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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, L o n d o n , a Br i t i sh 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it 
is to be performed, to be particularly des-
cribed in and by the following statement: — 

The invention relates to the protection 
of thermoelectric devices against the effects 

10 of shocks or severe acceleration and is par-
ticularly, though not exclusively, concerned 
with the protection against shocks or severe 
acceleration of miniature thermoelectric de-
vices such as may be used for powering heart 

15 pacemakers. 
The invention provides a thermoelectric 

device comprising a casing enclosing a 
thermoelectric assembly of elongated form, 
the assembly comprising a heat source, a 

20 heat sink and a thermoelectric unit attached 
to and extending between the heat source 
and the heat sink, at least the heat source 
end of the assembly being encompassed by 
space between the assembly and the casing, 

25 a heat-conducting mass disposed at the heat 
sink end of the assembly and attached to the 
casing, a resilient mounting for the thermo-
electric unit for reducing the stress applied 
thereto in the event of shock or acceleration 

30 applied to the device, a plurality of spring 
fingers positioned spaced apart surrounding 
the heat source and not normally in contact 
with the heat source or the thermoelectric 
unit, each of said spring fingers being an-

35 chored at one end and having the other end 
thereof normally free and extending into the 
said space between the heat source and the 
casing, whereby one or more of the spring 
fingers arrest the heat source in the event of 

40 movement on its resilient mounting of the 
thermoelectric unit relative to the casing in 
excess of a predetermined amount. 

Preferably an abutment member is posi-
tioned to be engaged by a free end of a 

45 spring finger in the event that the spring 
finger is bowed to a predetermined extent by 
the force of the heat source displaced into 
engagement with the spring finger under the 

effect of shock or acceleration, the position-
ing of the abutment member being such that 50 
the spring fingers provide two stages of ar-
resting force for the heat source when dis-
placed by movement of the assembly in ex-
cess of a predetermined amount under shock 
or acceleration, the first stage comprising the 55 
arresting force provided by simple bowing 
of the free ends of spring fingers provided 
by simple bowing of the free ends of spring 
fingers when engaged by the heat source and 
the second stage, provided under severe 60 
shock or acceleration, comprising the arrest-
ing force provided by the bending of a spring 
finger between two points of support. 

In one embodiment of the invention there 
is provided shock or acceleration responsive 65 
means operative when shock or acceleration 
applied to the device exceeds a predeter-
mined value to move the spring fingers to 
cause their free ends to move towards the 
heat source. With this arrangement prefer- 70 
ably the said shock or acceleration respon-
sive means releases the spring fingers to re-
turn to their normal position out of contact 
with the heat source and the thermoelectric 
unit when the shock or acceleration applied 75 
to the device ceases. 

Preferably the heat sink comprises a plat-
form urged by a resilient biassing means into 
contact with the surface of an insert member 
secured to and in good heat conducting con- 80 
tact with the casing, the contacting surfaces 
of the platform and the said insert member 
being shaped to permit rocking movement of 
the platform against the action of the bias-
sing means. 85 

In one embodiment of the invention the 
shock or acceleration responsive means com-
prises a slider which is moved when the 
platform rocks, such movement of the slider 
causing relative movement between cam and 90 
cam follower surfaces associated with the 
spring fingers for moving the spring fingers 
to cause their free ends to move towards 
the heat source. When the acceleration 
ceases, the resilient biassing means return 95 
the platform to its normal engagement with 
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the surface of the insert member, and the bridge member 31 into which the end of the 
slider and spring fingers return to their cylindrical sleeve 28 can slide against the 
normal positions. action of the spring 27. The bridge member 

Specific constructions of thermoelectric de- 31 also has an inwardly projecting annular 
5 vice embodying the invention will now be de- portion 33 which provides a cam function 70 

scribed by way of example and with re- described more fully below, 
ference to the drawing (the provisional draw- Mounted in the end wall 29 of the sleeve 
ing) filed with the Provisional Specification 28 is an annular collet 34 formed with twelve 
and the drawing (the complete drawing) filed fingers 35 extending through the space be-

10 herewith, in which:— tween the heat source 12 and the cylindrical 75 
The provisional drawing is an axial sec- casing 11. In the drawing, for the sake of 

tion of a device; and clarity, the slots between the fingers 35 are 
The complete drawing is a diagrammatic shown only partially. It will be appreciated 

axial section of a modified device. that these slots all extend back as far as the 
15 In the example shown in the provisional cross hatching indicating the extent of the 80 

drawing a cylindrical casing of stainless steel annular collet 34. The fingers 35 have two 
11 encloses an assembly comprising a heat portions, a main portion extending parallel 
source 12 secured to one end of a thermo- with the casing 11 between the casing 11 and 
electric unit which, in this example, com- the heat source 12 and a short inclined por-

20 prises a thermoelectric module 13 in the form tion joining the main portion to the annular 85 
of a rectangular assembly of a plurality of collet 34. This inclined portion 36 co-oper-
thermoelectric elements secured together and ates with the cam 33. 
electrically connected at their ends in the Received within the cylindrical casing 11 
manner of a thermopile. The other end of surrounding the heat source 12 is a sleeve 

25 the thermoelectric module 13 is secured with 37. The sleeve is located between shoulder 90 
adhesive to a platform 14 of good thermal 32 and an end cap 38 welded to the casing 
conductivity forming a heat sink. In this 11 and serves two purposes. Firstly, the 
example, the platform 14 is made of stainless sleeve is made from a material which serves 
steel and a layer 15 of epoxy resin is inter- as a getter to assist in maintaining evacuation 

30 posed between the thermoelectric module 13 of the enclosure within the casing 11 and 95 
and the platform 14 to provide electrical secondly, a radially inwardly protruding por-
insulation whilst maintaining good heat con- tion of the sleeve 37 provides a shoulder at 
ducting connection between the module and 39, the function of which is described below, 
the platform. It will be seen that the configuration of 

35 The surface of the platform 14 remote the components provides for easy assembly 100 
from the module 13 is of frusto-conical form into the casing 11. The procedure is to bond 
and the flat central portion of this surface the heat source 12 to the thermoelectric 
16 abuts against a heat-conducting means in module 13 and the latter to the platform 14. 
the form of an insert 17 welded into one The module leads (not shown) are then elec-

40 end of the cylindrical casing 11. Electrical trically connected to the leads 18 and 19 105 
leads 18 and 19 for making electrical con- mounted in the insert 17. There is then in-
nection (not shown) to the thermoelectric serted into the right hand end of the casing 
module 13 pass through apertures 21, 22 in 11 (as seen in the drawing) in succession the 
the platform 14. Each of the apertures is bridge 31, the sleeve 28 together with the 

45 provided with an insulating sleeve 23, 24. fingered collet 34 and spring 27 followed by 110 
An electrically insulating gas-tight seal is pro- the assembly of heat source 12, module 13, 
vided at 25 and 26 between each of the elec- platform 14 and insert 17. The insert 17 is 
trical leads 18 and 19 respectively and the then welded to the casing to form a gas-tight 
insert 17. seal. The getter sleeve 37 is inserted from 

50 The platform 14 is biassed into engage- the left hand end of the casing 11 (as seen 115 
ment with the insert 17 by the action of a in the drawing), the casing is evacuated and 
spring 27 transmitted through a cylindrical the end cap 38 inserted and welded to the 
sleeve 28 which is a sliding fit within the casing 11. 
cylindrical casing 11. The sleeve 28 is of The thermoelectric module 13 is of the 

55 stainless steel but preferably of a different form described in Patent Specification No. 120 
composition from that of the casing 11 to 1,303,834 to which reference should be made 
avoid possible binding. for a detailed description. Briefly, the 

The cylindrical sleeve 28 has an end wall module 13 comprises a plurality of semi-
29 which engages against the platform 14. conductor elements alternately of P- and N-

60 The spring 27 acts between this end wall 29 type connected together to form a series of 125 
and a buffer surface of an annular bridge thermocouples by electrically conductive 
member 31. The annular bridge member is bridges. 
located in the cylindrical casing 22 by a The heat source comprises a plutonium 
shoulder 32 and is shaped to provide a space 238 radioisotope fuel contained in a high 

65 between the cylindrical casing 11 and the temperature capsule. 130 



3 1,544,741 3 

The device forms a miniature source of 
electricity and is particularly intended for 
use for driving a heat pacemaker. 

If the device is subjected to radial shocks 
5 or severe accelerations, such as might be ex-

perienced should a person having the device 
implanted fall or bump into a wall for ex-
ample, the mechanism operates to reduce 
stress being imposesd upon the thermo-

10 electric module 13 or its bonds to the heat 
source 12 and the platform 14. The manner 
in which the mechanism operates is as fol-
lows. When radial acceleration exceeds a 
predetermined level, the platform 14 rocks 

15 on the supporting surface of the insert 17 
and, in so doing, drives the sleeve 28 to the 
left (as seen in the drawing) against the 
action of the spring 27. This movement 
causes relative movement between the cam 

20 33 and the inclined surfaces 36 on the twelve 
fingers 35. The fingers 35 are thereby pressed 
inwardly into engagement with the periphery 
of the heat source 12. In this way, extra 
support is provided for the heat source 12 

25 during the shock or acceleration thereby re-
ducing stress upon the module 13. When the 
shock or acceleration ceases, the action of 
the spring 27 and the resilience of the fingers 
35 will return the components to the position 

30 shown in the drawing. I t will be appreciated 
that it is important to avoid permanent con-
tact between the fingers and the heat source 
12 because of the heat loss conduction path 
they would provide. 

35 If the device should suffer a very severe 
radial acceleration, then continuing radial 
movement of the source 12, with correspond-
ing rocking movement of the platform 14, 
may occur, spring fingers 35 on one side 

40 being bowed over about the fulcrum pro-
vided by the cam 33. If the acceleration is 
sufficiently severe, these bowed fingers will 
eventually make contact at their ends remote 
f rom the cam 33 with the shoulder 39 on the 

45 getter sleeve 37. In this condition, further 
outward radial movement of the heat source 
12 is resisted by the resilience of the fingers 
35 bending between two points of support, 
namely the cam 33 and the shoullder 39. 

50 The mechanism thus provides cushioning 
of the source 12 against the effects of radial 
shocks or accelerations in a way in which 
the resilience of the cushioning increases^ as 
the magnitude of the shock or acceleration 

55 increases. 

Cushioning against longitudinal shocks is 
provided by the spring 27. 

The complete drawing shows diagrammat-
ically a modified device. Components in the 

60 modified device which correspond with com-
ponents in the device shown in the pro-
visional drawing have been referenced with 
the same reference numerals distinguished by 
the suffix "6" . I t is important to note that 

65 the proper operating shape of several com-

ponents in the complete drawing is not 
shown, because of the diagrammatic nature 
of the drawing. Thus the platform 146 is, in 
fact, identical with that shown in the pro-
visional drawing, but in the complete draw- 70 
ing the frusto-conical surface (16 in the 
provisional drawing) is not shown. In the 
modified device, the arrangement of collet 
34, fingers 35 and cam 33 are replaced with 
a simple cage formed by twelve wire spring 75 
fingers, of which two are shown in the com-
plete drawing at 111. These spring fingers 111 
arrest the heat source 126 if it moves into 
contact with them as a result of rocking of 
the platform 146 against the bias of spring 80 
276. Ability to withstand severe acceleration 
is not so high with the modified device as 
with the device shown in the provisional 
drawing but, none-the-less, the modified de-
vice is satisfactory for many applications and 85 
in particular meets the current specification 
required for resistance to severe acceleration 
by heart pacemakers. 

The other modification shown in the com-
plete drawing is an arrangement to provide 90 
getter 112 in a more efficient powdered form. 
The getter 112 is retained between a porous 
disc 113 and the end cap 386. There is then 
no need for the sleeve 376 to be made of a 
getter material, but the presence of a sleeve 95 
in this position remains desirable for pro-
viding the second stage of resistance to lateral 
movement of the heat source 126 in the event 
of very severe acceleration. Thus, if the 
spring fingers 111 are bowed over into con- 100 
tact with the sleeve 376, further outward 
radial movement of the heat source 126 is 
resisted by the resilience of the spring fingers 
111 bending between two points of support. 

The invention is not restricted to the de- 105 
tails of the foregoing examples. 

W H A T W E CLAIM IS: — 
1. A thermoelectric device comprising a 

casing enclosing a thermoelectric assembly 110 
of elongated form, the assembly comprising 
a heat source, a heat sink and a thermo-
electric unit attached to and extending be-
tween the heat source and the heat sink, at 
least the heat source end of the assembly 115 
being encompassed by space between the as-
sembly and the casing, a heat-conducting 
mass disposed at the heat sink end of the 
assembly and attached to the casing, a resili-
ent mounting for the thermoelectric unit for 120 
reducing the stress applied thereto in the 
event of shock or acceleration applied to the 
device, a plurality of spring fingers posi-
tioned spaced apart surrounding the heat 
source and not normally in contact with the 125 
heat source or the thermoelectric unit, each 
of said spring fingers being anchored at one 
end and having the other end thereof norm-
ally free and extending into the said space 
between the heat source and the casing, 130 
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whereby one or more of the spring fingers 
arrest the heat source in the event of move-
ment on its resilient mounting of the thermo-
electric unit relative to the casing in excess of 

5 a predetermined amount. 
2. A thermoelectric device as claimed in 

Claim 1, wherein an abutment member is 
positioned to be engaged by a free end of a 
spring finger in the event that the spring 

10 finger is bowed to a predetermined extent by 
the force of the heat source displaced into 
engagement with the spring finger under the 
effect of shock or acceleration, the position-
ing of the abutment member being such that 

15 the spring fingers provide two stages of 
arresting force for the heat source when dis-
placed by movement of the assembly in ex-
cess of a predetermined amount under shock 
or acceleration, the first stage comprising the 

20 arresting force provided by simple bowing 
of the free ends of spring fingers when en-
gaged by the heat source and the second 
stage, provided under severe shock or accel-
eration, comprising the arresting force pro-

25 vided by the bending of a spring finger be-
tween two points of support. 

3. A thermoelectric device as claimed in 
Claim 1 or Claim 2, wherein there is pro-
vided shock or acceleration responsive means 

30 operative when shock or acceleration applied 
to the device exceeds a predetermined value 
to move the spring fingers to cause their free 
ends to move towards the heat source. 

4. A thermoelectric device as claimed in 
35 Claim 3, wherein the said shock or accelera-

tion responsive means releases the spring 
fingers to return to their normal position out 
of contact with the heat source and the 

thermoelectric unit when the shock or ac-
celeration applied to the device ceases. 40 

5. A thermoelectric device as claimed in 
any one of the preceding claims, wherein the 
heat sink comprises a platform urged by a 
resilient biassing means into contact with the 
surface of an insert member secured to and 45 
in good heat conducting contact with the 
casing, the contacting surfaces of the plat-
form and the said insert member being 
shaped to permit rocking movement of the 
platform against the action of the biassing 50 
means. 

6. A thermoelectric device as claimed in 
Claim 5, as dependent upon Claim 3 or 
Claim 4, wherein the shock or acceleration 
responsive means comprises a slider which 55 
is moved when the platform rocks, such 
movement of the slider causing relative 
movement between cam and cam follower 
surfaces associated with the spring fingers 
for moving the spring fingers to cause their 60 
free ends to move towards the heat source. 

7. A thermoelectric device as claimed in 
any of the preceding claims, wherein the 
casing enclosing the assembly is evacuated 
for improving insulation against heat loss. 65 

8. A device substantially as hereinbefore 
described with reference to, and illustrated 
in, the drawing filed with the Provisional 
Specification. 

9. A device substantially as hereinbefore 70 
described with reference to, and illustrated 
in, the drawing filed with this Complete 
Specification. 

M. J. LOFTING, 
Chartered Patent Agent, 

Agent for the Applicants. 
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