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LIGHT ACTIVATED‘SEQUENTIAL SWITCHING 
MECHANISM \ . . . . . 

BACKGROUND OF INVENTION 
1. Field of the Invention 
This invention relates to electromechanical trigger 

ing mechanisms in general and more particularly to 
light actuated switching systems using light conducting 
rods for use in a fuel injection equipped internal com 
bustion engine. _ 

2. Description of the Prior Art 
Several devices utilizing sources of illumination en 

ergy and photo responsive members are found in the 
distributor art of internal combustion engines. Many 
have a single light source usually placed outside of the 
distributor housingand a single photo cell also station 
arily mounted The light is then‘ piped from the source, 
across a path along which one or more members move 
to the cell. By the movement of the members along the 
path, a light chopping action is supplied to the cell. 
One _ particular distributor system utilizes a single 

light source, a long complicated light piping system, a 
lens system, a movable member having a plurality of 
slots moving along the path and a single photo or light 
responsive member. Both the light source and the re 
sponsive member are positioned outside of the distribu 
tor housing and require a generally U-shaped light pip 
ing arrangement. As the moving member passes be 
tween the lens system and an open end of the light pip 
ing system, the light energy is removed from the light 
responsive member. The single member output re 
quires a further means to segregate and apply the out 
put pulses to various spark plugs for proper sequential 
operation. 
Other systems utilize a rotating disc having a plurality 

of apertures therein moving between a light source and 
a photo cell. As a result of the'pattern of spaced aper 
tures, a chopping light signal is transmitted to the photo 
cell. Since there is only one photo cell, additional 
means must be developed to separate the several pulses 
from the cell. 

SUMMARY OF THE INVENTION 

It is a principal object of this invention to position a 
single source of radiant energy and a plurality of radi 
ant energy responsive members and to distribute by 
means of a ?ber optic bundle, the radiant energy to 
each responsive member in a predetermined sequence. 

It is another object of this invention to provide a 
breakerless high reliable pulse generating system for 
controlling the fuel injectors in a fuel injection system. 

It is a further object of this invention to reduce the 
complexity of both the mechanical and electronic 
members ofa reliable pulse generating system by utiliz 
ing only one moving member and plurality of stationary 
activating members each respectively electrically cou 
pled to an injector. » 
These and other objects of the invention will become 

apparent from the following drawings, detailed descrip 
tion and claims ofa light activated sequential switching 
system for use in a fuel injection system of an internal 
combustion engine. A shaft is coupled at one end for 
rotation with the distributor timing shaft and has at the 
other end a disc member having ‘a pair of spaced broad 
sides. Radiallyv extending from the center of the disc to 
the periphery is alight conductingchannel of ?ber 
optic members.‘ One'end of "the members is ?ush with 
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2 
the one broadside surface of the disc at the center 
thereof and opposite the shaft and the other end of the 
members is ?ush with the other broadside of the disc 
and near its periphery. A source of radiant energy is po 
sitioned opposite the one end of the bundle and a plu 
rality of light responsive members are positioned to re 
ceive the radiant energy emitting from the other end of 
the bundle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings 
FIG. 1 is a plan view of the rotating member with sev 

eral adjacent members removed for clarity; _ 
FIG. 2 is a sectional view taken along line 2-—2 of 

FIG. 1 with the housing and light source shown; 
FIG. 3 is a plan view of one embodiment of the 

printed circuit board supporting the light responsive 
members; ~ . V . 

FIG. 4 is another embodiment of the rotating mem-_ 
ber illustrating two ?ber optic bundles; ' U . 

‘FIG. 5 is another embodiment illustrating the use of 
a redundant radiant energy source; - , 

FIG. 6 is a circuit for controlling the radiant energy 
sources of FIG. 5. .- . 

DETAILED DESCRIPTION 

Referring to the Figs. by the characters of reference 
there is illustrated in FIG. 2 in sectional form the light 
actuated sequential switching mechanism 10 of the 
present invention. As illustrated in FIG. 2 the switching 
mechanism is enclosed in a housing 12 for the purposes 
of protecting the mechanism from dirt, grime and other 
foreign materials. 
The mechanism comprises a shaft 14 which is cou 

pled for rotation with the distributor timing shaft of an 
internal combustion engine 16. At essentially the free 
end '18 of the shaft 14 there is positioned by means of 
a pin 20 or other suitable fastening means a disc shaped 
member 22 having a pair of spaced broadside surfaces 
24 and 26. One surface 24 is mounted substantially 
flush with the free end 18 of the shaft 14 and opposite 
the coupling end of the shaft 14. As indicated the disc 
22 is mounted for rotation with the shaft. Spaced from 
and axially in line with the free end 18 of the shaft 14 
is a source of light or radiant energy 28 which is di 
rected toward the one broadside surface 24 of the disc 
22. Formed or molded within the disc 22 and extending 
between the two broadside surfaces 24 and 26 is a ?ber 
optic bundle 30. One end 32 of the ?ber optic bundle 
30 is axially in line with the radiant energy source 28. 
The other end 34 of the ?ber optic bundle 30 is flush 
with the other broadside surface 26 of the disc 22 and 
near the periphery thereof. Spaced from the other 
broadside surface 26 of the disc is a supporting means 
36 for‘ supporting a plurality of light actuated switching 
members 38 wherein each switching member 38 is se 
quentially adapted to be in line with the other end 34 
of the ?ber optic bundle 30. 
The shaft 34 of the mechanism 10 as illustrated in 

FIG. 2 is coupled by means not shown to the crankshaft 
of the internal combustion engine 16. In this manner 
the shaft 14 will rotate synchronously with the rotation 
of the crankshaft of the internal combustion engine 16. 
One such shaft 14 may well be the distributor timing 
shaft and in a preferred embodiment of the present in~ 
vention this shaft is an extension of the distributor tim 
ing shaft. This shaft 14 is suitably journaled for rotation 
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by well known means which are not illustrated in the 
Fig. 
vAs indicated the disc shaped member 22 is secured 

to the shaft 14 by means of a collar 40 or other fasten 
ing means. In the preferred embodiment there is a con 
centric collar 40 having an aperture therein for receiv 
ing the free end 18 of the shaft 14 and in order to pro 
vide a positive rotation of the disc 22. With the shaft 
14, conventional pinning means 20 is provided for se 
curing the disc to the shaft. The disc 22 is fabricated 
from some nonmetallic material which is capable of 
being molded into the desired shape including the ?ber 
optic bundle 30. The material used for the disc shaped 
member 22'and the method of manufacturing are illus 
trations of one form which the disc may take. 
Formedwithin the disc 22 and molded thereto and 

extended‘ in a substantially radial direction from the 
center of the disc is the ?ber optic bundle 30. The bun 
dle 30 comprises many strands of ?ber optic material 
and collectively they extend from the center portion of 
the one broadside 24 of the disc through the disc 22 
and out the other broadside 26 of the disc near the pe 
riphery thereof. Thus by this con?guration and in a 
manner well known in the art the ?ber optic bundle 30 
will receive radiant energy on one side 24 of the disc 
22, transmit the energy through the disc, and have it 
emit from the other side 26 of the disc. As illustrated 
in the plan view of FIG. 1, this ?ber optic bundle 30 ex 
tends in a substantially radial direction. 
Referring again to FIG. 2, there is illustrated the 

mounting 42 and supporting of the source of radiant 
energy 28 in a manner overlying the one end 32 of the 
?ber optic bundle 30. As illustrated in FIG. 2, the 
source of radiant energy 28 is axially in line with the 
free end 18 of the shaft 14. In the preferred embodi 
ment, the source is a light bulb and enclosed in a hous 
ing 42 which may assist in directing the light energy 
from the bulb to the ?ber optic bundle 30. In lieu of a 
light bulb other such devices as light emitting diodes 
may be used under proper conditions. 
Referring to FIG. 3 there is illustrated the supporting 

member 36 in the form of a printed circuit board which 
supports and maintains the plurality of light actuated 
switching members 38. The number of switching mem 
bers 38 is equal in number to the number of fuel injec 
tors in a fuel injection control system 44 or the number 
of spark plugs and each’ are respectively connected in 
electrical circuit to each of the fuel injectors. Extend 
ing from one edge 46 of the printed circuit board 36 is 
a connector means 48 for electrically connecting the 
light actuated switching members 38 to the fuel injec 
tor control 44. Since the disc member 22 rotates about 
the shaft 14, the light actuated switching members 38 
are positioned in a circumferential spaced apart rela‘ 
tionship concentric with the clearance hole 50 for the 
shaft 14 located in the center of the board 36. The 
switching members 38 are so positioned on the board 
36 and the board is so positioned in the relationship to 
the rotating disc shaped member 22 such that each 
light actuated switching member 38 is positioned so as 
to receive light emanating from the one end 34 of the 
?ber optic bundle 30 when that end 34 and the switch 
ing member 38 are in line relative to each other. 

In the preferred embodiment the source of radiant 
energy 28 is energized whenever the ignition system 51 
of the internal combustion engine 16 is turned on. As 
the distributor shaft 14 begins to rotate, the disc shaped 
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4 
member 22 also rotates’and through means of the ?ber 
optic bundle 30 transmits light energy from the radiant 
energy source 28 to each light actuated switching mem 
ber 38 in sequential relationship. The signals generated 
by the light actuating switching members 38 are ap 
plied to individual injectors in the fuel injection control 
system 44 of the internal combustion engine 16. 
Referring to FIG. 4 there is illustrated a modi?cation 

in the positioning of the ?ber optic bundles 52 and 54 . 
within the disc shaped member 56. Particularly illus 
trated in FIG. 4 is the use of two ?ber optic bundles 52 
and 54 both beginning or receiving radiant energy at 
the center of the disc 56 and'transmitting the energy to 
the opposite side of the disc near its periphery. With 
the use of two ?ber optic bundles 52 and 54, as illus 
trated in FIG. 4, the number of light actuated switch 
members 38 will be reduced accordingly. Referring to 
FIG. 3 and using the disc 56 of FIG. 4 every other light . 
actuated switching member 38 in FIG. 3 may be re 
moved. The angle N between each ?ber optic bundle 
52 and 54 is equal to an odd multiple of the quotient 
found by dividing 360° by the number of injector actu 
ated circuits in the fuel injector control system 44 re 
quired for the particular internal combustion engine 
16. For example in an eight cylinder engine using two 
?ber optic bundles the angle N may be any odd multi 
ple of the angle 45°. As illustrated in FIG. 4 the angle 
N is approximately 135° and the angular spacing of the 
light actuated switching members is 90°. If such a con 
?guration was used in a six cylinder engine the angle N 
would be 60° and the angular spacing of the light actu 
ated switching members 38 would be 120°. 

Referring to FIG. 5 there is illustrated a modi?cation 
for mounting at least two sources of radiant energy 58 
and 60 in a redundant'con?guration. As illustrated in 
FIG. 5 by the use of two radiant energy sources this 
provides an insurance of one source if the other source 
fails. It is important in the mounting of the two sources 
58 and 60 within their own housing 62 that all the radi 
ant energy emitted by either source is directed toward 
the receiving surface 32 of the ?ber optic bundle 30 on 
the disc 22. Thus as illustrated in FIG. 5 each source ‘58 
and 60 is mounted to a surface which is slightly inclined I 
toward the projected axis of the shaft 14. 

Referring to FIG. 6, there is illustrated an electrical 
circuit 64 for controlling the dual radiant energy 
sources 58 and 60 of FIG. 5. The circuit of FIG. 5 is ar 
ranged so that when power is applied to the circuit 64 
the ?rst radiant energy source 58 is energized. The 
transistor Q1 66 is turned on driving its collector near 
ground. With the collector of the transistor Q1 66 near 
ground the second radiant energy source 60 is not ener 
gized. When the ?rst radiant energy source 58 burns 
out or is extinguished, the voltage at the junction 68 of 
the radiant energy source 58 and its series resistor 70 
rises toward the source voltage. This increasing voltage 
signal is re?ected across the capacitor 72 to the base of 
the transistor Q2 74 driving it into conduction. When 
the transistor Q2 74 is turned on, its collector ap 
proaches ground, grounding the base of the transistor 
Q1 66, turning it off. When the transistor Q1 66 is‘ 
driven out of conduction a'the second radiant energy 
source 60 is immediately energized through its series 
resistor 76 from the power source.,Subsequent turning 
on of the transistor Q2 74, the source of power is sup 
plied through the two resistors 76 and 78 in series with 
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the base of the transistor Q2 74 thereby causing the 
second source of radiant energy 60 to be energized. 
There is thus shown and described a light actuated 

sequential switching mechanism for use in a fuel injec 
tion system. The mechanism is used to sequentially en 
ergize fuel injectors in the system in synchronism with 
the demand of the internal combustion engine. The 
mechanism thus illustrated and described is particu‘ 
larly applicable to individual injector actuation, how 
ever the mechanism may be modi?ed for multiple 
group actuation by the proper positioning and control 
ling of the light actuated switching members. 
We claim: 
1. In a fuel injection system for an internal combus 

tion engine, a light actuated sequential switching mech 
anism for sequentially activating the fuel injectors, said 
mechanism comprising: 
a shaft coupled for rotation with the distributor tim 

ing shaft of an internal combustion engine; 
a member having a pair of spaced broadside surfaces, 
one broadside surface attached to said shaft at the 
end opposite the coupling end, said member 
mounted for rotation with said shaft; 

a source of light energy axially spaced from the end 
of said shaft and directed toward the other broad 
side surface of said member; 

a ?ber optic bundle mounted for support between 
said pair of broadside surfaces having one end 
adapted for receiving energy from said source of 
light opposite said other broadside surface and for 
conducting said received light energy to the one 
broadside surface; and 

a plurality of light actuated switching members equal 
in number to the number of injectors and respec 
tively electrically connected in circuit to the injec 
tors, said members positioned in a circumferential 
spaced apart relationship about said shaft, said 
switching members spaced from said one broadside 
surface and each positioned to receive light energy 
from the other end of said bundle as said shaft ro 
tates for switching said members from one circuit 
condition to a second circuit condition. 

2. In the light actuated sequential switching mecha 
nism according to claim I wherein said source of light 
energy is a light emitting diode energized from the acti 
vation of the ignition system for the internal combus 
tion engine. , 

3. In the light actuated sequential switching mecha 
nism according to claim 1 wherein said ?ber optic bun 
dle has said ends mounted flush with said one and said 
other broadside surfaces repsectively. 

4. In the light actuated sequential switching mecha 
nism according to claim 1 wherein said light actuated 
switching members are phototransistors. 

5. In the light actuated sequential switching mecha 
nism according to claimv 1 wherein said ?ber optic bun 
dle has said one end positioned at the axis of rotation 
of said one broadside surface and extends between said 
pair of spaced broadside surfaces to said other broad 

20 

25 

35 

40 

45 

50 

55 

65 

6 
side surface near the periphery thereof. 

6. In the light actuated sequential switching mecha 
nism according to claim 1 wherein said source of radi 
ant energy comprises at least two individual sources 
electrically connected in circuit for redundant energi_ 
zation. 

7. In a fuel injection system for an internal combus 
tion engine, a light actuated sequential switching mech 
anism for sequentially activating the fuel injectors, said 
mechanism comprising: 
a shaft coupled for rotation with the distributor tim 

ing shaft of an internal combustion engine; 
a member having a pair of spaced apart broadside 

surfaces, one broadside surface attached at its cen 
ter of rotation to said shaft at the end opposite the 
coupling end, said member mounted for rotation 
with said shaft; 

a source of radiant energy axially spaced from the 
end of said shaft and axially aligned therewith, said 
source of energy directed toward the other broad 
side surface of said member; 

at least two ?ber optic bundles supported between 
said pair of broadside surfaces, each of said bun 
dles having one end thereof positioned at the cen 
ter of rotation of the other broadside surface and 
adapted for receiving energy from said source of 
radiant energy, the other end of each of said bun 
dles radially extending away therefrom and angu 
larly spaced apart N degrees, each of said bundles 
formed for termination at said one broadside sur 
face so as to transmit the radiant energy received 
at said one end; and 

a plurality of radiant energy activated switching 
members equal in number to the total number of 
injectors divided by the total number of ?ber optic 
bundles, said switching members equiangularly po 
sitioned in a circumferential spaced apart relation 
ship about said shaft and spaced from the path of 
rotation of said bundles, said switching members 
responsive to the radiant energy emitted by said 
bundles for actuation and initiating the activation 
of one of said injectors. 

8. In the light actuated sequential switching mecha 
nism according to claim 7 wherein said N degree angu 
larly spacing between said ?ber optic bundles is equal 
to an odd multiple of the quotient derived by dividing 
360° by the number of injectors. 

9. In the light actuated sequential switching mecha 
nism according to claim 7 wherein said source of radi 
ant energy comprises at least two individual sources 
electrically connected in circuit for redundant energi 
zation. 

10. In the light actuated sequential switching mecha 
nism according to claim 7 wherein said source of radi 
ant energy is adapted to be energized from the activa 
tion of the ignition system for the internal combustion 
engine. 

* * * * >l< 


