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This invention relates to ignition systems for internal
combustion engines and more particularly to an ignition

- system wherein a transistor controls current flow through
_ the primary circuit of the ignition system and wherein

- the resistance of the primary circuit is controlled as a
function of system voltage.

this invention.
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 The single figure drawing is a schematic circuit illu-
stration of an ignition system made in accordance with

Referring now to the drawing, the reference numeral
10 designates a storage battery in a motor vehicle electrical

- system. One side of this storage battery 16 is grounded
~ whereas the opposite side of the battery is connected

10

with a' power terminal 12. The system voltage of the
motor vehicle electrical system will appear between junc-
tion 12 and ground and this voltage will vary under dif-
ferent conditions of cperation. The battery 19 is charged

- from a generator 14 connected between ground and the
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It is well known that in motor vehicle electrical systems

 the system voltage which is available to supply the D.C.
- loads including the ignition system varies widely under

different conditions of operation. Thus, during the time
that the cranking motor is energized for cranking the

varies in accordance with the temperature in which crank-

1ng occurs. In very cold weather the drop in voltage is

a8 a function of system voltage. - S
- Another object of this invention is to provide a tran-.
~sistor ignition system wherein a resistor is placed in the
- primary circuit of the ignition system and wherein this
- resistor is short circuited by a relay, the relay being an
- accurately calibrated relay which only operates when the
- system voltage rises above a predetermined value.

higher than the drop in voltage that will occur during
warm- temperatures. As cranking is terminated, the sys-

- tem voltage rises and rises still further when the engine is
- running to drive the gemerator which then charges the
- battery and also supplies the D.C. loads of the motor ve-

hicle including the ignition system. -
In the past, it has sometimes been the practice to place

~ a resistor in a primary circuit of the ignition system and

this resistor is shorted out whenever the cranking motor
is energized to therefore reduce the resistance of the pri-
mary circuit at a time when the system voltage is lowered.

- ‘T'ypical systems of this type are shown in the patents to

Redick 2,807,729, Leece 1,214,555, and Mallory 1,769,-

156, Although, the above described system of these

- patents has been successful in conventional ignition sys-
- tems it is apparent that they do not compensate for any
other condition than the condition that the starting motor

power terminal 12. The generator 14 can be a D.C.

generator or could be an alternator fitted with rectifiers.

Where a D.C. generator is used, a suitable cutout relay
1s connected between the junction 12 and one terminal
side of the generator 14. The generator 14 is driven by

- the internal combustion engine 16 of the motor vehicle.
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-engine, the system voltage drops and the extent of this drop
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The power terminal 12 is connected with a lead wire
18 and this lead wire is connected with a switch 2@ having
fixed contacts 22 and 24. This switch includes a movable
contactor 26 which is operable to connect contacts 22 and
24 with lead wire 18 in one position of the switch. In
another position of the switch, the lead wire 18 is con-
nected only with the contact 22 and in still another posi-
ticn of the switch, the lead wire 18 is disconnected from

both contacts 22 and 24. The switch 2§ may be a key

conirolied switch which operates to energize the ignition

- 8ystem from contact 22 and the cranking motor from con-
tact 24. |

The contact 24 is connected with a junction 28 and
this junction is connected to relay coil 30 which operates

& shiftable contactor 32. The contactor 32 together with

40

is being energized. Thus, the systems do not take into

ferent conditions of charge of the battery. Where a

. transistor is used to control current flow in the primary
. circuit of an ignition system, the voltage applied to and
~-the current flow through the transistor must be carefully
~ controlled so that the transistor will not be overloaded
- and burned out. | |

It accordingly is an '_obj_et::t of this invention to provide

~ an ignition system wherein a transistor controls current
. fiow in the primary circuit of the ignition system and

wherein the resistance of the primary circuit is controlled

- A further object of this invention is to provide an igni-

- tion system wherein a transistor controls current flow
- 1n the primary circuit of the ignition system and wherein
- means are provided for varying the resistance of the pri-
. mary circuit in accordance with system voltage and when

- the cranking motor is being energized. |
- . -Further objects and advantages of the present invention

| - will be apparent from the following description, reference

“being had to the accompanying drawings wherein pre-
ferred embodiments of the present invention are clearly
shown, . o | o o | T

-account the varying amount of voltage drop that will occur.
under different temperature conditions and under  dif-

fixed contact 34 forms a switch for controlling the enersi-

zation of a cranking motor 36. The cranking motor 39
will crank the engine 16 whenever the contactor 32

- engages the fixed contact 34. The fixed contact 34 is con- -

nected with lead wire 18 via lead wire 38 and the contac-

~tor 32 1s connected to one side of the ‘starting
- motor 36 by lead wire 40. In actual practice, the
relay coil 39 may be a part of the cranking motor as-

sembly and may also shift a pinion into engagement with

~ the ring gear of the engine 16 in a manner well known

to those skilled in the art. It is seen that when the shifta-
ble contactor 28 connects lead wire 18 and junction 28,
the relay coil winding 306 is energized to cause the contac-

- tor 32 to shift into engagement with the fixed contact 34,
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and therefore causes the starting motor 36 to be energized

from lead wire 38

The 1gnition system of this invention includes an ac-
curately calibrated relay 42 which has a relay actuating
coll 44 and a shiftable contactor 36 that at times engages
the fixed contact 48. The relay 42 is designed such that
the contacts 46 and 48 are normally in engagement and
will only separate when a voltage is impressed across the
actuating coil 44 which is greater than a predetermined

- voltage. This voltage may be by way of example and not
. by way of limitation 9 volts in a 12 volt system. |

% ing coil 44 by a lead wire 50. The fixed contact 48 of

- relay 42 is connected with lead wire 50 by the lead wire
- 92, The movable contactor 46 of relay 42 is connected

The junction 28 is connected to one side of relay actuat-

- with junction 54 by a lead wire 56. It is seen that the

70 -

65 relay actuating coil 44 will be energized whenever the

- It the voltage appearing between junction 12 and ground
is greater than 9 volts, the contacts 46 and 48 will then

switch contactor 26 connects lead wire 18 and junction 28.

be separated. If this voltage is less than 9 volts, the con-
tacts 46 and 48 remain engaged. | |

The junction 54 is connected between resistors 58 and
60, The resistor 58 is connected with lead wire 6Z where-_



- as the resastor 6@ 18 caaaeeted with lead W1re 64 Thel
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- nected by remster % Thls substantlally equahzes the'

~ lead wire 64 is connected with the primary winding 66 -
| .- 80 and causes the transistor 80 to be drwen tc a substan-.

- of an 1gmt1on transformer 68. -The secondary winding

770 of the ignition transformer is connected with .a rotor

- contact 72 that distributes current to fixed electrodes or
contacts 74 in the distributor cap 76. The electredes 74

- feed the spark plug 77 of the engine 16 by means of lead
wires 78. Only one lead wire 78 and one spark plug 77

is illustrated in the drawing but it will be apparent to -
“those skilled in the art that there will be as many lead
~ wires 78 as there are spark plugs 77 and that there will -
~ also be as many electrodes 74 as there are spark plugs o
-~ -The rotor contact 72 is driven by the engine 16. |
| The ignition system includes an NPN transistor 80. L
1 |
'?:_“-In this position of the switch contactor Za, _the relay N

~ “The collector electrode of transistor $6 is connected Wlth

" the primary Wmdmg 66 of 1gr11ttan transformer 8. The

‘emitter electrode of transistor 8¢ is ﬂrounded as sho Wi,

The base electrede of transistor 88 is connected mth_ o

lead wire 82 which is’in turn eonueeted with junction 84.

A resrster 86 is comnected between junction 84 and-

| ground

" The ]tmetma 84 is connected w1th a brealrer contact

~emitter electrodes

.potent:tal of the emitter and base electrodes of transistor -

tially fully nonconductive state between its coltector and

| secoadary wmdmg 76 which is appired to-the spark’ plug
77 via rotor 72, a fixed electrode 74-and the lead wire

10 |
_';1nmt10r1 pulses to be apphed to the spark plugs of the

78.  The opening and" closrng of the contacts 96 and 88

eause the transistor 8¢ to smteh on and off and cause :

engine 16.
Once the engme 16 has been started the Operatar

- shifts the contactor 26 so that it no longer engages fixed

contact. 24 but remains engaged 'with fixed contact’ 22.

- coil 44 can no longer be energized and there is no short

20 o
~ and closing to control the conductivity of the transistor 86.
. If the system voltage between junction 12 and ground S

-: "'ahourd remain above 9 volts when cranking of the’ engine

" '88 which becomies engaged and disensaged with the other__ !
“breaker confact $9. The breaker contact 99 is carried

B ,by a breaker arm % which’is moved by a breaker cam

05

~ 94 driven in synchronism with the engine 16. As the -

~ breaker cam 94 rotates, the contacts 88 and 98 are operled
‘and closed in a manner well known to those skilled in

" the art.

- 8% and the opposrte side of this resistor is cenaeeted..

o Wlth junction 98 via the lead wire 160. |

~_ 'When the operator of a motor vehicle desires to start .
B '-.'_the engine 16, the switch contactor 26-is shifted to a posi-

The breaker contact 9§ is connected with resistor

~tion wherein it contacts both fixed contacts 22 and 24.

. In this position of the switch contactor 26, the coil 30
- will be energized to cause the closure of contacts 32 and

34, With contacts-32 and 34 closed, the. startmg motor

. 361is energ1aed and cranking of the engine 16 will begin.

~As the engine. 16 is being cranked, the breaker cam 94

- causes the contacts 88 and 99 to open and close and also

. causes ‘the retor contact 72 to sweep by the ﬁxed elec- |

~“trodes 74.

When contaetor 26 engages the eontaet 24 a errcmt--'
If _
45

‘is now cor pleted for the relay -actnating coil 44.

- 'the voltage appearing between junction 12 dnd ground
- is greater than 9 volts, the contacts 46 and 48 will sepa- -
- rate.

Assumlng however that this voltage has drepped_._,il _-_
- below 9 volts, the relay COIItEICLS 46 and 48 remainen-

30 -
26 is in engagement with fixed contact 24, |
' ning conditions where the contactor 26 engages ‘the fixed

circuiting of the resistor 58 since the circuit to lead wire

50 has now been opened. The engine then eontmues_-
to operate with the breaker contacts 88 and "9 opening

16 occurs, the relay coil 44 will cause the contacts 46

‘"Theé resistor 58 will ‘then be
in the primary circuit of the 1g111t1(m system ‘during

-~ cranking of the engme
“not the resistor 58 is in the primary circuit ' depends on

and 48 to be separated

It thus is seen that whether or

whether or not the system voltage ‘is above or below 9
volts and also depends on whether or not the contactor
Under run-

L contact 22 the res;lstor 58 wrll always be 1in the prlmary- .

35
- sistor 80 is shown contrelled by. breaker contacts 88
and 99,

“In the partrcular embodlment of FIGURE 1 the tran—

It is apparent to those skilled in the art that

- other means operated in’ synehromsm Wrth engine 16

might’ be used ‘to control the conduetmty of transistor |
80 such as a device that generates pulses ef Voltage 111 o

- synehmmsm mth operatlon of the engine.

- gaged. The resistor 58 is therefore shorted out of the

" circuit by a circuit that - may be traced from lead wire
18, through closed contacts 26 and 24, through lead wire -
S 50, through lead wire 52, throunh closed contacts 46 and |
. 48 and then through lead- wire 56 to junction 54, -
- The pr1mary circuit of the ignition system- extends from
. junction 98 to greund and mcludes resistor 58, junction
. B4, resistor 60, prrmary wmdmg §6 and the emitter-col-
.- lector circuit ef transistor §0. - Since the syatem voltage.
- < has drepped below 9 volts, the resistor 58 is short cir-
- cuited so the primary circuit is actually from junction
.54, through resistor 69, through primary winding 66 and
-'fthrough the . emltter-eollector circuit of . transistor 80.
- If it is assumed that breaker contacts §8 and 90 are -
" closed, the transistor 86 will be conductive between its -
" collector and emitter electrodes because at this time there -

“is a path for base current that may be traced fro;

1 junc-

 _tion 98, through lead wire 109, threugh remster 26,
. through closed contacts 99 and 88, through lead wire
82 and then through the base to emitter junction of tran-

. sistor 8. With fransistor 86 now conductive between .
s, eolleetar and emitter: eleetrades, eurreat flows throagh
- the primary wrndmg 66 arrd ﬂus: i8 bullt up :m the 1gmt1m1. |
R tranaforner 68. e SRR e
R Wherr breaker centaeta % and ‘“’@ separate there no |
R 5-10nger is a base current path for transistor 89 and the
"---_'-'-'-‘_emltter and base elertrodes ef tran51ster 8@ are eon— K
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- While the embodiments of the preseut | mventlen as _'
---_--'heren disclosed constitute preferred forms, ‘it is'to be"'f S
understead that ‘other forms might be adepted RS

What IS elauned is as follows:

" 1. ‘An ignition system for an lntemal combustmn en-
':_ giné .comprising, a source of- direct curtént voltage, an.
ignition coil having a primary winding and a secondary
- winding, a resistor, a transistor: ‘having emitter, collector
-~ and base electrodes, a primary circuit for said ignition
“system e:aergtzed from said voltage source’ meludmg said
* _‘-Tesrstor said primary Wmdmg and the emifter-collector - -
- circuit of said transistor;: means fer causing the conduc- -
tivity of said transistor to ‘vary in its emitter-collector ™ .
“circuit in timed relatlen_shtp with operation of said engine,
~a relay having an actuating coil and 'a'paa' of normally
“closed - coatacts said’ contacts remaining. closed when a .
| _.'veltage is impressed across said aetuatmg coil which is

'-"ﬁ_-_-'below a predetermined value and opt...mng when said

'60.'_.voltage is above said predeterramed value, a circuit for - R
~ " bypassing said resm‘ter including the switch contacts of
~ said relay, and ‘means connecting said 181&}' actuatlng S
" coil across said source-of direct current voltage. =~ - .
2.-In combination, a source of direct current Voltage o
o5 an ignition coil having a primary Wrndmg and a second-
.ary ‘winding, a transistor havmg emitter, collector and =~

- base- eleetredes a resistor, a primary circuit energlzed_'_

- from said source of Voltage including said resistor; said =

- primary Wmdmg and the emrtter—cellector circuit of said-

- transistor, means ‘operating in‘timed relatmnshrp with- -
- said. englne for ‘controlling the canduetlvrty of said tran-
- sistor in its. emrtter collector circuit, an eleetrrc cranking - -
”'_,.rnotor, a switch for contrellmg the cnergtzatton of said
“cranking motor from :said voltage source, an aeeurately

i”_cahbrated relay mcludmg an actuatrng ecnl and a palr '-

When this oceurs, the primary current - "
18 mterrupted and a large voltage is induced in the
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of normally closed switch
causing said contacts to separate only when a voltage is
impressed across said actuating coil that is greater than
‘a predetermined value, said contacts remaining continu-
ously closed when the voltage impressed across said ac-
tuating coil of said relay is less than said predetermined
value, a circuit bypassing said resistor including said re-
‘lay switch contacts, and means connecting one side of

~said relay contacts and one side of said actuating coil

with one side of said switch. | |
.. 3. In combination, a source of direct current voltage,
-switch means operable.to connect one side of said source
~of direct current voltage with first and second conductor

means and operable to.connect said one side of said volt- .
15

age source with only one of said first or second conductor
means, an ignition coil having a primary winding and a
secondary winding, a resistor, a transistor having emitter,
- collector and base electrodes, a primary circuit includ-
ing said resistor, said primary winding and the emitter-
collector circuit of said transistor, means connecting one
side of said primary circuit with said first conductor
‘means, an electric cranking motor, said electric cranking
motor being energized when said switch means connects

~one side of said source of voltage with said second con-

ductor means, a relay having an actuating coil and a pair
of normally closed contacts, said relay maintaining said
contacts closed when the voltage impressed across the
relay actuating coil is less than a predetermined value
and opening said contacts only when a voltage is im-
pressed across the relay actuating coil which is greater
than said predetermined value, a bypassing circuit con-
nected across said resistor including said relay switch
contacts, and conductor means connecting one side of
said relay actuating coil with
means, | S
4. An ignition system for an internal combustion en-
- gine comprising, a source of direct current voltage, an
~ignition coil having a primary winding and a secondary

winding, a transistor having emitter, collector and base -
electrodes, a primary circuit for said ignition system en-

ergized across said source of direct current voltage in-
- cluding said primary winding and the emitter-collector
circuit of said transistor, means operating in timed rela-
tionship with said engine for controlling the conductivity
~of said transistor in its emitter-collector circuit, and a
. voltage responsive control means responsive to at least
two different voltage magnitudes having sensing terminals

~ connected with said source of direct current, said voltage

responsive control means including means connected in
said primary circuit for varying the resistance of said pri-
~-mary circuit, said voltage responsive control means be-
_ing operative to provide a primary circuit resistance

“which has a predetermined value when said voltage re-
sponsive control means senses a source voltage which is

‘below a predetermined value and increasing said primary

contacts, said actuating coil

said second conductor

10
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age responsive control means is sensing is above said
predetermined value. o N |
6. An ignition system for an internal combustion en-

gine comprising, a source of direct current voltage, an

ignition coil having a primary winding and a secondary

-winding, a three terminal semiconductor having a pair

of current carrying terminals and a control terminal, a
primary circuif for said ignition system including in a

‘series connection, the control terminals of said semicon-

ductor and said primary ‘winding energized across said
source of direct current voltage, means connected with
tne control terminal of said semiconductor for controlling

(1ts conductivity in timed relationship with said engine, a

voltage responsive control means having voltage sensing
ferminals connected across said source of voltage and in-
cluding means connected in said primary circuit to vary
the resistance of said primary circuit, said voltage re-
sponsive control means being operative to provide a pri-
mary circuit resistance which has a predetermined value
when said voltage responsive means is sensing a voltage

- which has a predetermined value and being operative to

increase said primary circuit resistance when said voltage

- respomnsive means is sensing a voltage which is above said

25
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circuit resistance when said voltage responsive control

‘means is sensing a source voltage which is above said

- predetermined value,- |
5. An ignition system for an internal combustion en-
- gine comprising, a source of direct current voltage, a
- transistor having emitter, base and collector electrodes,

an ignition coil having a primary winding and a second-

-ary winding, a resistor, a primary circuit for said ignition
system including in a series connection, said resistor,
-said primary winding and the emitter and collector elec-

trodes of said transistor, means for varying the conduc-

60

- tivity of said transistor in timed relationship with said

engine, and voltage responsive control means having volt-
~.age sensing terminals connected with said source of di-
rect current voltage and operative to short circuit said

70

- resistor from said primary circuit when the voltage that

said voltage responsive means is sensing drops below a-

predetermined value, said resistor remaining continuous-

lyl'i"n said primary circuit when the voltage that said voit-

predetermined value said primary circuit resistance re-
maming at its increased value as long as the voltage re-

sponsive means is sensing a voltage which is above said

predetermined value.
7. The ignition system according to claim 6 wherein
the three terminal semiconductor is a transistor. |
8. An Ignition system for an internal combustion en-
gine comprising, a battery, an ignition coil having a pri-

~ mary winding and a secondary winding, a three terminal

semiconductor having a pair of current carrying termi-
nals and a control terminal, a primary circuit for said
igniticn system including the control terminals of said
semiconductor and said primary winding, means con-
nected with the control terminal of said semiconductor
for controlling the conductivity of said semiconductor in
timed relationship with said engine, a voltage responsive
control means connected in said primary circuit which
includes means that is operative to vary the resistance of
said primary circuit, said voltage responsive control means
having a pair of voltage sensing terminals, an electric
cranking motor for cranking said engine, a switch means
operative to simultaneously connect said primary circuit
across said battery and to connect the voltage sensing
terminals of said voltage responsive means across said
battery, said voltage responsive control means being op-

‘erative to provide a primary circuit resistance which has

a predetermined value when said voltage responsive
means 18 sensing a battery voltage which is a predeter-
mined value and being operative to increase said primary
circuit resistance when said voltage responsive means is

sensing a battery voltage which is above said predeter-

mined value.

9. An ignition system for an internal combustion en-
gine comprising, an ignition coil having a primary wind-
ing and a secondary winding, a semiconductor, a resistor,
a primary circuit for said ignition system including in a
series connection said semiconductor, said primary wind-

‘ing and said resistor, a source of direct current voltage,

a voltage responsive means having switching terminals
and voltage sensing terminals, said switching terminals
being connected across said resistor whereby said resistor
is shorted when said switching ferminals are connected,
an - electric starting motor for cranking said engine, a

switching means for simultaneously energizing said elec-

tric cranking motor and for connecting said primary cir-
cuit across said source of voltage, said switching means
connecting the voltage sensing terminals of said voltage
responsive means across said source of direct current

~ voltage when said starting motor 1s energized, said volt-

age respomsive means opening the circuit between its
switching terminals when said source of direct current
voltage is above a predetermined value and maintaining a




- camplete cn‘cmt bmtween smd smtchlﬂ.ﬂ t&mmqls When .
~ said source of dn‘ect current Voltage 1s belﬂw said pre-. N
) determmed value. = - . | |

10.- An 1gmt10n system for.an 1nter11al combustton ;

~engine comprising, an ignition coil having a primary wind-

.. 1ng and. a secondary winding, a. semlcortductor a resmtor o
- a prnnary circuit for said. 1gn1t10n system 1ncludmg ina

1 915, 982_”

series connection said semiconductor, said primary wind-

. ing and said resistor, a battery, a relay having an ac-
- tuating coil and no1ma11y closed switch.- contacts said

| - contacts of said relay bemg connected across said resistor
- whereby said resistor is bypassed when. said contacts are. -

) closed an electric startmg motor for cranking said en-
 gine, means for energizing said relay actuating coil, said

_ primary circuit and said electric cranking motor from 15

. said battery when said engine is being cranked including

manually operable switch means, said relay being cali-

brated such that sa1d relay contacts remain contmuously

~ sasoeer

: '-_--'_closed When the temnml voltage of. the -battery is below

K S
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_': .pledetermmed V*tlue

‘a predetermined Value and open said relay contacts when

the terminal -voltage Qf the battery 1s hlgher than sald |
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