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Probing Auto Electronics
Help your neighbor identify his car 's problem and be an electronics hero!

Hugh Wells W6WTU
1411 18th Street

Manhat1an Beach CA 90266-4025

could have an identifiable solutio n
within your gra...p .

Three situatio ns are d iscussed here
that can help solve many agg ravating
problems thai cars experie nce and arc
not under com puter control. These
si tuations invol ve the spark plugs and
HV wiring. al ternator and battery, and
curre nt leakage paths that run a battery
down unexpectedly. The lest equipment
for tro ubleshooti ng these three situation"
is typically available on a ham's work­
bench: oscilloscope: digital voltmeter/
ammeter: and #1 157 (or# I03-t ) taill ight
bulb. So there is verv little financial in­
vestment required. beyond \\ hat a ham
nonnally has a vailable .

Mo... t hams have had so me e xposure
10 O hm 's law problems as part o f their
e lec tronics tra in ing. The log ic a nd cir­
c uitry involved in Ohm's law problems
is exac tly the same as that required for
so lving electrical prob lem s in a car 's
e lectrical system, Trouble shooti ng then
becomes a matter of developing a plan
or procedure to follow in sorting out the
various measurements and symptoms.

B
e ing a ham, you' re expected to
know cvervthine about cl cc-• e

troni cs regardless of the appli­
cation. So have you e ver had so me
neighbors drop over and ind icate that
they needed your he lp with their car'!
C hances are. they ' ve indicated that it
won ' I start or runs poorly. or that the
bat tery is dead.

In most cases. the symptoms de­
scribed se ldom lit the ac tual situation.
But because you ' rc a ham. you' re loo ked
upon to he ..the neig hborhood electron­
ics resource ." So how do you approach
the problem?

Do you agree to take a loo k '? Or do
you shine them on and suggest that
they go sec the loca l mechanic'! Let's
assume that you ' re at least w illi ng. to
take a look at the problem to help so rt
o ut the deta ils.....-hich may lead to a so­
lutio n if the problem is electrica l. And

if it' s mechanical. you may have to
sugges t the mechanic a fter all .

Electrical problems and so lut io ns in
older cars were usually easy to sort
out. but the co mputers used in modem

cars make the problems more difficult Spark pl ugs
for a ham to diagnose . In fact. the
thi ngs that o ne migh t he able to do arc Being able to d iagnose a prob lem in
limited to only a fe w th ing s, bu t those an automo bile ' s high vo ltage ignition
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system is beth interest ing ami satis fy­
ing . Because of the pulse nature of the
sys te m. it can be analyzed dynami­
ca lly. Using an oscilloscope provides a
means of looking a t the HV pulses for
one or a ll o f the cy linders. O bserved
conditions can be re lated to ineq uality of
spark, weak spark, shorted spark plug,
defecti ve plug wiring. or intermittent
p lug fi ring .

In the case of a standard ignition sys­
tem (points and capacitor). the point's
dwell time can also be observed to deter­
nunc if coil saturation is being
achie ved . Dwel l time is not a fac tor in
e lectro nic ignition systems . The oscil­
losco pe d isp lay can be focused for de­
tailed ana lysis on one or a ll of the
spark plugs to he lp sort out di ffe rence s
betwee n them.

To make up an engi ne analyzer using
an osci lloscope, it wil l be necessary to
make up a coup le o f i nter face hoards
10 be used as scope probes as sho wn in
Figs. 1 and 2. Sync for the horizontal of
the scope is obtained from the high volt­
age using the circui t sho wn in Fig. l. A
wire cuff or broadfaccd spring clip is
used to provide a capacitive co upling
10 the HV w ire. as a di rect connec tion
is not desirable. The circu it integrates
the HV pulse to create a sing le COI1-
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stant ampl itude (a ze ner di ode is used
as an amplitude limiter) trigger pulse
suitable fo r synching the scope.

The HV pulse train to be analyzed is
obtained from the primary side of the
ig nition coi l using the circ uit show n in
Fig. 2 and is applied to the vertical in­
put of the scope . A ll HV sensing is
done in the pri mary of the coil . not in
the actual HV circ uit. All o f the
system's pcrfonna nce is viewable in
the pri mary more so than in the sec­
ondary. or HV side , o f the coil. A small
amount o f inregrancn is performed by
the interface board, but only enough to
make the pulse visible o n the screen.

The ampl itude po t is used to bring
the vertical signal amplitude withi n the
contro l range of the scope 's input at­
tcnuator, The pot remains fixed afte r
the initial adjustment. In modem e n­
gines. there is a separate ig nition coi l
for each pair o f cylinders . The refore. it
will be necessary to mo ve the vertica l
scope probe from o ne coil to another
(0 view the next pair o f cy linders.

Construction of the probes indicated
in Figs. I and 2 is not cri tical. Some
shield ing is recommended to keep stray
signals from e ntering the scope, but even
unshielded boards have been used suc­
cessfully. The minimum construction
should entail placing each circuit within
a plastic box to prevent the circuit from
shorting to an e ngine component.

Test preparation includes connecting
the interface circuits to and starting the
e ngi ne. and running the engine at idle.
In operation. the scope sweep is ad­
j usted to approximately 20 mslcm
when di splaying all of thc plugs at once.
Attaching the HV pickup (sync) to plug
# 1 will allo w all of the plugs to be
viewed in the order in which they fire
(o nly when one coi l is used for a ll of
the cylinders).

Adj ust the sweep timing to disp lay
four, six , or eight pulse seq ue nces as

Fig. I. Sync input circuit .
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LA. To dete rmi ne if a battery is cu­
pablc o f starting the eng ine. yo u need
o nly In engage the starter. A ssume fi rst
that the so lenoid just clicks. w ith the
starter fa iling to tum. Th is indicates
one of th ree cond itio ns:

I. The batt ery c harge is lo w.
2. The buucry is def ective.
3. The starte r is defe ctive .
B. Two tests are required for an

e va luation of the baucry, because if the
battery is good and the solenoid sti ll
j us t clicks. then the starter is suspect.
The starter and so leno id arc both sus­
pect if the battery is fu lly charged and
the so leno id fails to d ick , The fi rst test
of the buttery involves measuring the tcr­
minal voltage under load (headlights Oil)

with the eng ine off. Record the vohngc
readings. Then. after charg ing the hat­
tery. the load/no-load tes ts are repeated
and the vohngc values compared.

Test cond ition... in volve the 10g iL' of
what happens d uring static and dy ­
namic condi tions where static cond i­
tions oc cur when the e ng ine is turned
off, D uring thi s period bot h loaded and
un loaded tc ... ts can he performed on the
battery to determi ne its present health
regarding bei ng charged or di sc harged .

What you may not know at this time
is whether the battery has bee n
charged recent ly or di scharged due to
an inad vertent CUITCnt leakage path .
But the fi rst test invo lve s performing a
load test which hegins hy placing the
vo ltmeter ac ros ... th e hattery terminals
and not ing the vo ltage indication .
which sho uld he approximately 13.5 V.
While o bse rv ing the meter. the head­
lights arc tu rned o n. Typically. if the
battery is healthy. the voltage indica­
tion wi ll re mai n above 12.6 V and the
lights wi ll he fairly hrigfu. T he sma ll
vo ltage drop betwee n the load a nd no­
load test ind icates the battery to he
healthy, If the battery has not been
charged recent ly. pe rhaps if the alter­
nator has fa iled . the n the voltage dif'­
Icrcntia1would he higher-making the
battery suspect. But before installing
another battery. the a lternator wi ll re­
q uire testi ng . Because the hatte r)' and
alternator together ma ke up the power
sys tem for the automobi le . they must
he tested as a system.

Test condit ions

.
usmg a

provide
ign ition

CO<
SATURATION

I~/-i V,,,,---
-

SHORTED PlUG

STANDARD IGNmON
"'"[- JWC -

analysis o f individua l pl ugs
sweep of about I msrcm to
clues as to the health of the
system.

To aid in the analysis. loo k fnr the
series o f HV pulses that occurs during
a plug fi rin g , then look for the short
dclav before the next fi r ing. The right-. --
hand e nd of the de lav indicates the he-
e innine of the fir ing cvcle and the
~ - ~ .
le ft-hand e nd of the next delay indi­
cates the completion of the tiring
cyc le.

The pulse waveform between the de­
lay periods provides the cl ues for com­
pariso n to the example s show n, A
shorted plug wi re can he simulated by
holding a scre wd river be tween the e n­
gi ne block and the top o f a spark plug
while observi ng the waveform . It is
110( recom mended. however. to simu­
late a n open HV wire hy removing a
plug wire-as e lectronic ignition sys­
tems arc subject to damage when all
open HV wire occurs,

Troub le..hooting a buttery and/or al­
ternator problem is fairly e asy with a
d igital voltmeter. and the short lime
that it takes could sat isfy yo ur neigh­
bors and make you a hero, The use o f it

d ig ital vo ltmeter is preferred. hut all
analog voltmeter will work w ith a little
less satis fac tio n in determining spe­
cific vchaee va lues. Bu t the ge nera l- -
fu nction of "what 's happening" can he
di spl ayed wi th an analog vo ltme ter.

Alternator and battery

DEfECTIVE COIL
ORCAPACITOR

NORMAl PAmRN

OPEN PlUGWIRE

Fig . J . Typ ical ignition 1I'(II 'e patterns exlJibitinx specific conditions , Dwell time panem
is specific to CI standard ignitioll svstem,
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determined by the num ber o r cy linders
present (only two cyli nders at a t ime
can be viewed when an ignition coil is
provided for e ach pair (If cy linders), To
VII:\\" a sing le pl ug. uuach the HV
pick up to the plug to be vie wed and
adjust the sweep to approximately I
Ills/em or until one pulse sequence is
unserved. Move the HV pickup from
o ne plug w ire to another to make pu lse
comparisons.

Typical wa veforms suitable for co rn-
parison arc shown in Fi~ . J. Because
the waveforms obtained vary some-
what from one engine to another. it is
ncccssarv 10 identifv a "norm" W:lVC-

• •
form for the eng ine being a na lyzed. A
mum can he determined hy looki ng
first at a ll plugs ti ring (typica l sweep
of 20 ms/c m ) a nd observing the simi-
lari ty as a norm. Then note any d iffer-
cnccs in the plug patterns observed for
a po tentia l problem. Obtain a closer



comparison to what a glove box light
might d raw.

e. The first step in c hasing a leakage
problem is to determine the mag nitude
of the leakage pat h. This can be done
by removing the battery cable from the
battery. This operation ca n wipe OUI

the the ft code on some electrical de­
vices. sud as the radio. within the vc­
hiclc. so you must be prepared to
re-en ter the proper codes following the
troubleshoot ing process. Otherwise. do
not remove the battery ca ble fro m the
bat tcrv,

D. Assuming that the above items
have been accounted for and found to
not be a problem. a DVM a nd a #1 157
(or #103-l) light bulb can be used as
diagnostic too ls for tracing current paths.

I . Remove the battery cable and
place the light bulb between the cable
a nd ba ttery terminal. If the bulb li la­
ment glows. then lake no te of the bril ­
linn..-c as a reference for later measure­
mc nts. Place a DV~I se t on the amps
scale and measure the c urrent value.
A nythi ng greater than about 50 mA i.s
considered suspect. The measured va lue
is esscminlly the curre nt va lue that
must be traced to the suspected branch
circuit causing the leakage path . It is
assumed here that the alternator and
regulator have been found to he OK and
checked as in step number II above .

2. Ci rcuits that do not normall y go
th rough the fuse block arc the head­
lights. computer. transm ission shift in­
dicutor. temperature sensors. starter.
alt ernator. etc. If no problem is found
in the fuse block test (be low), the n
each of these circui ts wi ll require an
examination. Each of the circuits listed
wi ll have a switc h or re lay that pro­
vides power to the circuit . It wi ll he
necessa ry to exa mine each.

3. Reconnect the battery cable to the
butte ry and move to the fuse block.
Each fuse is to be remo ved. one at a
time . and the current measured in that
path . Either the light hulb or ammeter
may he used as a c urre nt ind icator.

E. Expected results:
I. The c urrent in each c ircuit path

sho uld he zero if the c ircuit is ope n.
2. The circuit contai ning the high

C. Expected results:
I. If the bauery will re tai n a charge,

the terminal voltage will be abo ve 12.6
V for hot h load and no-load tests.

2. If the battery terminal vo ltage is
below 12.6 V afte r being chargedthen
the batte ry is sus pec t, as it may be
defective.

I t A. Determini ng the status of an
alterna tor is much eas ier and consider­
ablv faster than tcstine a battcrv. Ahcma-o _ 0

tor testing is always done with the
engine running. With one exception. the
engine should not he running when
checking for alternator d iode- leakage .

I. To perfo rm a diode- leakage test on
an alternator, the fo llo wi ng procedure
is used. With e ng ine off. the battery
cable is removed from the alternator
and a voltmeter is placed bet ween the
terminal and the cable. Because o f the
high re verse resista nce of the diodes, a
voltage indication of less than 12.8 V
should be ex pected. If the leakage is
more than migh t be ex pected. a # 1157
(or # 103-l) light hulb with pigta ils at­
tached to one filament may be placed
between the cable and termina l as an
add itional test method. The light bul b
should not e xhibit any filament glow.
If the bulb filame nt docs g low. then
suspect leak y diodes in the alternator.
Another symptom of a had ultcrnutor/
regulat or (part icularly if the fi lam ent
glow" during the light bulb test) will
he a dead butter y aft er a few hou rs of
non-use .

2. Dyna mic tests on the a lternator
wi ll also check the regulator. brushes.
and diode conduction. The termi na l
vohaec across the baucrv with the en-

- 0

gi nc running at or above idle should

VOLTAGE CONDITION

15.2 Overcharging

1' 3.2 - '4.7 Normal Range

'3.0 Not Charging

12.7
Possible

OpenlOefective Diode

11.5 Low Battery

Table 1. Expected banerv terminal volt­
age values based 111'011 ~pi('a l .~ys ft'm

conditions,

yield a voltage between 13.2 and 14.7 V.
The voltage va lue should remai n ap­
prox imately the same whether or not
the headlights are turned 0 /1.

B. Expected res ults:
I . If the terminal voltage remams

fa irly consta nt at a value between
J3.l-lot.7 V with or without a load.
then the a lternator a nd regulator are
functioning OK.

2. If the terminal voltage is at 12.XV
or be low with or without a load, sus­
pect the a lternator/regulato r as being
defective .

3. If the voltage appears to be regu­
lated but hangs at about 12.7 V. then
suspect an open diode in the alternat or.

C. Table I provides a guide for mal ­
ina diaanos tic deci sions reeardin e an

~ ~ ~ ~

automobile 's electrical syste m. Be­
cause of the cost factor of replac ing a
battery or a lternator. replacement dec i­
sions should be based upon as ma ny
symptoms and available test data re­
sults as possib le . It is best to perform
all of the tests and compa re the resu lts
o f each to ide ntify the bad component .

lIL A. One of the most d iffi cu lt
e lectrica l problems to d iagnose is a
cu rrent lea kage path that te nds to run
do wn the batte ry during a s hort pe­
riod of unu sc- 2+--4X hours . perhaps.
Because of the elusi veness of the pro b­
lem. only a few hints can be provided
as to how yo u would go about solv ing
it. Hams ha ve a solution for almost all
e lectronic problems. eve n those in ­
vo lv ing cars. The best suggestion is to
conside r the car's elec trical system as
an Ohm's law problem in which there
is one voltage source feeding a grea t
number of paralle l current paths . It
will then be necessary to determine the
curre nt now in each path when each is
intended to be open circuited.

B. Before starting a troubleshooting
process. make sure that a ll lig hts in ­
clud ing the g love box. trunk, e ngine
compartment. map light. ctc .. are
turne d off. It may he necessary to tem­
porarily remove them from their sockets
to make sure they are completely turned
off. It's also a good idea to remove the
ci zarctte liehter from its soc ket. It must- -
be recognized that the clock and com-
pu ter will d raw some current, but the
value should he relat ively small in Connnued 011 page 23
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procedures which are in general use all
over the world, those which have been
explained here. Communications will
be much more pleas urable if a ll ama­
teurs use the same basic time-tested
procedures.

It is unfortunate that thousands of
well-meaning amateur radio Eimers
are either ex-military people or are
mostly phone operators and do not
know the proper international proce­
dures for amateur CW operating . The
result is many poorly trained new ama­
teur radio operators on our bands to­
day. Poor operating takes much of the
fun out of both phone and CW operat­
ing. Hope fully this information will
get to some of those Eimers and to
those they arc helping so much. fa

on 12 months of ?S

Probing Auto Electronics
COIItinuedJrom page 13

leakage path should exhibit a current
value similar to the value determined
as a reference at the battery terminal.

F. Taking note of the circuit and the
current measured at each fuse position
(c ircuit branch) will provide a clue as
to which circuit contains the excessive
leakage path.

There is an alte rnate test method that
may be used when two people are
available, one to perform the test and
the other to watch the light bulb. If the
light bulb filament glows when con­
nected between the battery terminal
and cable , then leave the bulb con­
nected and open each fuse circuit and
potentia l circuit path. T he light bulb
will cease to glow when the leakage
path has been opened.

Following the logic of an Ohm's law
problem analysis will provide the
clues necessary to diagnose automo­
tive electrical systems. Help your
neighbor identify his automobile's
electrical problem and be a hero! fa

Only $24.97

Call 800-274-7373

transmitter's oscillator until its tone in
the receiver exactly matches that of the
tone of the CQing station. Many trans­
mitters have a "Calibrate" or "Test"
switch or button which only activates
the transmitter 's oscillator to allow
zero-beating the local transmitter to a
received frequency. It provides a weak
transmitter oscillator signal for thc re­
ceiver but produces no radiated signal
during the zero-beating process . When
using more advanced transceivers,
with thei r RIT control off. when the
frequency check switch is on, the tone
heard must match that of the beat­
signal tone of the received transmitter
signal to ensure zero-beat operation.

How close to zero-beat should sta­
tions be? If they are on exactly the
same frequency that is as good as it
can get. In the case of CW stations,
they probably should be within 100 Hz
of each other or they may be taking up
too much of the band. Vacuum-tube
transmitters with VFOs almost always
drift. They may have to be checked for
zero-beat operation every few minutes
while the other station is transmitting,
particularly if they have not been
wanned up for 30 to 60 minutes .

Stations operating several hundred
hertz apart are just asking for interfer­
ence trou bles. While one of the sta­
tions is transmitting the other station's
frequency is not being used. It may be
selected as a good spot for a QSO by
two other sta tions, or a good spot for a
CQ. If a QRL? on that frequency gets
no answer from the transmitting opera­
tor, there is no reason why that fre­
quency shou ld not be used for a CQ or
QSO. It will then be up to the transmit­
ting operator to advise the other opera­
tor with whom he is in QSO to
zero-beat with hislher frequency. If the
transmitting station was using QSK.
the QRL? call would probably have
been heard and an answering QRL
could have been sent to stop the CW or
QSO on that frequency.

It should be mentioned that there are
procedures used by the various armed
services which may vary from interna­
tional operating procedures. Those
procedures were developed to fit the
needs of their particular services. Ra­
dio amateurs have always used the
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