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4 RELISBLE GALVANQRBTER MOVEMENT FOR USE IN SPACE APPLICATIONS

by
G, T. Farr, A.Inst.P.

SUMMARY

The Report describes the tests performed on a small galvanometer movement,
uging & pivot-jewel bearing, to assess its suitability for use in space
applications. /Although only a small number of units was tested, the results
suggest that with minor modifications, the mechanism is relisble unier a space
environment and well suited to certain satellite applications due to its small

size, weight, and extremely low power consumption,
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1 INTRODUCTION

In certain ph.tometric experiments at present being designed for use in
satellites and sounding rockets, opsration under daylight conditions is
required. One of the problems with this type of experiment is to prevent
damage occurring to the photo~detector, due to excessive radiant snergy faliing
on its cathcde if the image of either the Sun on the Sunlit Eerth enters the
field of view of the optical system. R

A smgll galvenometer movement menufastured by &, -ith egd Sons has been
tested by the Royal Airoraft Establishment to assess its suitability for uss
as a Sun/Albedo shutter in such experiments.

This introduction is followed by a brief description of the standard
galvanometer at present produced by S. Smith and Cons and the modifications
implemented, at the request of the Royal Aircraft Establishment, in order to
obtain the improved mechanical performance necessary for its use in -spaciy
appliocations. The envirommental and electrical tests to which & small sample
of these instruments were subjeoted is outlined and the results of these tests

given,

2 DESCRIPTION OF GALVANOMETER MOVEMENT

The galvanometer movement shown in Fig.! is 0,56 inch diemeter, 0.5 inch
long and weighs 003 0ze Tls coil, having a dc resistance of 1 K, is wound cn
an aluminium former to which is attached a light vans. The complete coil
assembly weighs approximately 0.02 o0z, and is supported by pivots rotating in
a synthotioc jowel bearing. The pivots used in the standard instrument, Fig.2,
are mamfactured from an ordinary oil hardened silver steel, 800~900 Vickers.
The radial field in which the coil moves is provided by a centrally mounted
cylindrical megnet producing a flux density of approximately 54000 gauss which,
with tho normal return spring fitted, gives the instrument a sensitivity of
approximatoly 200 microamp for full scale deflection. '

The first eight movements obtained for testing woere of ..andard design
except for the following featurese No lubriocant was added to the btearings and
the return hair-springs were removed and replaced by ligaments to provide the
necessary olectrical connecotions to the coil. The hair-springs were removed

to decroase the response time of the movement,
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Initinl tests performed on these gelvanometer movements at the Royel
Aircrsft Ratsblizshment showed that the material used to mamufacture the standard
pivote, is not suibtable if the instrument is to be used in rocket-borre experi-~
meutes  Aer consuliaticn with S. Smith and Sons a new pivot meterial was
gelsatsd and fitled to e further eight mechanisms. This material was a fretting-
corrasion resistant, non-magnetic stainless steel having a hardness of 770~
520 Viekers. The radiug of these new pivots, manufactured under the trade name
Revapoint' by M. Sohneider-Hogi Ltd., Switzerland, was 0.0024 inch at the
bearing surfage &s againgt & radius of 0.002 inch used for the givots in the
gtanderd instruments.

An additional mechanism was obtained with the gslvanometer coil wound
on a split aluminium former, thus eliminating eddy current damping, to assessg
the improvement obisined in the movement responss time.

3 TESTS FPERFORMED ON G4 LVANQMETER MOVEMENTS

The movements were tested to asszess thedr ability to withstand the cevere
vibration assooiated with the initial launch phase of the rocket, and their
subszequent ability to function satisfectorily for many operstion under space
conditionss Other requirements of the mechanisms were that they should be
small, light, require low power to operate, and have a fast response time.

At the commencemert of this assessment programme some urgency exisied
in determining the suite.ility of the galvanometers for use in satellites. It
vas thorefore decided, since the vibration facility was not reuadily availabls,
to commonce thoe time-consuming tosts of long term operation under vacuum on
half of the mochanisms and subjoct the other half to the vibration specifice~
ticn at a lator dete. This method of tosting was adopted with the fixrst aighi
standard instruments obtalinred., Howovor, beocause this form of testing docs not
foilow the logical sequence of events which would be experienced under flight
oondition, the modified mechanisms wore first vibrated and then subjected %o
long term teosting under vécuum conditions. In all cases the minimum current
roquired to obtain full scale deflection of the movements was measured, thus
rroviding means by which any later deterioration could be checked without
necossitating destructive inspcction.

3l Movement responsce tests

Tho rosponse time of the instrumonts was measured using a pulse interval
time counter. Start and stop pulses were obtained from photo-diodes ag the
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vane of the galvancmeter passed across two illuninated pin holes, spaced fer &
: . . < o
mevement deflzction of approximately 30 o

Taz response time of a typicel instrument, btefore envirommental testing,

is piotted in Figs3 for various values of coil current. Also shown is the
improved response crteined by splitting the coil former. From these curves
it can be seen thmt little improvement in the response time would be obtained
for coil cuzrrenits above 250 microamp. This value of current was consequently
adopted as Teing rcalistic for carrying out the life testing of the mechaniam
under vacuum, section 3,3, although higher velues car be used without risk of

danage to the movement.

Zx?  Vibration environmental tests

The vibration testing of the galvanometers was carried out at A.U.R.E.
Adermaston, to the levels detailed for the testing of the U.K.3 satellite tape
recorder, Sae Appendix A, This particular specification was adopted primerily
betouse 3% was believed to be representative for the class of sateirite under
consideration, anrd there aiso existed the added advantage of combining the
tosta with thoss of the tape recorder which were to be carried out in the

nsar fucure,

The mochanisms were mounted in counter-bored holes in an aluminium alloy
cube of 12 inches side and held in position by two clips, Figsk. The cube
2lsc provided the mounting facility for the tape recorder.

Due to vibrator amplitude limitations some reduction of the sinusoidal
acceloration levels originally specified was found to be necessary, details of
thesa are given in Appordix A. During the tests rms nccaloration was monitored

continucusly using an acceleromoter mounted on the block.

3¢3 Vacuws onvirommeontel tests

The 1ife teoting of the galvanometers was carried out at Klliott
Atopation Ltd., as part of a Ministry contract pleced for the testing of
space boarings, gears, and slip rings. Tre movemcnts were mountzd in a swall
glass enveloze, Fig,5, provided with tvo sealed~in electrical coatacts through
which oonnection to the coils of the mechanisms was made. Since only two
olentrlcal contacts were available, periodic checks on the sensitivities durling
thage tcsta had to be made as & combined measurement, Current values given in

the relovant tobles, section 4.1, however, are Lhe jndividual ceunsitlvity
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values for each of the movements. (The combined current was resolved into ths
individual currents on the assumption that the coil resiatances of each
movement was constant at the value measured at the stars of the test.)

The envelope after evacuation was sealed and the pressure monitored by
an ion gauge which also provided means for maintaining the pressure, wmithin

limits, dus to any outgassing from the galvanomster movements. The drive

ourrent to the instruments was provided by a multi-vibrator switohing &t 2 rate
of 43 operations per minute and delivering a drive ourrent of 250 microamp
to each coil.

Testing of the four standard mechenisms under vacuum was terminated
after some 2800 hours, giving a total of 649 x 106 operations at pressures in
the range 2 x ‘IO-40 torr to 3 x 10“8 torre The pressure/life graph for
these tosts is given in Fig.6.

The vaouum life testing of four of the modified mechanisms was conducted
for 2500 hours at room te: peraturc, a total of 6.6 x 106 operations, after
whioch the encapsulated assembly was operated in a refrigerating cabinet at
-Q5° :5“0 for a further 1.3 x 106 operations, This was followed by heating
the assembly in a small oven at +60 * 2% during which time a further
12 x 10~ cpsrations were performed.

The pressure history of the vacuum test chamber is shovn in Fig.7.
Durx g the room and low temprrature tests the pressure was maintained in the
low ‘!O"8 torr range but rose to 10-6 tory during the pericd at +60° due to

outgassing from the mechanisms.

4  TES" RESULTS

Lol Roaults of tests on standard instrumonts

Tho minimum ourrent required to obtein full scale deflection of the

meohanisme before commencement of the tests are given in Table 1, These

measuromonts were made against tho slight return spring action oxerted by the

coil ligamonts.

Tho four galvenometers sipplied to Elliott Bros. for vacuum life tosting
wore again chooked for full scale sensitivity after mounting in the vacuum
capsulo, thus estiblishing that no damage had ocourred during the installa-

Theso results togother with the periodic sensitivity chocks mede during

tion.
Sinoe the spring action oxerted

the vacuum life tosting are givon in Tablo 2.
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by the ligements is small, return of the movement %o the biased pusition did not
zlways cccur and the sensitivity checks wers mede for deflection of the instrue~

ments in both dirsctions.

ar apparent deterioration in the performance of mecnaniams {ariasl numbers

5 end 8, occurred after abcut fiftesn-hundred hours of operaticn, spproximately
Lox 106 operations. However, ths instruments appeared to havs rzocvered by
the time the next sensitivity che.ks were made after approximataoly 2600 hours,
6.7 x 106 operations. The apparent deterioration in the perfermance of the
galvarometers &t the 150C hour mark was »st oxplained, Sensitivity checks
~AGs in air afher the vacuum tests showed the full scale deflection cu:.cents,

to be approximately the same as thoss measursd at the commencement of the

tesus, (see Tebla 1).

Examinav.on of the bearings under a n.oroscope showed both the jewel and
pivot o be 1. perfect condition with no visible signs of wear, Fig.8, however
minute rus.~cclowred dsposits were found to exist on all boaring surfacess
Similar duuoslys were also found to exist on the surfaces of both untested
mechanisms and the modified instruments having stainless sbsel corrosion
rosisten., vivotsa Although it was suspected tlat these deposits resulted from
frottirg ocrrosion, (which may have ocourred to the untested mecbanisms during
transpertation since no lubricant was presont in the bearings), this fact was
nov positively established.

The standnrd pivot—-sapphire combination showed the necessary properties
to withstand weare However, they were found to b¢ too birittle to withstand
the severe vibration enviromment, and fracturing occurred at the tips of the

pivots causing the coil assembly to become slack in its berrings. The move-—

ments however still functionel, and somcthing approaching normsl oporation
could be obtained by raising the coil current to approximetely 0.5 miiliamp.

Le2 TResults of tests on modified instruments

After the moditied instruments were vibrated to the specification given

in Appendix A, their sensitivities were moasured and are ocompared with the

sre-testing values given in Table 3. All movements appeared to be slightly

sticky in oporation and reoluctant to return to the biased stop pesition under
the action of the s.ight torque, approximately 2% of the operating torque,
Two randomly scleoted mechanisms were stripped

vrovided by the ligaments.
Although tho jewels

end the pilvots and jewels examined under a microscope.

D N SR v e o

e o
a N

& O
e

v

L

¥y
(RN

e 7 v
DRGNS S

I

e
il

“ -
R MO

e rab 5 v

e




o AT RGN & (RSl T ey S A oo oo . L e s s - e o Foocr < ety e o o

sy,

i
§,

P e b,

o me

were tound to be in perfect condition some slight deformation had occurred at
“ha t3ps of ths pivots. A shadow graph of a pair of pivots is shown in Fig.9.
Tie damage to the pivot tips was not considered to be serious and vacuum life

testing on four of the remeining gelvanometers was siarted.

Ths pinimum full scale deflecticn current for each mechanism wag again
racoyued at various times during ths wscuum tests. The apprarent small
detericration of the bearings as irdiceted by the increase in ¢he drive current
requiryd, Tebls 4, was not substantiated by the values obtainsd for either the
sensifivity or response measuvemsnts conducted in eir at the completion of the
above %ests. These, with the exception of galvanometexr Serial number 25, were
in reassonable agreement with the pre-testing values obteired, Table 3.
Galvancmster Seriel number 25 was found to stick at approximately 90% of its
fll scalo dsfleotion with a coil surrent of 10 microamp.e The current had to
be. incrsssed to 250 miorocamp before the remaining 10% of its travel was
obtairode This stlcking persisted until several operations at 250 microamp had
beon performed, aftor which the full acale deflection current settled down to

a level of 10 microamp.

Bxaminetion of the vearings urder a microscope showed no serious signs
of wear lad occurred during the life testing, Fig.10, however in addition to
the rust-coloured deposits found on tho beering surfaces of the originel
instrumonts, a quantity of small unidentified particles wore also found.
Since the instruments wore assombled under clean conditions it has been
assumed %that the partiocles werc introducud during the vibration tecats, during
which timo no proteotive covering wos used. A photograph showing the
sontamination found on one of the pivot-jewel bearings is shown in Fig,it.

5 CONCLUSIONS

The test results for bo.th the standard end modified instrvaents show
the pivot-jowel tearing to be highly suilable for use under va.ium conditions
whon light loads are involved, In addition the size, weight, and extremely
low power consumption of the galvanometers make them ideal far use in certain

satellite borne oxperiments.
The marked increase in drive owrrent of standart. mechanisms Soriel
mmbers 5 and 8 after 1500 hours of operation toge’her with the sticking of

galvanomoter Serial number 25, both tamporary ccnditions, has beon tentatirely
attributod to the dust and small pexticlos fo. .4 to oxist on lator oxamination
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of the bearings, This point of view is further substantiated by the fact that
neither the pivot nor the jewel showed any signs of wear. In any svent the
movements ztill operated satisfactorily at the required current level of

250 mioroamp, a value well below the current ruting of the coil.

The improved response of the instrument obtaired by eliminaticn of eddy
current damping was considered tc be significant.

Although useful informeiion was obtained from vacuum tegting of the
svanderd instruments the pivot weterial proved to be liable to frstting
corrosion and too brittie, to withstand the severe vibration to which it was
subjecteds The modified mechanisms using the siainless steesl 'nevapoint!
rivots huwevor appeared to have the necessary tc.ghness to withstand the
vibration, The slight distortion of the tips of f he pivots caused during
vibration wa. not considered to be serious, Also chis preferred design showed

no mavked increase in drive current at any time during the vacuum tests.

The semple of devices tested was too small for statistical conclusions
to be drawn, but the performance of the modified units was encouraging. This
galvancmeter moverent merits sorious consideration for use in instruments to

be flowm in space vehicles where calibrated defloctions of the meccenism are
not required.

Acknovledgomonts

The author wishes to acknowledgs :hie assistance of Mr. 7. A, Yare of
Spece Departuwnt, R.A.E. in helping to crganize the YLssting of the mochanisms,

i
and also for his advice givern throughout i} asscssmeni programmve

>

EAR W

v

- .
Qo Ot o e a0

o

e D

[T

.

A

\

o,
T,

. s . -
B S R At

s o

on -
P T T <

+

PV Y




oo g sl gt i
el dowd b vy

bl

o g T

Eantne i

10

Appendix A
GALVANOMETER KOVEMENT VIBRATION SPECIFICATION

Ay The novements were mounted in a twelve inch aluminium cube as indicated
in Fige12 with the meter pivots in the 22 axise.

4,2 Independent sinusoidal frequency tests were applied in each of the three
axes indicated, and folloved by indeperdent random motion tests again in each
of the three axes.

4.3 The simusoidal frequency vibration was applied by sweeping the applied
frequency from the lowest to the highest frequency once for each range speci-
fied in Tuble 1, The rate of change of frequency was proportional to the

froquency at the rate of 2 octaves/min.

Table A1

Sinusoidal logarithmic sween

A Frequancy range Test duration Acceleration g

is Hz min or

displacement
5~50 1.66 2,3 g*

50-100 0.5 0.8 in D.A.
v 22 100-200 0.5 .0 g
i 200~500 0.66 $10.0 g
g 500~2000 1.0 21,0 g
{ XX 5-50 1.66 1.0 g

i and 50~100 0.5 0,02 in D.A.
i‘ Yy 100-200 0.5 +10.0 g
: 200-2000 1466 +10.0 g

¥*or within the maximum amplitudc limit of the vibrator sec f.5.

A+ Gaussian random vibration was epplicd for each axis with tho acceleration
waveforms clipped at three times the rms accelcration specified in Table 2.

Tho control accelerometer responsc was equalised such that the specified
accelaoration spectral density values -cre within *3 db throughcut the

frequoncy band. The filter 'roll off' charactoristic above 2000 Hz was at the
rate of 40 .b/octave or greater. 4 three minute run at 1/10 full scale was
effected in order to check the speotrum shape before applying full level.
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e
3 § Table A.2
Y ’g" Random vibration
E i . Frequency range Test duration | S0 level Ac?eleratlon
- S Axis Ha min 324Hz (approx.)
« g / g TIns
28 22 b
.Y XX 20-2000 (each axis) 0.07 1145
-4 < YY
p, 4
) A5 &1 levels were raised wnd held as specified in Table 1 with the exception
) of those frequencies affected by excursion limitation of tne vibrator in the
> R range 5-7 Hz, in the ZZ axis. Over this range acceleration levels were reduced
fé :‘ from *2,3 g to the following:-
5 Hz #0.9 g
6 Hz ¥1.35 g

7 Hz ¥1.8 g

In eddition it was arranged that frequencies 5-~9 Hz were dwelt on for six
seconds each instead of sweeping through tnese frequencies.
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STANDARD MOVEMENT SENSITIVITIES

F.S.D. current microamp

Galvanoumeter
30 serial numbers Before After
B vacuum/1ife tests | vacuum/life tests

5 |
| g

4.6 k.0
2.0 2.0
2,0 2.0

O w»m £ W

342 2.0
Table 2
STANDARD MOVEMENT SENSITIVITIES DURING VACUUM TESTS
Operation ¥.5.D. current microamp
time in 7 Direction
vacuum (hours) Serial Serial | Serial Serial

muber 3 ramber 4 mnber 5 number 8

0 0 4,0 4,0 0 ]
4.0 0 e 540 |

4.0 7.0 87.5 375
4500 3,2 0 1,25 1.2 i
2.0 7.5 175 3425 1

0 5.0 5.C 0
0 3.0 3.0 0
0 1.5 2,25 0
2642 0 2,75 3.25 0
5.75 0.12 1.25 6.0
2.0 0.87 1.5 3.0

1.75 0 1.75 7.25
2,25 0.37 | 0.62 | 5.5 ! J
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Table 3
e KODIFIED NOVEMENT SENSITIVITIES
," ;gf‘ -
g; calvanometer F.S.D. current microamp
. % -
: serial number Before After After vibration
§ testing vibration tests and vacuum tests
29 3.0 L5 Not tested
22 1,0 2.0 4,0
23 4.0 6.5 k.5
2, 1.0 3.0 Not tested
25 2.2 6.0 10.0
26 3.5 2,0 Not tested
.: 28 6.7 8.0 Not tested
-\&;
Table k4
HODIFIED MOVEMENT SENSITIVITIZS DURING VACUUM TESTS
Operation F.S.D. current microamp
va quaﬁe ( 1112“ s) Serial Serial Serial Serial Direction
mumber 22 | number 23 | number 25 | numbexr 27
0 2140 10.0 4.0 9425 T
0 5.5 8.5 8.5 !
166 10475 10,5 6.25 23,0 1
10475 10,75 22,5 5.0 \|,
665 20,0 6.5 6.25 20,5 1
k75 8.5 11425 6.5 J
2570 55 3.25 2,25 6.25 | 4
0 2.0 3.75 k25 J
\Y
2666 5.0 3.37 2,75 7.5 | 1
0 1.5 2.5 1.25 \i/
366 16.25 5.0 6.5 8.0 "
0 6.0 8.75 8.2 !
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Fig.? Shadowgraph of modified pivots after vibration (Magnification x100}
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Fig.10 Shadowgraph of a pair of modified pivois «fter vacuum/life testing
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Meter movements with
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Fig.12 Meter movements on 12 in aluminium cube




