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51.JMMARY OF SIGNIFICANT EVEN.rS UP TO T'IME OF FAIWRE OF 
iRlGS ~-A-27, 6A-3£)1 5A-81 5A-15 1 5A-21 

In order to provide some clue that might prove helpful in determining the 
cause of the subject gyro failures, the folloWiDg assembly of infonna.tion 
has been collected: 

if.-?'I - Removed from Y s/M axis of IMJ :/14, G&N 121 during retest a.t AC 
Milwaukee because of 30 meru shifts (decrease) in ADSRA and A.DIA. This 
system bad the Optics 28 VOO applied to the 8oo cps line during syst ems test 
1n the spacecraft at NM. · Resultant damage required that it be returned 
to Milw.uk.ee tor repair. It was noted, the last G&N gyro coefficient data 
·1ie.ken at NAA showed a shift of about 25 meru . (increase) in ADSRA. At'ter 

' ·. repair of the IMJ at Milwaukee it was retested and discovered that the Y 
gyro had experienced the above shifts. 

. . I •r-J2 -'rhis unit was removed f'rom a system at MIT at'ter having the ADIA _ 
etm sbj;tt about 50 meru.. This shift was noted af'ter a gimbal runaway ha4 

~~curred. 

·2A-8, • located in X s/M axis 'Of IMJ 11/9. Experienced about 2t earth rates 
&hitt 1n ADIA during spacecrat't testing of G&lt 12. 

History of Events: 

4-25-66 

7-6-66 

7-8-66 ., 

Went 1nto s/c 

Ren G&N Operational Check., eveeyth1ng okay. 

Power glitch occurred While system was 1n Coarse Align. 
Apparently someone had :pulled or tripped over a .cord suppl.yin@; , 

,' .. prim~ power because s/c l!shts went out, the lM1 gimbal dumped1 ,. ·. 1
' ~ 

\ . ,, .. 

.... and the ACE console lost ll3flC. It took about 10 minutes to get . .. 
i,· , •. . , · pawwr back on during Which t:lme tile Dl1 was not doWDm.Oded. , .. ,. -,,... fr, 
/ ,f •" . .• ' .' , t· . :'' ·- "f • " 
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' 7-9-66 

7-ll-66 

7-14-66 

1-15-(i; 

7-19-66 
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Batteries supplying s/c power failed very fast. It was three 
to five minutes before they got house power. It j_a be lieved 
the ISB was in Coarse Align at the time. This power failure 
also caused loss of sync on the .ACE console. 

Power was lost a.gain fo:r five to ten seconds while the G&N 
was in Ope111te mode. It was noted dur:tng thiEI period that the 
00 l6X resolver readout on the ACE console was sw1ngiug from 
plus 70° to minus 60°, at a very fast rate. Since this meter 
can only read+ 70 of gilllbal angle the inf'erenoe is the re
solver ·was rotating at a high rate. 

Performed G&N Operational Check and it, indicated bigh gyro 
o.rift ralies. 

Repeated G&N Operation Check and got the same restut a. 

Removed ISS t'rom s/c. 

ISS check in l ab revealed tht-ee earth r ate d~i.i't of X gyro. 
The :rnu was re·tUl"lled t o M:Uwaukee & 1.d t l.c :'{ gyro re...mv\.'ld f'or 
analysis. Tea.xdown f.in6ings were consi der abls debris: some 
metallic some separator muterial, and complete loss of ~earing 
pre load. The wheel bee.ring balls mien measured were 130 u 
inches smaller in diameter than they were originally, yet they 
were matched Within 7 u inches. Also noted in the findine;s 
was the presence of iron oxide • 

. 2,A-l!? - This gyro ba.d recently been installed in the Y position of Dru 7'P-,. 
It had. been shipped to NM .from Milwaukee after replacement of the X and ,•, • .. 
Y gyros. During early ISS tests at NM it was noted the .ADIA shifted abo~\t 
l6oo meru.. Conversation with MJ!J!/NM did not disclose any unusual events , 
~at could explain this sudden shift. 'l'eardown analysis of this unit at 
Milwaukee revealed essen-tially the same conditions as were preeent on unit 
5A-8. · 

~ -- This gyro was 1n the Y position of IMU ,fill. Upon receipt of this . 
"!Mifat .NAA trom KfC sn ISS performance test indicated a 40 meru shirt in ADli •. 
During shipment from Ka:! this Dru bad been dropped; the shock recorder 
indicated a 25g shock on the l axis had been sustained. 
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¥9J>ule.r Faillll"a Theories +. 
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· :It · bas been noted that all of' the above gyros except 6.A-30 were manufactu.reci ~ · · .. 
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Separutor lot A-ll 

-5A--15 Fe.Ued in IMU :/j2.. 
~A-29 In IMU spare 2 data elightl.y jumpy. 
4A-27 Removed from DID 1/4 for ADIA and AD SRA sh 1ft. 

Tests at N:, have shown these separators bleed out lubricant at a f a.s t e r r ate 
than other eepare.toro. It is theorized this bleedou·t ult imately 1~e suJ.ted 
1n lubricat ion starvation which J>recipita.ted high tempe rat ures due to f r iction, 
causiz,..g a chemical formation of iron oxide that acted as a lapping compound 
on the balls. The lapping of the ball s took place over a relatively short 
pe:r1oa. of' running t ime and caused a loss of ·bearing preloe.d. P..cld:ttional 
testing of' wheels with very little bearing lubr:tcant has sho\.in this effect 
does take place. 

Another theory pofr'..;ulo:l;es that with the balls riding on a l O u. i nch o i l f ilm 
it would requi r e an engu.la.r input of only about seven radio.no per second to 
b r eak through the oil f iln1 and get t he same con<i:lt ions as des c:rlbed above . 
During ISS testing With the GSE t here is a Girabl:41 :£>ump Cl:l'cuit w'.aich s enses 
rates of the inner gimbal in ex,~ess of three ·to four radie.ns per second and 
downmodes the system. 

Bccau r,e of reE>-ponse time it is possible the gim.bal could see s,s high as five 
radians per second before being downmoded. However, this circuit is in
hibi ted :for J.6 seconds when commanding Coarse Align and with the torque 
motors saturated the gimbals can be driven at about 10 radians per second. 
This could be quite severe on the gyros for large gimbal e.ngl.es at turn on. 
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