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INTRODUCTION 
In the late 1970's, the Department of Energy (DOE) assigned 

Monsanto Research Corporation, Mound Facility, now operated by 
EG&G Mound Applied Technologies, the responsibility for assem
bling and testing General Purpose Heat Source (6PHS) radioisotope 
thermoelectric generators (RTGs). Assembled and tested were five 
RTGs, which included four flight units and one non-flight quali
fication unit. Figure 1 shows the RTG, which was designed by 
General Electric AstroSpace Division (GE/ASD) to produce 285 W of 
electrical power. A detailed description of the processes for 
RTG assembly and testing is presented by Amos and Goebel (1989). 
The RTG performance data are described by Bennett, et al. (1986). 

The flight units will provide electrical power for the National 
Aeronautics and Space Administration's (NASA) Galileo mission to 
Jupiter (two RTGs) and the joint NASA/European Space Agency (ESA) 
Ulysses mission to study the polar regions of the sun (one RTG). 
The remaining flight unit will serve as the spare for both mis
sions, and a non-flight qualification unit was assembled and 
tested to ensure that performance criteria were adequately met. 

The detailed scientific objectives of the Galileo and Ulysses 
missions are described by Bennett (1986a and 1986b). Launches of 
the Galileo and Ulysses spacecraft aboard two space shuttles were 
scheduled to occur in May 1986. As a result of the January 1986 
Challenger accident, launch of the Galileo mission is now sche
duled for October 1989 and launch of the Ulysses mission is now 
scheduled for October 1990. 

Space missions employing newly designed thermoelectric genera
tors have required the successful performance of an endurance 
test in vacuum as a part of the final qualification for those 
missions. Historically, these tests have been performed on elec
trically heated, prototype generators. This was the first vacutim 
endurance test conducted on a fueled flight design RTG. 

This paper describes the facility tliat was designed and con
structed for obtaining performance data on the qualification 
RTG. The discussion topics include the RTG configuration, the 
remote monitoring and control systems, and the automated features 
that were incorporated into the design to ensure the RTG was pro
tected in case of a facility system failure. 
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



DESIGN OBJECTIVES 
Specifications for the test were to simulate a steady state. 
Earth-orbital flight environment for a minimvim of 15,000 hours. 
This required the RTG to be on electrical load at pressures less 
than 1.3 X 10** Pa and rejecting heat to a uniform 310 K reser
voir. The following measurements on the RTG were required every 
4 hours: load voltage, load current, open circuit voltage, RTG 
housing temperature, isolation resistance to the RTG case, and 
isolation resistance to the insulating foil. 

Another design objective was to enhance facility reliability 
and minimize unscheduled shutdowns that have historically plagued 
long-term performance testing of this nature. It was also im
perative that the RTG was protected in case of a major system 
failure such as loss of vacuum, loss of facility power, or loss 
of cooling. 

Other design considerations included minimizing radiation ex
posures to operating personnel and meeting safeguards and secur
ity requirements in the handling of the RTG. 

RESULTS 
To simulate the space environment, the RTG was placed in a va

cuum chzutiber which allowed mid-line suspension of the RTG in a 
horizontal position. The ch2Utiber, with the door open, is shown 
in Figure 2. The chzunber measured 1.8 m in diameter and 2.7 m in 
length. The RTG was vented to the vacuum of the chamber, which 
was maintained in the 10"^ Pa range by means of a 203-mm 
diffusion pump. The heat rejected by the RTG was absorbed by 
circulating chilled water through chill pads located on the 
exterior surface of the vacuiua chamber walls. This allowed the 
blackwall temperature to be held to an average of 310 K, which 
represents the earth orbit sink temperature. A sketch of the 
chamber vacutun and cooling system is shown in Figure 3. 

The power output from the RTG was dissipated in a load bank lo
cated in a dedicated instrumentation console. Load resistance 
(including electrical resistance within test cabling) was ad
justed to maintain the Galileo spacecraft level of 30 VDC. 

Electrical and temperature data were automatically recorded by 
the test console. In steady state conditions, the recording fre
quency was every 4 hours; when the variables were changing or 
unstable, the recording frequency increased. There were four re
sistance temperature*devices to measure RTG housing temperatures 
(approximately 515 K in vacuum). The vacuum chamber pressure was 
maintained in the 10" Pa range as indicated by a capacitance 
nanometer which remained operational through the test period. 
a he instantaneous open circuit voltage measurements required a 
timer circuit which briefly interrupted the RTG load voltage 
while RTG open circuit taps were recorded. Open circuit readings 
were also involved in evaluating the stability of electrical 
resistance (isolation) between the RTG load circuit and its 
insulating foils and housing shell. 



Facility reliability was enhanced by minimizing unscheduled 
shutdowns (or, when shutdowns occurred, minimizing their dura
tion) . All high-risk system components and equipment were 
identified and backup equipment was procured. Trained main
tenance personnel replaced the items on a scheduled basis prior 
to their predicted time of failure. Calibration of equipment was 
planned to coincide with the preventive maintenance shutdown. 
When a planned shutdown occurred, return to testing configuration 
was normally accomplished in less than 72 hours. 

Backup systems were also developed to improve facility reli
ability. For example, the vacuum system contained both secondary 
diffusion and mechanical pumps. Auxiliary emergency power was 
available, with power continuity to electronic instrimentation 
and control systems maintained by an uninterruptible power supply 
during switchover. 

Vacuiim chamber wall temperatures were controlled by monitoring 
the chilled water flow to the chill pads. Domestic water served 
as the backup source of cooling. Additionally, two large fans 
within the test cell were automatically activated if there were 
thermal excursions in the vacuum chzunber or test cell. 

To provide protection for the sensitive internal components of 
the RTGs in case of major system failure, three system parameters 
were alarmed at predetermined set points. These pareuneters were 
loss of vacuum within the vacuum chamber, overtemperature of the 
RTG, and prolonged (>10 s) condition of RTG open circuit. These 
alarms provided both audio and visual indications and were inte
grated with an automatic gas backfill system. When the system 
valves were activated by any one of the alarms, the RTG would be 
backfilled to 172 kPa with ultrapure argon. This failure mode 
system and other facility failure modes and system responses are 
listed in Table I. 

Minimal radiation exposures to personnel were achieved by plac
ing the RTG in a room with the walls and door constructed of 
0.7-m thick concrete. Although the secured room restricted per
sonnel movement into the area and enabled many of the safeguards 
and security regulations to be met, it necessitated locating most 
of the valving outside the cell. The valving inside the cell was 
controlled externally by either solenoids or electrically acti
vated pneumatic systems. 
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TABLE I. 

Failure Mode System Response 

1) Loss of chamber vacuum. 

2) RTG in open circuit mode 
more than 10 s. 

3) RTG overtemperature 
(>553 K). 

4) Loss of electrical power 
to facility. 

5) Primary pump failure. 

Alarm sounds and RTG automatically 
backfills with argon. 

Alarm sounds and after 2-min delay 
RTG automatically backfills with 
argon. 

Alairm sounds and after 2-min 
delay RTG automatically backfills 
with argon. 

Alarm sounds and entire system 
converts to emergency power. 

Alarm sounds and backup pump 
activates. 

6) Vacuum chzunber wall 
overtemperature 
(>312 K) or cell over
temperature (>300 K). 

7) Vacuum chamber chill 
pad flow decrease 
(<63000 mmvs). 

Alarm sounds and cell fans 
activate. 

Alarm. 

8) Vacuum ch2unber chilled 
water inlet over
temperature (>289 K). 

9) Diffusion pump liquid 
nitrogen trap over
temperature (>273 K). 

10. Test cell humidity in
crease (>50%). 

Alarm. 

Alarm. 

Alarm. 

CONCLUSIONS 
A facility was successfully constructed for vacuum endurance 

tests on the qualification RTG for the Galileo and Ulysses mis
sions. All the design objectives were met, and,, although the 
facility was planned for 15,0D0 hours of operation, it continues 
to provide reliable data after more than 40,000 hours. It is now 
projected that data will be accumulated through September 1990 (or 
approximately 51,000 hours). All backup systems have performed as 
designed to date, and, although there have been several emergency 
situations imposed upon the system, the RTG integrity has not been 
compromised. During the first 4.5 years of operations, the RTG 
was in a testing mode, with the exception of preventive main
tenance, 99.7% of the time. Data collected to date provide addi
tional confidence that the objectives of the planned GPHS RTG 
missions will be met. 
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FIGURE 1. General Purpose Heat Source Radioisotope Thermoelectric 
Generator (GPHS RTG), (From Bennett et al, 1986) 



FIGURE 2. Vacuum Chamber 
(With Door Open) 
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FIGURE 3. Vacuum Chamber System 
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