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TECHNICAL CONTENT STATEMENT
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contract. The content is not necessarily endorsed by JPL, California Institute of
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ABSTRACT

This report is concerned with a program to evaluate the heat sterilization capabilities of

the Kearfott Systems Division (KSD) C702543 ALPHA III ball bearing gyroscope motor.

The program was divided into two phases. The first phase deals with heat sterilization

of the motor piece parts and subassemblies.

The primary intent of the first phase was to detect any adverse temperature effects at

the subassembly level that might be overlooked on the completed motor. The second

phase dealt with the effects of heat sterilization on motor performance and life.

All heat sterilization tests were performed as described in paragraphs 4.3.5 and 4.1.b
(excluding step 3); test tolerances in accordance with paragraph 3.9, except sub-

paragraph 3.9.b shall read "assembly level tests t2.5C"; heat sterilization procedure

in accordance with paragraph 4.3.2 (excluding steps 2 and 5) of JPL specification

VOL-50503-GTS Environmental Specification, Type Approval and Flight Acceptance

Test Procedure for the Heat Sterilization and Ethylene Oxide Decontamination Environ-

ment.

These exceptions were mutually agreed upon by JPL and KSD. Essentially, they consist

of eliminating the ethylene oxide (ETO) decontamination requirement on the assembly

level and related nitrogen flush, and changing the oven temperature requirements from

^:1 °C to 2.5°C.

The ETO requirement on the assembly level was eliminated in the interest of cost economy

and the fact that the effects of the heat sterilization cycle were what was important.

The temperature requirement was loosened since the available temperature chambers at

KSD were not within tl°C accuracy.

Before and after heat sterilization, visual, mechanical, electrical and chemical tests

were performed to analyze the effects of high temperature on the motor.
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1. GLOSSARY

There are no non-standard abbreviations in this report.
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2. INTRODUCTION

This is the final report on the C702543 ALPHA III ball bearing gyroscope motor sterilization

program which began July 15, 1968. The program was divided into two phases:

•	 The first phase dealt with the heat sterilization of motor piece-parts

and subassemblies at 135-degrees C for a total of six cycles at 70-hours

each. The purpose of this phase was to detect any adverse temperature

effects at the subassembly level that might be overlooked on the completed

motor.

•	 During the second phase, two motor assemblies were built up and sterilized

at the some conditions as the piece-parts. After each sterilization cycle,

the motors were placed on test to see if performance was effected. On

completion of the 6 sterilization cycles the motors were placed on a 2000

hour life test.

The 2000 hour life test was completed in November 1968.

.
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3. TECHNICAL DISCUSSION

Work on the sterilization program began on 14 July 1967, (Because of KSD vacation shutdown,

no real work started until the week of August 6th), During that week the planning phase

was completed and target dates set for each critical milestone on the program. The actual

completion dates are shown in Table I.

TABLE I

COMPLETION DATES OF CRITICAL MILESTONES

ITEM NO CRITICAL MILESTONE COMPLETION DATE

1 Project Kickoff 7 August 1967

2 Preparation of Environmental Test Plan 18 August 1967

3 Procurement of farts and Sterilization 30 August 1967

Containers

4 Chemical Analysis of Lubricants 30 August 1967

5 Preparation of Containers for Test 6 September 1967

6 Preparation of Hardware, Bearings and 13 September 1967

Lubrication for Sterilization

7 Sterilization of Motor Parts 18 October 1967

8 Post-Sterilization Tests 1 November 1967

9 Minor Design Changes and Preliminary 22 November 1967

Checkout

10 Assemble (2) Motors and Run-In 1 January 1968

11 Start Sterilization of Motors 25 April 1968

12 Complete Sterilization of Motors 15 July 1968

13 Start Life Test (2000 hr. max.) 1 August 1968
14 Life Test Completed 22 October 1968

3
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3.1	 PHASE I

Prior to any sterilization exposure, the motor design was analyzed for possible problem areas

that could result from the high temperature. One area of concern was the various cements used

on the gyro motor. The cement manufacturers were contacted to determine if the duration

and temperature of the sterilization could be successfully survived, To the best knowledge

available, it was found that -)II the cements should be adequate with the possible exception

of the Epon 828 with hardener I 'D" used on the P-6 rotor laminations. The vendor (Shell)

recommended using the Epon 828 with hardener "Z" for this application and therefore, this

change was instituted prior to piece part sterilization.

As per the JPL Statement of Work, the following hardware was subjected to the Phase I

component level sterilization;

•	 Flywheel matched set with cemented outer races.

•	 Stator-shaft subassembly with cemented inner races.

•	 Impregnated bearing outer races in hermetically sealed containers,

•	 Samples of lubricants in hermetically sealed containers.

The results obtained from the component level sterilization are as follows;

•	 All cement joints were found to be strong and well bonded. There were

no signs of cracking, bleeding, or growth of cement at any joint. A change

in cement color at the bearing bonds had occurred but this had been predicted

by the manufacturer and had been expected.

• The push force necessary to fracture the cement bond of both the bearing

outer race and the stator assembly was greater after sterilization than that

measured on a sample lot of test pieces not sterilized. It appears that the

long exposure to the high sterilization temperature actually increased the

cement bond strength. I

I
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The sterilization had no effect on the stator assembly,

The actual piece parts were unaffected by the sterilization.

•	 Chemical analyses on three lubricants (SR-40, SR-60 and KG-80) conducted on

before-and -after sterilization some- lot samples, indicated no changes

had occurred due to the exposure to the sterilization. An iR analysis, viscosity
11
	 check, and refractive index check were performed on each sample.

•	 Three outer race assemblies, impregnated and centrifuged by the standard

ALPHA IiI procedure, each with a different lubricant and each hermetically sealed

in a controlled volume container, experienced an average weight loss by evaporation

of 13 % after sterilization. Each container had been evacuated and filled with

one-quarter atmosphere of helium, again by the standard ALPHA III procedure.

It is difficult to determine how significant the 13 % change is. The best indication

is the fact that the motors performed well after sterilization indicating that

the change was not large enough to affect motor performance,

It should be pointed out that most Kearfott floated gyro motors are temperature

cycled in 1/4 atmosphere of helium at approximately , 200°F. Therefore, it appears

that the lubricant in these gyro motors must also evaporate. A more

reasonable comparison therefore might be the difference in evaporation between

200° F and 2750 F (sterilization temp.). Unfortunately, no d,.: ,'a is available on the

evaporation rate at 2000F.

3.2	 PHASE Ii

According to the JPL Statement of Work, two gyro motor assemblies were to be fabricated

incorporating changes found necessary from the Phase I effort. The motor and container

(same as a motor-float), assembly and run-in, were to be in accordance with standard KSD

procedures, The final container data, which includes run-up and run-down time performance

electrical performance, and power jag performance, would serve as a pre-sterilization

reference. Six sterilization cycles were to be performed. Following each cycle a minimum

of 100 hours of run-in was to be accrued and the above performance monitored. Any motor
which passed the b sterilization cycles was to be placed on a 2000 hour life test or until

failure, whichever occurred first.

5
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3.2.1 MOTOR ASSEMBLY AND RUN-IN

Prior to motor assembly, the four spin bearings used, were selected from a quantity of 8, boseJ

on a 40X inspection. The bearings were processed following standard procedures and impregnated

with SR-60 lubricant. The gyro motors were assembled and run-in following standard

procedures with the exception of an increased number of bearing visuals. No problems

were encountered during assembly and run-in, and both gyro motors were processed on a

one-time-through basis with no disassembly or re-starts necessary. Each gyro motor was

run-in for 186 hours prior to installation into the containers.

3.2.2 CONTAINER ASSEMBLY AND RUN-IN

The motors were installed into the sterilization containers and hermetically scoled. No major

problems were encountered, Container No, 7, however, was disassembled and rocycled to

correct a header leak. The containers were evacuated and filled with one-quarter atmosphere

of helium. The containers were immersed in an oil bath and the fluid temperature maintained

at 115°F, Motor No. 7 was run an additional 145 hours, for a total run-in time (motor and

container) of 331 hours before the first sterilization cycle. Similarly, motor No. 11 was run

an additional 156 hours for a total run-in time of 342 hours. Motor performance and power

jag data at the completion of the container run-in are presented as a pre-sterilization reference.

3.2.3 MEAT STERILIZATION CYCLES

Each container was subjected to 6 heat sterilization cycles, which were performed by the

Environmental Lab. Following each heat cycle the gyro motors were run for a minimum of

100 hours each and performance monitored at regular intervals.

3.2.4	 LIFE TEST

Both gyro motors survived the sterilization and run-in cycles and both were placed on life

test. During the life test, performance was monitored at regular intervals. The 2000 hour

life test was completes! on 22 October 1968, with both units successfully achieving this

requirement.

6
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3.2.5 PRESENTATION OF DATA

Tables II and III present the motor performance characteristics;

•	 After container run-in (pre-sterilization reference).

•	 After each sterilization cycle; prior to, and at the end of the 100 hour run.

•	 After completion of I i fe test.

Figures 1 and 2 present the rundown time history (60-0 RDT and total RDT) throughout the

motor, container, and sterilization cycle runs, as well as throughout the life test.

Figures 3 through 12, and 13 through 22, present the power jag history of Motor No. 7 and

Motor No. 11 respectively. Figures 3 and 13 present the power jog of No. 7 and No. 11 at

the completion of container run-in and serve as the pre-sterilization reference. Each

jag represents approximately 12 minut q;;^ (ou , ,)f 1 hour in most cases) of jag time selected

as being typical of its own particular run. !;;ia scale factor for each jag is as follows;

•	 Horizontal	 -	 2 major divisions = 0.5 miIIiamps

•	 Vertical	 -	 3 major divisions = 1.0 minutes

Each power jag is referenced by the hour of run-in time at which it was taken after each

sterilization cycle and during life test. Along with each jag is the rundown time measured

at that particular run. The original full length power jags are on file with the Gyro Motor

Group at KSD.

3.2.6 DISCUSSION OF DATA

Both gyro motors successfully achieved the program objectives. Each motor accumulated

a total of approximately 3000 hours of running time throughout the program. The

electrical performance of the two gyro motors was unaffected by the sterilization and

stable throughout the life tests.

The 60-0 and total rundown time, while fluctuating slightly during the sterilization cycle

runs, were relatively stable during the Fife tests with the exception of one period during the

i fe test of Motor No. 11.

7
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In general, the power jag performance of both gyro motors was quite good even though

the data does trend toward "hashier" traces at the latter stages of the life tests. Based on

past experience, relating motor power jag performance to gyro drift performance,

the gyro would still be acceptable from this standpoint.

3.3	 FINAL. MOTOR - VISUAL.

At the conclusion of life testing, the gyro motors were removed from their respective containers

for a visual examination. The motor bearings were examined without motor disassembly.

While it is difficult to visually rate a bearing after 3000 hours of running, the condition of the

bearings can be considered, at least, good. The bearing retainers have become darker in

color, however they appear to still retain lubricant. The balls appea r shiny and clear.

While there is no large scale lubricant breakdown or varnishing, there does appear to be

some slight sling-off from the inner race track area on at least two of the four sides. The

inner race tracks appear to have good wetting, but it would be safe to say, that upon disassembly

some tracking will be evident.

It is even more difficult to give a valid estimate of remaining life. It is the personal judgement

of the writer, that had the gyro motors remained on life test, considerably more (in excess

of 1000 hours) running time could have been accrued before failure (the inability  of the

gyro motors to reach and maintain synchronism). This judgement is based on the relatively

stable performance of the gyro motors as well as the visual condition of the bearings.

8
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O0. Q Z Q Z ihi Ĵ Q la- o^p	 t.1	 S

rU jn 2 rii RX o Q

A

ha

to

I
>
V

LU

Q

9



LU

.q	 z

j0

z m
..,

.^........a..

z:

W

OZ

uj 25

tm

ix
11"	 z

-

LU

z
.

M r

L

^
, I	 ! z

E

}

O ^. O
co

S:)3S - 3WIi NMOaNna 0 - o9 f S:)35 - 3W11 NMOc]Nfla 0	 09
I .

p	 oo
CN

SMS - 3W11 NMOoNfla 1`d101 "'	 S:)3S - 3W11 NMOaNflli 1V101

10

M .N w

w



A ll

I:M:
0z

C4

Rp

:hp j

z

4--

I J

z
M

u X.

IA, I

V)

z

0

uj

re

LU

LLJ

Ln

z

zZ
z

cla

F-

z
z—

oe

LZLI
ce

z

z
o

0 uj
...... .. . ...

0
(n ujLL.

C14

CN

t cw

10
C4

0 00	 ^o	 CN 0

S33S	 3WIl NMOGNnm o - og .	 .	 .	 S:)3S 3WII NMOGNnm o - 09

N

S:)3S	 3WIl NMOCNnN moi SD3S	 3WIl NMOGNnm moi

i



GYRO MC TOR NO. 7
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GYRO MOTOR NO, 7
MOTOR RUNDOWN TIME AND "POWER TAG" PERFORMANCE

FOLLOWING ICT STERILIZATION CYCLE
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FIGURE 5 14

•	 GYRO MOTOR NO.?
MOTOR RUNDOWN TIME AND 11 POWER JAG" PERFORMANCE

f	 FOLLOWING 2ND STERILIZATION CYCLE
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KEARFOTT SYSTEMS DIVISION • GENERAL PR CI S, I()N SXSTHM -i INC".

4. CONCLUSIONS

The results indicate that the two gyro motors have successfully passed the six sterilization

cycles and the 2000 hour life test which followed these cycles.

It may be concluded, therefore, that the present ALPHA III gyro motor, without modifications,

can safely withstand the JPL sterilization requirement.
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5. RECOMMENDATIONS

This sterilization effort has proven that the ALPHA III gyro motor is capable of withstanding

six sterilization cycles. It is therefore recommended that this sterilization program be

carried a step further to encompass the entire gyro. The effect of the sterilization cycles

on the various gyro parameters must be obtained since, in actual practice the entire gyro

would be sterilized and not just the gyro motor.

A follow-on program similar to the motor sterilization program is suggested for the gyro.

In this program the ability of the gyro piece parts to withstand the sterilization temperature

would be evaluated. These parts would be external to the gyro motor since this report

proves that the gyro motor can safely withstand sterilization.

The gyro assembly would be tested both before being submitted to sterilization, during each

cycle, and again upon completion of all sterlilization cycles. Comparing the gyro

drift performance would determine if sterilization had caused any detrimental effect

to gyro performance.
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b. NEW TECHNOLOGY

There are no new technological advances to report,
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