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ABSTWCT* 

SNAP-8 i s  a tu rboelec t r ic ,  nuclear, space power conversion system using a 

mercury Rankine cycle.  The system incorporates th ree  l i q u i d  metal loops. Sodium- 

potassium (NaK) i n  a primary loop is heated i n  a reactor ,  and, i n  t u rn  heats  

mercury i n  a heat exchanger. The mercury vapor, i n  the  second loop, expands 

through a turbine; it i s  then condensed, and pumped back through the  bo i l e r .  A 
t h i r d  loop, a l s o  containing NaK, t r ans fe r s  t h e  heat from the  mercury t o  a 

rad ia tor  where it is  rejected to space. The four th  loop contains a polyphenyl 

e ther  t h a t  lubr ica tes  t he  bearings of the  main ro ta t ing  components and provides 

necessary cooling f o r  t he  a l t e rna to r ,  e l e c t r i c  motors, and controls.  

This report  discusses the  development progress of the  power conversion 

system ( turbine-al ternator  assembly, pump-motor assemblies, bo i l e r ,  condenser, and 

e l e c t r i c a l  controls)  during the  f i r s t  half  of 1966. 

* 
NASA STAR Category - 03 
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CONTRACT FULFILMNT STATEMENT 

This semiannual progress report is submitted to the National Aeronautics 
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I. INTRODUCTION _1 

The SNAP-8 e l e c t r i c a l  generating system i s  being developed by 

the  National Aeronautics and Space Administration f o r  use i n  various 

space AppliCatiotis. 

converting heat from a nuclear reactor  i n to  e l e c t r i c a l  energy. 

Aerojet-General Corporation i s  developing the SNAP-8 power conversion 

system a t  i t s  Von Karman Center i n  Azusa, California,  under NASA Con- 

t r a c t  NAS 5-417. 
9 May 1960. 

Commission by Atomics Internat ional ,  Inc. 

The systkm provides 35 kw of e l e c t r i c a l  power by 

The ef fec t ive  s t a r t i n g  date of t he  contract  was 

The nuclear reactor  i s  being b u i l t  fo r  t he  Atomic Energy 

This report  i s  the  t h i r d  i n  a s e r i e s  of Semiannual Progress 

Reports and includes a discussion and evaluation of the  technical  

progress during the  f irst  ha l f  of  1966. This s e r i e s  of reports  re- 

places the  se r i e s  of Quarterly Progress Reports published under %he 

contract  from i t s  inception through 1964. 



Report No. 3233 

11. RATED POWER LOOP 2 (PCS-I. PHASE I V  STEP 1) 

Rated Power Loop 2 (PCS-1 Phase IV Step 1) Testing was conducted 

to obtain boi le r  and condenser performance data and t o  gain insight  i n to  

system performance before i n i t i a t i n g  Steps 2 and 3. 

This work was completed during the  previous report  period w i t h  the 

exception of t he  f i n a l  t e s t  report .  It was issued i n  the  currene report  

period as TM 4952:65-8-366 (Reference 1). 

I1 -3. 
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111. POWER CONVERSION SYSTEM 1 PHASE IV STEP 2 8c 3 

A. DESIGN AND FABRICATION 

1. Step 2 

A t  t he  beginning of t he  report ing period, t he  boi ler ,  

condenser, both WMA's, PLR, and the  TAA were ins ta l led .  A l l  s tep  2 

piping had been completed and a l l  welds had passed X-ray. 

s t a l l e d  TAA -X e l e c t r i c a l  controls were used. 

Previously in-  

Early i n  the  report ing period, t he  Step 2 mechanical 

drawings were upgraded and the  Master Piping Arrangement (Dwg 098323) w a s  

released. 

Design and fabr ica t ion  of t he  e l e c t r i c a l  controls 

f o r  Step 2 was divided in to  two par t s :  

e l e c t r i c a l  controls  system (a  soft-wired system); pa r t  2 was designed as 

a hard-wired system f o r  t he  new e l e c t r i c a l  controls t h a t  were to be i n -  

s t a l l ed .  The design, fabr icat ion,  modification and checkout of t he  sof t -  

wired system and hard-wired systems were completed on schedule. 

use of t h e  e l e c t r i c a l  controls f o r  t he  Step 2 tes ts  was very good. 

major problems occurred during these t e s t s .  

pa r t  1 modified the  ex is ten t  

Operational 

No 

The Step 2 instrumentation buildup and checkout was 
completed i n  ear ly  February 1966. 
t a t i o n  tasks  were: 

Some of the  more s igni f icant  instrumen- 

e a. Three TAA's (un i t s  2/3, 5/2, and 6/1) were 

completely instrumented and t e s t ed  i n  PCS-1 Phase IV. This en ta i led  

separate instrumentation drawings f o r  each uni t ,  transducer procurement, 

transducer cal ibrat ion,  and in s t a l l a t ion ,  

b. I n s t a l l a t i o n  and checkout of a continuous on- 

l i n e  vibrat ion,  recording, and monitor system. 

C. Major modification of the typewriter systems 

for  the  Dig i t a l  Data Acquisition System. 
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d. Installation, calibration, and hookup of 230 
new transducers (pressure, temperature, flow, etc. ) .  

e. Issuance of the Step 2 Instrumentation List 
as a controlled document (AGC STD 1290). 

2. Step 3 

The Step 3 design was initiated during 1965. At the 
beginning of the reporting period, Step 3 design was proceedin[; on the 
ASL (NaK/NaK heat exchanger), TCV, Hg PMA, MIS, control console, and the 
new PNL dump tank installation. In addition, the loop component instal- 
lation and plumbing was modified to provide better assurance of long-term 
operation. 

A new NaK cold trap was installed in the NaK purifi- 
cation system and the design of a new LN2 supply system was started that 
would eliminate the use of portable carts. 
vided for the LN 

of the O-ring. 
that the pump would be free of mercury prior to startup testing. 
mercury fill system was redesigned so that the loop always would be pre- 
filled downstream of the Hg PMA. Gross mercury separators were provided 
in the L/C loop downstream of the TAA and the Hg PMA. 

A phase separator was pro- 
cold trap to eliminate overflow and subsequent freezing 2 

A drain was provided on the Hg PMA pump housing to assure 

The 

Subsequently, the heat-rejection expansion tank was 
redesigned, changing it to a standoff tank. An oil separator was designed 
to separate oil *om mercury in the mercury loop. 
designed in order to supply lubricant and coolant to the additional com- 
ponents to be installed during Step 3. 

The L/C loop was re- 

At the end of the reporting period, the loop had been 
upgraded to a full system loop with complete documentation for all addi- 
tions. 
primary, mercury, heat rejection, and lubricant/coolant loops. 
tion, the -1 electrical system was installed in place of the -X electrical 
system used in Step 2. 

The loop contains the PCS components required for operation of the 
In addi- 
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A t  t h e  end of t he  report  period, t h e  mechanical design work 

required t o  upgrade RPL-2 t o  a f u l l  system loop had been completed. Design 

work continued f o r  t he  fu ture  i n s t a l l a t i o n  of a mercury leak-detection system. 

This device w i l l  be u t i l i z e d  t o  measure leakage from t h e  mercury system during 

endurance ope rat ion. 

A t  t he  conclusion of Step 2 t e s t ing ,  t h e  e l e c t r i c a l  control  

system was removed from t h e  loop. This included t h e  removal of t h e  operating 

consoles, t he  main frame, t he  e l e c t r i c a l  controls i n s t a l l e d  i n  C e l l  4, and t h e  

e l e c t r i c a l  harnessing i n s t a l l e d  i n  Cells 5 and 6. 
completed, it w a s  possible t o  i n s t a l l  t h e  hard-wired e l e c t r i c a l  controls  

system f o r  Step 3 without compromising the  design, fabr ica t ion ,  and i n s t a l l a -  

t i o n  of t he  e l e c t r i c a l  controls  a 

A s  soon as t h i s  work was  

The design objective f o r  Step 3 w a s  t o  provide a com- 

p l e t e ly  hard-wired system f o r  t h e  e l e c t r i c a l  controls ,  

hard-wired system versus t h e  soft-wired system was presented i n  TM 4936~65- 
1-313 (Reference 2 ) 0  

t h a t  was i n s t a l l e d  f o r  Step 3. 

A discussion of t h i s  

This document describes the  e l e c t r i c a l  controls system 

The hard-wired system consisted of t he  following: the  

new f a c i l i t y  cables; rewiring of the  mezzanine area f o r  d i r ec t  e l e c t r i c a l  

controls;  a new operating console and modified f a c i l i t y  console i n  t h e  con- 

t r o l  room; a new intercom system; and new e l e c t r i c a l  control  wiring f o r  t he  

valves, hea te rs ,  motors, and PCS e l e c t r i c a l  components i n  Cells 5 & 60 The 

hard-wired system a l s o  included t h e  i n s t a l l a t i o n  of t h e  transformer/reactor 

assembly (Dwg 097760-1), low-temperature controls assembly (Dwg 097054-1), 

inver te r  (Dwg 9675412), TAA power panel (Dwg 097913-1), and the  PMA power 

panel (Dwg 097914-1) and the  required interconnecting harnesses 

To accomplish t h e  above tasks ,  t h e  design and i n s t a l l a t i o n  

of t he  f a c i l i t y  cables and "J" box were started during the  operational phase 

of Step 2. 

098735) was started. 

Also during t h i s  period, t h e  e l e c t r i c a l  controls design (Dwg 

The e l e e t r i c a l  design was  completed by 1 March 1966. 
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As  a r e su l t ,  it w a s  possible t o  freeze t h e  mechanical design of t he  graphic 

panel, t he  operating console, and the  addi t iona l  e l e c t r i c a l  assemblies t h a t  

were required. 

The console was designed as a modulee Its mechanical 

fabr ica t ion ,  e l e c t r i c a l  assembly, and e l e c t r i c a l  checkout were accomplished 

i n  the E l e c t r i c a l  Lab before it w a s  i n s t a l l e d  i n  Building 180. 
the  E lec t r i ca l  Controls Group t h a t  t he  operating console (as a u n i t )  w a s  wired 

cor rec t ly  and operating properly before i t s  i n s t a l l a t i o n  i n t o  t h e  system, 

thereby simplifying the  system checkout. The design, fabr ica t ion ,  and check- 

out of t h i s  console w a s  completed on schedule and i n s t a l l e d  i n  Building 180. 

This assured 

Due t o  new requirements, t h e  f a c i l i t y  console w a s  modi- 

fied; controls f o r  t he  cover gas system were s implif ied and a manual vehicle- 

load-bank control  panel w a s  i n s t a l l ed .  

assemblies were not e l e c t r i c a l l y  changed. 

The mercury monitor and the  DDAS 

A new communication system was  designed, fabr icated,  

and i n s t a l l e d  f o r  Step 3. This i n s t a l l a t i o n  was completed p r i o r  t o  check- 

out so t h a t  it was possible t o  pe r fom an expeditious checkout of t he  d i f -  

fe ren t  systems i n  Building 180. 

The motor cont ro l  centers and t h e i r  associated e l e c t r i c a l  

contactors i n  t h e  mezzanine area were rewired and integrated t o  operate with 

t h e  new hard-wired system. 

addi t iona l  heaters  and new wiring f o r  t h e  DC c i r c u i t  breakers w e r e  i n s t a l l ed .  

New in te r face  wiring t o  the  f a c i l i t y  cables a l s o  w e r e  completed. 

New var iable  transformers were i n s t a l l e d  f o r  

The Step 3 instrumentation design, fabr ica t ion ,  and i n -  

s t a l l a t i o n  included major modifications t o  t h e  control-room s igna l  conditioning 

and c e l l  areas e 

were rearranged and checked out; a 36-meter display of loop operating param- 

eters was i n s t a l l e d  over t h e  control  console; a completely new l e v e l  indicat ing 

system was  designed and i n s t a l l e d  f o r  t he  primary NaK dump tank, heat  re jec-  

t i o n  dump tank, and heat  re jec t ion  expansion tank; an e l e c t r i c a l  measuring 

The Building 180 control-room recorders and cont ro l le rs  

111-4 



Report No. 3233 

system, capable of measuring each phase of voltage, current,  and power of 

each PCS component, was fabr ica ted  and i n s t a l l e d  i n  C e l l  4; a control  con- 

so le  instrument wing which i s  comprised of a 48-channel hard-wired tempera- 

t u r e  ind ica tor  and a 60-channel annunciator system, w a s  provided; an a i r  

conditioning system was  i n s t a l l e d  i n  the  mezzanine of Building 180; 40 

i so l a t ion  amplif iers  were added t o  the  control  room; and the  e n t i r e  thermo- 

couple system of t h e  building w a s  upgraded t o  improve system r e l i a b i l i t y .  

EM flowmeters were ins ta l led  i n  t he  three  NaK loops (PNL, Ha, and ASL). 

Other engineering tasks  accomplished included t h e  re- 

lease  of t he  Step 3 Instrumentation L i s t  (AGC STD 1295), upgrading Building 

180 instrumentation wiring diagrams and drawings t o  an "as-built" condition; 

issuance of approximately a dozen thermocouple and pressure transducer 

standard appl icat ions designs; and issuance of approximately 15 ca l ibra t ion  

procedures and transducer specif icat ions.  

An extensive program was i n i t i a t e d  t o  clean contaminated 

Several transducer cleaning spec i f ica t ions  were pressure transducers. 

released and three t r i a l  batches of transducers were cleaned and successful ly  

recal ibrated f o r  loop usage. 

cost  reduction f o r  replacement transducers. 

This program should e f f e c t  a considerable 

A summary of the  r e s u l t s  from t h e  above e f f o r t s  i s  pre- 

sented i n  Tables 111-1 and -2. Table 111-1 presents t h e  number of measuring 

elements i n s t a l l e d  f o r  PCS-1 Phase I V  Step 3 tests. 

breakdown of f i n a l  (readout ) elements e 

Table 111-2 presents a 

Bo TEST OPEEATIONS, F@~JIJTS, AND ANALYSES 

1. Summary 

Step 2 of PCS-1 Phase I V  w a s  conducted t o  obtain per- 

formance data of t h e  SW-8 components operating i n  a system, basic  system 

performance data,  and system performance data r e l a t i v e  to t he  s t a r tup  

development t e s t s  of Step 3. 
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Step 2 t e s t i n g  covered t h e  period of 30 January 1966 
through 13 Apri l  1966. 
s ta r tups  and one attempted s ta r tup .  

300 hours 31 minutes. Each of t he  t e s t i n g  dates, operating t i m e s ,  and 

causes of shutdown a r e  summarized i n  Table 111-3. 

During t h i s  t i m e  period there  were e ight  system 

The t o t a l  system operating time w a s  

Portions of t h e  Step 2 t e s t i n g  were not completed due t o  

a shortage of tes t  components and t h e  f a c t  t h a t  t he  bo i l e r  had become 

deconditioned. 

accomplished. 

and accomplishments. 

planned f o r  Step 2 t e s t i n g  also were acquired which enhanced t h e  value of 

the  tes t ing .  These supplementary accomplishments are l i s t e d  i n  Table 111-5. 
Those portions of Step 2 t e s t i n g  which were not completed have been scheduled 

f o r  Step 3 t e s t ing .  

An estimated 62% of the  t o t a l  t es t  objectives were 

Table 111-4 gives a de ta i led  l i s t i n g  of the  Step 2 objectives 

Many regions of data and information not spec i f i ca l ly  

Each of t he  sw-8 components used i n  Step 2 have been 

analyzed, 

development data i s  good. 

with the  TAA and PMA's. During the  t e s t ing ,  a l l  th ree  TAA's experienced 

subcomponent failures;  one HFG NPMA, t h ree  primary PJPMA's, and one Hg PMA 

a l s o  experienced failures. 

design; others were t h e  r e s u l t  of t he  f a c i l i t y  and the  mode of operation. 

I n  general ,  t h e  agreement between Step 2 p e r f o m n c e  and component 

Specif ic  component problem areas  were encountered 

Some of t h e  problems were i n  t h e  area of component 

Valuable system perf o m n c e  data were obtained during 

Step 2. 

rad ia tor  simulation methods f o r  Step 3 s t a r tup  tes t ing .  Simulations of 

mercury inventory var ia t ions  and var ia t ions  i n  reactor  ou t l e t  temperature 

were analyzed and resu l ted  i n  t h e  accumulation of considerable system per- 

formance data. One of t he  more outstanding system accomplishments w a s  the  

first demonstration of a completely s t ab le ,  self-sustaining system. The 

system w a s  operated with a l l  PMA's driven by a l t e rna to r  power. 

marked the  first demonstration of t he  a b i l i t y  t o  r e l i ab ly  switch 35 kw 

between the  PLR and vehicle  load i n  s ing le  steps.  

The HRL cooler bypass and louver control  system w e r e  evaluated a s  

Step 2 a l s o  
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I n  ove ra l l  perspective, Step 2 t e s t i n g  was successful 

and provided valuable component and system performance data. 

2. Chronological History of Step 2 Test Period 

The i n i t i a l  mercury in jec t ion  i n  PCS-1 Phase IV Step 2 

was a t  0245 hours on 30 January 1966. 
without incident.  When s teady-state  was reached, it w a s  observed t h a t  the  

L/C PMA discharge pressure was dropping. 

(pumps not running) was stopped i n  an  e f f o r t  t o  recover some of t he  lost 

L/C pump head but  t he  pressure continued t o  decrease. 

stopped and s t a r t e d  two or  th ree  t i m e s  t o  a s s i s t  the  passage of any gas 

through the  pump. 

a t  > 2 mm).  

The s t a r t u p  proceeded smoothly and 

The L/C flow t o  the WaK PW's 

The L/C PMA w a s  

The L/C system vacuum a l s o  was noted t o  be lost (pegged 

The loop was shutdown at  0307 hours ( a f t e r  22 minutes 

of TAA operation) t o  protect  the components from danger due to a fur ther  

loss of L/C system pressure. 

air t o  enter  t he  L/C system. 

The problem was found t o  be a leak, allowing 

Several key observations, regarding the  system and 

components during the  run, are l i s t e d  below: 

a. The TAA flmctioned w e l l  with a smooth accelerat ion 

and deceleration. The vibrat ion l e v e l  w a s  low.  

b. The e l e c t r i c a l  power output was within the  pre- 

dicted range (19 kw at  4600 lb/hr) .  

c. The e l e c t r i c a l  controls worked wel l  and the  system 

was  completely s table .  

d. The bo i l e r  produced good superheat. The boi le r  

pressure-drop indicated t h a t  a long conditioning period would not be required. 

The second mercury in jec t ion  i n  PCS-1 Phase I V  Step 2 

w a s  made a t  1342 hours on 4 February 1966. 
smoothly and without incident.  

The s t a r t u p  again proceeded 
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Following the startup, the L/C PMA discharge pressure 

began t o  drop and became er ra t ic .  

flowing in to  the  a l te rna tor  d r a i n  trap.  

1346 hours a f t e r  four minutes of operation. 

It w a s  observed t h a t  L/C f l u i d  was rapidly 

The mercury loop was shutdown a t  

During the  post-run investigation, it was determined 

khat the problem was caused by a damaged mating plug (Mx 3106-1OSL-4S) on 

the  TAA bearing discharge valve (LCV-15). As  a r e su l t ,  the  valve w a s  not 

able t o  open and the L/C f l u i d  overflowed in to  the  a l te rna tor  drain trap.  

The t h i r d  mercury inject ion was made a t  Oll9 hours on 

9 February 1966. 
Shutdown occurred a t  2244 hours on 14  February 1966 due to an apparent TAA 

degradation (TAB P/N 096800-1, un i t  2/3). 

This was the longest run of Step 2 (141 hours 25 minutes). 

The TAA performance problem was observed as a decrease 

The output power (extrapolated to unity power fac tor )  had i n  output power. 

degraded from 54 kw, a t  the reference condition, to 48 kw. 
the  data a lso indicated a general decline of system pressures associated w i t h  

the TAA performance degradation. 

An analysis of 

The TAA was removed and analyzed fo r  possible degradation. 

The investigation revealed a change of approximately 10% i n  the effected area 

of the f irst  stage nozzle. This change could account fo r  the loss of power 

and the decrease of pressure level .  

S t a r t  4 of PCS-1 Phase IV Step 2 was made a t  0004 hours 

on 16 March 1966. 
(P/N 096800-1, un i t  ?/e). 
a f t e r  2 hours 28 minutes of operation. 

leak i n  the  mercury vapor venturi  v i sua l  pressure meter. 

as an o i l  leak from the o i l  f i l l e d  bellows i n  the  meter and subsequently 

became a Hg leak .  

This was the  f i r s t  s t a r tup  of the newly in s t a l l ed  TAA 

Shutdown occurred a t  0232 hours on 16 March 1966 
The shutdown was necessitated by a 

The leak s t a r t ed  

Start 5 was made a t  2210 hours on 28 March 1966. S t a r t  

5 was terminated at 1322 hours on 30 March 1966 a f t e r  39 hours 1 2  minutes of 
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operation. The shutdown was automatic following a loss of speed control, an 

undervoltage condition, and a subsequent TAA overspeed. Also associated with 

the  shutdown was  a TAA seizure which w a s  found when a restart could not be  

accomplished. The restart attempt was designated S t a r t  6. 

The 5th shutdown occurred during the  t i m e  period t h a t  the  

system was operating with the  reference e l e c t r i c a l  output of 35-kw vehicle  

load. The system had been operating a t  t h i s  condition fo r  approximately 

1-1/2 hours when it was decided to lower the system power l eve l  i n  order to 
decrease the  HRL requirements because of a high AT i n  the PJPMA. rec i rcu la t ion  

loap and a high motor temperature. The shutdown was i n i t i a t e d  when the  m e r -  

cury flow rate w a s  accidental ly  decreased to the  point where no more power was 

avai lable  to t h e  PLR. 

The next occurrence a f t e r  t he  removal of a l l  PLR power 

was an undervoltage signal.  

the  vehicle  load from the  a l te rna tor  (a  sa fe ty  precaution to protect  t he  

a l te rna tor  against  a shorting of the  vehicle  load). With the  load removed, 

the TAA accelerated and went i n to  an overspeed t o  approximately 17,000 rpm. 

The overspeed was followed by a rapid deceleration (about 5-6 seconds). 

rapid deceleration was suspected to be due to i n t e rna l  TAA drag s ince there  

was no indicat ion of any e l e c t r i c a l  load on the a l t e r n a t o r .  

examination revealed t h a t  t he  TAA ro to r  was locked i n  the  a l te rna tor .  

The undervoltage s igna l  i s  designed to remove 

This 

Subsequent 

S t a r t  7 of Step 2 t e s t i n g  w a s  made a t  1113 hours on 

5 Apri l  1966. 
(P/N 096800-1, u n i t  6/1, S/N A-3). 

This marked the  f i rs t  s t a r tup  of t he  newly i n s t a l l e d  TAA 

During t h i s  run, t h e  e l e c t r i c a l  controls tests were 

conducted. Successful t ransfers  of 35 kw between the  vehicle  load and t h e  

PLR were made. 

The t e s t s  on the  radiator-simulation charac te r i s t ics  of 

the  heat re jec t ion  loop a l so  were conducted during t h i s  run. 

determined the  time response and e f f ec t s  of the  louver control  systems and 

the  cooler bypass. 

These t e s t s  
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S t a r t  7 was de l ibera te ly  terminated a t  1723 hours on 

7 Apri l  1966 ( a f t e r  54 hours 10 minutes of operation) to remove the  noncon- 

densibles from the  condenser p r io r  t o  system mapping t e s t s .  The down t i m e  

for  removing t h e  noncondensibles was 1 4  minutes. The system w a s  r e s t a r t ed  

( S t a r t  8) a t  1737 hours on 7 Apri l  1966. 
on 10 Apr i l1966 when an e l e c t r i c a l  short  i n  the  HRL NPMA caused excessive 

a l t e rna to r  current which resu l ted  i n  an undervoltage automatic shutdown. 

S t a r t  8 was terminated a t  0552 hours 

S t a r t  9 of PCS-1 Phase I V  Step 2 was made a t  2330 hours 

The i n i t i a l  mercury 

A t  t h i s  flow ra te ,  the  super- 

on 1 2  Apri l  1966. 
flow establ ished upon s t a r t u p  w a s  6300 lb/hr.  

heat was 150°F as compared to about 350°F f o r  conditioned operation. 

t he  mercury flow was ra i sed  to 8000 lb/hr,  t he  qua l i ty  dropped to about 85%. 
The deconditioned s t a t e  of the  boi le r  w a s  probably the  r e s u l t  of o i l  i n  the 

mercury from the  shutdown of 10 Apri l  1966. 
the PMA's did not t r ans fe r  to f a c i l i t y  power* Consequently, o i l  flowed to 

the  Hg PMA a f t e r  ro ta t ion  ceased and o i l  probably reached the mercury through 

the  space sea l .  

The boi le r  had become deconditioned. 

When 

This shutdown was automatic and 

A t  0154 on 13 Apri l  1966, a d ip  occurred i n  TAA speed. 

During the  next few minutes, several  dips took place. At 0205 hours, the 

system was shut down pending analysis of the  speed var ia t ion  problem. 

It was decided t o  terminate Step 2 tes t ing .  This 

decision was based upon the  following system problems: 

a. The bo i l e r  w a s  deconditioned. I n  t h i s  deconditioned 

s t a t e ,  the  maximum mercury flow r a t e  obtainable with superheat would be about 

7000 lb/hr.  

b. Both NPMA's were inoperative which would require  

This condition would make the  planned determination of t he  using EM pumps. 

system minimum s tab le  operating point l e s s  accurate. 

c; With the  l imited mercury flow ra te ,  the  maximum 

system e l e c t r i c a l  output would be l e s s  than the  5 l - k ~  requirement fo r  the 

remaining planned e l e c t r i c a l  controls t e s t s .  

111-10 



Report No. 3233 

d. With t h e  impaired bo i l e r  performance, the  planned 

system t e s t i n g  would not be possible. 

Thus, Step 2 t e s t i n g  terminated a t  02.05 hours on 

13  Apri l  1966. 
was terminated p r io r  t o  completion of a l l  the  planned tes t ing,  a subs tan t ia l  

par t  (approximately 62%) of the  t e s t i n g  w a s  completed. 

The t o t a l  run time w a s  300 hours 31 minutes. Although Step 2 

3. Test Results 

A complete discussion of t he  tes t  r e s u l t s  from the  Step 2 

t e s t i n g  i s  too extensive f o r  inclusion herein. 

maries of t he  r e su l t s .  

Test Report, TM 4952:66-414 (Reference 3 ) .  

Listed below a re  b r i e f  sum- 

The d e t a i l s  are presented i n  the  PCS-1 Phase I V  Step 2 

a. Boiler 

The performance of t h e  bo i l e r  during Step 2 was very 

good. From t h e  beginning of  tes t ing ,  t h e  bo i l e r  was conditioned. The only 

l imi ta t ion  on boi le r  performance was t h a t  it d id  not appear t o  be as completely 

conditioned as during previous t e s t i n g  i n  Step 1. No problems were experienced 

with the  boi le r  during Step 2 u n t i l  s t a r tup  9 on 12 Apri l  1966. At t he  time of 

t h i s  startup, the  bo i l e r  w a s  deconditioned as a r e s u l t  of o i l  contamination 

during t h e  preceeding shutdown. 

The boi le r  performance w a s  analyzed i n  terms of  

mercury pressure drop, o u t l e t  mercury pressure, s t a b i l i t y ,  terminal temperature 

difference, inventory sh i f t ,  l i qu id  carryover, and NaK-side pressure drop. 

The da ta  were correlated with Step 1 data. 

b. Condenser 

The s c a t t e r  i n  ove ra l l  heat- t ransfer  coef f ic ien t  

values was considerable. 

area derived from pressure data  was 1124 Btu/hr-ft2-OF with a standard devia- 

t i o n  of C2l7. 

NaK temperature p r o f i l e  data  was 1306 Btu/hr-ft2-"F with a standard deviation 

The average overa l l  coef f ic ien t  based on a condensing 

The average ove ra l l  coef f ic ien t  based on an area derived from 
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of 2337, 

Btu/hr-ft2-"F with a standard deviation of k138. 
of the Step 1 data, it i s  recommended t h a t  the  overa l l  coef f ic ien t  of Step 1 

remain the  established reference value. 

By contrast ,  Step 1 data  indicated an  ove ra l l  coef f ic ien t  of 1090 

Because of t he  l e s se r  s c a t t e r  

The condenser performance w a s  mapped i n  terms of 

condensing pressure versus condensing length with HRL flow rate, NaK i n l e t  

temperature, and mercury flow r a t e  as parameters. 

with Step 1 data. 

The data were correlated 

c . Turbine -Alternator A s  s emb ly 

Three TA assemblies were t e s t ed  i n  Step 2 of PCS-1 

Phase IV,  bringing the  number of SNAP-8 TA assemblies t e s t ed  t o  date  i n  the 

SNAP-8 Program t o  four. A l l  of these u n i t s  have been analyzed t o  determine 

t h e i r  performance and have been interpreted on a comparative basis .  

The following overa l l  conclusions a re  drawn, r e -  

garding TAA performance i n  Step 2: 

(1) The S/N A-2 un i t  2/3 degraded a f t e r  about 

88 hours of operation. 

(2 )  The 2/3 un i t  (before degradation) performed 

the  same as, or s l i g h t l y  be t t e r  than, the  3/2 uni t .  

(3)  The S/N A-1 un i t  5/2  and the  S/N A-3 un i t  

6/1 performed es sen t i a l ly  the  same as u n i t  2/3 after degradation, 

(4) The power performance of u n i t s  5/2 and 6/1 
may, or may not, be due t o  degradation a t  s tar tup.  The poorer performance 

may be the  r e s u l t  of differences i n  buildup tolerances, etc.  

Table 111-6 summarizes the  h is tory  of  a l l  the  

T u ' s .  Included a re  run dates,  t o t a l  operating times, number of s t a r t s ,  and 

causes of f a i lu re .  
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d. Pa ras i t i c  Load Resistor 

The PLR performed w e l l  with no apparent problems. 

The data were checked 

The 

NaK pressure drop compared w e l l  with Step 1 data. 

t o  determine i f  there  were any hot  spots along the  outer  surface of t h e  PLR. 

The surface thermocouples a l l  indicated temperatures equal to, or less than, 

t h e  PLR NaK ou t l e t  temperature. There appears to be no problem with loca l ized  

heating. 

e. Pump-Motor Assemblies 

The performance of each pump-motor assembly used 

i n  Step 2 w a s  analyzed and compared with earlier component tes t  data. 

following conclusions a r e  drawn regarding the  performance of t he  PIVIA'S: 

The 

- The overa l l  performance was good. 

- The minor discrepancies noted i n  the  head- 
capacity curve a r e  probably due t o  
instrumentation e r rors .  Step 3 tests 
i n  PCS-1 Phase I V  w i l l  provide t h e  
opportunity f o r  ve r i f i ca t ion  of 
performance. 

- The only problem was a fa i led motor 
due t o  mercury i n  the  motor. 
operating procedure problem and not a 
Hg PMA design problem. 

Tcxis was an 

- Step 2 operating t i m e  w a s  302 hours. 

- The head-capacity performance w a s  good. 

- The power requirement w a s  higher than 
usual. This i s  considered to be from 
extra  drag due to mercury i n  the  motor 
cavity.  

- Step 2 operating time w a s  402 hours. 

(3) ~~ .NPIVIA 

- The head-capacity performance w a s  good. 
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- The PMA f a i l e d  a t  t h e  end of S t a r t  8 after 
264 hours due to a f a i l e d  s t a t o r  can and 
e l e c t r i c a l  short .  

(4 )  Primary NPMA 

- The head-capacity performance was good. 

- The power requirement w a s  low due to low 
f r i c t i o n  losses  because of i n su f f i c i en t  
f l u i d  i n  t h e  motor cavity.  

- Failure  occurred af ter  1.6 hours p r i o r  to 
S t a r t  1 due t o  over-temperature from gas 
entrapment. 

S/N A-2 

- The head-capacity performance w a s  good. 

- The power requirement was high due to a 
f a u l t y  motor winding. 

- The un i t  f a i l e d  t o  develop adequate torque 
between S t a r t s  3 & 4 due to substandard 
motor performance. 

- The operating t i m e  was 49 hours. 

S/N A-7 

- The overa l l  performance w a s  good. 

- The un i t  developed a rub between the  i m -  
p e l l e r  back vane and t h e  pump housing 
during S t a r t  9. 

- The operating t i m e  was  270 hours. 

f e E l e c t r i c a l  Controls Tests 

Testing of the  speed cont ro l le r  and voltage regu- 

l a t o r  w a s  in terrupted a t  t h e  end of t he  f irst  of a 4-part series of tests but 

not before severa l  s ign i f icant  items of information were- obtained. The 

information obtained from the  t e s t s  performed i s  as follows: 
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(1) Speed dip and rise is significantly reduced 
when the PMA's are operated on T.AA 400 cps power as opposed to operating on 
facility 400 cps power. 

(2) Speed dip and rise is further reduced when 
lagging power-factor vehicle loads are applied as compared to unity power- 
factor loads. 

(3) Voltage dip and rise is increased when lag- 
ging power-factor vehicle loads are applied as compared to unity power-factor 
loads. 

(4) Steady-state voltage and speed regulation from I 

zero to full vehicle load is well within design limits. 

(5) Optimum values of resistance and capacitance 
in the R-C rate feedback speed stabilization circuit were determined. 
critical damping was realized when vehicle load was added; slightly under 
damped operation was obtained when vehicle load was removed. The exact values 
of resistance and capacitance are not critical as changes of 25% were barely 
detectable. 

Near- 

( 6 )  Minimum parasitic load appears to be about 
200 watts per phase or 600 watts total (3-phase). 
calculations. 

This agrees well with design 

( 7 )  Successful transfers of 35 kw between the 
vehicle load and the parasitic load resistor were made repeatedly during the 
testing of Step 2. This represents a major accomplishment since this is the 
most stringent condition the speed-control system experiences,.. 
load transfers, the recovery time and speed variations remained within their 
design objectives (+20 cps with damping times less than five oscillations.) 

During these 

g* Radiator-Simulation 

One of the objectives of Step 2 testing in PCS-1 

Phase IV was to determine the capabilities and limitations of the HRL cooler 
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and cooler bypass i n  order to simulate the  response of a f l i g h t  r ad ia to r  during 

a s ta r tup .  

The following conclusions are made from the  tes t ing :  

(1) The time responses of t he  automatic and manual 

louver control  systems i s  e s sen t i a l ly  the  same. 

( 2 )  The manual control  i s  preferable over the  auto- 

matic control  f o r  rad ia tor  simulation work. The automatic control  has secondary 

e f f ec t s ;  %.e., the  temperature overshoots and, on occasion, t he  temperature has 

been observed to s t a r t  i n  t he  opposite d i rec t ion  from the  s e t t i n g  it i s  seeking 

when the  s e t t i n g  i s  changed s l igh t ly .  

( 3 )  The bypass flow r a t e  is very controllable.  

(4) The response to a change i n  bypass flow i s  

very rapid;  much f a s t e r  than required for rad ia tor  simulation. 

(5 )  The ove ra l l  concilusion i s  t h a t  the  response 

time of t he  loop appears to be su f f i c i en t ly  rapid t h a t  the  cooler bypass w i l l  

not be needed i n  Step 3 s ta r tups  to simulate rad ia tor  e f fec ts .  Radiator 

simulation can be achieved through manual louver control.  

h. System S t a b i l i t y  

The system s t a b i l i t y  indicated by t h e  magnitude of 

bo i le r  o u t l e t  pressure var ia t ions  was good during Step 2* 

of maximum pressure var ia t ions  of +.2.5% at  a 30°F bo i l e r  pinch point tempera- 

t u re  difference has e s sen t i a l ly  been met ( C 2 . 7 % ) ,  

sure var ia t ions  which were somewhat less (C2.0$). 

var ia t ions  of Step 1 a r e  l i k e l y  due to a s l i g h t l y  greater  degree of bo i l e r  

conditioning. 

The design object ive 

Step 1 data  indicated pres- 

The l e s se r  pressure 

An important question which has been answered from 

t h e  t e s t i n g  i s  the  re la t ionship  between bo i l e r  o u t l e t  pressure f luctuat ions and 

condensing pressure f luctuat ions.  Variations occur a t  both of these system 

locations,  but t he  question has previously been unanswered as  to whether these 
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var ia t ions  a t  these two locations a re  generated separately or are in t e r -  

re la ted.  Data have been gathered which provide conclusions. The pressure 

var ia t ions  a t  the  bo i l e r  and condenser were found t o  be d i r e c t l y  r e l a t ed  t o  
one another i n  magnitude and were found to be i n  phase. 

i. Operation With 35-kw Vehicle Load 

The reference e l e c t r i c a l  output of SNAP-8 i s  35-kw 

vehicle load. One of t he  objectives of Step 2 t e s t i n g  was t o  demonstrate 

s t ab le  operation a t  t h i s  reference condition. The 35-kw vehicle  load con- 

d i t i o n  was established on 30 March 1966. 
condition with adequate s t a b i l i t y .  

g rea te r  than 35 kw because of losses  between the  a l te rna tor  which need not 

be charged against  t he  vehicle  load. 

The system performed wel l  a t  t h i s  

Actually, t he  power l eve l  was 1-2 kw 

Although the  35-kw vehicle load was established, it 
did not represent a completely sa t i s f ac to ry  system operating p o i n t .  I n  

several  aspects, the  system w a s  so far off-design t h a t  the  test could not be 

considered a p rac t i ca l  space-operational condition (mercury flow-rate,  13,200 

lb/hr;  bo i le r  NaK i n l e t  temperature held a t  higher end o f  reac tor  deadband; 

condenser NaK i n l e t  temperature ,< 425°F) a 

j .  System Mapping - Constant Mercury Inventory 

This phase of t e s t i n g  evaluated the  e f f ec t s  of var ia-  

t ions  i n  boi le r  NaK i n l e t  temperature with constant system mercury inventory. 

Primarily, t he  objective w a s  to observe the  system response to temperature 

var ia t ions  simulating the  perturbations t o  be imposed by the  reactor.  The 

t e s t i n g  w a s  out l ined t o  cover a range of NaK temperatures f o r  grea te r  than 

j u s t  t h e  normal range of t he  reactor .  The in t en t  of the wider range was t o  

gather basic  off-design data fo r  t he  system and components. 

A summary of t he  system response i s  given i n  

Table 111-7. This t ab le  l i s t s  a l l  the system parameters evaluated and gives 

the  magnitude and cause of the  pa r t i cu la r  response observed. 

has been made between the  t e s t  da ta  and the  data  obtained from the  SCflN 

A comparison 

111-17 



Report No. 3233 

computer program. The independent var iables  of the t e s t  data points were used 

as computer input. The computer r e s u l t s  a l s o  a r e  l i s t e d  i n  Table 111-7. The 

overa l l  r e s u l t s  look good. All t he  observed system trends are normal. The 

agreement between the  t e s t  data and SCAN data is  likewise sat isfactory.  

k. System Mapping - Variable Mercury Inventory 

This phase of t e s t i n g  evaluated the system response to 

changes i n  the  amount of mercury inventory i n  the system. Inventory var ia-  

t ions,  such as from space s e a l  leakage, can poten t ia l ly  make s igni f icant  

changes i n  the system performance. The t e s t i n g  was outlined to cover a wide 

range of system inventory var ia t ions i n  order to obtain general off-design 

performance data  i n  addition to t he  basic e f f ec t s  of inventory loss. 

A typ ica l  example of the system response i s  given i n  

Table 111-8. This t a b l e  i s  only f o r  one par t icu lar  combination of mercury 

flow, €lRL flow, and NaK i n l e t  temperature to the condenser and i s  included 

here as an example of the t e s t  r e su l t s .  

various system parameter changes i n  system mercury inventory. A l i s t i n g  of 

t he  causes of t he  observed changes also i s  included. The SCAN computer 

program a l so  was used here to provide a comparison with t e s t  data. 

a r e  normal and consistent and a comparison between t e s t  data and SCAN data 

shows a good correlat ion of  trends. 

Table 111-8 l i s t s  t h e  e f f ec t s  on 

The data 
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TABLE 111-1 

SUMMARY OF PCS-1 INSTFUMENTATION MEASURING ELEMENTS 

Type Element 

AbS Press 
Trans duce r s 

Di f f e ren t i a l  
Pressure 
Transducers 

Visual Pressure 
Gages 

No. of $I of 
T o t a l  Units 

66 9.1 

22 3.0 

Thermocouples 292 40.3 

E lec t r i ca l  
(Voltron E.I.W. ) 

Elec t r i ca l  
(Visual)  

55 7-06 

72 9.9 

Misc. * 112 15.3 

Spares Ins t a l l ed  56 74 7 

Total  726 100 

* 
Mise. includes i t e m s  such as: flow, l eve l ,  speed, vibrat ion,  
valve posi t ion,  counters and timers, e t c .  

Table 111-1 
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TABLE 111-2 

S m R Y  OF PCS-1 INSTRUMENTATION - FINAL ELEMENTS 

No. of $ of 
Recorder or Indicator  Units Total 

DDAS* 269 43.7 

S t r i p  Chart Recorder 
(SR) 37 6.0 

Brush 6 1.0 

Dymec 4 0.6 

Control Console 
Temp. Monitor 36 5.7 

Overhead Meters 34 5.5 

Alnor Heater 
Sheath Monitor 33 5.4 

Visual Press 51 8 .3  

Event Recorder (ER) 17 2*8  

Indicator  
(control  console )** 14 2.3 

Meters (Cell  4)** 59 9.6 

Multipoint Recorder 
(MR) 56 9.1 

Total 616 100 

* 
Ten functions are on high speed DDAS sampling rate. 
t o t a l  DDAS channel u t i l i z e d  i s  359. 
These meters and indicators  are provided by the  E lec t r i ca l  
Controls Group. 

Therefore, 

-M 
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TA&E 111-4 

OBJECTIVES ACCOMPLISHH) 
PCS-1 PHASE I V  STEP 2 

Percent of 

I n f o m t i o n  
Required 

mange i n  Test Requirements* Gathered* 

Boiler conditioned 100 

None 100 

None 100 

Test 
Boiler Condxtioning 

Establish Reference 
Condition 

Monitor Reference 
Condition fo r  
Degradation 

Establish 35 Inr 
Vehicle Load 
Condition 

!CAA Mapping: 

SIN 2/3 
S/N 5/2 

S/N 6/1 

System Mapping 
Constant Inventory 

System Mspping 
Variable Inventory 

Maximum Power 
Capability 

Minimum Flow 
Capability 

KFZ Cooler Control 
Response 

HFZ Cooler By-Pass 
Evaluation 

L/C Temperature 
Variations 

Startup Tests 

Electr ical  Controls 
Tests 

Boiler Fa Condenser 
Napping (From Step 1) 

Kg FCV T e s t  

Hg PMA L/C Flow Tests 

NaK PMA Tests 

None 100 

Timeto 
Perform = Further Testing Required- 

24 None 

5 None 

30 None 

5 None 

Reduced by 25% due t o  TAA degradation 

Reduced by 8 6  due t o  poor !CAA 
performance 

Reduced by 8G$ due t o  poor TAA 
perfomance 

Reduced by 4@. 
necessary t o  accomplish objectives 

Reduced by 25%. 
necessary t o  accomplish objectives 

No ne 

None 

Reduced by 4@. 
necessary t o  accomplish objectives 

Reduced by 75%. 
necessary t o  accomplish objectives 

None 

Reduced by 7@. 
required t o  accomplish Objectives 

Reduced by 5@. 
required t o  accomplish objectives 

None 

None 

None 

None 

All  data points not 

A l l  data points not 

All data points not 

All  data points not 

All data points not 

All data points not 

100 
100 

0 

25 

30 None 
10 None 

10 Test not completed due t o  tenoination 
of Step 2. No further tes t ing planned. 

Information w i l l  be obtained i n  Step 3. 25 

100 36 None 

100 5 None 

0 5 Infomation w i l l  be obtained i n  Step 3 

100 8 None 

100 8 None 

0 8 Information wi l l  be obtained I n  Step 3 

0 12 Infomation w i l l  be obtained i n  Step 3 

30 45 Infomation w i l l  be obtained i n  Step 3 

0 14 Information w i l l  be obtained i n  Step 3 

100 

0 

20 

10 

5 
24 

Specific t e s t  not m, but data a re  
available 

Infonnation wi l l  be obtained i n  Step 3 
Remainder t o  be done i n  LNL-3 

TOTAL S W  2 TESTING ACCOMPLISHED = e - 
*man e i n  Test Re uirements - As tes t ing pmceeded, some of the or iginal ly  planned data points were eliminated. m e  data points retained represented 
thosz necessary t," achieve the objectives of the tes t .  As an example, since the turbine (S/N 2/3) degraded, it was M t  necessary t o  go through a l l  the 
data points for  e complete performance mapping. 
four ( in  the in t e re s t  of savlng time). 

Percent of Required Information Gathered - lhis is the percentage completed of the data required i n  the column "Change i n  Test Requirements." 

Further Testing Required - This allows time for t e s t ing  w t  Completed i n  Step 2 t o  be completed i n  Step 3. 
Total Step 2 Testing Accomplished - l h i s  i s  the percentage of the information needed fmm Step 2 that was actual ly  obtained. 
is weighted according t o  the time required t o  perfom each t e s t ing  phase. 

Data points a lso w e r e  eliminated on the basis of needing OW three points on e curve rather  than 

*x 

lcyI 

xxxx me percentage 

Table 111-4 
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1. 

2. 

3- 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

ADDITIONAL SIGNIFICANT ACCOMPLISIlMENTS 
PCS-1 PHASE IV STEP 2 

Demonstrated t h a t  b o i l e r  conditioning i s  permanent and unaffected 

by s ta r t -ups  and shutdowns provided o i l  and/or o ther  contaminants 

a r e  not introduced. 

Established vacuum decay requirements f o r  t he  Hg loop. 

Determined performance o f  EM pumps and NaK PMA's i n  s e r i e s .  

Determined b o i l e r  s t a r t -up  charac te r i s t ics .  

Delivered 35 kw vehicle  load with a l l  PMA's on T!AA power. 

Successfully t ransfer red  35 kw between the  PLR and the  vehicle load 

bank. 

Demonstrated high-temperature operations of NaK M ' s .  

Demonstrated adeqpate voltage regulator  and speed control  s t a b i l i t y  

and regulation. 

Deiqonstrated the  capabi l i ty  t o  shut down the  system, remove 

noncandensibles, and r e in j ec t  mercury i n  14 minutes. 

Found mechanical weaknesses of the  turbine and a l t e rna to r .  

Learned t h a t  the NPMA impeller back-vane to.housing clearance 

requires a change ( increase)  e 

Flowed the  NPMA a t  160 gpm (highest  flow ever t e s t ed ) .  

Table XII-5 
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Heat Input t o  Boiler 

Condensing Pressure 

W b i n e  Inlet 
Temperature 

Turbine In l e t  
Pressure 

Boiler Mercury 
O u t l e t  Pressure 
Boiler Mercury 
Outlet Temperature 

H e a t  Rejection 

Boiler Pinch-pint  
Temperature Difference 

BDilcr Mercury 
Preasure Drop 

Boiler Mercury 
In l e t  Pressurn 

Condenser NaK 
Outlet Temperature 

Condenser Inventory 

Alternator Output 

Mercury Liquid Flow 

Boiler Gvtlet Pressure 
Ins t ab i l i t y  

Effect of Varying Temperature 
Fmm 1330 to U8O0F 

Test nata 

1% increase 

No noticeable 
change 

3OoF decrease 

0.8 ps i  
decrease 

0.8 psi 
decrease 

45OF decrease 

No noticeable 
change 

45OF decrease 

3 ps i  

4 D t l i  

decrease 

decrease 
lb noticeable 
change 
4.1b decrease 

0.5 kw decrease 

100 lb/hr 
increase 

+I.@ increase 

SCAN Data 

1% increase 

0.1 psi 
increaee 

5OoF decrease 

0.5 Psl 
decrease 

45°F decrease 

A kw increase 

45OF decrease 

6 psi 
decrease 

7 psi 
decrease 

SrO noticeable 
change 
5-lb decrease 

0.3 kw decrease 

100 lb jh r  
increase 

Effect of Varying Tem rature 
From 160 to 1213% 

Test &ta 

0 . d  decrease 

No noticeable 
change 

5OoC decrease 

1.2 psi 
decrease 

2.4 psi 
decrease 

45OF decrease 

No noticeable 
change 

35OF decrease 

8 psi 
decrease 

9 ps i  
decrease 

No noticeable 
change 

8-lb decrease 

0.8 kw decrease 

100 lb jh r  
increase 

~1.3% increase 

0.1 ps i  
increase 

5O0F decrease 

0.8 ps i  
decrease 

1.1 psi 
decrease 

45OF decrease 

1 kw increase 

45OF decrease 

10 psi 
decrease 

10 psi 
decrease 

Eo noticeable 
change 
10-lb decrease 

0.3 kw decrease 

100 lb/hr 
increase 

Explanation of Effect  

iiet effect  of decreased heat t ransfer  
potent ia l  and increased mercury flow rate 
N e t  effect  of increase i n  mercury flow 
rate and deerease i n  turbine exhanst 
enthalpy 

Boiler terminal temperature difference 
remains essent ia l ly  wnstant .  Difference 
between test and SCAN data Possibly due 
t o  vapor l i n e  heatere 

F l o w  passes thmugh turbine a t  lower 
Presaure due to higher density caused 
by l o w e r  temperature and/or higher 
carryover 

Lower turbine inlet pres~ure 

Boiler termiasl temperature difference 
remains essent ia l ly  constant 

Increased system heat input 

Pinch-point follows XaK i n l e t  temperature 

h e r  pinch-pint  temperature difference 

Greater mercury l iquid flow rate 

Decrease i n  bo i l e r  pinch-pint  temperature 
difference cauees increase i n  boi ler  
inventory 

Lower turbine i n l e t  temperature and more 
l iquid carryover 

Lower bo i l e r  memury pressure drop and 
higher mercury wpr  density 

Lower boiler pinch-pint  temperature 
difference 
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IV. POWER CONVERSION SYSTEM G (PCS-G) 

A. NUCLEAR SYSTEM LIAISON 

Detailed l i a i s o n  with reference to t he  Ground Prototype Test 

F a c i l i t y  (GPTF) a t  Santa Susana was resumed i n  January. Since very l i t t l e  

detai led observation of t h e  NS system-shakedown t e s t  support equipment had 

taken place i n  the preceeding twelve months, s teps  were taken to obtain and 

review the  f a c i l i t y  system i n  the as-bui l t  condition. 

I n  order to assure a consistent understanding between Aerojet- 

General Corporation and Atomics Internat ional  on the al locat ion of space, 

piping penetrations, e l e c t r i c a l  services and f a c i l i t y  constraints,  AGC pre- 

pared a f a c i l i t y  constraints  document. 

addi t ional  data  was considered desirable fo r  inclusion i n  t h i s  interface 

document, including (1) ant ic ipated access time t o  equipment within the vaul t  

and (2)  t he  required provision f o r  diss ipat ion of decay heat following shut- 

down. Both of these matters have been defined; however, the system implica- 

t i ons  of decay heat removal await a coordinated design e f fo r t ,  which has not 

begun. 

Following an i n i t i a l  review by A I ,  

While no areas of incompatibility were disclosed by the in te r face  

review, discussions have been i n i t i a t e d  to improve access f o r  AGC piping and 

to modify the pressure drop i n  t he  primary loop. 

A t  the request of AGC, A I  supplied updated t rans ien t  response and 

performance charac te r i s t ics  f o r  t he  S8DS reactor.  These a re  being employed 

i n  the  updating and reevaluation of the reactor  and power-conversion-system 

s t a r t u p  analysis.  

B. POWER CONVERSION SYSTEM G 

1. Analysis 

Studies by the  LeRC Project Office and Aerojet indicated t h a t  

one of the long-range goals for SNAP-8 w a s  a system t h a t  w a s  both instrument 

I V - 1  
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rated and man rated.  For man-rating, it becomes highly desirable  t o  incor- 

porate redundancy, res tar t -capabi l i ty ,  and maintainabili ty.  

Man ra t ing  dictated a major change i n  configuration: The 

reactor, which had been a t  the "top" (gravity-wise) i n  the instrument ra ted 

PCS, needed t o  be more remote; it was placed a t  t he  "bottom" (See Figure IV-1). 
This change w a s  caused by the des i r e  t o  place the reactor  as far from the 

manned core of t he  space s t a t i o n  as possible; e.g., a t  the outboard end of a 

ro ta t ing  spoke. I n  addition, s tudies  shoxed t h a t  f o r  a lunar base applica- 

t ion,  it would be desirable  t o  have the reactor "down"; i . e . ,  on the ground 

where it could be more readi ly  shielded by burying it o r  by placing shielding 

material  around it. 

Redundancy and maintainabili ty demand t h a t  as much as possible 

of the PCS i s  avai lable  f o r  maintenance; however, the radiat ion l e v e l  a l so  must 

be reduced s u f f i c i e n t l y  t o  permit manned access t o  the area. Consequently, a 

biological  sh ie ld  w i l l .  be inser ted between the highly radioactive primary loop 

(including the  bo i l e r )  and the  remainder of the PCS. 

Exclusive of t he  primary loop, redundancy w i l l  be accomplished 

by mounting two PCSs, one i n  each half  of' t he  conical section, above the bio- 

log ica l  sh ie ld  (see Figure IV-2). 

An evaluation of t he  f u l l  impact of these new c r i t e r i a  (man 

rating, maintainabili ty,  redundancy, and r e s t a r t  capabi l i ty)  w i l l  occupy a 

major portion of t he  e f f o r t  f o r  t he  next s i x  months. 

A review of t he  location of the P a r a s i t i c  Load Resistor 

(PLR) i n  the  primary loop w a s  undertaken. 

hot l e g  of t h e  heat re jec t ion  loop. 

primary loop i n  order t o  improve access ib i l i t y .  

The PLR w i l l  be relocated i n  the  

The PLR was removed from the radioactive 

Preliminary t e s t  plans and a PCS-G flow schematic (Dwg 

095540), re f lec t ing  both requirements of t he  nuclear and nonnuclear t e s t s ,  were 

prepared and issued. Preliminary input w a s  given t o  t he  Specifications and 

Standards Section f o r  preparation of  a PCS-G specification. The format and 

Iv-2 
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content of t he  PCS-G spec i f ica t ion  w i l l  be similar t o  E x h i b i t  I1 of NASA 

Document MPC 500-1, t he  Apollo Configuration Management Manualo 

2. PCS-G Performance Defini t ion 

A preliminary analysis  of t he  PCS-G w a s  made on the  bas i s  

of avai lable  component performance information. The r e su l t s  ind ica te  t h a t  it 
i s  unlikely t h a t  35 kw w i l l  be avai lable  a t  t h e  vehicle load without changes 

i n  component perf ormance. Specif ic  areas t h a t  require improvement include 

mercury bo i l e r  ou t l e t  pressure s t a b i l i t y  and carryover, and turbine per- 

f ormance * 

Revised and updated component performance information was 

obtained. These data,  i n  conjunction with the  l a t e s t  S8DS performance 

information, were used to develop performance envelopes of each of the  major 

subsystems Subsystems include the  primary NaK loop, mercury loop, lubricant-  

coolant loop, heat-reject ion loop, e l e c t r i c a l  controls system, and the  in -  

tegrated performanee of t he  inve r t e r  and NaK PMAs. 

data indicated t h a t  bo i l e r  and turbine performance s t i l l  require improvement 

i n  order to produce 35 kw. 

The updated component 

The system output presumes a change i n  the  vehicle-load 

power f ac to r  from .75 t o  .85, lagging. 

t r o l  from 400 - +1 t o  400 - +2 cps (as suggested by NASA) was not incorporated 

s ince it would represent no increase i n  net  power output. 

The allowed change i n  frequency con- 

I n  t h e  analysis, t h e  primary loop operating point w a s  based 

on t h e  reac tor  operating envelope shown i n  Figure 1 of A I  l e t te r  66~~-1181,  
dated 30 March 1966, and a minimum b o i l e r  pinch-point temperature difference 

of 30°F. 

thermal power input  and turbine i n l e t  pressure of 500 kw and 237 ps ia ,  res- 

pectively. 

flow of 11,600 lb/hr. 

components w a s  29.2 kw. The changes i n  components re fer red  t o  above and the  

resu l t ing  increase i n  output are referenced t o  t h i s  value and are shown i n  

These two constraints  resu l ted  i n  the  se lec t ion  of an optimum bo i l e r  

The ava i lab le  thermal power to t h e  bo i l e r  results i n  a mercury vapor 

The resu l t ing  output power with no changes i n  t h e  -1 

IV-3 
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Table I V - 1  with the  s t a t e  point shown i n  Figure IV-3 .  Recommended changes 

f o r  obtaining system output power of 35 kw w e r e  submitted t o  NASA-LeRC f o r  

comment. 

Subsequent t o  the submittal  of the  above recommended state 

point ,  NASA-LeRC indicated t h a t  AGC w a s  not t o  pursue the  modification of any 

components other  than ref ining the  aerodynamics of the turbine t o  improve i t s  

efficiency. I n  addition, Atomics Internat ional  relaxed the  reactor  power -AT 

operating envelope t o  t h a t  shown i n  Figure 1 of A 1  l e t t e r  66AT-3446, dated 

20 June 1966. 
pressure a r e  535 kwt  and 252 psia ,  respectively.  

increases t o  12,400 lb/hr.  

t o  35 kwe. 

crease the  net  e l e c t r i c a l  output t o  36 kwe with no addi t ional  component changes. 

The r e su l t s  of t h i s  l a t t e r  analysis  w e r e  being forwarded t o  NASA-LeRC a t  t h e  

end of the report  period and are shown i n  Figure I V - 4  and Table IV-2- 

The resu l t ing  allowable b o i l e r  thermal power and turbine i n l e t  

The mercury vapor flow r a t e  

The reference output increases approximately 4 kw 

The turbine eff ic iency increase of 3 percentage points  w i l l  i n -  

3 .  PCS-G Design 

The PCS-G design e f f o r t  w a s  pursued on a l i m i t e d  bas i s ,  

pending completion of the  system defini t ion.  

The changes proposed i n  the  system and i n  the  PCS configura- 

t i o n  have been evaluated with respect t o  po ten t i a l  hardware design problems. 

No addi t ional  design problems have accrued from the  proposed changes i n  the  

system and i t s  configuration. 

Preparation of computer codes for determining f r i c t i o n  losses ,  

hydraulic e levat ion heads, loop flow rates, hoop stresses, and hanger distances 

f o r  the S W - 8  piping systems const i tuted the  other maQor technical  e f f o r t  

during t h i s  period. 

C. TEST SWPORT EQUIPMENT 

Documents which define the  f a c i l i t y  constraints  on test support 

equipment design t h a t  are imposed by t h e  GPTF i n  Santa Susana and by Building 

187 a t  Von Karman Center, have been prepared. The document f o r  GPTF ("Ground 

I V - 4  
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Prototype Test F s c i l i t y  Constraints on Test Support Equipment fo r  PCS-G") was 

prepared, reviewed with Atomics Internat ional ,  marked up w i t h  appropriate 

revisions,  and i s  ready for  forwarding to Atomics In te rna t iona l  fo r  concur- 

rence. 

on TSE f o r  PCS-G"), including an  addendum for instrumentation and control  

systems constraints ,  w a s  issued as TM 4964:66-399, (Reference b ) .  

The document f o r  Building 1-87 ("Building 187 Test F a c i l i t y  Constraints 

The t e s t  support equipment moclules selected f o r  planning 'purposes 

i n  ear ly  1965 ( i n  accordance with AGC Drawing 70143; "P & I Diagram, GPTF Test 

Equipment, Special  Module Issue") were l a i d  out on a gross basis  such t h a t  

each module could be assigned one o r  more rectangular configuration. 

configurations were placed on isometric sketches of Cell  4, Building 187, and 

the  GPTF. Two arrangements were developed for  each f a c i l i t y  and a re  shown i n  

Figures IV-5, IV-6, IV-7, and IV-8. Arrangements f o r  the  two f a c i l i t i e s  have 

qua l i t a t ive  value only because of t he  uncertainty i n  module se lec t ion  and 

s iz ing.  

of new flow schematics and subsequent se lec t ion  and s iz ing  of new modules. 

These 

Further work on f a c i l i t y  layouts w i l l  be performed a f t e r  development 

A rough d r a f t  o f  the  PCS-G TSE Functional Requirements and Design 

C r i t e r i a  has been prepared and issued f o r  comments. A marked up copy of t h i s  

d r a f t  i s  being u t i l i z e d  as the  bas i s  f o r  preparation of  a conceptual flow 

schematic fo r  t he  tes t  complexes i n  GPTF and i n  Bldg 187. 
diagram fo r  t h e  PCS-G portion of t he  t e s t  complex has been completed and is 
shown i n  Figure IV-9. This diagram was developed from the PCS-G schematic 

(Dwg 095540) with some ant ic ipated changes such as delet ion of the  second NaK 

pump-motor assembly i n  the  primary loop. Also, the  mercury in jec t ion  system 

was shown as an undefined box only, due t o  lack of de f in i t i on  resu l t ing  from 

r e s t a r t  requirements. A t  t h i s  t i m e ,  rough diagrams ex i s t  f o r  the mercury loop, 

A preliminary flow 

the  lubricant-coolant loop and t h e  primary loop t e s t  support equipment which 

a re  i n  the  process of being added t o  the  PCS-G portion. 

The Test Complex Flow Schematics w i l l  be arranged to ind ica te  the  

locat ion of equipment i n  each sect ion of the  f a c i l i t y .  A t  t h i s  t i m e ,  p r i o r i t y  

i s  being given to development of t h e  GPTF t e s t  complex flow schematic. 

IV-5 
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TABLE I V - 1  

EFFECT OF COMPONENT CHANGES ON PCS-G OUTmTT POWR* 

N e t  Increase 
Over Reference Total  N e t  

Change Output of 29.2 KW Output KW 

a .  Increase t h e  e f f ec t ive  turbine Xt t o  56%. + 3.0 kw 32.2 kw 

b. T r i m  PNL, HRL, and L/C pump impellers. + .4  kw 32.6 kw 

e. Reduce TAA s l inge r  back pressure and + .5 kw 33.1 kw 
increase L/C terqperature in to  t h e  
bearings. Resulting increase i n  seal 
leakage is negl igible .  

ou t l e t .  

by 1.2 psia.  

control.  

d. Close couple mercury PMA t o  the  condenser + .5 kw 33.6 kw 

e.  Reduce requirement f o r  mercury PMA WSH + 1.4 kw 35.0 kw 

f .  Incorporate condensing temperature + 2.5 kw 37.5 kw 

g. Bedesign or eliminate Hg PMA motor + .7 kw 38.2 kw 
s cavenge r . 

h. Correct a l t e r n a t o r  power f ac to r  t o  .92. + 1.0 kw 39.2 kw 
i. Reduce bo i l e r  m/P t o  - +1$. + 1.0 kw 40.2 kw 

j .  Reduce bo i l e r  carryover by 2% points + 1.3 kw 41.5 kw 

k. Change speed control  system t o  s o l i d  + .5 kw 42.0 kw 

from 4% t o  2%. 

s t a t e .  

* * 
Referenced t o  Reactor Constraint shown i n  A I  l e t te r  6 6 ~ ~ - 1 1 8 1  dated 30 March 
1966. 

Table I V - 1  
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TABLE IV-2 

EFlFECT OF COMPONENT CHANGES ON PCS-G OUTPUT POWER* 

N e t  Inc reas e 
Over Reference Total  N e t  

Change Output o f  29*2 KW Output Kw 

a. (No change.) Increase t h e  e f f ec t ive  + 3.0 kw 36.0 kw 
turbine 3t t o  56%. 

b. (Formerly I t e m  i. ) Reduce bo i l e r  M/P + 1.0 kw 37.0 kw 

c .  (Formerly I t e m  j.) Reduce bo i l e r  carry- + 1.3 kw 38.3 kw 

t o  - +l$. 

over by 2% points from 4% t o  2%, thereby 
increasing e f fec t ive  turbine P(t t o  57.3%. 

power f ac to r  t o  1.00. 

back pressure and increase L/C tempera- 
t u re  in to  the  bearings. 

PMA t o  the  condenser ou t l e t .  

d. (Formerly Item h. ) Correct a l t e rna to r  + 1.6 kw 39.9 kw 

e. (Formerly I t e m  e. ) Reduce TAA s l inge r  + .5  kw 40.4 kw 

(No change. ) 
f .  (Formerly I t e m  d. ) Close couple mercury 4- .5 kw 40.9 kw 

g. (Formerly I t e m  e. ) Reduce requirement + 1 .4  kw 42.3 kw 

h. (Formerly Item f a )  Incorporate condensing f 2.5 kw 44.8 kw 

i. (Formerly I t e m  g . )  Redesign or eliminate + .7 kw 45.5 kw 

j .  (Formerly I t e m  b. ) T r i m  pump impeller. 

k. Solid S ta t e  Speed Control. (Delete. ) 

(No change.) 

f o r  mercury F’MA NPSH by 1.2 psia.  

temperature control.  (No change. ) 

Hg F’MA motor scavenger. 

(Delete. ) 

(No change.) 

* 
Referenced t o  Relaxed Reactor Constraint shown i n  A I  l e t t e r  66AT-3446 dated 
20 June 1966. 
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Figure IV-5 
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Figure IV-6 



Building 187 C e l l  4 Module Arrangement 1 

Figure rV-7 
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Building 187 Cel l  4 Module Arrangement 2 
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V. coMpomms 

A, TURBINE-ALTERNATOR ASSWLY (TAA) (0741-11) 

1. swnmary 

I n  t h i s  report  period, t h ree  TAA's were t e s t ed  i n  t h e  PCS-1 

Phase I V  f a c i l i t y  during Step 2 t es t ing .  

TAA's was approximately 300 hours. 

6/1 (Refer t o  Table 6), i s  compared t o  TAA. 3/2 which exhibited severe mech- 

an ica l  design def ic iencies  culminating i n  a fa i lure  i n  June 1965; d e t a i l s  of 

TAA. 3/2 t e s t i n g  a r e  discussed i n  the  previous semiannual report  (Reference 5). 
The demonstrated performance of t he  un i t s  t e s t e d  during t h i s  report  period 

ind ica te  t h a t  t h e  major problems associated with t h e  f a i l u r e  of TAA 3/2 appear 

t o  have been solved. The more s igni f icant  def ic iencies  remaining i n  the  

turbine a re :  

The t o t a l  operating t i m e  f o r  these 

Performance f o r  !FAA units  ;?/3*, 5/2> and 

a.  Second-stage nozzle assembly mechanical design 

This i s  being redesigned i n  order t o  reduce the  h i& 

t h e m a l  gradients which exis t  during t h e  start  t rans ien t .  

i s  being changed from hexagonal close packed (HCP) S t e l l i t e  6B t o  e i t h e r  S 816 
or 316 stainless steel ,  due t o  the  extreme b r i t t l e n e s s  of HCP S t e l l i t e  6B. 

Also, the  material 

b. Perf o m n c e  

Leakages around the first-stage nozzles and between the  

second-stage nozzle diaphragm and shroud have contributed t o  a lower eff ic iency 

i n  the  turbine.  These def ic iencies  have been resolved i n  the  case of t he  f i rs t -  

s tage nozzle assembly t h a t  i s  being used i n  TAA 2/4 during PCS-1 Phase I V  

Step 3 t es t ing ;  t h e  second-stage nozzle assembly current ly  being evaluated 

indicates  t h a t  t he  leakage po ten t i a l  has been eliminated, The improved per- 

formance turbine with optimized flow control  is  present ly  i n  the  fabr ica t ion  

-E 
First d i g i t  refers t o  %.A number, second d i g i t  i s  buildup number; e.g., 
TAA 2/3 i s  t h e  t h i r d  buildup of !FAA 2, 
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s tage and i s  expected t o  show an eff ic iency ranging from 56.7 t o  57.7% with an 

allowance of 4% l i q u i d  carryover e 

e. Space seal 

"he mercury visco r ing  s e a l  t o  space i s  considered t o  

Modifications t o  t h e  pumping coef f ic ien t  have been be a possible deficiency. 

successful i n  cor rec t ly  posit ioning t h e  l i q u i d  interfaces ,  but operating t i m e s  

have not been of su f f i c i en t  duration t o  determine i f  t h i s  and t h e  material 

change from Greek Ascalloy t o  S t e l l i t e  6B has s a t i s f i e d  t h e  erosion problem 

t h a t  was experienced i n  TAB 3/2. 
I 

d. A 1  t e  ma t or 

Problems with t h e  a l t e rna to r  have indicated a need f o r  

t i g h t e r  qua l i ty  control ,  pa r t i cu la r ly  with regard t o  cleanliness i n  the  bearing 

area. 

t e s t i n g  . 
The cooling passage weld problem has been overcome by repa i r  and proof 

I n  conclusion, it can be s a i d  t h a t  t he  major deficiencies 

i n  the  SNAP-8 TAA a r e  centered around the  s ta t ionary  elements of the  turbine.  

These problems are recognized, and are associated with the  severe thermal 

gradients caused by condensing mercury vapor on the  cool surfaces during t h e  

s tar t  t rans ien t .  

have demonstrated good mechanical i n t eg r i ty ,  

Other than t h e  space s e a l  visco r ing,  t h e  ro ta t ing  assemblies 

2 ,  Introduction 

a .  'ke sW-8 W is  shown i n  Figure V-1. Gut of t h e  s i x  

un i t s  tested t o  date, four  have operated with mercury and two with cold gas 

(Refer t o  Table 6 f o r  operating times and numbers of starts f o r  mercury operation). 

Performances f o r  t h e  various machines i n  mercury are i l lustrated by Figures 

V-2 through V-9. 

b. Status  p r i o r  t o  report  period 

A fa i lure  of TAA 3/2 af ter  820 hours of operation i n  

June 1965 was discussed i n  t h e  previous report  and w a s  presented i n  d e t a i l  i n  

Reference 6. 
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The principal deficiencies established from this 
failure were: 

(1) Antirotation pins sheared in the interstage 
labyrinths, allowing the snap rings to disengage. 

(2) The inlet nozzle assembly in Stellite 6B welded 
to 316 stainless steel housing showed severe cracks due to differential 
expansion. 

(3) Stress concentrations in shroud members resulted 
in propagating cracks. 

(4) Stellite 6B material generally transformed from 
the face-centered cubic (FCC) structure to the HCP condition, resulting in 
embrittlement and dimensional changes. 

(5) Thermal stress failure in second-stage nozzle 
assembly due to severe thermal gradients during startup transients. 

(6) Visco pump. Erosion of this element of the 
mercury seal to space was severe. 

3. Accomplishments 

The operation of TAA 2/3 demonstrated to a large extent that 
most ofthe deficiencies as outlined have been resolved successfully. 
mary of the problems and corrective action for the various TAA mits is shown 
in Table V-1. 

A sum- 

a. Inter stage labyrinths 

The modified design elkminated the antirotation pins 
and provided positive axial clamping by means of a beveled snap ring. 
sult was a virtually fixed labyrinth, but with the feature of being able to 
force the labyrinth ring to a concentric position relative to the rotating 
elements at time of assembly. This design appears to have been successful, 
although some rubbing of the labyrinths has been noted (see Figure V-10) in 

The re- 
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two of the un i t s  tes ted  ( T U ' S  2/3 and 5 / 2 ) .  

uni t  t h a t  w a s  t es ted  (TAA 6/1), negligible rubbing occurred. 

the a l te rna tor  (Reference 7) undoubtedly contributed t o  the more severe rubbing 

with TAA 5/2 due to vibrat ion e f fec ts .  

balance labyrinth i s  more intense than the in te rs tage  labyrinths  since it i s  

fur thes t  from the supporting bearings. 

of rubbing i s  due to housing thermal d is tor t ions ,  and to a l e s se r  extent by 

shaf t  dynamic deflections.  The current design has been modified i n  order to 
reduce the a x i a l  clamping force,  supplying a maximum force of only 50 pounds 

to- rad ia l ly  displace the labyrinths  a t  assembly. 

exis tent  during assembly had measured approximately 120 pound-s. 

In  the case of the most recent 

The failure of 

I n  a l l  cases, rubbing of the  th rus t  

It i s  considered t h a t  the major cause 

Prior  to t h i s ,  the  forces 

b. I n l e t  housing 

The design modification to eliminate the S t e l l i t e  

6B/316 s ta in less  s t e e l  nozzle-to-housing weld was approached ir, two phases. 

The f i r s t  was an interim design with a S t e l l i t e  6B nozzle held. captive i n  the 

housing by a welded-in window piece. This was an expediency measure only and 

was successful i n  a l l  un i t s  tes ted.  The cracking problems which previously 

occurred i n  TAA 3/2 were not repeated, and the only deficiency apparent with 

t h i s  design occurred i n  one un i t  ( T U  2/3) where the  nozzles cocked approxi- 

mately .020 i n .  to .O3O in .  During tes t ing  of t h i s  turbine, a sudden degrada- 

t i on  i n  performance was noted a f t e r  90 hours of operation, and it was con- 

cluded t h a t  the leakages around the cocked nozzle were a contributing factor  

(Refer to Figure V-10) .  

i n  Figure V-11. 
i n to  slots cut  i n  a 316 s t a in l e s s  s t e e l  block. The l a t t e r  i s  then welded in to  

a window cut i n  the  face of the i n l e t  housing. 

leakages around the nozzle i n s e r t  and a l s o  avoid the problem of cocking of the 

nozzle. 

w i l l  be tes ted  i n  PCS-1 Phase I V  Step 3 ear ly  i n  the next report  period. 

The second and f i n a l  phase of t h i s  design i s  shown 

It i s  seen t h a t  the nozzle vanes i n  S t e l l i t e  6B a re  inser ted 

This feature  w i l l  eliminate 

This design fea ture  i s  included i n  the next buildup, TAA 2/4> which 
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C. Shroud stress concentrations 

No repetition of these deficiencies has been noted in 
the redesigned shrouds for the TAA units tested. 

d. Stellite 6B transformation 

The pretransforming of this material was successfully 
achieved and incorporated; however, as indicated by the cracks in the second- 
stage nozzle/diaphragm in the last TAA tested (W 6/1), the resulting embrit- 
'clement poses a serious problem. Consequently, the decision was made to avoid 
the use of Stellite 6B in the HCP condition. The stabilization of Stellite 6B 
in the FCC condition which provides greater strength and ductility, is de- 
scribed in detail in the Materials section of this report. 

e. Thermal stress failure of second-stage nozzle assembly 

Deficiencies established in TAA 3/2 were due to high- 
temperature gradients between the diaphragm and shroud when the complete as- 
sembly consisted of a welded Stellite 6B construction. 
the diaphragm and nozzles from the shroud, and changed the shroud material from 
Stellite 6B to PH 15-7. 
clearance; however, due to different expansion coefficients, the clearance 
would be eliminated at steady-state conditions. For reasons of expediency, the 
design change occurred in two phases. 
comprised of existing hardware with a welded nozzle piece. 
successfully in the first two units (TAA's 2/3 and 5/2) but distortions of the 
diaphragm caused leakages and a consequent drop in performance (see Figures 
V-12 and V-13). 
PH 15-7 shroud occurred which aggravated the leakage problem. 
distortion effect resulted in shearing of some of the r o l l  pins which hold the 
shroud and diaphragm together. 
last unit tested (TAA 6/1). 
cept that it featured nozzle vanes machined from a one-piece Stellite 6B forging 

The redesign separated 

The parts were assembled with a nominal .oo6-in. radial 

The first interim design (Mod. A) was 
This was tested 

In addition, a surface transformation and distortion of the 
The combined 

A second design (Mod. C) was included in the 
This consisted of a design similar to Mod. A ex- 
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in the pre-transformed HCP condition. Disassembly of this unit, following 
test, revealed two hairline cracks starting from the knife-edge corners of the 
nozzle vane trailing edges. 
thermal gradients with associated high-stress levels were considered to be the 
cause of this problem. 
tion during the startup cycle, and Figure V-S5 illustrates the bowing condition. 
An analysis of the stress distribution resulting from this condition has been 
completed (Reference 8). 

The part also bowed approximately ,008 in. High 

Figure V-14 shows the predicted temperature distribu- 

A design modification for this nozzle is currently 
being analyzed in order to correct the start-up problem. 
immediate needs of the PCS test program, the next turbine buildup (TU 2/4) 
was assembled with a Mod. A design second-stage nozzle diaphragm with a welded 
insert like the one used previously. A turbine preheat method with controlled 
mercury injection at a reduced inlet temperature will be used to reduce the 
thermal gradients during start-up. 

To accommodate the 

f. Visco pump erosion 

The condition of severe erosion on the rotating ring 
of the mercury seal-to-space visco pump in the failed turbine (TAA. 3/2) was 
attributed t o  the pump being too effective and resulting in a mismatch of the 
liquid interfaces relative to the space-seal heat exchanger. 
the interface temperatures and vapor pressures are higher than expected is 
thought to be major cause for the severe erosion condition. 

The fact that 

The design change to the visco pump was made by 
machining a step in the O.D.; modified assemblies were included in subsequent 
units (TAA's 2/3, 5/2, and 6/1). Figure v-16 illustrates the visco seal area 
and the design change effected. 
member was changed from Greek Ascalloy (modified 410) to the more erosion- 
resistant Stellite 6B. 

1 1  addition, the material of the rotating 

Operating experience in the aforementioned TAA's has 
not been of sufficient duration to determine if these changes have been totally 
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successful. 

s a t i s f i e d  (Figure V-17) .  
the  prospect of design improvements t ha t  w i l l  provide a higher confidence 

leve l .  

However, the  in te r face  locat ion i n  the space sea l  has been 

Some current evaluations a re  i n  process which have 

A supporting t e s t  program has been proposed. 

4. Performance - Turbine-Alternator Assemblies 

a. Testing 

Counting the three turbine-alternator assemblies t h a t  

were tes ted  i n  Step 2 of PCS-1 Phase I V ,  a t o t a l  of four un i t s  have been 

tes ted  t o  date. 

formance. 

(Reference 9) .  

Each of the un i t s  have been analyzed t o  determine t h e i r  per- 

Detailed analysis of TAA 3/2 i s  discussed i n  TM 4932:65-1-288 

The f i r s t  assembly tes ted  i n  PCS-1 Phase I V  Step 2 

was uni t  2/3 which incorporated several  modifications a s  a r e s u l t  of the f a i l -  

ure  of un i t  3/2. 

lowing manner: 

The un i t  differed from the  previous un i t  (3/2) i n  the fo l -  

(1) The S t e l l i t e  6B nozzle in se r t s  used fo r  the 

f i r s t  stage (and s i tuated i n  the  i n l e t  housing) were kept i n  place by a s ta in-  

l e s s  s t e e l  re ta iner  welded t o  the  i n l e t  housing, eliminating the  316 s t a in l e s s  

s t ee l - to -S te l l i t e  6B weld. 

(2)  The second- stage nozzle diaphragm ( S t e l l i t e  6B), 
s t i l l  u t i l i z i n g  welded-in nozzle i n s e r t  blocks, had a separate shroud of pH 

15-7 Mo supported on pins.  

of the other nozzle assemblies ( t h i r d  and fourth stage) were reduced i n  order 

t o  minimize thermal s t r e s s  problems; areas of high-stress concentration also 

were eliminated. 

The cross section of t h i s  shroud and'the shrouds 

(3)  The thrus t  and in te rs tage  labyrinth sea ls  were 

retained by a tapered snap-ring instead of a Spirolox retaining r ing The 

snap r ing was retained and prevented from closing (which would allow it t o  
come out of its s l o t )  by a re ta ining r ing  welded t o  the  i n l e t  housing f o r  the  

thrus t  seal ;  multi-lugged washer was used t o  r e t a i n  the in te rs tage  sea ls ,  
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(4) 
a l te rna tor  and the  turbine.  

Triple-melt CEYM bearings were used i n  both the  

( 5 )  The Greek Ascolloy runner of t he  visco pump was 
replaced by one fabricated from S t e l l i t e  6B material .  

( 6 )  The oversized th rus t  s ea l  w a s  replaced by one of 
the smaller design s ize .  

Items 2, 3, and 6 were expected t o  provide an in-  

crease i n  turbine eff ic iency of 2 t o  3 percentage points,  assuming the  changes 

t o  be 100% ef fec t ive .  The f i r s t  pa r t  of item 2 was t o  have removed the  nozzle 

vane t i p  leakage, while item 3 was t o  have eliminated the addi t ional  leakages 

due t o  eccentr ic  operation of the  seals .  The smaller t h r u s t  s ea l  also.was t o  

have contributed t o  improved ef f ic iency  by providing less leakage loss. 

The ef f ic iency  expected, assuming the  l i qu id  

carryover would again be 4 t o  6% (as i n  RPL-2), was 56.7% t o  57.7%. 

The i n i t i a l  performance of TAA 2/3 inaicated a 
turbine eff ic iency t h a t  was only 1.0 t o  1.5, points  b e t t e r  than the  previous 

un i t .  

were not working with 100% e f fec t iv i ty .  

bas ica l ly  i n  keeping with t h e  predict ions i n  t h a t  a s igni f icant  improvement 

has been real ized.  

cat ion of a very slow decl ine i n  performance. 

i n  pressure l e v e l  of the  turbine i n l e t  and bo i l e r  ou t l e t .  

88 hours of operation and 3 starts (2 starts covering 24 minutes of operation),  

a d i s t i n c t  and comparatively rap id  drop i n  performance occurred. 

flow rate, the  TAA was producing about 4 t o  6 kw l e s s .  

and bo i l e r  o u t l e t  pressure over the e n t i r e  period of operation ind ica tes  a 

d e f i n i t e  drop i n  pressure l e v e l  between 80 and 100 hours of operation (Figure 

It was apparent t h a t  some or  all of t h e  physical changes i n  the machine 

Nevertheless, t he  performance was 

During the  ear ly  p a r t  of the  t e s t ing  there  was some indi-  

This w a s  indicated by the drop 

After approximately 

For the  sane 

A p l o t  of turbine i n l e t  

V-18) 
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Following removal of the unit from the test 
facility, the subsequent disassembly revealed some of the reasons for the 
degradation in performance. The post-run inspection revealed: 

(1) An increase in the first-stage nozzle flow area 
of 13% caused by displacement and cocking of the nozzle insert. 

( 2 )  A n  increase in the second-stage nozzle flow area 
of 11% caused by displacement of the diaphragm relative to i t s  shroud. 

( 3 )  Eccentric operation of the thrust and first- and 
second-interstage seals as evidenced by rubbing and wear indications on the 
wheel hubs. 
forces that made it impossible for the seals to center themselves about the 
rotor hub. 

The tapered snap rings evidently gave rise to axial restraining 

(4) Some small leakage past the "K" seal at the 
nozzle shrouds. 

The fact that the turbine did not provide the 2 to 3 
point gain in efficiency expected indicates that some of the aforementioned 
deficiencies may have been in existence at the start of testing. For instance, 
the reduction in nozzle shroud cross section created higher pressure differ- 
entials across the "K" seals. 
particularly since the cavity over the nozzle shrouds is presently being vented 
to turbine exhaust conditions. Previously, the pressure differentials across 
each shroud were limited at most to the differential between adjacent stages 
(e.g., 73 psi across the second-stage shroud compared with 130 psi using the 
modified shrouds). 

This condition is more conducive to leakage, 

Furthermore, despite the fact that the thrust and 
interstage seals were positioned concentrically on assembly, there is a pos- 
sibility that they became eccentric while the unit was operating due to dif- 
ferential thermal movement and housing distortions. 
could very well be a function of the number of thermal cycles to which the 
unit is subjected. 

The degree of eccentricity 
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O f  t he  6 kw degradation i n  power, 3 kw can be accounted 

f o r  by the  change i n  f i rs t -  and second-stage nozzle a reas .  The f u l l  ec- 

cen t r i c i ty  of the thrus t  and in te rs tage  sea l s  may account f o r  another 1.6 kw 
and t h e  remaining 1 . 4  kw loss  i s  a t t r i bu ted  to leakage past  t h e  in te rs tage  K 

sea ls ;  however, the  exact amount cannot be accurately determined. 

Pr ior  to the  degradation, the  TAA was able  to a t t a i n  

the  following performance: 

Measured Anticipated 

Power output (kw) 53.5 
Mercury flow rate ( lb/hr)  11,750 

I n l e t  pressure (ps ia )  2 42 

I n l e t  Temperature (OF) 1250 

Exit  pressure (ps ia )  14-16.0 

Liquid carryover (%) 4.0 

TAA eff ic iency (%) 46.2 
Power f ac to r  0.625 

55.4 
11,750 

265 
1250 

14.5 
4.0 

48. 0 
o .625 

Since the  drop i n  performance was d i s t i n c t ,  the  u n i t  

was removed f o r  disassembly and examination. 

The next two uni ts  i n s t a l l ed  were TAA. 5/2 and 6/1. 
U n i t  5/2 was operated f o r  41  hours and 40 minutes before a seized al ternator  

rotor terminated the  t e s t .  Subsequently, u n i t  6/1 was ins t a l l ed  and run f o r  

117 hours; termination of t h i s  phase of t e s t i n g  was due to bo i l e r  deconditioning. 

The performance of  both these un i t s  appeared to start  

where the f i rs t  uni t  t e s t ed  i n  Step 2 ( T U  2/3) l e f t  o f f ;  i . e . ,  the  performance 

appeared to star t  a t  the degraded l e v e l  of TAA 2/3. 

formance var ia t ion  from un i t  to u n i t  must be expected due to differences i n  

buildup ( fabr ica t ion  tolerances,  nozzle areas ,  e t c . )  . 
should be noted t h a t  these u n i t s  were not se lec t ive ly  assembled which can be 

contributive to variable  performance. A s  an example, the  three machines 

A cer ta in  amount of per- 

As a matter of f a c t  it 
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tested in Step 2 each had progressively larger first-stage nozzle areas. 
was determined from the results of the nitrogen flow tests which are as 

follows : 

This 

TAA 213 TAA 5 /2  TAA 6/1 
1 Ae = 0.373 sq in. 0.395 sq in. 0.410 sq in. 

The nozzle areas in the other stages varied from 0.0% to 9.0% small, resulting 
in stage mismatching which was a major factor in the poorer performance of the 
latter two units. In addition, disassembly of both units revealed that the 
thrust and interstage seals were functioning in an eccentric condition (the 
amount of rubbing, however, for TAA 6/1 was quite light) and second-stage 
shroud and diaphragm distortion had occurred. 
first-stage nozzle block also was evident but to a much lesser degree than had 
occurred with unit 2/3.  A certain amount of "K" seal leakage also must have 
been present. The measured turbine efficiencies and alternator power output 
and TAA efficiencies of the three units are shown in Figures V-2 through V-9. 
A table of run times and number of starts for each unit is shown in Table 6, 

Displacement or cocking of the 

b. Findings 

Testing of TU'S in this repork period has produced 
data which constitutes significant progress toward resolution of the problems 
previously discovered during operation of the SNAP-8 system. 
gained from these tests has led to the following changes: 

Experience 

(1) 
from future designs because of phase transformation. 
transformation are discussed in Reference 10. 

The PH 15-7 shroud material will be eliminated 
The details of this 

( 2 )  Stellite 6B in the HCP condition will not be 
used in future assemblies because the second-stage nozzle assembly problem 
has indicated the need for a more ductile material; S 816 is the leading 
candidate material (Reference 11). 
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( 3 )  Inters tage pressure taps  were included i n  all of 

the uni t s  tested.  

a braze j o i n t  was  employed; it was t h i s  j o i n t  which gave r i s e  t o  leakage prob- 

lems. Although repa i rs  were effected, the  successful operation over a 10,000- 

hour endurance run i s  i n  doubt. Future turbine housings w i l l  include welded 

stub tubes f o r  t h i s  purpose. 

Since the turbine housings were i n  the f inished condition, 

(4) Turbine performance i s  noticeably affected by 

leakages between shroud and diaphragm. 

nate t h i s  by means of a one-piece welded design. 

Future designs w i l l  attempt t o  elimi- 

(5) A c r i t e r i o n  needs t o  be established regarding 

the allowable amount of rubbing wear f o r  the  in te rs tage  and thrus t  balance 

labyrinths versus operating time. Also, a reduction i n  ax ia l  clamping force 

of t h e  labyrinth retent ion device i s  desirable.  

(6) Unti l  such time as  the second-stage nozzle as- 
sembly problem i s  resolved, the turbine preheat method w i l l  be included i n  the 

PCS start procedure. 

(7) A f a i l u r e  of S/E\T 481491 a l te rna tor  i n  TAA 5/3 
i s  described i n  Reference 7. The f a i l u r e  occurred due t o  seizure of the screw 

sea ls  when the un i t  ran t o  overspeed i n  an automatic f a c i l i t y  shutdown. 

clearanee w a s  reduced by the bearings operating without preload which provided 

a grea t ly  increased r ad ia l  clearance. 

a primary need f o r  closer qua l i ty  control and cleanliness of fabr icated pa r t s  

i n  the bearing and loading spring follower assembly, since much foreign debris 

was found i n  the  bearing area. 

other a l te rna tors  (S/N 481489, 481491, 481510) was leakage through the stator 
housing cooling passage sea l  weld. 

indicates  the need f o r  c loser  control i n  welding procedures. 

f a c t ,  revised procedures have been used on l a t e r  un i t s  and ac tua l  operation 

with TAA 6/1 has indicated t h a t  the problem i s  solved. 

Seal 

The referenced f a i l u r e  analyses indicate  

An added problem which occurred i n  several  

Basically, t h i s  i s  a welding problem and 

As  a matter of 
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c. TAA Design Status 

(1) Aerodynamic Design 

A n  advanced turbine aerothermodynamic design has 
been completed. 
research department, using the NASA LeRC turbine design philosophy. 

The work was done in close cooperation with the NASA (LeRC) 

The aerodynamic approach places greater emphasis 
on flow continuity through nozzle and rotor rows and the improvement of end 
wall treatment. In addition, the rotor blade solidity has been increased from 
1.43 t o  2.02. 

siderably. 
the aerodynamic requirement plus a tolerance due to fabrication and potential 
housing distortions. 

Rotor blade tip overlaps in each stage have been reduced con- 
The amount of overlap being used takes into account a tolerance on 

The design will utilize identical nozzle vane 
Although profiles in each stage as well as identical rotor blade profiles. 

velocity triangle calculations indicate slightly different r o t o r  efflux angles 
(particularly the first stage), the r o t o r  blade heights have been adjusted to 
allow identical profiles in each stage Rotor tip clearances vary from 0.030 
in. in the first stage to .020 in. in the last stage. The velocity triangles 
are shown in Figure V-19 and the physical dimensions in Table V-2; an axial 
profile is shown in Figure V-20. It is ex-pected that this turbine will be 3 
to 4 percentage points better than that of TAA 2/3; e . g . ,  an emected ef- 
ficiency at 4% liquid carryover of 58 to 59%. 
will be covered in detail in a report presently being prepared. 

The aerothermodynamic design 

(2) Nozzle/diaphragm assemblies 

The redesign for the second stage currently is 

being thermally and stress analyzed. 
are in the conceptual stage. 
reduction of high thermal gradients during transient conditions. 

Designs for the third and fourth stages 
The primary objective in this redesign is the 
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(3) Thrust balance 

A tradeoff study on performance poten t ia l  i m -  
provements has been completed and a technical memorandum i s  being prepared. 

As  a r e s u l t  of the study, it was determined t h a t  the present balancing pis ton 

bleedoff device should be replaced with la rger  bearings t h a t  w i l l  be capable of 

taking the thrus t  load and an auxi l iary balancing device, such as a visco pump:, 

should be mounted between the turbine bearings. 

was tha t  there would be no performance gain with these a l te rna te  designs. 

The conclusion from the  study 

(4) Face sea l  l i f t o f f  device 

Concepts a re  being pursued f o r  a l i f t o f f  device 

for the  s t a r t  sea ls  sui table  f o r  prototypical operations. 

(5) Mercury visco sea l  

Layout drawings and designs a re  being evaluated 

with a view t o  reducing the  erosion d i f f i c u l t i e s .  

(6) Modifications t o  the composite housings design 

have been made. 

and, i n  general, bringing the drawings up t o  date. 

These include incorporation of welded pressure-tap stub tubes 

d. Planned Act iv i t ies  

The a c t i v i t i e s  which have been planned f o r  the support 

of the  previously described design e f f o r t  a r e  a s  follows: 

(1) A sea l  t e s t  program t o  evaluate the visco pump 

erosion problem. Endurance t e s t s  a r e  planned f o r  t h i s  purpose. 

(2) Thermal shock t e s t s  f o r  the  new design second- 

stage nozzle diaphragm assembly t o  ver i fy  i t s  adequacy fo r  the thermal 

t ransients .  

( 3 )  Antigalling and labyrinth t e s t s  i n  S 816 and 

S t e l l i t e  6B material .  
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(4) Development t es t s  f o r  t h e  start-seal l i f t o f f  

device. This w i l l  be a cycling tes t  a t  operating conditions. 

(5 )  Rotor dynamic analysis. C r i t i c a l  speed and 

shaft-housing deflections w i l l  be evaluated; includes a l l  design changes. 

(6) I n l e t  housing design. A review of current de- 

sign with emphasis on pipe loading s t resses ,  e tc .  

The complete program plan fo r  t he  T u ' s  i s  shown 

i n  Figure V-21. 

pear i n  fu ture  turbines i s  shown i n  Table V-3. 
Avai lab i l i ty  of t he  design fea ture  improvements as they ap- 

e. Alternator Assembly 

A f i n a l  report  (30-12-15-65), on the  a l t e rna to r  design 

and development has been received from General E lec t r i c  Company. 

A report  (31-4-1-66) on the  condition of preprototype 

a l t e rna to r  (S/N 481488) a l so  has been received from General E lec t r i c .  

u n i t  was t e s t ed  i n  conjunction with TAA 3/2. 

problems with t h i s  machine; however, some unusual markings were noted on the 

bearing raceways. These bearings are, therefore,  being reviewed i n  more 

d e t a i l  a t  AGC . 

This 

The report  ind ica tes  no serious 

A winding-temperature versus load-curve was prepared 

on a bas is  of s t ab i l i zed  t e s t  da ta  obtained from a l l  u n i t s  t e s t ed  t o  date  a t  

GE (see Figure V-22). 

maximum satisfies a generator load of 87 kva ,75 p f .  

This shows t h a t  the  winding temperature l i m i t  of 200°C 

f ,  Bearing Test Program 

A program t o  tes t  the  endurance cha rac t e r i s t i c s  of 

multiple remelt M- 50 s t e e l  bearings lubr ica ted  by rnix-hP3E (polyphenyl e ther )  

was performed by the  SKF' Industr ies ,  Inc . ,  Research Laboratory. 

col lected from t h e  f irst  two groups of bearings which were t e s t ed  ( lubricated 

with a mineral o i l  so t h a t  these tests could serve as a basel ine fa t igue  tes t  

Endurance data  
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against  which t e s t s  i n  mix-4PS could be compared), proved t o  be poor fo r  a 

vacuum-remelted M-50 s t ee l .  These poor- l i fe  data were interpreted as having 

resul ted from an unfavorable t race  element content i n  t h i s  heat of s t e e l ,  

A s  a r e su l t  of these t e s t s ,  t he  program w a s  redirected 

and a second heat of s t e e l  equivalent t o  Aerojet Development Material Specifi-  

cation AGC 10354, Type 1 ( a i r  melted), Class 5 (Five consumable electrode 

vacuum remelt cycles) s t e e l  was purchased. 

t race  element index of 8 = 2.5 as compared t o  8 = 7.0 fo r  the  f i r s t  heat. 

This heat had a known favorable 

Estimates obtained from the f a i l u r e  data resu l t ing  

from the baseline t e s t s  of the second heat of s t e e l  t h a t  were conducted i n  

mineral o i l  indicated a B1o l i f e  of 76 mill ion revolutions o r  7.6 times the 

Bearing Catalog l i f e ,  verifying t h a t  t h i s  heat has endurance properties t h a t  

a re  l i k e l y  t o  be be t t e r  than those obtained from the f i r s t  heat of s t ee l .  

The d e t a i l s  a r e  discussed i n  previous SNAP-8 Quarterly Reports (References 

12, 13, 1 4  and 5 ) .  

The endurance t e s t s  were conducted on t e s t  machines 

under a dead-weight r ad ia l  load of 4240 l b  (c/p = 2.15, AFBMA L ~ o  = 10 mill ion 

revolutions) and a t  a speed of  9700 rpm; special ly  designed housings and lubr i -  

cation system directed the lubricant  (mix-4P3E) through j e t s  as the inner-race 

b a l l  contact area. 

operating temperature t o  be between 111 t o  121°C. 

Lubricant flow r a t e  was adjusted t o  allow the outer-ring 

Throughout t h i s  t e s t  se r ies ,  the outer-ring operation 

temperature was controlled by an IBM 1710 control system, which monitored the 

temperature of each operating head a t  6-minute in te rva ls  and gave an audible 

s ignal  each time t h a t  t h i s  operating temperature was outside the preset  l i m i t s  

(111 t o  121°C). 

order t o  maintain the bearing temperature within the specified l i m i t s .  

o i l -out  temperatures were monitored by the same IBM system at 1-hour in te rva ls  

and the o i l - i n  temperatures and o i l  flow-rates were manually recorded a t  8-hour 

intervals .  

Manual adjustments of the o i l  flow were made a t  t h i s  time i n  

The 
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The program encountered d i f f i c u l t i e s  r e su l t i ng  from 

an excessive o i l  leakage through the  test-equipment labyr in th  seals, 

leakage, which i s  considered "normal" f o r  inexpensive mineral o i l  t e s t s ,  was 

not to le rab le  f o r  t he  mix-4P3E tests.  A s  a r e s u l t ,  t h e  mix-hP3E lubr ica t ion  

system a lso  was connected to t he  slave bearings. 

not resolved, t he  mix-4P3E could be col lected and put  back in to  the  system as 

it was no longer being d i lu ted  with mineral o i l .  

ins tead of three,  could be operated as a result of t h i s  change ( l imi ta t ion  of 

the  lubr ica t ion  system), the  t e s t ing  time had t o  be lengthened. 

leaking through the  tes t  equipment sea ls  was col lected and f i l t e r e d  through a 

nominal ?-micron f i l t e r  before being returned to the  system through a pressure- 

tank f i l t e r i n g  system. This corresponded to one f i l t r a t i o n  of t he  t o t a l  charge 

per 100 hours of running t i m e .  

This o i l  

Although the  o i l  leakage was 

Because only two machines, 

All lubr icant  

When ea r ly  b a l l  f a i l u r e s  (which a r e  not t e s t  elements) 

occurred a t  very low l i v e s ,  ranging from 1.7 to 9.6 mil l ion revolutions,  test-  

ing was suspended while t he  f a i l u r e s  were examined i n  an attempt to pinpoint 

the  cause. A s  soon as  it was determined t h a t  the  cause was not immediately 

apparent, t he  remaining bearings were disassembled and r e f i t t e d  with new b a l l s .  

These b a l l s  had been fabr ica ted  from acid open-hearth 52100 material which 

indicated a r e l a t i v e l y  long l i f e  i n  previous SXF tes ts  ( i n  excess of an k o  
l i f e  of 70 mil l ion revolutions).  

. 

Closer examination of inner r ings  taken from bearings 

t h a t  had experienced ea r ly  b a l l  failures, revealed t h a t  t h e  damage (denting of 

the  r ings)  caused by the  f laked b a l l s  prevented r e f i t t i n g  these bearings w i t h  

new ba l l s .  

TITO more bearings t h a t  were avai lable  from the  same 

l o t  a lso were placed on t e s t ,  increasing from 1% t o  14  t h e  number of bearings 

t h a t  were being t e s t ed  i n  t h i s  program t o  gain more da ta  on inner-ring f a i l u r e s  

Examination of t he  ear ly  b a l l  f a i l u r e s  ind ica tes  t h a t  

This i s  probably the  major cause of these failures w a s  lubr ica t ion  d i s t r e s s .  
_. 
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due to poor boundary lubricat ing charac te r i s t ics  of the mix-4P3E lubricant ;  

b a l l s  from the same lot had good l i f e  i n  previous t e s t s  using mineral o i l  as  

a lubricant.  

occurred on a b a l l ,  and more than one b a l l  spalled within a bearing, 

The f a i l u r e s  a re  considered unusual i n  t h a t  more than one spa11 

A swnmary of t he  t e s t  r e s u l t s  i s  shown i n  Table V-4. 

Final  r e s u l t s  included the following: three inner- 

r ing f a i lu re s  occurred a t  12.1, 23.8, and 99.2 mill ion revolutions; f i v e  

bearings reached the time-up l i f e  of approximately 200 mill ion revolutions; and 

s i x  t e s t s  were suspended due to b a l l  fa i lures .  Four of the suspended t e s t s  

occurred due to ear ly  b a l l  f a i lu re s ;  the f i f t h  suspended t e s t  due t o  b a l l  f a i l -  

ure had accumulated 72.2 mill ion revolutions. The s ix th  t e s t  i s  considered a 

suspended test  because the bearing was inadvertently remounted with the re- 

versed direct ion of ro ta t ion  a f t e r  it w a s  removed to r e f i t  it with new ba l l s .  

The l a t t e r  suspension occurred a t  15.7 mill ion revolutions due t o  a flaked 

inner ring. 

A n  estimated l i f e  which i s  being evaluated f o r  bear- 

ings made from t h i s  heat of s t e e l  ( lubricated with mix-4P3E) compares un- 

favorably with the B1o l i f e  of 76 mill ion revolutions or 7.6 times the catalog 

l i f e  (one sigma confidence l i m i t  fo r  these t e s t s  r e s u l t s  equals 5.4 times the 

catalog l i f e ) ,  t ha t  was obtained for  bearings from the same group tes ted  during 

the previous year but using a mineral o i l  as the lubricant .  

bearing f a i lu re s  occurred i n  t h i s  group t h a t  were a t t r i bu tab le  to surface 

p i t t i n g  produced during the manufacture of the  bearing ba l l s .  

the  evaluation of the l i f e  of these bearings was invalidated so tha t ,  i n  e f fec t ,  

the  bearing group was ac tua l ly  much smaller. 

Several ear ly  

As  a r e su l t ,  

The value fo r  the  €310 l i f e  i s  being studied i n  the l i g h t  

of actual  and suspended t e s t s  as well as  the lubricat ing conditions of the 

mineral o i l  and the  mix-4P3E lubricants .  

reduced l i f e  as low as 1 .2  times the catalog l i f e .  

Preliminary calculations indicate a 
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It must be recognized tha t  endurance test results 
based on small t e s t  groups of 10 bearings (an adequate group i s  30) exhibit  

very wide sca t t e r .  

nounced e f f ec t  on the  estimated B10 l i f e  of the group; therefore,  any l i f e  

estimates obtained from these groups must be considered only as an indication 

of l i f e  ra ther  than a precise  value. 

The addition or  subtraction of one f a i l u r e  has a pro- 

The d r a f t  of the  f i n a l  report  was received from SKF 

Industr ies  during the week of 20 June 1966. 
reviewed f o r  completeness p r io r  to re lease.  

TEe d r a f t  and t e s t  data a r e  being 

Additional analysis w i l l  be made t o  determine how the 

r e l a t ive ly  low l i f e - t e s t  r e s u l t s  i n  mix-4P3E w i l l  be interpreted r e l a t ive  t o  
the  b a l l  bearings being used i n  SNAP-8 components. 

g. Bearing Evaluation 

Technical Memorandum 4932: 66-413 (Reference 7) w a s  

published on 23 May 1966. 
SNAP-8 f a i l e d  a l te rna tor ,  P/N 094069, S/N 481491 (TAA Unit  5/2). 

This TM summarizes the bearing evaluation of the 

The a l te rna tor  seized on 30 March 1966 during the 

PCS-1 Phase I V  Step 2 system t e s t s ,  following a l o s s  of speed control, TAA 

overspeed, and an automatic shutdown. After the a l te rna tor  was disassembled, 

preliminary examination revealed evidence of heavy rub on the a l te rna tor  r ad ia l  

seals.  As a r e s u l t ,  the bl ternator  bearings were examined i n  order to f ind  

some clues as  to the reason fo r  the sea l  rub. 

Three items, debi is  and machining chips i n  the bearing 

assemblies, bearing outer-ring and je t - r ing  seizure, and the bearing preload 

mechanism being sensi t ive to cocking, were instrumental i n  causing the a l t e r -  

nator f a i lu re .  

could lead t o  a l te rna tor  f a i lu re .  

It should be noted t h a t  even separately each of these causes 

During the  bearing investigation, two poten t ia l  prob- 

l e m s  were uncovered. One i s  a case of possible scoring of the bearing outer 
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r ing  and housing surfaces when r e l a t i v e l y  high assembly-disassembly loads are 

used because the  bearings become self-wedging at  high a x i a l  loads. The second 

i s  the  poss ib i l i t y  of operating the  bearings p a r t i a l l y  unloaded such as would 

occur i n  the  case of an unfavorable tolerance accumulation of bearing in t e rna l  

geometry and sha f t  f i t s ,  which might produce in to le rab le  s l i d ing  i n  the  bear- 

ings and result i n  a short  wear l i f e  of the  bearings. 

h. Bearing Material 

The Latrobe Steel Company of Latrobe, Pennsylvania, 

produced 1036 l b  of bar stock (forged M-50 tool s t e e l ,  5 i n .  square w i t h  

rounded corners) i n  accordance with Development Material Specification No.  

AGC-10354, "Requirements f o r  A I S 1  M-50 Bearing Steel .  It 

are shown under t h e  "Specified" column i n  Table V-5. 
material i s  Type I1 (Vacuum-induction melted), Class 3 ( three  consumable- 

electrode vacuum-remelt cycles) .  

estimated 1400 +lo0 l b  from one heat  of steel. 
f o r  t h e  current  program needs. 

The new requirements 

Class i f ica t ion  of t h e  

This is a lower quantity than t h a t  of t he  

However, t h i s  i s  su f f i c i en t  

Analyses of the  chemical composition and gas content 

and all the  required physical and inclusion-rating tes t s  were conducted with 

the  vacuum-induction, and the  f i r s t  and t h i r d  consumable-electrode vacuum- 

remelt ingots.  

The r e s u l t s  of the  analyses ind ica te  t h a t  t he  chemical composition and gas 

content are within specif ied l i m i t s .  I n  addition, except fo r  t he  annealed 

hardness (reported B r i n e l l  248-302 ra ther  than the  specif ied Br ine l l  202-245) 
which i s  acceptable because of t h e  reported sa t i s f ac to ry  heat- t reated hardness 

(reported Rockwell C 64.0, specif ied 

are within specif icat ion.  

The results a re  shown under t h e  "Reported" column i n  Table V-5. 

Rockwell 63), each of the  other tests 

Studying t h e  reported r e s u l t s  we note t h a t  from the  

point of chemical composition and gas content there  are no improvements except 

f o r  a decrease i n  aluminum content and a small increase i n  nickel  content, 

a f t e r  the f i r s t  vacuum consumable-electrode vacuum remelt. If it can be 
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assumed that the physical tests also were satisfactory after the first remelt, 
then it might be concluded that for this material there would not be any ap- 
preciable improvement in the bearing fatigue life after a vacuum-induction 
melt of one consumable-electrode vacuum-remelt cycle. 

Determination of the trace-element index (e), which is 
the relative measure of a heat of steel from the standpoint of a high or low 
bearing fatigue life, is as follows: 

Al cu Ni 
Al cu Ni 

e = =  - t =  + =  

- -  
where Al, Cu, and Ni are the percent content of each element; Al, Cu, and E 
are the mean percent content of each element. 

A trace-element index for this material which is based 
on past experience with 52100 bearing steel and the endurance test program 
presently being conducted with multiple remelt M-50 bearing steel, is assumed 
to be: 

Ni 
4- - < 4.0 A1 cu e = - - -  0.015 -i- 0.070 - 

The trace-element index in accordance with the specified chemical composition 

(Table V-5) is 8 = 3.0. 

The calculated trace-element index of aluminum, copper, 
and nickel for the third consumable-electrode vacuum-remelt ingot is: 

+ - =  0*070 < 1.834 < 4.0 <o .010 0.010 
e =  0.015 +o.060 0.070 

which is acceptable. 

The material was received during the week of l7 
January 1966. 
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5. Conclusions 

. The development of the SNAP-8 TAA has uncovered many un- 
foreseen problem areas in the turbine. 
Stellite 6~ and the stresses due to high thermal gradients in the $tart trans- 
ients have predominated. 
from testing, it is expected that these deficiencies will be resolved. 

Among these, the stabilization of 

With this experience and the knowledge gained directly 

The problems regarding the alternator have been largely as- 
sociated with inadequacies in the Quality Control procedures. 
formance standpoint, the alternator has exceeded the design requirements. 

From the per- 

B. PUMP-MOTOR ASSEMBLIES 

1. NaK Pump-Motor Assemblies 

a. Technical achievements 

NaK pumpmotor assembly (P/N 093200-13) S/M A-5, see 
Figure V-23, after successfully completing 3,028 hours of planned endurance 
testing at 1lOO"F (Figure V-24) was decontaminated and disassembled. 
component parts were found to be in excellent condition; there were no 

measurable signs of wear. This is a demonstration of successful longterm 
operation. 
-26, -27, -28, -29, -30 and,-31. The PMA parts, after being cleaned and 
inspected, have been reassembled for completionrof the final 7,000 hours of 
endurance testing. 

The 

Post-test photographs of the bearing are shown in Figures V-25, 

NaK pump-motor assemblies (P/N 093200-13) S/N A-4 and 
S/N A-7, successfully operated a combined total of approximately 530 hours 
under various system conditions. 
as part of the power conversion system, has successfully operated at loop 
temperatures of 1290°F and 1330°F for approximately 4 hours, thereby meeting 
the requirements of the reference start-up sequence. 

NaK €MA S/N A-7, in addition to operating 
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An efficient and safe method of decontamination and 
disassembly of the NaK PiI4.A has been developed. 
Dowanol E.B. fluid which is circulated through the PMA at a controlled rate, 
dissolving the NaK without experiencing the fire hazard that has been en- 

countered with a water decontamination. The added benefit derived by using 
Dowanol E.B. fluid is that when the parts are removed they look new and ex- 
tremely clean while those which have been decontaminated with water are 
darkened and discolored by heat staining that results from the high heat of 
reaction. 

This method employs the use of 

b. NaK PMA testing in PCS-1 Phase IV system 

On 28 January 1966, the primary loop NaK PMA (P/N 
093200) S/N A-6 was started and operated for 57 minutes before it was noted 
that high winding temperatures of 500 t o  530°F were being experienced. 
Analysis of preceding events indicated that the P M  overtemperature was re- 
sulting from a lack of coolant flow within the motor. 
that this was the result of gas entrapment within the motor, the PMA was shut 
down in order to attempt to clear the entrapped gas. 
were unsuccessful so that it was necessary to vent the motor; large quantities 
of gas were found, confirming the reason for the overtemperature condition. 

Because it was suspected 

Subsequent restart efforts 

A review of the test data (Figure V-32) showed rapid 
motor heating to a peak of 530°F dn 57 minutes. 
ance indicated that it was equivalent to the previous MaK PMA's tested. 
ever, the input power of the PMfl was substantially lower than expected; ap- 
proximately 600 to TOO watts low (Figure V-33). 
attributed t o  the entrapped gas within the motor cavity which resulted in the 
reduction of rotor-friction and hydraulic losses. 
the reduced power required. 

The PMA's hydraulic perform- 
How- 

This reduction in power was 

These losses correlate with 

Except for the motor-end journal bearing, subcomponents 
of the PMA were found to be in good condition. 
scratches, including a small raised metal deformation, were found on the 

A number of circumferential 
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running surface of the journal pads {Figures V-34 and -35). 
these pads confirmed the lack of lubrication and cooling which resulted in the 
bearing scoring that caused the inability of the PMA t o  restart. 

Discoloration of 

The entrapped gas was traced t o  inadequate fill as the 
As a result, the NaK PMA filling technique was modi- cause of this failure. 

fied, incorporating alternate steps of jogging and venting. 
improvement, the venting operation subsequently would be performed through a 
large glass trap so that it would be possible t o  determine when adequate 
filling is accomplished, thereby reducing the false fill possibility. The 
modified technique has been demonstrated t o  be successful in several sub- 
sequent usages. 

As a further 

Acceptance performance tests were conducted on NaK PMA 

unit 5/2 (P/N 093200-13, S/N A-6). The testing consisted of starting torque 
locked-rotor determination and overall hydraulic and electrical performance. 
The test results listed below compare directly with the original starting- 
torque test motor values. 

Voltage Amperage 
Frequency -volts (L-L) Torque hPS 

@PS Ave Unit In. -Lb Ave Wattage 

400 211 Present 18.8 51.6 2850 
Original 18.75 52 

95 39.3 Present 17.4 33.1 882 
Original 18.5 34.0 800 

60 36.9 Present 61.4 48.5 1680 
Original 57.5 47.5 1700 

The NaK PMA overall performance shown in Figure v-36 
has a slight head-capacity improvement of about 1 foot head (attributed t o  the 
front vane clearance of the impeller Being .001 inch less) over the original 
PMA tested and whose overall performance is shown on Figure V-37. The input 
power and overall efficiencies are very close to the same values. 
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The motor pul lout  torque was re l a t ed  t o  the  o r ig ina l  

NSL Phase I1 PMA t h a t  was t e s t ed  by reducing the  input voltage (L-N) while a t  
the  maximum motor input load of 5350 watts. 
111.5 v o l t s  while the  o r ig ina l  took 114 vo l t s ,  indicat ing t h a t  t he  t e s t ed  PMA 

has be t te r ,  o r  a t  least equal, torque capab i l i t i e s  than t h e  o r ig i an l  PMA 

This t e s t ed  NaK PMA pul led out a t  

NaK PMA (P/N 093200-13) S/N A-2, was i n s t a l l e d  i n  PCS-1 

Phase IV as t h e  replacement f o r  PMA S/N A-6. 
several  s tar tups,  the  u n i t  was s t a r t e d  on the  60-cycle power supply and oper- 

a ted for  1 5  minutes f o r  system checkout. 

over t o  t h e  400-cycle power and a l so  operated f o r  15 minutes. An overcurrent 

condition and high (450°F) winding temperatures were noted which necessi ta ted 

a re turn  t o  60-cycle power. 

The t e s t  was terminated t o  f ind  the  cause f o r  a condition which indicated a 

serious motor fault. During invest igat ive r e s t a r t  operations, it was de- 

termined t h a t  t he  pump-motor assembly could no longer a t t a i n  the  fu l l  system 

flow-rate required but would hover a t  an intermediate motor ro t a t iona l  speed 

(3,000 rpm nominal) as compared to a normal operating speed of 5,800 rpm. 

was observed t h a t  an increasing flow r a t e  resu l ted  i n  a speed decay from 5,800 
t o  5,000 rpm with a resu l t ing  higher power consumption of .5 kw. 

t i o n  was made t h a t  t he  PMA could not accept addi t ional  hydraulic loading and 

the  PMA was removed from the  loop. 

are shown i n  Figure V-38. 
resu l ted  i n  the  following findings: 

After f i l l i n g  and performing 

I n  the  next test ,  it was switched 

This sequence of events was repeated several t i m e s .  

It 

The determina- 

Test points  taken before t h e  f a u l t  occurred 

Testing performed on t h e  motor after decontamination, 

Locked-rotor torque tes t  indicated t h a t  the  motor 

s t a r t i n g  and running torques were approximately 

80% of the  standard value fo r  t he  NaK motors but  

had a power consumption equal to t h e  standard 

motor. 

t o  or ig ina l  res i s tance  readings revealed t h a t  an 

apparent l o s s  of one of four p a r a l l e l  e l e c t r i c a l  

paths had occurred. 

windings f a i l e d  t o  reveal  any abnormality be- 

tween phases. 

The motor res i s tance  taken and compared 

Surge comparison tests of the  

v-25 



Report No. 3233 

Careful. removal of the  hermetic cans and the  ceramic 

pot t ing  insulat ion revealed a winding f a i l u r e  of one of t he  four p a r a l l e l  

paths. 

are nested close together. 

a l l  three phases fused together. 

The f a i l u r e  occurred i n  an area (Figure V-39) where a l l  t h ree  phases 

The f a i l e d  area ( the  diameter of a quarter)  had 

The only noted indicat ion of t h e  probable cause f o r  

failure was the  presence of a 3/16 of  an inch long sharp stone on top of t he  

f a i l e d  wires. 

pound which i s  made up of magnesium oxide ceramic s lu r ry  t h a t  includes stone 

gravel  f o r  heat  t r ans fe r  (Figure V-bo), pot t ing shrinkage resu l ted  i n  the  

s tone 's  cu t t ing  through some of t h e  insu la t ion  and causing a turn-to-turn 

short. Each succeeding cycle caused the  wire growth t o  press  on t h e  stone, 

causing propagation of t he  short  t o  a point  where the  heat  generated was suf- 

f i c i e n t  t o  m e l t  a11 three  phases. 

It i s  postulated t h a t  during t h e  cure cycle of the  pot t ing  com- 

NaK PMA (P/N 093200-13) S/M A-4, i n s t a l l e d  i n  the hea t  

re jec t ion  loop of PCS-1 Phase I V ,  was operated i n  accordance with t h e  tes t  

procedure throughout 264 hours after which time the  PMA f a i l e d  e l e c t r i c a l l y ,  

Performance p r io r  t o  f a i l u r e  (Figure V-41) shows good comparison between Step 2 

and LNL-3 data.  

System was inoperative and data  on the  PMA was not avai lable  fo r  f a i l u r e  

analysis.  

t o  be grounded. 

ure  invest igat ion has revealed t h a t  due t o  twelve separate  penetrat ions i n t o  the 

s t a t o r  can, t he  motor winding was completely flooded with NaK which resu l ted  

i n  t h e  pot t ing insu la t ion  and copper winding wire being severely de te r iora ted  

(Figures V-42, -43, and -44). 
was determined t h a t  the  penetrations resu l ted  from severe e l e c t r i c a l  arcing 

and subsequent melting of t h e  Inconel can materials. 
whether a minor leak  which allowed droplets  of NaK t o  enter  t he  motor s t a t o r  

cavi ty  was the  cause of an e l e c t r i c a l  f a i l u r e ,  or whether an e l e c t r i c a l  f a i l u r e  

within the  motor s t a t o r  cavi ty  caused the  burning of the s t a t o r  can and t h e  

Coincidentally with t h e  PMA fa i lu re ,  t he  Data Acquisition 

Invest igat ion of t h e  PMA revealed all phases, including t h e  neutral ,  

After decontamination and disassembly of t h i s  u n i t ,  t h e  fa i l -  

Upon removal of t he  s t a t o r  can and end cans, it 

It cannot be establ ished 
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resultant flooding. 
reason for the motor failure. 
at the conclusion of the investigation. 

The investigation is continuing in order to confirm the 
A final failure analysis report will be written 

NaK PMA (P/N 093200-13) S/N A-7, installed in the 
primary loop after accumulating approximately 265 operational hours of test, 
was restarted and operated at 400 cycles while the system was being heated 
from ambient to the 1150°F loop temperature. 
about excessive current demands on the motor with a sharp dropoff of speed 
from 5800 rpm to 5350 rpm and a current change that rose from 24 amps t o  50 
amps. 
determined that this phenomena was a function of changing system suction pres- 
sure. The PMA was removed from 
the system and disassembled. 
the presence of an impeller back vane rub. 
were in excellent condition. 
well with LNL-3 data. 

Several loop flow changes brought 

A slow recovery to prechange conditions would always occur. It was 

The problem was diagnosed as an impeller rub. 
Inspection of the PMA after disassembly confirmed 

A l l  other components of the PMA 
Test performance data (Figure V-45) correlates 

Review of the thermal growth of the pump housing and 
rotor shaft indicates that during steady-state operation a minimum clearance 
of .OO3 in. may exist. With thermal transients and pressure gradients super- 
imposed, a rub could occur. 
recurring, the design was modified. 
creased from .OO3 t o  .Ol3 inches at operating temperature. 

In order to eliminate this rub possibility from 
The impeller back vane clearance was in- 

A s  a result of the impeller rub encountered in NaK 
PMA S/N A-7, NaK PMA's A-3 and A-8 were returned from LeRC to Aerojet for 
impeller back-face clearance modification. 
tested and found to be electrically substandard. 
that a voltage unbalance existed between the three phases, resulting in an 
uneven circumferential torque distribution. 
phases to neutral confirmed the reason for the motor behavior. A s  noted in 
Table V-6, this unit furnished, at a given average voltage, nearly the same 

NaK PMA S/N A-8 was lock-rotor 
The test results indicated 

Unequal resistance of the three 
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s t a r t i ng  torque but requiring more power and amperage. 

e l e c t r i c a l  values were confirmed by the e l e c t r i c a l  surge t e s t  showing phase I 

t o  neut ra l  as d i f fe ren t  from the other two. Additional e l e c t r i c a l  evaluations 

a re  being made and addi t ional  information w i l l  be forthcoming. 

The badly unbalanced 

LeRC un i t  7, S/N A-3 has been lock-rotor torque tes ted  

It i s  being prepared f o r  re turn  t o  LeRC. and found t o  be a sa t i s fac tory  uni t .  

NaK PMA (P/N 093200) S/N A-9 has been lock-rotor tes ted  

and found t o  be a sa t i s fac tory  un i t .  Testing i s  being continued i n  order t o  

determine the  hydraulic and motor performance of  the PMA. p r io r  t o  committing 

it t o  liquid-metal service.  

C. Hardware s t a tus  

Two NaK PMA's (P/N 093200-13) f o r  PCS-1 Phase IT 
Step 3, S/N A-7 and S/N A-6, have been i n s t a l l e d  i n  the  primary and HRL loops, 

respectively. 

The motor fo r  NaK PMA S/N A-10 w a s  found t o  contain a 

discrepancy i n  i t s  thermocouple terminals. 

rected by i n s t a l l a t i o n  of the  correct  terminals. 

This discrepancy i s  being cor- 

NaK PMA S/N A - l  has been in s t a l l ed  inthe LNL-3 t e s t  

f a c i l i t y  and i s  operating sa t i s f ac to r i ly .  

NaK PMA S/N A-5 ( the un i t  which has previously run 
3,028 hours) i s  being assembled f o r  LNL-3 service a s  soon as  the present t e s t  

se r ies  i s  completed. 

conclude the  10,000 hours of endurance operation. 

I'm program c a l l s  f o r  7,000 hours of operation which w i l l  

A s  pa r t  of the continuation program plan, requests fo r  

quotations a re  being prepared i n  order t o  obtain the necessary hardware f o r  

the program. 
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2. Liquid NaK Loop 3 (LNL-3) 

Following the  3,000-hour tes t ,  t he  loop was drained of a l l  

f l u i d s  which were sent t o  the  laboratory f o r  analysis.  The NaK PMA and the  

L/C PMA were removed from the loop, disassembled, and inspected. 

t i o n  of  t he  loop by water and alcohol followed. 

carbon s t e e l  piping which had been subjected t o  maximum loop temperatures 

(1225°F) were sent t o  the  laboratory f o r  metallographic analysis.  

could be detected upon v i sua l  examination. 

the  Powell flow-control valve a l so  were removed f o r  inspection. 

t h e  dump valve revealed t h a t  a screw-type seat had loosened and was the  cause 

of leakage experienced during the  run. 

and closing, were the  only damages evident on the  flow-control valve which 

otherwise appeared t o  be i n  excel lent  condition. 

pressure and e l e c t r i c a l  instrumentation were made where possible.  

Decontamina- 

Sections of 304, 316, and 

No damage 

The Fulton-Xylphon dump valve and 

Examination of 

S l igh t  scratches,  caused by opening 

Pos t - tes t  ca l ibra t ions  of 

In  February, a new t e s t  program and plans f o r  reac t iva t ing  

T;NL-3 were outlined; six reac t iva t ion  plans a l so  were considered. 

Program Management Review was conducted during 11-12 March 1966. 
cided t h a t  LNL-3 would be react ivated i n  accordance with TD 25 but with the  

addition of t he  p a r a s i t i c  load r e s i s t o r  and auxi l ia ry  s tar t - loop heat ex- 

changer i n  the  main loop. 

t he  L;cJL-3 complex, was delayed pending fu r the r  de ta i led  substant ia t ion of cost  

and schedules. 

authorized work program was i n i t i a t e d .  

9 March 1966. 
HRL loops, should be b u i l t  i n  Building 187. 
not ye t  completed. 

A NASA/AGC 

It was de- 

LNL-4, which was proposed as an addi t ional  loop i n  

Milestone char t s  f o r  LNL-3 reac t iva t ion  were prepared and the  

Reactivation ac tua l ly  s t a r t e d  on 

It was subsequently decided t h a t  LNL-4, complete with PNL and 

Planning f o r  t h i s  i n s t a l l a t i o n  i s  

3. LNL-3 Reactivation 

Mechanical,: e l e c t r i c a l  and instrumentation work was s t a r t ed  

and conducted concurrently. The main loop piping design was extensively 
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revised. The dump tank, dump valve, and connecting piping were moved to a 
lower pressure point in the loop, downstream of the flow venturi3 
load resistor (PLR) and the auxiliary heat exchanger (AHE) were installed in a 
bypass loop between the expansion tank and the NaK PMA.. 
that the proposed configuration would not subject these components to exces- 
sive mechanical and thermal stresses. A new main loop flow venturi was fabri- 
cated of 316 stainless steel to replace the carbon steel venturi used in the 
3,000-hour run. 
for free movement in the horizontal plane. 

The parasitic 

Analyses confirmed 

All main loop components were suspended or supported to allow 

The following SNAP-8 components were installed in LNL-3: 

NaK PMA Unit 2/3, P/N 093200-13, S/N A-1 
L/C PMA Unit 1/2, P/N TRW 253801-1, S/N 481501 
AHE Unit 2, P/N 093607-1, S/N A-3 
PLR Unit 3, P/N 098082-1, S/N A-1 
Inverter, Unit 1 $/N 976J412 (Westinghouse), S/N 92640 

With the time-limited construction schedule, only those 
valves which were on hand could be utilized. The PLR and AHE isolation and 
bypass valves and also a new dump valve were procured from SNAP-8 surplus. 
No suitable replacement could be found, so the main loop flow-control valve, 
used in the 3,000-hour run, was reassembled and reinstalled in the loop, 

The W A  oxide control and indicating system (purification 
system), in anticipation of the construction of the second loop in Cell 2 of 
Building 152, was moved to a central location immediately south of the control 
room. 
moved when it was decided that the LNL-4 loop would not be built in Building 

The purification-system isolation valves were installed and then re- 

152. 

Extensive modifications were made to the facility's electrical 
system. All switches, circuit breakers, and current transformers were re- 
located in a common weatherproof housing which was located in Cell. 2 west of 
the control room. The inverter installation accounted for about one third of 
the electrical expenditure. 
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Instrumentation w a s  refined, as required, f o r  the  new loop 

Sensi t ive AP gages were i n s t a l l e d  t o  measure NaK €'MA rotor AP t es t  program. 

and flow i n  the rec i rcu la t ion  loop. 

main loop f low ventur i  t o  replace a 30-lb gage formerly used, 

meters were added t o  t he  L/C PMA and t h e  inver te r  c i r c u i t s .  

finements include current and voltage meters on 60-cycle start system, current  

and voltage meters on the  MSA piping heaters ,  and se lec t ive  switching f o r  both 

the  NaK PMA and the  L/C PMA. 

tank, were replaced with resistance-type probes f o r  analog and d i g i t a l  indica- 

t i ons  of NaK l eve ls .  

probes have been i n  service,  and similar probes are on order f o r  i n s t a l l a t i o n  

i n  the  expansion tank. 

A 60-ib AP gage was i n s t a l l e d  across the  

Running t i m e  

E l e c t r i c a l  re-  

Shorting probes, previously used on the  dump 

Excellent performance has been achieved i n  the t i m e  these 

Metal sheathed resistance-type loop heaters  have been re-  

placed with a ceramic type which closely f i t s  the  2-inch pipe used i n  the  main 

loop. These heaters  have a 2200°F capabi l i ty  and do not require  thermal bond- 

ing. They are  control led by an autotransformer which a l lows  an i n f i n i t e  range 

of  heater s e t t i ngs  and avoids the  cycling associated with on-off temperature 

control devices. 

with the  previously described heaters  o r  by switching d i r e c t l y  t o  t he  PLR. 

The PLR heaters,  which t o t a l 1 8  i n  number, have been divided i n t o  three groups 

of six.  Each s e t  of s i x  PLR heaters  i s  approximately equivalent t o  t h e  t o t a l  

heating capacity of  the  loop heaters.  Therefore, only one s e t  of s i x  heaters 

w i l l  be run a t  a t i m e .  A blower has been i n s t a l l e d  t o  remove ant ic ipated ex- 

cess heat i n  the  c e l l  due t o  t he  incrgased heated surface of  t he  new loop. 

A s  a r e su l t ,  present loop heating may be accomplished e i the r  

A Management Review was conducted 31 May 1966 which produced 

a t o t a l  of nine act ion items contingent t o  unattended operation of the  loop. 

These items were remedied. It a lso  was concluded i n  t h i s  meeting t h a t  more 

de ta i led  analysis  f o r  shutdown parameters and mechanisms would be required 

p r i o r  t o  unattended operations. 

t h e  Management Review Board, a f i e l d  l o s s  relay was added t o  t h e  inverter f i e l d  

c i r c u i t  to prevent overspeeding damage through the  inver te r .  

I n  addi t ion t o  t h e  recommendations made by 
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4. Loop Operation 

Wet shakedown e l e c t r i c a l  and instrumentation checkouts oc- 

cupied the  f i r s t  two weeks i n  June. 

and 200 cps without load. 

SPS-004, w a s  i n i t i a t e d  6 June 1966: 
3.5.1 of t h i s  document (Figure V-46); inver te r  and NaK PMA start tes ts  per  

sect ion 3.5.2 (Table V-7); tests of the  inver te r  with capacitors energized at 

95 cps per sect ion 3.5.2.2 (Table V-8); and inver te r  start  tests a t  60 cps per  

3.5.2.3 (Table V-9) were conducted during the  lat ter p a r t  of June. 

The SNAP-8 inverter w a s  operated at  95 
The LNL-3 t es t  plan i n  accordance with document 

a NaK PMA head-capacity t es t  per sect ion 

Inverter  s tar t  t e s t s  were delayed by the discovery t h a t  

“Voltron” current  transducers, used t o  condition an a-c s igna l  f o r  d-c readout 

on t h e  oscil lograph, had a bu i l t - i n  l / lOth to 1/4 second t i m e  delay. 

r e s u l t ,  t h e  “Voltron” transducers were replaced with a resistor-transformer 

network t h a t  shows the  resu l t ing  s ignal  as a waveform on t h e  oscil lograph. 

Tests were resumed, following oscil lograph recal ibrat ion.  

A s  a 

Through 30 June 1966, t he  t o t a l  hours and number of starts 

f o r  t h e  loop components were as follows: 

Total  starts and stops,  NaK PMA: 
Total starts and stops,  L/C PMA: 

40 
86 

Total Hours: NaK PMA: 20.5 
L/C PMA: 36.0 

Inverter  ; 20.5 

The extent  of design changes i n  t h e  LNL-3 reac t iva t ion  i s  

shown i n  the  following i l l u s t r a t i o n s :  

V-47) ; building 152 f a c i l i t y ,  D/N 099352 (Figure V-48) ; LNL-3 instrumentation 

and controls  (Figure V-49) ; LNL-3 loop, looking southwest (Figure V-50) ; 
LNL-3 h o p ,  looking north (Figure V-51) ; p a r a s i t i c  load r e s i s t o r  and auxi l ia ry  

start  heat exchanger during construction of LNL-3 (Figure V-52); and bay 2, 
showing SNAP-8 inver te r ,  load banks, D.C. power supply and auto-transformers 

(Figure V-53). 

LNL-3 schematic, D/N 096176 (Figure 
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5. Lubricant-Coolant Pump-Motor Assembly 

a. Testing 

During t h i s  report  period, L/C PMA (P/N 093580, S/N 

48150k) has operated successfully i n  PCS-1 Phase I V  Step 2 fo r  672 hours. 

This F'MA a l so  operated i n  the  PCS-1 Phase I V  Step 1 t e s t  sequence f o r  163 
hours, making i t s  t o t a l  of 835 hours. 

Step 2 i s  shown i n  Figure V-54. It should be noted t h a t  t h i s  f igure does not 

match the or ig ina l  t e s t  data  because mercury was found i n  the motor which in- 

creased the power loss ,  reduced the motor speed and caused a drop i n  pump head. 

The performance of the L/C PMA during 

Because mercury had leaked i n t o  the lubricant  and 

coolant f l u ids  during t e s t  operations, the PMA was removed from the  system fo r  

inspection of possible mercury damage. 

The P M  was disassembled and found t o  contain approxi- 

mately one tablespoon of mercury. 

as a segment of the motor housing w a l l  were plated with mercury and small 

droplets a l so  were found within the insulat ion wraps. 

mercury, the PMA was cleaned with tr ichloro-ethylene and placed i n  a vacuum 

furnace bake a t  300°F f o r  24 hours. However, upon completion of the baking 

process, it was discovered t h a t  some mercury droplets s t i l l  remained i n  the  

winding. Consequently, t he  decontamination process was changed, increasing 

the temperature t o  350°F and extending the baking time t o  two 24-hour periods 

(minimum vacuum leve ls  of 100 microns were used). 

pleted with an apparent successful cleanup of the uni t .  

been performed, comprised of a momentary surge of 420 vo l t s  a-c, t o  confirm 

the adequacy of mercury removal. 

t o  be u t i l i z e d  as  a spare. 

The s i lve r  ro tor  res is tance rings as  well 

In  order t o  remove the 

The process has been com- 

An e l e c t r i c a l  t e s t  has 

The L/C PMA i s  presently being reassembled 

The PMA (S/N 481501) from the LNL-3 w a s  disassembled 

and inspected a f t e r  4,534 hours of operation. 

complished and r e su l t s  compared t o  those of the or ig ina l  assembly. 

Dimensional inspection was ac- 

Inspection 

showed no appreciable wear and a l l  component pa r t s  appeared t o  be i n  excellent 
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condition. The PMA was reassembled and r e ins t a l l ed  i n  the LNL-3 complex; sub- 

sequent PMA operation has resul ted i n  the accumulation of 26.5 addi t ional  

hours with 37 starts and stops. 

b. Hardware Status  

L/C PMA un i t  7 (S/N 481507) has been in s t a l l ed  i n  the 

PCS-1 f a c i l i t y  fo r  Phase I V  Step 3. 

L/C PMA un i t  4 (S/N 481504) has been assembled as a 

spare un i t .  

In  accordance with CPP requirements, requests f o r  

quotations a re  being prepared f o r  addi t ional  hardware. 

6. Mercury Pump-Motor Assembly (Hg PMA) (0741-45) 

a.  Summary 

During t h i s  report  period mercury PMA (P/N 093347-5) 
S/N A-1 continued t o  operate i n  the  PCS-1 Phase I V  f a c i l i t y ,  bringing the t o t a l  

operating time for  t h i s  PMA t o  1099 hours with 101 s t a r t s .  

Performance was i n  accordance with ant ic ipated design 

Some l i m i t s ,  and disassembly revealed the un i t  t o  be i n  excellent condition. 

minor cavi ta t ion evidence was seen on the impeller surfaces; however, it i s  

concluded t h a t  the mercury PMA w i l l  undoubtedly meet the  SNAP-8 10,000-hour 

l i f e  requirement. 

b. Introduction 

A t  the  beginning of t h i s  report  period, three mercury 

PMA un i t s  had been operated successfully. 

centered around the  s t a r t  s ea l  and s t a r t - sea l  l i f t o f f  bellows area. In  addi- 

t ion,  some severe cavi ta t ion erosion damage t o  the impeller and impeller 

locking bol t  which occurred during pump development t e s t ing  i n  ML-3 f a c i l i t y  

was considered t o  be a possible problem. 

The pr incipal  problem areas were 
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c. Accomplishments 

Operation during t h i s  report  period has confirmed t h a t  

t he  cavitation/erosion damage which occurred i n  pump development t e s t i n g  was 

en t i r e ly  due t o  t h e  prolonged NPSH tests which took place, coupled with flow 

disturbances with the  o r ig ina l  "Allen" head type impeller re ta in ing  bo l t .  

Performance i n  PCS-1 Phase IV with t h e  "streamlined" head bo l t  has revealed 

only s l i g h t  cav i ta t ion  damage t o  t h i s  impeller a f t e r  806 hours of operation 

(Figures V-55, -56 and -57.) The ac tua l  F'MA operating t i m e  was 1099 hours; 

however, as p a r t  of the  cavi ta t ion  /erosion study the  impeller was replaced a t  

293 hours. 

Hg PMA which operated f o r  756 hours i n  the  SL-1 f a c i l i t y .  

cavitation/erosion damage was noted. 

Figures V-58 and -59 show the  condition of t h e  impeller from the  

Again, only minor 

Performance of the  s ta r tup  sea l  system could not be 

determined since it was known t h a t  t he  carbon face start-seals were worn p r i o r  

t o  operation of t he  l i f t o f f  bellows. 

Due t o  two previous f a i l u r e s  of l i f t o f f  bellows actua- 

ted  by pump discharge pressure (450 t o  490 p s i ) ,  the  current bellows was 

actuated by gas pressure a t  200 psia;  there  were no subsequent f a i l u r e  of  t h i s  

item. 

No indicat ion of performance degradation was apparent, 

although some performance points  were p lo t t ed  fo r  pump head rise versus flow 

rate (H-Q) which indicated the  the  M-Q curve was 7 feet  of mercury head l e s s  

than t h a t  obtained from development tests i n  LML-3. The data curve obtained 

from the current  t e s t  s e r i e s  i s  shown superimposed on the  LML-3 curve (Fig- 

ure  V-60). 
apparent reason f o r  t h i s  performance discrepancy. 

manufacturing tolerances i s  estimated t o  be +3$ of the  head (approximately 2 

f e e t ) .  

e r rors ;  however, t he  mercury PMA H-Q performance w i l l  be ve r i f i ed  i n  PCS-1 

Phase IV Step 3 t e s t i n g  which i s  scheduled t o  start ea r ly  i n  the  next report  

period. 

Impeller clearances, runout, e t c .  were checked, and there  i s  no 

Normal var ia t ion  due t o  

It i s  assumed t h a t  t he  difference i s  l a rge ly  due t o  instrumentation 
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Replacement of t he  motor u n i t  ( s t a t o r  and ro to r )  be- 

came necessary a f t e r  938 hours of operation when it was discovered t h a t  a leak- 

age of mercury i n t o  the  motor housing had caused an "open" c i r c u i t  i n  a l l  th ree  

phases a t  t h e  phase junction; two of t he  phases "grounded" on the  housing (Fig- 

ure v-61 through -65). 
leaked through the  s ta r tup  seals when the  l a t te r  became worn. 

It was concluded t h a t  l a rge  quant i t ies  of mercury 

The mercury PMA from SL-1 was disassembled f o r  inspec- 

t ion.  

p r io r  t o  "mothballing" the  f a c i l i t y  i n  December 1965. 
vealed minor cavitation/erosion damage but it was ins igni f icant  r e l a t i v e  t o  
performance over 10,000 hours of operation. 

heat discolorat ion was noted on the  motor-end shaf t  (Figure V-66). 
f o r  t h i s  i s  not known, although it i s  suspected t h a t  overheating may have 

occurred when the  PMA was operated f o r  short  periods of t i m e  without lubricant-  

coolant f l u i d  t o  t h e  motor and bearings. An invest igat ion w i l l  be made i n  t h i s  

respect.  No other damage w a s  noted i n  t h i s  machine, although the  s t a r tup  seals 

were badly-worn, as was expected, since no l i f t o f f  bellows was i n s t a l l e d  i n  

t h i s  PMA. A cursory hand ro ta t ion  check made on the  bearings f o r  t h i s  PMA and 

the  u n i t  removed from PCS-1 indicated t h a t  they were i n  good condition. A 

more de ta i led  bearing invest igat ion w i l l  be made during the  next repor t  period. 

A t o t a l  of 756 hours and 38 starts had been accumulated on t h i s  u n i t  

The examination re- 

A somewhat unusual condition of  

The cause 

A repor t  on the  mercury pump development t es t  program 

t h a t  was conducted i n  the  LMI;-3 f a c i l i t y  i s  being prepared, and i s  scheduled 

f o r  release ea r ly  i n  the  next report  period. The conclusion reached i s  t h a t  

hydraulic performance (cavi ta t ing  and noncavitating) exceeded the  design 

objectives.  

d. Conclusions 

No fur ther  mercury PMA deficiencies  have been estab- 

l i shed  during t h i s  report  period. 

e f f o r t  a re  the  s t a r t - s e a l  and l i f t o f f  bellows system. This i s  cur ren t ly  being 

investigated along with the  SNAP-8 TA s t a r t - s e a l  system. 

Outstanding areas which require  design 

For operation i n  
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PCS-G, a prototypic actuation of the s t a r t  sea ls  i s  essent ia l  and f o r  t h i s  

purpose one design being considered i s  a cent ra l  bellows chamber with a closed- 

loop f l u i d  on the s e a l  actuation side. 

be by Hg PMA discharge pressure. 

could be expected since the cent ra l  bellows would be la rge  enough t o  permit 

X-ray inspection of the welds, e tc .  

Actuation of the  cent ra l  bellows would 

A high confidence l eve l  i n  such a system 

The leakage of mercury i n t o  the motor i n  PCS-1 empha- 

s izes  the need for care Tdl. Eiblsercnce. t'm the valve operation procedures during 

the s t a r t  cycle. 

Leakage performance of the dynamic sea l  system has not 

yet been established since no measuring equipment has been in s t a l l ed  i n  the 

f a c i l i t y .  Leakage performance, however, i s  expected from the next phase of 

tes t ing  i n  PCS-1. 

Based on operating h is tory  t o  date,  it can be con- 

cluded t h a t  the SNAP-8 mercury PMA i s  a highly successful un i t  capable of oper- 

a t ing for 10,000 hours with a high l eve l  of confidence. 

e .  Mercury PMA. Bearings 

Balls of nine bearings (P/N 095306) which were inspected 

during November 1965 f o r  scratches made inadvertently during rework of bearing 

re ta iners  by the vendor, were found unacceptable on the bas i s  t h a t  the  scratched 

areas had an average f i n i s h  of 2.0 ms which i s  one order of magnitude t o e  

large.  It was decided to r e f i t  the  bearings with new ba l l s ,  and 13 pounds 

of M-50 bearing s t e e l  was shipped t o  the vendor. 

A s  a precaution, two of the  bes t  s e t s  of b a l l s  (12 

b a l l s  per s e t )  out of the  nine rejected s e t s  had been put aside fo r  use i n  an 

emergency unt i l  the new bearings were delivered. 

Five complete bearings were delivered to Aerojet during 

One bearing was rejected because i t s  contact angle the week of 13 June 1966. 
was about 2" i n  excess of the allowable tolerance. It w i l l  be determined 
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whether the bearing can be used i n  a mercury PMA where the shaf t  press  f i t  of 

,0005 i n .  ( the maximum design press f i t )  can bring the contact angle within 

the allowable angle of contact tolerance. This bearing, i f  accepted, w i l l  be 

t rea ted  as a select ive ty-pe of assembly. A second bearing was re jec ted  on the  

bas i s  of excessive r ad ia l  play, and a t h i r d  bearing was rejected because of an 

inadequate f inish.  

nine bearings scheduled f o r  completion during t h i s  report  period. 

There was an insuf f ic ien t  number of b a l l s  t o  complete the 

Delivery of four outstanding bearings w i l l  be estab- 

l i shed  by the vendor a f t e r  receipt  (or manufactwe) of the  remainder of b a l l s  

from t h e i r  b a l l  plant .  

7. Mercury PMA Bearing - Test Results 

a. Summary of Bearing Life Test Results 

Ser ies  of performance and checkout t e s t s  were con- 

cted i n s e v e r a l  of the  SNAP-8 t e s t  f a c i l i t i e s  with the mercury PMA, conta .n- 

A summary of the  r e s t  r e s u l t s  covering a period ing b a l l  bearings P/N 092867. 

from June 1964 to February 1966 i s  tabulated below: 

Item 

1 
- 

2 

3 

Bearing 
P/N 

092867 

092867 

092867 

Hg PMA 
P/N 

09 3 347- 1 

093340-1 

093347-5 

~~ 

Test 
F a c i l i t y  

LML- 3 

SL-1 

RPL-2 

PCS-1 Ph. 
I V  Step 1 

I V  Step 2 

TOTAL 

PCS-1 Ph. 

Test Status 

Nov. 65-Dee. 65 
Jan. 66-Feb. 66 
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The maximum operating time f o r  any one pa i r  of bearings during these tests was 

obtained with mercury PMA P/N 093347-5 ( i t e m  3) fo r  a t o t a l  accumulated time 

of 938 hours and 74 s ta r t - s top  operations. 

Most of the  t e s t s  were performed with the lubricant  a t  
approximately 210°F and injected at  a flow r a t e  of 200 t o  240 lb/hr t o  two 

bearings. 

Pr ior  t o  mercury PMA stactup, the lubricant  was de- 

gassed by circulat ion through a f i l t e r e d  bypass c i r c u i t  fo r  several  haurs a t  

approximately 300°F and with a vacuum maintained i n  the supply tank. During 

operation, but pr ior  t o  being in jec ted  i n t o  the bearings, the lubricant  was 

passed through two f i l t e r s  t h a t  were placed i n  ser ies ;  a lubricant-coolant 

f i l t e r  with a 25-micron nominal r a t ing  and the  mercury PMA lubricant  f i l t e r ,  

ra ted a t  5 microns nominal. Preceding a l l  runs where the uni t  had been idle 

for  some time, lubricant  at 210°F was injected i n t o  each bearing fo r  3 seconds 

a t  a flow rate of 100 lb/hr. After each s tar tup,  continuous lubricant  flow 

was i n i t i a t e d  when the u n i t  reached an operating speed of 7800 rpm. 

The majority of these t e s t s  were performed with no 

abnormal ineidents re la ted  t o  the  bearings or  the lubricat ion system. 

b. Bearing and Lubrication Operating Parameters Obtained 

from SNAP-8 Test Systems 

(1) Tests i n  l i q u i d  mercury loop (ML-3) 

Typical mercury PMA bearing outer-race tempera- 

tu res  (OF) obtained during tests i n  the LML-3 t e s t  f a c i l i t y  on 13 October 1964 
a re  shown below. The t e s t s  were conducted a t  7800 rpm and the lubricant  (mix- 
4P3E) i n l e t  temperature was maintained a t  210°F. 
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Test 
No 

1 

3 

* 

I Lubricant Flow Rate Per Bearing 
lb/hr 

Bearing Location 80 90 100 110 120 

Motor End 251 245 239 233 228 
249 243 236 230 226 

Pump End 242 238 234 230 . 227 
240 236 232 227 224 

Motor End 247 242 238 235 232 
245 241 237 234 232 

Pump End 239 236 234 233 231 
235 232 231 230 228 

On the basis  of  bearing outer-race operating 

temperatures, the lubricant  flow ra t e s  of 80 through 120 lb/hr are acceptable. 

However, based on overal l  bearing and sea l  power losses  as w e l l  a s  the mercury 

PMA motor cooling requirements, t he  lubricant  flow r a t e  was established at 100 

t o  120 lblhrlbearing. 

(2) Tests i n  system loop (SL-1) 

Bearing and lubricat ion operating parameters, re- 

corded on 24 September 1965, during t e s t s  i n  the SL-1 t es t  f a c i l i t y  f o r  a 

specif ic  period of 24 hours of continued tes t ing ,  are typica l  for  the  €'MA 

bearings. 

a re  tabulated below: 

The t e s t s  were performed a t  or  near a speed of 7880 rpm. The values 
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Parameter 

Lubricant inlet 
temperature 

Lubricant outlet 
temp. (at seal outlet) 

Lubricant inlet 
pr e s sur e 

Lubricant outlet 
pres sure 

Lubricant flow rate 
(two bearings) 

Bearing outer race 
temperature 

Unit Time 

"F 

"F 

psia 

psia 

lb/hr 

"F 

0200 

211 

247 

0 . 6  

2.9 

222 

244 

0600 

210 

246 

0 .6  

2.9 

221 

244 

1000 

210 

246 

0 .6  

2.9 

223 

244 

1400 

211 

247 

0 .6  

2.9 

230 

245 

1530 

211 

248 

0 .6  

2 , 8  

233 

246 

2000 

211 

2 48 

1.05 

4.2 

233 

246 

From the data it can be seen that the bearing outer-yace temperature rerr.,sin: i71 
same for a relatively steady lubricant flow rate (time 0200, 0600, and 1000) 

At an increased flow rate of 5% and an increased lubricant inlet temperature or 
1°F, the outer-race bearing temperature increased only 2°F. The average lubric 
cant temperature in the bearing is estimated at 230°F. 

temperature shown ranging from 24603' to 248°F is measured at the seal outlet, 
which also includes heat generated by the seal. 

The lubricant outlet 

(3) Tests in PCS-1 Phase IV Step 1 

A series of performance and checkout tests was 
performed for PCS-1 Phase IV (RPL-2, Step 1 and Step 2) system. 
bearing and lubrication parameters measured as such, but a few important ones 
(system shutdown parmeters) were recorded. A specific test period performed 
on 8 December 1965, covering approximately 10 hours of continuous testing that 
includes a period of bearing temperature stabilization after a start, is tabu- 

lated below. 
Neither lubricant outlet temperature nor lubricant inlet pressure were recorded. 

There were no 

The lubricant was mix-4P3E at a nominal inlet temperature of 210°F. 
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Y 

Parameter 

Hg PMA 
speed 

Lubricant 
flow r a t e  

Lubricant 
ou t l e t  
pres sure 

Motor 
end brg . 
temp . 
Pump end 

Unit/ 
Time 

rPm 

Ib/  
h r  

p s i a  

"F 

"F 

- 

1325 

7880 

201 

- 

5.0 

240 

235 

-70 6 

7860 

200 

- 

5.0 

265 

266 

~800 

7860 

189 

- 

5.0 

247 

249 

Data show t h a t  t he  bearing 

~900 

7865 

192 

- 

5.0 

244 

249 

2200 

7880 

188 

5.0 

241 

244 

'259 

'865 

185 

5- 0 

236 

2 40 

3perating temperature i s  

s tab i l ized  i n  approximately 20 minutesfrom t h e  star't. 
bearing temperature a f t e r  temperature s t ab i l i za t ion  cannot be readi ly  explained 

except t ha t  they may be caused by changing t e s t s  of mercury PMA and other system 

components. The warning bearing temperature i s  s e t  a t  275°F and shutdown i s  s e t  

a t  300°F. 
within the  normal bearing operating temperature. 

The f luctuat ions of the  

The highest  recorded bearing outer-race temperature of 266"~ i s  well 

C .  HEAT EXCHANGERS 

The major work i n  t h e  development of t he  heat  exchange components 

f o r  t he  pas t  s i x  months has been i n  the  continued evaluation of performance i n  

conjunction with PCS tes t ing .  

uated during the  PCS-1 Phase I V  Step 2 t es t  s e r i e s  and t h e i r  performance com- 

pared with earlier tes ts  of s i m i l a r  un i t s .  No s ign i f icant  component degrada- 

t i o n  w a s  detected during operation, and overa l l  performance was sa t i s fac tory .  

However, during the  l as t  se r i e s  of tests, t he  boi le r  was contaminated with t h e  

organic L/C f l u i d  and was deconditioned on the  l as t  s ta r tup .  

Both t h e  bo i l e r  and condenser have been eval- 

V- 42 



Report No. 3233 

The completion of component testing provided a basis for a revised. 
mathematical model of the boiler and a computer program based on the model has 

been completed. 
requirements and/or provides off-design performance based on a fixed design and 
variable operating conditions. 

The two-part program provides a boiler design based on fixed 

A boiler technology program has been initiated with the objective 
of Lmproving boiler performance. 
include : I 

Aspects of the boiler to be investigated 

Boiler conditioning 
Life/corrosion/erosion 
Liquid entrainment 
Outlet pressure oscillations 

The test vehicle is a one-seventh scale system utilizing a NaK 
heated, single-tube boiler test section. 
initiated. 

Design of the test facility has been 

1. Boiler 

a. Boiler description 

The SNAP-8 tube-in-tube (T-T) boiler, P/N 097444-7, 
S/N A-1 shown in Figure V-67, is a counterflow heat exchanger where the enter- 
ing subcooled mercury is preheated, evaporated and superheated in a single 
pass. 
outer tube. The NaK is in counterflow in the area between the tubes containing 

mercury and the outer tube. The entire assembly is coiled to complete the con- 
figuration. 
parallel flow passages, giving a liquid velocity up to 6.5 ft/sec. 
in this restricted flow section is.a hollow rod spaced from the inside of the 
tube by either a spiral wire or machined threads; the mercury flowing in a 
spiral path in the annulus between the plug and tube. 
flow varies with the boiler configuration. 
the spiral flow is maintained by a spring insert which rests against the 

The mercury flows in seven 3O-ft long tubes which are nested within an 

A "plug" to restrict flow is placed in the inlet of the seven 
The plug 

The pitch of the spiral 
Downstream of the 5-ft long plug, 
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ins ide  diameter of t he  tube. 

pi tch,  serves t o  separate the high densi ty  l i q u i d  from t h e  vapor i n  the  high 

qua l i ty  region of the  boi le r .  

The .o6o-in. diameter spring coi led on a 2.5 in .  

A s  reported e a r l i e r  (Reference 5), t he  performance of 

The ove ra l l  per- the  T-T bo i l e r  has been evaluated during component tes t ing .  

formance of the  mit  was sa t i s fac tory ,  but  t h e  system could benef i t  from modi- 

f i ca t ions  which would improve the  b o i l e r ' s  s ta r tup  conditioning requirement,* 

decrease the  magnitude of o u t l e t  pressure osc i l l a t ions ,  reduce the  extent of 

l i q u i d  entrainment, and improve boi le r  l i f e  expectancy. 

b. Performance evaluation 

(1) Design point  performance 

The performance of the  boi le r  a t  i t s  nominal de- 

sign conditions was evaluated each day during the  300 hours of operation ac- 

cumulated over the  PCS-1 Phase IV Step 2 t e s t  program. 

evaluation was t o  detect  component degradation, 

l as t  s ta r tup  (discussed below), t he  b o i l e r ' s  performance was sa t i s f ac to ry  with 

no change i n  performance noted. 

t e s t ing  i s  compared with the  data  obtained with comparable operating conditions 

during component t e s t s  (PCS-1 Phase IV Step 1) indicated below: 

The purpose of t he  

With t h e  exception of t he  

The design point  performance during Step 2 

~- * 
Conditioning describes the time-dependent charge i n  performance on i n i t i a l  
s ta r tup  of a new u n i t  wherein o u t l e t  mercury conditions (qua l i ty  and e x i t  
temperature) increase as a function of  t i m e .  
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Operating Conditions 

NaK s ide 

Flow r a t e ,  lb/hr 

I n l e t  temperature 

Hg s ide 

Flow ra t e ,  lb/hr 

I n l e t  temperature, O F  

Performance Parameters - Hg Side 

Outlet temperature, O F  

Pressure drop, p s i  

Liquid entrainment, % 
Outlet Pressure Osci l la t ions 

Magnitude, ?$ 

Frequency, cps 

Inventory, l b  

Required Surface Area (%) 

Component Tests 
(Step 1) 

44,900 

1322 

12,000 

448 

1296 

96 
** 

1 . 5  

18 
53 

Systems Tests 
(Step 2) 

42,250 

1329 

11,800 

432 

1267 

84 
4 

2.0 

** 
60 

The NaK-side temperature p ro f i l e s  f o r  Steps 1 

and 2 were ident ica l .  

i s  shown (temperature da ta  i s  corrected) i n  Figure V-68. 
A typical design-point temperature p r o f i l e  from 8tep 2. 

A reduced bo i l e r  pressure drop i s  the  only per- 

formance parameter which changed appreciably between Steps 1 and 2; and, even 

t h i s  change i s  not considered s igni f icant  from a system point of view. 

reduced pressure drop was not re f lec ted  i n  the  NaK-side temperature p ro f i l e s  

but  i s  considered t o  be caused by a change i n  thermal performance. 

postulated t h a t  i n  Step 1 tests, t he  plug i n s e r t  was more e f fec t ive  and re- . 

su l ted  i n  boi l ing taking place i n  the  "tight-pitch" (3/8 in .  p i t ch )  section 

of t he  plug i n s e r t ,  while i n  Step 2 tes t ing ,  the  e x i t  qua l i ty  from the  " t igh t -  

The 

It i s  

pitch" sect ion was somewhat lower. The cause f o r  the  change i n  performance i s  

unknown but may be associated with a change i n  surface wetting cha rac t e r i s t i c s  

i n  the  plug region of t h e  boi le r .  

WIndeterminate from tes t  data.  
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(2)  O f f  -design performance 

Off-design performance was previously correlated 

with pinch-point temperature difference ( r e fe r  ' t o  Figure'v-67). The pinch-point 

temperature difference i s  defined as the  difference i n  temperature between 

NaK and mercury a t  the l i qu id  vapor interface.  This temperature difference 

represents the  min imum thermal poten t ia l  f o r  evaporating the mercury within 

the  boi ler .  

mercury pressure, mercury flow r a t e ,  and NaK i n l e t  temperature i n  a common 

dependent variable.  

point during Step 2 t e s t s :  

It i s  a convenient parameter t o  use a s  it r e l a t e s  NaK flow ra t e ,  

The following parameters were correlated with pinch- 

Mercury-side pressure drop 

Outlet pressure osc i l la t ions  

Terminal temperature difference 

Inventory s h i f t .  

The data fo r  mercury-side pressure drop a re  

shown i n  Figure v-69 with the r e s u l t s  for  Step 1 (component t e s t s )  super- 

imposed. 

akion i n  t h a t  the pressure drop i s  lower. 

t es t  se r ies  were empiracally correlated by the  equations shown below: 

The off-design performance i s  comparable t o  the design point evalu- 

The pressure drop data  f o r  the two 

Step 1 Tests 

Lp = wH (64 + .13 L Tp) 12,000 

Step 2 Tests 

Lp = (12,000 n ,  (77 + -37 L TP) 

where 

LP = Hg-side pressure drop, p s i  

WH = Hg-flow ra t e ,  lb/hr 
LTp = Pinch-point temperature difference,  "F 
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The pressure drop is less sensitive to flow rate 
and pinch-point temperature difference in the Step 2 tests. 
flects the reduced quality from the "tight-pitch" region of the plug insert 
and may have been caused by surface contamination, 
incident reports for Step 1 tests showed that a failure of an oil-filled dif- 
ferential pressure transducer occurred late in Step 1 testing which could have 
introduced a small amount of oil into the mercury loop boiler. 

This again, re- 

For example, a review of 

Data on boiler stability are shown in Figure 
V-70. 
at the nominal minimum pinch-point temperature difference of 30°F 
data show somewhat greater stability (*2% at a 30'F pinch-point) but no quanti.- 
tative comparison is possible as data scatter can account for this difference 

The boiler is acceptably stable with an oscillation magn5tude of +2 5% 
The Step 1 

Figure V-71 shows the terminal temperature dif- 
ference as a function of pinch-point temperature difference. 
wide variations in mercury flow rate without any distinction being possible. 
Since the terminal temperature difference is so small compared to the absolute 
magnitudes of the temperatures, data scatter can completely shroud any small 
trends. As an average, it can be stated that the terminal temperature dif- 
ference is about 40°F. 
is about 20°F. The lower temperature difference of Step 1 likely indicates 
better performance during Step 1, but instrumentation inaccuracies preclude 
making a definite comparison. 

The data include 

The average terminal temperature difference for Step 1. 

Figure V-72 presents change in boiler inventory 
as a function of pinch-point temperature difference. 
shown rather than actual inventory because the initial boiler inventory is not 
accurately known. 
assumed in the plot. 
presents the corresponding change in boiler inventory. 
cates a lesser degree of inventory shift than the Step 2 data. 
sistent with the assumption of poorer thermal performance in the plug insert, 

Change in inventory is 

A reference pinch-point temperature difference of 3O'F is 
For changes in pinch-point (relative to 30"F), the plot 

The Step 1 data indi- 
This is con- 
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a$ more inventory implies a lower quality and, hence, lower pressure drop in 
this region of the boiler. 
formaace for Step 2. 
startups was noted to be greater for latter startups than for the initial 

This is in keeping with a slight decrease in per- 
The inventory transferred to the boiler during Step 2 

startup. 

(3) Deconditioned performance 

The performance of the boiler on the last startup 
of Step 2 tests showed that the boiler was deconditioned, 
performance is shown by the NaK temperature profiles taken before and after 
the last startup (Figure V-73). The startup deconditioning was caused by oil 
contamination of the mercury tube when the lubricant-coolant fluid (mix-4P3E) 
was accidentally introduced into the mercury loop. 

This deconditioned 

Oil was permitted to enter the mercury loop, 
following an automatic system shutdown when the MPMA did not shift automatically 
to f8ciL3ab 400 cps power and the manually operated shutoff valves controlling 
the lubricant-coolant flow could not be activated in time to prevent contamina- 
tion. Activation of these valves is now automatic rather than manual and 
future recurrence is not expected. 

The boiler was cleaned following Step 2 shutdown 
and will be restarted for Step 3 tests without the presence of oil contamination. 

(4) SNAP-8 Boiler Computer Code 

Two sets of computer codes were established for 
the SNAP-8 boiler design and performance analysis. 
"PROgramed - Boiler - DEsign - ANalysis.t' 
quired boiler length and operating thermal and dynamic parameters on the basis 
of abritrarily assumed mercury flow passage internal geometry, tube size and 
number of tubes. 
mercury flow rates, NaK inlet temperatures, mercury inlet and exit temperatures 
and exit pressure are used as arbitrary input parameters, 

The first is called 
This computer code establishes the re- 

The boiler design specifications defined by the NaK and 

A similar computer 
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code, ca l led  "PROgrammed - Boiler - PErformance - ANalysis", was established t o  in-  

ves t iga te  the  given bo i l e r  performance cha rac t e r i s t i c s  subject t o  a rb i t r a ry  

input conditions. 

mercury flow-passage in t e rna l  geometry, tube s ize ,  number of tubes, and the  

t o t a l  bo i le r  length as established i n  the preceding program and determines the  

bo i l e r  operating parameters i n  terms of a rb i t r a ry  input conditions,  

putation r e s u l t s  reconstructed i n  terms of NaK temperature p r o f i l e s  and Hg 

temperature and pressure p ro f i l e s  compare r e l a t i v e l y  well with the  SNAP-8 

bo i l e r  t e s t  data  a t  high and low NaK temperature schedules. 

a r e  shown i n  Figures V-74 and -75. 
a r e  presented i n  Table V-10.  For comparison purposes, Table V-10 i s  sup- 

plemented with ac tua l  T-T bo i l e r  tes t  data .  

t ransfer  rates, the  tes t  data  compare reasonably w e l l  with the  ana ly t ica l  pre- 

dict ions.  

close agreement with t h e  computed values. 

presented pressure drop data.  

exit-pressure operating conditions and the  unknown pressure drop d i s t r ibu t ion  

i n  the  tes t  bo i l e r  plug-insert  section. The t e s t  bo i l e r  plug-inser t  sect ion 

was not i n t e rna l ly  instrumented with pressure measurement devices. The pres- 

sure drop i n  t h i s  sect ion was estimated from the  shape of the NaK temperature 

p r o f i l e  and the  measured NaK and mercury flow rate. 

t h a t  excessive bo i l e r  pressure drop can result  when the  small-pitch h e l i c a l  

flow passage i n  the  preheat section performs b e t t e r  than analyticalLy pre- 

dicted.  It i s  intended to r e c t i f y  t h i s  problem i n  the  SSBP program where the  

experimental work w i l l  place a t ten t ion  on t h e  bo i l e r  plug-insert  section heat  

t ransfer  and two-phase flow pressure drop. 

- 

This computer program u t i l i z e s  the  prescribed bo i l e r  

The com- 

These p ro f i l e s  

The corresponding operating parameters 

Relative to bo i l e r  overa l l  heat  

The bo i l e r  excess superheat length a s  obtained from t h e  tes t  i s  i n  

The discrepency i s  evident i n  the  

This may be a t t r i bu ted  to d i f f e ren t  t e s t  bo i l e r  

It i s  evident, however, 

(5 )  Fabrication 

Fabrication of t he  T-T bo i le r ,  P/N 097444-31, 

S/N 481601 was completed. 
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(6) Boiler technology program 

In  general, t he  present SNAP-8 bo i l e r  meets sys- 

t e m  performance requirements. However, experience has shown t h a t  improvements 

a re  required i n  order t o  provide predictable  and reproducible operation. 

l i f e  of bo i l e r  material i s  questionable, the  i n i t i a l  performance character-  

i s t i c s  and attainment of 100%-quality vapor are uncertain and pressure f luctua-  

t i ons ,  while acceptable, require  a system penalty. 

improvement are understood to a degree, i n  t h a t  var iables  a f fec t ing  each f ac to r  

have been noted; however, an experimental invest igat ion i s  needed to obtain data  

on the  design and operating parameters f o r  reproducible performance. 

sequently, a task  was undertaken to define t h e  spec i f ic  problem areas and t o  

plan an experimental program. 

report  (Reference 15 )  which resu l ted  i n  approval of t he  experimental program. 

The 

These areas  of po ten t i a l  

Con- 

The results of t h i s  task  were presented i n  a 

The design of the  experimental f a c i l i t y  has been 

i n i t i a t e d .  

with appropriate t es t  support equipment to provide forced flow of NaK and 

mercury, heat addition and removal. The loop i s  schematically shown i n  the  

Process and Instrumentation Diagram, (Figure V-76). 
two sections,  one containing the  i n l e t  i n s e r t  plug and the  other a boi le r -  

superheater. The mercury and NaK s ides  of each sect ion are instrumented 

The f a c i l i t y  cons is t s  of a 1/7th scale  NaK-heated mercury bo i l e r  

The bo i l e r  i s  divided in to  

Configuration var iab les  w i l l  include design of 

the  plug in se r t  and downstream turbulat ion i n  the  boiler-superheater.  The only 

design r e s t r i c t i o n  i s  t h a t  the  basic  s i ze  of t he  tube has been held a t  .652 i n .  

I . D .  

Testing i s  scheduled to star t  i n  the  second 

quarter of Calendar Year 1967. 

The addi t ional  tests of the  boi le r  during PCS-1 

Phase I V  Step 2 have provided confirmation of bo i l e r  performance. 

cant change i n  performance was observed during operation, although thermal per- 

formance was s l i g h t l y  reduced over t h a t  observed during e a r l i e r  component 

t e s t ing  . 

No s ign i f i -  
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The tests of the boiler have formed the basis for 
a computer program which predicts off-design performance of a fixed-design 
boiler. 
ment s. 

The program also can be used to size a boiler for arbitrary require- 

A boiler technology program has been initiated 
The goals of the pro- to study the effects of design on boiler performance. 

gram are to extend boiler life expectancy, provide consistent performance from 
unit-to-unit on startup, and to reduce pressure oscillations and liquid 
entrainment . 

2. -1 Model Condenser 

a. Description 

The -1 Model condenser (P/N 092500-1) shown in Fig- 
ure V-77 is a counterflow tube-in-shell (T-S) heat exchanger with fixed tube 
sheets. Seventy-three tapered tubes contain the condensing mercury with the 
coolant contained in the tapered shell. 
mixture of sodium and potassium (NaK) which flows through the condenser as 
part of the heat-rejection system. 
velocity in very low gravity operation through the condenser length, providing 
a continual movement of condensate toward the liquid-vapor interface by means 
of the?vapor drag on the condensate droplets. 

The shell-side coolant is the eutectic 

Tapered tubes are used to maintain vapor - 

The component tests of the condenser, reported 
Performance earlier (Reference 5), indicated that the unit was satisfactory. 

was reviewed again in conjunction with systems tests performed during PCS-1 
Phase IV Step 2. Approximately 300 hours of testing were accumulated. 

b. Performance 

The condenser performance has been andyzdand com- 
pared with data obtained during earlier.component testing. 
eters evaluated were: 

Performance param- 
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Condensing pressure as a function of available area, 

Condensing pressure osc i l la t ions ,  

Overall heat-transfer coeff ic ient ,  and 

Effects  of noncondensible gas. 

I n  general, there  was no change i n  condenser performance. However, the data 

are on the overal l  coeff ic ient  of heat t ransfer  which indicated a considerable 

sca t t e r  t ha t  i s  postulated t o  be caused by the  presence of noncondensible gas. 

Evidence t o  support t h i s  postulate  a lso i s  provided by considering the NaK-side 

temperature prof i les .  

The data on condensing pressure as a function of con- 

These data denser length have been compared with e a r l i e r  data  (Figure V-78).. 
show the e f f ec t s  of inventory removal, such as  would occur due t o  space-seal 

leakage. 

ventory were mercury flow ra t e ,  HRL flow ra t e ,  and NaK i n l e t  temperature. The 

data a re  i n  rewonable agreement with Step 1 t e s t s ,  f a l l i n g  within a r e a l i s t i c  

s ca t t e r  band. 

The parameters independently established during the  change i n  in- 

An important question which has been answered from the: 

condenser tes t ing ,  i s  the relat ionship between boi ler-out le t  p r  
t ions  and condensing pressure f luctuat ions.  

locations,  but it has not been determined whether these var ia t ions are  gen- 

erated separately o r  a re  in te r re la ted .  

i n  both the boi le r  and condenser a re  shown i n  Figure V-79. 
basis ,  the boi le r  and condenser osc i l la t ions  follow a one-to-one re la t ionship .  

This leads t o  a s ens i t i v i ty  of condensing pressure osc i l la t ions  t o  the boi le r  

pinch-point temperature as shown i n  Figure v-80. 

condenser var ia t ions cor re la te  with pinch-point as  do the  boi le r  var ia t ions i n  

pressure, indicat ing tha t  condenser pressure osc i l la t ions  a re  generated i n  the 

boi le r .  The question of whether the pressure var ia t ions a t  the boi le r  and con- 

denser a re  i n  phase i s  of importance since TAA power var ia t ions a r e  affected 

by the r a t i o  of in le t - to-out le t  pressure. 

Variations occur a t  both of these 

The magnitude of pressure osc i l la t ions  

On a percentage 

It can be seen t h a t  the 

If the turbine i n l e t  and ou t l e t  
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pressure oscillations are in phase, the power variations will be less than if 
the pressures are out of phase. Figure v-81 shows strip-chart recordings of 
boiler outlet and condenser inlet pressures (TAA inlet and outlet pressures). 
Inspection of the charts indicates that the pressure variations would be in 
phase within the accuracy of the instrumentation, The conclusion is that the 
T U  power output variations will not be subject to the more severe occurrence 
of out-of-phase turbine inlet and outlet pressures. 

Heat transfer within the condenser was evaluated by 
determining an average overall heat transfer coefficient in the condensing 
region that was based on a condensing area derived from the pressure drop 
across the condenser and from the NaK-side temperature profiles. 
overall coefficient, based on a condensing area derived from the pressure drop, 
was 1124 btu/hr-ft2-"F with a standard deivation of +217. 
coefficient based on a condensing area derived from the NaK temperature pro- 

file data is 1306 but/hr-ft2-"F with a standard deviation of k337. 
trast, Step 1 data indicated an overall coefficient of 1090 but/hr-ft2-"F with 
a standard deviation of 938. 
will remain the established reference value because of the lesser scatter that 
is associated with it and because it will give a mare conservative analysis of 
condenser performance. 

The average 

The average overall 

By con- 

The overall coefficient data of Step 1 tests 

A review of the NaK-side profiles has shown that there 
is a section of tubing within the condenser where very little heat is trans- 
ferred for long condensing lengths (large condensing areas). 
Figures V-82 and -83 where NaK-side profiles are plotted for long and short 
condensing lengths, respectively. A reasonable explanation of this phenomena 
is that noncondensible gas within the vapor region of the mercury loop is 
"pumped" to the condenser where it accumulates. 
densing length, the noncondensible gas accumulates within the condenser tube in 
the region described by the flat NaK profile, giving rise to a localized re- 
gion of poor heat transfer. 

This is shown in 

In the case of a long con- 

In the case of the short condensing lengths, the 
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noncondensible gas remains in the region of the condenser inlet manifold and 
does not appreciably affect heat transfer within the condenser. 
hypothesis is correct, it offers a method for venting the condenser during 
operation without extensive redesign of the condenser. 
mercury inventory can be increased thereby providing a short condensing length 
and forcing the noncondensible gas into the condenser inlet manifold. 
manifold can then be vented through a restriction to a vacuum cold-trap system 
for ground test or to space during system operation. Verification of the 
hypothesis and the design of a TSE vent system is under consideration for 
future testing. 

If this 

That is, the loop 

The 

C. Summary 

The tests of the condenser in conjunction with SNAP-8 
system evaluation have been compared with the earlier testing performed during 
component evaluation. 
observed; however, it is suspected that the presence of noncondensible gas in 
the system is giving significant scatter in evaluation of the overall heat 
transfer coefficient. The NaK-side temperature profile suggests that the loca- 
tion of the noncondensible gas can be controlled by mercury system inventory, 
leading t o  a possibility for venting the condenser during system operation. 

No significant change in condenser performance was 

D. VALVES AT!lD CONTROLS (0741-57) 

1, Temperature Control Valve (P/N A65078) 

Two temperature control valves, which represent the current 
-1 design, were delivered by the Vinson Division of the Adel Manufacturing Co. 
The valves were assigned serial numbers of S/N lOOG and S/N 101G. 

Final acceptance tests conducted at the Adel Manufacturing 
CQ. included flow-chamber and valve-body proof tests, control-chamber volume 
measurements, full-closed leakage, and flow tests at various valve positions. 
Pressures used for control-chamber and valve-body proof tests were 240 psig 
and 100 psig, respectively. The control chamber volume (with the valve in 
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full-open posi t ion)  of t h e  S/N lOOG valve was 56.7 cubic inches and the  control  

chamber volume of the  S/N 101G valve 55.6 cubic inches. The calculated volume 

required t o  produce the desired valve motion was 56.7 cubic inches. 

The valve control chambers were f i l l e d  with NaK a t  Aerojet 

and temperature versus posi t ion ca l ibra t ions  were conducted. 

these tests were combined with the  data  from f l o w  tests conducted a t  t he  Adel 

Manufacturing Co. and p lo t t ed  t o  produce the  curves shown i n  Figures V-84 
and -85. 
drop. 

of eleven lb/hr.  The full-open pressure drop was 0.9 ps id  and 0.45 psid,  re- 

spectively,  f o r  a NaK flow rate of 39,500 lb/hr  a t  6 6 5 " ~  f o r  t h e  S/N LOOG and 

S/N 101G valves. The o r ig ina l  design requirement was . 3  psid.  However, t h i s  

w a s  later relaxed t o  1 ps id  f o r  the design flow-rate of 39,500 lb /hr .  

The data  from 

Noted on the p l o t s  a r e  ful l -c losed leakage and full-open pressure 

The ful l -c losed leakage was zero cornpared t o  the  design requirement 

With reference t o  Figures V-84 and -85, note t h a t  the  c a l i -  

brated performance curves p a r a l l e l  t h e  design performance curves f o r  the  

grea te r  port ion of the  opening temperature span and then deviate near the  high 

temperature end. 

proximately 150°F compared t o  t he  design value of 120'F. 

formance curves may be sh i f t ed  15°F t o  the  r i g h t  or  15°F t o  t h e  l e f t  by adjust-  

ment of t he  TCV set-point mechanism. 

seen tha t  the  grea te r  port ion of the  ca l ibra ted  performance curve may be made 

This i s  a r e s u l t  of the  opening temperature span being ap- 

The ca l ibra ted  per- 

Ut i l iz ing  t h i s  adjustment, it may be 

t o  f a l l  almost d i r e c t l y  on t h e  design performance curve. 

were not adjusted a f t e r  i n i t i a l  ca l ibra t ion  t o  accomplish the  above condition 

because the  desired dispensation of t he  temperature overlap has not been made. 

T i e  valve set-points 

The two Vinson temperature control valves were heated to 
8 0 0 " ~  t o  check the  adequacy of the relief fea ture  and t o  ca l ib ra t e  t he  se t -  

point  mechanism. 

8 0 0 " ~  operation. 

inch per 13°F change i n  set point f o r  both valves. 

temperature control  valve i s  shown i n  Figure V-86. 

The relief fea ture  i n  both cases proved t o  be adequate f o r  

The opening set-point adjustment was determined t o  be 0 .1  

A photograph of t h e  Vinson 
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Following temperature calibration, the S/N lOOG valve was 
installed in the PCS-1 Phase IV Step 3 loop and the S/N 1OOG valve was 
packaged and delivered to LeRC. 

A review meeting was held on 14 June 1966 to discuss design 
changes and review a preliminary specification (AGC 10424). 
the basic design were recommended. 

No changes to 

2. 

Assembly of a NaK fill loop was completed and fill and cali- 
bration fixtures were fabricated. The NaK control chamber for the CBV was 
charged with NaK, seal welded, and temperature calibrations performed. 

Valve-position calibration tests indicated that the valve 
moves from the full-open position at 651"~ to the full-closed position at 
681"~. 
causes of this difference are a combination of a gas inclusion and an incorrect 
NaK volume, undersized control chamber (volume measured inaccurately?, o r  a 
combination of these two. 
precluded accurate assessment of the exact cause. 

The design target values were 651°F and 665"~, respectively, Possible 

Conflicting data taken during the NaK fill process, 

The overtemperature compensation feature of the valve was 
tested by heating the valve to the design temperature limit of 710°F. 

The results of the temperature calibrations were combined 
with flow data generated by the Fox Valve Development Co. to produce the 
total performance curve shown in Figure v-87. 
curve can be shifted 20°F to the right o r  20°F to the left by adjustment of the 
set-point mechanism. 
change in set point) would indicate that a negligible amount of gas is present 
in the control chamber. 
acceptable for initial tests, no further activity is planned. 

Note that the total performance 

The high sensitivity of this adjustment (1 turn per 5" 

Since the total performance of the CBV is considered 

Experience gained during the NaK fill and temperature cali- 
bration period will be utilized as a basis fo r  design changes in the next 
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complement of valves (i. e. , variable control chamber volume). 
of the condenser bypass valve is shown in Figure V-88. 

A photograph 

3. Double-Solenoid Latch Valves, P/N V-54600-06 and P/N V-54600-04 

Evaluation of these valves was continued in PCS-1 Phase IV 
Step 2 testing. No incidents or failures of the V-54600-04 valves occurred, 
One incident and one failure occurred with respect to the V-54600-06 valves. 
An incident occurred when the discharge L/C valve on the TAA failed to open 
during startup. 
connectors were carbonized and shorted. 
ature resulting from the valve being energized for an extended period during the 
previous loop shutdown. The valve connectors were cleaned and mating connectors 

Investigation of this occurrence revealed that the valve mating 
This probably was caused by high temper- 

replaced and normal valve operation was resumed. 
IV Step 2 shutdown, mix-4P3E was discovered in the alternator cavity of the T U ,  
Upon investigation, both the inlet and outlet L/C valves were found in the 
closed position, which is the normal shutdown position. However, further in- 
vkstigation disclosed that the TAA, Ts/C outlet-valve closing solenoid was 
shorted. The valve was disassembled and inspected by the valve subcontractor. 
It was found that the solenoid had shorted turn-to-turn. 
has not been completed as yet. 
be voltage breakdown of the ceramic insulation T W s  was probably caused by 
the presence of moisture in the solenoids which was introduced through a 
cracked glass connector seal during thermal cycling of the valve. The cracked 

connector resulted from the cleaning operation, following the pre%-ious'&ncidtmt, 

After the.-final PCS-1, Phase 

A failure analysis 
However, the cause of the failure is thought to 

A review meeting was held on 6 April 1966 to discuss design 
changes and to obtain final inputs for a valve specification for the next com- 
plement of valves, Basic changes to the valve design included the replacement 
of silver magnet wire with a nickel-iron clad copper wire. 
change was the fact that silver produces isotopes with re1atively:'long half- 
lives when irradiated which would lead to health and handling problems in the 
reference system configuration. Another change was the incorporation of a 

The reason for this 
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ceramic-to-metal hermetic seal f o r  t h e  connector ra ther  than a g l a s s  seal. 

The specif icat ion generated, including inputs  resu l t ing  from the  review meet- 

ing, i s  AGC-10504. 

has been placed with t h e  Valcor Engineering Corporation, Kennilworth, New 

Jersey. 

An order, referencing t h i s  specif icat ion,  f o r  s i x  valves 

Additional t e s t s  with respect t o  the pr inc ip le  of u t i l i z i n g  

a high-flequency a-c s igna l  input to t h e  solenoids as a means of detect ing 

changes i n  valve posi t ion,  were conducted and design of  t h e  required c i r c u i t r y  

has been i n i t i a t e d .  

A photograph of the  double-solenoid l a t c h  valve i s  shown 

on Figure v-89. 

E. START-UP SYSTEM 

1. Mercury In jec t ion  System (P/N 094583) 

A reworked safe ty  valve w a s  i n s t a l l e d  i n  the  S/N- 3 u n i t  and 

checkout tes ts  were conducted. I n  general, t he  valve operated i n  a sluggish 

manner, although it did move f r e e l y  to t he  safe ty  (closed) posi t ion.  

un i t  was scheduled f o r  use on a minimum acceptable bas i s  and a replacement 

sa fe ty  valve was ordered. 

The S/N 3 

A decision was made t o  bench t e s t  the  S/N 3 un i t  t o  demon- 

strate i t s  capabi l i ty  under simulated operating conditions. In  general, t he  

objectives of t he  tes t  are as follows: 

a. To measure the  ne t  expulsion of  mercury. 

b .  To operate the  system through f o r t y  simulated injec-  

t i o n  cycles. 

C.  To determine the  condition a t  the  bellows i n  the  

expulsion tank after f o r t y  in jec t ion  cycles. 

The bench tes t  setup i s  shown i n  Figure V-90. 
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During the  tes t - se tup  checkout t e s t s ,  it was noted t h a t  the  

Hg reservoir  sa fe ty  valve would not re turn  from the  closed posi t ion,  

valve was removed and disassembled. 

ilceou$ matter caked t o  the  safe ty  valve p is ton  which caused the  p is ton  t o  

f reeze  i n  the  valve cylinder; no metal-to-metal ga l l i ng  was noted. 

of t he  carbonaceous matter i s  unknown. Although the  caked condition probably 

resu l ted  frum l o c a l  heating of the  safe ty  valve during welding and la ter  when 

attempts were made t o  f r e e  the  valve. A new sa fe ty  valve has been fabricated 

and bench tests w i l l  proceed after the  valve i s  i n s t a l l e d  i n  t h e  S/N 3 un i t  

The safe ty  

Inspection of t he  p a r t s  disclosed carbon- 

The or ig in  

The S/N 2 un i t  has been i n s t a l l e d  i n  the PCS-1 Phase I V  Step 3 
loop along withan i so l a t ion  valve (P/N 098482), shown i n  Figure V-91,  where 

they w i l l .  function t o  support demonstrations of the reference system s ta r t -up .  

The S/N A-1 Valcor mercury flow-control valve (P/N 097330) 

which was damaged during f i n a l  e l e c t r i c a l  checkout t e s t s ,  was repaired; a 
typ ica l  valve assembly i s  shown i n  Figure V-92. E l e c t r i c a l  wiring additions 

were made and f i n a l  operational checkouts completed. Valve ind ica tor  motion 

measured .4436 inches and t o t a l  t r a v e l  t i m e  was 9 minutes C10 seconds with a 

28 WC power input.  

Tests of t h e  S/N A-3 Valcor mercury flow-control valve were 

continued i n  PCS-1 Phase I V  Step 2; no problem associated with t h e  mercury 

flow-control valve were encountered. 

tests was 300 hours. 

changes were completed, 

approximately 422 hours. 

Approximate operating t i m e  during Step 2 

A t o t a l  of nine s tar t -ups and approximately 75 flow-rate 

Total  operating t i m e  during PCS-1 Phase I V  tests i s  

Flow data  has been p lo t t ed  as a function of percentage t r a v e l  

between l i m i t  switches. 

i s  shown i n  Figure V-93. 
another u n t i l  approximately 75% open at  which t i m e  t h e  curve p lo t t ed  from 

PCS-1 Phase I V  Step 2 tes t  da ta  deviates from the  design and ca l ibra t ion  curves, 

The most probable reason f o r  t h i s  deviation i s  inaccuracies i n  PCS-1 Phase I V  

instrumentation i n  the  high-flow ranges where the  deviations occurred. 

A comparison of t h i s  da ta  with bench ca l ibra t ion  da ta  

Note t h a t  the  ca l ibra t ion  curves closely p a r a l l e l  one 
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A f t e r  Step 2 tests, t h e  mercury flow-control valve was re- 

moved from t h e  tes t  loop, inspected and cleaned, and r e - in s t a l l ed  in'the'Loop 

f o r  Step 3 tests; no corrosion or  erosion was noted. However, t he  valve p a r t s  

i n  contact with mercury were coated with mass t r ans fe r  p m t i c l e s  deposited 

from the  mercury loop. 

Work was i n i t i a t e d  on replacement valve p a r t s  which would 

change the  normal valve t r a v e l  t i m e  from 600 seconds t o  approximately 300 

seconds and a spec i f ica t ion  w a s  i n i t i a t e d  which covers upgrading of t h e  valve 

actuator i n  order t o  meet reference system requirements. 

2. S t a r t  Programmer (P/N 097260) 

The -X start programmer, Figure V-94, has been mounted i n  

the  control console i n  Building 180 and i s  ready f o r  Phase IV Step 3 t e s t ing .  

Figure V-95 shows the  back of the  control  console with t h e  potentiometer ad- 

justments of the  start  programmer shown on the  top r igh t .  

This un i t  has been designed and fabricated for ground t e s t -  

ring only and i s  f u l l y  accessible so t h a t  changes can be made eas i ly  when 

s tar t -up tests a re  conducted. 

This start programmer does not include shutdown or r e s t a r t  

capabi l i ty  and it i s  not packaged f o r  f l i g h t  application. 

must be packaged f o r  f l i g h t  and i f  mul t i - s t a r t s  of t he  SNAP-8 EGS are required, 

addi t ional  c i r c u i t r y  must be designed and t e s t ed  t o  provide f o r  orderly shut- 

down and restart. 

Therefore, %he u n i t  

3. Inver te r  (Westinghouse P/N 976J412) 

A t  t he  present t i m e ,  one inver te r  i s  i n s t a l l e d  i n  Building 180 

awaiting s tar t -up tests i n  PCS-1 Phase IV operations. 

A second inver te r  and power fac tor  correct ing capaci tors  are 

ins t a l l ed  and ready f o r  t es t s  i n  IXL-3. Some i n i t i a l  t e s t i n g  has been 

conducted. 

v- 60 



Report No. 3233 

A n  investigation was conducted to determine the capability of 
the inverter to start up and operate the pump motors at 95 cps, and at 220 cps. 
The results of this investigation were published in TM 4936:66-409 (Ref- 
erence 16). 

The conclusions of this investigation are that: 

a. The inverter/PMA subsystem presently available will not 
start reliably. 

b. The load requirement of the PMA's at 95 cps is within 
"he inverter rating and no problem is expected at 95 
cps operation. 

(2. The revised load requirements of the PMA's at 220 cps 
is higher than the rating of the fnverter motor, and 
the motor will be overloaded during 220 cps operation. 

d. To make PMA starting more reliable, one or more of 
the following actions are recommended: 

Reduce the PMA bearing breakaway torque, 

Increase the PMA motor starting torque by in- 
creasing rotor resistance, using a larger in- 
duction motor or employing a PM synchronous 
motor. 

Increase the inverter peak capacity a.t 95 cps 
from 2.6 KTTa to 8.5 KVA. 

Increase the starting capacity of the inverter/ 
PMA subsystem by the addition of power-factor- 
correction capacitors during the start and re- 
move them after the PMA has been started. 

% 
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e. To solve the problem of inverter motor overload at 
220-cps operation, one of the following possible 
actions are suggested: 

(1) Reduce the maximum PMA operating frequency 
during start-up from 220 cps to approximately 

195 cps. 

(2) Increase the inverter input voltage from 28 
volts to 37 volts D.C. at 220 cps. 

(3) Increase the horsepower rating of the inverter 
motor. 

The existing inverter is designed to store the heat energy 
At the end of a start-up run, the temperature developed during its operation. 

of the unit is at the maximum allowed. 
be necessary to allowtlie inverter t ocoo l  to 40°C before a full restart run 
can be made. 
cooling for the inverter. 

If a restart run is required, it will 

This requirement could be eliminated by providing a means of 

Any design change of the inverter must include consideration 
of any recycle requirements and the influence this has on the method of heat 
dissipation. 

F* STEADY-STATE ELECTRICAL CONTROLS 

1. Voltage Regulator-Exciter (VR-E) 
(P/N 3SD2060DR135) and (P/N 440257911) 

A prototype VR-E is mounted in the TRA and the LCA which are 
installed in Building 180. 
ready for Phase IV Step 3 tests. 

These units are wired into the system and are 

Tests conducted on the preprototype VR-E during PCS-1 Phase IV 
Step 2 operations demonstrated steady-state and transient performance which 
satisfies all the known requirements. 
in TM 4936~66-423 (Reference 17) and in TM 4936~66-415 (Reference 18), 

The results of these tests are published 
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A summary of the performance of the VR-E as demonstrated by 
laboratory and loop tests is as follows: 

a. The VR-E maintains steady-state voltage regulation well 
within the specified range of +3%. 

b. The voltage dip, rise and recovery time, when full 
load is suddenly applied and removed, are within any 
known system o r  load requirements. 

c. The stability of the system during transient and 
steady-state operation is fully satisfactory for the 
known requirement. 

d. The system provides sufficiently high fault currents 
to allow for selective tripping of load breakers. 

2. Speed Control (P/N 094897-3) (P/N 098613-3) (P/N 094680) 

A prototype speed control is mounted in the TRA and the LCA 

which are installed in Building 180. 
and are ready for PCS-1 Phase IV Step 3 tests. 

These units are wired into the system 

Tests conducted on the preprototy-pe speed control during 
Step 2 operations, demonstrated steady-state and transient performance which 
satisfies all the known requirements. 

a. The speed control maintains steady-state speed regu- 
lation within the specified range of '1%. 

b. The speed dip, rise and recovery time when full load 
is suddenly applied and removed are within any known 
system or load requirements. 

c. The stability of the subsystem during transient and 
steady-state operation is fully satisfactory for the 
known requirements. 
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d. Wave form d i s to r t ion  i s  introduced by the  saturable  

reac tor  control,  but harmonic content i s  within t h e  

specif icat ion allowance. 

The tes ts  have establ ished t h a t  there  are two areas where 

performance of t he  speed control  subsystem could be improved. 

a. When the  frequency drops t o  approximately 370 cps, 

the present system begins to increase the  p a r a s i t i c  

load, continuing to apply addi t ional  load u n t i l  t h e  

turbine has stopped. This could be eliminated by 

modifi-cation of t he  frequency sensing c i r c u i t .  

b. Steady-state operation a t  full vehicle  load results 

i n  random var ia t ion  i n  frequency of 3 to 4 cps. 

is caused by random var ia t ion  i n  pressure i n  the  

mercury loop. The frequency var ia t ions  could be 

eliminated by eliminating the  pressure var ia t ions,  o r  

it could be reduced by modifying the  charac te r i s t ic  

of  t he  speed-control magnetic amplifier. 

This 

The r e s u l t s  of these t e s t s  a r e  published i n  TM 4936:66-422 

(Reference 19) and TM 4936~66-423 (Reference 17) 

3. Low-Temperature Control Assembly (LCA) (P/N 097054-1) and 

Transformer-Reactor Assembly (TRA) (P/N 097760-1) 

The LCA and the  TRA are mounted i n  C e l l  4, Building 180. 
A l l  cooling and e l e c t r i c a l  connections have been made, and they a r e  ready f o r  

PCS-1 Phase IV Step 3 tests. 

The housings of these two u n i t s  are of t he  test-support-  

equipment type only and are not su i tab le  f o r  f l i g h t  application. 

To make these u n i t s  capable of f l i g h t  operation, t he  housings 

must be b u i l t  so t h a t  they can be sealed and the  e l e c t r i c a l  connections 

brought out through ceramic terminals. 
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A sealed TRA package has been designed and drawings com- 

pleted; however, a sealed package has not  been fabricated.  

An LCA capable of f l i g h t  operation has not been designed 

or fabricated and must be completely developed, 

4. Paras i t i c  Load Resistor (PLR) (P/N 097223) 

A PLR i s  i n s t a l l e d  i n  the  primary loop i n  Building 180. It 

i s  e l e c t r i c a l l y  connected to the  speed-control system and i s  ready f o r  tests i n  

PCS-1 Phase I V  Step 3 operations. 

This un i t  was e l e c t r i c a l l y  connected during Phase I V  Step 2 

t e s t s  and successfully diss ipated t h e  speed-control p a r a s i t i c  power i n t o  the  

primary NaK. During t h i s  operation, t he  PIX un i t  successfully diss ipated up 

t o  46.5 KW of p a r a s i t i c  power. 

This PLR has operated i n  the  system loop f o r  302 hours, ai2 

three  PLR Calrod elements have been operating a t  a wire temperature of approxi- 

mately 1600°F f o r  19,800 hours without exhibit ing s igni f icant  degradation. 

A second PLR i s  i n s t a l l e d  i n  LNL-3 where NaK w i l l  be c i r -  

Because su f f i c i en t  power t o  culated through the  tank during N a K  PMA t e s t s ,  

energize a l l  t he  elements i s  not avai lable  only one th i rd ,  or s i x  of t he  

eighteen Calrod elements, w i l l  be energized up t o  t h e i r  f u l l  wattage r a t i n g .  
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TABLE V-1 

STATUS OF TAA FAILURE MODIS 8s DEFICIENCIES 

Part i n  F i r s t  Repeated 
Correct ion Previous Occur- Occur- 

TAA Unit F a i l u r e  Mode/Deficiency Correct ion conpimed. Deficiency rence rence 

1/1 -pabyrinth Seals  - Increase shear  s t r e n g t h  of 
( G N S - 1 )  ( a n t i r o t a t t o n  pins  sheared & a n t i r o t a t i o n  pins  

snapring disengaged) 

3/2 -Labyrinth Seals  ( a n t i - r o t a -  
(830-hr t i o n  pins  sheared, snap- 
u n i t )  rings disengaged) 

- I n l e t  Housing Assembly (316 
S S / S t e l l i t e  6B weld crack)  

-Stress  r a i s e r s  i n  S t e l l i t e  6B 

- S t e l l i t e  6B t ransformation t o  
HCB 

-2nd-Stage Diaphragm Ass'y 
(thermal s t r e s s  f a i l u r e )  

-viseo m p  (e ros ion)  

2/3 - I n l e t  housing a s s ' y  ( 1 s t  
(140 h r )  s t a g e  nozzle block cocked, 

modified design)  

-2nd-Stage Diaphragm Ass 'y  
(diaphragm displaced i n  
shroud) 

-1nters tage Pressure Taps 
(9M/316 SS brazed j o i n t  
leaked ) 

-Labyrinth Sea l  (rubbed r o t o r )  

-2nd-Stage Diaphragm Shroud 
sur face  t ransformation 

-Pos i t ive  a x i a l  clamping, pins 
removed, beveled snapring 
wi th  p o s i t i v e  lock 

-Eliminate 316 S S / S t e l l i t e  6B 
weld 
( a )  modified design 
( b )  new design 

-Eliminate sharp corners 

-Pretransform S t e l l i t e  6B t o  

-Separate shroud from d i a -  

HCP 

phragm, nozzle blocks i n t e -  
g r a l  with diaphragm 

- ( a )  modify r o t o r  material 

( b )  modify h e a t  exch. m a t ' l  
( c )  redesign visco pump 

NO X 

( i n s u f f i c i e n t  X 
cycl ing)  

Yes 

( i n s u f f i c i e n t  
cyc l ing)  

( i n s u f f i c i e n t  

( i n q u f f i c i e n t  

l a b  work) 

cycl ing)  

(not  enough 
exposure ) 

NO 
No 

-Replace with new design,  ( b )  No 
above 

-Correct machining procedure No 
and i n v e s t i g a t e  bowing of 
diaphragm 

- ( a )  modify m a t ' l  t o  9M/9M ( i n s u f f i c i e n t  
cycl ing 

( b )  weld j o i n t  NO 

-Modify t o  limit displacement NO 
forces  

-Being inves t iga ted  

-2nd-Stage Diaphragm Shroud -Being inves t iga ted  
(41.7 
h r  ) ?Labyrinth seF1 (rubbed r o t o r )  -Modify t o  l i m i t  displacement 

growth/dis t o r t i o p  
512 

forces  (as  for 2/3) 

-2nd-Stage Nozzle Diaphragm -Design modif icat ion t o  reduce 
thermal grad ien ts  i n  c r i t i c a l  
s t r e s s  a r e a s  

-Change diaphragm mater ia l  f o r  
increased d u c t i l i t y  

6 h  
(117 h r )  cracked 

No 

No 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 
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TABLE V-2 

TURBINE NOMINAL DIMENSIONS 

1 2 3 4 

( A )  Nozzles 

Number 14 (14) 16 (14) 37 (37) 37 (37) 
Percent Admission 38 (38) 49 (38) 100 (100) 100 (100) 

T.E. Thickness, i n .  .010 (.010) .010 (.010) ,010 (.010) .010 (.010) 

Exit Angle, deg. 18.5 (1-7) 18.5 (17.0) 18.5 (17.0) 18.5 (17.0) 

(B)  Blade Rows 

Number 101 (79) m1 (79) 101 (79) 101 (79) 
Blade Height, i n .  * .261 ( ,324) .349 ( .464) .335 ( .372) .631 ( .655) 
L.E. Thickness, i n .  .010 ( .020) .010 ( .020) .010 ( .OW) .010 ( .020) 
T.E. Thickness, i n .  .006 (.010) .006 (.010) .006 (.010) .006 (.010) 

Chord, i n .  .320 ( .289) .32o ( ,289) .320 ( .289) ,320 ( .289) 
Aspect Ratio .812 (1.02) 1.09 (1.49) 1.048 (1.17) 1.97 (2.10) 

Pitch/Chord Ratio .495 ( . 7 )  .495 (.7) .495 ( .7) .495 (.7) 

Leg end 

( ) Present Design 

* 
These blade heights include overlap a t  OD and overlap a t  I D .  
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TAA Unit 

Aero Design 

TABLE V-3 

TAA ALLOCATION AND AVAILABILTTY 

2/4 6/2 1/4 5/3 7/1 8/1 

x X X 

S 816 Rotor X X x 
New Thrust  Balance Design 

Space Seal 

S t e l l i t e  6B, Reduced 
Cavitation In t ens i ty  x X X X X 

New Design 

Diaphragm Des Pgn 

s816/s 8 ~ 6  3 15-7 PH/@ current X 
Des ign X x 

New Design 

Pressure Taps Brazed 

Pressure Taps Welded 

Allqcation 

Available Date 

X X 

9 /1  

X 

X 

X 

X 

X 

X X 

X 

X X X 

PCS-1 LeRC PCS-1 PCS-1 PCS-1 Component 
Spare Spare Test 

July Oct Sept Jan 67 Apr 67 Jun 67 Aug 67 
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32 

28 

27 

21 

30 

18 

22 

24 

26 

23 

35 

33 

29 

31. 

TABLE V-4  

SUMMARY OF BEARING TEST PROGRAM RESULTS 

T e s t  Head Accumulated L i f e  
No.  Revolutions 

6 006 198.0 x io 

007 

009, 008 209.0 x io6 
6 009 209.0 x io 

008 209.0 x lo6 

006 12.1 x 106 
6 007, 006 15.7 x 10 

006 23.8 x lo6 

009 

009 

006 

008 

009 

008 

99.2 x 10’ 
6 1.7 x io 
6 2.3 x io 

5.4 x 10 6 

6 9.6 x io 
72.2 x io 6 

TU - Unfailed suspended t e s t  a t  required time-up 

F - Fatigue f a i l u r e  of the  inner r ing  

F (S) - Inner r ing  f a i l u r e  - suspended t e s t  

ST ( E )  - Suspended t e s t  due t o  ea r ly  b a l l  f a i l u r e  

ST - Suspended t e s t  due t o  b a l l  f a i l u r e  

Status  

TU 

TU 

TU 

TU 

TU 

F 

F (5 )  

Table V - 4  
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TABLE V-5 

SPECIFIED AND REPORTED CHE24ICAL COMPOSITION AND GAS CONTnVr 

Element Symbol 

Carbop 

Manganese 

S i l icon  

Chromium 

Mo 1 ybd enum 

Vanadium 

N i  c kel  

Copper 

Aluminum 

Ir Qn 

Coba1.t 

Tungs t e n  

Titanium 

Phosphorus 

Sulphur 

Arsenic 

Lead 

Tin 

Magnesium 

C o l u b  i w n  

C 

Mn 
S i  

C r  

Mo 

V 

N i  

cu 

A 1  

Fe 

co 

W 

T i  
P 

S 

A s  

Pb 

Sn 

M g  
Cb 

AISL M-50 BEARING STFEL (SECOND HEAT) 
(AEROJET SPECIFICATION AGC-10354) 

A. Chemical Composition 

Specified Reported 

Minimum Maximum Vacuum 1st Vacuum 3rd Vacuum 
, $  $ Induction Arc>Remelt Arc Remelt 

0.77 0.85 0.&2 0.824 0.80 
0.20 0.30 0.29 0.23 0.20 

0.15 0.25 0.22 0.20 0.20 

3.75 4.25 4.22 4.22 4.23 

4.00 4-50 4.18 4.35 4.35 
0.90 1.10 0.96 0.98 0.93 

0.07 0.06 0.06 0.07 

0.08 0.03 0.01 0.01 

0.01 0.01 0.01 40.01 

Balance Bglanc e 

Maximum Content of Trace Elements 

0.25 0.02 0.03 0.03 

0.25 0.04 dl) 0.04 
0.30 40.01 L O .  01 L O .  01 

0.01 0.010 0.008 0.009 

0.01 0.007 0.007 0.006 

0.01 ND(2) ND ND 

0.0005 ND ND ND 

0.05 

0.01 

0.1 

Percent 
of Accuracy 

of 
Determination 

- +5 
- +5 
- +5 
+2 

+2 
- 
- 
+2 

+2 
- 
- 
- +7 
1-2 

+10 
- 
3 

+10 

+10 

+10 

+10 
+10 

4-10 

+10 

- 
- 
- 
- 
- 
- 
- 
+10 

+10 
+10 

0.02 40.03 40.03 - 

40.05 40.05 40.05 - 
- 40.01 40.01 40.01 

(2)Not detected .&.001. 
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TABLE v-5 (cont . ) 
A. Chemical Composition (cont. ) 

Percent 
Spec if  i e  d Reported of Accuracy 

Minimum Maximum Vacuum 1st Vacuum 3rd  Vacuum of 
Element Symbol % f Induction Arc Remelt Arc R e m e l t  Determination 

Gold 

Bismuth 

Zirconium 

S i lve r  

Antimony 

Boron 

Zinc 

Cadmium 

Au 

B i  

Z r  

Ag 
s6 
B 

Zn 

Cd 

Nitrogen N2 

Oxygen 02 

Hydrogen H2 

(3) ND 
ND 

NP 
. ND 

ND 

ND I ND 

(3 1 ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

m ND 
ND ND 

ND ND 

+10 

+10 
+10 

+10 

+10 

+10 

+10 

+10 

- 
- 
- 
- 
- 
- 
-- 

B. G a s  Content 

0.005 0.0040 EA 0.00Lg - +I5 

0.001 0.0001 NA <o. 0001 - +15 
0.005 0.0014 NA 0.0020 - +I5  

'"These elements are not desirable;  however, i f  they a r e  expected t o  be traceable,  
t he  maximum percentage is  t o  be reported t o  Aerojet for approval. 

Jernkontoret Rating 

Specified ?Reported , 

B D - C - B - A - D Worst Fields - C - - A - 
1.0 1.00 1.0 1.0 Thin: Top 0 1.0 0 1.0 

Bottom 0 0 0 1.0 

1.0 1.0 1.0 1.0 Thick: Top 0 0 0 0 

Bottom 0 0 0 0 

Table V-5 
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TABLE V-5 (cont.)  

Annealed Hardness 

Specified 

Br ine l l  202-245 

Reported 

B r i n e l l  248-302 

Heat-Treated Hardness 

Rockwell C 63 Rockwell C 64.0 

Grain Size 

(Fracture of Heat -Treated Condition) 

FASTM 5 ASTM 8-9 

Magnetic , P a r t i c l e  Rating 
(per A M S - ~ ~ o o - A )  

Specified 

0.50 

Reported 

(TOP 0 
Frequency (Bottom o 

1.00 (TOP 0 
(Bottom 0 Severity 

Microstructure and Macrostructure 

Satisfactory,  as per Aerojet-General Specification f o r  

AIS1 M-50 Bearing S t e e l  No. AGC-10354, dated 30 July 

1964. 

Table V-5 
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TABLE V - 7  

EVENTS DURING LNL-3 PHASE I TEST PROGRAM 

3.5 LNL-3 T e s t  Operations 

3.5.1 
3.5.2 
3.5.2.1 
3.5.2.2 

3.5.2.3 
3.5.2.4 
3.5.2.4.1 
3,5.2.4.2 
3.5.2.5 
3.5.2.6 
3.5.2-7 
3.5.2.8 
3.5*3 
3.5.3-1 
3.5.3.2 
3.5.3.3 
3.5.3.4 
3.5.4 
3.5.5 
3.5.6 
3.5.6.1 
3.5.6.2 
3.3.6.3 
3.5.7 
3.5.8 
3.5.9 
3.5.10 

PMA Beat Capacity Test (complete 6/15/66) 
LPTL-3 InverterlNaK PMA S t a r t  Test (95 cps h i  voltage) 

NaK PMA S t a r t  Conditioning (as required) 

Inverter  S t a r t s  with Capacitors Energized 

Inverter  S t a r t s  a t  60 cps (cold loop) 

NaK PMA S t a r t s  a t  95 cps (low inver te r  voltage) 

NaK PMA Restar t  Test (35 starts)  

NaK PMA Minimum Torque Test (cold loop) 

NaK PMA operation a t  ~ 2 2 0  ( inve r t e r  h i  voltage) 

NaK €'MA operation a t  ~ 9 5  ( inve r t e r  low voltage) 

NaK PMA Steady S t a t e  95 and 220 Cycle Performance 

NaK and L/C PMAs Variable Performance 

Inver te r  S t a r t  Tests 

Reduced Frequency Inverter  S t a r t s  (45-50 cps) 

Inverter-Capacitor S t a r t  Testing 

Inver te r  Steady-State Testing 

Inver te r  Performance Test ( f u l l  duty cycle)  

L/C Flow Reduction Test ( -400, 1160'~) 

L/C Fluid Temperature Variation Test 

NPMA Elevated Temperature Performance 

NPMA 500°F Performance Test 

NF'MA 1 1 6 0 ~ ~  Performance Test 

NPMA 120OoF Minimum Torque Tests ( s ee  3.5.2.4.2) 
Elevated Temperature NPMA Restar ts  

NPMA Elevated Temperature Steady S t a t e  OP's. 

NPMA Restar ts  a t  300, 600, and 1000 hr of 3.5.8 
NPMA Min imum Torque Restar t  Tests 
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TABLE V-8 

INVERTER TESTS AT 95 CYCLES 

Test 3.5.2: InverterlNaK PMA S t a r t  Test 
95 cps - without capacitors energized 

A - L/C PMA 

B - NPMA 

C - L/C and NaK PMAs 

D - Inductive load, L/C and NaK PMAs 

Test 3.5.2.2: Inverter/NaK PMA S t a r t  Test 
95 cps - with capacitors energized 

A - L/C PMA 

B - NPMA 

C - L/C and NaK PMAs 

D - Inductive load, L/C and NaK PMAs 

Table V-8 



Report No. 3233 

TABLE V-9 

INVERTER TESTS AT 60 CYCLES 

T e s t  3.5.2.3 : Inverter/NaK PMA S t a r t  T e s t  

60 cps - without capacitors energized ( R u n s  1-3) 

A - L/C PMA 

B - NPMA 

C - L/C and NaK PMAs 

D - Inductive load, L/C and NaK PMAs 

60 cps - with capacitors energized (RUQS 4-6) 

A - L/C PMA 

B - NPMA 

C - L/C and NaK PMAs 

D - Inductive load, L/C and NaK PMAs 

Table V-9 
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TABLE V-10 

NaK Flow Rate, lb/hr 
NaK I n l e t  Temp., O F  
Boiler Heat Loss, kw 
Hg Flow Rate, lb/hr 
Hg I n l e t  Temp., OF 
Hg Exit Temp. , OF 
Hg Exit  Press., ps ia  

ANALYTICAL AND TEST DATA OF T-T BOILER 

Total  AP, p s i  
Preheat Sect. e, p s i  
Preheat Vap. Sect. &, p s i  
Plug Ins.  Vap. Sect. AP, p s i  
Pinch Point Temp. D i f f . ,  OF 
Excess SH Length, f t  
Plug I n s e r t  Exit Qual i ty ,  % 
NaK Side Temp. D i f f . ,  OF 

NaK Flow Rate, lb/l?r 
NaK I n l e t  Teap. , OF 
Boiler Heat Loss, kw 
Hg Flow Rate , lb/hr 
Hg I n l e t  Temp., OF 
Hg Exit Temp., OF 
Hg Exit Press. ,  ps ia  

Boiler Total AP, p s i  
Preheat Sect. AP, p s i  
Preheat Vapor Sect. DP, p s i  
Plug Ins .  Vap. Sect. &, p s i  
Pinch Point Temp. D i f f . ,  OF 
Excess SH Length, f t  
Plug Ins.  E x i t  Quality,  % 
NaK Side Temp. D i f f . ,  OF 

Program Data Fig. 
No.  Input Output - 
83 48500 

1.330 
12 
11750 
500 
1300 
270 

87.6 
7-1 
28.4 
22.0 
62.0 
14.4 
44.4 
1.71. 

84 48500 
1280 
12 
11500 
500 
1250 
270 

60.5 
9.0 
0.0 
22.0 
30.0 
12.9 
30.2 
169 

Test Data 
Input Output 

45200 
1.330 

11900 
448 
1306 

261 

93 
10 
30 
15 
50 
1'1-5 
35 
19 8 

44900 
1283 

11900 
450 

1255 
257 

78 
12 
23 
12 
10 
12 
20 
1.99 
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Thrust Bearing Support Ring (Pivot Side ) 
From NaK Pump-Motor Assembly 
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Thrust Bearing Gimbal Ring From NaK Pump-Motor Assembly 
(P/N 093200-13, S/N A-5)  
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Winding Fai lure  of  NaK Pump-Motor Assembly S / N  A-2 
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Figure V-55 
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Impeller and B o l t  From Mercury PMA (P/N 093347-5, S / N  A-1)  
After 1099 Hours of Operation i n  PCS-1 

Figure V-57 
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Motor From Mercury PMA, Showing Damage Due t o  
Mercury Contact After 938 Hours of Operation (View 2)  
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Motor From Mercury PMA, Showing Damage Due t o  
Mercury Contact After 938 Hours of Operation ( V i e w  3 )  
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Motor From Mercury PMA, Showing Damage Due t o  
Mercury Contact After 938 Hours of Operation ( V i e w  4) 

Figure V-64 
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Motor From Mercury PMA, Showing Damage Due t o  
Mercury Contact After 938 Hours of Operation ( V i e w  5 )  

Figure v-65 
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V I  s TECHNICAL SUPPORT 

A. SYSTrnS ANALYSIS 

1. SCAN - Steady-State System Performance Computer Program 

a. I n i t i a l  U t i l i za t ion  

The SCAN d i g i t a l  computer program was first  u t i l i z e d  i n  
s tudies  t o  determine t h e  e f f ec t s  of component performance var ia t ions  on system 

performance. 

separate contract  (Contract NASw 1296) re fer red  to as the Performance Potent ia l  

Program. 

These s tudies  a re  pa r t  of t h e  work being performed under a 

The r e s u l t s  of the  s tudies  have been reported i n  Reference 20. 

Experience gained i n  applying the SCm computer code t o  

problems f o r  t h e  Performance Potent ia l  Program was usefu l  when t h e  program w a s  

l a t e r  applied t o  more d i r e c t  SNAP-8 system studies  and a l so  indicated areas 

where changes were made to improve the u t i l i t y  of t he  computer code. 

b. PCS-1 Phase I V  Operating Conditions 

The SCAN computer code was used t o  determine possible 

operating conditions f o r  t he  PCS-1 Phase IV system, 

determine the  e f f ec t s  on overa l l  system performance t h a t  were caused by var ia-  

t ions  i n  the  amount of l i qu id  carryover from the  bo i l e r  and var ia t ions  i n  the 

NaK temperature a t  t he  bo i l e r  i n l e t .  The r e su l t s  of these computer runs, 

shown i n  Figures V I - 1  and -2, ind ica te  the  increase i n  mercury flow r a t e  t h a t  i s  

required i n  order t o  obtain a net e l e c t r i c a l  output of 35 kw when the  amount 

of l i qu id  carryover var ies  from 0 t o  10%. 

rejection-loop flow ra t e s  a l so  a r e  shown as a function of l i qu id  carryover. 

The primary-loop flow r a t e  was based on the  assumption t h a t  a 75°F bo i l e r  

pinch-point temperature difference would provide sa t i s f ac to ry  bo i l e r  operation 

when t h e  NaK temperature a t  t he  bo i l e r  i n l e t  i s  1330°F. Figure V I - 1  a l so  shows 

the  change i n  mercury flow r a t e  r e su l t i ng  from a NaK temperature change ( a t  t he  

bo i l e r  i n l e t )  from 1330°F t o  1 2 8 0 " ~ .  An increase of approximately 400 lb/hr i s  

indicated f o r  a l l  values of l i qu id  carryover when the  NaK temperature changes 

Computer runs were made t o  

The required primary and heat-; 

r 
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from 1300°F to 1 2 8 0 " ~ .  

loop as a function of l i qu id  carryover and the e f f ec t  of l i qu id  carryover on 

the  minimum bo i l e r  pinch-point temperature difference.  

pinch-point temperature difference of approximately 30°F occurs when the  NaK 

i n l e t  temperature to t he  boi le r  i s  a t  1280"~. 

Figure VI-2 shows the  heat  t ransfer red  to t he  mercury 

The minimum bo i l e r  

Additional computer runs were made to determine the  

e f f ec t  of vehicle  load changes and sun-to-shade var ia t ions  on overa l l  system 

performance and operating conditions. A comparison of per t inent  system con- 

d i t ions  resu l t ing  from these var ia t ions i s  presented i n  Table VI-1. Tests of 

t h i s  type w i l l  be conducted during Step 3 t e s t  operations and the  computer 

r e su l t s  for  t he  heat-rejection-loop temperature changes occuring during a 

sun-to-shade var ia t ion  w i l l  be used as t e s t  condition inputs. 

c. PCS-1 Phase IV Step 2 Test Data Evaluation 

Minor modifications were made to t he  SCAN computer 

code to include the  e f f ec t s  of l i qu id  elevation head charac te r i s t ics  of t he  

PCS-1 Phase I V  Step 2 tes t - loop configuration. 

conditions s imilar  to ac tua l  Step 2 t e s t  conditions i n  order to determine the  

e f f ec t s  on system performance t h a t  were caused by var ia t ions  i n  condenser 

inventory and var ia t ions  i n  NaK temperature a t  t he  i n l e t  bo t he  boi ler .  A 

comparison of computer run r e su l t s  and t e s t  r e su l t s  indicated tha t ,  i n  general, 

t he  computer r e s u l t s  were within 2% of the  ac tua l  t e s t  r e su l t s  f o r  a large 

number of system parameters. A graphical comparison of t he  r e s u l t s  of the  

Step 2 t e s t s  and the  comparison with the SCAN computer r e su l t s  w i l l  be pre- 

sented i n  t he  forthcoming PCS-1 Phase IV Step 2 Test Report. 

Computer runs were made a t  

d. PCS-G Performance Studies 

Approximately f i f t y  computer runs were made, using t h e  

SCAN computer program, to assist the  PCS-G project  group i n  t he  se lec t ion  of 

PCS-G steady-state  operating conditions and component performance require- 

ments.  

from which values of flow rates, reactor  power, and reactor  temperature d i f -  

ference can be determined fo r  various values of net  e l e c t r i c a l  output power. 

Computer runs were made to provide a map of system operating conditions 

VT-2 
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Computer runs also were made to determine the effects on system operating con- 
ditions when parameters such as the following were varied: 

(1) 

(2) Mercury flow rate 

(3) Turbine efficiency 

NaK temperature at boiler inlet 

(4) Liquid carryover 

(5) Turbine back pressure 

The results of the computer runs in this series were transmitted to the PCS-G 
project for evaluation. 

e. Analysis of System Performance with 1200°F Reactor 
Outlet Temperature. 

A study was conducted to determine what the effects would 
be if the nominal NaK temperature was reduced to 1200°F at the reactor outlet; 
the SCAN computer code was used. 
net electrical output for a system using -1 component performance character- 
istics that have been demonstrated to date. Further analysis was conducted to 
determine the component design changes required to obtain a net power output of 
at least 35 kwe. 
reactor power, temperature and coolant flow-rate limitations obtained from 
Atomics International. A technical memorandum, Reference 21, was prepared 
which describes the assumptions and general method of analysis, and summarizes 
the results. In general, the results indicate that the net power output of 
the current SNAP-8 system would be reduced to approximately 18 kwe if the 
reactor outlet temperature was reduced to 1200°F; however, the net output power 
values in excess of 35 kwe can be obtained by redesigning the turbine and the 
boiler and by providing power factor correction to the alternator. 

The study included the determination of the 

The results of the analysis were evaluated on the basis of 

2. Hybrid Computer Simulation of PCS-1 Phase Tv 

A hybrid computer simulation of the PCS-1 Phase IV test 
The computer simulation system arrangement was prepared and checked out. 

VI-3 
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contains dynamic representations for all significant PCS components in the 
primary, mercury, heat rejection, and auxiliary start loops. Design and 
off-design characteristics of the following components are contained in the 
simulation: primary loop NaK heaters; tube-in-tube boiler; condenser; heat 
rejection loop NaK cooler; all pump motor assemblies, including the L/C PMA; 
turbine; alternator; auxiliary-start heat exchanger; heat-rejection-loop 
temperature control valve; parasitic load resistor; and speed-control system. 
Thermal capacities of all major components are represented and fluid transport 
delays in the primary, mercury, and heat rejection loops are simulated. 

Several ty-pical system start-up runs were made by program- 
For these runs, the time of the ming the mercury flow-rate into the boiler. 

initial flow ramp from 0 to 5000 lb/hr was varied and the effect on turbine 
acceleration was noted. Two additional runs were made in which the time delay 
between the NaK temperature at the condenser outlet and the NaK temperature at 
the heat-rejection-loop temperature control valve was varied. The results of 
the two runs revealed that with the temperature control valve located con- 
siderably downstream of the condenser NaK outlet, the mercury temperature 
and pressure in the condenser would reach extreme values before the temperature 
control valve started to open. The purpose of the temperature control valve is 
to regulate heat-rejection-loop flow rate in a manner which will prevent con-_ 

denser temperature and pressure from reaching extreme values during start-up. 
Therefore, as a result of the information obtained from these runs, a recomj-,.~ k 

mendation was made to the PCS-1 Phase IV project group that the temperature 
control valve should be located within 5 ft. of the condenser outlet. A 
technical memorandum, Reference 22, was prepared in which the computer sim- 
ulation and the results of the preliminary start-up runs are discussed in 
more detail. 

Revisions and improvements to the computer simulation of 
PCS-1 Phase IV were made in preparation for a series of start-up runs. !Jhe 
improvements to the simulation included: 
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a. 
and inject ion system character is t ics .  

Relationships describing the  mercury flow-control valve 

b. An expression fo r  a l te rna tor  eff ic iency as a function 

of load and speed 

e .  Turbine power relat ionships  adjusted t o  agree more 

closely with actual  turbine t e s t  r e su l t s .  

d. Temperature re la t ionships  i n  the boi le r  and auxi l iary 

heat exchanger were made compatible with component performance. 

The improved simulation of the PCS-1 Phase I V  system was 

used t o  conduct a se r i e s  of s tar t -up runs similar t o  those which w i l l  be made 

during the Step 3 s tar t -up development t e s t  period. 

runs were made t o  invest igate  the e f f ec t s  of var ia t ions i n  mercury flow-control 

valve operation, temperature control-valve operation, and heat-rejection-loop 

cooler temperature feedback on overal l  system star t -up t ransients .  The re-  

s u l t s  of the  computer runs a re  being analyzed and w i l l  be used fo r  defining 

t e s t s  and conditions f o r  Step 3 operations. I 

Approximately 20 computer 

3. & 
The study t o  determine the e f f ec t s  on s tar t -up of mercury 

condensation i n  the turbine vapor feedline was continued a f t e r  a l imited 

amount of T-T bo i l e r  off-design performance data  w a s  obtained from t e s t s  con- 

ducted i n  RPL-2. The data was extrapolated t o  mercury flow r a t e  and pressure 

values t h a t  a re  expected t o  occur during the ear ly  stages of PCS startup. 

boi ler  off-design performance map and mercury flow-control valve charac te r i s t ics  

were incorporated in to  the  computer code f o r  determining condensation i n  the 

turbine and mercury vapor l i n e .  

A 

Computer runs were made t o  determine the amount of mercury 

which could condense i n  the vapor l i n e  between the boi le r  and the turbine f o r  

various i n i t i a l  l i n e  temperatures and l i n e  s izes .  

Phase I V  system i s  a 2.5 in .  Schedule-10 pipe approximately 30 f t  long. 

The vapor l i n e  i n  the  PCS-1 

The 
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results of runs made for this line size were compared with the amount of 
mercury which could condense in a representative close-coupled reference sys- 
tem. 
OD tube approximately 9 ft long and to have an initial temperature of 100°F. 
The overall results of the study are presented in Figure VI-3 which shows that 
approximately 29 lb of mercury would condense in the representative close- 
coupled system. 
line is shown as a function of initial line temperature in Figure VI-3. 
results shown in Figure VI-3 a l s o  indicate that the E X - 1  Phase IV system vapor 
line should be preheated to approximately 550°F in order to produce the same 
amount of condensation that would occur in a close-coupled system. 
be noted that the results obtained from the mercury condensation computer pro- 
gram are conservative in that the calculated amount of mercury condensed is 
considered to be a maximum value. 

The vapor line for the close-coupled system was assumed to be a 1.75 in. 

The amount of mercury condensed in the PCS-1 Phase IV vapor 
The 

It should 

A n  additional study was conducted to determine the turbine 
acceleration transient that would occur for the representative close-coupled 
system when condensation effects are taken into account. The digital computer 
program for determining condensation in the mercury vapor line was expanded to 
include the determination of turbine acceleration transients. A conservative 
relationship for alternator efficiency as a function of load, and relationships 
for system electrical loads as functions of speed, were used in the program. 
The results of a computer run f o r  the representative close-coupled system with 
an initial line temperature of 100°F are presented in Figure VI-4. 
in Figure VI-4 the turbine does not start t o  accelerate until 57 seconds after 
mercury enters the boiler, and reaches rated speed approximately 53 seconds 
later. This result can be compared with the results of a similar hybrid com- 
puter run in which it was assumed that vapor line condensation did not occur. 
For the hybrid computer run, the turbine started to accelerate 16 seconds after 
mercury entered the boiler and reached rated speed approximately 64 seconds 
later. 
ference lies in the time when acceleration starts. 

As shown 

Thus, the acceleration transients are very similar and the major dif- 
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The results of the digital computer rmns which were con- 
ducted to determine the effects of condensation in the vapor line, were used 
to formulate a simplified analytical model for use on the hybrid computer. 

This analytical model will be incorporated into the hybrid computer simulation 
of the PCS-1 Phase IV system for use in future start-up studies for Step 3 
tests. 

4. Condenser Pres sure-Drop Correlation Investigation 

A digital computer program was completed for calculating two- 
phase pressure drop by the Baroczy method. 
condenser pressure drop at conditions similar to those of the MECA tests which 
utilized a single ~ m p - 8  tapered condenser tube. 
curve of pressure drop as a function of condensing length and compared with 
the results of the MECA tests. 
from MECA tests are shown in Figure VI-?. 
agree closely with the MECA test data; however, closer agreement could be ob- 
tained if the assumption was made that actual condensation does not occur over 
the total available condensing length. The MECA test data indicates that this 
situation does occur. 

The program was used to calculate 

Results were obtained for a 

A plot of the calculated values and data prints 
The calculated pressure drop values 

Further work on condensing pressure drop correlation is 
anticipated and alternate methods of calculating two-phase pressure drop will 
be investigated. 

5. Modification of ADP and SEDAN Computer Programs 

Modifications are being made to the ADP (Automatic Data 
Processing) and SEDAN (S~P-8 Data Analysis) computer programs to facilitate 
the data reduction and data analysis tasks of the PCS-1 Phase IV project for 
the Step 3 test phase. 

The ADP program has been modified to provide a new printout 
format which displays more data per page than previous versions and displays 
the data in a more convenient form for performing periodic data checks. 
routines also have been coded and checked out for making plots of various 

Sub- 
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system parameters as functions of time, using e i t h e r  IBM computer on-line 

p lo t t i ng  o r  bf f - l ine  p lo t t i ng  with the  CAL-COMP p lo t t e r .  

being coded which w i l l  permit p lo t t i ng  of selected system parameters as func- 

t i ons  of one another, such a s  b o i l e r  and condenser NaK temperature p ro f i l e s .  

Subroutines a lso a re  

The SEDAN program has been modified so  t h a t  corrected data  

from the  ADP program can be used d i r e c t l y  as input t o  SEDAN o r  fu r the r  cor- 

rec t ions  t o  da t a  from the  ADP program can be made by specifying t h e  appropriate 

correction fac tors .  

ar i thmetic  averaging of da t a  f o r  which redundant instrumentation i s  available.  

This subroutine replaces the  more sophis t icated s t a t i s t i c a l  averaging technique 

employed i n  previous versions of SEDAN. 

which w i l l .  permit: 

A subroutine has been wr i t ten  which w i l l  provide f o r  simple 

Subroutines a l so  have been wri t ten 

a. The select ion of spec i f ic  instrument readings t o  be 

used i n  component and system performance analysis  subroutines. 

b. Definit ion of spec i f ic  l i m i t s  f o r  readings of indi-  

vidual  instruments. If readings f a l l  outside the  specif ied l i m i t s ,  a computer 

pr in tout  i s  obtained and appropriate corrections can then be made t o  the  data,  

The subroutines within SEDAN which provide f o r  calculat ion of 

individual component performance values and ove ra l l  system performance and 

heat  balances present ly  are being checked out. 

PMA performance subroutines has been obtained. 

Sa t i s fac tory  checkout of a l l  

6. Restar t  Capabili ty 

The E l e c t r i c a l  Generating System (EGS) concept i s  being ex- 

amined t o  determine the modifications o r  changes t o  the  EGS and t o  i t s  opera- 

t i o n  t h a t  may be necessary t o  provide control led shutdown and restart capa- 

b i l i t y .  Work emphasis has been on the  problems associated with mercury in-  

ventory handling and control  f o r  t he  EGS during system shutdown and start-up. 

In  t h i s  connection, a nwnber of concepts f o r  a r e s t a r t  system have been de- 

veloped and t h e i r  desired operating cha rac t e r i s t i c s  defined. 
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Several basic prerequis i tes  f o r  such r e s t a r t  systems have 

been determined t o  include (1) the capabi l i ty  fo r  operation a t  zero gravi ty  

and i n  a gravi ty  f i e l d  up t o  1 g, (2) an environment assuring EGS working 

f lu ids  remain f l u i d  during shutdown, (3) integrat ion of all restart equipment 

with the PCS, and (4) the ava i l ab i l i t y  of vehicle or  s ta t ion  auxi l ia ry  power 

f o r  start-up and r e s t a r t ,  as required. 

Of the concepts examined f o r  appl icabi l i ty  t o  the EGS, the  

r e s t a r t  system selected for  fur ther  def ini t ion,  incorporates the following 

major features:  

a. Mercury in jec t ion  i s  a t  mercury pump i n l e t .  

b. Inject ion pressure i s  obtained in t e rna l ly  from opera- 

t i on  of the  L/C o r  Hg pumps. 

c.  Restarts u t i l i z e  mercury extraneous t o  normal mercury 

loop inventory needs. 

d. The excess mercury i s  withdrawn from the mercury loop 

as rated conditions a re  achieved. 

e.  The inverter  drives the mercury PMA during the i n i t i a l  

stages of s tar t -up as  well  as the other PMA's. 

For the  special  circumstance of EGS operation solely under a 
gravi ta t iona l  f i e l d  (e .g . ,  a lunar base appl icat ion) ,  an a l te rna te  r e s t a r t  sys- 

tem concept a lso i s  being considered. 

t he  presence of gravi ty  to reduce the mercury condensing pressure of -the EGS 

and, thereby, obtain system operation at a higher cycle efficiency. 

This concept would take advantage of 

A t  the  close of the report  period, recommendations of a re- 

start concept f o r  the SNAP-8 EGS were being documented. 

has been l imited to .qua l i t a t ive  assessment of the several  concepts. Further 

qua l i ta t ive  and quant i ta t ive s tudies  w i l l  be performed i n  support of the 

recommendations. 

Evaluation to date 
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B. MATERIALS* 

Materials work during the first half of the 1966 calendar year pro- 

vided data to guide the selection of materials for ~ W p - 8  system components. 
Metallurgical assistance also was provided in the design, development, fabri- 
cation and testing of the system. 

1. Power Conversion System 1 (PCS-1) Phase IV Step 2 

The wall thickness of the NaK containment pipes in the two 
gas-fired NaK heaters of the PCS-1 Phase IV test loop was determined by ultra- 
sonic pulse-echo technique. 
ranged from 6,200 to 12,600 hours. 
previous inspection in June, 1965 (heaters had operated 970 hours between in- 
spections). The continued use of the heaters for Step 3 (of the PCS-1 Phase 
IV sequence) testing with reinspection after an additional 1000 hours of oper- 
ation, was recommended for SNAP-8 testing. 

It was estimated that the remaining heater life 
General wall thinning occurred since the 

Failure of a liquid-level probe from the PCS-1 Phase IV 
primary NaK expansion tank, during Step 1 operation, occurred because the 
probe was stressed to its ultimate strength probably during insertion and/or 
an unsuccessful attempt to remove it from the tank. 
ductile manner and no indications of material deficiencies were detected. It 
appears that metallic fragments did not separate from the probe during failure. 
However, it is estimated that 0.0007 cubic inch of the magnesium oxide insula- 
tion from the probe was introduced into the expansion tank. 
on loop operation should result from the separation of the insulation. 

The failure occurred in a 

No adverse effects 

* 
Under the terms of the SNAP-8 contract a Semiannual Materials Report (Ref- 
erence 23) is prepared, covering the sane time period covered in this Semi- 
annual Progress Report. 
this section. For specific details, the reader is referred to the complete 
report. 

The Semiannual Materials Report is summarized in 
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NaK contamination of the Hg loop inventory was apparently 

caused by external sources, probably by the use of previously contaminated 

NaK-exposed TSE components. 

NaK quantity was detrimental to continued use of the Hg inventory. 

There w a s  no apparent cross-loop leakage and the  

Arcing of an e l e c t r i c a l  l i n e  heater during a s tar t -up pro- 

The section of the  l i n e  including duced two holes i n  the 316 SS Hg vapor l i ne .  

the holes, was removed from the  loop and examined v isua l ly  and metallographic- 

a l ly .  

when the holes were produced, had oxidized the  inside surface of the l i n e  to 
varying degrees; the amount of oxidation was apparently dependent on the  

varying temperature of the metal along i t s  length. 

loose flaky oxide scale while others had a tenacious oxide coating. 

graphic examination of a hot-spot area, remote from the  arcing locat ion and i n  

a cooler area of the loop, indicated tha t  the mater ia l  w a s  sa t i s fac tory  f o r  

continued use. No indications of grain growth, incipient  melting, or sub- 

surface o r  intergranular oxidation were evident. 

Visual exminat ion revealed that the inf lux  of air  in to  t h e  hot l i n e  

Some areas contained a 

Metallo- 

Examination of several 316 SS pressure taps  t h a t  had operated 

i n  the Hg-vapor section of the  PCS-1 Phase I V  Hg loop revealed some corrosion. 

The corrosion r a t e  i s  estimated a t  10.6 to 14.2 m i l s  per 1000 hr .  

anticipated t o t a l  l i f e  i s  2500 to 3350 hr .  The material  appears to be insuf- 

f i c i e n t l y  r e s i s t a n t  to Hg corrosion i n  th i s  application where some degree of 

Hg condensing re f lux  act ion occurs. 

Extrapolated 

A change to gCr-lMo s t e e l  i s  recommended. 

After Step 2 operations, an evaluation of 316 SS themowells 

from PCS-1 Phase I V  indicated that indium, a heat-transfer medium used inside 

the well, and 316 SS, the well material ,  a r e  incompatible under the system 

operating conditions. The f a i l u r e  of two of Lhe wells i n  the IIg vapor l i n e  

was a t t r ibu ted  to the  incompatibility which l e d  to local ized I D  w a l l  thinning 

and eventual wall penetration. 

316 SS themowells be discontinued and tha t  other materials or  methods should 

be investigated i n  order to provide the  required sens i t i v i ty  and response i n  

temperature measurement. 

It w a s  recommended that the use of indium i n  

VI-11 



Report No. 3233 

Analysis of mix-4P3E samples, removed from the L/C loop of 

PCS-1 Phase IV a f t e r  the 1 4  February shutdown, indicated tha t  the f l u i d  was 

acceptable f o r  continued use. Tkie spectrogram, isomer d is t r ibu t ion ,  spec i f ic  

gravity, re f rac t ive  index and v iscos i ty  of a dump-tank sample were within the  

tolerances specified for  new material  i n  the mix-4P3E procurement specif icat ion 

(AGC-10320). 

2. LNL-3 Post-Test Evaluation 

No metal l ic  mass-transfer deposits were found a f t e r  t h i s  NaK 

system had operated isothermally fo r  2655 hours a t  temperatures between 1125 

and 1175°F; oxygen content w a s  l e s s  than 30 ppm. Carbon migration occurred 

from the mild s t e e l  (0.020 in .  maximum decarburization depth) to the 316 SS 

(0.010 in .  maximum carburization depth) i n  the  system. 

w a s  not suf f ic ien t  to deleter iously a f f ec t  loop operation should it be used 

for  addi t ional  NaK PMA t e s t s .  

The mount of t ransfer  

3. General Test Operations Support 

A f i l t r a t i o n  procedure and system was developed and success- 

f u l l y  used to process approximately 1800 l b  of previously-used NaK removed 

per iodical ly  from various s~fip-8 systems. 

conforms to the  SNAP-8 procurement specif icat ion (AGC 10340). 

The processing produced NaK t h a t  

4. Turbine -Ut ernat o r  A s  s embly 

Examination of the  sea l  welds between the HY-80 (low a l loy  

s t e e l )  trunnion r ing  and the mild s t e e l  case on f ive  GE-fabricated prototype 

a l te rna tors  (P/N 094069) revealed t h a t  var ia t ions e x i s t  i n  the weld configura- 

t i on  from un i t  to uni t .  

weld f i l l e r  metal used fo r  t h i s  j o in t .  

a l te rna tor  s ea l  weld tha t  cracked i n  service (S/N 481489) indicated t h a t  

alloying due to melting of the parent metals produced a weld composition which 

i s  hardenable. 

f e c t  on the  massive HY-80 trunnion boss. 

There also i s  a var ia t ion  i n  the  type and amount of 

Chemical analyses of f i l i n g s  from the 

Weld hardening appears to be accentuated by the ch i l l i ng  ef- 

A probable major fac tor  contributing 
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t o  the  f a i l u r e  of t h i s  un i t  was t h i s  hardened, and consequently less duct i le ,  

metal s t ruc ture ,  Chemical spot tests of t he  other  four  a l t e rna to r s ,  which 

have not been t e s t e d  a t  AGC, ind ica te  t h a t  t h e  seal welds i n  these un i t s  a l s o  

my be subject t o  seal-weld cracking. 

cording to  t h e  weld configuration and weld f i l l e r  metal used i n  each unik. 
Since stress re l iev ing  (a weld-tempering heat  treatment) of these un i t s  i s  not 

p rac t i ca l ,  it i s  recommended t h a t  a multiple-pass overlay weld be deposited on 

the  present s e a l  weld, using Inco A f i l l e r  which i s  a metal t h a t  i s  nonhardenable 

and duct i le .  

crack i n  t h e  weld, should be repaired with t h i s  same Inco A weld f i l l e r  metal. 

For fu ture  un i t s ,  t he  seal-weld design, materials se lec t ion ,  and fabr ica t ion  

procedure should be reviewed t o  avoid nonductile welds. 

The po ten t i a l  for cracking var ies  ac- 

Any un i t s  t h a t  a r e  operated without t h i s  overlay, and t h a t  

Using t h e  previously establ ished standard thermal treatment 

(165OOF f o r  4 hours, followed by 1250°F f o r  48 hours), t he  transformation of 

S t e l l i t e  6~ tension and impact tes t  specimens from PC@ t o  IECP c rys t a l l i ne  

s t ruc ture  f o r  the  determination of mechanical propert ies  was unsuccessful. 

While 80% HCP s t ruc ture  and R 

30% HCP and RC 49 resulted; t h e  "as-received" condition w a s  6.7% HCP and RC 34. 
Preliminary t e s t s  indicated t h a t  a soak temperature of 1450°F produces t h e  most 

rapid transformation. 

specimens were s a t i s f a c t o r i l y  transformed and f i n a l  specimen machining was 

s ta r ted .  The t e n s i l e  specimens have been exposed f o r  a s  long as 800 hours 

without acceptable r e su l t s .  Exposure i s  continuing. 

Q8.5 hardness were minimum requirements, only C 

A f t e r  exposure of up t o  1100 hours, a l l  of t he  impact 

Exposure of S t e l l i t e  6B and S-816 Specimens (at  1065 and 

l2OO0P, respect ively)  continued i n  order t o  evaluate t h e  metal lurgical  s t a b i l i t y  

of these two turbine aerodynamic cobalt-base materials. 

t rea ted  by sal t -bath quenching, reducing the  temperature from 2250°F, the  

solut ion annealing temperature, t o  1000°F i n  order t o  s t a b i l i z e  the  3'616 

s t ruc ture .  

and 4275 hours (5-816) exposure. 

The S t e l l i t e  6~ was 

The two materials have proven s t a b l e  a f t e r  3955 hours ( S t e l l i t e  6B) 
A S t e l l i t e  6B specimen exposed a t  1200°F was 

VI -13 



Report No. 3233 

found t o  be transformed t o  the  HCP s t ruc ture  when examined af ter  1710 hours. 

This t e s t  was  discontinued and indicates  t h a t ,  with t h e  current ly  es tabl ished 

metal lurgical  knowledge, S t e l l i t e  6B transformation from FCC t o  HGP cannot 

be prevented a t  1200'F. 

PH 15-7 Mo, a prec ip i ta t ion  hardenable s t a i n l e s s  steel  used 

f o r  t he  TAA second-stage shroud, i n  t h e  TH: 1.050 condition, was found t o  be 

metal lurgical ly  unstable a t  1065'~. 

the  SW-8 turbine.  

15-7 Mo, t h i s  material must be used i n  the  interim. Therefore, a preassembly 

thermal treatment was developed t o  produce metal lurgical  s t a b i l i t y  a t  the  

turbine operating temperature (1065'~). 

soak a t  1065OF of the  material a f t e r  it has been heat t r ea t ed  t o  the  TH 1050 

condition, but before f i n a l  machining has been performed. 

The mater ia l  i s  not recommended f o r  use i n  

Although s t ab le  a l loys  should be subs t i tu ted  f o r  t h e  PH 

This treatment incorporates a 50-hour 

An Inconel (nickel  base a l l o y )  TA r e t a ine r  spring w a s  evaluated 

f o r  Hg corrosion e f f ec t s  a f t e r  117 hours of operation i n  the  S / N  6/1 turbine.  

A plated surface layer  (pure nickel over i ron,  d i r ec t ly  on the  spr ing)  

metal lurgical ly  appeared unaffected by the  Hg exposure. 

components may be usable i n  t h e  1st and 2nd stages of t he  turbine without 

catastrophic Hg corrosion occurring. 

It appears t h a t  nickel  

A brazed jo in t  which w a s  developed t o  connect t h e  TA i n t e r -  

s tage pressure taps ,  was  found t o  be metal lurgical ly  stabile a f t e r  exposure 

of samples i n  a i r  a t  1000 F ( the  maximum operating temperature) f o r  approxi- 

mately 2000 hours 

a l loy  and e i t h e r  the  m i l d  s t e e l  pressure t a p  or t h e  gCr-lMo steel  turbine case 

which represents t he  S/N 5 / 2  turbine configuration; t h e  jo in t  i s  considered 

acceptable f o r  turbine tests of a t  least 2000 hours duration, 

0 

No detrimehtal  reaction occurred between the  Easy-Flo braze 

The remelt temperature of a brazed jo in t ,  consisting of 

Easy Flo braze a l loy ,  316 SS pressure t a p  and gCr-lMo s teel  turbine case (rep- 

resentfng the  S/N 2/3 turbine configuration),  was establ ished a t  1145'F; 

rupture of t h e  j o i n t  required 47 p s i  ( lap  shear s t rength) .  

appears t h a t  removal of the  taps  is  p rac t i ca l  should it prove necessary during 

S/N 2/3 TA tes t ing .  

As  a result ,  it 
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5. Boiler Evaluation 

The Hg i n l e t  plug from the -1 bo i l e r  (P/N O92O2O-U’, S/N A-1) 
was examined, as  pa r t  of the continued evaluation, a f t e r  the  boi le r  had oper- 

a ted fo r  1425 hours i n  RPL-2. Both the mild s t e e l  rod and mild s t e e l  wire 
which comprise the plug, had been attacked. 

measured 16 inches from the  Hg i n l e t .  

wire interface,  indicating Hg by-pass f low i n  the ax ia l  direct ion ra ther  than 

the he l ica l  path formed by the wire. 

The maximum depth was 4.2 m i l s ,  
Both elements were attacked at the rod- 

The twisted ribbon turbulator ,  located downstream of the plug 

i n  order to maintain vapor vortex flow, had been s t r e s s  relieved of the cold 

work s t r a ins  imposed during twisting. The bo i l e r  operating temperature, be- 

tween 1100 and 1300°F, produced the e f f ec t .  

buckling of the ribbon. 

containing large accumulations of  porous, dendri t ic  mass-transfer buildup. 

The maximum buildup w a s  3.3 m i l s  a& 46 ft 8 inches from the Hg i n l e t .  

The s t r e s s  re l ieving caused loca l  

The d is tor ted  areas acted as corrosion product t raps ,  

The avai lable  analysis da ta  which was used t o  extrapolate 

the expected t o t a l  available operating l i f e  of t h i s  bo i le r  was based on the  

preimise t h a t  penetration at tack i s  the l i f e  l imit ing mechanism. 

mated tha t  the boi le r  -would avek2operated approximately 11,000 hours. This 

estimate i s  based on the conservative assumptions of a 0.200-inch thick w a l l  i n  

the area of maximum at tack ra ther  than the current 0.090-inch wall thickness; 

and the l i m i t  of penetration defining boi le r  l i f e  i s  through the added thick- 

ness (0.110 inches) only. 

It i s  e s t i -  

6. Corrosion Loop Program 

A parametric analysis of t he  corrosion i n  the preheat section 

of the boi le r  was performed i n  an attempt to determine the design parameters 

t h a t  can be modified to reduce the bo i l e r  corrosion r a t e .  

Mercury wetting capsule tests were s t a r t ed  to provide a pro- 

cedure t h a t  would assure complete l o c a l  wetting of the mercury containment 

tube i n  the boi le r .  
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The or ig ina l  mercury boi le r  i n  Corrosion Loop 4 (CL-4) was 

removed and a modified boi ler ,  designated 4A, was ins ta l led .  This bo i le r  w a s  

designed so tha t  the  s t r a igh t  section of the boi le r  i n l e t  plug can be removed 

and readi ly  replaced. 

i n s t a l l ed  i n  the CL-4A boi le r  and operated to obtain mass and heat-transfer 

data. 

The f i r s t  of four boi le r  inlet-plug test  sections was 

Work was  i n i t i a t e d  on a single-phase l i qu id  mercury loop 

designated Corrosion Mechanism Loop-1 (CNL-1). The objective of t h i s  loop i s  

to determine the mechanism t h a t  controls the corrosion of 9Cr-lMo i n  mercury. 

C.  RELIABILITY 

1. Management and Control 

Re l i ab i l i t y  and Quality Assurance coordinated the preparation 

of  Aerojet ' s  proposed revis ion to EGS Specification 417-4, "Specifications for  

SNAP-8 Re l i ab i l i t y  and Quality Program Implementation". 

SNAP-8 Re l i ab i l i t y  Program Plan (Reference 24) was updated 

(Reference 25) but i t s  re lease w a s  deferred pending disposi t ion of the  proposed 

EGS Specification 417-4A. 
dated, a r e l i a b i l i t y  charter was established which covered the mission, organi- 

zation, function and s t a f f  of the  r e l i a b i l i t y  department. 

governing management policy document f o r  making changes to the SNAP-8 r e l i a -  

b i l i t y  program plan (AGC Report 2406). 

Before the SNAP-8 r e l i a b i l i t y  program plan w a s  up- 

It was used as a 

Re l i ab i l i t y  charac te r i s t ics  of the s~Ap-8 system were dis-  

cussed with members of the President ia l  Sc ien t i f ic  Advisory Comit tee  (PSAC) . 
SNAP-8 Division Procedure VI-B5, "sTJAp-8 Test and Data-Point 

Ident i f ica t ion  Control" and a " T e s t  Number Assignment Record and Guide" were 

prepared and issued. 

2. Re l i ab i l i t y  S t a t i s t i c s  

A ta rge t  r e l i a b i l i t y  growth curve was developed to es tab l i sh  

r e l i a b i l i t y  goals fo r  the SNAP-8 PCS throughout i t s  projected development period. 
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A n  initial evaluation was completed of the expected life of 
SNAP-8 TSE for spares estimation purposes. 

A formal assessment of the reliability of the major SNAP-8 
PCS components was completed. 
dicated that the NaK PMA and the TAA are the two PCS components most susceptible 

to failure. 

Estimates verify earlier evaluations which in- 

3. Operations Evaluation and Failure Analysis 

Reliability personnel continued to monitor SNAP-8 6esting 
activities at the Von Karman Center and to participate in the reporting, 
analysis, and corrective action of equipment failures. General information on 
the failures reported during this report period are summarized in Table VI-2, 
SNAP-8 Active Failure Report Status. A procedure requiring the formal sched- 
uling of failure corrective actions in the SNAP-8 Milestone Chart Review Sys- 
tem was developed and implemented. Under this system, progress on failure 
corrective actions is reviewed weekly by the SNAP-8 Program Management review 
team. 

Audits were conducted to evaluate performance in two docu- 
recording of significant test events in test operations of mentation areas: 

PCS-1 Phase IV (Steps 1 and 2) during the period S9 November 1965 to 30 April 
1966, and the documentation of PCS-1 Phase IV test operations hardware and 
equipment failures. 
fied for corrective action. 

Problem areas were documented and cognizant persons noti- 

Cumulative operating times for major PCS components were 
compiled and reported on a monthly basis. 
Table VI-3 gives operating times by component unit and cover the period of 
January through June 1966. 

The detailed summary provided in 

A zero defects (ZD) chart for monitoring performance in PCS-1 
Phase IV test operations was developed and maintained. 
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Test equipment drawings, test specifications and test re- 

quests were reviewed for compatibility with SNAP-8 test reliability require- 
ments. Areas of incompatibility were reviewed with cognizant personnel, and 
the required corrective action initiated. 

D. QUALITY ASSURANCE 

1. General 

During the period, the Quality Assurance support of the 
SNAP-8 technical program has been expanded beyond the scope of the SNAP-8 
Quality Program Plan (Reference 26). The increased &a activities apply in the 
following functional areas; review and sign-off of all drawings, monitoring of 
all test equipment fabrication and installation, and uniform &a controls for 
electrical equipment. The latter responsibilities provide guidelines for basic 
&A- controls, drawing requirement, shop order requirements, and electrical work- 
manship characteristics. The previously issued policy direction for &A control 
of mechanical TSE continued in force. 

All of the above improvements were incorporated in a co- 
ordination draft of the SNAP-8 Quality Program Plan (BpP). 

vised BpP could not be finalized, all of the intended improvements were 
implemented. 

Although the re- 

2. QA Review of Drawings and Specifications 

The Q,A review of drawings and specifications was increased 
in scope and depth in accordance with the policy directions referenced under 
para. 1; particular emphasis was placed on electrical drawing requirements in 
accordance with the guidelines listed in Table VI-4. 

The need for improved controls of special processes, elec- 
trical workmanship standards, and technician training/certification was evident 
from the analysis of test event reports which identified installation error or 
workmanship as the largest single cause of problem events. As suggested by QA, 
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two workmanship standards (AGC-20030 and AGC-STD-2019) were added to drawings, 
beginning in March 1966, which then formed the basis for .the improvements 
listed above. 

The general scope of the &A document review effort is shown 
on Figure VI-6. 
reached significant proportions during this period. 

It is noteworthy that Q,A recommendations for updating drawings 

In addition to recommendations for updating, suggestions 
were made to improve drawing call-outs. 
ceptance check requirements for curvic couplings on tlxrbitte wheels; changed 
dimensioning and added inspection parameters will result in better controls. 

An example is the improvement in ac- 

A significant increase in &A efforts was experienced in the 
review of specifications and book standards. 
volume and partly due to an improvement in contents. Examples for the latter 
were the acceptance standard for boilers (AGC-STD-1289), the clean room oper- 
ating procedure (AGC-10336), and the basic cleaning specification (AGC-10319), 
each of which received intensive &A attention before release or revision. 

This was partly due to increased 

3. Control of Procured Materials 

Supplier inspection system requirements per NPC 200-3 
(implemented by AGC QC Standard H 1-6) were invoked for less than 2% of pro- 
curements initiated during the period. This low level of application was 
caused by a combination of factors, the most important being the high ratio of 
TSE versus PCS equipment procured (Figure VI-?). 
TSE consisted of commercial, off-the-shelf items, the selective application of 
product quality requirements was considered more appropriate than the imposi- 
tion of a general quality specification. 

Since most of the procured 

At the same time, smp-8 QA initiated a revision of QC 
Standard H 1-6 to eliminate problems encountered with its application. 
revised edition is considerably simplified and actually corresponds more 
closely to PJPC 200-3 than the previous issue. 

The 
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The quality requirements for major PCS components were sum- 
marized in Quality Engineering Instructions, of which ten were prepared during 
the period. 
tractor's management, and consist of three major sections: inspection system 
requirements (such as QCS H 1-6), quality documentation to be furnished, and 
scope of supplier QA program desired in qualitative terms. 

These are narrative QA documents written for use by the subcon- 

A significant part of the QA procured-materials control 
effort is to ascertain that the drawings are up to date in accordance with 
working agreements; QA prepared over 150 recommendations to update drawings 
during the second half of the period. 

Significant QA source surveillance activities covered the 
following products: LeRC boiler, pressure transducers, NaK liquid level 
probes, dual solenoid valves, turbine wheels, and nozzle diaphragm assemblies. 
QA efforts pertaining to the LeRC boiler included the witnessing of final 
tests per AGC-STD-1289; the standard was released after &A verification. 
QA objective for pressure transducer monitoring was to assure that supplier 
final tests and calibrations were performed under controlled conditions in 
order to minimize the need for costly repeat tests at AGC. 
transducers procured during the report period were processed without retest or 
recalibration. 

The 

Most of the 

Receiving inspection of incoming materials was performed in 
accordance with quality engineering instructions entered or referenced on 
purchase orders.. 
rate and the quantity of articles inspected each month. 

Figure VI-8 shows the average monthly inspection acceptance 

Laboratory testing, as part of receiving inspection, was 
primarily concerned with the calibration of measuring and test equipment, such 
as temperature sensors, meters, thermocouples, flow meters. Valves were leak 
tested and X-ray inspected. 
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4. Control of AGC Fabricated Materials 

The review and integration of inspection requirements into 
shop orders for electrical. and test support equipment received increased 

emphasis during the reporting period (Figure VI-9). Typical requirements in- 
cluded the following: prior acceptance and traceability of components; work- 
manship of wiring and cabling; workmanship of soldered and mechanical joints; 
and inspection for handling damage. 
was provided to list the various workmanship characteristics. 

An Inspection Instruction (QE 851-5056) 

Another field of &A concentration was helium leak testing of 
test loops, predicated on the freqgent recurrence of leakage problem events. 
A detailed Inspection Instruction (QE 851-5057) was prepared and the shop order 
instructions to technicians were upgraded. 
verification of adequate vacuum; determination of leak detector sensitivity 
and response time; application of helium to joint; and recording of test 
re sult s . 

Typical inspection points included 

A new area of control was introduced by the use of shop 
orders for functional calibration and reconditioning of instrumentation. 

Improvements were made in the traceability of SNAP-8 parts 
At the present time, SNAP-8 &A has a record of all serialized and materials. 

SNAP-8 parts made during the last four years, including CDBSS references to the 
work initiation documents. 

Several PCS components were delivered to NASA during this 
In all cases, Aerojet and Government inspection was ac- reporting period. 

complished in accordance with Quality Engineering Instructions without signifi- 
cant nonconformances. 
deliverable item as follows: 
ture Control Valve (QE 851-1204), Turbine Exhaust Bellows (QE 851-1206), 
Tube-in-Tube Boiler (QE 851-1188), and the Voltage Regulator and exciter 
(QE 851-1227). 

Specific shipping instructions were generated for each 
NaK Pwnp Motor Assembly (QE 851-1228), Tempera- 
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Inspections i n  fabr ica t ion  and assembly shops, including the  

SNAP-8 clean room, were accomplished with integrated shop orders and/or sepa- 

rate inspection ins t ruc t ions .  

Figure VI -10 .  

The results of these inspections are shown on 

The qua l i ty  of weldments made remained very high. From a 
t o t a l  of over 2000 inches of weld j o i n t  inspected by radiographic and dye- 

penetrant inspection methods, only about 1% were found t o  be nonconforming 

(Figure VI-11). 

5. Nonconforming Materials 

A t o t a l  of 158 nonconformance repor t s  ( I R ' s )  were wr i t ten  

and subsequently disposit ioned by the  Engineering Review Board during the  re- 

port ing period. 

of suf f ic ien t  magnitude to require  rework or  repa i r  of the a r t i c l e .  

O f  these, 53 nonconformances (o r  about 32%) were considered 

Table V I - ?  shows the  causes of nonconformances and t h e  nun- 

ber of occurrences i n  each category. 

Table VI-6 i s  a summary review of t he  s ign i f icant  noncon- 

formances and correct ive act ion taken. 

The nature of discrepancies w a s  so d ivers i f ied  t h a t  no t rend 

Primarily, t h i s  i s  due o r  pa t te rn  su i t ab le  f o r  analysis  could be established. 

t o  t h e  f a c t  t h a t  SNAP-8 fabr ica t ion  and inspection i s  normally dealing with 

diss imilar  pieces of custom made equipment. 

6. Control of Measuring and T e s t  Equipment 

AGC source surveil lance of supplier ca l ibra t ions  of pressure 

transducers, as well  as subsequent audi t  checks after receiving, indicated t h a t  

supplier and AGC in t e rp re t a t ions  of ca l ibra t ion  requirements may be d i f f e ren t  

enough to result i n  acceptance by one laboratory and re jec t ion  by another. 

A s  a r e s u l t  of t h i s  finding, AGC-STD-1283 was scheduled to 
define the technical  requirements i n  operative terms. 

being made fo r  e l e c t r i c a l  transducers (ref. AGC-STD-1287). 

A p a r a l l e l  e f f o r t  i s  
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A s  a cokollary t o  t h e  above, in-plant controls  were improved. 

Agreements were reached with Instrumentation Engineering t o  (a) use a shop 

order work i n i t i a t i o n  system f o r  a l l  instrumentation, (b) es tab l i sh  control led 

ca l ibra t ion  procedures f o r  various types of instrumentation and instrumentation 

systems, ( c )  qual i fy  instrumentation technicians as c e r t i f i e d  solderers,  and 

(d) es tab l i sh  t r a c e a b i l i t y  fo r  instrumentation subject  to repeat use. 

7. Cer t i f ica t ion  Control Center Ac t iv i t i e s  

a. Three SNAP-8 fusion welders were qua l i f ied  i n  accordance 

with AGC-14067 and were continually monitored t o  assure a high l e v e l  of work- 

manship (Ref. Figure V I - 1 1 ) .  This requirement5,is supplementary t o  and exceeds 

the  general aerospace prac t ice  of cer t i fy ing  welder capab i l i t i e s  to MIL-T-5021C; 

the SNAP-8 welders a re  required to demonstrate proficiency i n  accordance with 

the  Mil i tary Specification before admittance to the  more s t r ingent  SNAP-8 

qual i f ica t ion  tests. 

b. Ten SNAP-8 technicians were t ra ined  and c e r t i f i e d  f o r  

soldering e l e c t r i c a l  connections i n  compliance w i t h  AGC-STD-2019. 

was i n i t i a t e d  by &A i n  an e f f o r t  to upgrade the workmanship of eleckrical- 

e lectronic  components. 

This act ion 

c.  A program was s t a r t e d  to t r a i n  and c e r t i f y  SNAP-8 in-  

spectors and technicians i n  helium-leak detect ion techniques as applicable to 
t es t  loops and special  SNAP-8 equipment. 

e f f o r t  to provide a SNAP-8 book standard f o r  helium-leak test-methods. 

This program i s  i n  p a r a l l e l  with t h e  

d. F a c i l i t i e s  located i n  Building 185 and Building 56 
were surveyed and c e r t i f i e d  as to t h e i r  capabi l i ty  and conformance t o  cleaning 

requirements per  AGC-10319. 

and eleven methods of cleaning. 

The c e r t i f i c a t i o n  covered seven d i f f e ren t  processes 

e. The SNAP-8 clean room was surveyed and c e r t i f i e d  f o r  

i t s  capabi l i ty  to meet the  requirements of AGC-10336. 

w a s  revised a t  the  request of Q,A as a result of the survey. 

The specif icat ion i tself  
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8. Data Reporting and Corrective Action 

&A continued to assemble "Build-up and Assembly Logs" for 
each major PCS component fabricated; all major PCS-1 components included in 
Phase IV Step 3 were documented in this manner. 

The effectiveness of cause, responsibility, and intended cor- 
rective action determinations associated with nonconformances reported by 
Inspection, was continually monitored by &A. 
effectiveness of these efforts has significantly improved during the reporting 
period. 

As shown in Figure VI-12, the 

&A a l s o  issued monthly reports of overall s~Ap-8 product 
quality and detailed summaries of all nonconformances. 

9. Quality Audits Performed 

No regularly scheduled quality addits were performed during 
the reporting period. 
tion was completed during May. 
ments have been achieved in most areas of performance, and that the controls 
have been effectively implemented. 
to the attention of the responsible individuals. 

However, a special audit of PCS-1 Step 3 TSE fabrica- 
The Audit Report (AR 303) showed that improve- 

Findings of minor deficiencies were brought 

E. SPECIFICATIONS AND STANDABDS 

1. Documentation control 

Implementation of the Documentation Control Plan has been 
progressing satisfactorily for the PCS-1 Phase IV Project. 
Division Specifications and Standards was issued to show the latest status of 
each document and indicate the standard numbering system for  the SNAP-8 con- 
trolled documents. 
Sections 111 and IV> and LNL-3 (SPS-004, Sections I and 11) have been issued 
as controlled documents. 

An index of SNAP-8 

The test plans and operating procedures for PCS-1 (SPS-001, 
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2. Released specifications and standards 

Since December 1965, 15 process and assembly procedures, 3 
acceptance test procedures, 6 component specifications, 2 material specifica- 
tions, 2 part standards, 2 instrumentation lists, 9 calibration procedures, 
and 2 test plans were released. 

3. Documentation in process 

Work is continuing on the generation of the PCS-G System 
Completion is expected before the end of August, Specification, AGC-10512. 

Work a lso  is continuing on the following PCS-1 documents: 

Number Title 

AGC-STD-1259 Pump-Motor Assembly, 093340-5, Assembly and 
Inspection Procedure for 

AGC - STD - 1283 Leak Testing, Helium 

AGC-XTD-l283/Ml Leak Testing, Helium, Loop 

AGC-STD-l283/M2 Leak Testing, TAA, 096800 

Transducers Electrical, Quality Conformance 
Inspection for 

I ,  AGC - STD-1287 

AGC - s~~-1287/M10 Transducer, Voltage Sine Wave Form, QCI 

AGC - STD-1288 Transducers, Pressure, Strain Gage, QCI 

AGC- STD-l288/MlO Transducer, Differential Pressure, ~~8016 

AGC-STD-1310 

AGC-STD-1403 

Recorder, Tape, Concertone 804, Operation of 

Pump-Motor, NaK, 093200, Assembly and Inspection 
Procedure for 

Alternator, 80 KVA, 094069, Reassembly and 
Inspection Procedure for 

AGC - STD-1408 

AGC-10331A Welding of Electrical Connections, Inert-Arc 
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Number Title 

AGC -10414 Valve, Motor Driven, Flow-Control, Mercury 

A X  - 10 468A T U ,  096800 

AGC-10546 

~~8029 

Valve, Motor Driven, Flow-Control, Mercury, 
Li quid-Cool ed 

Transducer, Differential Pressure, Strain Gage, 
High Overpressure Performance Sensitivity 
3. o mv/v MIN 

AS8031 Thermocouple, Immersion 

4. PCS-1 Phase IV Engineering Parts List progress on the IBM 
key punched engineering parts list has been steadily increasing. The uncor- 
rected key-punched cards are available for the electrical subsystem and this 
list will be distributed with the next release of the PCS-1 parts list. 
the IBM parts list is completed, a first tier parts list of the PCS-1 System 
shall continue to be distributed periodically, as required. 

Until 
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TABLE V I - 1  

CHANGES IN SYSTEM CONDITIONS BESULTING FROM CHANGES I N  OPEMTING CONDITIONS 
(Typical PCS-1 Phase I V  System Operation) 

Boiler I n l e t  NaK Temp., OF 

Primary Loop Input Power, ht 

€@ FLOW Rate, l,b/hr 

Turbine I n l e t  Press. ,  p s i a  

Condensing Press. ,  ps ia  

HRL Cooler I n l e t  Temp., OF 

HRL Cooler Outlet Temp., OF 

HRL Cooler Heat Rej., kwt 

Alternator Gross Output, kwe 

N e t  Elec. Output, b e *  

Bas e 
Conditions 

1280 

522 

12400 

243 

17.0 

679 

505 

451 

54.7 

35 

Vehicle Load 
Change 

1280 

486 

12400 

243 

17.0 

679 

50.5 

451 

55.8 

0 

Sun-Shade 
Variation 

1280 

522 

12350 

2 42 

14.8 

665 

492 

448 

56.3 

35 

NaK Temp. 
Variation 

1330 

512 

12040 

239 

15.6 

670 

500 

441 

54.8 

35 

* 
Assumed vehicle power demand. 

Table V I - 1  
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TABLF VI-J 

SNAP-8 W O R  PCS COXPONENT MWTKLY OpERATlluG TIMES TBROUGH 6-30-66 

Unit Ser. FaCilltY Total Hrs mta1 Total 
rommnent ~ a m e  No. No. part No. and LOOP 1964-65 Rrs. Jan Feb W r  A p r  my Jun Hrs Ilemarks 

RPL-2 -- Mthly - - - - - - -- Rentwed and sectioned for  eng. evaluation 
1. A m .  Start Heat 1 A-1 093607-1 (HRL) 1243 Cum - - - - - - 1243 2-11-65 

Mthly - - - - - 20 -- 
cum - - - - 20 20 m-3 tes t ing 

-- Exchanger 
2 A-3 09364-1 LNL-3 

New ins t a l l a t ion  fo r  Step 3 PCS-1 Ph I V  

Total a i l  am. start 1243 1263 lbtal hrs a l l  am. start heat exchangers 
heat exchangers 

Ffs-1 Ph I V  _ _  Mthly - - - - - 0 -- 
3 A-1 09364-11 steps and cum - - - - - 0 -- 

-- Mthly - - - - - - -- Bemoved and seotioned fo r  eng. evaluation 
1429 Cum - - - - - - 1429 7-65 2. Boiler 1 A - 1  092MO-lF 

m h l y  2 - - - - - -- 
(HRL) 226 Removed and held i n  storage 8-65 

(Tube in Shel l )  SL-1 -- 
226 c u m - - - - - -  

1655 1655 

2 A-1 092952-3 

mbe i n  Shell 

( W )  

Total 

Tube i n  Tube 1 A - 1  09444-5 530 c u m - - - - - -  53 

(IlgL) 2 A-1 097444-1 120 cum 120 263 3 5 

- - - - - - -- 
SL-1 loop mothballed 11-65 

Used i n  Steps 2 and 3 Phase IV 

_- SL-1 

Mthly - 143 ," i:z 4;2 c2 - -  
422 

650 952 

rCS-IV _ _  
Tube in mbe 
Total 
Total a l l  boi lers  2305 2607 Total hrs. a l l  boilers 

muy - - - - - - -- 
c u m - - - - -  - - 7  (HRL) 756 56 SL-1 loop mothballed 11-65 SL-1 -- 

RPL-2 

3. Condenser 1 A-1 093043-3 

mtal a l l  condensers 2305 2607 Total bm a l l  condensers 

m-3 _ _  Mthly - - - - - - -- Removed from LNL-3, 12 5 t e s t  cmplete  
4. Lube Coolant PMA 1 481501 -53800 (I1: boo) *4552 cum - - - - - - *4552 *Includes 1018 hr t e s t %  "RW (max. single ._ 

unit  tune) 
. _. 

273 
_- Mthly - - - - - - -- Unit held i n  LML-3 c u m . , - - - - - q 3  m-3 

SL-1 

RPL-2 _-  Mthly 123 1 3  2 9 153 - - -- RPL-2 loop redesignated PCS-1 Ph I V  Step 2 

2 4815" "W253801, bp) 

3 481503 -53801 (Lc Loop) 1023 cum - - - - - - _ _  ' Mthly - - - - - - -- 1M b o p  mothballed 11-65 

48150'4 TRw253801 (rr: bar,) 1154 cum 12m 1 4 k  16h 18& - - 1842 Removed for e m  evaluation a t  cmplet ion of 
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Unit SOT. Faci l i ty  Total Hrs Total  Total  
Caoponent Name No. No. Par t  No. and Loop 1964-65 H r s .  Jan Feh Mar Apr Mey Jun Hrs Remarlta 

IO0 
RPL-2 -- Mthly 1 143 43 333 - - -- Removed from PCS-1 Ph I V  Step 2 fo r  eng 

2 A-2 093347-5 (Ag Lwp) 794 Cum 795 938 981 1099 - - 10% evaluation. (Motor f a i lu re  3-14-66 (FR 01%) 
used motor fmm -3 for replacement) 

SL-1 -_ MtNy - - - - - - -- Unit removed and disassembled far 
(& Loop) 7% c u m - - - - - - 7  56 possible rework 3 A-1 093340-1 

Mthly - - - - - 0 -- 611 A-1 098100-1 7-l Ph :" -- _- New i n s t a l l a t ion  f o r = - 1  P h I Y S t e p 3  cum - - - & Loop 

Tota l  all H g  FMAS 1670 lg15 Total hrs all H g  PMAS 
5 

52 Mcdified t o  -13 Ser No. A-5 
InL-3 -_ 

6. NaK FMA 1 A-1 093200-1 (NaK) p c u m - - - - - -  _ _  Mhly - - - - - - _ _  
211 A-1 093200-13 p"-; NaK p c u m - - - - - -  Mcdified t o  Ser. No. 112 
1/2 A-5 0932°0-13 y-; NaK 3028 cum - - - - - - 3028 12/65. 

212 A-112 W3xx)-13 2 ~ 7  cum - - - - - - 
312 A-2 093200-13 y-; NEK 194 cum - 0.2 :9 - - - 243 i n  pes-1. 

513 A-6 093200-13-C 

_- Mthly - - - - - - -- Removed frm loop: 3OOO hr. t e s t  complete 

Mthly - - - - - - _ _  
24 Plated housing. Disassemhled/unusahle. 

-- Mthly - 0.2 9 - - - -- Rewaved frm LNL-3 and modified for use 

-_ Mthly 1 - 139 131 - - -- FCS-1 Ph IVStep 2. Fubbing condition -- Cum 1 - 139 270 - - 270 occurred (FR 0369). Removed frcm loop. -- M U Y  - - - - - 20 -- 

-- 
NaK 

213 A d  093200-13 " ?'; -_ c u m - - - -  - 20 20 LNL-3 tes t ing NaK 
4f1 A.4 093200-13 F C G l  -- Mthly - 81 66 117 - - -- Motor shorted out (FR 0359). Removed for 

096647 -11 (NaK) -- Cum - 81 147 264 - - 264 reair. 
Total a l l  NaK PEYzs 3552 4155 lbtal hrs all NaK FWb. 

N S 1  36 Unit failed. Disassemhled/turhine unusable. . . 2rkm\  36 cum - - - - - - 
n-.+ Q-*l-a n~--~emhled/turhine unusable. 

-_ Mthly - - - - - 2 -- 

3 
moved from loop on 

--- ~- 
7. 'IUrbine Alternator 112 A-; 093000-5 ~ ($e I_z, 

820 I.._ I _I___ _. l _ ~ - ~ l  
RPL-2 

FCS-1 Phase I V  Step 
Fcs-1 -- 
pcs-1 _- Mthly 0.4 143 -' - - - -- Phase IVStep 2. Re 

Fcs-1 
m -1 -- 

Assembly 
312 A-3 093000-5 (&Loop) 820 cum - - - - - - 
214 A-2 O%&oO-l (&LoOP) -- cum - - - - - 

5/3 A-1 ~6800-1 (HI? Loop) -- cum - - 4 1 -  - - 

Mthly - - - - - 0 -- 

611 A-3 O%W-1 (Hg Loop) -_ cum - - - 115 - - 115 Removed f o r  i n s p c t i o n  4-13-66. 
Mthly - - 41 - - - -- 

k1 UnIt removed frm loop 3-31-66 (FA 0157) 
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DRAWINGS FOR PCS 
ELECTRICAL COMPONENTS 

A l l  major PCS e lec t r ica l  com- 
ponents w i l l  u t i l i z e  -1 level  
drawings, released specifications, 
sign-off by QA. 

TABLE VI-4 

DRAWINGS FOR DRAWINGS FOR 
ELECTRICAL TSE INSTRUMFSUTA'PION 

Depending on item's importance for  the  success of t e s t ,  com- 
mercial level drawings m y  be acceptable. 
w i l l  be signed by QA when requested by the  responsible engi- 
neer . 

"0" leve l  drawings 

GUIDELINES FOR QUALITY ASSURANCE REVIEW OF DRAWINGS FOR 
SNAP-6 PCS ELECTRICAL COMPONENTS, ELECTRICAL TEST SWPORT E Q U I ~ ~ T  AM) INSTRUMENTATION 

Ident i f icat ion by P/N, S/N, and 
C/L i s  required for  each PCS elec- 
t r i c a l  suh-system and when elec- 
t r i c a l  or non-destructive tes t ing  
is involved. 

DRAWING 
CHARACTERISTICS 

T i t l e  block, drawing 
level, signatures 

L i s t  of materials 

Material and component 
t raceabi l i ty  (Note 1) 

Ident i f icat ion and ser ia l iza t ion  is required when inspection 
tes t ing  of the a r t i c l e  is required. Design option on others. 

Ident i f icat ion of com- 
pleted a r t i c l e  

techniques and standards (e.g., 
c o i l  winding, wire routing and 
dressing), or in-process checks 
(e.g., continuity or insulat ion re- 
s is tance)  a r e  required, a process 
specif icat ion w i l l  be referenced 
or  d i rec t  drawing notes w i l l  be 
provided for control. 

Operator cer t i f ica t ion  

Fabrication/assy. in-  
s t ruct ions,  in-process 
checks, workmanship 
standards 

A f i n a l  acceptance test specifica- 
t ion  w i l l  be referenced for major 
PCS components. 

Drawing t o  include appropriate 
note. 

Final  acceptance 
specification 

Preservation 

Design Option 

Preservation, packaging, handling, storing, e t c .  of sensi t ive 
items (e.g., transducers) w i l l  be specified. 

I 

Drawings t o  include de l ta  note showing t raceabi l i ty  requirement fo r  functionally s ignif icant  m t e r i a l s  
and components. Sensors used i n  data-gathering applications a r e  t o  be traceable. (Note 2) 

Special manufacturing processes, such as cleaning, soldering, resistance welding, and special  inspec- 
t ion  processes, such as non-destructive tes t ing  inspection shall be ident i f ied with an applicable 
Government or AGC specification, including worknanship/acceptance standards. 

Depending on item's importance for the  success of t e s t ,  com- 
mercial manufacturing processes may be acceptable. I 

Note (1): Traceability i s  defined as the ident i f icat ion of m t e r i a l s  and parts by a ser ia l ized inspection Acceptance Tag which 
w i l l  provide an uninterrupted chain of information traceable t o  records at  Receiving Inspection. 

Sensors procured pr ior  t o  the effect ive date  of this document m u s t  be traceable, as a minimum, t o  records of a recent 
functional tes t ing  or calibration. 

Note (2): 

Table V I - 4  
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Month 

Januqry 

February 

'. March 

Apri l  

May 
June 

Code 

A 

7 

B 

C 

D 

TABLE VI-5 

CAIJSES OF NONCONFORMANCES REPORTED BY INSPECTION 

Categories of Nonconformances* 

A B C D E F  G H I J K  Tota l  - - - - - - - - - - - -  
5 3 1 0 1  4 8 8 i o  o 31 
0 0 0 0 1  5 1 0  3 4 0  0 23 

, 3  2 2 0 1  1 8  6 3 1  2 29 
1 0 1 0 0  4 1 0  4 0 0  5 25 
2 3 1 0 3  3 5 6 5 0  4 30 

40 - 2 2 2 1 . - - - - - -  2 4 6 5 5 4 4  - 
13 10 8 2 7 21 47 32 18 5 15 178 

* 
CODING FOR CATEGORIES OF NONCQNFOBMANCE 

Description 

Operator Errors ,  Workmanship Defects 
Ekamples: Operator misunderstood ins t ruc t ions ,  made e r ro r s ,  d idn ' t  

meet workmanship standards. 

Weld Defects - Workmanship 
Defects found i n  weld areas  when the pr inc ipa l  cause of the  deficiency 
is  inadequate workmanship. 

1 
Defect$ caused by inadequate, i n su f f i c i en t  or lacking tooling/equip- 
ment . 
Handling/Enviromental Damage, Inadequate Process Controls 
Ejxamples: Physical damage, corrosion, f a i l u r e  i n  leak/proof tes t ing .  

Planning Errors,  Production/Change Control Errors 
Examples: Inadequate/incorrect planning, out-of-date ins t ruc t ions  - 

spec's. ;  B/P'S. 

Engineering Designland Specif icat ion Deficiencies 
Examples: Design e r ro r s ,  poor se lec t ion  of mater ia ls  or processes, 

defects  inherent t o  design or process prescribed. 

Table VI-5 
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TABLE V I - 5  (eont . )  

Code 
7 

Description 

G Nonconformance of Supplier Furnished Material 
The deficiency originated outside VKC, regardless of respons ib i l i ty  (AGC, 
Supplier, damage). 

Procedural, Paper Defects (non-hardware) 
Examples: Cert i f icat ions missing, inspection not called,  no evidence of 

Y 
p r i o r  acceptance, unauthorized work performed. 

I Miscellaneous Causes of Defects 
The cause of defect was determined and it i s  other than Categories A 
through H. 

J Cause of Defect not Determined 
The cause of defect w a s  not'determined or t he  determination i s  s t i l l  
pending. 

K Defects Caused by Operational Degradation 
Defects noted a t  disassembly inspection a f t e r  operational t e s t ing .  

Table VI-? 
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TABLE VI-6 

SUMMAW l3EVIEX OF SIGNIFICANT NONCONFORMA.NCES 
AND CORREXTIVE ACTION TAKEN 

Tnspection Report No. 
Par t  Nqme and No. 

I R  No. 152909 
Vinson Temp, Cant. 
Valve P/N A65078 

IR rJo, 155577 

@ch. P/N 093607-11 
4w. Start Loop Heat 

IR No. 156070 
Expansion Tank 
P/N OggOOg-1 

I R  No. 152455 
LC Loop I n s t a l l a t i o n  
P/N 098622-1 

In te rpre ta t ion  of  Insp. 
Results Reported 

Gasket material d is in te -  
grated a t  elevated 
temperature and con- 
taminated in t e rna l  areas  
of valve. 

Welds show burn through 
and excessive penetration 
over e n t i r e  welded area.  

Threads are mis-located 
t o  true dimensional 
tolerances i n  two places. 

Girth welds show i n t e r -  
mit tent  areas of i n -  
complete jo in t  penetra- 
t i o n  and excessive 
s c a t t  ered porosity. 

One weld w a s  only tack 
welded i n  posit ion.  
Helium leak t e s t  d id  
not d i s  close discrepancy . 

Review of Corrective 
Action Taken 

Invest igat ion revealed t h a t  
gasket mater ia l  w a s  un- 
sa t i s f ac to ry  f o r  high 
temperatures. Changed 
gasket material t o  un- 
impregnated asbestos.  

Welding machine had f au l ty  
s t a r t i n g  mechanism. Welding 
machine has been replaced. 

D r i l l  d r i f t e d  while per- 
forming hand d r i l l  operation. 
Planning has been changed 
t o  incorporate t h e  use of 
a d r i l l i n g  a i d  on fu ture  
un i t s  . 
This i s  an inherent problem 
due t o  spherical  heads 
d i s to r t ing  under welding- 
heat .  Design w i l l  be 
reviewed p r i o r  t o  fu ture  
fabr icat ion.  

Corrective Action Report 
No. 4056 indicates  t h a t  
helium was not in jec ted  
in to  t h i s  sec t ion  of l i n e .  
New leak  detect ion pro- 
cedure w i l l  prevent 
recurrence of t h i s  type 
of  discrepancy 

Table VI-6 
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Inspection Report No. 
Par t  Name and Noe 

I R  No. 152970 
Primary NaK Loop 
PCS-1 Phqse I V  

I R  No. 152974 
Saturable Reactor 
-1 Model P/N 
094680-3 

I R  No, 152976 
Valve Temp, Control 
Condenser P/N 
097347-1 

I R  No. 152866 
Alternator  P/N 
09406 9 -1 

IR No. 158405 
Nozzle 4th-Stage TA 
P/N 098056-1 

TABLE VI-6 (cont . ) 
In te rpre ta t ion  of Insp Review of Corrective 

Results Reported Action Taken 

Leak tes t  w a s  performed The la rge  volume of t he  
with in su f f i c i en t  vacuum loop prohibi ts  low vacuum 
on loop per  specif icat ion.  pressure without ex- 

Seal  pinch-off tube 
broken during pot t ing 
ope rat ion. 

Temperature ca l ibra t ion  
readings were taken by 
mechanical measurement 
instead of by e l e c t r i c a l  
measurement a s  required 
by specif icat ion.  

Cap screws holding out- 
board screw seals re- 
quired excessive torque 
t o  remove and severa l  
heads broke of f  during 
remova 1 operation 

The roll pins are broken 
i n  15 out of 22 places. 

cessive pump down t i m e .  
AGC Spec. has been wr i t t en  
t o  permit v a l i d  leak tes t  
with higher vacuum pres - 
sure  ., 

Corrective Action Report; 
NoQ 4100 v e r i f i e s  t h a t  
planning w i l l  be changed 
to i n s t a l l  seal pinch-off 
tube a f t e r  pot t ing opera- 
t ion .  

Method used was more 
accurate than spec i f ica t ion  
requirements. Spec. is  
being revised to include 
t h e  mechanical measure- 
ment m e t  ho d 

Supplier Corrective Action 
Report; No. 6122 revealed 
t h a t  t he  p la t ing  on the  
screws i s  being scraped of f  
and binding i n  t h e  threads. 
Screws were a l so  bottoming 
i n  tapped holes. Supplier 
is invest igat ing t h e  use of 
a d i f f e ren t  type of screw 
f o r  fu ture  un i t s  and in -  
spection planning strengthened 
to emphasize hole-depth 
requirements 

Roll  pin mater ia l  was  not 
adequate f o r  use. New 
type roll pins now i n  use, 

Table V I - 6  
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Effect of Liquid Mercury Carryover on 
Heat Input t o  Mercury Loop and Boiler Pinch- 

Point Temperature Difference (PCS-1 Phase IV System) 
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Effect  of I n i t i a l  Vapor-Line Temperature on Tota l  
Amount of Mercury Condensed (PCS-1 Phase N System) 

Figure V I - 3  
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Turbine Acceleration and Mercury-Loop Startup 
Transients for a Close-Coupled System with an Initial 

Vapor-Line Temperature of 100°F 
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