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5 Claims. (C. 140-113) 

This invention relates to hand-operated tools for 
crimping electrical connectors or terminals to wire con 
ductors. The invention has particular utility and ad 
vantage in the crimping of large size terminals: 
A very high pressure is required to crimp connectors 

formed of heavy gauge metal to insure a good mechanical 
and electrical connection between the wire and the ter 
minal or connector. Such pressures are readily achieved 
by crimping machines ... that are permanently installed 
in a particular, location. However, it is difficult to ob 
tain the required pressure in a hand-operated portable 
tool so constructed that it can be operated conveniently 
by one person. Some means of obtaining the necessary 
high leverage ratio must be provided, that is, the hand 
operated part of the tool must traverse a relatively large 
distance, under, such force as to produce a very small 
movement of the crimping die at the required high pres 
sure. This makes it difficult for the operator to hold 
the terminal and wire in the proper position in the crimp 
ing, die while the die. components are moved through 
a sufficient distance to obtain a preliminary grip on the 
connector. 
The present invention is described as embodied in a 

hydraulically operated tool in which rapid initial move 
ment of the die components can be obtained by one-hand 
operation of the tool, leaving the other hand free to 
position the connector in the tool. After the connector 
has been gripped by the jaws or die of the tool, an aux 
iliary force-multiplying hydraulic system is operated by 
hand to complete the crimping operation. 
The various objects, advantages, and features of the 

present invention, for example, relating to the quick initial 
take-up, automatic pressure limit indication and control, 
free piston construction to minimize length of quick 
take-up plunger and to permit, additional hydraulic fluid 
to be "easily withdrawn from the reservoir, will be in 
part pointed out in and in part apparent from the fol 
lowing description considered. in conjunction with the 
accompanying drawings in which: 

Figure 1 is a perspective view of a hand-operated 
crimping tool, embodying the present invention; 

Figure 2 is an elevational view of the tool shown in 
Figure 1; 

Figure 3 is an enlarged partial sectional view taken 
along line 3-3 of Figure 1; 

Figure 4 is an enlarged side view of the head portion 
of the tool taken along line 4-4 of Figure 2, with cer 
tain parts-of the tool cut away to show the internal 
construction; 

Figure 5 is a sectional view taken along line 5-5 
of Figure 4; 

Figure 6 is a top view of the tool shown in Figure 2: 
Figure 7 is a sectional view taken along line 7-7 

of Figure 5: 
Figure 8 is a sectional view. taken along line 8-3 

of Figure. 5; and . 
Figure 9 is a sectional view taken along line 9-9 of 

Figure 5. 
The particular, too illustrated in the drawings is 

adapted to form a crimp of the general, type described 
more fully in the patent application of Thomas C. Free 
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dom, Serial No. 655,747, filed March 20, 1946, now U. S. 
Patent 2,535,013. This crimp is formed by placing the 
ferrule of a terminal 2 between the inner surface 3 (see 
Figures 1, 2, and 4) of a nest 4 and the corrugated or 
"indented' surface 6 of a movably supported die 8, the 
wire being suitably positioned within the ferrule of the 
connector. 
The operator may support the tool with one hand by 

means of a hand grip 12 and hold the connector in proper 
position between the nest 4 and die 8 with the other hand. 
A plunger or take-up rod 14 at the bottom of the tool 
is then pressed against the body of the operator or on 
a fixed surface, for example the top of a Workbench, . 
so as to force the plunger 14 longitudinally into a com 
bination handle and oil cylinder 6. This movement of 
the take-up rod 14 produces a rapid movement of the 
die 8 relative to the nest 4 so that the connector is quickly 
gripped by the tool with sufficient force to hold it in the 
desired position. At this time, both hands of the operator 
are freed for further operation of the tool by which the 
crimping operation is completed. 
The increased force necessary for this final crimping 

is obtained by pumping a pivotally supported handle 18, 
which also is provided with a suitable hand grip. 22. 
Automatic means are provided within the tool for pre 
venting the application of excessive force to the con 
nector, and for indicating when the crimping operation 
is completed. 
When pressure is applied to the oil, or other suitable 

liquid, in the reservoir 24 in the handle 16 by movement 
of the take-up rod 4, the oil is forced through a pas 
sageway 26 (see Figure 5) formed within a valve body 
28, and through an intake valve, generally indicated at 
32. In this example, the valve 32 is formed by a valve 
seat 34, formed by an annular shoulder in passageway 
26, against which is pressed a steel valve-ball 36 by a 
helical spring 38 maintained under compression between 
the ball 36 and the end of an intake-valve cap screw 42, 
which is in threaded engagement with the valve body 28. 
A gasket 44, of copper or other suitable material, is posi 
tioned beneath the head of the cap screw 42 to prevent 
leakage of the oil. - 

After passing the intake valve 32, the oil is forced 
through a passageway 45 and a check valve, generally 
indicated at 46, which in this example comprises a steel 
check-valve ball 48 which is pressed against a valve seat 
52 by a helical compression spring 56 which rests against 
an internal shoulder formed on a check-valve retaining 
screw 5s in threaded engagement with the valve body 28. 

After passing the check valve 46, the oil emerges 
through an opening 62 (see also Figure 8), in the center 
of the check valve retaining screw 58, into a main cyl 
inder chamber 64. The cylinder walls of this chamber 
64 are formed by a cylindrical sieeve member 66 which 
is threaded into the valve body 28 as at 67. 

In order to prevent oil leakage along the threads 67 
between the valve body 28 and the sleeve member 66, 
while permitting relative rotation of these two parts for 
a purpose which will be explained later, an O ring 68, 
of suitable synthetic polymer or other material that is 
not affected adversely by the oil or other liquid used 
in the hydraulic system, is positioned in a groove 69 
around the inner surface of the valve body 28. 
A head 70 is in threaded engagement with the other 

end of the sleeve member 66. This head, which Sup 
ports the nest 4, is provided with a central opening 71 
(see also Figure 6) for the die 8. 
The pressure of the oil in the chamber 64 causes a 

piston 72 to move longitudinally within the sleeve mem 
ber 66 toward the right as viewed in Figure 5. The die 8 
is secured to the face of the piston 72 by screws 73 (best 
shown in Figure 6) so that the piston forces the die 8 into 
the nest 4. 

In order to prevent the leakage of oil along the inner 
walls of the sleeve member 66, an O ring 74 of suitable 
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material, is positioned in a groove 75 extending circum 
ferentially around the outer surface of the piston 72. A 
backing washer 76 for example of leather is positioned 
within the groove 75 adjacent the O ring 74. 
The internal diameter of the oil reservoir 24 in the 

handle 6 relative to that of the cylinder sleeve 66 is such 
that the allowable movement of the take-up rod 14 is 
sufficient to cause the die 8 to grip the connector 2 which 
is to be crimped. 

After the connector 2 has been secured in its proper 
position between the die and the nest by the above de 
scribed action, the operating handle 18 (Figures 1 and 2), 
which is supported by a pivot pin 78 that extends through 
a lug 82 projecting from valve body 28, is given a pump 
ing motion with respect to the handle 6. This move 
ment of the operating handle 8 causes a plunger 88 
(Figure 5) to reciprocate within a bore 92, which com 
municates with the passageway 45 between the intake 
valve 32 and the check valve 46, and pumps additional 
oil from the reservoir 24 into the cylinder chamber 64. 
When the operating handle i8 is moved outwardly from 

the Suporting handle 16, the movement of the plunger 33 
in the bore 92 draws additional oil through the intake 
valve 32 into the chamber formed by the bore 92. When 
the operating handle i8 is subsequently forced toward the 
handle 16, so that the plunger 88 moves inwardly of the 
bore 92, the oil in the passageway 45 and bore 92 cannot 
return to the reservoir 24 because of the checking action 
of the intake valve 32 and therefore is forced through the 
check valve 46 into the pressure chamber 64 within the 
main cylinder 66. This cil cannot return to the bore 92 
when the handle 18 is again reciprocated, because of the 
check valve 46. Thus, continued pumping of the handle 
18 forces additional oil into the cylinder 66 thus increas 
ing the force applied to the die 8. Because of the small 
diameter of the plunger. 88 and bore 92 relative to the 
internal diameter of the cylinder sleeve 66, a large force 
multiplying effect is obtained which is sufficient to insure 
adequate crimping of even very large connectors or 
terminals. 
A manual control is provided for releasing the pressure 

from the cylinder, after the connector or terminal has 
been crimped to the wire, and permits the oil to flow from 
the chamber 64 back into the reservoir 24. This is ac 
complished by means of a passageway 94 which extends 
from the bottom of the cylinder chamber 64 (see Figure 
4) to a needle valve, generally indicated at 96, which is 
connected to the reservoir 24 in the handle 16 by a pas 
sageway 98. The valve 96 comprises a valve needle 102 
having a threaded portion in engagement, as at 104, with 
a radial bore in the valve body 28. The valve needle 192 
has a pointed end portion that seats against a conoidal 
ser at the junction of passageways 94 and 98, as 
at 
A control knob 108 is secured to the valve needle E02, 

as by a nut 112 in threaded engagement with the outer 
end of the needle 102, so that by rotating the knob 93, 
the valve 96 can be opened or closed as desired. 

In order to prevent the leakage of oil around the valve 
needle 102 suitable packing 114 is maintained under pres 
sure between two washers 116 by a packing nut 118 which 
is threaded into the valve body 28. 
When the needle valve 96 is opened by rotating the 

control knob 108, the piston 72 is returned to its original 
position as shown in Figure 5 by a helical compression 
Spring 22 which forces the oil through the passageways 
94 and 98 back into the reservoir 24. This spring 122 is 
positioned around a Spring-retainer post 24 which has a 
projection 25 of reduced diameter on its lower end that 
is in threaded engagement with and supported by a central 
hub 126 of a spider 127 having an outer ring 128 which 
abuts an internal shoulder 29 on the sleeve 66. 
One end of the Spring 22 abuts an outwardly extend 

ing annular flange 30 on the end of the spring-retainer 
post 124, and the other end of the spring 22 abuts an 
inwardly extending annular flange 33 on a spring-retain 
ing nut 32 that is in threaded engagement with the 
internal wall of the piston 72. 

Thus, as the piston 72 is forced under pressure along 
the axis of cylinder sleeve 66 to form the crimp in the 
connector 2, the Spring 22 is compressed by the move 
ment of the Spring-retaining nut 132 so that, when the 
hydraulic pressure is released, for example, by opening 
the needle valve 96, the spring 122 expands, returning the 
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4 
piston 72 to the end of the cylinder and forcing the oil 
through the passageways 94 and 98 into the reservoir 24 
in the handle i6. 

in order to prevent the application of excessive pressure 
on the connector 2, a limit valve, generally indicated at 
134, is arranged to permit some of the oil to return from 
the chamber 64 through a passageway 136 into the oil 
reservoir 24 in the handle 16, whenever the pressure of 
the oil in the chamber 64 exceeds a critical value. The 
Sudden reduction of pressure in the cylinder 64 also serves 
to indicate to the operator that the crimping operation 
has been compieted. 
The valve 34 comprises a needle 38 which has a 

pointed end 42 that seats against a conoidal shoulder 
formed at the end of a small diameter passageway 43 
that communicates with the passageway 94. An annular 
collar 144 is formed integrally with the needle i33 and 
Serves as a stop for a coiled compression spring 45, the 
opposite end of which is positioned against an internal 
shoulder in an adjustment screw 48 that is threaded into 
a radial opening in the valve body 28. A cap screw 52 
also is threaded into this same opening and protects the 
Screw 48 from inadvertent adjustment. 
Whenever the pressure in the cylinder chamber 64 ex 

ceeds a certain critical value, the pressure against the 
exposed surface of the needle 38 will overcome the force 
of the Spring 46 and open the valve A34 to permit some 
of the oil to flow from the chamber 64 through the pas 
Sageway 36 into the reservoir 24. However, as soon as 
the valve 134 opens the oil acts against the collar 144 so 
that Substantially less force is required to maintain the 
valve in open position. The force required to open the 
valve 134 is controlled by adjusting the position of the 
Screw 48 to vary the force exerted by the spring i46. 

In order to fill the reservoir 24 with oil, a passageway 
156 (see Figure 9) extends from the junction 57 of 
passageway 26 with the oil reservoir 24 to the outer sur 
face of the valve body 28. This opening is normally 
closed by a cap screw 58 which is threaded into the valve 
body 28 and seats against a suitable shoulder on which is 
mounted a gasket 162 of copper or other suitable material. 
The construction of the piston assembly in the handle 

16 is shown most clearly in Figure 3. A disc-like knob 
164 in secured to the end of the take-up rod 14, for ex 
ample by a projection 166 in threaded engagement with 
the take-up rod 14. This take-up rod 14, which may be 
Solid but is illustrated as tubular in the present embodi 
ment, extends through a suitable opening in the outer end 
of handle 16, at which point it is surrounded by a bushing 
f63, and is secured as by a threaded projection 172 to a 
guide member 74. This guide member is provided with 
an annular groove into which is fitted a felt wiper 176 for 
preventing the accumulation of dust and dirt which would 
cause scoring of the cylinder wall. The wiper 76 is 
retained in position between a shoulder 178 on the guide 
member 74 and a metal washer 182 tightened between 
the guide member 74 and the end of the take-up rod 14 
by means of the threaded projection 72. 
A piston, generally indicated at 184, is positioned 

within the reservoir 24, but is not connected to the guide 
member 174. The piston 184 is provided with an annu 
lar groove 186 surrounded by an O ring packing 188, 
formed of synthetic polymer or other material which will 
provide the desired compression characteristics but which 
is unaffected by the oil or other liquid contained in the 
reservoir 24. 
A Screw 192 extends through the side wall of the 

handle 16 into the interior of the handle and is posi 
tioned so that the washer 182 on the guide member 174 
will strike the end of the screw 192 and limit the down 
ward movement of the take-up rod 14. 

After the take-up rod has been forced into the handle 
16 to close the die and nest sufficiently to grip the con 
nector, subsequent pumping motion of the operating 
handle 8 draws more oil from the reservoir 24 and forces 
it into the chamber 64. In order to permit this oil to 
be drawn readily from the reservoir 24, the piston 184 
is not connected to the guide member 174 on the take-up 
rod 14. Thus, as the additional oil is drawn from the 
reservoir 24, the piston 184 moves along the reservoir 
24 away from the end of the guide member 174, and is 
forced back in the reservoir 24 against this guide mem 
ber 174 when the oil is returned to the reservoir 24 after 
the crimping operation is completed. 
The take-up rod 14 is advantageously of such length 
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that it is pushed substantially all the way into the handle 
16 at the time the preliminary grip on the connector 2 is 
obtained. This construction is made possible by the free 
piston head 184 whereby additional liquid can be with 
drawn from the reservoir. 24 without further movement 
of the take-up rod 14. 
A light compression spring 193 is positioned around the 

take-up, rod 14 between the end of the handle 16 and the 
guide member 174 on the end-of rod. 14. This spring 
serves to hold the take-up rod 14 within the handle 16 
when additional oil is being withdrawn from the reservoir 
24 by the auxiliary high-pressure pump. 
The operating handle 18 is supported by means of two 

ears 194 and 196 (Figures 2 and 7) integral with the 
handle 18 positioned on opposite sides of the lug 82 
extending outwardly from the valve body 28. These 
ears 194 and 196 are pivotally secured to the lug 82 by 
the pin 78. The movement of the operating handle 
18 is limited in one direction by means of a limit pin 
202 which extends between the ears 194 and 96 at the 
end of handle 18. The movement of the handle 18 in 
the outward direction is limited when the pin 262 strikes 
the Surface of the Supporting lug 82, and in the opposite 
direction by two stop screws 204 and 206 (see also 
Figure 8) which extend from the inner surface of the 
handle 18, below the plunger 88, and abut the outer 
surface of the valve body 28 when the plunger 88 is in 
its innermost position. 
The plunger 88 is secured to the operating handle 18 

by a C-shaped head portion 208 (Figure 5) having an 
open slot that extends over a roller 212 rotatably sup 
ported by a pin 214 that extends between the ears 194 
and 196 of the operating handle 18. 

In order to prevent oil from leaking around the plunger 
88, an O ring packing 216 is positioned around the 
plunger 88 between a shoulder on the bore 92 and a 
backing washer 218, of leather or other suitable material, 
held in position by a packing nut 222 that is threaded into 
the valve body 28. 

It is, of course, not necessary that the particular die 
and nest illustrated in the drawings be used and other 
shapes or types can be employed. In order to facilitate 
the replacement of the nest 4 and die 8, the nest is pro 
vided at each end with two projecting ears, as illustrated 
at 224 and 226 in Figure 6. These ears are positioned in 
spaced slots formed in a projection 228 on the upper 
surface of the head 70. (See also Figure 4.) A hinge 
pin 232 extends through the ears 224 and 226 of the nest 
4 and the projection 228 and is provided at one end with 
a knurled head 234, and near the opposite end with a 
peripheral groove 236 by means of which the hinge pin 
232 is locked in position. The end of the hinge pin 
adjacent the groove 236 is tapered as at 238 to permit 
easy insertion of the hinge pin when the nest is being changed. 
The hinge pin is retained in position by means of a 

ball 242 (Figure 5) that extends into the groove 236 
under the pressure of a spring 252 positioned in a bore 
in a shoulder 256 that may be formed integrally with 
the projection 228. The opposite end of the nest 4 is 
connected to the head 70 in exactly the same manner so 
that it is unnecessary to describe this construction in 
detail. Thus, the nest 4 can be removed readily by 
removing the two hinge pins 232 without the use of 
auxiliary tools. 
The angular position of the nest 4 and the die 8 rela 

tive to the body and handles of the tool can be adjusted 
by rotating the head 70 and associated parts relative to 
the valve body 28. The extent of this adjustment is 
limited by a head index stop 258 (see Figure 4) secured 
to the outer surface of head 70 by screws 259 and hav 
ing projection 260 extending into the space between two 
limit Screws 26 and 262. 
The head 70 is in threaded engagement with the main 

cylinder sleeve 66 and relative rotation of these parts is 
prevented by a guide screw 264 that is threaded into the 
head 70 and extends through a hole in the main cylinder 
sleeve 66 into a slot 266 extending longitudinally along 
the outer surface of the piston 72. Thus, the nest 4, the 
head 79, the sleeve 66, the piston 72, and the die 8, 
which is secured to the piston 72 by the screws 73, rotate 
as a unit in the threaded connection 67 joining the valve 
body 28 and the sleeve 66 so as to allow convenient 
positioning of the crimping head. 
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6 
It is thus seen that I have provided a tool for crimping. 

connectors and terminals that is well adapted to attain 
the ends and objects hereinbefore set forth, and which is 
subject to a variety of modifications so that it may be best. 

It is to be understood that 
the embodiment of the tool described and shown herein 
is...for the purpose of illustrating the invention in accord 
ance... with the statutory requirements and that it is not 
intended to be exhaustive or limiting of the invention, . 
the scope of which is defined by the following claims. 

I claim: 
1. In a hand-operated tool for crimping connectors to 

wire wherein a die and nest are forced toward each other 
under high pressure, apparatus for hydraulically operat 
ing said tool including: a main body; a cylinder supported 
by said body and having a main piston therein arranged 
to cause relative movement between said nest and die; 
first piston-actuating means for causing rapid take-up of 
said piston to cause said nest and die to grip and hold the 
connector in crimping position including first and second 
handles for supporting said tool, a liquid-holding reser 
voir within said first handle, a passageway communicating 
with said reservoir and said cylinder, first and second 
check-valves at spaced positions in said passageway 
oriented to prevent liquid flowing from said cylinder 
toward said reservoir, a first plunger having a diameter 
smaller than the diameter of said piston and slidably 
positioned in said reservoir for increasing the pressure 
therein to force liquid from said reservoir into said cylin 
der, a plunger-actuating rod extending longitudinally 
through the end of said handle and arranged to exert only 
uni-directional force on said first plunger, and means 
limiting extent of movement of said plunger-actuating 
rod; and second piston-actuating means for causing said 
nest and die to crimp the connector including a force 
multiplying pump communicating with said passageway 
and having a second plunger slidably mounted within 
said body and operatively secured to said second handle 
and having a diameter smaller than the diameter of said 
first plunger, said second handle being pivotally supported 
by said body. 

2. A hand-operated crimping tool of the type adapted 
to crimp an electrical connector to a conductor compris 
ing a movable die mechanism having opposing die men 
bers arranged to support and crimp an electrical con 
nector, a body portion supporting said die mechanism, 
first and second handles extending from said body por 
tion, a hydraulic ran mechanism at least partially en 
closed within said body and having a cylinder chamber 
and a movable piston in said chamber arranged to close 
said dies to hold and crimp an electrical connector, reser 
voir means and hydraulic fluid contained therein, fluid 
conducting means communicating with said chamber and 
with said reservoir means, check valve means in said 
conducting means arranged to prevent the flow of fluid 
therethrough from said chamber to said reservoir means, 
first pump means including a reciprocating plunger hav 
ing alongitudinally-movable operating rod extending out 
wardly from the end of one of the handles of said tool 
and movable longitudinally with respect thereto to force 
said hydraulic fluid from Said reservoir means into said 
chamber to close said dies to grasp an electrical connec 
ior, and second pump means separate from said first 
pump means and operatively connected to said handles 
and responsive to pumping action therebetween to force 
said hydraulic fluid from said reservoir means into said 
chamber to apply crimping force to said dies, whereby 
said reciprocating plunger can be operated while manual 
ly holding the connector between the die members caus 
ing the die members to close and grasp the connector 
with sufficient force to hold it so that the operator can 
then use both hands to operate the two handles to apply 
crimping pressure to the connector. 

3. A crimping tool as claimed in claim 2 wherein said 
reservoir means is in one of said handles and said plunger 
of said first pump means is within said reservoir, said 
operating rod extending into Said reservoir and abutting 
Said pluger so as to push it in one direction along said 
reservoir, said plunger being free of said rod to permit 
it to move out of engagement with said rod. 

4. A crimping tool as claimed in claim 2 wherein one 
of Said handles is pivotally supported by said body por 
tion and said second pump means includes a pump piston 
connected to said pivotally mounted handle, the area of 
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said pump piston being substantially less than the area 
of said plunger. 

5. A crimping tool as claimed in claim 2 including an 
auxiliary fluid conducting means communicating with Number Name Date 
said chamber and said reservoir and including therein a 5 1,970,999 Ferris et al. ------------ Aug. 21, 1934 
normally-closed valve, said valve being operatively re- 2,180,979 Eby et al. ------------- Nov. 21, 
sponsive to a predetermined pressure in said chamber to 2,254,613 Matthysse -------------- Sept. 2, 
open and permit fluid to pass therethrough from said 2,396,562 ForSS ----------------- Mar. 2, 
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