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SUMIIARY

This~Rgport describes a preliminary investigation into the effects of
radiation on a proposed gyroscope damping fluid, The effects of gamma radia-
tion on the viscosity of the fluid ere described, together with a quantitative
and qualitative analysis of the gases evolved during irradiation, An attempt
has elso been made to determine the minimum radiation dose necessary to produce

bubbles of gas in a sealed container of the fluid.
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1 INTRODUCTION

A satellite which is stabilised in earth axes, using torques caused by
a gravity gradient along the vehicle, requires some form of damping to eliminate
oscillations in its attitude. This may be achieved by immersing a sealed gyro-
scope unit in a fluld within the satellite., Any rotation of the satellite
relative to the gyroscope then sets up viscous forces which damp the motion,
To ensure that this system will operate efficiently for long periods in space,
the effects of cosmic radiation on the damping fluid must be evaluated. Two
of the more important properties which require investigation are:-

(a) Viscosity: the damping effect of the gyroscope is greatest for a
given value of the damping fluid viscosity. Thus, to maintain the viscosity
as near as possible to this optimum value, the effects of cosmic radiation on
viscosity must be evaluated.

(b) Bubble formation and outgassing: it is undesireble for bubbles to
form in the damping fluid, since these may effect the operating characteristics
of the gyroscope. If a bubble comes into contact with some solid part of the

assembly, surface tension effects may be encountered,

Manufacturers! data regarding phenyl methyl silicone fluid type MS510
indicated that it was suitable for this gyroscope application, since it was
non-corrosive under normal conditions and possessed satisfactory thermal
properties. The tests described investigated the effects of radiation on the
physical properties of this fluid, to determine its suitability for long-term

use in space,

2 EXPERTMENTAL DETAILS

2.1 Preparation and irradiation of samples

2.1¢1 Samples for mass spectroscopic analysis

Silicone fluid, type MS510, was commercially available with two viscosi-
ties only; namely 50 centistokes and 500 centistokes, Quantities of these two
fluids were mixed to obtain a fluid with a viscosity of 155 centistokes at
25°C, this being the optimum value for the gyroscope under consideration, The
viscosity was determired by timing the rate of flow of the fluid through a capil-
lary tube, at a temperature of 25°C .*:O.OSOC. Eight glass bottles, of known
volume, of the type shown in Pig.1 and described fully els.ewhere1 s were each
partly filled with 100 ccs of this fluid. They were then outgassed, overnight,
at room temperature, at a pressure less than 0,02 torr and sealed while still

under vacuum,
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The sarples were then subjected to various doses of gamma rediation, up
to a maximum of 40 megarads, in the spent fuel element facility at Harwell,
The gamma raj spectrum was continuous up to 3 MeV with a maximum around 1 MeV,.
A dose rate of one megarad per hour was einployed.

2,1,2 Bubble formation experiment

For this experiment a container consisting of a radiation resistant
spectrosil glass and a beryllium-copper bellows assembly, as shown in Fig.2,
was oompletely filled with silicone fluid of 155 centistokes viscosity. Prior
to filling,the container had been ultrasonically cleaned and outgassed for two
days at a pressure of 10"'5 torr: the fluid had been similarly outgessed for one
day, The container was filled under vacuum to prevent the absorption of air,
and the f£illing tubes sealed on removal of the apparetus from the vacuum chamber,

The purpose of the bellows was twofold, it ensured that the pressure of
the fluid remained nearly atmospheric, even if bubbles were produced and enabled
bubbles which were difficult to see, or were trapped in the bellows; to be
deteoted by measuring the bellows extension when the assembly was placed in a
vacuum, The latter technique wgs also employed before irradiating the sample,
to ascertain that no air had been trapped in the apparatus during the séaling

process,

The sample was then irradiated in the spent fuel element facility at Harwell,
at a dose rete of 0,5 megarad per hour. The total absorbed dose was increased
in steps up to ;10 megarads, the sample being tested for bubble formation between
each step.

2.2 Test details

After irradiation, each of the sample bottles described in 2,1.1 was
examined as follows:~- '

2.2,1 Quantity of gas produced

Each sample bottle was first connected to the mass spectrometer inlet
system, shown diagrammatically in Fig.3 and desoribed fully els.ewhere‘l « The
gless seal in the neck of the bottle was then broken, using a ball-bearing and
a magnet and the outgassed products allowed to expand into the previously evacuated,
known volume, v, From a knowledge of the pressure of this gas, measured by means
of the mercury manometer, together with the volume it originally occupied, the
pressure of the gas prior to breaking the seal could be found.
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2.2,2 Mass analysis

A mass analysis was performed initially on the background gases present
in the mass spectrometer, Gas from the sample bottle was then allowed to expand
intc the volume V (Fig.}), until the flow rate through the calibrated leak was
sufficient to raise the equilibrium pressure in the mass spectrometer to about
7% O"6 torr, At this pressure, the partial pressure of the residual gases,
present in the instrument before the sample vas admitted, accounted for less
than 2% of .o total pressure. A mass analysis of the sample gas was then

rerformed, from which the background spectrum was subtracted.

2.2.3 Viscosity measurements

As soon as the mass analysis had besn completed on each sample, it was

removed from the mass spectrometer and th: viscosity of the fluid measured at

25°C, as described in 2.1,

3 EXPERIMENTAL RESULTS

Bl Quantity of gas evolved

A graph of the quantity of gas evolved at 760 mm Hg pressure versus

absorbed radiation dose is shown in Figud.,

When the seal was broken, gas from the bottle expanded intc the volume
v resuiting in an imrediate pressure reading on the manhometer: i* was this
prescure which was used as a basis for the curve shown in Pig.,, However, gas
was observed to be evolved slowly but continually for a considerable time after
this, presumably out of solution in the fiuid, as & result of the change in
pressure when the seal was broken, No quantitative measurements were made

regarding this phenomenon,

3.2 Mass analysis

Very similar mass spectra were obtained for all the samples, with the
exception of the one which had received a dose of 25 megarads. This spectrum
showed abnormally large peaks at mass numbers 18, 28, and 32, and was inter—
pretted as showing the presence of relatively large quantities of water, nitrogen
and oxygen. Furthermore, from an inspection of Fig.5, it can be seen that the
gas pressure in this bottle was inconsistently high, It was concluded that air
had probably leaked into the bottle and that therefore the results from this

sample were unreliable.

Fig.6 shows a typicel mess spectrum of the remaining seven samples, together
with a possible interpretation, The peak heights have been expressed as a
percentage of the maximum peak, which occurred at mass number 46,
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3e3 Viscosity

The change in viscosity with absorbed dose is shown in Fig.5, together
with the pressure of the gas in the bottle after irrediation. The viscosity
rises slowly from its initial value of 155 centistokes to just over 205 centistokes
after a dose of 20 megarads, For doses greater than this the rise is more rapid,
reaching about 525 centistokes after 40 megarads.

Fig.5 also indicates hoiv the gas pressure in the particular container
used rises steadily with dose, with the exception of the previously mentioned
25 megared sample which appeared to have leaked. However, this leak did not
appear to have affected the viscosity, which lies on the smooth curve through
the other points in Fig.5. This might be taken to indicate that the dependence
of the viscosity on gas pressure during irradiation is slight.

34+ Bubble formation

For abéorbed doses of up to 6 megarads no visible bubbLles were formed,
and, by measuring the bellows extension with the container in a vacuum chamber,
it was confirmed that no bubbles had become trapped in the bellows, However,
after the next radiation dose, which brought the total absorbed dose up to
10 megarads, about 3 ccs of gas were visible in the container, The test was
terminated at this point,

8 CONCLUSIONS

An investigation intc the radiation induced changes in phenyl methyl
silicone fluid which are likely to affect its use in satellite damping gyroscopes
has been described. It has been shown that the viscosity of the fluid rises
with increasing absorbed dose, and that the rate of increase is most rapid for
higher doses., In addition, this is accompanied by outgassing, the main constit-
uents of which appear to be methane, hydrogen and ethane,

It has also been shown that the silicone fluid is capable of trapping in
solution at atmospharic pressure the gases produced by gamma radiation of up

to 6 megarads.




Author

M.J. Dowaey

REFERENCE

Title, etc

Radiation effects in fluorolube.
R.A.E., Tech, Report No, 6602, February 1966




- BLANK PAGE

O

DGRy e

LT




004 900384 Flg]

CONNECTION TO MASS

—[ / SPECTROMETER INLET SYSTEM

| ]
BREAKABLE

GLASS
SEAL

SAMPLE FLUID — 7737~ S TTT I, To vacuuMm
N m——=2 ——————— PUMP

100 ce
SILICONE
FLUID

\_/

FIG.| SAMPLE BOTTLE
FOR IRRADIATION OF SILICONE FLUID



Fig.2

004 900385

FLUID OVERFLOW SEALED AFTER FILLING

\\ ’ UNDER VACUUM
BERYLLIUM - COPPER FLUID IN
BELLOWS ——

[ SEAL

‘SPECTROSIL' RADIATION
RESISTANT GLASS

FIG. 2 SAMPLE CONTAINER
FOR BUBBLE FORMATION EXPERIMENT



004 900386 Fi g. 3

TO MASS

v Mol -y
( = \/ SPECTROMETER
| LEAK

(CONDUCTANCE =0-2x10
TAPS LITRES/Ssec)

gbo __ TO VACUUM
N,

4

——=if-
PUMP

{3 SAMPLE MERCURY
= INLET MANOMETER

ke WL W . . Y |

FIG. 3 MASS SPECTROMETER INLET SYSTEM



Fig.4

33NSS3dd DIYIHASONIY 1V A3ATOA3 SVO 40 ALILNVND ¢ ©Old

(sSavivoIW) 3S0a Q3TY0STV
oy s< o¢ s2 0z St ol S 0

02

ba
-
c
=z
™
o
=
S
L
5
-
~ =
L ] L=
™
3 w.
N \ -
o
] O
- 3 {
L ] 3
o x
s
9
=
- . — 3 - & . - - :
&
c
=
m
()
(2]
~—r

[
\
]
|

|
|
I

ot




NOI1viavyduyi

4314V din1d 3NODITIIS 40

ALISODSIA S OlId

Ll
ook st 14 0z sl ol S 0013
- (savavo3aW) 3s0a aaguossv
002 -
— |
i browzy  _
B w bHwwgez &
Hwwgy9l m
“ Iﬁ.ll gn B
o L7
3 R
o
- o
o 2
w!nn+ E
ok
By wuw g1y o
&
S’
008 -
w:.....oﬂ_




. - . . . - EE

. diNT14d 3NODITIS d31viavyyi 40 m._.U@mmnw‘w_.,_amm«w‘mw<O._.DO 40 NNYL1O3dS SSVIN 9 '9Old
Ot 62 8Z (2 92 g2 8l Ll 91 Gl v € 2 Z 0

ﬂﬁ%l | v —— A _
0l
Z 02-
—
m
p 4
v
| 3 ot
h ™
2 %
2 N Or
g w
nOv w
m
2 o
3 > 0s-
° >
o
2 09-
—4
o
%S  (°H?%5) INwHi3 A
> OL-
(1]
m™m
4
%  (2H) N390YAAH -
3 08 -
X
%19  (YHD) 3NVHLIW =
06 -
0
D NOILVLIAAYILNI 318ISSOd
F 001-



