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ABSTRACT OF THE DISCLOSURE 
A sealed assembly is provided and comprises a member 

formed of thermoplastic material having memory char 
acteristics. An opening extends through the member for 
receiving an electrical contact, which contact is sealed 
in place by internal forces within the thermoplastic mem 
ber: Additional means are provided for surrounding the 
member and for providing a seal therebetween due to 
thermal expansion of the member. 

This invention relates to sealed electrical connecting 
devices of the type useful, for example, where conduc 
tors must be led through a wall or bulkhead and have a 
gas and moisture tight seal with the wall or bulkhead. 
Connecting devices of this type are frequently used in 
high altitude aircraft where conductors pass through 
sealed bulkheads and in sealed electrical motors where 
the winding leads pass through the motor housing. The 
quality of seal required will vary depending upon the 
exact circumstances and operating conditions, full her 
metic seals being required under many circumstances. 

It is an object of the invention to provide an improved 
sealed connecting device for electrical conductors. 
A further object is to provide a sealed connecting de 

vice in which the seal can be achieved with relative ease 
and which provides a high quality seal between an insulat 
ing insert and one or more conducting contacts as well 
as between the insulating insert and a rigid surrounding 
frame member. 
A further object is to provide a sealed connecting de 

vice in which the seal is of a high or hermetic quality. 
A still further object is to provide a method achieving 

a sealed electrical connecting device by the utilization of 
the memory characteristics of certain thermoplastic ma 
terials. 

Other objects and advantages of this invention will 
become apparent as this discussion proceeds. - 
The objects of the invention are achieved in a pre 

ferred embodiment comprising a thermoplastic block or 
insert having memory characteristics and having a hole 
extending therethrough in which a conducting contact 
member is mounted. A relatively rigid frame member is 
in surrounding relationship to the block or insert, the 
block being in an internally stressed condition such that 
it exerts outwardly directed forces against the frame 
member whereby its periphery is urged against and into 
sealing engagement with the frame member. At the same 
time, the block exerts inwardly directed forces against 
the surface of the conducting contact to establish a seal 
between the block and the contact. In accordance with 
one method of practicing the invention, a hole is initially 
formed in the insert by punching or drilling and is ex 
panded while the insert is in a heat stable condition by 
application of outwardly directed forces on the sidewalls 
of the hole until it is enlarged to a diameter sufficient 
to receive the conducting contact. The contact is there 
after inserted into the hole and the insert will shrink into 
constrictive relationship with the contact. Thereafter the 
insert or block is forced through a die while it is main 
tained at an elevated temperature in a manner such that 
the insert is elongated and has its cross-sectional dimen 
sions reduced. The insert is cooled while it is in a de 

O 

5 

20 

25 

40 

45 

50 

55 

60 

65 

2 
formed condition so that it retains a memory of its 
original shape and dimensions to which it tends to return 
upon heating. The insert is then positioned in the frame 
member and heated to a temperature at which it recov 
eS. 

During such recovery, the sides of the insert move 
against the frame member to establish the peripheral 
Seal between the insert and the frame member. At the 
same time, internal stresses are established in the insert 
as a result of the constricting effect of the frame member 
which internal stresses enhance the forces imposed upon 
the conducting contact. Therefore, in accordance with 
this preferred embodiment of the invention the peripheral 
seal is achieved by virtue of the increase in cross-section 
of the insert while it is positioned in the frame member 
while the seal between the individual contact terminals 
and the insert is achieved in part by virtue of the previous 
expansion of the hole in the insert coupled with the in 
ternal stresses established in the insert during passage 
through the die and expansion within the frame member. 

In the drawing: 
FIGURE 1 is a perspective view of a thermoplastic 

insert having a plurality of holes or openings extending 
therethrough for reception of conducting contacts; 
FIGURE 2 is a perspective view, partly in section, 

showing the insert of FIGURE 1 enclosed within a shell 
or frame member and having the conducting contacts 
mounted therein; 
FIGURES 3 through 8 are cross-sectional views o 

the insert at various stages of treatment; 
FIGURE 9 is a cross-sectional view showing a punch 

assembly for enlarging the holes of the insert of FIG 
URE 1; 
FIGURE 10 is a view similar to FIGURE 9 but show 

ing the punch in its lowered position; 
FIGURE 11 is a sectional side view of a die and 

plunger used in accordance with the teachings of this 
invention; and 
FIGURE 12 is an end view of the insert of FIGURE 

1 showing the internal forces produced by the method of 
this invention. 
At the outset it should be explained that the practice of 

the present invention depends in part upon the so-called 
memory characteristics of certain thermoplastic mate 
rials. These memory characteristics can best be explained 
by assuming that a plastic is heated to a temperature at 
which its plasticity is substantially increased and it is de 
formed, as being forced through a constricted die open 
ing, while it is maintained at this elevated temperature. 
The plastic is then cooled and will remain in deformed 
condition indefinitely so long as it is maintained at room 
temperature. The plastic is said to be in a heat unstable 
condition after these operations have been carried out for 
the reason that upon subsequent heating, it will tend to 
return to its original shape and dimensions by virtue of its 
memory of those original dimensions. Reference is made 
to U.S. Patent 2,027,962 for a more complete explanation 
of this memory phenomenon. It is known to the art that a 
variety of thermoplastic compositions possess this memory 
characteristic including polyethylene, polymethyl methac 
rylate, polystyrene, and cellulose acetate butyrate com 
pounds. The degree to which a plastic composition of a 
given class will possess this memory characteristic will de 
pend upon its precise composition, molecular weight, de 
gree of plasticization, and its degree of cross-linking as 
brought about, for example, by irradiation. The memory 
characteristics of polyethylene, for example, can be en 
hanced by irradiation which causes cross-linking of the 
molecules to the extent that recovery of an original shape 
after deformation at an elevated temperature will not 
take place. 
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A sealed electrical connecting device in accordance with 
one embodiment of the invention comprises a polyethyl 
ene block or insert 2, see FIGURES 1 and 2, having a plu 
rality of conducting contact members 4 which are dis 
posed in holes 10 extending through the polyethylene. The 
block or insert 2 is mounted in a suitable rigid frame 32 
comprising a cylindrical shell member. A connecting de 
vice of this type is made by providing a cylindrical block 
of polyethylene in a heat stable condition and forming, as 
by punching, a plurality of holes 10 for reception of the 
contacts 4. The individual contacts may be machined from 
brass rods and are of cylindrical configuration and have a 
circumferential recess 6 intermediate their ends. The faces 
of the contacts 4 are bored as shown at 8 for the recep 
tion of contact pins in a mating connecting device. The 
normal diameter of the holes 10 in the insert 2 is prefer 
ably substantially equal to the smallest diameter of the 
contact 4, that is, the diameter of the recessed portion 6 
of the contact. 

After formation of the holes 10, the disc is placed be 
tween a pair of plates 12, 14, see FIGURE 9, the upper 
plate 12 having a plurality of openings therein in align 
ment with the openings 10 of the insert 2. The openings 10 
are enlarged by positioning a short cylindrical column 
18 of deformable material such as rubber in each of the 
openings 10 and compressing this column 18 by means of 
a suitable punch 16, FIGURE 10 showing the openings 
10' having been enlarged by lowering of the punch 16. 
The openings are enlarged until their diameter is slightly 
greater than the maximum diameter of the contacts 4 so 
that the contacts can be inserted into the openings as 
shown in FIGURE 5 after removal of the insert from 
between the plates 12, 14. 

It should be explained that the operations of FIGURES 
9 and 10 can conveniently be carried out at room tem 
perature and the openings 10 enlarged by simple elastic 
deformation of the insert in the vicinity of the openings 
10. If this procedure is followed, the contacts 4 must be 
positioned in the openings shortly after the insert 2 is 
removed from between the clamping plates 12, 14 for 
the reason that these openings will have a tendency to 
return to their normal diameter. In doing so, the walls 
of these openings will be forced against the sidewalls or 
the surface portions of the contacts 4 and the sides of 
the openings will flow to the circumferential recess 6 
in the conducting contacts. At this stage, the individual 
conducting contacts will thus be tightly gripped by the 
insert 2, although the quality of the seal obtained by 
this mere elastic enlargement of the openings is not as 
high as the quality of the seal between the insert in the 
finished seal connector as will be apparent as this ex 
planation proceeds. 

After positioning the conducting contacts 4 in the 
openings 10, the insert is deformed at an elevated tem 
perature in a manner such that its axial length is in 
creased and its diameter is substantially reduced. This 
may be done, for example, by forcing the insert 2 through 
a die 20, see FIGURE 11, having a diameter 22 on its 
left hand side which is substantially equal to the normal 
or original diameter of the insert. On its right hand side 
this die has a substantially constricted or reduced diam 
eter portion 26 which communicates with the portion 22 
through a tapered neck section 24. The insert is posi 
tioned in the section 22 of the die 20 and forced through 
the die by means of a plunger 28. Advantageously, this 
plunger has a concave face 30 so that the force applied 
to the insert while it is being pushed through the die will 
be concentrated in the areas near the periphery of the 
insert. This arrangement counteracts the normal tendency 
of the insert to assume a configuration which would be 
convex rightwardly as viewed in FIGURE 11 due to the 
extremely high frictional forces developed between the 
periphery of the insert and the walls of the die. Since 
the forming operations disclosed in FIGURE 11 must 
be carried out at an elevated temperature, it is advan 
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4. 
tageous to provide a suitable heating means for the die 
and plunger. 

After the elongated insert emerges from the die 20 it is 
immediately cooled to room temperature and will then 
be in a heat unstable condition with a memory of its 
original shape and dimensions. In this condition, the 
insert will tend to return to its original dimensions upon 
heating to the temperature at which it was forced through 
the die. 
The heat unstable insert 2" is then positioned in the 

cylindrical shell 32, see FIGURES 7 and 8, having an 
upstanding circumferential rib 34 on its internal surface 
intermediate its ends. The internal diameter of the shell 
32 is advantageously somewhat less than the original 
diameter of the insert 2 so that when the insert is posi 
tioned in the shell and heated to a temperature at which 
it tends to return to its original dimensions, it will move 
outwardly radially against the surface of the shell, and 
be securely locked within the shell. As shown in FIG 
URE 8, the internal rib 34 in the shell functions to lock 
the insert in place and to form an interface of extremely 
high pressure between the insert and shell. 

If the insert is not permitted to expand radially to its 
original dimensions of FIGURE 1, it will be in a highly 
stressed condition in the finished connecting device. This 
condition can be achieved by forming the shell 32 with an 
internal diameter which is less than the normal (i.e., 
original) diameter of the insert. This high level of internal 
stress in the insert will cause the periphery of the insert to 
exert forces, indicated at F in FIGURE 12 against the 
surface of the shell thus establishing a peripheral seal 
between the shell and the insert. These same internai 
stresses, however, will react against the surfaces of the 
individual conducting contacts 4 as indicated at F in 
FIGURE 12 to assist in establishing the seals between 
the individual contacts in the inserts. In the finished con 
necting device in accordance with this embodiment of 
the invention then, the peripheral seal is achieved by 
virtue of the combined expansion of the insert in the shell 
and the resulting stresses which are established in the 
insert. The seal between the individual contacts and the 
insert is achieved as a result of three separate but com 
plementary effects, the first of which is the original elastic 
enlargement of the openings 10 in the insert 2 (FIGURES 
9 and 0) and the tendency of the openings 10 to move 
against the surfaces of the inserts as a result of this en 
largement. The second effect is the internal stress result 
ing from passage of the insert through the die, FIGURE 
11, with the contacts mounted in the insert. The third 
effect which contributes to the insert-to-contact seal is 
the internal stress of the insert after expansion within 
the confines of the shell member. It will be apparent that 
the internal stressing of the insert gives rise to forces F' 
directed against the surfaces of the individual contacts. 
As previously pointed out, the invention has utility in 

a variety of circumstances where sealed connecting de 
vices are required. The relatively simple embodiment 
shown in FIGURE 2 comprises a simple cylindrical shell 
which could be mounted in an opening in a panel in a 
manner such that individual connectors could be mated 
with the contacts 4 on each side of the panel thus to pro 
vide a sealed lead through in the panel. Alternatively, the 
insert or block 2 can be positioned directly in an opening 
in a pressure type panel and heated to cause it to return 
to its original dimensions and seal itself peripherally 
against the edges of the opening. Further, it is to be under 
stood that certain of the parts may vary somewhat from 
that shown without departing from the scope or spirit of 
this invention. For example, the conducting contacts, al 
though preferably female, may be male and extend beyond 
the lateral faces of the insert. Also the particular shape 
of the internal face of the frame member may be of any 
irregular configuration, such as inverted tooth, zigzag, 
Or CIWe. 

While a specific embodiment of the invention has been 
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described in the specification and illustrated in the accom- said seal being effective between said first and second 
panying drawing it will be apparent to those skilled in the members while said first member is in said heat un 
art that various changes and modifications can be made stable condition and subsequently remaining effective 
without departing from the scope of this invention and when said first member returns to a stable condition. 
that the specific embodiment herein set forth is by Way 5 2. An assembly as set forth in claim 1 wherein said 
of illustration only, the invention being limited only by second member is disposed entirely within the perimeter 
the scope of the following claims. of said first member. 
What is claimed is: 
1. A sealed assembly comprising: 
(a) a first member formed of a thermoplastic material lo 

having memory characteristics, said first member 
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