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LMS HEAT DISTRIBUTION TESTS

1 INTRODUCTION

The Lunar Mass Spectrometer (LLMS) electronics assembly is
comprised of seven (7) multilayer printed circuit boards assembled
to the LMS radiator plate. These PC boards are mounted directly to
the radiator plate either by means of posts integral with the radiator
plate or by spacers which mechanically tie the boards to the radiator
plate. These attachments, in addition to providing a mechanical
connection, also provide a thermal path to ~“conduct the heat from the
individual boards to the radiator plate, which in turn radiates the heat

to space.

Each circuit has been designed to provide the maximum efficiency
at a given operating temperature, and it is desirable to establish the
operating temperature for each board under expected operating conditions.
In order to provide information concerning the operating characteristics
of the circuits, and to determine the thermal properties of the multilayer
printed circuit boards themselves, a thermal vacuum test has been con-
ducted on the individual circuit boards.

These tests were conducted on test equipment set-up in the LMS
laboratory. A description of this equipment is given in Section IV -
Test Equipment.

i PURPOSE

Briefly stated, the purpose of this test is to verify the thermal
resistance profile and the thermal conductivity of each complete multi-
layer printed circuit board under various levels of operation simulating
both lunar noon and lunar night operating conditions.

I CONCLUSIONS

5 There were no conclusions drawn from the tests as conducted.
S The accumulated data were forwarded to Thermal Engineering for
analysis and correlation with computer program output.
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v TEST EQUIPMENT

The thermal/vacuum test program was conducted in the LMS
mechanical laboratory utilizing equipment that was set-up specifically
for these tests. Figure 1 shows the test equipment set up in the
laboratory.

The test equipment can be divided into four (4) basic units: .
vacuum system, temperature conditioner, electrical input, and
temperature measurement systems.

A, Vacuum System

The vacuum system consisted of two components: the chamber
and the vacuum pump. The vacuum chamber included a 14" diameter
bell jar and a phenolic baseplate, which contained all the electrical and
fluid feed-throughs as well as mounting provisions for the circuit board
under test. This is shown in Figure 2.

The vacuum pump used was a Welch Duo-Seal model 1402, system,
This unit is capable of vacuum levels of 0.1 microns, or 1 x 10 = Torr,
and a displacement of 5.6 cubic feet per minute.

B. Temperature Conditioning System

This system established the temperature of the baseplate to
simulate the two extreme lunar conditions, lunar noon and lunar night.
To accomplish this a liquid solution of ethelyne-glycol and water was -
circulated through coils to which a sub-baseplate was attached. The
baseplate was in turn bolted to the sub-baseplate. The ethelyne-glycol-
water solution was heated by means of a controlled electric heater to
provide a baseplate temperature of 125 F and cooled by means of liquid
nitrogen to provide a baseplate temperature of 40 F or lower. The heated
or cooled liquid was circulated by means of a Simen Model M40K '"Mini-Vac"
pump capable of circulating 350 gallons of water per hour at standard

pressure and temperature.
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LMS Thermal/Vacuum Test Set-up
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LMS Thermal/Vacuum Chamber
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C.

Electrical Power Supply

Electrical power was supplied by using Hewlett Packard Model

6215A power supplies as required. Power was provided for two (2)
purposes: the first was to provide a known heat source at some given
location on the board, and the second was to provide current and
voltage to certain pins in order to energize selected components.

Heating was accomplished by placing Dale RH-10 wire-wound

resistors on the board as selected by Thermal Engineering and providing
a given current and voltage level to provide the necessary heating levels.

Voltage and current levels to the selected pins were supplied by

Electrical Engineering personnel and verified by them at time of test.

D.

Temperature Measurement System

Temperature measurement was provided by using copper-constantan

thermocouples cemented to various locations on the boards, as selected by
Thermal Engineering, and measuring the voltages by means of a Leeds
and Northrup Potentiometer BSD Serial Number #51650.

v

TEST PROCEDURE

The following represent an outline of the test as it was conducted

for each card. Variations were required from card to card or as circum-
stances dictated.

1.0

2.0

3.0

4.0

Assemble P.C. board onto heat sink and make all necessary
electrical connections.

Cover aséembly with thermal bag and place belljar cover over unit.
Evacuate belljar to vacuum level,
Establish heat sink temperature at low temperature level.

Turn on test item to operating power level (s) to the board
components.




4.2

4.3
4.4
4.4.1

4.5

5.2
5.3
5.4
5.4.1
5..5
5.5.1
5.6

5. 6'1
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Hold test condition until equilibrium is reached and record data.

Remove operating power input,

Input low power to heater element.

Hold test condition until equilibrium is reached and record data.

Increase power to heater element to intermediate level.

Hold test condition until equilibrium is reached and record data.

Increase power to heater element to maximum level.

Hold test condition until equilibrium is reached and record data.

Remove all power.

Increase heat sink temperature to 125°F,

Turn on test item to operating level (s) to the board components.

Hold test condition until equilibrium is reached and record data.

Remove operating power input.

Input low power to heater element,

Hold test condition until equilibrium is reached and record data.

Increase power to heater element to intermediate level.

Hold test condition until equilibrium is reached and record data..

Increase power to heater element to maximum level.

Hold test condition until equilibrium is reached and record data.
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8.0

NO. REV. NO.
ATM 1029

LMS Thermal/Vacuum Test Reports PAGE 2 oF
DATE 7-9-71

Remove all power.
Turn off heat sink power.
Turn off experiment and pressurized chamber.

Repeat above steps for all P. C. boards until all circuits have
been tested.
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Control and Monitor Card
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Counter and Data Compressor Card
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LMS ENGINEERING THERMAL VACUUM TESTS

I INTRODUCTION

Following the thermal/vacuum tests on the individual circuit
boards, the boards were assembled onto the engineering model radi-
ation plate, electrically tied together with a special test cable, and
the unit covered with a thermal bag. The assembled unit was then
placed in the 4' x 8' thermal vacuum chamber and tested at various
radiator plate temperatures and electrically cycled by means of the
LMS Engineering Test Set.

II.  PURPOSE

The purpose of this test is to establish the thermal profile for
the various circuits and selected components when assembled and
functioning at various temperatures in a vacuum environment.

I TEST EQUIPMENT

The LMS Engineering Thermal/Vacuum Tests were conducted in
the Bendix 4' x 8' thermal vacuum chamber. The LMS electronics were
assembled onto the engineering model radiator plate and covered with
the thermal bag. Each of the circuit boards, the radiator plate and the
thermal bag were instrumented with thermocouples to record the temper-
ature of selected portions of the LMS assembly. Figures 17 thru 22
show these components ready for assembly. Figure 23 shows the LMS
assembled and ready for installation in the chamber, while Figure 24
shows the instrument inside the chamber and the LMS engineering test

set (ETS) set up.

v TEST PROCEDURES

The following document, BSD No. 2365599, represents the test
procedures followed in these tests.
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v CONCLUSIONS

As with the previous thermal/vacuum test, no conclusions were
drawn from the data. Instead, the data were forwarded to the Thermal
Engineering group for analysis and correlation with computor simulation
of identical conditions. Figures 25 to 48 are printouts of the data recorded
during these tests. :
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b,i1.11

NOTE:

6. 1.12.

‘&.1.13

6.1.14

6. 1,49

6.1.1¢

NOTE:

(:;Alnstall iSOb*F thsrmocuuple refercnces md cun-
“nect to. T/C fecdehru 1eads. tRefer to STMIDI'Z)

: Reuard feedthru lea.d x.mmbez and referem.e JeBox

" number and idnmifieaﬁon in Table I (Paragraph
T ) for: corr&spondxng T/C number and Data
,Acquxszuan S’ybtem (DAS) channel assngnment

- by xeriiynxg suff:mmzt ice ir the water,

' Instan dectn cal pawer and wgﬁnal lea.ds m
o (’hin'\b("l faedt:hru for 1..MS. :

MS Eng:mef‘ ring Thermal/Vacyum
Teat Procedure :
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'Set up Icq Rafnreuw Sfanaa rd and connect to

150°F reference

Maintain the ice reference during the u,ntne test

’vfeunt the LMS on the LLMS the rmcsl vacuum test |
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6,1.27 Take photngmphs of the: LM$ on thva he&t exchanger s
S plaw and plm:e in Paragxagh ﬁ, :
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L 3,
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~ the; begﬁnmﬁg oi the magneuc tape is missing,
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