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Introduction

Fewer emissions, lower fuel consumption, higher
ignition voltage, restricted space in the drive unit and
engine compartment: The design demands on modern
ignition coils are constantly increasing. Although the
task of spark-ignition engines remains the same: the
fuel / air mixture must be ignited at the right time with
the optimum ignition energy so that complete combusti-
on occurs. To reduce fuel consumption and emissions
and to increase the efficiency, engine technologies are
constantly developed further — and thus also the BERU
ignition systems.

In particular, the company runs its own R&D departments
at its Ludwigsburg, Germany headquarters and in Asia,
in which ignition technologies are driven forward in
cooperation with the international automotive industry.
Thus BERU ignition coils are being precisely adapted to
the requirements of modern spark-ignition engines such
as turbocharging, downsizing, direct injection, lean mix,
high exhaust gas recirculation rates etc. In the process,
the company is able to fall back on a whole century of
valuable experience as an ignition technology expert.

BERU ignition coils are produced in state-of-the-art
facilities at its own production plants in Ludwigsburg
and Muggendorf, Germany, as well as in Asia. BERU
supplies OEM's with ignition coils for nearly all signi-
ficant European volume applications. The company
currently offers a range of over 400 ignition coils to the
maintenance and repair markets — needless to say in
original equipment quality. Today the market penetration
of the range in VW vehicles is 99%, in BMW Group
vehicles 80%, in the VW Group as a whole 95% - and
today the range is being continuously extended in
accordance with market requirements.




The spark-ignition engine

ration of ignition coils in th

Optimum ignition of the compressed fuel / air mixture has been
one of the greatest challenges for designers since the early days
of engine construction. In the case of ignited sparked engines,
this conventionally occurs in sequence with the compression cycle
by an electrical spark from the spark plug. So that the voltage
can make the jump between the electrodes, a charge must first
be accumulated by the vehicles' low voltage electrical system,
then stored and finally discharged at the spark plug at the ignition
timing. This is the job of the ignition coil as an integral part of the
ignition system.

An ignition coil must be exactly attuned to the respective ignition
system. The required parameters include:

= The spark energy, which is available to the spark plug

= The spark current at the time of the spark discharge

= The combustion duration of the spark at the ignition plug
= The ignition voltage under all operating conditions

= The spark count at all speeds

Spark-ignition engines with turbocharger or direct fuel injection
require higher spark energies. The high voltage connection
between ignition coil and spark plug must be functional and safe.
This is where BERU comes in with high-quality ignition cables
with suitable contacts or high-voltage ignition coil connectors.

rk-ignition enqgin
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Ignition coils in the ignition systems of modern cars generate
voltages of up to 45,000 V. It is essential that misfiring — and as
a consequence incomplete combustion — is avoided. It is not
only that the vehicles' catalytic converter could be damaged.
Incomplete combustion also increases emissions and thus envi-
ronmental pollution.

Ignition coils are — regardless of the system (static high voltage
distribution, rotating high voltage distribution, double spark coil,
single spark coil) — electrically, mechanically and chemically
highly stressed components of the spark-ignition engines. They
must perform faultlessly under a wide variety of installation con-
ditions (on the body, engine block or directly on the spark plug in
the cylinder head) over a long service life.

Ignition coils: electrical, mechanical, thermal,
electrochemical requirements

Temperature range -40 °C to +180 °C

Secondary voltage to 45,000 V

Primary current 6 to 20 A

Spark energy 10 mJ up to approx. 100 mJ (at present)
or 200 mJ (future)

Vibration range to 55 g

Resistance to gasoline, oil, brake fluid

EEO 5

Plug shaft ignition coils are mounted
deep in the engine compartment
and must withstand extreme thermal
loads.

Ignition coils - desigh and mode of operation

Ignition coils work on the transformer principle. They basi-
cally consist of a primary winding, a secondary winding, the
iron core and a housing with isolation material, nowadays
two-component epoxy resin.

On the iron core of individual thin steel sheets two coil
elements are applied e.g.:

The primary winding is made of thick copper wire with
approx. 200 windings (diameter approx. 0.75 mm?),

The secondary winding is made of thin copper wire with
approx. 20,000 windings (diameter approx. 0.063 mm?
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As soon as the primary coil circuit closes, a magnetic field is gene-
rated in the coil. Induced voltage is generated in the coil by self
induction. At the time of ignition, the coil current is switched off by
the ignition output stage. The instantaneously collapsing magnetic
field generates a high induction voltage in the primary winding. This
is transformed on the secondary side of the coil and converted in
the ratio of "number of secondary windings to primary windings". A
high voltage flashover occurs at the spark plug, which in turn leads
to ionization of the sparking distance and thus to a flow of current.
This continues until the saved energy has been discharged. As it
jumps, the spark in turn ignites the fuel / air mixture.

The maximum voltage depends on:

= The ratio of the number of windings from the secondary winding to
primary winding

= The quality of the iron core

= The magnetic field

Schematic diagram: structure of an ignition coil

E
N1 N2 E = Laminated iron core (magnetic)
“| N1 = Windings primary side 100-250 windings
NI H Il @ U2 N2 = Windings secondary side 10,000-25,000 windings
. ”| U1 = Primary voltage (battery voltage) 12-14.7 V
S ‘ I o U2 = Secondary voltage 25,000-45,000 VV

1 2 11 = Primary current 6-20 A

primary coil secondary coil 12 = Secondary current 80-120 mA

Ignition technology terminology

CONTROL on off Energy storage: During current supply to the
coil, energy is being stored in the magnetic field.
M’<_ Ignition time Power on, coil is charged (primary circuit is
< Charge start closed, secondary circuit is open). At a specified

Cut-off current  Time ignition point the current is interrupted.

PRIMARY CURRENT !nduced volta.gel: Every change in current in an
inductance (coil) induces (creates) a voltage.
A Secondary high voltage builds up.

~— Igniti I
Current ramp-up time gnition voltage

SECONDARY VOLTAGE Operating voltage High voltage: As in a transformer, the

achievable voltage is proportional to the primary
KYActivation spark
\

/ secondary winding ratio. The spark flashover

ched (breakthrough).

Ignition spark: After the high voltage
flashover on the spark plug, the stored energy is
discharged in the spark channel (primary circuit is
open, secondary circuit is closed).

occurs when the ignition voltage has been rea-
SECONDARY CURRENT Max. Operating current

—» Combustion duration--e—




Spark energy

An important performance criterion for ignition coils is their
spark energy. This determines the spark current and the
spark combustion duration at the spark plug electrodes.
The spark energy of modern BERU ignition coils is 50 to
100 millijoules (mJ). 1 millijoule = 103 J = 1.000 micro-
joules. Ignition coils of the latest generation have spark
energies of up to 200 mJ. This means that there is a risk

of fatal injuries from touching these high voltage parts! HIGH VOLTAGE
Please note the safety regulations of the respective vehicle DANGER TO LIFE
manufacturer.

How many ignition sparks does an engine need?

Spark count F = rpm x number of cylinders
2

For example:

Spark count = 3,000 x 4 = 6,000 sparks / min
2

For a driven distance of 30,000 km with an average engine

speed of 3.000 rpm and an average speed of 60 km/h, that
works out at 45.000,000 sparks per ignition plug!

Ignition coil specifications / characteristics

4 Primary current 6-20 A

T, Charging time 1.5-4.0 ms

U, Secondary voltage 25-45 kV

Try Spark duration 1.3-2.0 ms

Wg,  Spark energy 10-60 mJ for "normal” engines, up to 140 mJ for "DI" engines
Iy Spark current 80-115 mA

R, Resistance primary winding 0,3-0,6 Ohm

R, Resistance secondary winding 5-20 kOhm

N4 Number of primary windings 100-250

N, Number of secondary windings 10.000-25.000
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Ignition coils — types and systems

The range of ignition coils from BERU embraces over 400 ignition
coil types for all current technologies: from the canister-type coils
for older cars through ignition coils with integrated electronics
for cars with mechanical ignition distributors and double-spark
ignition coils (for Fiat, Ford, Mercedes-Benz, Renault, VW and
others) to rod or pencil-coil ignition coils (plug-shaft ignition coils),
which are directly mounted on the spark plug. In the case of

the VW brand, the market penetration of BERU ignition coils
reaches 99 per cent. Moreover, the company produces complete
ignition coil rails in which several individual ignition coils are
combined in a common casing (rail).

Canister-type ignition coils

Nowadays canister-type ignition coils are only installed in
classic cars. These are for vehicles with rotating high voltage
distribution and contact breaker control.

External high voltage
connection

Insulating cover

Internal high voltage
connection via
spring-loaded contact

Housing

Coil layers with
insulation paper

Mounting bracket Triggering by contact breaker. In this case the

voltage is centrally generated by an ignition coil and
Magnetic shell is mechanically distributed by an ignition distributor
plate to the individual spark plugs. This kind of voltage

distribution is no longer used in modern motor
management systems.
Primary winding

Secondary winding

Casting compound
Insulator

Iron core




Closing time

In a contact-controlled ignition
system, the closing time is the
time in which the contact breaker
is closed.

In an electronically controlled
ignition system, the closing time
is the time in which the primary
current is switched on.

EEO 9

CONTACT-CONTROLLED AND ELECTRONIC IGNITION SYSTEMS

Contact-controlled ignition system Electronic ignition system Diode (switching
. spark suppression)
Coupling
| | 1<
Primary Secondary
Battery
- v e Interference-
l A suppression
Spark plug resistance
Power
Switch semiconducto
Spark plug

Electronic distributor ignition coils

In older ignition systems, the output stage was mounted as a
separate component in the engine compartment on the vehicle
body or - in the case of rotating high voltage distribution — in or
on the ignition distributor. The introduction of static high-volta-
ge distribution and the development of microelectronics made
it possible to integrate the output stage into the ignition coil.
This results in numerous advantages:

= Diagnostic possibilities Ls..‘
= |on current signal

= |nterference suppression
= Power cut-off

= Current limitation

= Thermal cut-off

= Short circuit recognition

= High voltage stabilization

BERU distributor ignition coil with
built-on output stage for vehicles
with mechanical ignition distributor.

Double spark ignition coils

Double spark ignition coils produce for every two spark plugs /
two cylinders each an optimum ignition voltage in different
cylinders. The voltage is distributed so that

= The air / fuel mixture of a cylinder is ignited at the end of a
compression stroke (ignition time) (primary sparks - powerful
ignition spark),

= The other cylinder's ignition spark jumps in the discharge
stroke (secondary sparks — low energy).

Double spark ignition coils generate two sparks per crankshaft
rotation (primary and secondary spark). No synchronization
with the camshaft is required. However, double spark ignition
coils are only suitable for engines with even numbers of
cylinders. Thus in vehicles with four cylinders and six cylinders,
two and three double spark ignition coils respectively are
installed.

Double spark ignition coil.
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Double spark ignition coil
for 2 x 2 spark plugs.

For example, for:
Volkswagen, Audi.

Static high-voltage distribution:
ignition cable set consisting of
two cables with spark plug
connectors. The ignition coil is
mounted on the other two spark

plugs.

Ignition coils are mounted on the
spark plugs for cylinders 2, 4 and 6.
For example, for:

Mercedes-Benz M104.

DOUBLE SPARK IGNITION COILS 2 X 2 FOR FOUR

CYLINDERS

Cylinder 1 A
Ignition coil tower A
Neg. spark

Cylinder 3 C+ -
Ignition coil tower C
Pos. spark

Cylinder 4 D+
Ignition coil tower D
Pos. spark

Cylinder 2 B-
Ignition coil tower B
Neg. spark

360° Kw

Double spark ignition coil

/

1< 1<

Compression

Point of time @ @ @ @

Ignition cycle 1-3-4-2

DOUBLE SPARK IGNITION COILS 2 X 2 FOR FOUR CYLINDERS

DOUBLE SPARK IGNITION COILS 3 X 2 FOR SIX CYLINDERS

}

7
/égﬂ—%@@




Ignition colil rails

In an ignition coil rail (ignition module), multiple ignition coils

— depending on number of cylinders — are arrayed in a common
housing (rail). However, these coils are functionally independent
and operate like single spark ignition coils. The design advantage
is that fewer connecting cables are required. One compact plug
connection is sufficient. Moreover, the modularity of the ignition
coil rail helps make the entire engine compartment more 'elegant’,
more clearly arranged and uncluttered.

Plug shaft / plug /

smart plug top coil ignition coils

Single spark ignition coils — also known as plug shaft/connector
ignition coils, rod or pencil coil or smart plug top coil ignition
coils — are directly mounted on the spark plug. Normally no
ignition cables are required for this (with the exception of double
spark ignition coils), whereby high-voltage connectors are
required. In this design, each spark plug has its own ignition
coil, which is located directly above the spark plug insulator.
This design enables particularly filigree dimensions.

Modular, compact, light smart plug top coil ignition coils of the
latest generation are especially suited with their space-saving
geometry for modern downsized engines. Even though they are
more compact than larger ignition coils, they generate greater
combustion energy and higher ignition voltage. Innovative plastics
and the extremely safe connection technology of the components
inside the ignition coil body also ensure an even greater reliabi-
lity and durability.

Single spark ignition coils can be used in engines with both
even and uneven numbers of cylinders. However, the system
must be synchronized via a camshaft sensor. Single spark
ignition coils generate one ignition spark per power stroke.
Ignition voltage losses are the lowest of all ignition systems due
to the compact design of the single spark coil / spark plug unit
and the absence of ignition cables. Single spark coils enable
the largest possible range of ignition angle adjustment. The
single ignition coil system supports monitoring of misfiring in
the ignition system on both the primary and secondary side.
Any problems that occur can thus be saved in the control unit,
rapidly read out in the workshop via OBD and specifically
rectified.

BEEOn

Ignition coil rails or ignition rails are
commonly used in 3- or 4-cylinder
engines.

Space-saving and highly efficient BERU
ignition system: double platinum spark
plug with Plug-Top ignition coil. The
internal pressure spring ‘bowl!’ connector
on the new double platinum spark plug
prevents insulator flashovers.
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For activation of spark suppression

in the secondary circuit, single spark

ignition coils require a high-voltage
diode.

Single spark ignition coils
generate one ignition spark per
power stroke; therefore they
must be synchronized with the
camshaft.

When the primary circuit is
activated, a magnetic field builds
up around the primary coil. This
increase in magnetic field
strength is sufficient to induce
the undesired activation voltage
of around 1.5 kW in the secondary
winding. This can enable a weak
activation spark to jump the
ignition electrodes, which under
some circumstances can result
in the fuel / air mixture igniting at
a completely incorrect time.

The activation spark is
suppressed in all 3 systems
(rotating high-voltage
distribution, double ignition
coil, single ignition coil):

No special measures are required
in rotating high-voltage distribution
systems: The sparking distance
between the distributor rotor and
the dome electrode of the
distributor cap automatically
suppresses activation sparks.

WIRING DIAGRAM FOR SINGLE SPARK IGNITION COIL

Y

\

1

DESIGN OF SINGLE SPARK IGNITION COIL

Core with air gaps

High-voltage diode for activation
of spark suppression

Silicone high-voltage
spark plug connector

Interference-suppression

_Secondary winding

Primary winding

Primary connector

2

1 Ignition lock
Ignition coils
3 Spark plugs
4 Control unit
5 Battery

, resistance Ground/pin
Contact spring
Single spark ignition coils, for example for Audi, Porsche, VW.
Activation spark Rotating high-voltage distribution
on off
L ] .
I 1 Primary
current
15 I
Distributor cap electrode
2101
g High
8 vogljtage
g
L 5
2
T
0 vI\M
t
) 'mmn —
voltage
-4 -
Ignition spark \
1 1 Rotor
T T
Pre-spark prévents activation spark
Activation spark
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Static high-voltage distribution with Static high-voltage distribution with
double spark ignition coil single spark ignition coil
In the case of static high-voltage R . . N .
Doubl k ignit | Singl Kk ignit |
distribution with double spark ignition ouble spark ignition col ingle spark ignition col o
coils, the spark plugs are connected in Spark plug 1 2 Secondary circuit

series,that is the activation spark must

jump the electrodes of both spark 5

plugs. Only half of the activation voltage

(1.5 kV: 2 = 0.75 kV) of the secondary r

winding is applied across each spark |
I
I

—_

Spark plug

7

Cylinder 1

plug — a voltage which is too low to

- Activation
generate an activation spark.

voltage
U=1.5 kV 2

N|c

In the case of static high-voltage
distribution with single spark ignition
coils, no activation spark is produced as
the high voltage diode in the secondary
circuit blocks the discharge of the
activation voltage. Note: the polarities of
terminals 1 and 15 may not be reversed

as otherwise the high-voltage diode will | 116 yoitage of 750 V is to low to allow an activation
be destroyed. spark to arise.

I
—_————e— .
Q

——Blocking
diode

Dual coil ignition coils

With its new dual coil technology, BERU has added an intelli-
gent double coil ignition system to its range, which improves
combustion performance and reduces emissions. The innovative
system consists of two coils in the same housing and is directly
connected to a respective spark plug per cylinder. The dual
coil ignition system reduces ignition delays and enables more
precise ignition timing at different engine speeds / different
load ranges. Furthermore, it is in a position to control individual
sparks as required. In combination with an especially erosion-
resistant spark plug — it enables more precise adjustment of
ignition to the constantly changing operating conditions inside
the combustion chamber and is perfectly designed for the latest
generation of BERU spark plugs, already fulfilling tomorrow's
requirements in relation to leaner burning and increased exhaust
gas recirculation (EGR).

In comparison with conventional coils, the new ignition techno-
logy from BERU offers a significantly shorter ignition lag and
better combustion stability over the entire combustion cycle;
especially, however, in the partial load range and when idling.
The integrated electronics enables seamlessly sequential
charging and discharging of the coils as well as variable
adjustment of the ignition energy. The advantage is minimum
energy consumption over the entire running cycle.

Similar to a plug-top ignition coil, the new dual coil system is
directly connected to every spark plug of each cylinder, impro-
ving ignition management. Other advantages include the pos-
sibility of extending a single spark when needed and work in
multi-spark mode. Furthermore, the new dual coil ignition
system offers great flexibility with fluctuating ignition values
and tolerates large volumes of internally re-circulated exhaust
gas. It is able to optimally address market requirements, BERU
is planning to offer the new technology in two versions: one
version for 12 V operation and another for 40 - 50 V operation.
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Ignition coil - production

The new BERU high-tech production system for

plug-top ignition coils

Every year several million ignition coils, developed in partnership with the
automotive industry, roll off computer-controlled, sophisticated production
lines in BERU production facilities.

-
-
-
-
L |

- el / '
3 4 e 3
The individual components are channeled into the line
at the respective stations.

This is where the primary and secondary coils are fully
automatically assembled.

The secondary wire is embedded in the casting resin by ~ One of the most important steps in the production
vacuum casting. sequence: final inspection of the ignition coil.



Tested quality

BERU ignition coils meet the highest quality standards and
ensure operational safety even under the most extreme ope-
rating conditions. In addition, even during the development
phase and of course during production, the coils undergo
numerous QA tests, which are indispensable for ensuring
long-term function and performance.

Already in the development phase, BERU engineers precisely
modify coils for the specific vehicle application in close
cooperation with the vehicle manufacturers. They pay special
attention to electromagnetic compatibility, which is the subject
of exhaustive test series in the company R&D center in
Ludwigsburg, Germany, in order to exclude a priori faults or
restrictions of communication and safety systems in the vehicle.

When the development phase is completed, the BERU
ignition coils are then produced according to the highest
standards — and once more undergo numerous QA test.

All the company's production facilities are DIN ISO 9001
certified. In addition, all BERU production facilities in
Germany are certified according to QS 9000, VDA 6.1 and
ISO TS 16949 and according to the ISO 14001 environment
certificate. BERU applies the most stringent quality stan-
dards in its selection of suppliers.

Genuine articles and fakes

Copies of ignition coils are often cheap - but they are also
cheaply made. For reasons of costs and due to a lack of
know-how, manufacturers of such cheap products cannot
match the quality standards, which BERU offers.

Most copies are made of low-quality materials and are
cobbled together from a large number of individual
components. They do not have the electrical properties and
thermal load capacity of original ignition coils. Specifically in
the case of coils with integrated electronics, copies only
work properly in a few engine versions. Furthermore, they
are often produced without reliable quality checks. For this
reason, if such counterfeit goods are installed, costly
sequential damage is to be expected.

What is so dangerous about this is that even specialists
cannot easily detect such defects with the naked eye. For
this reason BERU has closely examined original and bogus
parts below.

15
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In focus: solder connection, contacts,

Original: Printed circuit board with
bus bar connections enables auto-
mated production processes and
optimum process control and, thus,
consistent quality.

Cheap copy: There are various
foreign bodies in the coil (see arrow
tips), which is evidence of question-
able production quality. Depending
the location, material and thickness,
these may subsequently result in
short circuits and coil failure. Also
noticeable: a slipped or incorrectly
inserted component.

power transmission

Optimum soldered connections

Original: Exactly placed and welded
bus bars and components fixed
straight into the housing in the
original BERU part - a sign of quality
and durability.

Copy: Wires running in every which
way, distorted contact fields in the
high-voltage connection, crooked
coil bodies and boards: premature
failure of the ignition coil is only a
matter of time.

Original: BERU ignition coil with even
casting compound. The filling material
has been poured into the ignition coil
housing under vacuum, thus preven-
ting the formation of air bubbles.

In focus: casting compound and impregnation quality

Copy: The high-voltage cable and
iron core must have a secure
distance from the high voltage. In
this case the high-voltage cable is
too close to the iron core. Possible
consequences are high voltage
flashover and thus total failure of
the ignition coil.

Copy: Ignition coil housing and
high-voltage cable have been filled
with gravel to save on expensive
casting compound. Air bubbles have
formed in the gaps, the impregna-
tion quality suffers, especially in
the high-voltage section: If air coll-
ects in the secondary winding, it
will become ionized - this means
the air becomes conductive and in
effect corrodes the coil housing
until a ground potential is reached.
This will result in a short circuit or
flash-over and failure of the ignition
coil.

Copy: Separation between primary
and secondary coil bodies due to
unoptimized material pairings. This
can result in leakage currents and
disruptive discharge at the primary
coil and thus lead to failure of the
ignition coil.
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Workshop tips

BERU ignition coils are designed to last for a car's entire
life cycle. Notwithstanding this, there is always a need
for replacements in practice. Usually this is not due to
the ignition coils themselves but to problems in adjacent
components or to improper installation / removal.

Reasons for replacement

Old or subsequently installed substandard ignition coils or
spark plug connectors often turn out to be responsible for
supposed ignition coil defects:

DEFECT IGNITION CABLES / IGNITION COIL CONNECTORS

1. The plug of the retrofitted, low
quality ignition cable has broken
due to clearly visible material
faults (massive cavities / air
inclusions).

2. Ignition coil that is no longer
functional due to adjacent
substandard components.

It was sent in to BERU for
examination.

3. Corroded ignition coil connection
that was ripped out of the coil
housing when the ignition cable
plug was removed. The cause
was a badly fitting, low quality
plug that led to corrosion and
hence to fusion with the ignition
coil.

CONTAMINATED SURROUNDINGS

Ignition coils, which due to their installation position
frequently come into contact with spray water or road salt
are especially at risk. This exposure is exacerbated by the
use of engine cleaning with high pressure sprays. As a
result seals can be destroyed and contacts corroded.

Ignition coils that are directly
mounted on the bulkhead
are especially exposed. The
possible consequence is
oxidation of the contacts.
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Coils in the immediate vicinity of the catalytic converter or

exhaust manifold / cylinder head are exposed to high thermal

; loads. The same problem arises with plug-shaft ignition coils:

}. The installation space is extremely limited and offers hardly any
engine cooling. These extreme loads can in the long-term mean

that even the best quality ignition coil can fail under certain

circumstances.

%

Plug-shaft ignition coils are mounted
deep in the engine compartment
and must withstand extreme ther-
mal loads.

Proper removal / installation

In order to ensure that the transmission of high voltage is safe
and reliable, the plug-shaft ignition coils are very firmly attached
to the spark plugs. Due to the resulting high temperatures, there
is a risk of the spark plug fusing with the ignition coils' silicone
plug. It is therefore essential that BERU plug grease (order no.

0 890 300 029 with 10g or 0 890 300 045 with 509) is used
when a spark plug is changed. This ensures that plugs are also
easily removed.

Important: ial tool for ignition
coil replacement

Because the plug-shaft ignition coils, are mounted on the spark
plugs due to the slim built, it is very difficult to remove them
because of the firm attachment of the SAE contact and the
shield of the hexagon of the spark plug. Practical experience
shows that when incorrectly removed, the ignition coil frequently
breaks in two.

BERU offers workshop professional three special ignition coil
pullers for Volkswagen Group applications that are especially
adapted to the geometry of ignition coil heads. Depending on the
respective design, the ignition coil housing may be flat, square
or oval.

The ignition coil pullers not only make it possible to extract cur-
rent ignition coils but also previous models with similar head

Only the spark plug was to be
exchanged. Because of the forms.
wrong removal tool, now the

coil has to be replaced as well.

Prevent ignition coil damage:
BERU special tools from left to
right: ZSA 044 (order no.

0890 300 044), ZSA 043 (order
no. 0 890 300 043), ZSA 042
(order no. 0 890 300 042).
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Formation of longitudinal
cracks on coil body due

to incorrect and excessive
tightening torque of 15 Nm
instead of the correct 6 Nm.

Crack formation on the ignition
coil insulation due to strain during
installation.

rk pl nnector gr

THE PROBLEM

After replacing the spark plugs, misfiring occurs intermittently
— across the entire speed range. The cause is voltage flash-
overs at the spark plug neck, caused by a leaking, damaged

or embrittled spark plug connector.

THE SOLUTION

Before the spark plug is installed, apply a thin layer of BERU
connector grease (order no. 0 890 300 029 with 10g or

0 890 300 045 with 50g) to the (smooth or fluted) spark plug
neck.

Important: always check the spark plug connector and, if
required, replace. Especially in the case of single and double The hairline cracks are clearly
spark ignition coils with mounted connectors, it is recom- Viliib'é';ynzzizfing the spark
mended to replace the connector along with the spark plugs pue '

— as the latter often become embrittled in the sealing area of
the spark plug and thus become leaky.

Scorch marks on the spark plug
neck — a sign of misfiring.

Grease for spark plug adaptors
- protects against brittleness
and thus against high voltage
flashovers.
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Testing and checking

Test of the primary resistance:
rated resistance of the primary
circuit at 20 °C = 0.5 7Q +0.05.

Test of the secondary resistance:
rated resistance for the secondary
circuit at 20 °C = 7.33 KQ +0.5.

Ignition coil ZS 283 installed, for
example, in the Fiat Punto, Panda
or Tipo.

Irregular engine running, lack of power: The reason for the fault
could lie with the ignition coil. A glance in the engine compart-

ment of the Fiat Punto shows: the ZS 283 double spark ignition
coil is installed there.

The use of a stroboscopic lamp is recommended for primary
diagnosis of the cause of the fault. It is connected to each
cylinder in turn with the engine running. If there is an irregular
flashing frequency at one or more cylinders, there is a fault in
the ignition system or the ignition coil.

The following remedies may be considered:

= Examine spark plugs and replace, if necessary,

= Test ignition cable resistance with multimeter. If necessary
replace cables,

= Test the rated resistance of primary and secondary circuits of
the ignition coil as per manufacturer specifications. In event
of anomalies, replace ignition coil.

Primary resistance test Secondary resistance test




Step-by-step fault isolation

Test conditions: battery voltage at
least 11.5 V.

Sensor for engine speed: OK.

Hall sensor: OK.

HEO21

Testing the double spark
ignition coil taking the ZSE 003
for VW / Audi as an example:
The fuse must be OK (in this
case: no. 29).

Switch off the ignition.
Remove four pole plug from
the ignition coil. Switch on
the ignition. A voltage of at
least 11.5 V must be present
between contacts 1 and 4 of
the removed plug. Switch off
the ignition.

Measure secondary
resistances of the ignition

coils with ohmmeter at the
high-voltage output. Outputs
cylinders 1+4 / outputs
cylinders 2+3. At 20 degrees
Celsius, the nominal resistance
must be 4.0-6.0 kQ. If the
values are not reached, the
ignition coil must be replaced.
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Self test

1. Which coil wire is thicker?

A. Coil wire on primary winding
B. Coil wire on secondary winding

2. How high is the ignition voltage in a modern
single spark ignition coil?

A. 20,000 V
B. 25,000 V
C. 45,000 V

3. On which physical law is the ignition
coil based?

A. current law
B. induction law
C. voltage law

4. What does the term "closing time" mean?

A. time in which the primary current flows
A. time in which the high voltage flows

5. Which ignition coil energy form is measured
in milljoule (mJ)?

A. spark energy
B. ignition voltage

6. For which ignition coil system is synchronization
by means of a sensor on the camshaft required?

A. double spark ignition coils
B. canister-type ignition coils
C. single spark ignition coils

/. What number of cylinders is suited for double
spark ignition coils?

A. even number of cylinders
B. odd number of cylinders



8. Why is a high-voltage diode in the secondary
circuit required for single spark ignition coils?

A. For activation of spark suppression
B. To increase voltage
C. To protect the coil from overloads

9. How high is the spark energy in the latest BERU
ignition coils?

A 5md
B. 10 mJ
C. ca. 100 mJ

10. Why must the coil connector be pre-greased
with BERU grease for spark plug adaptors?

A. That the connector moves smoothly onto the plug
B. As a moisture barrier
C. As a precaution for voltage flash-over
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