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[57] ABSTRACT 
The pneumatic spring which holds the rear gate of a 
station wagon in the open position transmits electric 
current to heating ?laments in the window of the rear 
gate by way of terminals on the piston rod and the 
cylinder of the spring, the terminals being connected by 
a contact spring in the cylinder cavity in the closed 
position of the rear gate. 

41 Claims, 4 Drawing Figures 
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ELECT RICALLY CONDUCT IVE PNEUMATIC 
SPRING WITH DOOR ACTUATED SWITCH 

MEANS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specific - 
tion; matter printed in italics indicates the additions made 
by reissue. 

This invention relates to pneumatic springs, and par 
ticularly to a pneumatic spring intended to be inter 
posed between objects that need to be connected elec 
trically. 
The invention will be described hereinbelow with 

reference to an application in the ?eld of automotive 
engineering to which it lends itself advantageously, but 
other applications will readily come to mind. 
An ever increasing number of station wagons are 

being equipped with windshield wipers for the window 
in the rear gate, and the resistance elements built into 
rear windows of passenger cars for preventing conden 
sation of moisture on the inner window surface and for 
melting snow from the outer window surface are be 
coming popular in the rear gate windows of station 
wagons as well. The windshield wipers, and particu 
larly the window heaters, draw fairly heavy current and 
require correspondingly heavy leads for connecting 
them to one terminal of the electrical system in the 
vehicle, the other conductive connection being nor 
mally provided by the metallic vehicle body. 

Flexible cables have been used for connecting the 
currentconsuming devices on the rear gate to conduc 
tors on the ?xed portion of the vehicle body, but are 
subject to failure in ?exure after frequent pivoting 
movement of the rear gate and are difficult to protect 
against mechanical damage by loads passing through 
the rear opening of the body. It has been proposed to 
transmit current to the rear gate by means of slidably 
engaged contacts ?xedly mounted on the body and the 
rear gate respectively, but such a contact system is 
relatively complex and costly if it is to operate reliably. 

Pneumatic springs have been used for balancing a 
portion of the weight of an open rear gate, and it has 
now been found that such pneumatic springs may 
readily be modi?ed for reliably transmitting even heavy 
electric current to the rear gate of a station wagon with 
out signi?cantly increasing the cost of the pneumatic 
spring. 
The pneumatic spring according to this invention has 

a cylinder member and a piston assembly movable in the 
direction of the cylinder axis between two end posi 
tions, the assembly including a piston in sliding contact 
with the cylinder member in the cavity of the latter and 
a piston rod member ?xedly fastened to the piston and 
axially projecting from the cylinder member in sealing 
engagement with the same. A gas under pressure higher 
than atmospheric pressure is enclosed in the cavity and 
impedes axial movement of the piston assembly. Means 
are provided on respective, oppositely spaced, axially 
terminal portions of the cylinder member and the piston 
rod member outside the cylinder cavity for fastening 
the two members to respective objects. The structure 
de?ned so far is conventional. 
According to the invention, electrically conductive 

terminals are mounted on the cylinder member and on 
the piston rod member outside the cavity, and an elec 
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2 
trical conductor in the cavity connects the two termi 
nals in one of the end positions of the piston assembly. 
Other features and many of the attending advantages 

of this invention will readily be appreciated as the same 
becomes better understood by reference to the follow 
ing detailed description of preferred embodiments when 
considered in connection with the appended drawing in 
which: 
FIG. 1 shows a pneumatic spring of the invention in 

elevation; 
FIG. 2 illustrates the spring of FIG. 1 in axial section; 
FIG. 3 shows a station wagon equipped with the 

spring illustrated in FIGS. 1 and 2 in fragmentary, side 
elevational section; and 
FIG. 4 is a fragmentary view of a modi?ed spring in 

axial section. 
Referring initially to FIG. 1, there is seen a pneumatic 

spring having an axially elongated cylinder 1 from 
which a piston rod 2 axially projects. Sturdy eyes 5, 6 
on the axially terminal, oppositely spaced portions of 
the cylinder 1 and the piston rod 2 permit the spring to 
be fastened between two objects in a conventional man 
ner. A coating or tube 10 of electrically insulating mate 
rial, such as polyvinyl chloride, covers the entire ex 
posed surface of the cylinder which is visible in FIG. 1. 
A similar coating or tube 16 covers the portion of the 
piston rod 2 axially adjacent the eye 5. When the spring 
is moved from the fully expanded end position illus 
trated in FIG. 1 in fully drawn lines to the fully con 
tracted end position indicated in broken lines, the coat 
ing or tube 16 covers all exposed surfaces of the piston 
rod 2. Lugs 7, 8 project radially from the eyes 5, 6 
where they join the piston rod 2 and the cylinder 1 
respectively. 
As is better seen in FIG. 2, the eyes 5, 6 consist of 

plastic reinforced with glass ?bers. An axial bore in the 
eye Sis matingly engaged by threads 22 on the metallic 
piston rod 2, and the piston rod has a conical shoulder 
23 adjacent the threads 22. The lug 7 is an integral part 
of a sheet metal washer 12 formed with an opening 20 
and having a conical, raised rim 21 about the opening. 
The piston rod 2 passes through the opening, and the 
rim 2! is ?rmly clamped between the shoulder 23 and a 
radial end face of the eye 5. 
The piston rod 2 axially enters the cavity of the cylin 

der 1 through an apertured, transverse end wall 4, and 
is movably sealed to the end wall by a sealing ring 25. 
The ring 25 is axially secured by a tubular spacer 14 
held in its position by a washer 27 which axially abuts 
against an integral circumferential rib 26 on the inner 
wall of the cylinder 1. A sealing ring 15 retained by the 
washer 27 seals the piston rod 2 to the portion of the 
spacer 14 remote from the sealing ring 25. The sealed 
annular chamber 28 radially bounded by the rod 2 and 
the spacer 14, and axially bounded by the sealing rings 
15, 25 is ?lled with oil. 
The axial portion 29 of the cylinder cavity between 

the washer 27 and the other, normally sealed, transverse 
end wall 9 is ?lled with nitrogen under a pressure much 
higher than atmospheric pressure. The reduced end 
portion of the piston rod 2 in the cylinder cavity is 
received in the central bore of a ?xedly fastened piston 
3 carrying a piston ring 30 which provides sliding 
contact of the piston with the inner cylinder wall. A 
bore 31 in the end portion of the rod 2 connects the 
compartments of the cylinder cavity otherwise sealed 
from each other by the piston 3 and has a throttling 
portion 32 of reduced ?ow section. 
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ln the end position of the piston assembly shown in 
FIG. 2 in which the axial distance between the eyes 5, 
6 is at its minimum, the piston 3 abuttingly engages and 
slightly compresses one axial end ofa weak wire spring 
11 coiled about the axis of the cylinder 1 in turns which 
conically decrease in diameter toward the piston 3. The 
wide end of the spring 11 resiliently engages the inner 
cylinder wall and is further axially secured by a rib 26’ 
on the cylinder similar to the rib 26. The rib 26' also 
prevents movement of the end wall 9 axially inward of 
the cylinder 1 under the resilient pressure exerted by the 
contiguously adjacent base of the eye 6 which is re 
tained between the end wall 9 and an internal ?ange of 
the cylinder 1. A ball 17 in the end wall 9 is pressed into 
a bore through which the pressure medium has been 
?lled into cylinder 1. 
The lug 8 in the exposed end of a metal strip 13 

clamped between the eye 6 and the metallic end wall 9 
and partly received in a groove 24 of the eye 6. In the 
illustrated end position of the piston assembly 2, 3, a 
continuous conductive path capable of carrying rela 
tively heavy current is provided between the lugs 7, 8 
by the end wall 9, the cylinder 1, the spring 11, the 
piston 3, and the piston rod 2. Secondary, less reliable 
circuits lead from the cylinder 1 to the piston 3 through 
the piston ring 30, and from the cylinder 1 to the piston 
rod 2 through the end wall 4. These secondary circuits 
provide the only conductive connection between the 
lugs 7, 8 when the piston assembly moves into its other 
end position in which the piston 3 is nearer the washer 
27 than is shown in FIG. 2 while the spring 11 is held in 
the illustrated position by frictional engagement of its 
wider end with the cylinder 1 and is separated from the 
piston 3 by a gas-?lled gap. This is not normally unde 
sirable in the application of the pneumatic spring shown 
in FEG. 3. 

FIG. 3 shows only as much of an otherwise conven 
tional station wagon as is relevant to this invention. The 
body 33 of the vehicle carries a pin 34 which is pivotally 
received in the eye 6 on the cylinder 1 of the spring 
shown in FIGS. 1 and 2, Another pin 35 on the rear gate 
36 of the wagon is received in the eye 5 of the spring. 
The window 37 in the rear gate 36 has a fused-in grid of 
resistance wires drawing current from an insulated sup 
ply wire 38 whose illustrated free end carries a clip 39 
attached to the lug 8, the other end being connected to 
one pole of the storage battery 50 and the non-illus-i 
trated generator of the wagon in a conventional manner 
not entirely shown. A clip 48 on one lead of the grid is 
attached to the lug 7. The grid itself is not capable of 
pictorial representation on the scale of FIG. 3. Its other 
lead, not shown, is attached to a metal part of the rear 
gate 36 and thereby connects the grid to the other pole 
of the battery 50 and the non-illustrated generator 
through a return circuit which includes the hinge 41 
fastening the gate 36 to the body 33, and the body itself. 
The relative movements of the lugs 7, 8 and of the 

associated objects 36, 33 fastened thereto by the eyes 5, 
6 and the pins 34, 35 during opening and closing of the 
gate 36 are minimal so that the wire 38 and the lead of 
the window grid connected to the clip 40 are subjected 
to stresses which they can withstand successfully for 
the full useful life of the vehicle. While these conduc‘ 
tors have been shown in FM}. 3 to be exposed for the 
convenience of illustration. they may be concealed be 
tween inner and outer skin layers of the body 33 and of 
the gate 36 and safely protected against mechanical 
damage. 
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4 
The window 37 needs to be heated only when the 

gate 36 is in the illustrated closed position, and the eyes 
5, 6 are closest to each other. As has been described 
with reference to FIG. 2, the spring 11 provides a cir 
cuit of low resistance in this condition, the lugs 7, 8 
constituting the terminals of the circuit. It is not neces 
sary that there be a conductive connection between the 
terminals 7, 8 when the gate 36 is open, and it is actually 
desirable to prevent the window 37 from being heated 
in the open gate to avoid exhaustion of the battery and 
possible injuries to a person. accidentally touching the 
hot window. 

FIG. 4 shows modi?cation of the pneumatic spring 
described above which automatically switches off the 
heating current to the window 37 when the gate 36 is 
lifted. As far as not shown in FIG. 4, the modi?ed 
spring is identical with that seen in FIGS. 1 to 3, and it 
is installed in the station wagon in the same manner. 
The modi?ed spring has a cup-shaped receptacle 18 

of insulating plastic whose radial end wall axially abuts 
against the rib 26' of the cylinder 1 and is apertured to 
admit gas to the cylinder cavity 29. The cylindrical wall 
of the receptacle 18 conformingly engages the inner 
cylinder wall and insulates the wider end of the spring 
11 from the cylinder. A plastic plug 19 seals a radial 
bore in the cylinder 1 near the rib 26' and is ?xedly 
fastened to the insulating coating 10 on the outside of 
the cylinder 1 and to the receptacle 18. The terminal 
function of the lug 8 is assumed in the modi?ed pneu 
matic spring by a lug 8' which passes through the plug 
19 and is soldered to the wide end of the contact spring 
11 in the receptacle 18. 
The contact spring 11 provides the only conductive 

connection between the terminals 7, 8' in the cylinder 
cavity, and this connection is interrupted when the 
piston 3 is lifted from the narrow end of the spring 11 
while the pneumatic spring expands, as during opening 
of the gate 36 when the modi?ed spring is installed in 
the station wagon in the manner shown in FIG. 3. 
A pneumatic spring in which all exposed surfaces 

consist of insulating material at least in the operative 
condition shown in FIG. 2 avoids accidental short cir 
cuits most readily and is preferred. Plastic fastening 
eyes 5, 6 have sufficient strength for holding a station 
wagon gate, but may be replaced by plastic-coated 
metal eyes, if so desired. The necessary electrical insula 
tion of the current-carrying elements of the pneumatic 
spring from the current-return path in the vehicle body 
may be brought about in many other obvious ways as by 
insulating the pins 34. 35 or by placing insulating, tubu' 
lar liners in the openings of the eyes 5, 6. 
Automotive applications of the electrically conduc 

tive pneumatic springs of the invention other than the 
rear gate of a station wagon are found in motor hoods 
and trunk lids which carry external or internal lights. 
and applications outside the automotive field will sug 
gest themselves to those skilled in the art. 

It should be understood, therefore, that the foregoing 
disclosure relates only to preferred embodiments of the 
invention, and that it is intended to cover all changes 
and modi?cations of the examples of the invention 
herein chosen for the purpose of the disclosure which 
do not constitute departures from the spirit and scope of 
the invention set forth in the appended claims. 

I claim: 
1. A pneumatic spring comprising: 
(a) a cylinder member having an axis and formed with 

a cavity; 
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(b) a piston assembly axially movable relative to said 
cylinder member between two end [postions] 
positions, said assembly including 
(1) a piston axially separating two compartments in 

said cavity, and 
(2) a piston rod member ?xedly fastened to said 

piston and axially projecting from said cavity in 
sealing engagement with said cylinder member; 

(c) a body of gas in said cavity and impeding axial 
movement of said piston assembly; 

(d) fastening means on respective, oppositely spaced, 
axially terminal portions of said cylinder member 
and of said piston rod member outside said cavity 
for fastening said members to respective objects 
and including insulating means for electrically insu 
lating said members from the respective fastened 
objects; 

(e) respective electrically conductive terminals 
mounted on said cylinder member and on said pis 
ton rod member outside said cavity; and 

(t) electrically conductive means in said cavity con 
ductively connecting said terminals in one of said 
end positions of said piston assembly. 

2. A pneumatic spring as set forth in claim 1, wherein 
said fastening means include respective fastening eyes of 
electrically insulating material. 

3. A pneumatic spring as set forth in claim 1, wherein 
said cylinder member and said piston rod member have 
respective metallic portions, said fastening means each 
include an element of insulating material, and said ter 
minals are secured under clamping pressure between 
respective ones of said metallic portions and of said 
elements, at least one of said terminals projecting radi 
ally beyond the associated member. 

4. A pneumatic spring as set forth in claim 1, further 
comprising a coating of electrically insulating material 
covering substantially the entire surface of said cylinder 
member exposed outside said cavity. 

5. A pneumatic spring as set forth in claim 1, further 
comprising a tubular body of electrically insulating 
material covering the portion of said piston rod member 
projecting from said cavity in each of said end positions. 

6. A pneumatic spring as set forth in claim 1, wherein 
said conductive means include a resilient contact ele 
ment in said cavity. ’ 

7. A pneumatic spring as set forth in claim 6, wherein 
said contact element is a substantially helical spring 
fastened to one of said members in said cavity. 

8. A pneumatic spring as set forth in claim 1, further 
comprising switch means in said cavity for interrupting 
the electrically conductive connection of said terminals 
by said electrically conductive means in response to 
movement of said piston assembly into the other one of 
said end positions thereof. 

9. A pneumatic spring as set forth in claim 8, wherein 
said conductive means include a resilient contact ele 
ment in said cavity conductively connected to the one 
of said terminals mounted on said cylinder member, 
electrically insulating mounting means securing said 
contact element and said one terminal to said cylinder 
member, said piston assembly having an electrically 
conductive face engaging said contact element in said 
one end position of the piston assembly while being 
separated from said contact element by said gas in said 
other end position of said piston assembly, said contact 
element and piston assembly jointly constituting said 
switch means. 
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6 
10. A pneumatic spring as set forth in claim 1, further 

comprising a source of electric current having two 
poles, and circuit means respectively connecting said 
terminals to said poles. 

I]. A pneumatic spring comprising: 
(a) a cylinder member having an axis and formed with 

a cavity; 
(b) a piston assembly axially movable relative to said 

cylinder member between two positions, said assembly 
including a rod member axially projecting from said 
cavity; 

(c) a body of gas at a pressure higher than atmospheric 
in said cavity for impeding axial movement of said 
piston assembly; 

(d) fastening means on said cylinder member and on 
said rod member for fastening said members to re 
spective objects; 

(e) two electrically conductive terminals respectively 
secured to said cylinder member and to said rod mem 
her outside said cavity; 

(f) two electrically conductive means respectively com 
prised at least in part by said members for conduc 
tively connecting said terminals in one of said posi 
tions of said piston assembly; 

(g) insulating means for insulating said two terminals 
and said two conductive means from said objects 

12. A spring as set forth in claim 11, wherein said insu 
lating means comprises means for insulating said members 
from the objects fastened thereto by said fastening means. 

13. A spring as set forth in claim 11, wherein said fasten 
ing means include a fastening eye comprised at least in part 
of electrically insulating material on each of said members. 

14. A spring as set forth in claim I I, wherein said cylin 
der member and said piston rod member have respective 
metallic portions, said fastening means each include an 
element of insulating material, and each of said terminals 
is secured under clamping pressure between one of said 
metallic portions and one of said elements, at least one of 
said terminals projecting radially outward beyond the asso 
ciated member. 

15. A spring as set forth in claim 11, further comprising 
a coating of electrically insulating material covering sub 
stantially the entire surface of said cylinder member ex 
posed outside said cavity. 

)6. A spring as set forth in claim 11, further comprising 
a tubular body of electrically insulating material covering 
the portion of said piston rod member projecting from said 
cavity. 

1 7. A spring as set forth in claim I I, wherein at least one 
of said conductive means includes a resilient contact ele 
ment in said cavity. 

I8. A spring as set forth in claim I 7. wherein said contact 
element is a helical spring fastened to one of said members 
in said cavity. 

I 9. A spring as set forth in claim I], further comprising 
switch means in said cavity for interrupting the electrically 
conductive connection of said terminals by said electrically 
conductive means in response to movement of said piston 
assembly away from said one position. 

20. A spring as set forth in claim 11, further comprising 
a source of electric current having two poles, and circuit 
means respectively connecting said terminals to said poles. 

21. A spring as set forth in claim ll, wherein a portion of 
said piston assembly is fastened to said rod member in said 
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cavity and slidably engages said cylinder member during 
said axial movement. 

22. A spring as set forth in claim 11, wherein said fasten 
ing means are mounted on respective, axially terminal 
portions of said cylinder member and of said rod member. 

23. A spring as set forth in claim ll, wherein said rod 
member sealingly engages said cylinder member during 
axial movement of said piston assembly between said posi 
tions. 

24. A spring as set forth in claim 11, wherein said two 
electrically conductive means include respective parts 
thereof located in said cavity for establishing said conduc 
tive connection between said terminals. 

25. A pneumatic spring comprising: 
(a) a cylinder member having an axis and formed with 
a cavity,‘ 

(b) a piston assembly axially movable relative to said 
cylinder member between two positions, said assembly 
including a rod member axially projecting from said 
cavity in engagement with said cylinder member; 

(c) a body of gas at a pressure higher than atmospheric 
in said cavity for impeding axial movement of said 
piston assembly; 

(d) fastening means on said cylinder member and on 
said rod member for fastening said members to re 
spective objects,‘ 

(e) two electrically conductive terminals respectively 
secured to said cylinder member and to said rod mem 
ber outside said cavity; 

(1‘) electrically conductive means located at least in part 
in said cavity for conductively connecting said termi 
nals; and 

(g) insulating means for insulating said terminals and 
said conductive means from said objects. 

26. A spring as set forth in claim 25, wherein said insu 
lating means comprises means for insulating one of said 
terminals and one of said conductive means from one of 
said members; said one terminal and said one conductive 
means being secured to said one member. 

27. A spring as set forth in claim 25. wherein said con 
ductive means include a resilient contact element in said 
cavity conductively connected to the terminal secured to 
said cylinder member, electrically insulating mounting 
means securing said contact element and the connected 
terminal to said cylinder member, and an electrically con 
ductive?tce on said piston assembly engaging said contact 
element in said one position of the piston assembly while 
being spaced from said contact element in said other posi 
tion of said piston assembly. 

28. A spring as set forth in claim 25, wherein said cylin 
der member and said piston assembly have respective elec 
trically conductive portions conductively connected to said 
terminals, said electrically conductive means in said cavity 
include a contact member secured to one of said electri 
cally conductive portions and engaging the other electri 
cally conductive portion during at least a part of the move 
ment of said piston assembly between said two positions. 

29. A spring as set forth in claim 25, wherein said cylin 
der member and said rod member have respective end 
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8 
portions axially remote from each other, said fastening 
means and said terminals being mounted on said end 
portions. 

30. A pneumatic spring comprising: 
(a) a cylinder member having an axis and formed with 
a cavity; 

(b) a piston assembly axially movable relative to said 
cylinder member between two positions, said assembly 
including a rod member axially projecting from said 
cavity,‘ 

(c) a body of gas under a pressure higher than atmo 
spheric in said cavity for impeding axial movement of 
said piston assembly; 

(d) fastening means on said cylinder member and on 
said rod member for fastening said members to re 
spective objects; 

(e) electrically conductive means respectively secured to 
said members for conductive connection with each 
other during at least a part of the relative movement of 
said members; and 

(f) insulating means jbr insulating said conductive 
means from said objects. 

31. A spring as set forth in claim 30. further comprising 
a coating of electrically insulating material covering sub 
stantially the entire surface of said cylinder member ex 
posed outside said cavity. 

32. A spring as set forth in claim 30, further comprising 
a tubular body of electrically insulating material covering 
the portion of said rod member projecting from said cavity. 

33. A spring as set forth in claim 30, wherein said can 
ductive means include a resilient contact element in said 
cavity. 

34. A spring as set forth in claim 33. wherein said contact 
element is a helical spring fastened to one of said members 

35. A spring as set forth in claim 30, wherein said piston 
assembly further includes a sliding member fastened to 
said rod member in said cavity and slidably engaging said 
cylinder member during axial movement of said piston 
assembly. 

36. A spring as set forth in claim 35, wherein said sliding 
member is a piston. 

37. A spring as set forth in claim 30, wherein said fasten 
ing means are mounted on respective, axially terminal 
portions of said cylinder member and of said rod member. 

38. A spring as set forth in claim 29, wherein said rod 
member movably engages said cylinder member in sealing 
engagement‘. 

39. A spring as set forth in claim 29, wherein said electri 
cally conductive means are secured to said members in said 
cavity. 

40. A spring as set forth in claim 30, wherein said circuit 
means include an electric heater. 

4]. A spring as set forth in claim 30, wherein said insu 
lating means include means for electrically insulating at 
least one of said members from an object fastened to said 
one member by the fastening means on said one member. 
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