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G. M. Giannini & Co. Inc., Pasadena, Calif., a 
corporation of New York 

Application October 30, 1951, Serial No. 253,797 

This invention has to do with means for ex 
tending the life and improving the performance 
of instruments of the type employing a variable 
resistance comprising an elongated resistive ele 
ment, whether substantially straight, circularly 
curved, or of other forms, over which a contact 
brush is longitudinally movable. In such instru 
ments, particularly when the resistive element 
comprises a coil of vely fine resistance wire, any 
abnormal movement of the brush tends to pro 
duce excessive wear, leading to erratic behavior 
or actual breakdown of the instrument. Such 
abnormal movement of the brush may cause seri 
ous difficulty in instruments that are particularly 
Sensitive to vibration, such as accelerometers. 
The present invention completely eliminates 

the Surface wear of resistive elements by vibra 
tory or other movement of the contact brush 
When the instrument is out of use. That is ac-. 
complished by providing novel means for lifting 
the brush clear of the resistive element when the 
instrument is idle, and for returning the brush 
gently and Smoothly to the resistive Surface dur 
ing periods when the instrument is in service. 

In preferred form, the present invention has 
the particular advantage that the operation of 
lifting the brush free of the resistive surface does 
not interfere with its normal movement longitu 
dinally of that surface. Furthermore, when the 
brush is returned to the resistive surface, as for 
normal operation of the instrument, the contact 
pressure is determined in the normal manner, 
and is not disturbed in any way by the presence 
of the brush lifting device. 

In its preferred embodiment, the brush lifting 
means of the present invention is controlled elec 
trically, and may conveniently be embodied in 
an instrument that is enclosed in a hermetically 
Sealed container. Furthermore, the electrical 
power requirements of the device are extremely 
low, while its action is remarkably positive and 
leliable. 
Whereas the invention, in its broader aspects, 

is not limited to any particular means for trans 
forming electrical power into mechanical move 
ment, it is preferred to produce the mechanical 
movement required for actuation of the brush 
lifting device by the application of electrically 
generated heat to a heat responsive element, 
Such, for instance, as a bi-metallic thermal ele 
ment employing two Substances having different 
thermal coefficients of expansion. That particu 
lar manner of generating mechanical movement 
from electrical current has the great advantage 
of producing relatively slow and gentle move 
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ment, thus avoiding any possibility of causing 
jarring or chattering of the brush against the 
sensitive resistive element of the instrument. 
The invention further permits, in combination 

With the brush lifting device, that the electric 
circuit through the brush be opened prior to 
the separation of the brush from the resistive 
surface, and be restored only after the brush has 
been returned to its normal operating condition. 
A full understanding of the invention, and of 

its further objects and advantages, will be had 
from the following description of two illustra 
tive embodiments of the invention in an accel 
erometer of a type that is responsive to rapid 
changes in acceleration and that translates the 
instant value of the acceleration into a corre 
sponding electrical potential. Neither the selec 
tion of that type of instrument for the present 
illustration, however, nor the particular struc 
ture of the illustrated embodiments, is intended 
to imply any limitation upon the scope of the 
invention, which is defined in the appended 
claims. 

In the accompanying drawings, which form a 
part of the present description: 

Fig. 1 is a plan, showing a preferred embodi 
ment of the invention in an accelerometer of 
illustrative type, with protective cover removed; 

Fig. 2 is a vertical section on line 2-2 of Fig. 1; 
Fig. 3 is a vertical section on line 3-3 of Fig. 2, 

showing the instrument in idle condition; 
Figs. 4 and 5 are fragmentary views, corre. 

sponding to portions of Fig. 1 and Fig. 3, respec 
tively, but at enlarged scale and showing the in 
strument in operative condition; 

Fig. 6 is a fragmentary section on line 6-6 of 
Fig. 5, at further enlarged scale; 

Fig. 7 is a schematic circuit diagram, showing 
illustrative control means; 

Fig. 8 is a plan, showing a modification; 
Fig. 9 is a fragmentary section taken on line 

9-9 of Fig. 8 with the instrument in operative 
condition; 

Fig. 10 is a fragmentary section taken on line 
0-0 of Fig. 9, with the instrument in idle con 

dition; and 
Fig. 11 is a fragmentary perspective, showing 

a detail of the mechanism of Figs. 8 to 10 at en 
larged Scale. 
An illustrative embodiment of the invention 

in an accelerometer is shown in Figs. 1 to 7. The 
instrument there represented is enclosed in a 
case comprising a generally flat base member 
20, to which a cover 22 (omitted in Fig. 1) may 
be threaded at 23, with sealing means shown as 
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an O-ring at 24. All electrical connections to 
the interior of the case are preferably inade 
through a single electrical connectol, which may 
be of standard type. Such a connector is repre 
sented at 25, set in a circular aperture in the Cel 
ter of base 22, in which it is sealed by the O-ring 
27. For clarity of illustration, the individual 
wires connecting the Several contactS 23 of Con 
hector 28 to the corresponding electrical contacts 
of the instillnent are Onitted in the diaWingS. 
The instrument proper is mounted on base 20 

by means of two upstanding frame postS 39, 
shown integral with the base, and two elon 
gated frame shelf members 32, secured to the 
tops of the respective frame posts, as by the 
Screws 33, in transversely spaced parallel rela 
tion. A permanent magnet 35 of horseshoe form, 
With spaced pole pieces 36, is rigidly suspended 
from the under faces of the two frane shelf 
members 32, as by the screws 37, with the air 
gap of the magnet parallel to end between the 
spaced shelf members. The suspension 4f of 
the instrument is mounted on shelf members 
32, by means of inwardly extending arms 34 at 
their ends, for yielding translational movement 
with respect to the frame parallel to the gap 
between magnet pole pieces 36. As illustrated, 
the suspension mounting comprises a unitary 
spring member 42, formed from flat spring ma 
telial. 
with a flat Web portion 43 and parallel leg por 
tions each of which is divided by the longitudi 
nal slots 44 into three adjacent legs, a relatively 
Wide inner leg 45 and two relatively narrow outer 
legs 45. 
leg portion of the spring are rigidly secured to 
the respective opposing arms 34 of shelf men 
bers 32 at One end of the latter; and the two 
Outer legs of the other leg portion of the spring 
are similarly secured to the alms 34 at the op 
posite ends of the two shelf members, the body 
of the Spring hanging from its supports and 
spacedly enclosing magnet 35. The two inner 
legs 45 of spring 42 carry at their respective ends 
the two brackets 43, preferably of insulating ma 
terial, which Support, and are rigidly spaced apart 
by, the accelerometer weight 50 of electrically 
conductive material. 
The Weight 50 extends in closely spaced rela 

tion between the magnet pole pieces 36, so that 
eddy currents in the interior of the weight tend 
to damp the movement of the entire suspension. 
The Weight 50 is movable by distortion of spring 
42 in substantially rectilinear translation hori 
ZOntally as seen in Figs. 1 and 2. That Suspen 
sion movement is preferably limited, as by the 
adjustable stops 52, mounted in brackets 53, to 
a range corresponding to the effective length of 
the potentiometer coils, to be described. As il 
lustrated, blackets 53 are secured with spring 
arms 45 to shelf arms 34, acting as Washers in 
clamping the spring ends. 
When the instrument, as typically illustrated, 

is in a horizontal position, but is not subject 
to acceleration, the resilience of Spring 42 main 
tains suspension 48 in an equilibrium position 
Which is ordinarily Symmetrical with respect to 
the fixed frame of the instrument. If the in 
strument. With its case is Subject to acceleration, 
for example to the right in Figs. 1 and 2, the 
force of acceleration acting on weight 5 and 
on other parts of the suspension deflects the 
legs of spring 42 into such a position as that 
illustrated, in which the suspension is deflected 
in translation to the left with respect to the 

Spring member 42 is of generally U-form, 3: 

The ends of the two outer legs of one : 
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frame. In the particular instrument illustrated, 
the instant condition of defection of accel 
erometer weight 50 is indicated by variation of 
a voltage tapped off from either One of tWO po 
tentiometers that may be related electrically in 
any desired manner. 
The potentiometer coils are shown at 60 and 

are mounted rigidly with respect to the instill 
ment frame by means of brackets Si, which are 
secured to the upper faces of the respective pole 
pieces 36. Electrical connections to the respec 
tive potentiometer coils may be made through 
the terminals 65, mounted in brackets 6, from 
which they are suitably insulated, or which are 
themselves made of insulating material. The 
two potentiometer brushes 62 are independently 
mounted on Suspension 40 by means of the longi 
tudinal rods 64, mounted on Suspension blacketS 
43 by the plate-like supports 6 of insulating 
material. Those supports, as illustrated, Serve 
lso as washers in Securing inner Spring legs 45 

to brackets 48. Each brush f is mounted on 
its support rod 64 by means of a resilient bracket 
68. Brush brackets 68 are frictionally mounted 

5 on the rods 64. They are movable for adjust 
ment longitudinally of the rods and also in ro 
tation about the rod axes, but grip the rods 
sufficiently firmly to be effectively rigidly related 
to them during Operation of the instrument. 
Srush bracketS 68 are so constricted as to de 

fine positively the position of each brush 62 lon 
gitudinally of its support rod 64, except for the 
described adjustment, but to permit yieldiig 
jinovelinent of the brushes vertically (as shown) 
into and out of contact. With the respective po 
tentiometer coils 60. The force with which 
brushes 62 are urged by the resilient hackets 
68 into contact with potentiometer coils 6) is 
adjustable by rotation of the rod gripping por 
tion of each bracket about its rod 64. 

Direct or alternating current power may be 
Supplied to potentiometer coils 60 in any de 
sired manner. For purposes of illustration, the 
potentiometer coils may be connected in par 
allel by the lines 55 and 55, respectively, as shown 
in Fig. 7, across a suitable source of voltage, 
shown schematically as the battery 54. In Fig. 
7, electrical connector 26 is indicated conven 
tionally by a pair of dashed lines. The voltage 
tapped from the potentiometers by the brushes 
S2 may then be taken, as indicated at 57 and 
58, between the respective brush connections 49 
and 59 and one side of battery 54, which nay 
be grounded. Means for controlling power Sup 
ply to the respective potentiometer coils are 
shown illustratively in Fig. 7 as the two switches 
54, introduced between the other side of battery 
54 and the potentiometer windings. Those 
Switches, which may be operated independently, 
are shown linked mechanically for Synchronized 
operation by a linkage indicated schematically 
at 93. 
In accordance with the present invention, 

means are provided, indicated generally by the 
numeral 0, for lifting the brushes 62 against 
the light pressure of bracket springs 68 out of 
(engagement with potentiometer coils Sf) When 
the instrument is not in actual service. As 
shown hest in Figs. 4 and 5, a thermal element 
2, substantially enclosed within a housing 14. 

is mounted on the upper face of frame shelf 
member 32 in association with each potenti 
Ometer. Housing 14, as illustrated, is of heat 
inSulating material and comprises a base mem 
ber 6 and a cover member 7 that includes a 
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cover portion 78, side walls 79, and a back wall 
80, the front of the housing being open and ex 
tending substantially parallel to the length of 
the potentiometer coil, and spaced therefrom. 
Thermal element 72 is a generally flat bi-metallic 
strip, mounted in a plane generally parallel with 
the axis of potentiometer coil 60. As illustrated, 
the rear end of the strip is rigidly mounted in 
back wall 8) of housing cover 77 in a Suitable 
slot, in which it is clamped by the screws 82. 
The body of strip 72 extends forwardly in hous 
ing 74 in spaced relation to the walls and base 
of the housing, and projects freely from its open 
mouth. A light rail 73 is mounted transversely 
on the free end of element 72 outside of housing 
14, and extends substantially parallel to potenti 
ometer coil 60 over a distance somewhat greater 
than the effective length of the coil. 
As illustrated, means are provided for Selec 

tively applying heat to each bi-metallic thermal 
element 2, comprising a coil 84 of insulated re 
sistance wire, coiled directly about the central 
portion of the bi-metallic strip. The wire ends 
of heating coil 84 may be connected to termi 
has 85 in a side Wall of housing 74, as shown 
typically in Fig. 4, connections from those ter 
minals to suitable tabs 28 of plug connector 26 
being omitted in the drawings for clarity of illus 
tration. When a voltage is applied across heat 
ing coil 84, the resulting current in the coil warms : 
the central portion of thermal element 72, caus 
ing the strip to bend longitudinally in a vertical 
plane, in response to the different coefficients of 
thermal expansion of the two metals from which 
it is made. Since the rear end of the Strip is 
rigidly anchored in rear wall 80 of the housing, 
the result of bending of the central portion of 
the strip is to vary the vertical level of its free 
forward end, which carries rail 73. Bi-metallic 
element, 72 is preferably so arranged that the 
l'ail T3 is lowered in response to warming of the 
strip. Upper and lower linit stops are prefer 
ably provided, and are shown in Fig. 5 as the 
screws 87 and 88, adjustably threaded in the 
cover and base, respectively, of housing 74. 
A brush actuating arm 98, shown integral with 

brush 62, extends from the brush transversely 
of resistance coil 6 (), with its end overlying rail 
3 in all longitudinal positions of the brush that 

are permitted by suspension limit stops 52. The 
relative levels of actuating arm 90 and rail 73 
are so determined, for example, that when bi 
letallic strip 72 is at, or near normal tempera 
ture, with the free end of the strip in relatively 
elevated position, brush 62 is supported in spaced 
relation to the surface of potentiometer coil 60. 
That relation is typically indicated in Fig. 3. 
On the other hand, when a suitable voltage is 
applied across heating coil 84, bi-metallic strip 
T2 is Warned and its free end is deflected down 
Ward. Rail. 73 is thereby lowered into spaced 
relation with brush actuating arm 90, as illus 
trated in Fig. 5, leaving brush 62 resting on the 
surface of potentiometer coil 60 With a yielding 
pressure that is determined entirely by the ten 
Sion of spring bracket 68. 

In operation of the invention, when the instru 
ment is idle with bi-metallic strips 72 at normal 
temperature, each potentiometer brush is lifted 
fi'ee of the resistive Surface of its associated coil 
68, regardless of the longitudinal position of the 
brush with respect to the coil. In fact, longitu 
dinal movement of the brush, Such as results in 
the particular instrument of the present embodi 
ment from imposed acceleration, is not at all 
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interfered with by such lifting of the brush, since 
brush actuating arm 90 is able to slide freely 
along rail 73 over the entire range of movement 
permitted to the suspension by the limit stop 52. 
Accordingly, any change in the acceleration in 
posed upon the instrument as a whole, partic 
ularly Such rapid and continuous changes as may 
result from vibration, cause no wear upon the 
delicate resistance wire of coil 60, but merely re 
sult in sliding movement of actuating arm 90 
along rail 3. On the other hand, when it is 
desired to put the instrument into service, it is 
Only necessary to apply a suitable voltage to heat 
ing coils 84, or, if the output of only one poten 
tion eter is required, to the associated heating 
coil. In a few seconds bi-metallic strip 2 is 
smoothly deflected downward, gently restoring 
normal contact of brush 62 with the resistance 
coil. When the instrument is no longer required, 
the circuit through heating coil 84 is opened, per 
mitting the bi-metallic strip to cool, returning 
the brush to idle condition, as already described. 
Typical circuits for control of current to heat 

ing coils 84 alre shown in Fig. 7. The heater coils 
84 of the two brush lifting devices are shown 
illustratively connected in series by the lines 89 

: With each other and with a suitable source of 
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Voltage, indicated typically as the battery 9, 
and With circuit control means, shown illustra 
tively as the Switch 92. It will be understood 
that the two heating coils may alternatively be 
provided with independent control circuits, each 
of Which may, for example, be constructed sub 
Stantially like the single circuit shown in Fig. 7. 
Control Switch 92 may be operated, if desired, 
independently of other parts of the electrical sys 
tein, but it is preferred to provide means for op 
erating heater control 92 in definite timed rela 
tion to the operation of the circuit or circuits by 
Which power is Supplied to the potentiometer 
coils 6. As an illustration of the type of timed 
relation that may be provided, the mechanical 
linkage, represented at 93 in Fig. 7, may include 
not only the two Switches 5; but also heater con 
trol 92. That arrangement has the advantage 
Of great simplicity, and yet insures that when 
ever power is supplied to potentiometer coils 6C, 
the brush lifting device will also be actuated to 
restore the potentiometer brushes to operating 
condition. And when the potentiometers are no 
longer required, and switches 5 are opened, link 
age 93, as illustrated, insures that switch 92 is 
also opened, actuating the brushing lifting mech 
anism to restore the potentiometers to idle con 
dition with the brushes out of contact With the 
l'espective coils. 
The described housing 74, in addition to pro 

tecting the bi-metallic element and its delicate 
heating coil 84 from mechanical damage when 
C2Se cover 22 is removed, performs the additional 
valuable function of greatly reducing the loss of 
heat both by radiation and by air convection 
from heating coil 84 and thermal element 72 
while the instrument is in service. By absorbing 
heat and radiating it back to the thermal ele 
linent, housing 4 greatly reduces the power re 
quired by heating coil 84. In actual practice 
that power is found to be virtually negligible, 
and to cause no appreciable heating of the in 
Stirlinent as a whole. 

Electrical connection to the respective brushes 
62 may be made conveniently via the support rods 
64 and Spring brackets 68. For example, if the 
electrical circuit of the instrument permits con 
nection to both brushes by a single lead wire, both 
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Sunnoit, rods S4 lay be connected electrically at 
one or both ends to innei Spring leg 45, and thence 
via stSpension Spling 2 to the fixed end of one 
of oilter spring legs 46, frare shelf nemiers 32 
being then preferably constructed of insulative 
material (see the aiternative iodification de 
scribed below). On the other hand, if the two 
potentionetter brushes alre to be electrically iso 
lated, as in the illustrative circuit of Fig. 7, Sup 
port plates 6 being of insulative material, co 
nection to each of the Support rods 6 is prefer 
ably made via a flexible arm 68, fictionally en 
gaging the rod, rather than in the more convell 
tional manner by Ineans of a flexible lead wire 
soidered to Oine end Cf the rod. In the drawings, 
contact arms 33 ai'a illusti'3tively show in with on a 
end mounted rigidly, as by soldelig o' Welding, 
on a mounting stud 5, secured in a sidewall 8 
of housing 7 ?. Arns 3 are of flexioie, electrically 
conducting natelial, and are so formed and 
mounted as to lightly contact the aspective rods 
64. It is found in practice that satisfactory elec 
frical connection can be provided with a coinia. Ct. 
pressure that, is sulfigiently light, to cause no ap 
preciable dainping of the translatia:nal movement. 
of suspension A furthe' advantage of the 
articular ill strated structure is attained by ex 

tending brush lifting rail 73, as indicated at 73a, 
to underlie contact, Sir 3. With the parts Slit 
ably proportioned and mounted, rail extension 13a. 
then engages an 89 and deflects its free end re 
siliently upward out of engagement with rod 34 
When thernal element 72 is in its upwardly de 
flected position (that is, at normal temperature in 
the present, preferred embodiment). When ther 
inal element is heated and defected dow. Wald, 
jail end 3a first lowers contact, arin 33 gently into 
yielding engagement with rod 4, and then, with 
further downward novelinent, becoines Spaced 
and electrically isolated fron contact an $3, as 
well as from brish actuating arm 99. Wear of 
arm 89 where it engages, lod 6A is thereoy avoided 
except when the instrument, is actually in use. 
In operating position, with contact arrin 39 rest 

ing Olin rod 53 and With brush 62 resting on po 
tentioneter coil 3, brush actuating alrin 9 is 
preferably noire widely spaced fron rail 73 than is 
contact arm 89, as illustrated in Fig. 5. Upward 
movement of rail 3, due to impressed change of 
temperature of thermal element 72, then lifts con 
tact arm 89 free of rail Si, breaking the electrical 
circuit, thiroigh tie potentionetel brush, before 
tiat, blish is lifted from the potentionetel coil; 
and, conversely, when the instruinent is restored 
to operation, the blush is necessarily caused to 
engage the potentionineter coils before the elec 
trical circuit, though it is closed by contact of arm 
G3 with rail 63. That preferred relation has the 
a givantage of preventing ainy possibility of Spark 
ing between the brush and coil as contact is made 
ol' broken. 
A Second illustrative embodient of the inven 

tion. iilustrated in FigS. 8 to 11, is characterized 
by the fact that the entire brush lifting device of 
the invention is cairied on the Suspension of the 
instrunnelnt, and therefore noves with the billsh. 
in its movement longitudinally of the resistance 
coil. Furtheirlore, in the Second ein bodiment 
only a partial enclosure is provided for the ten 
perature responsive element, and a single such ele 
ment is utilized to control the condition of two 
brushes on Separate potentiometer coils. The 
basic structure of the instrument itself is similar 
to that of FigS. 1 to 6, except that no enclosing 
case is shown. Corresponding parts are identified 
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8 
by the same numerals in both modifications, but 
with addition of the postscript a in the modifica 
tion of Figs, 8 to 11 in those instances in which 
the part in question is of appreciably different 
forin. The upper frame members 32a are sup 
ported by means of corner posts on a base, not 
shown, and correspond in function to the frame 
shelf members 32 of the previous embodiment. 
Two independent potentiometer coils SG are 
mounted, as by brackets 6 a., on magnet pole 
pieces 3Ga. 
The potentiometer brushes 62d., as shown, are 

flictionally mounted at 90 for adjustable longi 
tudinal movement on the horizontal posts 94. 
Those posts correspond in broad function to the 
rods S4 of the previous embodiment, but are 
mounted at one end only in upwardly project 
ing ears 96 of a plate-like bracket member 95, 
which is rigidly secured, together with inner 
spring leg 45, to one of the end suspension brack 
ets 43d, by the screws 97. Bracket 95 may, for 
example, be of electrically conductive material, 
forming a connection between both brush Support 
ing posts S4 and inner spring leg 45, so that con 
nections to the brushes may be made, as indicated 
at 93, to the anchored end of one of the outer 
spring legs S. Alternatively, bracket 95 may be 
of insulative material, electrically isolating the 
i.WO bush Supporting posts 94, which may then 
be cornected by flexible means to independent 
lead wires in any Suitable mannel'. 

Fig. 11 illustrates clearly a preferred brush as 
sembly structure. A spring clamp C0 friction 
ally Cngages Supporting post 94, and Supports 
brush 82d by means of an arm f ( , which is pref 
elably resiliently flexible in an axial plane of post 
94 (that plane being vertical in the present em 
bodiment) and relatively rigid in a direction nor 
i;ial to that plane. As illustrated, arm com 
prises a strip of spring stock, which may be in 
tegral with Spring clamp 30 or soldered to a 
Separately formed bracket of similar material. 
The free end of arm i Oi is transversely ridged to 
foil the downwardly facing contact surface of 
brush 52d.; and, beyond that ridge, is bent up 
Wardly at 2, and then ba?ck upon itself to form 
a shelf 03, which forms the upper wall of a rela 
tively open partial box formation 4. The main 
body of arm may readily be adjusted by longi 
tudinal bending in a verical plane to provide the 
desired contact pressure under normal operating 
conditions between brush surface S2a and po 
tentionete coil 6. 
The brush lifting device of the present embodi 

inent includes a temperature responsive element, 
shown as the relatively flat bi-metallic strip 06, 
which may be mounted as illustrated upon the 
horizontally extending Central ear 98 of blacket 
95. Element f6 carries heating means, shown 
as a coil of insulated resistive wire f O3, Surround 
ing the central portion of that element, by which 
its temperature may readily be varied to cause 
deflection of its free end in a vertical plane. 
The Wire ends of heating coil 08 may be con 

nected, as shown best in Fig. 8, to terminals 09, 
ShCWn mounted in a supporting strip 6 of insu 
lative material, secured, with posts 37, to bracket 
95. Connections to terminals 39 may be made 
by light and highly flexible leads, indicated at 07. 
Two brush actuating arms O extend trans 
Versely in Opposite directions from the free end 
of bi-metallic strip 06, their ends being received 
Within the boxes 04 at the ends of brush sup 
porting arms 00. As illustrated, both brush ac 
tuating arms if 0 are formed from a Single piece 
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of wire, secured to strip 06 by the screw fii, the 
Wire being formed with a central hairpin bend 

2, shown best in Fig. 8, which provides con 
Venient adjustability of the arms longitudinally 
of Strip 06. Brush actuating arms ff0, as so con 
Structed, are appreciably resilient transversely of 
their length, that resilience being readily con 
trollable, as by selection of the diameter and 
composition of the Wire of which they are formed. 
Limit stops are preferably provided which define 
extreme upward and downward deflected posi 
tions of bi-metallic strip 06. As illustrated, up 
Ward movement of strip 6 is limited by the 
Screw 4, adjustably mounted in a rigid bracket 

which also forms a partial heat shield for 
heating element 98. While downward deflection 
of the strip is limited by contact of screw ft 8, 
adjustably mounted in the free strip end, with 
the upper edge of accelerometer Weight 50. 
With bi-metallic strip 06 deflected upwardly, 

corresponding preferably, but not necessarily, to 
normal temperature, the ends of brush actuating 
arras i? engage the lower faces of back-turned 
portions f G3 of brush carrying arms 00, applying 
to the brush Supports an upwardly directed re 
Silient force. The resilience of arms and the 
position of limit stop are So adjusted that 
that force is sufficient to overcome the resilient 
force of brush supporting arm 0 , and thereby to 
lift the brushes clear of their respective potentire 
ometer coils 60 (Fig. 10). With Strip f6 de 
flected downwardly, corresponding in the pre 
ferred embodiment to energized condition of 
heating coil i8, the ends of brush actuating arms 

O are lowered sufficiently as determined by ad 
justment of imit stop 8, not only to produce 
contact between the brushes and coil 60, but also, 
preferably, to break contact of the arms with 
bracket portions )3. With limit stop 8 so ad 
justed, spaced relationship of arms 9 within 
the box formations 04 is maintained during 
operation of the instrument, as illustrated par 
ticularly in Figs. 9 and 11. Accordingly, in oper 
atting condition of the instrument, the brush lift 
ing device does not in the least disturb the action 
of resilient brush Supporting Springs 0 in de 
termining Suitable contact pressure of the 
blushes. 
I clain: 
1. In combination. With an elongated electrical 

resistive element, brush means including a brush 
engageable, in response to a yielding force, with 
the resistiye element to form therewith a path 
for electric current, brush actuating means act 
ing to move the brush longitudinally with respect 
to the resistive element to valry the electrical 
properties of the said current path, brush lifting 
means comprising a bi-metallic heat responsive 
element shiftable by temperature change between 
two conditions, structure interposed between the 
brush means and the heat responsive element and 
movable in response to changes of its temper 
ature, the said structure including a control men 
ber positioned adjacent the brush means in all 
longitudinal positions of the brush, the control 
member being movable in response to one condi 
tion of the heat responsive element to an idie 
position spaced from the brush means, and being 
movable in response to the other condition of 
the heat responsive element to an Operating po 
sition engaging the brush means in all longi 
tudinal positions of the brush, the control men 
ber in operating position applying to the brush 
means a force acting to oppose the Said yielding 
force and to shift the brush into Spaced relation 
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with the resistive element, and control means for 
selectively supplying heat to the heat responsive 
element. 

2. An accelerometer comprising in combination 
a frame, an elongated electrical resistive element 
mounted in fixed relation to the frame, a massive 
element movably mounted on the frame for move 
ment longitudinally of the resistive element in re 
sponse to bodily agcelerations of the frame, a heat 
responsive element, capable of assurning distinct 
configurations in response to changes in temper 
ature and having one portion mounted in fixed 
relation to the frame, a lift bar mounted on an 
other portion of the heat responsive element and 
extending in parallel relation to the resistive ele 
rent, the lift bar being novable transversely of 
the resistive element in response to changes of 
configuration of the heat responsive element, a 
brush mounted. On the la SSive element for longi 
tudinal movement therewith, the brush being 
yieldingly urged transversely into sliding engage 
ment with the resistive element, the brush carry 
ing a control Surface that is transversely adjacent 
the bar in all longitudinal positions of the massive 
element, the bar being spaced from the control 
Surface in one configuration of the heat respon 
sive element, whereby the brush moves slidingly 
Over the resistive element in response to accelera 
tions of the frane, and the bar engaging the 
control Surface in another configuration of the 
i.eat responsive element, whereby the brush is 
Spaced from the resistive element and the con 
trol Surface moves slidingly over the bar in re 
Sponse to accelerations of the frame, and con 
trol means for selectively supplying heat to the 
heat responsive element. 

3. An accelerometer as defined in claim 2, and 
including also a protective housing enclosing the 
resistive element, the heat responsive element and 
the massive element, and an inner housing of heat 
insulative material within the protective housing 
ald enclosing Only the heat responsive element. 

4. An acceler'Ornetter comprising in combina 
tion a frame, an elongated electrical resistive ele 
ment mounted in fixed relation to the frame, a 
massive element movably mounted on the frame 
for movement longitudinally of the resistive ele 
ment in response to bodily accelerations of the 
frame, brush means mounted on the massive 
elenent for longitudinal movement therewith 
and including a brush yieldingly urged trans 
Versely into sliding engagement with the resis 
tive element, a heat responsive element capable 
of a SSuining distinct configurations in response 
to changes in temperature, means supporting 
the heat responsive element by one portion there 
of, and brush lifting means mounted on another 
portion thereof, the brush lifting means includ 
ing a brush actuating member that is adjacent 
a Surface of the brush means in all longitudinal 
positions of the massive element, the member 
being Spaced from that Surface in one configura 
tion of the heat responsive element, whereby 
the brush noves slidingly over the resistive ele 
ment in response to accelerations of the frame, 
and the member engaging that surface in an 
other configuration of the heat responsive ele. 
ment and lifting the brush into spaced relation 
to the resistive element, whereby accelerations 
of the frame are prevented from causing slid 
ing movement of the brush over the resistive 
element, and control means for selectively sup 
plying heat to the heat responsive means. 

5. An accelerometer comprising in combina 
tion a permanent magnet having Spacedly op 
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posed pole faces, an electrically conductive in a S 
Sive element mounted in spaced elation between 
the pole faces of the magnet for substantially 
rectilinear movement parallel to their plane in 
response to bodily accelerations of the magnet, 
an elongated electrical resistive element mount 
ed in fixed relation to the magnet and extending 
parallel to the said in ovement of the massive ele 
ment, a brush in Ounted on the massive element 
for longitudinal movement therewith, the brush 
being yieldably urged transversely into sliding 
engagement With the resistive elein sent, a hous 
ing of heat insulative material Inounted in fixed 
relation to the magnet and extending transverse 
ly of the l'esistive element with an open end ad 
jacent thereto, a bi-metallic strip having one 
end rigidly mounted Within the housing and the 
other end extending freely ifrom the open end 
thereof in a plane substantially parallel to the 
iength of the resistive element, a lift bar car 
rised by the free end of the bi-metallic element 
and extending parallel to the length of the re 
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sistive element, a control member on the brush 
transversely adjacent the lift bar in all legi 
tudinal positions of the massive element, and 
electrical means for controllably generating heat 
Within the housing to vary the temperature of 
the bi-metallic strip, the lift bar being spaced 
from the control member for one temperature 
range of the bi-metallic strip, whereby the brush 
moies slidingly over the resistive element in re 
Sponse to accelerations of the magnet, and the 
lift bar engaging the control member for an 
other temperature range of the bi-metallic strip 
and thereby lifting the brush into spaced rela 
tion With the resistive element. 

ALFRED J. KLOSE. 
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