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IGNITION COIL

Brooks H. Short and ‘Charles E. Buck, Anderson, Ind.,
assignors to General ‘Motors Corporation, Detroit,
Mich., a corporation of Délaware

Application February 16, ‘1‘951, Serial Ne. 211,262
1 Claim. (CL 336—92)

This invention relates to an induction coil and more
particularly to an ignition coil used with the ignition ap-
paratus of an internal combustion engine which drives
an automotive vehicle.

An object of the invention is to provide an ignition
coil which can be relied on to prvoide ignition at refatively
low engine speed for an engine which requires relatively
high voltage to fire the spark plugs. We have found that
this object can be' accomplished by windings in com-
bination with a magnetizable core made of a ribbon of
oriented silicon steel. By virtue of the use of such core,
we are able to provide a secondary winding, the turns of
which are more effective than heretofore to avail them-
selves of a larger share of coil energy than heretofore in
producing a relatively higher secondary voltage while the
primary voltage does not rise to such value as to cause
arcing at the timer contacts although their speed of
separation is relatively slow at low engine speed.

A further object of the invention is to provide a suit-
able housing for the coil having means for supperting the
core which, in turn, supports the windings of the coil.

Further objects and advantages of the present inven-
tion will be apparent from the following description, refer-
ence being had to the accompanying drawings, wherein a
preferred embodiment of the present invention is clearly
shown.

In the drawings:

Fig. 1 is a plan view of a coil embodying the present
invention.

Figs. 2 and 3 are sectional views taken, respectively,
on the lines 2—2 and 3—3 of Fig. 1.

Fig. 4 is a chart showing the dependability of the pres-
ent coil as compared with a conventional coil.

Figs. 5 and 7 are charts showing, respectively, half-
cycle waves of primary and secondary voltages of a
conventional coil.

Figs. 6 and 8 are charts showing, respectively, hali-
cycle waves of primary and secondary voltages of the
present coil.

The coil housing comprises a case 10 and a cover or
cap 11. Cap 11 supports low tension or primary winding
terminals 12 and 13, each having a threaded portion 14
extending upwardly from a knurled disc 15, inwardly
from which there extends a shank 16 surrounded by a
resilient washer 17 of rubber-like compound, a normally
dished resilient metal washer 18 and a plain washer 19.
The terminals 12 and 13 are inserted in a mold in which
thermosetting plastic material is molded and forms the
cap 11. The washers 17, 18 and 19 are fixed in positicn
as shown by staking ‘or deforming the material of the
shank 16 to form -a shoulder 28, thereby clamping the
washers between the shoulder 29 and the cap 11 to cause
the washer 17 to ‘be squeezed against the shank 16 in
order to prevent leakage of oil contained in the case 1§.
Each terminal 12 and 13 has a hook 21 for receiving
wires 22, said wires extending, respectively, from end
turns-of a primary coil 23 wound on a tube 24. Coil 23
is surrounded by a secondary coil 25 wound on a tube
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26 and having an.outer covering 27. A wire 28, con-
nected with the inner end turn of the secondary coil 25,
is twisted around -ome of the wires 22 and is soldered
thereto. A wire 29, connected with the outside end turn
of the coil 25, is connected with a strap 30 attached to
metal insert 31 about which the material of the cap 11 is
molded. ‘

The core 32 is formed of a winding of a ribbon of
oriented -silicon steel. This' winding is heat-treated to
relieve strain and is-impreghated in varnish and baked
to secure adherence of the windings. Then the core is
slit to provide two- U-shaped parts 33 and 34. The end
surfaces of parts 33 and 34 are ground to provide, ex-
terior to the coil windings, surfaces which abut on the
line 35 and surfaces which are spaced apart a definite
distance to provide a gap of definite width which receives
a thin plate 36 of non-magnetizable material. The parts
33, 34 and 36 are maintained in assembly by a metal
strap 37 having overlapping end portions 38 which are
united in any suitable manner as by spot-welding. Ob-
viously, the assembling of the parts of the core is done
while they are assembled with the core winding. The
core parts 33 and 34 are square in cross section contour.
The tube 24, which receives the core, has an interiocr
diameter such that the corner edges of the core parts 33
and 34 fit snugly within the tube 24. The core part 34
and the strap 37 are received in a pocket 3% provided by
case 10 and defined by walls 4§ spaced to receive the
core part 34 snugly between them. The overiapping ends
38 of the strap 37 rest upon a resilient metal spring 43.

Before the cap 11 is assembled with the case 1§, the
two wires 22 and the wire 29 are connected, respective-
ly, with the terminals 12 and i3 and the strap 33. Al-
though . the -drawing shows the wires 22 and 2% to be
straight, it will be understood that these wires are actu-
ally bent after assembling since they have leagth suf-
ficient to permit making the connection shown before the
cap 11 is assembled with the cass 1§. After these con-
nections are made, the wires 22 and 29 are soldered to
the terminals 12 and 13 and the strap 38, respectively. A
metal band 45, having a flange 46, is placed around the
case 10 and is moved therealong so that the flange 46
engages flange 47 of the case. A gasket 48 of rubber-
like material is placed upon the case iI0 and the cap i1
is placed upon the gasket 48 and a spring washer 49 is
placed upon the cap i1, Then while the fiange 44 is sup-~
ported; the upper edge of the band 45 i3 spun over 1o
form a flange 56 so that the parts included between the
flanges 46 and 59 are maintained tnder compression, thus
sealing the joint between the case 1& and the cap 11 and
between the cap 11 and the flange 58,

The cap 11 is provided with a downwardly extending
annular flange or skirt. 31 having a cross slot 52 for snug-
1y receiving the core part 33 and strap 37. The skirt 51
has an opening at 53 to receive the strap 3. When the
cap 11 is assembled with the case 18, the skirt 51 presses
down on the strap 37 and forces the core parts down-
wardly to depress the leaf spring 4%, thereby maintaining
the core in fixed position in the case. The abutting
branches of the core parts 33 and 34 engage a portion of
the side wall of the case diametrically opposite to the por-
tion engaged by the winding. Since the tube 24 receives
the spaced branches of the members 33 and 34 with a
snug fit, the coils and the core are fixed laterzlly within
the case. - Therefore, when the coil is in service on an
automotive vehicle and is subject to vibration, there is
substantially no displacement of the coil and core either
axially or radially of the case. The coil is supporied on
the vehicle by-a clamp bracket 7¢ tightened about the
coil by a screw 71 engaging a nut 72. Bracket 78 provides
slots ‘73 for receiving mounting screws.

After assembling the core and windings therein, the
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case is filled with an insulating oil which is poured into
the central socket 55 of the cap 11 and this oil runs into
the case through a hole 56. After filling the case with
oil, a resilient washer 57 of rubber-like material, a metal
washer 58, a terminal receiving socket 59 and a screw 66
are assembled with the cap as shown. The tightening of
the screw causes compression of the washer 57 so that it
seals the joint between the screw and the cap 11. When
the screw 89 is tightened, it engages the strap 30 to pro-
vide an electrical connection between the outside lead of
the secondary coil 25 and the member 59 which is adapted
to receive a metal plug attached to a wire which makes
connection between the secondary winding 25 and an igni-
tion distributor which distributes sparking impulses to
§park plugs of the engine. One of the terminals 12 or 13
is connected by a switch with a current source and the
other is connected with the ignition timer.

We have found that, by virtue of the ability of the
oriented silicon steel core to carry more magnetic flux
than the core of a conventional coil, such as shown in
Hartzell Patent #2,512,796 granted June 27, 19590, a coil
having improved performance can be conmstructed. In
the first place, the core can have smaller cross sectional
area than heretofore. By shaping the core as shown, the
required energy can be stored in the coil with fewer pri-
mary turns according to the formula

AxN2A

T 10w

in which N=number of primary turns, u=equivalent
permeability of entire core, 4=area of air gap and
w=width of air gap. Because the primary has fewer
turns, the secondary will have fewer turns for a given
transformation ratio. This saving in space permits a
closer coupling of the secondary winding, thus giving a
higher coupling coefficient. This allows a higher per-
centage of the energy to be transferred to the secondary
winding. Also, as a result in this reduction of secondary
turns, a reduction of the secondary distributed capacity
is obtained. By virtue of higher coupling coefficient and
reduction of the distributed capacity of the secondary,
the secondary turns are more effective, upon discharge of
coil energy, when the timer contacts separate, to avail
themselves of a larger share of coil energy than heretofore
in producing a relative higher secondary voltage while the
primary voltage does not rise to such value as to cause
arcing at the timer contacts although their speed of sepa-
ration is relatively slow at low engine speed.

In order to compare the present coil with a conven-
tional coil of the type shown in Hartzell, #2,512,796,
both coils were constructed for operation from current
sources at the same voltage, for example, 12 volts. Both
were connected with ignition timers continuously operated
at a speed corresponding to low engine speed. During a
12-minute period observations of secondary voltages were
made every five seconds, thus making 144 observations.
The blocks on line A of Fig. 4 show performance of the
conventional coil. Its secondary voltage ranged from
22.8 kv. to 30.35 kv. and it put out about 24.5 kv. sec-
ondary voltage 40 times in 144 observations. The blocks
on line B show the performance of the present coil. Its
secondary voltage ranged from 27.7 kv. to 31.1 kv. and
it put out about 29.5 kv. 90 times in 144 observations.
This test showed the performance of the present coil to
be more consistent than that of the conventional coil and
that it can be relied on to put out at least 27.5 kv. whereas
the conventional coil can be relied on to put out only 22.5
kv.

The reason for the improved performance of the pres-
ent coil will be explained with reference to Figs. 5-8
which are drawn from oscillographs of waves starting with
timer contact separation. Fig. 5 is the first half-cycle of
the primary voltage wave of the conventional coil. The
high frequency components of this wave have relatively
large amplitude. Primary voltage rose to 200 v. in
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-000025 second while the timer contacts separated
.0000125 inch approximately. This value of primary
voltage was sufficient to cause arcing at the timer contacts
so that a portion of the coil energy was dissipated. The
secondary voltage available for ignition was about 22.5
kv. as shown in Fig. 7.

Fig. 6 shows the first half-cycle of the primary voltage
wave of the present coil following the beginning of
timer contact separation. The high frequency components
of this wave have much less amplitude than that of the
primary voltage wave of the conventional coil as shown
in Fig. 5; and they disappear faster. The primary voltage
of the present coil does not reach such value in the early
stages of contact separation as to cause arcing at the
contacts. Hence coil energy is not dissipated in advance
of firing a spark plug. The available secondary voltage
of the present coil is about 27.5 kv. as shown in Fig. 8.
When the spark plug fires, the kick-back on the primary
circuit of the present coil is much less than in the case
of the conventional coil. Therefore, arcing at the timer
contacts is substantially reduced. The amount of kick-
back is proportional to the relation of primary voltage
to secondary voltage at the instant of firing. Assume
that both coils fire a plug at 13 kv. The primary voltage
p of the conventional coil is 270 v. The primary voltage
p’ of the present coil is about 90 v., and the secondary
voltage s” of 13 kv. is produced in .00005 second which is
about one-half the time required for the conventional coil
to produce secondary voltage s of 13 kv. The ratio
p'/s" of the present coil is less than ratio p/s for the
conventional coil.

Since contact arcing with the present coil is less than
the conventional coil, it is possible to use greater primary
current. A coil embodying the present invention can be
constructed with primary turns of heavier gauge wire.
Since coil energy increases as the square of the primary
current as well as the square of the number of primary
turns, the same energy can be produced with fewer pri-
mary turns and greater energy with the same number
of primary turns. For example, the present coil may have
a core g’ square in cross section with an air gap .03"
wide, a primary winding of 188 turns of #23 gauge wire
wound in two layers of 96 and 92 turns and a secondary
of 24,910 turns of #39 gauge wire wound in 53 layers of
470 turns each. If primary current is increased from
4.25 to 5.5 amperes, for example, to obtain the same
energy, the number of primary turns is 145.2. Using the
same number of secondary turns, the transformation ratio
is increased by 12.94%. Because the transformation ratio
is greater, the secondary voltage available for ignition will
be greater. By following the teaching of the present in-
vention, it is possible to build a coil having greater sec-
ondary voltage output than at present required for auto-
motive vehicle use; and such coil, when used, will not cause
undue arcing at the timer contacts.

While the embodiment of the present invention as
herein disclosed, constitutes a preferred form, it is to be
understood that other forms might be adopted.

What is claimed is as follows:

An ignition coil for use in an ignition system operated by
a D. C. source of relatively low voltage comprising, an
insulating tube, a primary winding of turns of wire sur-
rounding the tube, a secondary winding surrounding the
primary winding, a loop-shaped laminated magnetizable
core comprising two similar U-shaped parts, each part
comprising continuous ribbons of oriented silicon steel
bent flatwise to form parallel branches extending from a
central yoke, one branch being longer than the other
wherein the cross section of the core branches is substan-
tially a square, said U-shaped parts being assembled with
said windings so that the longer branches are in align-
ment outside of the winding with the end surfaces of the
longer branches abutting, the shorter branches being with-
in the tube which circumscribes that portion of the corg
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which it surrounds, a non-magnetizable spacer located be-
tween and abutting end surfaces of the shorter branches
to fill the space therebetween, a metal strap surrounding
and engaging the outer surfaces of the outer ribbons of the
U-shaped parts for retaining the core in assembly with
respect to the windings, an enclosure comprising a case
and cover, said case having interior side wall portions dis-
posed to bear respectively against portions of the sec-
ondary winding and the strap so as to resist lateral move-
ment of the coil and core assembly, said enclosure pro-
viding recesses respectively at the case bottom and in
the cover, each recess being defined by parallel surfaces
between which a yoke portion of the core snugly fits in
order to resist lateral movement of the core, one of said
recesses being defined by another surface engageable
with the strap surrounding the core yoke; a spring within
said last mentioned recess and adapted to engage the strap
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to urge the core toward said other recess surface for re-
sisting longitudinal movement of the coil and core as-
sembly between the case bottem and the cover when the
coil is assembled, and means for securing the cover to
the case.
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