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57 ABSTRACT 

An end mill is used to form a reduced thickness step in 
an indefinite length of strip material. If, due to toler 
ances and other factors the reduced thickness material 
is slightly too thick, it is swaged to a reduced thickness 
following which terminals are formed of both the 
thinned and original thickness material. 

11 Claims, 12 Drawing Figures 
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TERMINAL METHOD AND MANUFACTURE 
This is a division of application Ser. No. 100,252 filed 

Dec. 21, 1970, now U.S. Pat. No. 3,707,933, granted 
Jan. 2, 1973. 
The invention relates particularly to the formation of 

crimp type electric terminals from an indefinite length 
of strip stock where it is required that different parts of 
the terminals be formed of metal of different thick 
nesses, with the thickness of the metal in at least one 
part of the terminal strip maintained to a precise toler 
aC. 

The terminals are formed by feeding uniform thick 
ness strip stock past a fixed end mill which is rotated to 
cut a reduced thickness step in the strip. Following this 
stress relief windows are formed at intervals along the 
step. If the material between the windows is too thick 
it is then swaged or stamped to the exact desired thick 
ness. The material displaced during the swaging step 
bulges into the adjacent windows formed in the step 
and does not alter the thickness of the adjacent un 
milled portion of the strip. By the use of this method 
the thickness of the material located between the swag 
ing tooling is controlled to within + 0.0003 inches of 
the desired thickness. A crimp type terminal is then 
formed, preferably by a stamping operation, from both 
the thinned material and a portion of the original thick 
ness strip material with the crimp barrel of the terminal 
formed from the thinned material. The terminal may be 
secured to a carrier strip cut out of the step. 
Large numbers of crimp type terminals are used in 

modern electronic apparatus such as computers where 
it is essential that the electrical properties of each ter 
minal be retained within a very close tolerance 
throughout the useful life of the apparatus. An elec 
tronic computer may utilize as many as 100,000 termi 
nals each of which must function properly in order for 
the computer to function properly. If a single terminal 
fails, the entire computer fails. It is essential that the 
crimp type connections between the terminals and con 
ductors in the computer have uniform low contact re 
sistance throughout the life of the computer. Comput 
ers use solid state components, integrated circuits, 
memory frames and other circuit elements which are 
driven by low voltage and amperage currents and ac 
cordingly are easily affected by slight changes in the 
contact resistance of a single crimp connection. 

In order to achieve the uniformity of the crimp con 
nection in each of the large number of terminals, the 
crimp barrel of each terminal must be formed from 
metal stock having an exact thickness so that when 
crimped to the conductor a long lived low contact resis 
tance crimp connection is formed. If the crimp barrel 
is formed of material too thin, then the crimping tool 
ing will not form a tight low resistance connection be 
tween the terminal and the conductor. If the thickness 
of the crimp material is too great, there is a tendency 
for the crimp barrel to rebound open following crimp 
ing. In either case the desired crimp connection is not 
formed and it is likely that the contact resistance of the 
connection will increase during the life of the com 
puter. 

In certain types of computers and the like, it is desir 
able to use crimp type terminals where the disconnect 
portion of the terminal is formed from strip material 
having a greater thickness then the thickness of the ma 
terial used to form the crimp barrels. The disconnect 
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portions of the terminals may be formed from commer 

2 
cially available strip stock of uniform thickness. The 
difficulty arises in thinning the strip stock to provide 
the required thinner material for the crimp barrels. The 
problem of providing the thin crimp barrel material is 
compounded by the fact that the terminals must be rap 
idly and inexpensively mass produced in large numbers 
yet must conform to the very stringent thickness toler 
ance in order to achieve the desired reliability of the 
crimp connections. 
Hood et al, U.S. Pat. No. 3,494,253 discloses appara 

tus for forming a step in an indefinite length of strip ma 
terial. It has been proposed that the Hood apparatus be 
used for forming the reduced thickness crimp barrel 
material in the manufacture of computer crimp termi 
nals. The Hood patent utilizes a circumferential cutter 
for forming in a step in the strip which is moved contin 
uously past the cutter. The result is a reduced thickness 
step having a scalloped surface due to the fact that each 
individual cutting tooth on the cutter cuts one portion 
of the strip as it is swept in a circular path, and the next 
cutter tooth cuts a different portion of the strip located 
slightly upstream of the first portion, thus resulting in 
undesired variations in thickness of the step. 
Additionally the use of a circumferential cutter as 

taught by Hood et al. imparts differential stresses in the 
milled step which tend to cause terminal carrier strips 
formed therefrom to twist or snake during reeling and 
to jam when fed along the feed path of a terminal appli 
cator. The teeth of a circumferential cutter dull sooner 
than the cutting teeth of an end mill so that the use of 
an end mill in forming the reduced thickness step re 
duces down time necessitated when the cutting mills 
are changed and also reduces the frequency of adjust 
ment of the cutting tool relative to the strip. 
Accordingly, an object of the invention is to provide 

a method and apparatus for forming crimp type electric 
terminals from strip stock material in which the discon 
nect portion of the terminal is formed from the strip 
stock and the crimp barrel is formed from a reduced 
thickness portion of the strip stock. The thickness of 
the crimp barrel material is held to a very close toler 
ance in order to assure minimum contact resistance at 
the crimp connection. 
Another object is to provide a method and apparatus 

for reducing the thickness of a strip of metal of indefi 
nite length. 
A further object of the invention is to provide electric 

terminals formed from differential thickness strip mate 
rial. The terminals may be secured together on a carrier 
strip of indefinite length. The strip is not stressed so 
that reeling and feeding of the strip in an applicator is 
facilitated and snaking and binding are reduced. 
Other objects and features of the invention will be 

come apparent as the description proceeds, especially 
when taken in conjunction with the accompanying 
drawings of which these are three sheets. 

IN THE DRAWINGS 

FIG. 1 is a partially broken away side view of appara 
tus used to mill a step in strip stock: 
FIG. 2 is a top view of the apparatus shown in FIG. 

1; 
FIG. 3 is an enlarged sectional view taken generally 

along line 3-3 of FIG. 2; 
FIG. 4 is an enlarged view of the top of the strip in 

FIG. 2; 
FIG. 5 is an enlarged view of portion A of FIG. 4; 
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FIG. 6 is an enlarged view of the cutting end of the 
end mill illustrated in FIG. 1, FIG. 7 is a view illustrating the manufacturing steps 
performed on the milled strip during the formation of 
terminals therefrom; FIG. 8 is a sectional view of the tooling used to per 
form one of the steps of forming the strip; 
FIG. 9 is a partially broken away view of a modified 

milling apparatus; 
FIG. 10 is a partially broken away view of the miller 

of FIG. 9; FIG. 11 is a view of a strip with a different step milled 
therein; and FIG. 12 is a view similar to part of FIG. 7 illustrating 
the manufacture of terminals from the strip of FIG. 11. 
As illustrated in FIG. 1, a flat metal strip 10 of indefi 

nite length is fed through a milling apparatus 12 by strip 
feed 14. The feed 14 comprises a pair of feed rollers 16 
and 18 which are rotated in the direction of arrows 20 
by suitable drive means 22. One of the rollers may be 
resilient so that the strip 10 is frictionally engaged be 
tween the rollers and rotation of the rollers moves the 
strip in the direction of arrow 24 past the miller. 
The miller 12 includes a base block 26 mounted on 

support 28 and having a flat strip feed groove 30 
formed therein. A cover plate 32 rests on the top of the 
block 26 and is secured thereto so as to confine the 
strip 10 in the groove 30. The groove has sufficient 
width and depth to permit the strip to be pulled freely 
through the miller. End mill 34 is mounted in suitable 
drive means (not shown) with the cutting end of the 
mill projecting down through an opening 36 in cover 
plate 32. The rotational axis of the end mill is perpen 
dicular to the longitudinal axis of the groove 30 and of 
strip 10 as the strip is moved past the mill. Cutting 
edges 40 of the mill teeth 42 (see FIG. 6) are spaced 
above the bottom of strip feed groove 30 a distance less 
than the thickness of the strip 10. As indicated in FIGS. 
1 and 2, mill 34 is rotated in the direction of arrows 44. 
Rotation of the end mill cuts away a portion of the strip 
10 to form a reduced thickness step 46 on one side of 
the strip. The diameter of the end mill is somewhat 
greater than the width of the step 46 so that each cut 
ting edge 40 of the mill sweeps over strip edge 48 to as 
sure that a smooth corner is obtained. 

Bevels 50 are provided at the outer edges of the end 
mill cutting teeth 42 so that, as illustrated in FIG. 3, the 
mill cuts out a slanted surface 52 between the step 46 
and the top of the strip 54. 
The milling apparatus 12 illustrated in the drawings 

may be provided with means for cooling the end mill 
and for removing chips from the work area. These 
means are conventional and form no part of the inven 
tion. During the milling operation, feed 14 moves strip 10 
through the milling apparatus 12 at a uniform rate of 
speed and the end mill is rotated at a relatively high ro 
tational speed in order to mill the step 46. Most of the 
material removed from the step is cut away during the 
period of time when each cutter 42 sweeps past the up 
stream arcuate edge 56 of the step 46. Each sweep of 
a tooth 42 past edge 56 removes a chip of strip mate 
rial. During the completion of each revolution of end 
mill 34, the tooth 42 sweeps over the step 46. Because 
of the practical difficulties in maintaining the end mill 
axis 38 exactly perpendicular to the longitudinal axis of 
the strip 10, and in maintaining the feed groove 30 so 
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4 
that the bottom surface thereof is perfectly flat, the 
teeth 42 engage the strip 10 during the entirety of each 
revolution of the tool 34 with the exception of the time 
when they are to one side of strip edge 48. The pattern 
formed in the step 46 by this type of milling is illus 
trated in FIG. 4. In contrast to the use of a circumferen 
tial cutting tool for forming strips as disclosed in Hood 
et al. U.S. Pat. No. 3,494,253, the use of an end mill to 
form a step in strip 10 as disclosed does not impart 
twisting stress to the thinned portion of the strip. This 
is because the stresses from the milling operation are 
distributed relatively uniformly throughout the step. 

Milling of the step is performed by cutting away ma 
terial both against the direction in which the strip is 
moved past the mill, and also in the direction the strip 
is moved past the mill. Thus, the milling operation 
tends not to affect the strip feed and the strip is moved 
uniformly past the mill. 
Each of the cutting teeth 42 sweeps over the entire 

surface of the step 46 so that the thickness of the step 
is uniform despite the fact that one or more of the teeth 
42 may project toward the strip a distance slightly 
greater than the remaining teeth. Each of the teeth 42 
performs essentially the same amount of work and cuts 
virtually idential chips from the upstream step edge 56 
during each sweep past the edge. This feature extends 
the useful life of the end mill. As indicated in FIG. 5, 
the uniform movement of the strip 10 past the end mill 
34 forms crests and valleys in the slanted step edge 52. 
The portion of the strip downstream from strip feed 

14 may be wound on a reel for storage. Subsequently 
the strip is unwound from the reel and fed to a punch 
press used to form the individual crimp terminals. 
When a sharp end mill is installed in the milling appa 

ratus 12, the axial height of the end of the mill above 
the strip feed path 30 is adjusted to 0.0122 inches. Dur 
ing the milling of an entire strip 10, which may have a 
length of from 800 to 1,000 feet, a certain amount of 
wear occurs in the end mill. This wear may be as much 
as 0.0005 inches per strip so that the step which is 
milled from the upstream part of the strip will be 
slightly thicker than the step at the downstream end of 
the strip. Additionally, the step material may be thicker 
than contemplated due to differences in the hardness 
and toughness of the metal at different locations in the 
strip itself. The result of these variations and miller 
wear is that the milling operation forms a step along the 
entire length of the strip which is at no point thinner 
than 0.0122 inches but which may be 0.0130 inches 
thick or thicker at some places. The strip tends to be 
somewhat thinner at the downstream than at the up 
stream end. 
FIG. 7 illustrates generally from left to right the steps 

used to form a crimp type electrical terminal 60 from 
the stepped strip 10. The terminal 60 includes a discon 
nect portion 62 and a crimp portion 64. The disconnect 
portion is formed from the original thickness of portion 
66 of the strip and the crimp portion is formed from the 
reduced thickness step portion 46. The strip 10 may be 
formed of phos-bronze in order that the terminal 60 has 
the desired electrical and mechanical properties. 

Typically the manufacturing tolerances for the termi 
nal 60 require that the thickness of the metal used to 
form the crimp portion 64 of terminal 60 is less than 
the thickness of the metal used to form the disconnect 
portion 62. The thickness of each portion must be 
maintained within an exact tolerance. The thickness 
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tolerance of the metal used to form the crimp portion 
64 is assured by milling the step 46 as described and by 
forming the disconnect portion from the step metal in 
the manner to be described. 

In forming terminals from the bi-level strip, the strip 
10 is fed from the supply reel through a punch assembly 
(not illustrated) in the direction of arrow 68 in FIG. 7. 
The press assembly includes a number of press stations 
each of which performs an operation on a portion of 
the strip. These operations will be described in the se 
quence of operation. 
The first operation performed on the strip is to punch 

out a pilot hole 70 and a swage relief window or open 
ing 72 from the step. The opening 72 extends laterally 
across the step 46 and is located to one side of the ma 
terial 74 used to form the terminal crimp portion 64. 
As previously described, the thickness of the milled 

step may vary from a minimum thickness of 0.0122 
inches to a thickness of 0.0130 inches or more depend 
ing upon the wear on the end mill and the physical 
properties of the strip itself. This variation in thickness 
is too great to assure uniform crimp connections for the 
useful life of the computer or apparatus in which the 
terminal is used. The minimum thickness of 0.0122 
inches is alright, however the step may be too thick. 

In order to assure that the thickness of the step mate 
rial 74 which is used to form the terminal crimp portion 
64 is not greater that the maximum tolerance, the ma 
terial is passed beneath a flat swaging die 76 after the 
formation of openings 72. The strip 10 is confined in a 
feed path 78 formed in the support 80 beneath the die 
76. The die 76 bottoms to a clearance of 0.0128 inches 
above the bottom of the feed path 78 so that it will re 
duce the thickness of the step portion 74 to 0.0128 
inches if the thickness of the material when milled was 
greater than 0.0128 inches. During the swaging opera 
tion, as illustrated in FIG. 8, the material which is dis 
placed bulges outwardly into the openings or windows 
72 to either side of the step portion 74 so that the swag 
ing step does not distort the original thickness material 
66 used to form the disconnect portion 62. 

In FIG. 7, the thickness of the step material 74 is 
greater than 0.0128 inches so that when the tool 76 
bottoms it engages the strip to flatten portion 73 where 
indicated. If the thickness of the milled step 46 is less 
than 0.0128 inches the tool 76 when bottomed does not 
engage the step and the step would not carry the swag 
ing marks. In any event, the swaging operation as de 
scribed assures that the final thickness of the portion 74 
of the step 46 used to form the terminal crimp portion 
64 is 0.0125 - 0.0003 inches, which is within the re 
quired thickness standards for the formation of reliable 
crimp connections. 
During the swaging operation illustrated in FIG. 8 the 

bevelled corner 84 of tool 76 engages the undulating 
surface 52 to flatten the same. Surface 52 is flattened 
whether or not bottoming of the tool 76 reduces the 
thickness of the step portion 74. 
After the swaging operation is performed, the termi 

nal disconnect portion 62 is cut out of the strip portion 
66 in a number of steps. Following this the crimp barrel 
portion 64 is stamped from the swaged part 74 of the 
step 46 as illustrated. Wire crimp barrel 86 is formed 
entirely from the swaged portion of step 46 while the 
outer tips of the insulation crimp barrel 88 extend be 
yond the swaged portion of the step. Prior to the form 
ing of the wire and insulation crimp barrels 86 and 88, 
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6 
dimples 90 may be formed in crimp portion 64. The 
dimples improve the crimp connections, 
As illustrated, the terminals 60 formed from the strip 

10 project to one side from a carrier strip 92 which is 
formed from the step 46. The milling operation used to 
reduce the thickness of this portion of the step equal 
izes the cutting stresses along the strip 92 so that the 
strip does not tend to twist or snake during winding of 
the terminals and strip on a supply reel or during feed 
ing of the strip in an applicator. The use of a circumfer 
ential mill to form steps in strip stock in accordance 
with the teaching of the prior art Hood et al. U.S. Pat. 
No. 3,494,253, produced unequal stresses in the carrier 
strip formed therefrom with the result that the terminal 
strip tends to twist, snake and tangle. Use of the dis 
closed milling techniques reduces these problems. 
Crimp barrel 86 is spaced from disconnect portion 62 

by a flat neck 94 of the sized step material 74. The 
thickness of neck 94 may be checked by a suitable in 
strument to assure that the thickness of the crimp bar 
rel 86 is within the tolerance required to form a reliable 
crimp connection. 
FIGS. 9 and 10 illustrate a different embodiment of 

the milling apparatus 12 of FIGS. 1 and 2. The milling 
apparatus 100 of FIGS. 9 and 10 is identical to miller 
12 with the exception that the strip 102, which is pulled 
through the miller by a feed like feed 14, is firmly held 
against the bottom of feed path 104 by three spring 
backed clamps 106, 108 and 110. The clamps are 
mounted in the top plate 112 of the milling apparatus. 
Clamp 106 extends nearly across the entire width of the 
strip 102 immediately upstream of the end mill 114 
which is used to cut step 116 in the strip. The clamp 
108 is located laterally to one side of the end mill 114 
and clamp 110 is located immediately downstream of 
the end mill and engages the reduced thickness step 

6. 
The three clamps assure that the portion of the strip 

which is milled is held against the bottom of the feed 
path 104 thereby preventing any lifting or chatter of 
the strip which could occur as a result of the milling op 
eration. For instance, the tendency for the individual 
cutter blades of the end mill to lift the strip from the 
feed path during cutting is eliminated. In this way the 
minimum step thickness is further assured. In other re 
spects the milling apparatus 100 is identical to appara 
tus 2. 
FIG. 1 illustrates a modification of the invention ac 

cording to which a reduced thickness step 118 is 
formed within the width of strip 120. Step 118 may be 
formed by the use of a milling apparatus as illustrated 
in either FIGS. 1 or 9 in which a small diameter end 
mill is used and where the end mill is located so that it 
does not sweep over the edge of the strip. 
FIG. 12 illustrates terminals 122 which may be 

formed from the strip 120 in the same way as indicated 
in FIG. 7. The terminals 122 are secured to a carrier 
strip 124 which in this case is formed from an original 
thickness portion of the strip 120 as opposed to the car 
rier strip 92 of FIG. 7 which is formed from the reduced. 
thickness step material. The terminals 122 are identical 
to terminals 60. 
While the inventions disclosed herein are particularly 

useful in the manufacture of electric terminals, it is not 
intended that they be limited solely to this art since the 
manufacture of stepped strip material of indefinite 
length to precise tolerances may be useful in applica 
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tions which do not relate to terminals. Likewise, it is 
not intended that the invention be related to the manu 
facture of electric terminals of the particular type dis 
closed. Obviously terminals may be manufactured in 
accordance with the invention which utilize a discon 
nect portion of a type different than that disclosed in 
terminal 60. 
While I have illustrated and described preferred em 

bodiments of my invention, it is understood that these 
are capable of modification, and I therefore do not wish 
to be limited to the precise details set forth, but desire 
to avail myself of such changes and alterations as fall 
within the purview of the following claims. 
What I claim as my invention is: 
1. The method of forming crimp type terminals from 

a strip of metal of indefinite length comprising the steps 
of: 

1. Reducing the thickness of at least a part of the strip 
by moving the strip between the end of a rotating 
end mill and a strip support spaced away from the 
end of the mill a distance less than the thickness of 
the strip; 

2. Forming stress relief windows at periodic intervals 
along the length of the reduced thickness part of 
the strip; 

3. Swaging any reduced thickness parts of the strip 
between adjacent windows having a thickness 
greater than a maximum thickness down to a uni 
form maximum thickness; and 

4. Forming terminals from the strip at period inter 
vals therealong with each terminal including both 
a wire crimp barrel formed from a part of the strip 
between adjacent windows and a disconnect por 
tion. 

2. The method of Claim 1 including the steps of mill 
ing a reduced thickness step in the strip while retaining 
an original thickness portion of the strip, and forming 
the disconnect terminal portions from original thick 
ness strip material. 
3. The method of Claim 2 including the steps of form 

ing the reduced thickness step at one edge of the strip, 
punching the terminals from the strip and providing a 
terminal carrier strip from the reduced thickness step 
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8 
with each terminal secured to the carrier strip. 

4. The method of claim 1 including the step of clamp 
ing the strip against the strip support adjacent the end 
mill as the strip is moved past the end mill. 

5. The method of claim 1 including the step of biasing 
the strip against the strip support immediately up 
stream and immediately downstream of the end mill as 
the strip is moved past the end mill. 

6. The method of claim 5 including the step of biasing 
the reduced thickness part of the strip against the strip 
support immediately downstream of the end mill. 

7. The method of claim 1 including the steps of form 
ing a reduced thickness step at one edge of the strip 
with an original thickness portion of the strip at the 
other edge thereof and biasing the strip against the strip 
support immediately upstream of the end mill, biasing 
the original thickness portion of the strip to one side of 
the end mill against the strip support and biasing the re 
duced thickness portion of the strip immediately adja 
cent the end mill against the strip support while moving 
the strip past the end mill. 

8. The method of forming a crimp type terminal from 
a strip of metal of indefinite length comprising the steps 
of: 

1. Reducing the thickness of at least a part of the strip 
along the entire length thereof to form a thin strip; 

2. Reducing the thickness of portions of the thin strip 
which are thicker than a maximum tolerance to as 
sure a uniform maximum thickness of the thin strip; 
and 

3. Forming crimp type electrical terminals from the 
strip with each terminal including a crimp barrel 
formed from said thin strip. 

9. The method of claim 8 including the step of ex 
panding the metal displaced during reducing the thick 
ness of portions of the thin strip into openings in the 
thin strip. 

10. The method of claim 8 including the step of form 
ing a terminal carrier strip from the thin strip. 

11. The method of claim 10 including forming a dis 
connect part of each terminal from an original thick 
ness portion of the strip. 
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