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Summary. A number of electrical energy receivers and ettt systems installed in modern cars
is considerable and that is why their reliable afien is of basic significance for correct perform-
ance of a vehicle. Fast detection of faults byithear diagnostics or at diagnostic stands makes an
important question. Computer-based testing systesnrea fast control of the tested element or
system operation by measuring diagnostic parametersparing them to the required values and
printing the results out. The paper presents resfldiagnostic tests on electrical and electronic
automotive equipment performed at selected diagnesations. Failure-rate analysis has been
performed for circuits and elements of electrogstems installed in cars.
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INTRODUCTION

Recently, a dynamic development of electronics manctoelectronics has brought
about modernization of automotive designs and areased number of electronic sys-
tems installed in automotive vehicles. Modern etadt elements and systems are less
expensive, smaller and more efficient than the ipresty used ones. Operation reliabil-
ity of electrical equipment installed in cars angleation of a car technical condition
have become an important issue for car users.

Permanent installation of sensors and measuringertars in a car is purposeful in
the case when they are used to measure and ctivdroar performance at test stands as
well as in traction conditions with the applicatiohboard computers. Time of testing
and diagnostic evaluation gets shorter. Computeedbdesting systems ensure fast con-
trol of the tested element or system operation bgsuring diagnostic parameters, com-
paring them to the required values and printingréseilts out.

A modern automobile contains up to a few dozens\@fsuring sensors. Develop-
mental trends concerning reliability of automotteehnology assume the application of
highest-quality components and materials as weilf adready used and verified produc-
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tion technologies. Consistent integration of thetesms will develop in order to get rid of
unreliable contacts.

Diagnostic instruments develop parallel to techgwial developments concerning
electrical equipment for modern automotive vehiclesdiagnostic station has to deal
with the whole variety of faults and car makes &rdthat reason it should be equipped
with a wide range of diagnostic tools from simpleltimeters to computer-supported
automotive diagnoscopes. Presently, adequate seftarsd vehicle databases, that re-
place service cards, are as important as toolsresidiments. Computer-based diagnos-
tic instruments use them to unmistakably find dtfeguch an intelligent combination of
control system data and the Service Informationte3gqSIS) data makes it possible to
successfully diagnose a fault.

DIAGNOSTIC TESTS

Algorithms of diagnostic procedures applied attfdetection include:

— visual evaluation,

— passive parameter testing,

— input/output voltage check

— observation of signal waveforms.

At franchised service stations procedures wereoetdbd for car technicians to
make their work more efficient. Fig. 1 presentseaample procedure algorithm of fix-
ing malfunction of the air/fuel ratio control syste

Because of a great variety car makes and car deefgvaried electrical equipment
carmaker companies elaborated ,Information Ser@eeds” of the produced vehicles
for diagnostic stations.

Some of the franchised service stations use didgignagparatus meant solely for
the given car make as e.g. a diagnostic tool Tenhde by the Vetronix company is
designed for Opel vehicle diagnostics. It is bhdsed on a microprocessor system with
a Motorola MC68332 controller of replaceable steragit. There is a socket at the
bottom of the tester for a cable to connect it tested car. Extension cord is finished
with a 19-pin connector for various replaceablentaals to be used depending on the
kind of a diagnostic socket in a given car. In ylear 2001 when a communication bus
CAN was introduced to the Vectra C model desigmablem of the tester communica-
tion via the bus appeared. It can be solved bwdditional interface introduced be-
tween the tester and a diagnostic connector. Thiulaads called CANdi and can be in-
series connected to the diagnostic cable betwee@®BDII terminal and a socket at the
cable end. The CANdi is used at the diagnostidcsMfand Saab models.

When the diagnostic tester is connected to a d&tgmsocket in a car, it gets pow-
ered and the communication is set up, then a weadcseneen shows up followed by a
master menu (Fig. 2) with five options to select

There are various trouble codes depending on ana&e and an engine type. Only
in the EOBD system they have been unified. Takpeesents example trouble codes that
occur in vehicles and concern their electrical pmént. Fig. 3 shows trouble-code print-
outs obtained at diagnosing an Opel Corsa C 200@XE.
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Table 1. Example trouble codes of the OBD Il system

Trouble Trouble code description Trouble Trouble code description
code code
B0300 ,Cooling Fan 1 Circuit Malfunction” B0558 ~Brakedicator - High Input”
BO501 +Right Direction Indicator B0S50 .Battery _le‘cun -
Range/Performance Malfunction
~Speed Meter Circuit -Pump Motor Circuit
BO516 Range/Performance ,, co268 Open/Shorted”
BO525 ,,Tem.pe’r’ature Indicator Circuit - Mal- P0481 ,,Cpollng Fan. 2 S:ontrol Cir-
function cuit Malfunction
: »Vehicle Speed Sensor —
B0532 JFuel Level Indicator — Low Input ,, P0503 Intermittent/Erratic/High”

At FIAT service stations a diagnostic tool calldekaminer” is used (Fig. 4). Start-
ing from January 2005 the tester has been equipfithdthe ,Smart” software, whose
storage volume has been extended to include all &frfaults that occurred in Fiat cars
since the date when the previous version of theveoé was implemented. Owing to the
stored data the Examiner provides a possibilitiast finding solutions to ,difficult” and
non-standard faults. It automatically detects #ndtfand suggests the repair procedure
(Fig. 5) and there is no need to organize speeidlizainings for all the service staff.

Service stations also use diagnoscopes produc&bsgh and Gutmann. A Mega-
macs 55 diagnostic scanner made by Gutmann isentrahic multi-purpose diagno-
scope that provides the following functions: regdand clearing of trouble codes, the
OBD system inspection, measurement of the real-8nmgine operation parameters via
the diagnostic socket, testing of subsystem pedone, clearing of oil and service sur-
vey records, basic regulation tasks, and engirgndsis.

See Test Step: C-012

Trouble Code - B 001
P0105 - MAP Sensor Circuit Insufficient Activity

Manifold Absolute Pressure (MAP) Sensar Circuit Low Voltage
* Engine speed over 1,050 rpm

Recorded trouble codes: P 0120

MWAF below 140hPa (0.14bar)

Above conditions should be met for minimum 1.5s

ar

Engine speed below 1,050 rpm

Unrecorded trouble codes: PO120

MAP below 140hPa (0.14bar)

Above conditions should be met for minimum 1.5s

Equivalent value
»  Control module calculates with an equivalent
characteristic based on engine speed and throttle position.

Result
s Al adjustments blocked.

Concerns terminals: 26,45 B3 (X710

Fig. 3. Trouble codes for Opel Corsa C 2004 r.-Z10&&d on the Tech 2 tester
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Test on Controls
Magneti Marelli IAW 5MF EOBD Injection

Fault PO0110 - Intake Air Temperature (IAT) Sensor Circuit

Measure conditions

Engine speed 0 rpm
MAP below 65 mhbar
Temperature 7h S
Engine Fall speed
lgnition advance angle 12

Position accelerator pedal 14

FIAT STILO 1.6 16W

Fig. 4. Screen of the ,Examiner” tester with a faldscription and parameters of its occurrence

Test on Controls
Magneti Marelli IAW 5NF EQBD Injection

Fault  PO110 - Intake Air Temperature (IAT) Sensor Circuit
Air Temperature Sensor Circuit Open/Shorted To B+ Present
Probable Causes:

Bad Wiring Condition

YWiring Insulation

Faulty Connector

Faulty Sensor

Faulty Injector Controls

Air Temperature Internal Sensor Failure

For next test steps press "Continue”

Fig. 5. Probable reasons for the occurrence ofilh di@tected by the ,Examiner”

FIAT STILO 16 16Y

KTS 550 scanner made by Bosch (Fig. 6) includeslairfunctions as the Mega-
macs55 except for an engine diagnoscope and CAdlbutdthe latest version KTS 650
includes the CAN readout function).

Several dozen of cars underwent diagnostic testisglected service stations. The sta-
tions deal with all kinds of mechanical repairs fixidg of electrical and electronic systems
Table 2 presents example information acquiredeatithgnostic testing.

The tested cars were classified into 4 age categd@Fig. 7). The greatest number
of faults — 39 (44.83 %) were observed within the.® year range and the smallest -
3 cases (3.45 %) for vehicles up to 2 years olde@m®mn of the greatest fault number in
cars of the 5-10 year group follows from the fditta lot of such cars is presently in
use. Cars of over 10 years exhibited fewer fauld® (36.78%) because their electronic
systems are less complex.
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Bosch Service “SAS” Poland

OPEL SIMTEC 56.5 Caontrollers Diagnosed. Trouble Storage

P1690

talfunction Indicator Lamp (MIL)

Control Circuit Malfunction

PO130

P1230

PO335

Circuit Malfunction

Trouble Murmber — 4

02 Sensor Malfunction (Bank 1, Sensor 1)

Wain Relay Circuit Malfunction

Crankshaft Position Sensar A

Fig. 6. Printout of the KTS550 diagnostic tool

Table 2. Example diagnostic information on a testhicle

. s Identified mal- . .
No. Car make Engine Description of function and the The trouble diagnosis
code a trouble fixi . method
ixing action
Renault Defective crank-
Megane Startup prob- shaft position
1 Scenic 2,0 F4AR lems at hot Sensor. ng)u(l_::)IIie ,?3?; L?S%gu;
B, '00 engine Sensor replace- ya.tip 9 P
82 000 km ment
Fiat Doblo Anomalies Faulty ground Trouble code readout
) L . by a Gutmann
1,2B,01 within the connection i
2 223A5.00 . - diagnoscope
whole electri- Connection . .
69 000 km cal system replacement Analysis of the electri-
cal system
Trouble code readout
Audi S3, Defective igni by a Gutmann
3 1,8T,'01 APY One cylinder tiom coil diagnoscope.
does not work Coil replacement]
120 000 km Ignition system check
by an oscilloscope
Volkswagen Stumbling Defecti Trouble code readout
New Beatle operation of elective oxy- by a Gutmann
4 2,0B, 01 AQY the engine, gen sensor. .diagnoscope
P Sensor replace-
Misfire indica- ment
63 000 km tions
Leak in the
Seat Leon intake system at
1,9TDI, '02 No power, the intercooler- Trouble code readout
5 AHF . turbine joint.
High smoke Replacement of by a KTS 500 scanner
76 000 km b

the connecting

pipe
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Fig. 7. Failure rates within car age groups
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Fig. 8. Failure rate within the car mileage groups

The cars were also classified into 5 groups acogrth their mileage (Fig. 8): up to
50 000 km, from 50 000 to 100 000 km, from 100 @9A50 000 km, from 150 000 to
200 000 km and over 200 000 km. The greatest failate was observed in cars of over
100 000 km mileage (ca 77%) and the smallest hargtoup of up to 50 000 km, which
follows from the fact that they are comparativegwn usually short after the warranty
period extinction.

Electronic systems were classified into 6 grougsition system, ABS, SRS, injec-
tion system, A/C and other systems and faults (@echanical defects that influence
electronic systems). Table 3 presents fault humbeéttsin the mentioned groups and
their percent rate against the total of recordettda

Table 3. Fault rate within electronic system groups

Electronic system Fault numberFault percentage
Ignition system 28 31.46
Injection system 32 35.96
ABS 9 10.11

SRS 3 3.37

AIC 1 1.12

Other system and faults 16 17.98
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As can be seen in the table within the total faulinber of 89 the biggest number of
faults (32—35.96%) concerns the fuel injection syst The next-numerous group com-
prising 21 fault cases (31.46%) concerns the ignisystem. The smallest number of
faults was observed in the A/C control system anthé air-bag SRS system.

Ignition system problems were divided into 9 groypable 4) and the injection
system faults — into 16 groups (Table 5) accordintpe defected elements.

Table 4. Ignition system faults

Fault Quantity| %

Shatft position sensaor 3 10.71
Ground connection 2 7.14
Ignition coil 9 32.14
Controller 2 7.14
Ignition module 6 21.43
Hall effect sensor 2 7.14
Electrical system 2 7.14
Tachometer sensor 1 3.5)7
Sparking plug 1 3.57

Based on an analysis of all the recorded faultgr®2ips can be distinguished de-
pending on the fault kind.

Table 5. Injection system faults

Fault Quantity %

Crankshaft position sensor 3 9.38
Ground connection 1 3.13
Controller 2 6.25
Throttle potentiometer 1 3.13
LPG controls 1 3.13
Oxygen sensor 4 12.50
Leaks or damages of vacuum pipes 6 18.75
Gas pedal sensor 1 3.18
Improper fuel usage 1 3.138
Injector 2 6.25
Fuel metering controller 2 6.25
Cecondary air valve 1 3.13
Stepper motor 2 6.25
Fuel pump 2 6.25
Exhaust gas recirculation valve 1 3.13
Air-flow meter 2 6.25

Fig. 9 presents quantitative fault distributionigmition systems depending on the
car production year.
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The biggest number of repairs concerns cars ofatiee of over 8 years (Fig. 9),
which is related to the fact that a great humbemgforted second-hand cars of high
mileage is presently in use. Fig. 10 shows thathtitgage effect on the wear of engine
elements is considerable and the most common dan@geern pipes and wires, fric-
tional elements of potentiometers and dirty comstact

Mumber of faults
(B

1 —

0.5 — — — —

D T T T T T T T T T T T T 1
1991 1992 1993 1994 1985 1996 1997 1898 1899 2000 2001 02 2003

Car production year

Fig. 9. Ignition system faults

Many faults result from incorrect operating of chiede e.g. a part of the ignition
coil defects could be avoided if sparking plugs aigh-voltage wiring were replaced in
time.
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Fig. 10. Fault number vs. mileage

Fig. 11 presents failure rate analysis for eleatr@d electronic system elements of
the tested cars.
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Fig. 11. Failure rate of electronic system elemehts crankshaft position sensor, 2 — ground
connection, 3 — ignition coil, 4 — oxygen senso¥, fipe leaks, 6 — controller, 7 — defective parts
to be repaired, 8 — gas pedal sensor, 9 — wrorgifQe- glow plugs, 11 — injector, 12 — ignition

module, 13 — fuel pressure regulator , 14 — hédlotsensor, 15 — throttle potentiometer, 16 — LPG
controls, 17 — faulty repair , 18 — alternator el€ctrical installation, 20 — fuel metering conkeo|
21 —relay, 22 — secondary air valve, 23 — tachenssnsor, 24 — stepper motor, 25 — exhaust gas
recirculation valve, 26 — fuel pump, 27 — ABS sen28r— air-flow meter,
29 — faults at no voltage, 30 — sparking plugs;-3dse, 32 — LPG converter

Mumber of faults [%]

CONCLUSIONS

1. Contemporary diagnostics of electric and electraaic systems has considera-
bly reduced the range of routine car inspectionsomspared to mechanical systems. At
the same time, the significance of information egst and specialized measurement-
control tools has increased.

2. Presently used diagnostic methods usually consistearching for electronic
system faults with the use of a code reader olagntiscope equipped with an oscillo-
scope and a multimeter. It is so, because thene isniversal trouble-code reader to be
applied to all cars and self-diagnosis systemsatgerfect.

3. The performed tests on selected electronic systadisate that injection and
ignition systems are the most damageable. Faulisecning those systems make over
60% of all the recorded failures of electric anecédonic automotive systems.

4. The most often recorded injection system probleorsern leaks and damages
of vacuum pipes (ca 18%) and oxygen sensor fail(g@sl2.5%). As the injection sys-
tem operation essentially influences noxious exhgas emissions developmental re-
search aims at enhancing its self-diagnosis sybteelaborating better diagnostic tests
and the OBD system..

5. Developmental trends for ignition systems involméegration of ignition cir-
cuits into one ignition panel located on plugs.
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