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nd test procedures.
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tion systems:
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Road vehicles — Ignition systems —

Part |2:

Electrical performance and function test methods

1 Scdgpe

This part] of ISO 6518 specifies the methods and test
conditiorls for testing battery-supplied ignition sys-
tems for|spark-ignited internal combustion engines.

Because| of the difficulties in producing repeatable
measurements with atmospheric spark gaps and dif-
ferent observers, two methods of obtaining the re-
sults nefessary for calculating the system output
energy afe given.

Method| A — using spark gaps for the (energy
measurement (test arrangement A).

The outgut energy obtained by this_method is called
spark engrgy, Egp,.

Method|B — using a Zener_diode string for the en-
ergy megsurement (test arrangement B).

The outgut energy obtained by this method is called
Zener digcharge energy, E,q.

This method is*not suitable for systems giving alter-
nating spark<current.

2.1 Ignition system with mechanical

distributor

The following components shall be intelconnected as

shownNin figure 1 or in any other circ
been proved to be equivalent.

2.1.1 Single-ended coil which can bg

it which has

the conven-

tional induction coil or an air or magnetic core trans-

former.

2.1.2 Coil ballast resistor or resisto
being tested requires a ballast resistor
or variable means to make the voltag
current in the ignition circuit vary.

2.1.3 Distributor which distributes th
pulses to the spark-plugs. It may also ¢
of triggering and/or timing adjustment,
have a proper angular interrelationship t
and to the engine.

rs, if the coil
or any fixed
e and/or the

E ignition im-
bntain means
all of which
b themselves

2.1.4 Auxiliary switching device img

licit with the

Method BTsatsorecormmendedforthecomparative
testing of ignition coils and current interruption sys-
tems.

2 lIgnition system description

For the tests described in the following subclauses,
the ignition system components used shall be as
specified for the application being examined, i.e. to
the original equipment specification.

System being tested such as a transistorized control

unit.

2.2 Static (distributorless) ignitio
with single-ended coils

n system

The following components shall be interconnected as
shown in figure2 or in any other circuit which has
been proved to be equivalent.
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Key
P,

load capacity
load resistor

current probe, amplifier and oscilloscope

= voltage-measuring oscilloscope

suppression impedances (the current and resistance of which
are fixed by agreement between the manufacturer and the user)

voltage probe

1

R, to Ry

R

r
s 2
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NOTE — An example of an eight-cylinder system is shown

| distributor

Ica

tems with mechan

ignition sys

Figure 1 — Test circuit for
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P, = current probe, amplifier and oscilloscope C, = load capacity
P, = voltage-measuring oscilloscope R, = load resistor
P, = d.c. ammeter R, to Ry = suppression impedances (the current and resistance of which
P, =d.c. voltmeter are fixed by agreement between the manufacturer and the user)
P, = tachometer (crankshaft rotational frequency signal) Rp = voltage probe

NOTE — An example of an eight-cylinder system is shown

Figure 2 — Test circuit for static ignition systems with single-ended coils
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2.2.1 Coils which, depending on the system tested,
may be

— single-ended coils as described in 2.1.1, or

— a multiple high-tension terminal assembly formed
by single-ended coils, or

— plug-top coils.

2.2.2 Auxiligry—switchingdevice implicit with the

© 1SO

3.3 Voltage probe (Rp) with an input capacitance
smaller than or equal to 5 pF and an input resistance
of 100 MQ or greater.

3.4 Current probe (P,) suitable for d.c. to 10 MHz.

3.5 d.c. ammeter (P;) with a maximum voltage
drop of 100 mV under test conditions.

3.6 Voltmeter (P,) with an input resistance of at

system being|tested such as a transistorized control
unit.

2.3 Static (distributorless) ignition system

with double
The following

shown in figy
been proved t

2.3.1 Coils
may be

— double-eng

— a multiple
by double-

-ended coil(s)
components shall be interconnected as

re3 or in any other circuit which has
0 be equivalent.

vhich, depending on the system tested,

ed coils, or

high-tension terminal assembly formed
bnded coils.

2.3.2 Auxiliary switching device implicit with.the

system being
unit.

3 Testeq

tested such as a transistorized ¢ontrol

lipment

3.1 Variable d.c. power supply having a 10 % to

90 % transien
over the load
no more than
no-load to full
100 mV peak-

t recovery time-of not more than 50 ps
range encountered in use. It shall have
50 mV_variation in average voltage from
ignitionsystem load and no more than

This power st

o-peak ripple over the same load range.

with or without a charging system. The power supply
shall be positioned immediately adjacent to the sys-
tem being tested.

3.2 Oscilloscope with a maximum rise time of
35 ns, with a minimum band pass of 10 MHz, shall
be used (P, and P,). The overall uncertainty of
measurement including voltage and current probes
(see 3.3 and 3.4) shall be less than 3 %.

least 10 kQ/V and with sufficient resolution.tolindicate
differences of 10 mV easily.

3.7 Distributor or trigger wheel drive stand and
attached tachometer (P;) conforming to theg follow-
ing:

a) a continuously variable’ rotational frequgncy ad-
justment, capable\-of being varied Ietween
10 min~ ' and, 40000 min~ ' for a distributor drive
stand and -between 20 min~' and ¢t least
6 000 mig) Mor a trigger wheel drive stapd;

b) the fotational frequency shall be within + 5 %
belew 400 min~' and +20min~'| above
400 min™";

¢) a tachometer accurate to within + 0,2 9% of indi-
cated rotational frequency.

3.8 Loads shall be connected to the ignitior] system
by high-voltage, non-resistive metal conductof ignition
cables. The length depends on the capacitive load
(see 3.8.2).

3.8.1 Multi-point spark gap stand, each ggp being
individually variable (see figure b).

3.8.2 The capacitance C, simulates the capacitance
of the cables and spark-plugs as normally [encoun-
tered on the engine. This capacitance shall ke a low
dissipation factor (not greater than 3 % at 1 KHz) sec-
ondary ignition cable of a length such that| in con-
j i i L i iam probe,

the total capacitance is

50 pF to 55 pF for ignition systems with distribu-
tor;

25 pF to 30 pF for static ignition system with
single-ended coils;

50 pF to 55 pF for static ignition systems with
double-ended coils.
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Key
P, = current probe, amplifier and oscilloscope C, = |oad capacity
P, = voltage-measuring oscilloscope R, = |oad resistor
P, =d.c. ammeter R,to Ry = suppression impedances (the current and resistance of which
P, = d.c. voltmeter are fixed by agreement between the manufacturer and the user)
P. = tachometer (crankshaft rotational frequency signal) Rp = voltage probe
NOTES

1 For double-ended coils, secondary outlets shall be tested at high voltage.
2 An example of an eight-cylinder system is shown.

Figure 3 — Test circuit for static ignition systems with double-ended coils
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To measure the total capacitance, the distributor spark
gaps, and the impedances R, to R, if lumped resis-
tors, shall be shunted and the ignition cable shall be

removed from

NOTES

the ignition coil.

1 It may be necessary to consider the effect of parasitic

capacitances.

2 Other values of capacitance may be agreed upon de-
pending on the application.

© ISO

4.4 Interruption current,

The interruption current”, I, determines the energy
into the system [see figure 4 c)].

4.5 Average current input, [,

ar

The average current input, /,,, determines the aver-

3.83 The szistor R, simulates lead or carbon

fouled spark-pl
age coefficig
inductive, app
shall be conng
some measure

coils and tw

ugs. This resistor shall have a low volt-
nt  (maximum 0,000 5 %/V), non-
foximately 10 W and 1 MQ + 5 %. It
cted in parallel to the capacitance for
ments.

Zener diode strings of 1kV and

384 A Zenei diode string of 1 kV for single-ended

0,5 kV for dou
a Zener voltag
ditions.

le-ended coils (see figure 3), each with
e tolerance of + 5 % under test con-

4 Parame
determine

4.1 Availab

Comparing thq
required, Ugy,
determine the
figure4a)]. It g
loaded with th

ers to be measured or

e voltage, U,,

available voltage, U,,, to the voltage
to fire spark-plugs in a given engine
adequacy of the ignition system [see
hall be measured when thessystem is
P capacitance C, described\in’ 3.8.2.

4.2 Minimum available voltage; U,

The minimum
measured whe
citance C, and
The minimum
presents the |
system being

available voltage”, U, shall be
n the system(is loaded with the capa-
the resistor R, connected in parallel.
amplitude” shall be recorded. This re-
velavhich can be guaranteed from the

tésted at an ambient temperature of

age current draw o1 the system with respect to the
d.c. source (alternator, generator, battery,@tel).

4.6 Energy

4.6.1 Inductive spark energy, E

Spi

The inductive(spark energy?, Eg,, is determined by
test method A" (see 5.3.1). It is calculated from the
integrationaf the product of the measured values of
spark wéltage, U, [adjusted to U,: see figure4f)] and
sparkieurrent Iy, over the spark duration ¢, [pee fig-

ured f)].

4
Espi = f Usp x Isp dtfsp
Iy

4.6.2 Zener discharge energy, £,

The Zener discharge energy, E,y is determined by
test method B. It is calculated from the integrption of
the measured values of the product of Zeper dis-
charge voltage U,y and Zener discharge curent 1,4
over the Zener discharge duration g, [see
figure4 g)].

lf
E,g=J Uy x Ly dtyg
1,

23 °C + 5 °C, a trigger wheel rotational frequency o
2 000 min~ ' and a supply voltage of 13,5 V.

4.3 Secondary output voltage, U,

The secondary output voltage, U,, may also be
measured for comparison with values obtained for
available voltage, U,,.

4.6.3 Spark duration or Zener discharge duration

This duration within limits is indicative of the igniting
capability of the ignition coil output under marginal
fuel conditions? [see figures 4d), f) and g)].

1) This measurement does not apply to capacitor discharge ignition systems.

2) This is an indication of the amount of electrically caused erosion which will occur on spark-plug electrodes. Experience is

required to use this information effectively.
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I, (A)
Ioi

t{us) - 15—

-15

t{us)

Uf {ms)

o) Available voltage U b) Secondarvvoligoerica Y PRoimony + £0rm
2 T Y ) u T

ry-egfreRT—wave

time, f5yr

U, Fesp

t{us)

|
Al

d) Spark duration, #,

f{us)

I

I

: Alus)
0,5 t¢ e te tr

f) Spdrk voltage Uy, spark current /g, and spark.ddcation tsp

e)Primary voltage, Upind”

/zd

U /de

N

t{us) t{us)
Fe Fe tezg ,j

g) Zener discharge voltage U,q Zener dischargelcurrent /,4 and

1) The wape form shown occurs in ingnition systems with contact breaker.

4.6.4 Maximum spark-carrent, /., or maximum
Zener discharge current; /.,

The maximum _spark current”, I, or maximum
Zener digchargescurrent is the instantaneous current
from the [secondary winding of the ignition coil flowing
through Lthe spark gap after breakdown? [see

Figure 4 — Examples of measurements performed on ignition systems

Zener discharge duration f,4

It shall be measured when the system i$ loaded with
the capacitance C; described in 3.8.2 anf the resistor
R, described in 3.8.3.

To facilitate comparison between systems, the sec-
ondary voltage rise time shall be determihed between
—15kV and —15kV, to be repeated between

figure4f)] or through the Zener diodes [see
figure 4 g)].

4.7 Secondary voltage rise time, 7,

The secondary voltage rise time, ¢y, is an indication
of the ability of an ignition system to fire shunted
(fouled) spark-plugs. The shorter the secondary volt-
age rise time, the less system energy is lost across
the fouled shunt and more voltage is available to fire
the spark-plug [see figure 4 b)].

+ 1,5kV and + 15 kV for double-ended coils or as
agreed between user and manufacturer.

4.8 Coil primary induced voltage, Uping

The coil primary induced voltage", Uping: 18 useful with
respect to contact breaker life in classic ignition sys-
tems and is an indication of the stress on a semicon-
ductor power switch (unless voltage clamping is used)
in inductive energy storage ignition systems [see fig-
ure4e)]. If it shall be measured, it may be necessary
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to use a measuring instrument with a differential in-
put.

The primary induced voltage wave form is always
preceded (usually within 20 ps) by a leakage induction
spike. Usually this is ignored in calculations but if the
area under the spike curve becomes significant then
it is essential that it be taken into account, when
considering the effect on solid state components.

4.9 |Ignition-limiting load resistance, R.. .,

© SO

Test arrangement A is intended for tests to confirm
the required system functions and system perform-
ance.

Test arrangement B is intended for tests to compare
the performance of ignition coils and current inter-
ruption systems.

The shunt beh
termined by
Ri5 . 1t is the
value of the a
designation fo

The paramete

Coaq (seE
3.8.2;

Usupply =13

Nerankshaft =
5 Procedu

5.1

The circuit arr
instrumentatig
parameters in

General

aviour of an ignition system is also de-
its ignition-limiting load resistance,
load resistance at which the absolute
ailable voltage, U, falls to 15 kV. The
[ it is Ry5 y (see R, in figures 1 to 3).

S are

C, in figures 1 to 3) as described in

BV,

D 000 min~ .

res

ngements shown in figures 1 to 3 with
n in place can be used to measufejthe
clause 4.

Table 1 — Test conditions

5.2 Test conditions

The test conditions shall be chesen from taple 1 as
appropriate.

During simulated starting-tests, the system phall be
operated under conditions simulating vehicle dlectrical
conditions for the primary side of the system/] For ex-
ample, if a resistor in series with the primary coil is
normally shunted’during engine cranking, this|resistor
shall be shunted for this portion of bench tests.

5.2.1 Supply voltage, U,

The supply voltages, Uy, given in table 1, arp based
on 12V nominal voltage. If 24 V systems are to be
tested, multiply these voltages by two.

Trigger wheel Supply Ambient t:z:mperature
rotational voltage
) -
frequency Ug Test at operational temperature Operating condition
Test at room
+(0,1 temperature Temperature class
min™"' v 12) n3 3
40 6 +23+5 -30+3 Cold starting
100 10 +23+5 +80 + 2 +100 + 2 + 120 + 2 Warm startidg
500
1000
2 000
3 000
4 000 13,6 +23+5 +80+2 +100 + 2 +120 + 2 Running
5 000
6 000
7 000
8 000
1) For the distributor rotational frequency, divide by two.
2) Class I is preferred for items mounted in vehicle cabin or similar environment.
3) Class Il or lll is preferred for items mounted on or near the engine.
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5.2.2 Ambient temperatures

Allow the ignition system to soak at least 1 h at the
temperatures listed in table 1 before beginning tests.

Before any readings are recorded at any of the test
points, the system shall be allowed to come to a
thermally stable operating condition to be agreed
upon between manufacturer and user.

When environmental equipment is used to control
ambient temperature care shall be taken that wire

ISO 6518-2:1995(E)

charged in a spark gap as shown in figures 5 and 6.
The spark gap for single-ended coils shall be set to
give a spark voltage Us, of 1kV + 5 %. For double-
ended coils (see figure3), two spark gaps shall be
used, one set to 1kV+5%, the other to
0,5 kV £ 5 % for each secondary winding.

The oscilloscope P, (see 3.2) and the voltage probe
Rp (see 3.3) shall be used to measure the spark volt-
age and the spark duration. The voltage probe shall
be connected to a spark gap that has been adjusted

and/or cable lengths and, consequently, impedances
do not distort test results.

5.3 Test methods

Test methods A and B differ in the test arrangement
for the gnergy measurement (spark voltage or Zener
discharge voltage, spark current or Zener discharge
current, |and spark duration or Zener discharge dura-
tion).

The resuiting energies calculated will differ.

5.3.1 Tpest method A — Inductive spark energy

Test method A is closest to a vehicle installation and
shall be psed with test arrangement A to confirm the
system functions. It shall be used to measure the
parameters in clause 4 under the conditions givenin
5.2 and the appropriate condition in table 1.

The caldulation in 4.6.1 with this procedure deter-
mines the inductive part of the spark: energy dis-

Commaon

retUrRNtip  /

10 a value Ug,. 10 measure the spark cur
probe shall be used as shown in figure
arrangement A.

ent, a current
5 1 to 3, test

5.3.2 Test method B — Zener discharge energy

Test method B shall-he~used with test
B to compare the_gesformance and funct
coils and current interruption systems.

For the energy measurement, a Zener d
1 kV as¢shewn in figures 1 and 2, test
B, or:0one Zener diode string of 1 kV a

arrangement
jon of ignition

jode string of
arrangement
d one Zener

diodeJstring of 0,5 kV as shown in figlire 3 shall be

used. The discharge current used for th
culation shall be measured by using a

e energy cal-
current probe

as shown in figures 1 to 3, test arrangefnent B.

The energy calculation is given in 4.6.2.

The oscilloscope P, and the voltage Ry
shown in figures 1 to 3 to measure the |
the Zener diode string and the discharge

Dimensio

High voltage tip

are used as
oltage across
duration.

hs in millimetres

Adjustable

650

lonization tip

Figure 5 — Setting of pointed spark gap
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This part should be made
from tungsten or nickel

Tsteel or brass N
=

n

A3

\

55° +2°
55° £2°
-

© SO

Dimensions in millimetres

4,5%0,2

@ 6h9 for ionization tip,
—¢@ 7,2h9 for high voltage
and common return tip

Figure 6 — Spark gap electrode requirements

10
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