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Report 1.9.5-6E

ABSTRACT

Nonlubricated, hydrogen-cooled roller- and ball-bearing assemblies were
operated at cryogenic temperatures in a nuclear radistion field. The bearings are

candidate NERVA turbopump bearing sets.

Two sets of AGC PN 290156-109 roller bearings and one pair of AGZ EN 287812-19
ball bearings were tested. The roller bearing rollers, inner races, and outer rares
were made of Mod 4hOC steel; the cage material was polytetrafluorocethene laminated
fabric. The ball bearing assemblies used Mod L4OC (HTST) balls, inner races and
outer races, and fluorinated ethylene propylene laminated fabric cages.

The bearings were operated within a temperature range of -423 to -3CC°F &t
24,000 rpm under 2000 1b radial and axial loads. The measured integrated neutron
fluxes to which the bearing tester was exposed ranged from 1.9 x 1012 tc 9.3 x 1013
n/cm2 (E>2.9 Mev). Measured gamms doses ranged from 5.8 x 106 to 1.1 x 108 ergs/

gm(c).

A posttest visual examination of the bearings showed no evidence of degrad--

tion.
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Report 1.9.5-6E

- I. INTRODUCTION

A series of irradiation tests is being conducted on development models of
NERVA nuclear rocket engine components to investigate operability under anticipated
environmental conditions. This report describes the third in a series of irradia-

tion tests on NERVA turbopump bearing assemblies (References 1 and 2).

The NERVA rocket engine utilizes an atomic reactor to heat liguld hydrogen.
Because of weight considerations, the reactor will be only partially shielded,
requiring operation of the engine components, such as the turbopump, in a moderate
nuclear-radiation field. The turbopump is used to feed the liguid hydrogen to the
reactor. The bearing assemblies used in the turbopump will have to withstand a
combined cryogenic and nuclear-radiation environment. To avoid the problems
associated with the use of lubricants in such an environment, Aerojet-General is
presently developing nonlubricated, hydrogen-cooled bearings for the NERVA turbo-
pump assembly.

The test utilized the Aerospace System Test Reactor (ASTR) at the Nuclear
Aerospace Research Facility (NARF), cperated for the Air Force by the General
Dynamics Corporation at Fort Worth, Texas. Prior to the irradiation tests, develop-
mental testing of the candidate bearing assemblies was performed in Aerojet-Genersl

non~-muclear cryogenic facilities at Sacramento, California.

IT. EXPERIMENT TIDENTIFICATTON

A, TEST PLAN REFERENCE:
3/1L003, Turbopump Assembly (TPA) Bearing Sets
B. SPONSOR:

Aerojet-General Corporation
NERVA Rocket Operations
Liquid Rocket Plant

for
AEC-NASA Contract SNP-1
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Report 1.9.5-6F
11, Experiment Identification (cont.)

C., TEST FACILITIES

1. Pre~Irradiation Tests

Aerojet-General Corporation
Liquid Rocket Plant
Sacramento, Californis

2. Irradistion Tests

General Dynamics Corporation (GD/FW)
NARF-ASTR
Forth Worth, Texas

3. Post~lrradiation Examlnation

Aerojet-General Corporation
Liquid Rocket Plant
Sacramento, Californis

D. TEST HISTORY

The following tests were conducted:

1. Pre-Irradiation Test

354 sec duration on 11 Dctober L1963

Reference: AGC RMR No., 0125
Sub-Subtask 1.2.Lk
Date: 29 October 1963
WOREL 0718-21-295

Page 2
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II, D, Test History (cont.)

2. Pre-Irradiation Checkout Test

Run 1l: 5 sec duration, 23 October 1963
Run 2: 3 sec duration, 23 October 1963

3. Irradiation Test

300 sec duration, 24 October 1963
E. BEARING TESTER IDENTIFICATION
PN 263500-9, SN 000000k

F, BEARING IDENTIFICATION

Location Type PN SN
Loader (pump) end Roller Bearing 290156-109 A-3h

16 Elements, Armalon
Medium Profile Cage

Thrust Bearing Ball Bearing 287812-19 208A & B
(one pair) 12 Elements, Armalon

cage, split inner

race
Motor (turbine) Roller Bearing 290156-109 A-33
End 16 Elements, Armalon

Medium-Profile Cage

IIT. PURPOSE OF THE EXPERIMENT

The purpose of the experiment was to demonstrate that the candidate bearing
assemblies will operate under cryogenic temperatures at design speed and loads of

24,000 rpm and 2000 1b in a nuclear-radiation field for a duration of 10 min.
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Iv. TEST SYSTEM DESCRIPTION

The test system was the same as that used for Test 3/1002 (Reference 2). The
major system subassemblies consisted of storage vessels for liquid hydrogen, liquid
nitrogen, gaseoug hydrogen, gaseous nitrogen, and gaseous helium; gas distribution
systems; transfer lines; instrumentation; data acquisition units and the test pallet

with its assoclated control components; and the bearing tester.

The bearing tester consisted of a NERVA Mark TII turbopump power transmission
(cooled by hydrogen at cryogenic temperatures) with a bearing shaft accommodating
the hydrogen-cooled motor on one end, the pneumatically operated radial and axial
load devices on the other end, and the bearings in the center section. The 2-pole
motor is rated at 50 hp and operates on 208 v, L00 cycle, three-phase power. Radial
and axial loads were applied to the ghaft by pressurizing the radial and axial load
chambers with GH2 regulated at the load-control pallet. TFigure A-10 chows a sketch

of the bearing tester.

Two sets of roller bearings and one pair of ball bearings (thrust bearings)
were tested. The candidate bearings were all of the SAE 210 size. The identities

and descriptions of the bearings are listed in Section IT, E.

The bearing tester was mounted within the test-pallet containment vessel
(Figures A-1 through A-6). Also mounted on the test pallet were stop valves, filters,
helium pressure regulators, and instrumentation. During the test, the pallet was
located in the outside ASTR tank test-cell; the center line of the bearing-tester
shaft was coincident with the center line through the front face of the reactor void
chamber. The containment vessel (removed in the pictures) maintains an inert helium
atmosphere around the bearing tester to alleviate any fire or explosion potential in

the event of hydrogen leakage.
The load-control pallet regulated the pressures in the axisl and radial load

chambers. Gas-regulation components mounted on thisg pallet included solenoid-con-

trolled regulators and valves, filters, rupture diaphrams, and safety re.ief valves.
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IV, Test System Description (cont.)

This unit was located outside the biological shield to remove it from the high-intensity
nuclear-radiation field. Remote-controlled regulators permitted the loads to be
increased and decreased from the control room simultaneously with the startup and
shutdown of the bearing tester., Figures A-8 and 9 show the top assembly drawing and

photographs of the load-control pallet.

V. TEST PROCEDURE

The complete test procedure is found in Reference 3. Briefly, the test pro-

cedure had the following steps:

1. The test system was checked for component operation, leakage, and

electrical calibration. This was followed by a system purge.
2. A flow checkout with liquid nitrogen was conducted.

3. The Dewar vessel was filled with liquid hydrogen and a system cooldown

was conducted with liguid hydrogen.

L, Upon reaching a cooldown temperature of approximately -4OO°F, the bear-

ing tester was turned on and operated for 600 sec,

5 At the end of 600 sec, the bearing tester was shut off, and the reactor

was "scrammed.,"

6. The bearing tester was removed from the test stand and returned to

Aercjet-General.

VI. NUCLEAR MEASUREMENTS

The incident-integrated neutron fluxes and gamma doses to which the test

pallet was exposed were measured at ten locations within the containment vessel.
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VI, Nuclear Measurements (cont.)

Fach packet contalined aluminum, phoesphorus, and sulfur neutron detectors; and nitrous
oxide, chemical, and cobalt-glass gamma detectors that were mounted on 3~l/2 by 3~in.
aluminum holders. The location of each packet and the measured integrated neutron

fluxes and gamma doses are presented in Figure B-l. A detailed report of the dosime-

try data ig given in Reference 3.

VII. TIEST RESULIS

Data from the two checkout runs and the irradistion run are plotted in Figures

C-1 through D-8.
As CHECKOUT RUMS

Two 1l0-sec checkout runs were attempted on 23 October 1963. Run 1 was
stopped 5 sec after FSl when the bearing-tester wpeed (NIPB) failed to register.
Another test, Run 2, was made with the axial and radial loads removed to reduce the
gtarting torque. After 3 sec, RPun 2 was stopped when the motor speed again failed
to register. The trouble was later found to be a faulty connection in the instru-
mentation patchboard. The Dewar L”2 supply pressure, the bearing-tester hydrogen
coolant inlet pressure, and the orifice inlet pressure are illustrated in Figure C-1.
The pressure drop through the orifice ranged betweea 5 to 10 psi and averaged
around 8 psi. Pressures 1n the radial and axial load chamber and in the bearing-
tester loading cavity are 1llustrated in Figures (-2 and C-3 respectively. The
presgures of the bearing housing and t¥- vearing-teszter motor hou-ing are illustrated

in Figure C-U.,

Figure (-5 gives the temperature at the ianlet to the bearing tester and
at the outside diameters of the outer race of the Loader-end roller bearing and the
motor-end roller bearing. The split-race ball-beariag remperature anl the bearing-
tester hydrogen outlet temperature are given in Figure C-6. A sudden increase of
the ball-bearing temperatuvre is noted in bott runs; this peaked at -43°%, approxi-

mately 2-gsec after FSl before decreasing. Po-ttest .nopection revealed wear on tine
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VII, A, Checkout Runs (cont.)

swaged thermocouple, indicating possible rotation of the outer ball bearing race.

No wear marks were observed on the thermocouples used for the roller bearings.

Starting current of the motor reached a maximum of 265 amp for Run 1
and 262 amp for Run 2, as shown in Figure C-7. The long current-decay period (20-sec)

1s a function of the RC time constant in the measuring circuit.
B. TIRRADIATION TEST

The Irradiation Test was conducted on 24 October 1963 for 10 min at 10 MW
reactor power level. The bearing tester performed satisfactorily throughout the test.
The orifice bypass valve (OPBV) wag opened at 7 min, 13 sec after FSl, when a sudden
increase of the TSB temperature wag oObserved. Opening the OPBV increased the mass-
flow rate, which had the effect of decreasing the rate of temperature increase. Table
D-1, Appendix D, lists the sequence of major events that occurred during the 10-min
irradiation run. The integrated neutron fluxes and gamma doses to which the test

components were exposed during the test are presented in Appendix B.

The pressures in the liqulid hydrogen Dewar vessel and at the orifice in-
let and outlet are illustrated in Figure D-1. Between FSl and F82 the pressure dif-
ferential across the orifice ranged between 5.5 psi and 13.5 psi with an average of
9 psi. Figure D-2 illustrates the pressures in the bearing housing and the bearing-
tester motor housing. Pressureg in the radial and axial load devices are shown in
Figure D-3; and pressures within the bearing-tester load cavity are illustrated in

Figures D-3 and D-4k, respectively.

Plots of the inlet and outlet temperatures of the hydrogen coolant flow-
ing through the bearing tester are shown in Figure D-5. Resistance temperature
transducers (RTT's) measured the coolant inlet and outlet temperatures of the bearing
tester. The fact TLSH, the up§tream measurement point, at times indicated a higher

temperature than at TLDH, the downstream measurement location, is not fully understood.

Page 7T



Report 1.9.5-6E
VII, B, Irradiation Test (cont.)

One pogsible explanation for the apparent temperature reversal between FSl+8 and
F81+10 min is that after the orifice bypass valve (OPBV) was opened, the flow rate
decreased through the orifice leg of the parallel flow system and a resulting in-
crease in temperature at the TLSH location occcurred. The temperature reversal

before FSl has no apparent explanation.

Figure D=6 shows plots of the bearing temperatures. The temperatures
were sensed by swaged thermocouples held against the 0D of the outer race of each
bearing assembly. In general, the bearing temperatures followed the variations
in the coolant inlet temperature. One notable exception ig in the rapid temperature
increase of the ball bearing (TSB) immediately after FSla TSB, the temperature of

the ball bearing increased to -66°F immediately after FS., remaining there for 3 sec

before decreasgsing to its original value. This same tempirature splke was observed

on both checkout tests. Posttest examination revealed wear marks on the thermocouple,
which confirmed the hypothesig that the outer race of the ball bearing was turning
with the bearing-tester shaft during the first few geconds of shaft rotation. As

was noted earlier, the orifice bypass valve was opened at FSl+7 min and 13 sec when
TSB showed a sudden temperature increage. Posttest examination of the data revealed
that the coolant inlet temperature increased over this same period. Tt is believed
that no abnormal bearing operation occurred at thig time, but that the bearing tem-

perature merely reflected the increase in the coolant temperature.
An anomaly exists between the thermocouple readings and the RIT readings.
The thermocouples register lower temperatures than the RIT's. The reason for this

anomaly, especially for the coolant inlet temperature (TLSH) has not been determined.

Figures D-7 and D-8 show plots of the speed and current of the bearing-

tester motor, which were normal throughout the test.
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VII, Test Results (cont.)

C. POST-IRRADIATION BEARTNG EXAMINATION

After the bearing tester wag removed from the test pallet and returned
to the Aerojet-Genersl Bacramento Plant, it was alsassenbled and ingpected. Figure
A-10 shows the tester after disassembly. Visual examinstion revealed that the bear-

ings were in excellent condition (Ref 4).

VIII. CONCLUSIONS AND RECOMMENDATIONS

A.  CONCLUSIONS

It is concluded that the bearings operated successfully during all phases
of the irradiation test. All tegt values were well within the maximum and minimum
limits egtablished for the test. A comparison of the maximum and minimum limits es~-

tablished for the test and the test vresults follow:

Test Results

Function Allowable Limits Maximum/Minimum
TRB-1 <-50°F -357°F/-LO6°F
TSB <-50°F -395°F/-L23°F
TRB-2 ©-50°F ~333°F/-390°F
PLDH >150 psig 225 psig/209 psig
PGHEDT 235 psig max 227 psig/215 psig
NTPB 25,000 rpm max 2L ,000 rpm

IM (run current) <100 amp 53 amps/42 amp

The test demonstrated that the candidate bearings will operate success=-
2 1
fully for 600 sec in a radiation environment consisting of 1.9 x.lOl to 9.3 x 10 3

L2
san/cmg (B> 2.9 Mev) and gamma doses ranging from 5.8 0 106 to 1.1 x 108 ergs/gm(c).

Page 9O



Report 1.9.5-6E

VIII, Conclusions and Recommendations (cont.)

B.

RECOMMENDATTIONS

1. falibration procedures for all instruments should be included in
the tegt procedures for those future irradiation tests that require more

definitive data.

2, The effects of temperature cycling on pressure transducers should

be investigated.

3. Consideration should be given to monitoring the temperatures of all
pressure transducers to observe any readings outside the temperature-
compensated range. Pretest analysis should be conducted to predict tem-

peratures and enable the use of transducers with suitable accuracy.
L. A log showing all ingtrumentation units used in each data channel
and all calibration data should be recorded by the facility contractor

and sent to the test contractor as part of the data package.

5. Pursue further investigation of nuclear radiation effects on hydro-

gen-cooled test systems.
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APPENDIX A

PHOTOGRAPHS AND DRAWINGS OF MECHANICAL IRRADIATION TEST 3/1003
AND THE FACILITY AT GENERAL DYNAMICS, FORT WORTH
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FIGURE LIST

No. 903 Mechanical Test Pallet--Hydraulic Flow Schematic

No. 903 Mechanical Test Pallet--Top Assembly of Bearing Tester Section
No. 903 Mechanical Test Pallet~--Top Assembly

No. 903 Mechanical Test Pallet--Side Nearest ASTR Reactor

No. 903 Mechanical Test Pallet with Containment Vessel Removed and
Showing Dosimetry Pockets Installed

Overall View of No. 903 Mechanical Test Pallet

View Showing Teet Pallet in Place within ASTR Qutside Test Cell

View of Load Control Pallet

Top Assembly-~Load Control Pallet

Sketch of NERVA Refined Bearing Tester

Bearing Tester PN 263500-69, SN 0000004, Disassembled after Irradiation

il

Figure

A-1
A-2
A-3
A-b



LEGEND
Cylinder~operated

i valve @] High-pressure switch . PG-600 psig
[} Position indicavor U Filter
é L, sensor . Low=-pressure switch 1 l
Containme v
Dome loaded regulator ) Containment Vessel
{externally loaded) Burst diaphragn
GH® 250 psigh @
+
Solenoid-operated N
regulator with Relief valve
integral relief valve
! ()
Vent} \3/
T
Vent and relief hand e — T T P
% regulator Vent r_____@__‘ 1 \RBI — SB RBZ BTLC
a3 R . 2l
g v ) — B8 B 5
o -—l:l— Orifice : .. | Tont
ot 3D ! Bearing Tester
L] @ Temperature transducer palletgP.s 650 psig —n
o LHp return \
o> @ Pressure transducer and vent | -] F 1
R
¢ ~
- H-H®)
PLSHel—1 PLsHp
- 7p
' OBPV -
, LHy in PO-l
s i 235 psigl sl
M55 o 1000 U
psig Psie
Radlal load TLsh
»

LRSR

\~BLRS

Axial load

No. 903 Mechanical

Test Palleg_ -

Test Pallet-~Hydraulic Flow Schematic

v xTpuaddy ‘go-¢°6°| 3aodoy



¥ 30 L 3°9Ys ‘g-y 2andt4

IS G Ao ¢ IOMATION COATAD HERE M 1
FAODUCED. V3D OR DOCLEHL TO MIONE W

B R b ssion o oot oAl EORRORATIN 5
CEr Tt Ve uO BT 443 T SEUTIO, SOBUCE Ut
COTHNCNILG PUNPORD (501G T
etk 70% U3k &b W NATION
o St ONeg S1ATES Wk SR Ak O s

B L i 1 UL Sohr
i | REMOVE ALL BURRS AND SHARP EDGES
‘ 53 INTESPRET O PER STANDARDS PRESCRIBED IN MI:D-70827
FORM, LARE ANDASSEMBLE PER AGC-2 5097
ORGUE BOLTS *(0-24,TO15-20 IN-LBS, 4 - 20 roeo-sow-f.as,
=18 TO 120-140 IN-LBS, § 16 TO 200-258 In-|
zﬁ.\msm_s. PER AGC-STD 4002
6 SEE DWG NO 295717 FOR ELECTRICAL SCHEM DIAG AND HYD DWG NO.295680.
&7 CLEAN PER AGC-46350 AS FOLLOWS
@} INTERIOR PLUMBING SYSTEM LEVELG
(8 EXTERIOR. SURFACES LEVEL
PRESERVE AUD PACKAGE PER AGC- 46387 CLASS 1
ABPLY A LIGHT COAT OF ANTT-SEIZE COMPOUND TO THREADS
AT ASSY

10 CLAcs;r«cmoN OF CHARACTERISTICS F5R MI-/-94l}
OTED BY @(CRITICAL), @(MAJOR), AND NO SYMBOL (MINOR)
D s;u{a S0LDek BER MiL-B-7883
€L PR EST AT 575%25PSIG, | EAKTEST AT 2501 25P8IG
wrrH AIR GR NITROGEN UNDER WATER FOR 2 MINUTES NO
LEAKAGE PERMIT TED
@APROOF TEST AT 22B50T50PSIG, LEAK TEST AT 150050 PSIG
TH AIR OR NlTR?GEEgI UNDER WATER. FOR 2 MINUTES NO
€ MAPROOE TEST AT 225525 PSIG, LEAK TEST AT {507 25 PSIG WITH
ng%- N L:Tgosm UNDER WATER FOR 2 MINUTES NO LEAKAGE
COML_PROD PROCURED UNDER ANOTHER F/N NOT ACCEPTABLE
UNLESS APPROVED BY EN

BY
COML PROD SEE SOURCE CONTROL DWG 294901 THRU 294978
END 10 BE TRIMMED AND FLARED ON ASSEMBL)

lsivER soLdER Q5 6! Hiiz
‘Wv’mﬁze H
COMPOUND

4|
L MszgeJ CTAP 215t L5
) [ — f 211" 14
ANG2” iC‘ AP

2 lanezaac | Tee ! J

9862554972 IO

SFAL

et 5k |
=

92215
1 “I0F"

| TRANSDUCER
& AL

<i<|wi<

I
7
{

SEAL

22151 35~ 4
sier {F32355 | Taansbucer
13981 1F-62-4  |VALVE,SOLENOID
07107 {32-2475 | FILTER ASSY
see: [Boor 134 vaLvE

12 7 [ &u1 275%| SEAL, METAL
her7s (251 TF !

12179 |weze o00d) ‘

70 26 0008
0004

12179 SEAL., METAL

20° ELDOW

< |<i<|«[«xig|<[< KL<

scousfons oa”

GASKET 1315199

NOMENCLATURE OR
DESCRIPTION

w507
800 A2Q

15 |5vwi| CODE.

PART OR
FOENT A DENTIFYNG ¥l

AT 7 fene] 15

No. 903 Mechanical Test Pallet-~Top Assembly

2 72-17] SUPPORT
| TruBe Assr e Froe 2057879
10] BOLT
8 ]
joe! '
7] B0LT 2] | leosveo- | erackeT
[ Inasazaene| couPLing : 295784-19) TuBE ASSY
1 -33 | TuBe AsSY  MaxE FROM 225786 9| = l2o5757-1| BRACKET
2 2957852 | TUBE ! 294523 | sgai
4 lavac-1ia] BouT, . © s ' 234922
5 FESEITE | WasHER 2 25492,
40 Mssss!a : 3 2.54922
10/ M535338 WASHER 1 294919
s §§g:s‘ T [ 294516 | SEAL ;
1 langio -2a¢] REDUCER t 295782:9] TUBE as5™
' 1 2557802
4 lansio-23c ' ; 295772 9)
f
T lanoig-22C . 295760-9
i angi9-20C Hi 295754-9 {TUBE ASSY
1 [ANSIS 13C] REDUCER 295 753- 5 ELBOW, SPECIALS ;
750 H
g IAN9EOCH 16] WASHER ¥ 205756+ | ELBOW
i TESTEX ASSY
2 aness-izc] eLBow
2 avesszoc § 2957369 CONNELTOR ASEY, ELTCTRCA
2556649] TUBE *S5Y |
4 ang336C] cLoow < i
+ lanaC-31A | BOLT i 29768t O 'PLAYE BASE ¢
2 WASHER [ 2057 63-1 {BRCKCH I
z T
L NUT i 2905¢7.  1GASRET i
' 2 ] oy 1 _95572-13] SUPPORT i T
T " -t I
3 an924-16C] -~ R i %
29ro O SIBPACKE" ‘
] 1AN924-i2(] ¢ I
ANIEL ST leciie ol T agsw 1 1 ‘
120, ~4R- — e 1
i 4 N e A Q f H
7 lnoz4-ac] T s ey [
1 sty ] [27¢ 161-1] GASKET 1
] Neasy 12| aUT ] eosest o] Tuer ass i
& AN8 Ci7A | BOLT ' { E25837 61 (OVER !
i ’ T T
1 1A51425 2 |PLATE,IDENT 2 E 129576 91 THERMOCOUF L
l 151149 16 | RESTRICTOR %Jﬂ; ' 2 “UBE ASSY | MAKE FROM 2057554 3213
- 5 °
2 lavacee | soLT T 2SR 21 o6 Z‘ E
& Sete | eocr ARD a5 2oscesd :
[
| ANG32-8C] UNION ! AR 23 2a57528 312 : n
2 ANGIE ~1&d f Gl a1 -2 295756-9) 3:; ”3
E 2057554 AE P
2 angis-oc]  § 2itis0 &1 7 5 2] 3
- LT
B ansis-4c| uNION BEm A 5 29515t 2
- 5 318 6
| AN938CI0 | TEE B 2SHE 13 2e56689) Pie §
- 5667-9] =
] hnsza-ec] } 2leler AT m 20 :
[ ANBO4-4C| TEE 3]2148 C A D -7 2056669 5‘; 4 I
SR n; i -5 9| 3h38 3
™ Rt vo| " BaC | wara o R ﬁ i seet E §
e 3 -3 2956679
Z)é i il TUBE ASSY__ IMAKE FROM 205662-l Bl 1
L2 ] ot | et | e e i
B G2 USTOF MATIRING T
D G SR T £
; e e e R
1 YR Ter [Pogel. Baetsrer e
A — B st oomes Lol ;:asmwc TESTER ASSv- ]
T\_’&ya il T [ RADIATION EFFECTS PALLET
wsava 2056501 NERYA § T P a— e
T e 5 o7 e '~ =
= e IS A 05824 =" 295660 ]
== Ll bV ITE Y ok X )

of Bearing Tester Section

v xtpuaddy ‘go-¢°6°l 3I0day



¥ JO T 399Uys ‘g-vy 2Indtyg

E ] ]
MARK AND INSTAL.L PER ASD52i6 WITH T LE;
BEARING TESTER ASSY~ RADIATION
EFFECTS PALLET, %N 295660 9 AND NEXT
, @3 ASSY Phi 295650~
SEE SHEET [ FOR GENERAL NOTES ;&

/—(@REF 7

A\-”'"‘

=
; ] ’“/jé
| @

1 _—

REF
REF

PnG ECTIVE CLOSURE REQD

USE COML PROD 502
CODF DtNT NO 99017

N4 PROTECT VE CLOSURE
8, PROTE CTIVE LLOSURE PROTECTIVE CLOSURF REQD
PROTEC™ - L ~RE D USE COML PROD (D16 REQD DSE COMLRRODCDE ™ st cov,. PROD CD1e
PROTECTIVE CLo RERFQD 2 £ DeNT NQ 990 CODE IDENT NO 99017 COPE DENT NG 95015 PROTECTIVE CLOSURE REQD
USE L PROD CDc2 USE COML PROD LD 15
ODE ENT NG 99017 - ~@DREF CODE MENT 0. 95017
87 ¢ Puaces
@?
© LVER SOLDER A >
Ay —r—a r
O
- i
REF
S0
)

view A=A
COVER AUD SOLENOIDS.
REMOVED FOR CLARITY

No. 903 Mechanical Test Pallet~-Top Assembly of Bearing Tester Sectiorn

v XTpuaddy ‘go-¢°g°| jaoday



p JOo ¢ 199ys ‘g-y 2Indtyg

SEE SHEET | FOR GENERAL NOTES

L O I
YT 3 = T

2‘5 H. { \ i ! @

LR N = N

730 alao = /«— . “\1—- %

| “QLX [ l

I

SECTION {35

ROTATED

No. 903 Mechanical Test Pallet--Top Assembly of Bearing Tester Section

\_m &

Eew

v xtpuaddy ‘go-¢°6°L 3Iodsy



¥ JO ¥ 3299ys ‘g-v 2andrg

SEE SHEET | FOR GENERAL MOTES

A3PE

IWEH

Yild
Aw3A

ASPR
W3-

No. 903 Mechanical Test Pallet--Top Assembly of Bearing Tester Section

©
o
3-13

v xTpuaddy ‘g9-5-6°L 3zoday



9 JO | 393ys ‘g-y 2and1g

NOTES | REMO/T AU BUSFS & SHARP TLEES
2 INTERPRIT DAG PER STDS PRESCRIBED IN MIL-D7032Z
L5 APPLY A LIGHT CORT OF ANTH-SEIZE COMPOUND TO THREADS
AT ASSY
&. MkRK PER ASD szmc wm-( PN 295650 € APPLICABLE DASH NO ¢
SER:AL ' & OF -9 A
5 FOR Y= %r JuiC scumanc DIAGRAM SEE DWG NO 225680,
irow ELLCTEICAL SCHEMATIC LIAGRAM SEE DWGND 295717
LOCATIC OF H0LES TO BE ACCOMELISHED AS SHOWH BY LSING
EXISTING =ILES ON DETAIL PART AS DRILL PILGT
&8 c E,N PIR AGC-46350 AS FOLLOW:
R OF PLUMBING svsww LEVEL &
3 R SURFACES, LEVE
o PRER Z AND PACKAGE PER AGC 46387, CLASS]
10 CLASS'E CATION OF CHARACTERISTICS PER MiL W-S411 DENOTED
8y € (R 7 CA. @IMAIOR), € NO SYMBOL AMINOR)
. "' PROD PROCURED UNDER ANOTNER PN NOT ACCEPTABLE
L £S5 APPROVED BY ENGINE ERING
prs » ARE § ASSEMBLE PIR AGC 46097
25 VAL peR ch—sm "4002 EXCEPT USE LOX SAFE LUBRICANT
CER AGC 4408°
@A NS, A7 0N TO EF TPOWEL APPLIED T0 INDICATED PLUMBING, TO
DEPTR OF BO-Z0v ~sd. rmoN To BE MIXED, APPLIED, AND DRIED
PER M»NUFACTURERS ' \STRJC
SAVAPOR BARRIER SEAL AL, WJLATKN BY BRUSH APPLYING
| STABOND T-204 OVER 'Sl
A VIEW C°C ASPLIES TO 4lEs @/ sen

b:Y

REF
//
) i 3
e~ K |
]
g As— r
|
42‘12
[E—— s
3225
RTF
@~
REF *f\
. R

1650
REF

% —

PLAN VIEW SHOWING VALVE LOCATION

No. 903 Mechanical Test Pallet--Top Assembly

vy xtpudddy ‘g9-¢°6°L 3roday



\SEE SHEET - 4

9 Jo g 399Yys ‘g¢-y 2Indrg

1R NOTES
-
|3 ANG2O-4C]  CAP | |5Hes
2 g2 cap eitle
1 IANOZD-H6C| CAP 5151165
165]
2 Iang3s~4t | TEE 612164
8 IANSZOC 1216 | WASHER
2 anczeoca nut
z ANGIB-25¢| REDCER
] ANGIg-26C| REDUCER
ol
ANS33-16c| ELBOW
3 ANBT34C| ELBOW
1 212 27-8 | CROSS: o
P ANBZ4-aC| TEE
. ANg2 I-16Ct e LBOW
D ANS35-04] SCREW
1 4N 615-8C| UNION
z AnB1A-9C | PLUG - 6Rias
i aNAIS-12] UNION 55144 ]
ha ANBI5-4C | UNION 5@\
1 T |ANSIS-16C | UNION ok
% ANZIECIZR| NUT ai2hai
+ ANBISC 64 NUT 414] 180
bs| AN3I5C aRINUT © ~ s
56 AN3ISC RINUT i el
2 ANGC 33A [BOLT 613
o - IN3iSI2R T - 1 jadee
i 138
[ NAZ 22426, COUFLING 51134
Liiss
! | ez
T ] s
T 314130
i s;‘ \28
! i : ey
BEI I i sfgas
47 (AS14302) TG SiHies
BE (A5 1419-2I NAMEPLATE 4iSiiee
! | ER
i i 122
1 i ;Aji;“o;"é RLITETOR HeEn
(T T isuestlrestacror | 51220
L et 4
| Ry | Tuse ] siie
T 1 i
, ; i
e i | +{us
1 27157 9 f sElS]
i Fig
Tl 73515 ! B3O8
T 2760669 TuET 1siEe
! I
| ™ e P " nva wmmess | 5 e
. LT T

No.

i 27616491 TUBE 3
1] ] £76163-91 B
t | |e9ss29-9 )
' ersiergf L - -
! 275158-8
' 2761579
' 2761569
! 27615210
' 276152-9] TUBE
' 276150-3{BRACKET
t 2761501 BRACKET
t 276/51-9 | TUBE
s "
! 276186-8
- - {__‘65
' £95756-9 %'sm
] 2653979 HE]
[ 2 TUBE 52l as
T i Isc
i
i 28575849 -y .
i 2559673 .
z 255961-9
[ 255960-9] N
[ e : T
' ~.}255938-91 TUBE
S 2559571 | BRACKET
255954°9| ADAFTER
' lessesz €l AparTER
' jzfsms 3. ADAPTER
Ny S 1
1
L ;
i WIRING 12 RHETE
) 255350-9
NP 255825 5] TUEE
i
TUBE
[P

L Tas,

903 Mechanical Test Pallet--Top

T
AN TUBE !
1 i
i el
' -97
i 95
TR R B
O -9
: -&7
' -85
) L
t ~&1 . B
n ' 13
! e ! (]
iz
T 5]
B ED) 4 -
) -7 TUSE |
53 VALNE
v -5t VALVE -
L
|
Ny D -85 VALVE |
: b
- i .
i - ERACKET |

1
ERACKET
: a
I i
{ VT {BTeer 5] CONTA NER .
AR i 5 IMAKE FROM 2530489 FRAME |
BERCNEE e

Assembly

v xtpudddy ‘go-¢°6°L 3xoday



9 JOo ¢ 399yS ‘g-v 2In3Td

S E SHFET 1 FOR NCTES

£

REF

MARK DER ASDS2ISD WITH
CONNECTOR DES GNATIONS
A5 SHOWN INSTALL
APPROX AS SHOWN

&)
zoeend $2
2 PLACES

ROYA™™D 90 TCwW

REF

1

o 1
_ﬁjio i \\¥49

N=

.

PLAN OF W R NG RARNESS INSTALLATION SCALE NONE

No. 903 Mechanical Test Pallet--Top Assembly

EZJ o = Y12 prLaces

s W TR et 1
2 AR[ mnd T 200 jiIAﬁE_ ,-_i =
AU Lo [Fone B sean N A o 214}
AN T 125 s @Bsearmerac 6152 o
! e
L i
j 20
c e
3 B L |oleos
?Zf ERREEY S . EN
ERENES 2 6}1200]
AR o] e oHoen 512d0%)
204
_ U Tet feoes led o sslconnecon e
i 4 o
| | N
AT ol Y dpeadl ™| g
sz~ 7B JLEVEL SeNotR e
| 11 jseleves hucro swren 512108
4508116565 55| TEE ] a@
V1 esea| coemrsojTEE <'2ligg
|t rewemwsreduer 1 eides
P — 1%
2] e 1 s o & I
IENEENrTR { ~ Ll
RN 1 4 <l 90}
| ']‘Z‘L"’ W@ OWPLNE | e
L ] Lo OES kS |Stajee]
by s e | [sH e
5 2wy 1 iee)
liﬁ——‘ =7 - ‘LS_E_S.
‘10 ®8c  BB7 00w ASKE “Iz 84
! [ 8 9595 Toawe pr ucy 514 83]
Lo 1 jeoadivio {rAND cAD R L
&jl‘&@% REGU A 0R D
Li i 4
g L
B Y ]
(T s e
Sll | NSERA 4 & o
o | vseonces >
20! N 408 34 1
- ﬂ—'ﬁL. N
[ {e] 36uB(3EBOLT ] !
| el VSIS WASHER s
|l [ 3533862 wASheR Lo
(56 Vs3I a8l WASHR 4 &
[l womsimire oo !
e

5 07 aTER AL

Ae

#
P
i

b
{

TR

vy xtpuaddy ‘g9-¢°6°L 3xoday



SEE SHEET

9 JOo t 393ys ‘¢-y 2an3tg

32.00
2 PLACES

) s
R NES k ] ; > X8 266075 T (DE 3D
(7 7
! &
\\ / ¢ PLACES
// D @ O
o,
48.00 £EF (
3415
\
\
2515 G
- o6 D TR (DR G
(76
/24
-
e
- 4 PLACES
i
L — —
1$ - ; S Eq_ifﬁ%§§5§§§%jrg
¥
\ %_j \\ \ &A
A . FAMES \ 2t o1 700 (D& @
397 D14 7HeY (1) &
SE FS(CHINVEL) 80 . 78/ LA THICL ~JE/ L8l THIDU G
& VB0 Mgswm).aqo)gp } EALACES SEES (HANELT B0 G
i 2 PLALES T s
@ , @) 4 PLACES
FLACES @ 2ecap V.
s onmer(DE @
~ 9,
(777)
B PLACES
- ']
H
Hrr
J N\
H
oy
pa 76 £na 700 B
v
fe—— — - 7, 3 PLACES
/0%
N &
S ‘ Z PLACES FiF
i ! ) ! 84 2i4 7HRU (B
| /< PLACES AL
: “ v\/] /[/ 2280 T eUE
- &,
\\ r | ‘ ///—2 FLAZES REF
! \ s
! OL_V T
4, A | PN
‘ 4 i SR it L 7 i
. o .
A T~
l l[':- i ZE 73,
N /0 50 ] TNk £ WISTALL SEEEON #S SHOWN FEE ASDEE/H
ERITER JRT, 295650 MGAiAle ATLEE £
— 96 00 R A5G AGC SERML MO & ITHER
e LATA S APPLICSEBLE  (OLATE W CENTER 45

SDE VIEW
VALYES & FLUMBING
LELOVED FOR CLARITY

U CHAMN g

) -CGT7 DIA THEY
R PLACES

No. 903 Mechanical Test Pallet--Top Assembly

vy xtpuaddy ‘go-S°6°L 3I0ddy



LGB

266 048 THRU (L) rocer amdlKETS (B £ FLACES
L

} 2 PLACES

A 266 Dia MAPPLI(AEé

DASH NQ_BRACKET ¢

2 PLACES

@ 7

}zmoa @, CoMvECT TO (30
BAACES &, comECT 70 @

r@camca' ro (‘1;@ /&%

9 JO ¢ 329Yys ‘¢g~y 2anStyg

@3)
75+ 25 ) &)
MADK PER ASDSZISD WiTH L INE IDENT AS SHAW

AFTER ROLLYING INSUULATION

YN

e NSTALL ACRIROX AS SHOWN THGS MUST BE
LEGALE
~—BED 8 PLACES

J

@

A

&

DO\WOT INSULATE

Z
)
= @
o 5=

BALACES

[—en BiEs | ]
i i =

)% 3
sy A ~Al &

@ REMOVED FOR CLARITY

No. 903 Mechanical Test Pallet--Top Assembly

v xtpuaddy ‘go-¢°6°L 3xoday



0 3o 9 329ys ‘g-y 2Indtd

SEE SHEET 1 FOR MOTES.

D)
266 Du THRU (D £ B

& PLACES

/ﬁl 266 Did THEw G7 & 2RacET (B £ @

£ £ 4CES EACH S BOACKET
»9} o BLACES

7,

P66 DA THRU DE BRACKET (3

&
@ 4 ALACES
@

g

I//5W l) ‘)@ ZPLACES &%
.RonED FDR CLARITY

189 2w TRY (1)

@

2 PLACES

/—(Dasr

=20

EAmD] AM D ‘2 % 2y BOOCKET ONLY NEAR & FARSIDE
g T ONE WALL VALVE ONLY
3

7 £ & FAD SIDE. ALV VLY
oo RO OF = HALVES Q8D

secrionls IS 5
SCAULE: 4
& ALACES
% co/wvér’ L4 )
I
// éﬁ cor VECT?D
/~~<3/ Cavacrﬁ"f‘
INSULATION TO B Nl . @ 1 G C
SR s . >t 3 Hoon'zor 4 @D
D THUS HENGHT.

f)ﬁz £5, ALVES
30 .

;: 266 Dia THRU (1) FROM T2

/7€,
! %} & PLACES - C'ON?/ECT 7‘0
@ connecT T0 ()

INSULATE

-
”ﬁg’@’-.‘:.l. vew G- GER
&

2 PLACES

No. 903 Mechanical Test Pallet--Top Assembly

L e

v XTpuaddy ‘g9~5°6°L 3z0doy



p-v 2an3tg

vy xTpuaddy ‘go-¢°6°L 3zodoay




G-y 2an3tyg

No. 903 Mechanical Test Pallet with Containment Vessel Removed
and Showing Dosimetry Pockets Installed
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View Showing Test Pallet in Place within ASTR Outside Test Cell

Figure A-7
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Figure A-8

View of Load Control Pallet
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TABLE B-1

DOSIMETRY DATA

x|
o

8

[ L%z

BEARING
LOCATICN
L“467
é

—
463 \}—-468 \— 465

469 %/ 4@ 470 464
[ reacror —I
| ORIENTATION
I i
POSIMETRY] INTEGRATED NEUTRON FLUX | gAMMA
PACKET n/cme DOSE
NO, EY 8.1 M[EY29Mev |E(.48ev |ergs/gm()
461 _ 4.9%x10H LExI0'® | 2.4x10'2 | g.9%x107
462 2,3%X10" | 7¢X10"* | 2.8%10" | 2.9¥107
463 z.7x10'% | 1.9x10'2 | 2.0x16'2 | 5.8Xx108
4 64 LI%10% | =.5%x10% 1 2.4%x10'% | ),2x108
465 3.0x10" | 9.0%10'% | 3.2%10% | 24Xxi0’
4¢e 1 z.oxwo" 73%10'2 | z.9%10% | >,.4x107
467 Lixio'? Z.6X02 | 2.3%10'% | 1.3XI0®
468 4,9%i0" LBXIO™ | 2.4%10'% | 5,9%107
469 51010 K7X02 | 30xw0'2 | 8 0xi0%
470 2.8¥%10'2 9.3X10'3 — 1.1%108

Table B-1



Report 1.9.5-6E

APPENDIX C

10-SEC CHECKOUT RUN



Report 1.9.5-6E, Appendix C

TABLE LIST

Time-and-Event Correlation During the 10 Sec Checkout Run
FIGURE LIST

Checkout Rung--Pressure of H,. Supply at the Dewar, Bearing-Tester

2
H, Inlet (PLSH), and the Orifice Inlet (PO-1)

Checkout Runs--Pressures of the Radial Load (PRL) and Axial Load
(PAL)

Checkout Runs--Pressure in the Bearing-Tester Loading Cavity (PBTLC)

Checkout Runs--Pressures of the Bearing Housing (PLSH-2) and Bearing-
Tester Motor Housing (PLDH)

Checkout Runs--Temperatures of the Bearing-Tester Inlet (TLSHE), Loader
End Roller Bearing (TRB-2) and Motor End Roller Bearing (TRB-1)

Checkout Runs-~Temperatures of the Split-Race Ball Bearing (TSB) and
Bearing-Tester Hydrogen Outlet (TLIH)

Checkout Runs--Starting-Current of the Bearing-Tester Motor (IM)
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Table
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Figure
C-1

C-3
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Table C-1

TIME AND EVENT CORRELATTON DURING THE 10-SEC CHECKOUT RUN

Time (sec) Event
Run 1
-898 Line and bearing-loop cool-down started
=717 PRL set at 20 psi, PAL at 300 psi
-528 CDBP closed
-h11 Dewar pressure stabilized at 225 psi
-347 OBPV closed
0 Bearing motor turned on (no speed indication)
+5 Bearing motor turned off
+105 Bearing load pressures relieved
Run 2
0 Bearing motor turned on (no speed indication)
+3 Bearing motor turned off
+93 LH, flow stopped

Table C-1
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TABLE LIST

Sequence of Major Events During the 10-min Irradiation Run
FIGURE LIST

Irradiation Run--Pressure of LH, Supply at the Dewar (PGHQDT),

Bearing-Tester H, Inlet (PLSH-1), and the Orifice Inlet (PO-1)

2

Irradiation Run--Pressures of the Bearing Housing (PLSH-2) and

Bearing-Tester Motor Housing (PLDH)

Irradiation Run--Pressures of the Radial Load (PRL) and Axial
Load (PAL)

Irradiation Run--Preggure in the Bearing-Tester Loading Cavity
(PBTLC)

Irradiation Run~-Hydrogen Inlet and Outlet Temperatures ve Time
Irradiation Run-~-Bearing Temperatures vs Time
Irradiation Run--Current of the Bearing-Tester Motor (IM)

Irradiation Run--Speed of the Bearing-Tester Motor (NIPB)

ii

Table
D-1

Flgure

D-1

D-8
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Table D-1
SEQUENCE OF MAJOR EVENTS DURING THE 600~-SEC IRRADIATION RUN

Time (sec) Event

-1592 Iine and bearing-loop cool-down started

-1436 Po. set at 20 psi, P, &t 300 psi

-113k4 CDBP closed

-1011 ASTR stabilized at 10 watts

-869 Dewar pressure stabilized at 225 psig

-706 ASTR "scrammed"(zero power level)

-7k ASTR reached 10-kw power level

-48 ASTR reached 100-kw power level

~12 ASTR reached 5-Mw power level

0 ASTR reached 10-Mw power level, motor
turned on

+1h PRL set at 600 psig, PAL at 500 psig

+431 TLDH reached -275°F and dropping

+433 OBPV opened

+600 Reactor "scrammed’, motor turned off

+608 Motor stopped (O rpm)

+617 LH2 flow stopped

Table D-1
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Bearing-Tester H2 Inlet (PLSH-1), and the Orifice Inlet (PO-1)

a xtpudddy ‘go-¢°¢°| 3xoday



2-a 2indtg

Pressure (psig)

240

220

200

180

ey o g T I T T 1 T -
- © Housing Hy inlet pressure (PLSH-2)

A H, outlet pressure (PLDH)

=2

Y 2 L 6 8 10 12

Time (min)

Irradiation Run--Pressures of the Bearing Housing (PLSH-2)
and Bearing-Tester Motor Housing (PLDH)

g xtpuaddy ‘go-¢°6°L 3xoday



¢~ 9an31g

Pressure (psig)

1200

1000

800

600

1,00

200

1
©® Radial (PRL)

A Axial (PAL)

w2 0 2 L 6 8 10 12
Time (min)

Irradiation Run--Pressure of the Radial Load (PRL) and Axial Load (PAL)

1L

d xtpuaddy ‘go-S°6°1 3I0day



p~q 2an3Tg

Pressure (psig)

60

50

-

Lo

30

20

-

10

-2 0 2 L 6 8 10 12

Time (min)

Irradiation Run--Pressure in the Bearing-Tester Loading Cavity (PBTLC)

1L

g xtpuaddy ‘go-$*6°L 3I0day



o

|
3 )
¥

i
s

e

]
® TLSH, HYDROGEN TNLET V*OPENED ORIFICE
TEMPERATURE Yy rass VALVE)
& TLDH, HYPROGEN OUTLET OBPV
| TEMPERATVRE ]

B
i
<

——

L

o

T

]
%]

beommce ] sty amive sl

§

i

S-q sandtyg

~
1

{

=

H
L

TEMPERATURE — °F

D

o,
r/@/
PRI AR . —

Fg, +1 +2 +3 +4 *+5 <+ +7 +8 +9 Fs, +il +12
TIME~MINUTES

Irradiation Run--Hydrogen Inlet and Outlet Temperatures vs Time

a xtpuaddy ‘g9-c°6°| 3aodoy



o~ 2inStyg

fa.Y
(=

<

™

-RIZI TEME, WL AT L
DAn L] L=
C
b A &
g -
3 A\ /'1
l -
‘JJV —
u et i, Jermmse?
] Lord I e e
- e [
: E " 7 2 i %] i
NUE T HEY =

Irradiation Run--Bearing Temperatures vs Time

a xtpuaddy ‘go-5°6°1 3I0doy



L-q 2an3tdg

Motor Current (amp)

360

330

300

270

2L40

210

180

150

120

90

60

I

30

-2 0 2 4 6 8
Time (min)
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