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[57] ABSTRACT 

A spark plug terminal having an initially tubular body 
portion between its ends is provided with an axially 
elongated indentation in one side thereof, the maxi 
mum depth of the groove being such that the inner 
surface of the indentation bears against the inner sur 
face of the diametrically opposed side of the body por 
tion and the width of the indentation being such that 
the sides of the latter engage the corresponding sides 
of the body portion. The body portion may remain ax 
ially straight or it may be bent between its ends to 
form an elbow, the direction of bending being such 
that the groove is at the inside of the elbow. One end 
of the terminal is provided with means for attaching it 
to a conductor and the opposite end of the terminal is 
provided with means for connecting it to the electrode 
of a spark plug. A sleeve or boot of dielectric material 
is assembled with the terminal. 

15 Claims, 17 Drawing Figures 
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SPARK PLUG TERMINAL 

The invention disclosed herein relates to spark plug 
terminals and to their method of manufacture, and 
more particularly to spark plug terminals having im 
proved structural and electrical characteristics and 
which are more easily and inexpensively produced than 
spark plug terminals currently in use. 
New automotive engine designs make it necessary 

that spark plug terminals be longer than those previ 
ously in use so as to assist in conducting heat away from 
the well in which a spark plug is located. Most of the 
spark plug terminals utilized on automotive vehicle en 
gines require that the terminal be bent between its ends 
so as to facilitate connection of the ignition wires to the 
spark plug electrodes. Conventionally, the terminals 
have parts of their bodies cut away to facilitate the 
bending of the terminals. The cutting away of the ter 
minals for this purpose weakens the terminals, and the 
adverse effect of such weakening is magni?ed in the 
longer terminals presently required. 
The necessity heretofore of cutting away portions of 

terminals has resulted in disadvantages other than the 
weakening of the terminals. For example, the cutting 
away of portions of a terminal means that the remain 
ing portions of the terminal must conduct all of the cur 
rent, thereby resulting in high current density with con 
sequent heat generation. Moreover, cutting of a termi 
nal frequently leaves sharp points or burrs which are 
objectionable electrically. Such burrs also are objec 
tionable structurally in those instances in which a di 
electric boot is ?tted over the terminal inasmuch as the 
burrs can damage the inner surface of the boot as the 
latter is drawn over the terminal, thereby making it pos 
sible for dielectric failures tooccur at lower than per 
missible values. 
Most of the bent terminals currently in use are bent 

along small radii so as to form a rather abrupt bend, as 
a consequence of which the dielectric boot must have 
a correspondingly abrupt bend between its ends. An 
abrupt bend in a dielectric boot subjects the latter to 
considerable physical stress, and it is not uncommon 
for sharply bent boots to fail structurally after a short 
period in service. This objection has been overcome to 
some extent in the past by preshaping a boot so that it 
initially has an angular con?guration, but the cost of 
angular boots as compared to the cost of straight or 
axial boots is excessive. 
A spark plug terminal constructed in accordance 

with the invention overcomes the disadvantages re 
ferred to above by making it unnecessary to cut a ter 
minal body to enable it to be bent, thereby avoiding the 
formation of sharp points or burrs and avoiding weak 
ening of the terminal, both structurally and electrically. 
Such a terminal, when bent. is bent about a large ra 
dius, as compared to the radii of conventional termi 
nals, thereby making it possible to assemble an axially 
straight di-electric sleeve with the terminal without 
subjecting the sleeve to undue physical stress. 
An object of this invention is to provide a spark plug 

terminal which need not be cut to enable its being bent, 
thereby avoiding the formation of sharp points and 
avoiding the structural and electrical weakening of the 
terminal. 
Another object of the invention is to provide a spark 

plug terminal which can be bent about a relatively large 
radius, as compared to the radii of conventional termi 
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2 
rials, so as to enable axially straight dielectric boots or 
sleeves to be assembled on the tenninal without sub 
jecting the boot to undue physical stress. 
A further object of the invention is to provide a 

method of manufacturing a terminal of the'kind de 
scribed. 
Other objects and advantages of the invention will be 

pointed out speci?cally or will become apparent from 
the following description when it is considered in con‘ 
junction with the appended claims, and the accompa 
nying drawings, in which: 

FIG. 1 is a top plan view of a spark plug terminal con 
structed in accordance with the invention and illustrat 
ing the terminal prior to its being bent; 
FIG. 2 is a bottom plan view of the terminal shown 

in FIG. 1; 
FIG. 3 is an end elevational view of the terminal 

shown in FIG. 1 as viewed from the right-hand end 
thereof; 
FIG. 4 is a view partly in side elevation and partly in 

section of a terminal ?tted into a forming die and illus 
trating the ?rst stage of a three-stage terminal bending 
operation; 
FIG. 5 is a vertical sectional view taken on the line 

5-5 of FIG. 4; 
FIG. 6 is a bottom plan view of a terminal illustrating 

its appearance following the initial bending operation; 

FIG. 7 is a view similar to FIG. 4, but illustrating the 
second stage of the three-stage bending process; 

FIG. 8 is a vertical sectional view taken on the line 
8-8 of FIG. 7; 

FIG. 9 is a bottom plan view ofa terminal illustrating 
its con?guration following the completion of the sec 
ond stage of the bending process; , 

FIG. 10 is a view similar to FIG. 7, but illustrating the 
third stage of the bending process to obtain a bent ter 
minal forming an included angle of about 130°; 

FIG. 11 is a vertical sectional view taken on the line 
ll—ll of FIG. 10; 
FIG. 12 is a side elevational view of a terminal illus 

trating its con?guration following the third stage of the 
bending process, one end of the terminal being crimped 
to a conductor; 
FIG. 13 is a fragmentary, isometric view of the termi 

nal shown in FIG. 12 and particularly illustrating the 
_ inside of the elbow formed by the bending process; 

FIG. 14 is a view similar to FIG. 12, but illustrating 
a terminal bent to fomi an included angle of about 1 10° 
and enclosed within a dielectric boot; 

FIG. 15 is a side elevational view of a terminal bent 
to form an included angle of about 90°; 

FIG. 16 is a side elevational view of a slightly modi 
?ed terminal; and 

FIG. 17 is a sectional view taken on the line 17-17 
of FIG. 16. 
A spark plug terminal constructed according to the 

invention is formed from a blank of electrically con 
ductive metal having at one end a ?ange which may be 
rolled into a substantially U-shaped connector 1 for 
crimping onto the end of an insulated spark plug wire 
2 (FIG. 12). At its opposite end the blank has a ?ange 
which may be rolled to form a spark plug electrode 
socket 3. The confronting ends of the ?ange meet to 
form a split seam 4 and may be provided with interlock 
ing ?ngers (not shown) as is conventional and which 
underlie a generally C-shaped spring clip 5 having a 
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projection 6 adjacent each end thereof which extends 
through correspondingly spaced openings 7 (FIG. 12) 
formed in the ?ange so as to enable the projections to 
provide yieldable gripping means for the electrode (not 
shown) of a spark plug. 
Between the opposite ends of the blank is another 

?ange which is rolled to form a generally cylindrical, 
tubular body portion 8. The confronting ends of the 
flange forming the body 8 meet to form a split seam 9. 

The blank from which the terminal is formed is 
notched at opposite ends of the body 8 as at 10 and 11 
to enable ?exure of the connector 1 and the socket 3 
without causing corresponding ?exure of the body 8. 
The terminal shown in FIGS. 1, 2 and 3 is axially 

straight, i.e., not bent between its ends, and it may be 
used in this condition if desired. It is preferred, how 
ever, that the terminal be bent between the ends of the 
body portion 8 so as to facilitate its bridging the dis 
tance between the conductor 2 and the spark plug elec 
trode. 
Apparatus for bending the terminal comprises a ?rst 

stage die 12 having a base 13 provided with a semicir 
cular, axially extending groove 14 therein, the depth of 
the groove corresponding to half the outside diameter 
of the body portion 8. The die 12 also includes an 
upper or cover member 15 having an axially extending, 
semicircular groove 16 in its lower surface which mates 
with the groove 14 and forms a cylindrical cavity for 
the reception of the body portion 8. The die cover 15 
has an axially extending slot 17 which communicates 
with the groove 16 along the longitudinal center line of 
the latter, the length of the slot 17 corresponding sub 
stantially to the length of the body portion 8. To condi 
tion the die for use, the cover 15 is removed, a terminal 
is ?tted into the groove 14 with the seam 9 lowermost, 
and the cover 15 is replaced. 
Adapted for use with the die 12 is a ?rst stage form 

ing punch 18 which may be supported on the recipro 
cable platen (not shown) of a press or the like. The 
punch has a depending tongue 19 of such size as to ?t 
freely within the slot 17 and of such height as to corre 
spond substantially to the distance from the base 14 to 
the upper surface of the cover 15. The tongue has a 
lower surface 20 which is arcuate both longitudinally 
and transversely. The longitudinal radius of the surface 
20 corresponds to one-half the width of the tongue, so 
as to form a smooth curve from one side to the other 
of the tongue, and the transverse radius of the surface 
20 corresponds to one-half the thickness of the tongue 
so as to form a smooth curve from one face to the other 
of the tongue. The thickness of the tongue 19 is sub 
stantially less than the diameter of the body portion 8. 
For example, if the wall thickness of the body portion 
8 is 0.020 inch, and if the inside diameter of the body 
portion is 0.250 inch, the thickness of the tongue 19 
may be 0.070 inch, or approximately 0.28 times the in 
side diameter of the body portion. 
Movement of the punch 18 into and out of the die 12 

results in an axial indentation 21 being formed in that 
wall of the body portion 8 which is opposite the seam 
9. The indentation 21 is arcuate from end to end and 
has a maximum depth such that the inner surface of the 
indentation tangentially engages the inner surface of 
the seamed side of the body portion, but the side walls 
of the indentation 21 are spaced from the sides of the 
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4 
nondeformed portion of the body 8 as is shown in FIG. 
5. 
From the ?rst stage die 12 the indented terminal is 

transferred to a second stage die 22 having a base 23 
provided with a longitudinally extending groove 24 in 
its upper surface. The base 23 of the die 22 is identical 
in all respects to the base 13 of the die 12. The die 22 
includes a cover 25 having an axial groove 26 comple 
mentary to and overlying the groove 24. The cover 25 
has an axially extending slot 27 in communication with 
the groove 26. The axial length of the slot 27 corre 
sponds to the length of the slot 17, but the width of the 
slot 27 is considerably greater than the width of the slot 
17 so as to enable it to accommodate a tongue 28 of a 
punch 29, the punch 29 corresponding to the punch 18 
except for the width of the tongue. 
The lower surface of the tongue 28 is arcuate longitu 

dinally and transversely. The longitudinal arc corre 
sponds to the longitudinal arc on which the surface 20 
of the tongue 19 is formed and the transverse arc of the 
tongue 28 forms a smooth curve from one face to the 
other of the tongue. The width of the tongue 28 corre 
sponds substantially to the inside diameter of the body 
portion 8, less two wall thicknesses thereof. Thus, if the 
inside diameter of the body 8 is 0.250 inch, and if the 
wall thickness of the body is 0.020 inch, then the thick 
ness ofthe tongue 28 may be 0.210 inch. It is preferred, 
however, to form the tongue 28 to a width slightly less 
than that speci?ed above so as to allow for some toler 
ance in the wall thickness of the body 8. Normally a tol 
erance of 0.002 inch will be sufficient and, if this toler 
ance is provided, the width of the tongue 28 will be 
0.208 inch, rather than 0.210 inch. 
Movement of the tongue 28 into and out of the die 

22 causes the side walls of the indentation 21 in the 
body 8 to be expanded into engagement with the side 
walls of the nondeformed portion of the body, as is in 
dicated in FIG. 8, so as to produce a wider indentation 
30. The width of the indentation 30 corresponds sub 
stantially to the inside diameter of the body 8, less two 
wall thicknesses. 
Following completion of the formation of the inden— 

tation 30, the terminal is transferred to a third die 31 
having a base 32 provided with a generally V-shaped 
groove 33 in its upper surface, the diameter of the 
groove corresponding substantially to the original di 
ameter of the body 8. The terminal is placed in the 
groove 33 with the indentation 30 uppermost. The 
groove 33 has its lowest point at the center of the die 
member 32 and those portions of the groove on oppo 
site sides of the lowest point diverge upwardly uni 
formly. In the embodiment shown in FIG. 10, the 
groove portion on each side of the lowest point is in 
clined upwardly at an angle of 25°, the two groove por 
tions thus forming an included angle of 130°. 
The die 31 also includes a cover 34 having an axially 

extending slot 35 therein overlying the groove 33 and 
of such length as to accommodate a punch tongue 36 
having an arcuate lower surface 37. The thickness of 
the tongue corresponds to the width of the indentation 
30, but its axial width is less than that of either of the 
tongues 19 or 28. The axial width of the tongue 36 
should be such as to enable the arc of the surface 37 to 
be formed on a radius corresponding to that on which 
the body 8 is to be bent and without stressing the oppo 
site ends of the indentation 30. The axial width of the 
tongue 36, therefore, will vary depending upon the de 
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gree of bending to be imparted to the terminal body 8. 

The length of the tongue 36 is such as to enable it to 
move into the die 31 a distance sufficient to engage the 
base of the indentation 30 and deform or bend the body 
8 to conform to the V-shaped con?guration of the 
groove 33. Thus, the opposite ends of the body portion 
form an included angle of 130°. ‘ 
Movement of the tongue 36 into and out of the die 

31 will result in the terminal’s being bent about the cen 
tral portion of the body 8 to form an elbow 38, as is 
shown in FIG. 12, with the indentation 30 lying at the 
inside of the elbow, as is best shown in FIG. 13. The 
presence of the indentation 30 at the inside of the 
elbow enables the body portion 8 to be bent smoothly 
and “ironed" against the base of the groove 33 without 
the crimping which usually accompanies the bending of 
a cylindrical member at the inside of the elbow and 
without undue elongation of the metal at the outside of 
the elbow. The terminal shown in FIG. 12 has its body 
portion 8 bent along a radius of 0.375 inch. 
The included angle between the opposite ends of the 

body portion will depend upon the extent to which the 
body is bent. Thus, FIG. 14 discloses a terminal having 
an included angle of 1 10° between the opposite ends of 
the body and the terminal shown in FIG. 15 has an in 
cluded angle of 90° between the opposite ends of the 
body, but in both instances the radius of the elbow cor 
responds to the radius on which the elbow 38 is formed. 
It will be understood that the bending of the terminals 
such as those disclosed in FIGS. 14 and 15 necessitates 
substitution for the die 31 of other dies in which the ter 
minal accommodating grooves are con?gured to form 
the desired included angle. 
The terminal disclosed in FIGS. 16 and 17 is the same 

as those previously described except that the indenta 
tion is formed in one side of the body portion 8 which 
is spaced only 90° from the seam 9, rather than in the 
side which is diametrically opposite the seam. 
Any of the terminals herein disclosed may be 

sheathed in a boot or sleeve 39, formed of dielectric 
material such as silicone rubber, which initially is axi 
ally straight, but which has sufficient resiliency to be 
slid over the terminal and conform to the angular con 
?guration thereof. Due to the relatively large radius of 
the elbow 38, as compared to the diameter of the body 
8, a silicone rubber sleeve may conform to the con?gu 
ration of the terminal without being subjected to signif 
icant pinching at the inside of the elbow or significant 
tension at the outside of the elbow. 
Inasmuch as no material is removed from the body 8 

in order to enable its being bent, the structural strength 
of the body is not weakened. Moreover, all of the metal 
of the body is capable of conducting current, thereby 
avoiding high current density at the body portion of the 
terminal. The absence of the necessity of removing ma 
terial from the body to enable its being bent, coupled 
with the ‘*ironing" imparted to the body via the cooper 
ating die members during the bending process, pre 
vents the formation of sharp edges or burrs which could 
shear the boot 39 during its assembly with the terminal. 

This disclosure is representative of presently pre 
ferred terminal constructions and methods of their 
manufacture, but is intended to be illustrative rather 
than de?nitive thereof. The invention is de?ned in the 
claims. 
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6 
We claim: 
1. An electrical terminal comprising an uninter 

rupted tubular, electrically conductive body and con 
nector means at opposite ends of said body for connec 
tion to electrical terminals, said connector means being 
notched adjacent the opposite ends of said body, said 
body being deformed radially inwardly thereof between 
its ends and from one side of said body toward the op 
posite side thereof to form an ‘elongate, axially arcuate 
indentation of less width than the diametral dimension 
of said body, said indentation having a bottom and op 
posed sides, the bottom of said indentation at its deep 
est point being in face to face engagement with the op 
posite side of said body and the opposed sides of said 
indentation at said deepest point being in face to face 
engagement with the respective adjacent sides of said 
body, whereby the entire deformed wall portion of said 
indentation at the deepest point thereof is in face to 
face engagement with the entireundeformed wall por 
tion of said body at said point. 

2. A terminal according to claim 1 wherein said in 
dentation is arcuate transversely of said body. ' 

3. A terminal according to claim 1 wherein said body 
is bent between its ends to form an elbow, said indenta 
tion being at the inside of the elbow. 

4. A terminal according to claim 3 wherein said body 
forms an included angle of substantially 90°. 

5. A terminal according to claim 3 wherein said body 
forms an included angle of substantially 110°. 

_6. A terminal according to claim 3 wherein said body 
forms an included angle of substantially 130°. 

7. A terminal according to claim 1 wherein said body 
is split longitudinally, said split and said indentation 
being located on opposite sides of said body. 

8. A terminal according to claim 1 wherein said body 
is split longitudinally, said split and said indentation 
being spaced substantially 90° from one another. 

9. A terminal according to claim 1 wherein said body 
is substantially cylindrical in cross-section except for 
said indentation. 

10. A terminal according to claim 1 wherein said 
body forms an included angle greater than 130°. and 
less than 180°. ' 

11. A method of making an electrical terminal having 
between its ends a cylindrical, elongate body formed of 
electrically conductive material, aid method compris 
ing deforming one side of said body between its ends 
radially inwardly of said body toward the opposite side 
thereof to form an elongate, axially arcuate indentation 
having a predetermined radius such that the deepest 
point of said indentation is in face to face engagement 
with the opposite side of said body, said indentation 
being of such width that at said deepest point thereof 
the opposed sides of said indentation are in face to face 
engagement with the respective ajdacent sides of said 
body; and bending said body at said deepest point of 
said indentation about a radius less than said predeter 
mined radius to form an elbow between the ends of said 
body, the direction of bending said body being such 
that said indentation is at the inside of said elbow. 

12. A method according to claim 11 wherein the 
bending of said body forms an included angle less than 
180°. 

13. A method according to claim 11 wherein said 
body is bent about an are having its center at the center 
of the arc of said indentation. 
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14. A method according to claim 11 wherein the 15. A method according to claim 11 wherein the 
depth of said indentation corresponds to the inside di- bending of said body forms an included angle of be 
ameter of said body less the wall thickness of said body. tween about 90° and abkout,k 132°. * 
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