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FUEL RAIL-INJECTOR INTERCONNECTION 
This invention relates to a common rail type of inter 

nal combustion engine fuel injection system and pro 
vides an interconnection between the fuel rail and the 
fuel injector which permits the injector to be quickly 
and easily assembled to or removed from the engine. 
The details as well as other objects and advantages of 

this invention are set forth below and shown in the 
drawing which illustrates a solenoid operated fuel in 
jector assembled to an engine and shows the injector 
fuel rail interconnection and the thermistor disposed in 
heat exchange contact with the injector tip; a sche 
matic electrical control circuit for energizing the injec 
tor solenoid is also shown. 

Referring to the drawing, a fuel injector 10 
discharges into an internal combustion engine induc 
tion passage 12 below the throttle 14 and against the 
back of the intake valve 16 for a combustion chamber 
18. 

lnjector 10 has a body 20 which is rolled over at one 
end 22 about a nozzle or tip 24. An “0” ring 26 is 
secured between body 20 and tip 24 to prevent leakage 
therebetween. A plunger 28 is guided at 30 in a passage 
32 through tip 24 and has a head 34 received in a 
passage 36 through body 20. A central bore 38 through 
plunger 28 has lateral openings 40 and provides a fuel 
passage from body passage 36 to tip passage 32. 
Plunger 28 has a valve member 42 which seats in a 
discharge ori?ce 44 in tip 24. As plunger head 34 and 
plunger 28 are lifted, fuel is discharged through ori?ce 
44 into induction passage 12. 
A solenoid 46 wound on a plastic spool 48 is received 

in injector body 20. An “0" ring 50 provides a seal 
against fuel leakage between spool 48 and injector 
body 20. The end 52 of injector body 20 is swaged over 
and retains an inlet ?tting 54. An “0” ring 55 provides 

' a seal against fuel leakage between solenoid spool 48 
and inlet ?tting 54. lnlet ?tting 54 carries a threaded 
member 56 which may be adjusted to vary the pre-load 
on a spring 58 biasing plunger head 34 and plunger 28 
to seat valve 42 in ori?ce 44. 
When solenoid 46 is energized, the force across an 

air gap 60 between plunger head 34 and the extension 
61 of inlet ?tting 54 raises plunger head 34 and plunger 
28 to permit fuel ?ow through ori?ce 44. A ?ange 62 
on plunger 28 engages a spacer disc 64 to limit upward 
movement of plunger 28. 

Inlet ?tting 54 has a longitudinal passage 66 which 
connects with passage 36 to deliver fuel to nozzle or tip 
24. A pair of transverse openings 68 connect with lon 
gitudinal passage 66, and outwardly concave recesses 
70 surround openings 68. A pair of tubular fuel rail 
members 72 are received in recesses 70 and have end 
surfaces 74 which abut the bases 76 of recesses 70. A 
pair of “0" rings 78 provide seals between the 
peripheral walls 80 of recesses 70 and the circum 
ferential surfaces 82 of fuel rail members 72 to prevent 
fuel leakage therebetween. ’ 

Radially enlarged beads 84 on fuel rail members 72 
are engaged by a retainer clamp 86. Legs 88 of clamp 
86 overlie recesses 70 and have ‘?ngers 90 which em 
brace fuel rail members 72 and abut beads 84 to 
prevent withdrawal of fuel rail members 72 from 
recesses 70. A leg 92 of clamp 86 overlies the end 94 of 
inlet member 54 and has an aperture 96. The shank 97 
of retainer screw 98 extends through aperture 96 and is 
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2 
secured to inlet member 54 while the head 99 of screw 
98 overlies leg 92. An “0" ring 100 is secured between 
inlet member 54 and retainer screw 98.to prevent fuel 
leakage therebetween. 

It will be appreciated that assembly of a fuel rail 
member 72 to injector 10 is a relatively easy task, 
requiring only insertion of fuel rail member 72 into 
recess 70, ?tting of retainer clamp 16 over member 72 
and inlet ?tting 54, and securing of retainer screw 98. 

In operation, a fuel pump 102 supplies fuel from a 
tank 104 through fuel rail 72‘to longitudinal passage 66 
within injector inlet ?tting 54. When injector plunger 
28 is lifted by solenoid 46, fuel passes through the wire 
cloth ?lter 106 and the longitudinal injector passages to 
the engine. Excess fuel is discharged through a pressure 
regulator 108 back to fuel tank 104. 

lnjector 10 has a grommet 110 surrounding tip 24 
and sealing tip 24 in the engine. A clamp ring 112 is 
received in a recess 114 of injector body 20. A washer 
l 16 and a clamp l 18, secured by screws 120, retain in 
jector 10 in place. One of the screws 120 also retains a 
spring clamp 122 which holds a thermistor 124 against 
injector body 20 and in heat exchange contact with in 
jector nozzle or tip 24. Thermistor 124 controls fuel 
metering as explained below. 
As mentioned-above, fuel is metered by controlling 

the duration of time solenoid 46 is energized to operate 
injector 10. To energize solenoid 46, a signal generator 
126, which nominally may be considered as a normally 
open switch, provides a negative voltage pulse during 
each cycle of the engine. This pulse is differentiated by 
a capacitor 128 into a negative going voltage spike 
which is delivered to the base 130 of a transistor 132. 
Transistor 132 thus ceases to conduct, and the voltage 
at its collector 134 increases to render atransistor 136 
conductive. The voltage at the collector 138 of 
transistor 136 then drops and an amplifying transistor 
140 stops conducting. The voltage at the collector 142 
of transistor 140 is thereby increased, and solenoid 46 
is energized to operate injector l0. ' 
As transistor 136 starts conducting, current passes 

through a‘primary winding 144. Primary winding 144 is 
coupled, through a core 146 positioned by a manifold 
absolute pressure responsive transducer 148, with a 
secondary winding 150. As current changes in primary 
winding 144, a voltage is induced in secondary winding 
150 which biases base 130 of transistor 132 in a nega 
tive direction and holds transistor 132 in a non-conduc 
tive state. Over a period of time the rate of change of 
current in primary winding 144 drops, and the voltage 
induced in secondary winding 150 reduces sufficiently 
to render transistor 132 conductive and terminate 
energization of solenoid 46. 

In order to control the duration of time solenoid 46 is 
energized, thermistor 124 controls the impedance in 
the circuit of primary winding 144. Thus thermistor 
124, together with resistors 152, 154, and 156, controls 
the current supplied to primary winding 144. The re 
sistance of thermistor 124 decreases as the temperature 
of injector tip 24 increases; this increases the current 
?ow through primary winding 144 to lengthen the time 
that solenoid 46 is energized. 

in a fuel injection system where pressure regulator 
108 maintains a pressure of 40 psi in fuel rail 72, it is 
suggested that thermistor 124 be selected so that its re 
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sistance starts to decrease at 140° F. and so that the du 
ration of energization of solenoid 46 increases linearly 
to a duration at 200° F. about 24 percent greater than 
the duration of 140° F. This will permit delivery of the 
proper amount of fuel through injector 10 despite a 
decrease in fuel density due to formation of vapor bub 
bles. 
From the foregoing it will be appreciated that this in 

vention provides a construction which permits rapid as 
sembly of the fuel rail and the injector, 
We claim: 
1. In a fuel injection system: a fuel injector compris 

ing a housing having a longitudinal passage for 
discharging fuel to an engine, a transverse passage ex 
tending into said housing adjacent one end thereof for 
admitting fuel to said longitudinal passage, and an out 
wardly concave recess ‘surrounding said transverse 
passage, said recess having an annular radially inwardly 
extending base and a peripheral wall; an “0” ring 
received in said recess and sealingly engaging said 
peripheral wall; a tubular fuel rail received in said 
recess for delivering fuel to said transverse passage, 
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4 
said fuel rail comprising an annular radially extending 
end surface abutting said base of said recess, a radially 
enlarged bead displaced axially from said end surface, 
said bead having an external diameter smaller than said 
recess and a circumferential surface disposed between 
said end surface and said bead and received by and 
sealingly engaging said “O” ring; said “O"-ring sub 
stantially ?lling the space formed by said base, said 
bead, said peripheral wall and said circumferential sur 
face a clamp member comprising a strip having first 
and second legs extending at right angles one to the , 
other, said ?rst leg overlying said recess and having 
?nger portions embracing said fuel rail and abutting 
said bead on the side thereof opposite said end surface 
to thereby prevent withdrawal of said fuel rail from said 
recess, said second leg overlying said end of said injec 
tor and having an aperture therethrough; and a fastener 
having a head portion overlying said second leg and a 
shank portion threadedly received through said aper 
ture by said housing, thereby securing said clamp 
member to said housing. . 
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