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The temperature control of spacecraft and instrument systems and subsystems requires heat-
transfer interface materials that possess appropriate thermal and structural characteristics, in
addition to many other properties, to respond to the unique vacuum environment of space. These
materials must be easy to apply to, and remove from, the surfaces where they are applied, and must
be able to withstand power dissipation extremes, and be used for different clamping configurations
and pressures. Silicone-based greases, used in the past, tend to migrate and to contaminate nearby
surfaces. Bare metal-to-metal contact offers low thermal conductance and difficulties in estimating
the actual heat transfer. Several polymeric materials containing different thermal conductive
compounds and structural reinforcements have been prepared to overcome grease and metals
problems.

Two polymeric materials have been evaluated: the Cho-Therm 1671 elastomer, manufactured by
('Homeric, Inc.; and the CV-2946, a conductive RTV silicone manufactured by McGhan Nusil. Tests
have been carried out to learn more about these products: one test configuration was a tightly bolted
application; the other test configuration attempted to simulate heat dissipation from a modular power
system of a spacecraft. Both were conducted in vacuum and in air, for many clamping pressures,
power densities, and as a function of time.

Results indicate that the tightly bolted, torqued fixtures (nearly uniform clamping pressure) did
not buckle or distort, and provided optimum thermal conductance. The fixtures simulating actual
spacecraft configuration (with sizeable unbolted portions) suffered severe bowing and separating.
This caused considerable degradation of conductance values.

The CV-2946 thermal conductance after 24 hours in vacuum was 0.62 W/cm* °C (4 W/in2 °C) when
clamped with an average pressure of about 350 psi, and including a 0.5-mil Teflon sheet for ease of
separation after unbolting. The Cho-Therm 1671 maximum conductance was found to be 4.3 W/in2

°C when the clamping pressure was about 200 psi. After 72 hours in vacuum, the conductance reaches
a steady 3.4 W/in3 °C, independent of clamping pressure.

In comparison, the CV-2946 provides higher conductances in air and in vacuum and is less affected
by the clamping pressures than the Cho-Therm 1671. However, application of the CV-2946 is
laborious, involving compound preparation, application, and curing, as well as the inclusion of a
Teflon sheet as an interface if subsequent separation is required.

It has been found that for optimal thermal conductance, candidate interface materials should be
subject to uniform pressure over all surface areas. Bolt location, numbers, sizes, and uniformity of
applied torques will be important considerations in space systems.

Introduction
r I 1 he temperature control of power generating systems, of
J. energy storage systems, of power control and distribu-

tion systems, of instrument modules and of spacecraft com-
partments, all require heat-transfer interface materials that
possess appropriate thermal conductivities, structural integ-
rity, vibration absorbing properties, electromagnetic compat-
ibilities, noncontaminaung properties, and that are easy to
apply and remove from the surfaces where installed. The
thermal properties of these materials must be known for
application under normal environmental conditions, for long-

term exposure to the vacuum of space and as a function of
clamping pressures, power dissipation extremes, and differ-
ent clamping configurations. In the past, silicone greases
which are easily applied, economical, and meet most of the
requirements, have been used. A major shortcoming of grease
is its property to migrate on the surfaces because of their low
surface tensions. This migration may result in contamination
of nearby surfaces and systems.

The silicone-based greases have been reported to provide
thermal conductances of about 0.36 W/in2 °C (5.68 x lO* W/
cm2 °C). These conductance values have been used for the



design of spacecraft modular power systems'. Also, bare
metal is reported by the same reference to provide conduc-
tance of about 9.16 x Ifr2 W/in2 °C (1.42 x Ifr2 W/cm2 °Q;
i.e., -25 percent of that of the grease. The low conductance of
the bare metal joints reflects the contact losses produced by
the metal asperities, the metal distortion, and the hot spots
developed by irregularities and distortions in those surfaces.
For metal joints, it is, in fact, difficult to estimate the conduc-
tance and the heat transfer because of those unknown surface
properties.

Several polymeric materials containing different thermal
conductive compounds and structural reinforcements have
been prepared to overcome the grease and metals problems.
Two of them-Cho-Therm 1671 elastomer, a product of
Chomerics, Inc.2-3 and the CV-2946 conductive silicone, a
product of McGhan Nusil (NUSIL)4, are evaluated here.
These two products have relatively good conductivity, low
outgassing, good applicability attributes and good structural
and thermal properties. The thermal properties of these mate-
rials, given in terms of conductivity or conductance, are given
by the manufacturers for certain ranges of applied power
densities, for a range of applied bolt torques or clamping
pressures, and for small ideal configurations. These specifi-
cations do not reflect certain aerospace applications that
require larger power dissipations, higher applied clamping
pressures, large interface configurations, and unusual bolting
arrangements. The effect of the vacuum exposure and of the
environment, on the thermal properties is also not known in
many cases, and so is not identified in manufacturers' specs.

Tests have been carried out, as shown here, to resolve and
learn more about the properties of these two materials under
different applications. Two configurations have been used.
One configuration simulates an application consisting of two
1/2-in-thick, 5-in x 5-in plates, with one plate made of
aluminum (Al) and the other made of copper (Cu), bolted
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Fig. 1. Thermal plate assembly (5.0 inches x 5.0 inches).
Dimensions in inches.

together along the four sides with a total of 12 hex-head, 1/4-
20 bolts (Fig. 1). The other configuration, which simulates a
spacecraft modular power system, consists of two anodized
8 1/2-in x 10-in plates, with one 5/8-in-thick plate made of

7075 aluminum simulating the compartment bolting surface
that dissipates energy, and the other, a 0.190-in-thick 7075
Aluminum plate for the energy input The assembly is bolted
along the 10-in-long sides with a total of 10 hex-head, 10-32
bolts screwed into helicoils (Fig. 2). The conductance tests
were carried out using torques producing average clamping
pressures varying from a low average of 30 psi for the large
assembly to a 700-psi average for the small assembly. The
power densities were varied from 1 W/in2 to 4 W/in2, corre-
sponding to dissipating power of 25 and 100 watts for the 5 x
5-in assembly, and from 1 to 7 W/in2, corresponding to 85 to
595 watts for the 8.5 x 10-in assembly. The thermal conduc-
tances for each of these conditions of power and pressure were
measured at ambient conditions, and after 24 and 72 hours in
a vacuum of about 10~3 torr.

Fig. 2. Thermal plate assembly (8.5 inches x 10.0 inches).
Dimensions in inches.

The effects of plates bowing under bolting pressures and
subsequent relaxation of pressures on the interface materials
at certain assembly locations have been noted, together with
the degradation of conductances that they produce. Also,
optimal average clamping pressures and corresponding torque
requirements have been discussed.

Evaluated Interface Materials

The two thermal interface materials tested were Cho-
Therm 1671 and McGhan Nusil CV-2946. The Cho-Therm
1671 is manufactured by Chomerics, Inc., a subsidiary of the
Grace Company. It is a silicone-reinforced fiberglass con-
taining Boron Nitride, which is rated at 4000 V for voltage
breakdown, has low outgassing (0.76% TML, 0.07%
CVCM), and a volume resistivity of 10 x 1014 (ft-cm). The
Cho-Therm is usable at temperatures between -60 to 200 °C,
has a specific gravity of 1.55, a tensile strength of 1000 psi,
and a tear strength of 100 lb/in2. The thickness of Cho-
Therm used in these tests is 0.015±0.002 in. The range of
thermal conductance for this is given as 4.5-5.5 W/inVC2-3.
A plot of compression force per unit area vs. strain has been
obtained and is shown in Fig. 3. This indicates that the
material becomes very hard to compress when the strain is
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Fig. 3. Pressure vs. Deflection: Cho-Therm 1671,
(n=l.6 x 1<T2 in Norn.

about 6%, corresponding to a compressive pressure of 200
psi. Two stress vs. strain plots have been shown on the same
graph and exhibit the range of possible values. The hysteresy
loop of the material is also shown by the plot.

The CV-2946 is a product of McGhan-Nusil Corpora-
tion4. According to the manufacturer, it is a two-part, white
thermal conductive RTV silicone formulated to cure at ambi-
ent temperature. It contains as filler Boron Nitride. It is a low
outgasser (0.07% TML and 0.01% CVCM) and is usable
between temperatures of -65 to 204 °C. It is prepared by
stirring a base material with a curing agent using a ratio of 15
parts of base to 1 part of curing agent The mixture is prepared
prior to use and is vacuum deaerated for 2 to 5 minutes to
remove air entrapments. The given properties are: specific
gravity of 1.5, tensile strength of 200 psi, elongation of 50%,
and thermal conductivity of 90 x Ifr* (W/cm/°C). It is also
specified that the material has a tack-free time of 24 hours,
with full cure achieved after 7 days. The McGhan-Nusil used
in the present tests was mixed and then spread on the surface
to a thickness of about 25 x 10~3 in, and/or 50 x 10"3 in, and then
allowed to cure for 3-5 days. When using it, a Teflon sheet of
1/2-mil thickness is normally included as an interface be-
tween the Nusil and the other metal plate. This prevents the
breaking up of the Nusil and provides for easy separation of
the plates when the two plates must be separated. Tests
without the inclusion of the Teflon sheet were also carried out.

Test Configurations

Two test configurations were employed for the evalua-
tion of these two materials: one to represent a tightly bolted
application, and the other to simulate a common application
to dissipate heat from a spacecraft modular power system.
The uniformly bolted configuration consisted of two 5x5-
in rigid plates, as shown in Fig. 1. Both plates were 1/2 in
thick, one made of Al and the other made of Cu. The finish
was 32 rms. The two plates were bolted together with twelve
1/4-20 hex-head bolts evenly distributed along the four
sides. The Al plate was provided with two power heaters

Fig. 4. 8.5-in x 10-in Assembly.

(Minco 8933 HR 5422R104L12B) attached with 3M Y-966
acrylic adhesive, and the Cu plate was provided with water-
cooling copper tubing. Eight sets of thermocouples, located
as shown in Fig. 2, were used to indicate the temperatures of
the Al and Cu plates. Average clamping pressures varying
from 100 to 700 psi were produced with bolt torques varying
from 15 to 70 in Ib. The other configuration consisted of two
8 1/2 x 10-in 7075T-4 aluminum plates, as shown in Fig. 2.
The plate with attached cooling copper tubing was 0.625 in
thick, while the other heating plate with two heater strips
was 0.190 in thick. Eight thermocouple sets were provided
and located as shown. A total of ten 10-32 stainless-steel
bolts, which screw into helicoils, were provided. They were
uniformly located in sets of five along the 10-in sides only.
No bolts were provided along the 8 1/2-in sides. The com-
plete assembly is shown in Fig. 4. As will be explained later,
this bolting and size configuration resulted in considerable
bowing of the 0.19-in plate when tightly bolted along the
two long sides. The deficiency of this configuration in
comparison with rigid 5x5 configuration is evident by the
contour plots for both systems.



Procedure

Theconfigurations were tested in a vacuum system pumped
by a mechanical and by a diffusion pump using an LN2-cooled
baffle. The clamping torques holding the materials in place
were 15,20,25,40,60 and 70 in Ib, corresponding to average
clamping pressures varying from 20 psi to 700 psi. For each
clamping torque and exposure (24 hours in air, 24 and 72
hours in vacuum), the temperature differentials (AT) were
obtained for each power-input density (2,3,4,5,6 and 7 W/
in2). The resulting stabilized temperature differentials from
the eight pairs of thermocouples were averaged for each of the
power densities. The resulting power density over the aver-
aged temperature differential (W/AAT) was then summed for
all of the employed power densities and their averages were
taken to be the thermal conductance of the material. Those
values have been plotted as a function of torques (clamping
pressures) and exposures. The averaged AT vs. the power
densities for each exposure and clamping pressure also have
been plotted to show the effect of the power input on the
conductance, as illustrated by the slope of the plotted curves.

The measurements were made without consideration of
the radiation and convection losses under the assumption that
those would be negligible based on the relatively low tem-
perature (30 °C maximum for the 5 x 5-in assembly and -70
°C maximum for the 8 1/2 x 10-in assembly) radiating to the
environment and that the convection losses would be elimi-
nated during the vacuum tests. To confirm these hypotheses,
a complete set of tests in air was carried out with the assembly
completely and firmly insulated with a 1-in-thick Eccofoam
encapsulant cap. The results indicated that the changes in
conductance amounted to less than 2 percent throughout the
ranges of power and pressure.

The thermal conductances of the two materials have been
shown as a function of input power densities and of the
exposure condition; i.e., if in air or in vacuum for several
hours. The thermal conductance, W/AAT, is an unidirectional
steady-state rate of heat flow, watts per unit area A (cm2), and
per-unit temperature drop AT (°C) across the material of
thickness € (cm). It is obtained from the Fourier heat conduc-
tion equation: W/A = kAT/€ rearranged to provide the con-
ductance in terms of the conductivity of the material k (W/cm2

K/cm) and material thickness € (cm); i.e., W/AAT = k/€ (W/
cm2 K). The inverse of this expression, €/k = AAT/W, is the
impedance of the material to heat flow. In these tests, where
the clamping pressures are changed by the applied torques,
the conductance changes reflect the variation in thickness and
changes in material density, the filling up of asperities in the
materials, and other physical changes in the spacing between
the adjacent surfaces of the interface material and the plates.
The average clamping pressures have been estimated using
the relation P = Tn/0.15Ad, (N/m2), where T(Nm) is the
applied torque, n is the number of bolts having an average
thread diameter d(m), and A (m2) is the bolt-clamped surface
area. The experimental coefficient 0.15 reflects both the
thread and the lubrication of the thread. Rechecking of the
bolt torques was done 18 hrs after the initial applied torques
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Fig. 5. Thermal conductance of Cho-Therm 1671 (0.016
in-nom. thick) within two 1/2-in-thick 5-in x 5-in
plates, bolted with twelve 1/4-in bolts.

at ambient conditions. Fresh material was used for each test
at different torques.

Test Results

Cho-Therm- The results using the 5- x 5-in plate assembly
are shown in figs. 5 and 6. Figure 5 shows the thermal
conductance vs. average clamping pressure produced by the
applied bolt torques as a function of the environmental

AVG. CLAUPWG PRESSURE
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Fig. 6. 5-in x 5-in plate assembly: Cho-Therm 1671
interface material.

exposure of the assembly. The measurements were made with
the system exposed to the ambient temperature of about 20
°C, 40-50 percent RH for 24 hours, and in a vacuum of about
10~5 torr for periods of 24 hours and 72 hours. The range of
power density varied from 1 to 4 W/in2, corresponding to total
power input to the plates of 25 and 100 watts. The ATs
measured vs. power densities are shown in Fig. 6. The plots
show that maximum conductance is obtained when the ap-
plied clamping pressure is in the range of 200 psi. This is in
agreement with the plot of stress vs. strain shown in Fig. 3.
That plot indicates that for those ranges of pressures, the



Fig. 7. Thickness map of McGhan Nusil CV-2946 applied to
a thickness of 0.025 in and clamped in the 5-in x 5-in
plate assembly with bolts torqued to 40 in Ib (404 psi
avg. pressure).

material is quasi-incompressible. The drop in conductance
beyond those pressures to a value of about 3.5 W/in2 °C from
the maximum of 4.3 W/in2 °C indicates a deterioration of the
material and/or a separation at the center of the assembly
between the thermal material and the plates. The plate bowing
is shown in Fig. 7, which illustrates the contour thickness vs.
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Fig. 8. Thermal conductance of Cho-Therm 1671 (0.016 in nom.)
within two &5-in x 10-in aluminum plates, bolted along
the 10-in sides with a total of ten 10-32 screws in helicoils.

plate location. The measurements in Fig. 7 are those made for
the McGhan Nusil application rather than the Cho-Therm, but
the effect of torquing is the same.

The effect of vacuum exposure up to 72 hours is also
shown in Fig. 5. The conductance drops about 25 percent at
the optimum clamping pressure and about 6 percent at high
pressure due to vacuum exposure. On the same plot (Fig. 5),
the data provided by the manufacturer on conductance (im-
pedance)2'' are shown. Figure 6 plots AT vs. power densities
with the environmental exposure and pressure as parameters.
It shows the linearity of the conductance in the range of
applied power density as represented by the curve slope.

The thermal conductance obtained for the Cho-Therm
held between the 81/2-x 10-in plates bolted on two sides with
ten 10-32 screws in helicoils is shown in Fig. 8. The conduc-
tance in air is maximum for an average pressure between 50
and 60 psi. Its value is 0.75 W/in2 °C, dropping continuously
to about 0.52 W/in2 °C when the bolting pressure is about 228

psi. This considerable degradation in comparison with the
values obtained from the 5- x 5-in assembly (4.3 W/in2 °C)
reflects this particular assembly. In this application, the
clamping is done only along the two 10-in sides leaving an
unbolted span of about 8 inches for the other sides. Figure 9
shows the buckling of that plate and the spacing that devel-
oped between the plate and the Cho-Therm along the 8-in
span as a function of the applied torques. As shown in Fig. 8,

oTOHOUt
WITH CHO THERM

2 4 6

DISTANCE ALONG UNBOLTED EDGE (in)

Fig. 9. &5-in x 10-in plate assembly buckling with and without
the 0.016-in nom. thickness Cho-Therm 1671 vs. bolt
torques and average clamping pressures.

the maximum conductance occurs at an average pressure of
50 psi. If one assumes that most of the pressure provided by
the bolts is applied along the two 10-in sides and for a width
of about 1 inch from the edge, the 50 psi is equivalent to (50
x 8 1/2 x 10)/(2 x 10 x 1) = 212 psi, which reflects approxi-
mately the pressure at which the conductance is maximum, as
found for the 5-in x 5-in assembly. Further drop in the
conductance from torque is evident by the increased buckling
at the center of the plate. At 228-psi average (70-in Ib torque)

»! PSI N VACUUM

AVERAOE CUMPMO
PRESSURE 30 PUN AM

3 4 5

POWER DENSITY, W/A (Wfh*|

Fig. 10. 8.5-in x 10-in plate assembly: Cho-Therm 1671
(0.016 in nom.) interface material.

the difference between the bolting locations and the center of
the plates is about 0.016 in, as shown in Fig. 9, which is the
void or space along the 8-in span causing about a 44-percent
loss of conductance. The conductance after 24 and 72 hours
in vacuum is about 0.3 W/in2 °C, or about 50 percent of that
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Fig. 11. Thermal conductance of McGhan NusU CV2946 within
two 1/2-in thick, 5-in x 5-in plates bolted with twelve
1/4-in bolts, with and without a 0.0005-in-thick Teflon
sheet included for separation.

at ambient pressure. The proportionality of the conductance
versus the power-density input is shown in Fig. 10. It shows
that the direct relation is not valid below 2 W/in2.

McGhan-Nusit- The thermal conductance of this material
as obtained using the arrangement with the two 5-in x 5-in
metal plates sufficiently clamped along the four sides, is
shown in Fig. 11. The results show that the conductance
remains quasi-constant as the pressure is increased between

it 0.50

1.0 20 1.0

POWER DENSITY W/A (W*l1

Fig. 12. 5-in x 5-in plate assembly: McGhan Nusil CV-2946,
i = 0.025 with a 0.0005-in-thick Teflon sheet

200 and 700 psi, both for the measurements in air and in
vacuum. The degradation in vacuum stops after 24 hours (the
value after 72 hours is the same as that for 24 hours). The
conductance for the normal thickness of 0.025 in, with the
0.0005-in-thick Teflon film as used here, is about 5 W/in2 °C
in air, and after exposure to vacuum it is about 4 W/in2 °C,
indicating a 20-percent degradation. The material is only
minimally affected by the bolting-induced pressure.

The effect of varying the input power between 1 and 4 W/
in2 is shown in Fig. 12 for the array using the Teflon sheet It
shows that the conductance remains constant between those
power inputs. Results of tests carried out with the same
material but without the 0.5-mil Teflon sheet, which is em-
ployed for ease of plate separation upon plate disassembly,

40 SO
451 564

BOLT TORQUE

0 33 66 M 130 182 196 228 w
0 0227 0.4M OS75 0.8M 1.116 1344 1.S71 P*10*

AVERAGE CLAMPING PRESSURE

Fig. 13. Thermal conductance of € = 0.025-in-thick and
€ = 0.050-in-thick McGban Nusil 2946 within two
&5-in x 10-in aluminum plates bolted along the 10-in
sides with a total of ten 10-32 screws in helicoils.

are also shown in Fig. 11. They indicate that the McGhan-
Nusil in air has conductance of about 9 W/in2 °C, which is 1.8
times the conductance provided when the sheet is included.
After 24 hours and longer in vacuum, the conductance is
about 8 W/in2 °C or two times that with the sheet Figure 7
shows the three-dimensional interface thickness between the
two plates with the 0.025- in McGhan-N usil, bolted to a torque
of 40 in Ib. The quasi-uniformity and small buckling justify
the minimal variation of conductance with pressures.

Several measurements, all including the 0.5-mil Teflon
sheet, were carried out using the 8 1/2-in x 10-in assembly
with results at great variance from those with the 5- x 5-in
plate assembly. The measured results with the 0.025 -in thick-
ness of McGhan Nusil as shown in Fig. 13, indicated conduc-
tance approximately 32 percent of that from the 5- x 5-in
assembly in air, while conductance values were about 18
percent of those measured with the 5- x 5-in plate in vacuum.
On separating the plates in those cases, it was apparent that the
McGhan Nusil thickness varied along the plate surface. The
three-dimensional plot of the McGhan Nusil thickness for

Fig. 14. Thickness map of McGhan Nusil CV-2946 applied to a
thickness of 0.025 in and clamped in the 8.5-in x 10-in
plate assembly with bolts torqued to 25 in Ib (-18 psi
avg. pressure).

that case is shown in Fig. 14. It shows the depression at the
center of the assembly and therefore the void created there by
lack of material. As shown, the movement of the McGhan-
Nusil on squeezing the plates at the edges leaves the central



Fig. 15. Thickness map of McGhan NusU CV-2946 applied to a
thickness of 0.050 in and clamped in the ».5-in x 10-in
plate assembly with bolts torqued to 40 in Ib (130 psi
avg. pressure).

pan with a thin film vs. a much thicker film of Nusil on the rest
of the plate. The arbitrary choice of locating four of the eight
sets of thermocouples at the center of the plates where voids
existed provided results indicating the low conductivity and
the thermal conductance deficiency at those locations. As a
result, the McGhan Nusil material was doubled from 25 to SO
mil to ensure full thickness and better spread of the material.
The results of the tests using the 0.050-m thickness are shown
superposed on those for the 0.025-in thickness in Fig. 13.
They show an improvement of the conductance from 1.6 W/
in2 °C to about 1.95 W/in2 °C in air and corresponding
increases for the other conditions. However, this does not
eliminate the buckling and bowing at the center of the assem-
bly as shown by the three-dimensional measurement of the
plot of Fig. 15. The deficiency of the arrangement is still
evident and the results for the conductance and conductivity
are only valid for this case. The results from the 5- x 5-in
assembly should be used for the design thermal value of the
McGhan Nusil and those from the 8 1/2-in x 10-in assembly
are to be considered valid only for that particular assembly.

Conclusions and Results

Tests have been carried out to obtain the thermal proper-
ties of two interface thermal materials for different applica-
tion configurations and surrounding exposures. The two
interface materials are the Cho-Therm 1671 with a nominal
thickness of 0.015-in and the McGhan Nusil CV-2946 com-
pound. The McGhan Nusil is spread on one of the interface
plates. The assembly is bolted to the desired torque and the
compound is allowed to cure for 3-5 days. The spread thick-
ness of the Nusil used here was 0.025 or 0.050 in. A normally
used 0.0005-in-thick Teflon sheet was included with the
McGhan Nusil to provide easy joint disassembly. Tests
without the Teflon sheet were also carried out for comparison.
Two test configurations were used: 1) an assembly consisting
of a 5-in x 5-in-thick Cu plate bolted to a 5-in x 5-in-thick Al
plate with twelve 1/4-20 bolts evenly distributed along the
four sides, and 2) an assembly simulating an actual space
application consisting of two aluminum plates measuring
81/2 in x 10 in with the plate on the cooling side being 0.625
in thick and the other plate being 0.19 in thick. The two plates
in the 8- 1/2-in x 10-in assembly were bolted together with ten

10-32 bolts evenly located along only the 10-in sides of the
plates. The input power was varied to provide a maximum
total power input of 100 W for the 5- x 5-in assembly and 595
W for the 8 1/2-in x 10-in assembly. The torques were varied
from 15 to 70 in Ib to induce average clamping pressures
between 100 to 700 psi for the 5- x 5-in assembly and
pressures of 30 to 230 psi for the 8-1/2-in x 10-in assembly.
The measurements of thermal conductance were made with
those conditions of pressures and powers and at normal
pressure and temperature for 24 hours in air, and after 24 and
72 hours in vacuum. The thermal properties of these two
interface materials may be taken as those obtained using the
5- x 5-in assembly. That assembly is bolted with rigid, straight
plates that did not distort or bow when torqued at the edges.
The torques provide quasi-uniform clamping pressure through-
out the plates. On the other end, for the application simulating
an actual design with considerable unbolted portions on the
plates and a less-than-rigid simulating cover plate, the cover
plate bowed under heavy torques, allowing separation and
spacing for much of the plates' area. The separation caused
considerable degradation of the conductance and the values
obtained here are to be considered valid only for that arrange-
ment Nevertheless, the tests show the importance of proper
bolting and design of the assembly. Accordingly, the thermal
conductances, defined as the power transmitted per unit area
when a gradient of 1 degree exists across the thickness of the
material (W/cm2 °C) are as follows:

• The maximum conductance for the Cho-Therm 1671 at
normal temperature and pressure has been found to be 4.3
W/in2 °C when the clamping pressure is an optimum of
about 200 psi and the input power density varies up to 7
W/in2. The conductance is lower at clamping pressures
other than about 200 psi. At 700 psi and for the same
conditions, the conductance is about 3.5 W/in2 °C. The
conductance drops when the system is in vacuum. After
72 hours in vacuum, the conductance reaches a quasi-
steady value of 3.4 W/in2 °C, becoming almost
independent of the applied pressure. The degradation as
a function of time in vacuum is also indicated.

The maximum conductance for the same material when
used with the 8 1/2-in x 10-in arrangement at about 50-
psi average clamping pressure was found to be 0.75 at
normal ambient condition, and 0.3 W/in2 °C after 72
hours in vacuum. The explanation for this large drop is
found in the large separation between the plates in the
central region of the assembly when torques are applied
to the bolts at the edges of the plates.

• The maximum conductance of the McGhan Nusil CV-
2946 compound initially spread to a thickness of 0.025 in
was found to be 5 W/in2 °C in air with an average
clamping pressure of about 350 psi and with the 0.5-mil
Teflon included. The same conductance drops to about 4
W/in2 °C after 24 and 72 hours in vacuum. The same
conductances are two times as high when the Teflon is
omitted. Changing the clamping pressure minimally



affects the conductance. The conductance of this mate-
rial when used in the 8 1/2-in x 10-in arrangement
(including the Teflon sheet) is about 1.6 at about 80 psi
in air and is about 0.8 after 24 hours or longer in vacuum.
Increasing the layer thickness of the spread McGhan
Nusil from 0.25 to 0.50 in provided, as expected, some
improvements in conductance, since the space between
the plates was filled. The conductance in that case in-
creased from 1.6 to 1.95, and after 72 hours in vacuum,
it increased to 1.6 from 0.8 W/in2 °C.

• Comparing the test results, one finds that the McGhan
Nusil provides high conductances in air and in vacuum
and is less affected by the clamping pressures than the
Cho-Therm. On the other hand, the application of the
Nusil is more laborious since it involves preparing the
compound, applying it to the plate surface, and allowing
for the curing process. Also, if separation and unbolting
of the plates is needed, itis difficult tocarry itout without
having included in the assembly a Teflon separation
sheet

• It is obvious from these tests that for optimal thermal
conductance, the interface material should be under
uniform pressures over their entire surface areas. The
location of the bolts, their number, their sizes and the
uniformity of applied torques are all important consider-
ations.

In conclusion, the thermal conductances of the Cho-
Therm 1671 and Nusil CV-2946 have been measured as a
function of the clamping pressures, of the input power den-
sity, of the time in air and in vacuum, and of plate assembly
design. Those properties have been measured for a quasi-rigid
assembly and for a particular plate configuration simulating
a space application.

Table 1 Conversions

Conductance 1 Btu/hr.ft.2 °F = 5.67 x lO^1 W/cm2 °C
= 3.66x 10-JW/in'°C

Torque 1 in Ib = 1.13 x 10-' Nm

Pressure 1 psi = 6.897 x 103 Pa = 51.7 torr = 2.04
inHg.

Conductivity 1 Btu ft/hr ft2 °F = 4.13 x 10'3 cal cm/
s cm2 °C= 1.73 x 10-2 W cm/cm2 °C
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