylmders 

En 1ne S S nal CKP 

Fuel In ctors 

Accelerator Pedal Position 

Figure 134 Anti.Jerk Control 

FULL LOAD LOIJTl!fO 

The ECM hm111 th• 1nject1on quantity at full load to min1m1tt smoke If the engine is 
operating at full load, the ECM limits the amount o( fuel inJ«:ted and modulates the 
fuel quflnttty valv" to lirmt the rail pressure. If lhtr("; arc faults tn lhe boost pressutt 
control system, the full load inieetcd quantity is also rcduc<d. 

In on 

Fuel QuantJ Valve 

F'1gure I 35 F\Jll Load LirtultnK Control 
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MAXIMUM ENGINE SPEED CONTROL 

Base<! on the signal from the crankshaft position sensor (CKP), the ECM limits the 
maximum engine speed by reducing the injected quantity. The engine speed is nor­
mally limited to a no toad speed of 4200 rpm. ln emergency running mode, the engine 
speed is limited to 3200 rpm by the ECM. A fuel ran pressure sensor faj!ure limits the 
engine speed to 2800 rpm. 

ln'ectors 

Fuel Quantlt Valve 

CAH 

Figure 136 Maximum Engine Speed Control 

MAXIMUM VEHICLE SPEED 

The maximum vehicle speed is programmable from 22 - 82 mph 

140 
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Ignition Lock Switch 

The ignition lock switch (key-in-igniton switch signal) internally contains a push-on 
switch wluch detects when the 1gnl1.1on key is inserted. The 12 V cu-cuit to lhc IC ls 
closed when the ignillon key is inscned in the igmtion. TbJs acuon signals the instru­
ment cluster to activate the LCD displa) The instrument cluster also activates a 
chime warning when the key is in the 1gmtion OFF position (position 0) and the 
dnver's door is opened. 

Figure 128 Ignition Lock 

DJSPLA YING VEHICLE SPEED 

The vehicle speed 1s displayed on o gauge with o stepper motor To determJne the vehi­
cle speed. a nucroprocessor in the instrument cluster uses the four wheel speed sig­
nals which it rcce1vcs over the CAN bus from the CAB control module. The md1vidual 
wheel speeds are compared and checked for plausibility at the some time. If there are 
no signilicanr vanations between the wheel speed signals, the vehicle speed 1s calcu­
lated from the rotational speed of one of the front wheels. 

Figure 129 Speedometer 
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If the indiVJdual wheel speed signals vary substantially, the speed signals may be 
faulty or the vehicle may be cornering. The instrument cluster deterrrunes if the vehi­
c le Is comenng by comparing the difference in speed between the two sides. While 
cornering, vehicle speed is calculated from the mean value, (average speed), of the 
from whee ls. 

If the comparisons tend to suggest one or more faulty wheel speed signals, the vehicle 
speed 1s calculated from the highest wheel speed. 

If error messages are rccetved for all four wheel speeds, the vehicle speed is displayed 
as •o• (with the speedometer needle at the left hand end of the scalel. 

AUDIBLE WARNINGS 

An audible tum signal indicator (ticking) is integrated within the instrument cluster. 
This is a contactless relay. 

The tum signal flasher 1s always accomparued by an acoustic clicking sound gener­
ated in the same frequency (rhythm). If one of the tum signals fails, the audible turn 

signal indicator operates at twice the usual frequency 

The instrument cluster has a warning buzzer that, In the event of certain errors or 
operating conditions sounds in different ways. A buu.er warning is gwen: 

• Wilh malfunctioa and warning messages wilh top priority (in addition to the opti­
cal warning). 

• When the seat belt warning lamp comes on. 
• When the brake nu1d and parking brake warning lamp lights up 1f the vehicle 

starts to move before the parking brake is released. 
• When the ignition key remains in the ignition swuch with tenrunal I 5 off and the 

driver's door is opened. 
• When the parlong bghts are on, the ignition key is removed and the driver's door 

1s opened 
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Olf·BOARD DIAON08TICS (OBD) 

On·Boerd Oi"IJ'loeia IOBDJ involves: 

• Monitonna tM.Jss&0n-ttlcvant components and systtma dunn.g drivmg 
• Detecting and •tonng malfunctions 

• Displaying malfunctions by activating the MIL lamp 

• Transremng detected faults to a scan tOOI 111 the wor"-hop via a standardiud 
intt"rf'ace 

The followin11 ayatcma arc monitored electronically: 
• Exhouat gM rccirculabon (EGRt 
• Smooth running control (cylinders I to 5) 
• Fuel syetrm 
• ECM and TCM e<>ntrol uruts 
• Glow plug ayatcm 
• Intake a1r p1.th 

Re.ad.laeu Code 

The ""'dmtaa code maku 1t pc»>ible to rccosn= that teat procedures (function 
chains! rclaung to fault rttognJtion have bttn completed . The readiness code does not 
mclude alJ tht tlcctroruc syatcms. The code is set when thf: f0Uow1ng tests are com­
pleted 

• ExhAust gu recirculation (ancr 15 secondst 
• Fuel ay•tem (after 35 ttconds) 

• Smoo1h running control (ancr 70 seconds) 

Warm-Up Cycle 

Systems that Att not constantly monltotcd are checked only when a wann-up cycle is 
executed. One wann-up cyde con•ists of: 

• Eng.me atart 

• Temperature 1n~rcase higher than 4.5 'C (40. l 'F) 
• Fmal 1empcrarurc h1gb.r tha.n 60 "C (140 Fl 
• En111ne switched off 
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~ drmng cycle consists of: 
• Eng1nc •tart 
• 35 IC'COndt at idle 
• Engine switched off 

Fault D•tectlon 

The followlnR raults and error states are detected: 

S1gnols nbovc or below lhe limit value (open circuits, short clrcuils, faulty sensorl 
• Plausibility of signals 
• Function cha.ms with faults 

• Fault mrstaRe• over the CAN data bus (ECM and TCM control modulesl 

huJt Storac• 

Fauhs detected att stored m the fault memory aa a fault together with freeze frame 
data. If the fault 1a not confirmed in the subsequent dnvmgcyclc, 111$ c"'1;Cd . Em1s­
aion-rekvant faulta att always entered, they have a h1Rti pnonty. 
An emi.,.10n·rc~ant fault ,. erased from the fault memory alter 40 fault-free driving 
eye Jes 

Fa ult V..He Frame Data/Operating Conclltiona 

Certain cngjne po.re.meters a.re stored in memory when a fault IS detected. Although 
the doto stored depends on the particular fault, I.he followlnR po.rameters are usually 
stored by lht ECM: 

• Foult codt 
• Vrhicle ape«! 
• Engine apccd 
• Coolan1 temperature 
• Cha~ air temperature 
• Boost prt' Utt 

• En111ne l001d 



Pin Pin 
Descstption Number Name 

Ignition control (EZS). air-

1 
K- condmoner (KlA), PTS, safety 

Line syslems (Airbag, SRS, AB) and 
some o11ter 

3 TNA TD engine rotation speed 

4,5 GND Ground 

CAN- CAN-High (including Aifllag 
6 high syslem in W203, W209, W220, 

W240, R230, ?215 after 2004y) 

7 
K- Engine control 

Line diagnostic (MEll.1SMICOI) 

8 Ignition, ... 

9 
K- ABS,ASR,ESP, ETS, BAS 

Line diagnostic 

K- Gearbox and other 
11 Line transmission components 

(EGS, ETC. FTC) 

12 
K- All activity module !Mf~). Radio 

Line (RD), ICS, .•. 

13 
K- AB diagnostic - safety systems Line 

14 
CAN-

CAN Low 

15 
K-

IC, Kl), TAU, LWR diagnostic Line 

16 •12V Power 
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MODULE 7 CONTROL MODULES NOT ON CAN BUS 

CENTRAL TIMER MODULE (CTM) 

DESCRIPTION 

The central locking system CTM consists of the control module and up to five active 
door actuators. lt is possible to lock and unlock the vehicle completely from any door . 
The actuator is powered by an electric 12 V motor. An actuator motor operates a shaft 
drive which moves a plunger up or down, depending on the direction of rotation of the 
molar . 

1 Door Ajar Switch (locked/unlocked) 

2 Door .Lock Motor /Command Switch 

3 Command Switch (door open/closed) 

Figure l 31 Door Lock Motor / Ajar Switch Assembly 

The result of this operation is that the door can be locked or unlocked. A command 
switch is integrated in the actuators and a rotary tumbler switch at the door. The 
rotary key tumbler switch signals the "Door open" or "Door closed" status and inter· 
rupts the motor current in the driver and passenger door in case of a door open status. 
The command switch is operated directly by the plunger and signals any change in the 
lock status, locked or unlocked. 
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Figure 132 CTM Winng Diagram 
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Figure 146 Schematic ofECM Controlled Relays 

GLOW PLUG MODULE 

The glow plug module activaies the glow plugs to preheat the combustion chambers. 
Two relays within the module proVJdo power to the glow plugs. With the ignition ON, o. 
control signal Is transmitted by the ECM to the glow plug module. If no data transfer 
takes place wt th the ECM, preglowing is switched off after two seconds 

The operation of the glow plugs is divided into three phases (Figure 147): 

• Preglow phase 
• Glow phase 
• Afterglow pho.se 
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CTM OPERATION 

The control module monitors the signals from the co=and switches and rotary key 
tumbler switches and operates the actuator motors accordingly. It detects the follow­
ing states: 

• Door unlocked 
• Door Jocked 
• Dooropen 
• Door <;losed 
• Door not electrieally connected 
• Actuator does not reach end position (asynchronous detection) 

VC>O 

CTM CONNECTOR FRONT VIEW 

Figure 134 CTM 

When a command is given, the actuator motors, which arc connected in parallel, are 
energized through a locking relay (in the CTM) and the door lock is unlocked or locked 
in this way (pole reversal circuit). The control module is connected via an interface to 
the SKREEM. This bidirectional link to the SKREEM is used for initiating and unlock­
ing or locldng using the radio remote control. 

SYSTEM COMPONENTS 

• CTM 
• An electric motor at every door that drives the lock lo locked/ unlocked position 
• 2 switches In every door (rotary key tumbler switch and command switch) to 

report to the CTM the open/close and unlocked/ locked status 
• A rocker switch in the dashboard 

• A connection to the SKREEM control urut 
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IGNmON 

WTSLAMP 

STARTER 

~PREGLow-1-- GLOW --1--- AFTERGLOW -l 

Figure 14 7 Cl low Phases 

Preglow Phase 

The combustion chambers are preheated in order lo achieve the ignition temperature 
required for burning of the air/fuel mbcture. With the ignition on, the glow plug mod­
u le and the preglow indicator lamp in the instrument cluster are activated by the ECM 
depending on coolant temperature. The glow plug module supplies the current 
required to activate the glow plugs. 

TIME (SEC) 16 

14 

12 

10 

2 

0 20 40 
(32) (88) (104) 

TEMPERATURE IN •c (°F) 

Figure 148 Preglow Phase 
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The CTM can be actua•~ with the key. the remote control, the switch m the dash 
board. or prognmuned to automatically lock the doors with the starting of the engine. 
1be system is shared in 2 circuits. 

• Circwt I : Dnvcrs door 
• Cin:u1t 2 Passengers door. rear door, sliding door right, sliding door left (oplion) 

Figure 135 Central Locking Switch (Dashboatdl 

FUNCTION NOTES 

If a command switch is set from unlocked to locked, the locking relay in tile central 
locking control unit 1s ocruatcd, energizing the actuator motors in parallel and moving 
the door locks to the locked position. After this, the control module verifies the status 
of command switches. If a ll the command switches are in lhc ' locked" position, the 
operation is completed and a dialog for "vehicle locked'' is initiated with the SKREEM. 

The procedure for unlocking is the same as for locking with the polanty of the locking 
relay reversed (pole reversal circull}, although the dialog is established before the 
unlocking command is executed. 

lf an open door is detected by the control unit after a locking command has started, 
the vehicle is locked and then automatically unlocked agrun. lf the vehicle is once 
again locked within 5 seconds, a loclung- unlocking-locking operation 1s performed 
This serves as a "Door open" message. lf following this, the opened door is closed. 1t 1s 
then automatically locked. 

Note : A lockout protection exists only in the case of the driver·s door It 1s possible to 
lock all but the driver's door by operating the interior handle. 

If one of the actuator motors does not reach the end position after e locking command, 
this ls detected bv the control module and the vehicle is then unlocked. If the central 
locking control uiut fruls, it is possible to lock or unlock the individual doors with the 
vehicle mechanical key or using the mtenor handle. lI the velucle ts unlocked via the 
key FOB and no doors are opened within 40 seconds all doors "oil.I lock 
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Glow Phase 

The glow phase starts once the glow indicator lamp goes out and the ignition switch is 
turned to the engine start position. An engine start signal is supplied to the glow plug 
module by the EJCM, and the glow plugs continue to be supplied with current. 

Afterglow Phase 

The ECM determines the afterglow period after engine start depending on coolant tem­
perature. Afterglow is activated for 30 seconds in the event that no signal is received 
from the coolant temperature sensor. 

TIME {SEC) 70 

60 

50 

40 

30 

20 

10 

0 
-40 .30 -20 -10 0 

(-40) (-22) (-4) (14) (32) 

TEMPERATURE IN •c (•f ) 

Figure 149 Afterglow Phase 

Afterglow provides the following benefits: 

• Improves engine warm-up 
• Prevents exhaust smoke after a cold start 
• Stabilizes the cold start speed 

10 
(50) 

20 
(68) 
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Inputs and Outputs 

Battery+ Door Lock 
Command 

lgrution Wake Door Unlock 
Up Command 

SKREEM Via ~ Rear Window 
FOB ~ Defogger 

'g 
@ 

ACM ~ Diagnosis 

@ 
K-1..me 

lb = 
VTA E: LEDs on Rocker 

@ Switch 
g 

Rocker Switch ~ 
!?=-g 

Door Sense 

Key Tumbler 

Figure 136 Inputs and Outputs Block Diagram 
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Glow Plues 

The glow plugs are located in the comblUtion chamber. The glow plug consisl:ll or a 
housmg with a threaded fitting and an mterference-fil glow rube. The glow tube con­
tains the hen ting element. The heating clements is compnsed or the hcaung winding 
and control winding, which arc connected in senes (Figure 150). The windings are sur 
rounded by compressed magnesium oxide (MgO) powder. MgO powder 1s widely used 
as a filling for electncal heating elements for applications in contact with rur or liquids. 
The MgO powder forms a layer between the windings and the outer sheath. 

llcaung Winding 2 Control Winding 
~-~--

Figure 150 Glow Plug 1 leaUng Element 

Open.tlon 

The resistance or the heating winding 1s virtually unaffected by temperature. The con­
trol winding however, bas positive temperature coefficient IPTC) properties. When the 
pn:glow system 1s activated, a current between 8-25A Dows through each glow plug. 
The amount or cu~nt depends on the actual temperature of the glow plug The heat­
ing wmdmg (I) heats up the glow plug. The control winding (2) mcreases its resistance 
as the temperature nses, and limits the current. The glow plugs are protected this way 
from overloads. 

The glow plugs reach the temperature needed for ignition of85o•c (1562°F) in 4 sec­
onds. The glow plug temperature ls also limited to a non-critical level io allow activa­
tion for up to 3 minutes following engine s tart. 
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TEMP IN •c ('F) 

, .050 (1.922) 

950 (1.742) 

850 (1.562) 

750 (1.382) 

0 10 20 30 40 50 
TIME (SEC) 

Figure 15 I Glow Plug Temperature vs. Time 
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High Voltage Drive Circuit 

In order to inject small pilot quantities of approximately 0.0015 cm3 /stroke under high 
pressure conditions, the injector- solenoid valves must switch quickly and r-eliably 
within 200 rnicr-oseconds. To achieve this, the Injector coil must be triggered with 
steep current flanks . This requires high voltages being made available in the ECM. 

With pilot injection, main injection and post injection, the number of injector activa­
tions have increased significantly. At idle speed for example, the ECM activates the 
injectors 85 times every second. Enough energy needs to be quickly stored by the ECM 
to properly activate the injectors within these lime constraints. The ECM contains a 
special aluminum electrolytic capacitor (boost capacitor) and a ferrite core mductor 
(booster coil) to ensure the fast switcrung of the fuel injector solenoid valve~ Thr 
capacitor has a rated capacitance of 4 70 µF and a nominal voltage of 63V. Once 
charged, the capacitor supplies the necessary current to energize the solenoids. Cur­
rent peaks of up to 30 A at high frequencies (kilohertz range) are produced during the 
unloading and charging phases of the capacitor. 

l 

2 

Booster Coil 

0 0 
Cl Coo 

0 0 
80000 

0 0 0 

3 

Boost Capacitor 

Figure 153 ECM Printed Circuit Board Layout 
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ACTIVITY 5.2 CYLINDER TESTING 

The purpose of this activity is to use the diagnostic scan tool and compression gauge 
to check cylinder condition and mJCCtor operation 

TASK 1 INJECTOR SHUTOFF IKILL) TEST 

The injector shutoff is a quick way to isolate the operation of the Injectors. 
l. Connect the diagnostic scan tool to the vehicle and access the ECM. 
2. St.art the engine and let 1t run at idle. 
3. Perform the mJector shutoff (kill) test on each cylinder. Notice any changes m 

engine idling charactensucs. 
4. Is there a noticeable change in all cylinders? YES _A_ NO __ 
5. Although this test in itself 1s not conclusive, is there a cybnder you should pay 

closer attention to? YES __ NO _1..._ 

TASK 2 ELECTRICAL COMPR.E:SSION TEST 

The electrical compression test is performed with the engme at cranking speed. The 
test determines the power output from each of the engine's cylinders by measuring the 
engine rpm drop. During lhls test, all cylinders should have the same amount of speed 
drop, within a 7 rpm range of each other. 
I. Connect the diagnostic scan tool to the vehicle and access the ECM. 
2. Perform the engine compression test. 
3 Record the compression readings on the table below. 

Cylinder RPM Reading 

1 23 1 

2 23 1 

4 230 

5 232 

3 231 

4. ls the engine rpm drop in all cylinders within specifications? YES _A_ NO __ 
5. Although this test in itself is not conclusive, Is there a cylinder you sho1.11d pay 

closer attention to? YES __ NO __ X_ 
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TASK 3 MECHANICAL COMPRESSI01' TEST 

The mechanical compression test verifies the mechanical condition of the engine. 
1 Disable the engine to avoid starting. 
2. Remove the glow plugs. 
3. Use the compression gauge to measure the compression of all cylinders. 
4. Record the compression readings on the table below. 

·- -
Cylinder Compression Readi~_L 

1 

2 I 
3 

4 

5 

5. Arc the compression readings within specifications? YES __ NO __ 

TASK 4 SMOOTH RUNNING CONTROL TEST 

The smooth running control test displays variations m engine s peed between cylinders 
wi th the engine running. 
I Connect the diagnostic scan tool to the vetucle o.nd access the ECM 
2. Start the engine and let it run at idle. 
3 Perform the smooth running control test. 
4 Record the engme speed value of each cylinder on the table below Notice that the 

table is arranged by engine finng order. 

Cylinder Engine Speed s peed Variation Between CyUnden 

1 H 
Between 1-2 I D 

2 
Between 2-4 l D 

4 

5 
Between 4 -5 I D 
Between 5-3 l D 

3 
Between 3· 1 D 

l 
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5. ls there a noticeable engine drop between any of the cylinders? YES __ NO _ 
6. Although this test in itself is not conclusive, which cylinder do you need to pay 

closer attention to? 

TASK 5 INJECTOR CORRECTION QUANTITY TEST 

The inJector correction quantity test displays the amount of fuel being added or 
removed at each injector by the smooth engine running control function of the ECM. 
1. Connect the diagnostic scan tool to the vehicle and access Lhe ECM. 
2 . Start the engine and let it run at tdle. 
3. Perform the injector correction quantity test (snap throttle once test has begun). 
4. Record the injection quantities on the table below. lnclude whether the value is 

posWve or negative. 

Cylinder (+/-) With Good Injector (+/-) With Bad Injector 

l - 00000 + 00511 
2 + 00045 - 00162 
3 - 00003 + 00153 
4 - 00041 - 00257 
5 + 00015 - 00241 

5. Install a bad injector and repeat the test. Fill out the last column of the table. 
6. Arc the correction quantities within specifications? YES __ NO __ 
7. Which injector(s) appear to be out of specifications? 

TASK 6 INJECTOR LEAKAGE TEST 

The injector leakage procedure tests the internal leak-tightness of each injecLor. 
I. Using the service manual, find the procedure for removing che injector return 

lines and installing the test vials. 
2. Connect the diagnostic tool to I.he vehicle and access the ECM. 
3. Perform the injector leakage test. 
4. Are all injectors within specifications? YES _X _ _ NO __ 
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l"UEL PR£88VRE 601..r:JllOID 

The fuel rail pre UR' solmo>CI is attached 10 the"''" o( thr fuel nut IF1gur<' 1641 The 
rue! 90knoid bu a hex nut d61gn Wlth a tbneadrd fimnR for mnunung th• val"' to lhc: 
fud rail A b~~gc metal disk is used to seal th• 901moid to the fuel rall mstca.d of 
0-nnp The metal disk ,. not scTV1ccnhle and 1tS ac.Wnic propcruea wtlJ be IO<it upon 
rrnrovul of the fuel pneuurr anlcno>CI.. Therefore, the fuel rail prcuutt solenoid must 
lllways I>.: rcplae«I Wlth th• fuel rall as an n.ssembly 

lllote: Tba fuel preaawe eolenold and fuel rail u. oemced ••an -mbly. 

Figure 164 Fuel Pressure Solrno1d 

Two wires conn<<ct the fuel prc$!Nrc solc:notd to the Engine Control Module (ECMt. The 
ECM supplies bouery power to one end or the solenoid and scnds a pulse width modu­
lated (PWM) gmund through the other end The PWM •1RJWI hlla a Cured frequency of I 
kHr nnd a duty rycle b.:twocn 5-95% depcmdlng on engine opem llng conditions Wi.g­
urc 168). The I k l !% frequency i• high enough to avoid undcaircd o.rnt11Lure oscilla­
l>Ons which could produce pncssUtt fluctuations in the rail 

The solenoid haaa cum:nt drawofapprolOlllately 400·600 mA "'"h the cnRJnc at 1dlr 
speed . Aller engiM start up, the curncnt draw l'<'mains tn the lowtt end of the spcoficd 
value for 30 osccond1 Alttr 30 aecoru1s the current draw 1ncrc8!1Ct to the lugbcr "rul of 
the spcaCtcd '"'1lur. 
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r----------1=:,,. 
C_1f ::;u Q,_,Lj i 

rn - l- i 
I ! ----------.J 

Flgutt 165 F\Jcl Rail l'rca•u,_, Solonold SchW>AUc 

To&"th<r with the quanbty val""· the fuel prnsu,_, oolcno1d <:<>ntroi. the fuel mil pres­
•u~ and kttp1 u C'Ollstant The fiJcl pre&.suR" Kn.or measures thr current rail prcs­
ou,_, and l\lppbeo an appropnau voltage aignal to the en111nc control module (EC!.f) 
Via a control cu·cwt, the fuel pl:'CSS\JR aolmo!d or fuel quanuty control •lllve 1s acti­
vated occorchngll by the ECM until the rcqutred rad prtt1u,_, 11 reached 

FUEL 
RET1JRH 

~..:•-1--0::...:· Rut=!to:.... _ _______ _,--'3 Fuel Puaa~ 
2 Metal Sealing 013C 4 Fuel RNum Hole 

Figure 166 Fuel Prc .. u,... Solenoid 
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Operation 

When deactivated, the fuel pressure solenoid is closed, due lo the spring force pressing 
the baJI mto the seat (F'igure 167). The spring pressure maintains a minimum pressure 
of about 60 bar (870 PSI). 

Armature Plunger 5 Magnetic Coil 

Ball and Seal 6 i:lprlng 

3 Fuel Inlet Passage 7 Electrical Terminal 

4 Fuel Return Passage 8 Armature 

Figure 167 Fuel Pressure Solenoid Cutaway View 

When operating, the ECM regulates the PWM signal (Figure 168) and the fuel pres­
sun- 'IOlenoid opens to a greater or lesser degree. At id le the control value 1s approxi­
mately 18% for the first 30 seconds after engine start up. The control value rtses to 
approximately 24% after 30 seconds. The pressure of the fluid counteracts the force of 
the magnet coil and the spring force. A minimum fuel pressure of 200 bar (2900 PSI} 
must be achieved m order to start th~ -
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Figure 168 Fuel ~.aun: Sol•nold PWM Signal 

P'aihire Mode• 

Th• ECM monitors lhc opuabOo of the fu•I pn.-uurc oolmo1d and 6lorcs litult cocks 
r<lat<d 10 IM fol10W111g condmons: 

• Wir-r lhoncd to poa1u .. Tc or shotted to ground 

• Opcl'ICUTWI 

• PlouS1bw1y 
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MODULE 8 POWER WINDOWS 

DESCRIPTION 

The power window system is a factory installed option. It allows each of the door win 
dows to be nused and lowered electrically by actuaung a switch on the front door pan 
els . 

l Window Motor/Regula_to_r_A_s_se_m_ b-"ly ______ _ __ ------t 
2 Carrier Plate 

Figure 1 SS Power Windows 

OPERATION 

When the ignition key is in the number 2 position B+ is supplied to two fuses in fuse 
block number 2. One fuse is for the driver's door window motor and the other fuse is 
for the passenger door window . 
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Driver's Door Window Switch 

2 Passenger Doo r Window Switch 

Figure 156 Driver's Door Window Switches 

DRIVER DOOR WINDOW OPERATION: 

The driver's door window switch directly operates the bi-directional power window 
motor located on the driver's door window regulator. 

PASSENGER DOOR WINDOW OPERATION 

---=---
0--- vB~ 

0-- ~~/ 
"'=--' 

I I To close the window 

2 I To open the window 

Figure 157 Power Window Switch 

The passenger door window can be operated by the master switch located on the 
driver's door, or the power window switch located on the passenger door. Both 
switches operate the bi-directional power window motor located on the passenger's 
door window regulator. 
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Note: The driver's power window switch and the master power window switch are the 
same. It is possible to mi.x up the connectors . 

I R\Jll.sTART I 
r 1 I FUSE 

I ~ (BLOCK 
I 1H0. 2 
I I 

~t j 

'f 
I 7 8, 8, l? 1s 1 1 

' 31 ] $1 
• • Sl03 

, , ~ 

·t ~· I ~ 1= DRIVER 
.A.G20J 

Figure 158 Power Window Circuit, Driver's Door 

183 



,,; 

II 2001-2006 VA Sprinter Body Electrical 

• 1 

·1 
' 5 1 

:1= 
! 

] 
• . .,., 

I Off . C211 

1 C211 • ' 

Figure I 59 Power Window Circwl, Passenger Door 
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EGR VALVE ACTUATOR 

The EGR valve actuaLOr is mounted to the intake manifold (Figure 176). 

Figure 176 EGR Valve 

Exhaust-~as recirculation (EGR) is a method for reducing the emissions of NOx. With 
EGR, a portion of the exhaust gases are diverted into the intake during part-load oper· 
ation. Not only is the oxygen content reduced, but also the rate of combustion and the 
peak temperature at the Dame front, which results in lower NOx emissions. 
If too much exhaust gas is recirculated (exceeding 40% of the intake air volume) , the 
particulates, CO. and MC emissions, as well as the fuel consumption rise due lo the 
Jack of oxygen. 

Figure 177 EOR Valve Location 
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The EGR system can provide up to 35% exhaust gas recirculation The EGR operaies 
during all engine speed and load condltions. Al wide open throttle, lt provides a 5% 
l"CCU"CUlation rate. The EOR shuts down during high engine idle to avoid carbon 
buildup on r.he valve (vehicles with the optional constanl rpm rearure). The EGR also 
deactivales 1f the EGR temperature is too high. 

The intake manifold cont.a.ms a nnned EGR cooler. Coolant flows through the EGR 
cooler and around the EGR valve to lower the recirculated exhaust gas temperature. 
The reduced temperature achieved by lhe EGR cooler improves EGR operation at high 
engine load . 

The recirculated exhaust gas temperature must be red uced significantly for emissions. 
The exhausr gases reach temperatures of approximately 700"C (t292°F). The tempera­
ture is reduced 2oo•c (392"F} by flowing through the cyhndcr head internal passage. 
The exhaust gases are led through the water cooled manifold, which reduces the 
exhaust gas temperature by another 200°C (392"F). As a result, the temperature of the 
exhaust gas being recirculated is approximately 300°C (572°F) . 

EGRValvc 3 

2 Coolant Passage 4 Exhaust Gas Passage 

Figure 178 EGR Water-Cooled Duct 
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Construction 

The EGR valve is an electrically operated, rotary-type valve. Similar to the boost pres­
sure actuator, the EGR valve is considered ro be a smart actuator. Smart actuators 
have integrated electronics that allow them to measure and process data in order to 
perform tasks. The EGR valve housing contains the following subassembLies (Figure 
179): 

• End cover-Contains the electronic circuit using thick film hybrid technology. A 
thick film hybrid is a combination of film circuits and other elements, such as 
capacitors and integrated circuits on a ceramic substrate. The electronic circuit is 
mounted to a beat sink and covered with thermal gel. The end cover is a sealed 
unit and is not serviceable. 

• Motor subassembly-Contains the torque motor, which turns the rotary valve. 
The torque motor tu.ms the rotary valve up to a maximum of 70° from its fully 
closed position. The motor consists of a single stator, an armature with a perma­
nent magnet and an Sm Co magnetic ring for position feedback. 

• Coolant jacket-Provides the path between the engine's coolant circuit and the 
EGR cooling duct. 

• Rotary valve subaasembly-Contains the rotary valve, valve shaft, return spring 
and EGR inlet and outlet ports. With a rotary valve arrangement, the position of 
the valve does not change due to boost pressure pulsations and the effects ofvar­
alsh and soot build-up are reduced. 
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0 

EXHAUST 
GASIN 

I End Cover With Electronic Circuit 4 EGR Outlet Port 

2 Electrical Connector 5 EGR Inlet Port (Rotary Valve) 

3 Coolant Port 6 Torque Motor 

Figure I 79 EGR Valve 

The EGR actuator turns the rotary valve to Increase or reduce lhe opening al the inlet 
pon The position of the rotary valve detennincs the amount of exhaust gases flowing 
back into the combustion chambers. 
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Rotary Valve 3 Coolant Jackel 

2 EGR Inlet Pon 

Figure 180 EGR Valve Bottom View 

Operation 

The ECM calculates the EGR rate based on a combination ofvanous sensor signols 
instead of relymg only on the MAF value as the control parameter Such signals 
include boost pressure, air cemperature, and engme speed. The calculation allows for 
a precise EGR rate. as well as better correction of the target value in case of changes in 
air density or ambient temperature. 
The ECM evaluates these values and outputs a PWM signal in accordance with one of 
the maps stored m it. The signal is sent to the exhaust gas recirculation valve actua­
cor The map 1s formulated to keep the NOx as low as possible. 

The electronic circuit within the EGR valve evaluates the PWM signal, and based on 
this input, generates a current signal to dnve the torque motor. The angle of rotat1on 
of the valve is detenruned by the amount of current Oowing through the torque motor 
stator. As current increases, a stronger magnetic field is produced The armature 
increases as angle of rotation, which opens the valve funher. Increasing the angle of 
rotanon increases the amount of exhaust gases Oowing back mto the combustion 
chambers. When the current is reduced. the tension of the rcrurn spring overcomes 
the magnetic field strength, which closes the rotary valve 
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MOTOR TOP VIEW 

& 
~ 

ARMAT\JRE 
TOP VIEW 

~ 
~ 

® 
ARMAT\JRE 

BOTTOM VIEW 

c 

1 Torque Motor 6 Position Sensmg Elements 

2 Pennanent Magnet 7 Stator W-mdmgs 

3 Armature 8 Return Spring 

4 Position Feedback Magnet Rmg 9 Rotary Valve 

5 End Cover__ _ __ __J_ 10 Valve & Coolant Jacket Housmg 

Figure LSI EGR Valve Exploded View 

The angle of rotation is monitored by an integrated position feedback control circuit. A 
samarium cobalt (SmCo) magnet ring 1s fixed 10 the top of th e torque motor armature. 
The magnc1 ring has diametncally opposed poles, and when the armature tums. the 
direction of the magnetic field changes. The change 1s detected by a hall effect sensing 
clement within the end cover. 

The EGR actuator is externally grounded and is supplied with battery power when the 
1gn1tion is switched on. The ECM supplies a pulse width modulated (PWM) signal to 
the actuator. 
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, - - - - - - - - , ENGINE 
1 1CONTROL 
I MODULE 

C1 I 

EGR 
ACTUATOR 

I 
I 
I 

81 
.--J=>JJ+---------H.d PWM SIGNAL 

---------' 
Figure 182 EGR Actuator Schematic 

Self-Cleaning Func:t:fon 

The ECM provides the EGR valve with a self-cleaning function, which opens and closes 
the valve twice after the engine has been switched off to eliminate soot deposits . Dur­
ing the cleaning cycle, the valve rums a few degrees past the fully-open pos1tion to 
wipe off any carbon deposits. 

Failure Modea 

The ECM monitors the operation of the EGR valve and stores fault codes related to the 
following conditions: 

• Open circuit 
• Wire shorted to posJlJVC or shorted to ground 
• Exhaust gas recirculation rate too high 
• Exhaust gas recirculatJon rate too low 
• Exhaust gas recirculation flow check 
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CAR BUS OUTPUTS 

The E;CM transmits information via the CAN bus to various control modules. 

INFORMATION OUTPUT - CAN BUS 

L ~ 
Engine Torque . Engme Speed -v 0 Dm"'r Input Torque (~dal Posmonl 

. Engine Torque 
Engine Speed 

...]\ :s Limp-Home Mode . Cruise Control Acti\'C 
-v 0 . ABS Input Torque 

@> .... . Coolant Ttmperarure 
:i . Engine Temperature 

"' 0 
~ 

~ Request by ECM 

'§ _,, Engine is Enabled 
lb -v ; -E: 
0 
g 
:§ 0 

. A/C Compressor OFF (Full Loadl 

n y ~ Engine Speed 

™ 
Coolant Tempcratutt 

MlL Lamp 
Stan Error . Preglow Indicator Lamp 

...]\ 
~ 

Engine Control Module Faulty 
Oil Temperoture 

-v Oil Le\l\'l 
Oil Quality 
Engine Speed . Coolant Temperature 

Figull 191 CAN Bus Outputs 
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MODULE 12 HORN AND CIGAR LIGHTER 

DESCRIPTION 

The born is used as an audible attention device. United States motor vehicle sum· 
dards require all automobiles sold in The United States to be equipped with a horn. 
The single-tone horn is located m the engine compartmeru, behind the nght side head 
lamp. 

Figure 181 Hom Location 

The horn is powered through a fuse in Fuse Block #I . The fuse powers both the con· 
trol and controlled side of the horn relay. The horn relay is located near Fuse Block 
No.2, underneath the driver's seaL The ground for the horn relay is via the horn 
switch on the airbag cover to G200. 

The ham switch consists of a U-shaped spring plate located m the steering wheel 
Four Sl"t of contacts are evenly spaced along the spnng plate. The driver airbag is 
mounted on top of the spring plate in such a way that when pushed downward 11 
closes at least one set of contacts, providing a ground path to the ham relay coil CJr­
cuiL The horn will operate as long as the ignition 1s ON. 
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r-
1 
I 
L_ 

- 1 ClOCKSPRlNG 
I 
I 

_J 

f- ---- -lHORH 
I 1SW1TCH 
I I L ________ J 

.A.G200 .... G202 

Figure 182 Hom Circuit Di11gram 
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tening to a suspect component with a mechanic's stethoscope, or running the vehicle 
with the suspect component removed. 
Use the Diagnosis Charts in the Service Manual to develop an action plan to determine 
whteh checks to make. Document any additional problems with the customer's vehi­
cle. Pay particular attenoon to other concerns and problems that can cause an unsafe 
condition 

Step 5 : Repair the Concern 

The fifth step in the Six-Step Diagnostic Process is to make the necessary adjustments 
and repairs to correct the problem The Service Manual may help when performing 
these operations. 
Always look for the cause of component damage. lf you replace the component that is 
causmg the symptom but do not try to determine what caused that component to fail, 
the failure is likely to recur. 

Step 6: Verify Proper Operation 

The last step m the Six-Step Diagnostic Process is to verify that the veb.icle operates 
properly. Eliminating or isolating the problem is the optimal goal. If the customer 
must tolerate the concern, thoroughly explain to the customer why the condition 
exists. It is possible that fixing one concern may reveal another. Take the time to road 
test and verify that no further problems exist. Studies show that almost one out of 
three service visits requires a return visit to fully correct the problem, 

TYPES OF EXHAUST SMOKE 

The High-Pressure Common Rail (HPCR) diesel engine should emit very httle smoke. 
White smoke is not considered normal. The different types of exhaust smoke indicate 
different problems. Following is a brief discussion of black, blue, and white exhaust 
smoke. 

Black Smoke 

Black smoke is created by mcomplete combustion The reason for the fuel being only 
parually burned often relates to one of the followmg problems: 

• Excess fuel in the combustion chamber 
• Insufficient air supply (clogged a.ir tilter, kinked hoses. faulty turbo) 

• Advanced injection timing due to poor diesel fuel quality not recommended being 
used in the vehicle 

Black smoke is caused by too much fuel or poor fuel quality and not enough air or 
time to bum the fuel. Black smoke 1s not considered normal and is often related to low 
power or poor fuel ec-onomy problems. 
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Blue Smoke 

Blue smoke 1s an indication of engine oil burning in the combustion chamber Blue 
smoke is usually accomparued by excessive oil consumpuon. Any of the following con­
ditions can cause excessive oil consumption: 

• Overfilled crankcase 
• Worn piston rings 
• Failed vake stem seals 
• Failed turbocharger seals 

White Smoke 

White smoke 1s caused by particles of fuel passing through the combustion chamber 
without bummg and exiting with the exhaust gas. Fuel not burning 1s often related to 
low combusuon chamber temperature. At light loads, the temperature 1n the combus­
tion chamber may drop to 260°C (S00°F). The lower temperature delays combusoon, 
causing some fuel to be partially burned and blown out with the exhaust gas. 

NO OTC DIAGNOSIS 

When diagnosing diesel dnveability concerns in the absence of codes, use the symp­
tom-based diagnostic tables m the Service Information Always follow the Six-Step 
Diagnostic Process when diagnosing a customer concern. 

HIGH-PRESSURE DIAGNOSIS 

The high-pressure fuel system can be diagnosed usmg a DRBill. The DRBm will show 
the fuel pressure setpoint and the actual pressure. If the actual pressure and the fuel 
pressure sctpoint values are about the same, a concern with the high pressure fuel 
system may not be present. If a smaU leak is suspected m the high pressure lines, 
check them by using the cardboard test. 

WARNING· THE HIGH-PRESSURE FUEL PUMP SUPPLIES FUEL WITH PRESSURES 
AS HIGH AS 1600 BAR (23,205 PST) TO EACH INJECTOR THROUGH THE HIGH­
PRESSURE LINES. FUEL UNDER nns AMOUNT OF PRESSURE CAN PENETRATE 
THE SKlN AND CAUSE PERSONAL INJURY. WEAR SAFETY GOGGLES AND ADE 
QUA TE PROTECTIVE CLOTHING AND AVOID CONTACT WITH FUEL SPRA V WHEN 
CHECKING HIGH-PRESSURE LlNES FOR !..EAKS 

DIAGNOSIS WITH RELATED FAULT CODES 

The ECM stores diagnostic information in the EEPROM. When fault codes are present, 
follow the proper ctiagnosbc steps in the serace information. 
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COMMON POffiT ANALYSIS 

Certain failures can affect several circuits. causing multiple fault codes, which can 
lead to excessive diagnosis time. These types of faults should be treated as a whole, 
Instead of individually. First, find if the faults displayed share a common circuit. F'or 
example, a cusLomer complains hls engine doesn't start (Start Error) and the horn 
doesn't work. lfproperly diagnosed, lhese complaints can be quickly narrowed down 
to a burnt fuse which supplies power to these components . 

Figure 193 Common Point Analysis 

ECM Internal Power and Ground Distribution 

When diagnosing the co=on tail fuel system, the internal power supply and ground 
structure of the ECM must be taken into account. The ECM uses the power supply 
and distributes il among various inputs and outputs, both J 2 volts and 5 volts. The 
ECM incorporates the following circuits: 

• Two 12-volt power supplies 
• Tbree regulated 5-volt power supplies (Reference l, 2 and 3) 
• Ground distribution 
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A 

B 

Internal Common Point Analysis, 12-Volt Power Supply Distribution 

0 

C1 
0 0 0 0 0 

20 21 

'4J FUSE 16 

~ 
Water in Fuel Sensor 12 V Supply 

Crankcase Ventilation Heater 12 V Supply 

Figure 194 ECM, 12 Volt Supply l 
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I 

Internal Common Point A.nalyaJa, 12-Volt Power Supply Dlatribution 

0 0 

, 
0 0 

C1 
0 0 0 0 

~FUSE 17 

@b 
C F'uel Pressure Solenoid 12 V Supply 

D Fuel Quantity Valve (Engine Management Valve) 12 V Supply 

Figure 195 ECM, 12 Volt Supply 2 
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Internal Common Point Analysis, 5 Volt Reference l 

0 0 

REGULA TEO 
5 VOLT REFERENCE 1 

E 

Camshaft Position Sensor SV Supply 

Accelerator Pedal Position Sensor (APP) 5 V Supply 

Figure 196 ECM, 5 Voll Reference l 
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l.nternal Common Point Analyal.a, S Volt Reference 2 

0 0 

REGULATED 
5 VOLT REFERENCE 2 

G 

G Fuel Rail Pressure Sensor SV Supply 

H Boost Pressure Sensor 5 V Supply 

Figure 197 ECM, 5 Volt Reference 2 
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I 

J 

Internal Common Point Analysi•, 5 Volt Reference 3 

0 0 

REGULATED 
5 VOLT REFERENCE 3 

Intake Afr Pressure Sensor SV Supply ____________ _, 

Engine Oil Sensor SV Supply 

Figure 198 ECM, 5 Volt Supply (3) 
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Internal Common Point Analysis, Grounds 

0 II II 1111 11 II II 1 ~um Tl Tl Tl n 0 

c i1 w ~ /.,, 't-. IJ~ ~ ( ~ o~ 
µI 

C1 ~ ~ ' ~~ ' ~ rl II 
~ ~ ~ ~ ~ lc2 ( ( c 0 0 

,, 14 32 35 Sf 56 61 84 ~ 12 14 26 28 

I\ y 6 

~ J7 w 
p w 

0 w 
"§VJ .J G200 v 

iG200 

~'V G200 

K Intake Air Pressure Sensor Ground 

L Camshaft Position Sensor Ground 

M Fuel Temperature Sensor Ground 

N Engine Oil Sensor Ground 

0 Water In Fuel Sensor Ground 
p Coolant Temperature Sensor Ground 

Q MAF Sensor Ground 

R F'uel Rail Pressure Sensor Ground 

s Boost Pressure Sensor Ground 

T Accelerator Pedal Position Sensor 2 Ground 

u Accelerator Pedal Position Sensor l Ground 

v Boost Air Temperature Sensor Ground 

Figure 199 ECM, Ground 
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COllPLADfr: E"Gl!Ot CRAllKS, BUT DOES!f'T STA.RT 

Pooos1blc ceuae1 
lnsulTic1~nt f'u<I pTOSUl'f! - low or lugh prarure l.'ll'NJts 

• lnauffiacnt Lo\\• pressure pump output 
• Furl pre11ure senaor rnalfunctmn 
• F\ld pl't'aaurc solcnmd mnlfunttl.On 

• Leaking injector 
I hgh prcuu~ pump fall~ 
CPS pul.., ring or Dex plate damage 

Troubleabooting Step• 
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I a.. Crri.l'O 5- I 
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Figure 201 Engine DOC$ Not Start 
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APPENDIX 

OM647 ENGINE WIRING SCHEMATIC 

'iJ 

GLOW PLUG 
MOOULE 

... 
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I 
' ' t 

____ J_ __ , 
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: .. [Qi l l i STARTER FUEL i 
: RELAY PUMi> I 
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'-- ----- I ~ ~ * 
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C1 '-+-+-~~~~~~~-t-+~~-+-+-l~ 

J l 

FUEL 
TEMPERATURE 
SENSOR 
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COOi.ANT 
TEMPERATURE 

SENSOR 

OIL 
SENSOR 

Figure 205 Engine Wiring Schematic 
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OM647 ENGINE wtRING SCHEMATIC 

Figure 205 Engine Wiring Schematic 
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Figure 206 Engine Wuing Schematic (continued) 
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Figure 211 shows the relationship between t.he CKP and CMP sensor signals 

0,5----------

0,0 

-0,5 0 
20 40 60 80 

Figure 211 Crank (CKP) and Cam (CMP) Signals 

Figure 212 shows t.he normal paltem of the CMP (Channel 1) and CKP (Channel 2) sig­
nals at idle. 

u;· ... ··: .. ·····: ... .... ... .. .. ... . 
6 : ... .. ; ..... :· .. 
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Chanl 

IMti"ld .. .. ........... :.:.:. ::: .. : :::::::: : :: ~~~~8.
11 

.., .... : : . . . 

_:~~ 
ChanZ .. .. 

HELP UOL TAGE° REcORD . CURSOR 
Figure 212 Fuel injector Signal 
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F'igure 213 shows the normal panern of the CKP sensor (wires 1 and 2). 

F'igure 213 Crank (CKP) Sensor Signal 

F'igure 2 l4 shows the Crank (CKP) Sensor pattern. Channel 2 shows the sensor wire 
No l is shorted to ground. 
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F'igure 214 Shorted Crank S1gnaJ 
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MASS AIR FLOW (MAPI SENSOR SIGNAL 

Figure 215 shows the pattern of the signal of the mass air now sensor (MAF) al idle 
speed 

6 ; .; .; 

1 

z. 

0 . ·· - .1 •• t •• 

Chan1 
HELP . VOLTAGE RECORD ClJRSOR 

Figure 2 I 5 Mass Air Flow (MAF) Sensor SignaJ at Idle 

Figure 216 shows the pattern of the mass air now sensor (MAF) signal at 2000 rpm. 
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Figure 216 Mass Air Flow (MAF) Sensor SignaJ at 2000 rpm 
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FUEL RAIL PRESSURE SENSOR SIGNAL 

Figure 217 shows the pattern of the rail pressure sensor signal at clifTerent stages: 
ignition ofT, ignition on, idle speed and snapping the throttle. 
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4 Throttle Snap 
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Figure 217 Rail Pressure Sensor Signal 

FUEL INJECTOR PATTERN 

Figure 218 shows the pattern of an injector at idle speed. The first voltage spLke andi· 
cates the pilot injection phase, the second voltage spike indtcates the Illa.In lnJeCtion 
phase and the third spike indicates lhe post injection phase. Notice the longer injec· 
bon time during the ma.in injection phase. 

··i .. ··1••·· · ··& •....• 
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Figure 218 Fuel Injector Signal 
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FUEL PRESSURE SOLENOID 

Figure 219 shows the pattern of lhe fuel pressure solenoid al idle speed. 
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Figure 219 F'uel Pressure Solenoid Signal at Idle 

~ Figure 220 shows the pattern of the fuel pressure solenoid at 2000 rpm. 
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Figure 220 Fuel Pressure Solenoid Signal at 2000 RPM 
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Figure 221 shows the pattern of the fuel pressure solenoid during the ECM power-off 
phase. 
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Figure 221 Fuel Pressure Solenoid Signal, ECM Power-Off Phase 

FUEL QUANTITY VALVE 

Figure 222 shows the pattern of the fuel quanl1ty valve at idle speed. 

12 

8 : 

1 : 

0 . . 

Chanl .. ,. 
HELP ct.iRsOR ·votTAGE RECORD 

Figure 222 Fuel Quanmy Valve Signal at Idle 
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EGRVALVE 

Figure 223 shows the PWM signal to the EGR valve wtlh lhe engine off/key on . 
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Figure 223 EGR Valve PWM Signal, Engine OFF/Key ON 

Figure 224 shows the EGR valve signal with the engine at idle . 
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Figure 224 EGR Valve PWM Signal at Idle 

237 



t 2004-2006 VA Sprintei; OM641 Diesel Fuel System 
• 

Figure 225 shows the EGR valve signal with lhe engine under acceleration. 
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Figure 225 EGR Valve PWM Signal Under Acceleration 

BOOST PRESSURE ACTUATOR 

Figure 226 shows the PWM signal to the Boost Pressure Actuator with the engine off/ 
key on. 
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Figure 226 Boost Pressure Actuator PWM Signal, Engine OFF/Key ON 
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Figure 227 shows lhe Boost Pressure Actuator signal with the engine at idle. 
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Figure 227 Boost Pressure Actuator PWM Signal at Idle 
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ENGINE OIL SENSOR 

F'igure 228 shows the pattern of the oil sensor. The first wavefonn (J) represents the oil 
temperature. The duty-cycle lower limit is 20%, which indicates an oil temperature of· 
40•. The upper limll is 80%, which indicates an oil temperature above t60•c. 

The second waveform (2) rt'presents the oil level vaJuc. The duty~clc lower limit is 
20%, which indicates an oil level of 0. The upper lurut is 80'Vo, which indicates an oil 
level of 80mm. 

The third waveform 13) reprc!lcnts the dielectric number oflhe oil The duty·cyclc lower 
limn is 20%, wbicl ..ndicates a d1elcctnc number of I. The upper limtl 1s 80%. which 
in1 1ca1cs a dielcctnc number of 6 The typical value is around 40%, indicaung an oil 
quality of2.7. 
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Figure 228 Oil Sensor Signal 
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GLOW PLUG MODULE 

Figure 229 shows the djgitaJ pattern (PWM) in the signal wire between the glow plug 
module and the engine control module (ECM). 
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Figure 229 Glow Plug Module Signal 

241 



2004-2006 VA Sprinter OM647 Diesel Fuel System 

RETROFITTING SPEED CONTROL 

This retrofit consists of installing a speed control switch in the steering column 
and changing the version coding of the engine control module (ECM) to enable the 
speed control feature. 

PARTS REQUIRED 

Following js Lhe list of parts. The electrical wires listed must be purchased locally. It is 
strongly recommended to a dhere to the color coding of che wires. lt simplifies service 
procedures, trou bleshooting of the electrical system, and is consistent with shop docu­
mentation and electrical wiring schematics. 

NOTE: The parts list below may be issued in kit form in che near future. 

Mopar Part Number Description Qty. 

05103744AA Speed control switch l 

05126 175AA Screw 1 

05120786AA Six-pin connector l 

05103882AA Electrical terminal 6 

05J61275AA Elec trical terminal, ECM connector 6 

· purchase locally · Red elec trical wire, 18 AWO 1 ft. 

• purchase locally · Black electrical wire, 18 AWG I fL 

· purchase locally - Blue electrical wire, 18 AWG l ft. 

- pu rcho.se locally - Yellow electrical wire, 18 AWG J ft. 

- purchase locally - Dark green e lectrical wrre, 18 A WG 1 ft. 

• purchase locally • Gray electrical wire , 18 AWG l ft. 

Table 1 Parts List 
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PROCEDURE 

1. Disconnect the cable from the negative battery post 
2. Remove fuse panel cover (l) by turning slotted screw 90• from position A to B (Fig­

ure 231). 

Figure 23 t Removal of ruse Panel Cover 

3. Unscrew Phillips screws and nut (Figure 232). Remove steering column cover. 
Remove M relay for better access to steering column bracket. 

Figure 232 Removal of Steenng Column Cover and M Relay 
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4. Unscrew both Pbilllps screws and remove upper cover (Figure 233). 

Figure 233 Removal of Phillips Screws and Upper Cover 

1 5. Detach brake pedal spring from steering column (Figure 234) . 

• • 
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• • t Figure 234 Brake Pedal Spring 
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6. Remove steering column bracket bolts (Figure 235). 

Figure 235 Removing Steering Column Bracket Bolts 

7. Gently lower steering column about 6 inches (Figure 236). 

Figure 236 Lowering The Steering Column 
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8 . Locate the speed control switch mounting base (arrow) on the back of the combi­
nation switch (Figure 237). 

COMBINATION SWITCH REAR VIEW 

Speed Control Switch Mounting Base 

Figure 237 Location of Speed Control Switch Mounting Base 

The s peed control switch slides into the combination switch mounting base. A bole in 
the speed control switch lines up with a hole in the mounting base. A screw 1s inserted 
th.rough the mounting hole to fasten the speed control switch. 

Switch Mounting Hole 3 Switch Lever 

2 Switch Harness 6 -Pin Connector 

Figure 238 Speed Control Switch 
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9 . Insert the speed control switch, part 05103744AA into its mounting base. Secure 
the switch with holding screw, part 05 L26175M. See Figure 239. 

Speed Control Switch Holding Screw 

Figure 239 Speed Conu-ol Switch Installation 

10. Ensure all connectors on the back of Fuse Block No. 1 arc tight. Gendy raise the 
steering column and reinstall the column bracket bolts (Figure 240). Tighten the 
bolts to 25 Nm j 18 lb.ft). 

Figure 240 Raising the Steenng Column and Reinstalling Bracket Bolts 

11. RemstaU the brake pedal spring (Figure 234). 
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12. Route the speed control switch cable down the steering column towards the 
engine control module (ECM). See Figure 241 . 

Figure 241 Routing of the Speed Control Switch Wiring Harness 

13. Locate the engine control module (ECM) below the left knee protection next to 
the steering column (Figure 242). Pull the ECM down at the connecuon side until 
it releases Pull it forward and out of the mounting bracket. 

F'igure 242 l..ocaUon of the Engme Control Module (ECM) 
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14. Remove the 58-pin plug-in connector (marked F) from the ECM. To remove the 
plug-in connector, pull the slide lock sideways lO tne end or its travel and lift the 
plug-in connector. 

58-Pin Plug-In Connector 3 Engine Control Module (ECM) 

2 Slide Lock 

Figure 243 Vehlcle Harness 58-Pin Plug-Jn Connector 
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15. CarefuUy disassemble the plug-Ill connector to expose the wire mserbon end of 
the connector. Remove the protective cap by inserting a wide blade screwdriver in 
the wedged area between the connector housing and prolectwe cap (arrow). Alter­
nating between both sides of the connector, gently twlst on the screwdriver handle 
to separate the protective aip from the connector housing. Slide the protecuve cap 
away from the housing (Figure 244). 

NOTE: If you require addiuonal clearance for inserting the wires you may remove the 
electrical terminal holders. The electncal tennmal holders are held m place with two 
locking pins. Car!'fully remove both locking pins with a smaU screwdriver and puU 
them out 

I Electrical Terminal Holders 

2 Front Locking Pin 

Figure 244 Vehicle Harness Connector Disassembly 

251 



2004-2006 VA Sprinter OM647 Diesel Fuel System 

16. Assemble an extension harness with the color-coded wires described in the parts 
list (Figure 245). Cut one piece out of each wire color, 12 inches long, and stnp 
both ends of wire. Install six terminals, part 05103882AA, to one end of the wires. 
and six terminals, part 05 l 6 l 275AA, to the other end. 

Figure 245 Assembling the Extension Harness to the Engine Control Module 
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17. Release Lhc six-pin connector (05120786AA) secondaiy locks. lnsert Lhe termi­
nals. pan 05103882AA, into the cavities or the connector as follows: gray Wire into 
cavlly #I: black wire into cavity #2; blue wtre into cavity #3; yellow wire into caVJty 
il4; green wire mto caVJty 15, and red wire into cavny #6. Insert the wires unul 
they click into place. Gently tug on the wires to make sure they are secure and 
rastcn both secondary locks (Figure 246). 

..nl..'J 
ui 

""3"<0 
L"'X\J 

"'IIl(\j '-' 
L..00 

"° 
<'-' © ffi] 

Secondary Lock 

Figur.e 246 Sl}(· Pin Connector Front View 

18. Insert the other end or the wires with terminals, part 05161275M, into lhe cav­
ities or the 58-pin connector or the engine control module (ECM) as follows: gray 
wire into cavity #51; black wire into cavity #38; blue wire into cavity #52; yellow 
wire into cavity #50; green wire inlo cavity #37, and red wire into cavity #7 Insert 
the Wires until they click into place Gently tug on the wires to make sure they are 
secure. 

Figure 247 Vehicle Harness 58-Pm Connector Front View 
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l9. Check the wires and cavities for proper posjtion with the wiring diagram below 
(Figure 248). Plug the six-pin connector to the speed control switch connector. 
Reassemble the 58-pin connector. Install the connector back to the engine control 
module (ECM) and push the module back into its mounting bracket Ensure the 
ECM is properly held in place by means of the tensioning spring clips. 

·---·--------.. twGM 
~I I COHTR:OL 

~-+------.-1-------"''-----~lllt-l---'"'----<~~IZYQt.Uui..-s.~ •::::u 

> •.. ... : • .t ! , "' ....... - ==- ..u,.,..,.., 
• ...... ···· 1-t I 

,., 
l----l-------==-----lo.lb.+-='--k'10<C9.<KT 

--·,~ I 
s ' 

'--- -1-------"='----1-llJ4--==---k,.: ACCWSET 

H I 
'--~-l-~~-=~~~1~'--'=-~~l 

·- J-- J '------.1------"=-----b.lhCl---""""--..v.;1'-~ vtAlntA~~ 
~t _________ _ 

Figure 248 Wiring Diagram, Speed Control Circuit 
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20. Reinstall Fuse Block No. 1 and upper and lower steering column covers (Figure 
249). The upper cover has a slot on the back (arrow) for the speed control switch 
lever. Reinstall the M relay and the fuse block locking cover. 

• Figure 249 Reinstalling Fuse Block l and Upper and Lower Steering Column Covers 

~ 21. Reconnect the battery and code the radio if necessary. Connect Lhe diagnostic 
~ scan toot to the vehicle. 

~ 
~ 
~ 
~ -------

NOTE: The following steps are for changing the ECM version coding. Follow the proper 
procedure with ORB W or DAS. Test drive the vehicle after completing the coding to 
ensure proper operation of the speed control switch (Figure 250). 
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CHANGING THE ECM VERSION CODING WITH DRB ID 

Choose Engine in the System Select screen and Miscellaneous Functions in the 
Select Function screen (Figure 251). 

!WV 
A 

Figure 25 l Selecting Engine and Miscellaneous Functions 

Select Con!iguration in the Miscellaneous Functions screen. When asked, select 
Cruise Control Installed (Figure 252). 

Pas~ 1 of 1 i:l:'llll 

XM ml ~ -X 

Figure 252 Selecting Configuration 
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3. Switch the ignition OFF and wait for the progress bar to indicate the completion of 
the configuration process (Figure 253). 

- -- CONFIGURATION --­
Turn ke y off 

Pren ENTER lo Continue 

---- ECH R.epl.ace111e nt 
Pie•• wait ... 

Figure 253 Key Off and Progress Bar Screens 

4. Switch the ignition ON (Figure 254). The speed control installation is now com­
plete. 

--- CONF'IGUl!AT!ON ·-· 
Tur"'n ke y on 

Pres' ENTEll lo Conttnue 

Figure 254 Key ON Screen 
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CHANGING THE ECM VERSION CODING WITH DAS 

l. Select the CR Common Rad option in the Current Short Test screen. In the Com­
mon Rail screen select Control Unit Adaptations (Figure (255). 

- · --·-­-­_ .... -__ ,,, 
_.. ... , 

, , , , , , 
~ 

7 • .. 
Figure 255 Current Short Test and Common Rail Screens 

2 In the Control Unit Adaptations screen select SCN Coding. In the SCN Coding 
screen select Determine Vehicle Data for SCN Coding (Figure 256) . 

·-· ,.... ...... (~ c.........-co ·- .....--~ C-.., .. _. COi 

ji°,...-.rl,1wt..-...-. - ~cm~ 

~------~ -~---_,. 
~- - ~ - .. 
~J . .. 1J , :,. j "' 1J _;J .• ..!. ~ " ~ -. ...!!..J 

Figure 256 Control Unit Adaptations and SCN Coding Scl'eens 
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3. Print or record the vehicle data (VIN, MB Code Number and Check Digit). You 
need to contact the Sprinter Technical Support L,ine (l-866-769-8092) to get a 
new SCN code. Provide the Support Line Representative with the vehicle data. The 
Technical Support Line Representative will issue a new Coding String, SCN and 
Check Digit. Return to the SCN Coding Screen and select the option Perform SCN 
Coding. 

~---... " ............... - ... - ...... -- ,...,, I 
l..ii:--~· .. c:-:;:'-::":,:..::t.=::-::.::.--=-:.:=-=---~-ll 1...1.. =---------·-· .. ------ 11119' 

4. 

·"*'--"" --------. 

Figure 257 Determine Vehicle Codlng and SCN Coding Screens 

Enter the VIN and the new Coding String, SCN and Check Digit in the appropriate 
input fields (F'igure 258). Press the YES button to complete the SCN coding. 

c:-.-. rrrrrrr 
r.rr.rr.rr 

_..,.. rrrr 

,.._.,_., .. ...,_ .. roe;,., ........ __ .. __ _ 

1::=".:!""--.. .. _! 

Figure 258 Perform SCN Coding Screen 
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