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WANL-TME~315

. JUSTIFICATION FOR WIDE BAND INSTRUMENTATION
N
’ TEST CELL "A®

This document will present factors justifying the procurement of 195 y

channels of wide band instrumentation for use at Test Cell? YAY during NRX-A-l

[ 1
J

testing.
/

' D:u'ing this testing it will be necessary to evaluate reactor behavior by /
. A

¢

determining the following:
’ kY
A, Sources of vibration in the reactor and propellant feed system. \

) B, 1If vibrations exist, how they are transmitted.
' €. The effects of vibration on the various components.
D. The effects of thermal gradients and mechanical displacements.
The correlation between experimental results 'and the analytical models

i

- 5.
used for computation.

F. The modifications shown to be necessary. /

These six goals can be accamplished by high-frequency measuremexits (to approximately

1000 cycles) of certain pressures, differential pressures, strains, and vibrations.
Analysis of these tests will lead to performance evaluation and development of new

designs.

£

Previous tests on similar type reactors indicate the existence of oscillatory
forces capable of causing reaeto'r failure. "The NRX reactor is designed to eliminate

such oscillation but verification of this design can only be accomplished through

actual tests with an adequate instrumentation system, namely, wide band instrumenta-

tion. This system would determine the existence of oscillatory forces and the manner

in which the force is transmitted to reactor components. These forces are non-~

sinusoidal and non-repetitive, requiring instruments with rapid response times, and

a wide band data recording system to sense and record them without deterioration of

I3

wave shape and frequency.

~
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7



-

-

WhNL-TME-315

The KIWI-BL-A reactor is thought to have falled because the core was excited
by distributed pressure effects at approximately 30 cps. Flow variations also
occur in the exhaust nozzle which are expected to cause structural vibrations in the
range of 150-450 c¢ps. Frequencies up to 1800 cps have been measured in the sound

spectrum from the B4-A exhau;t (LASL Report No., N-2146). :

1f sources of vibration are found, it becomes necessary to find the manmer
in which it is transmitted to other components. Once these are determined, corrective
action can be taken either to eliminate the source or the transmission path.
Transmission of vibration through either fluids or mechanical components can cause g

' harmonios of the fundamental frequency to be generated, due to factors related to
component configuration and stress. Instrumentation used to sense and record the
frequencies which may be present must have characteristics which enable them to pre-
sent a true plcture of the vibrational forces.

Once the extent of‘the vibwrations has been determined, it is desirable to
diagnose its effects on reactor components, Because of the higher frequencies involved,
the utilization of wide band equipment is necessary to record da;a from which an ’
analysis can be made,

Analyses show that thermal gradients set up by flow blockage or throttling
can cause cortain components to fail aue to the stresses created. This type of ,
failure could be precipitated by movement oi: reactor components. Thermal gra;iients
can result from improper flow distribution or from coolant leaks into non-flow areas.

/'l;txese may be caused by movement of components which block or restrict the passage
of coolant through the passages in the reactor. These gradients can set up large "
stresses in scme components which ultimately lead to failure. Instrumentation wa;\
chosen and positioned to allow an analysis of the recorded data to show cause of

failure. |

The NRX tests offer an opportunity to check actual performance against the

calculations used for flow, heat transfer, and stress analysis. The data that can
[}
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" be gained from these tests will provide the designers with much of the data needed

to predict the behavior of cryogenic flulds in this configuration and provide informa~
tion needed to correct any defects that were found. For example, areas in which

¥

two phase flow cun be present are sonsidered one of the possible sources of vibration.
Reliable evidence is needed to show whether this may be a contributing factor in K
fallure analysis. For this reason, 'instrumentation has been selected and positioned
to determine if pressure oscillations occur due to two phase flow. This instrumenta-
tion includes sensors to determine the amount of ﬁbrational forces contributed by
two phase flow. Experiments by Los Alamosgl) NBS Cryogenic Engineering Laboratory,
Lewis Labs, and others, show that pressure oscillations do exist in IH2 systems,
For the example cited, fluctuations occurred up to 8 psi and of variable frequency
in a vacuum jJacket line 1 3/8 in. ID. Pressure oscillation frequency was reproducible,
and ocould be calculated reasqnably accurately using system parameters such as density,
pressure, lengths, and specific heats,
Wide band channels are required to make measurements of pressure and flow
fluctuations in the NRX hydrogen system due to the difference in :lesign as compared
to experiment stated above, It 18 particularly important that simmltaneous reactor,
test car, and propellant system measurements be made so that perturbations can be
traced regardless of source, _ /
NRX design differs from that of KIWI by including an untested mmltiple seal
arrangement., The performance of these seals 1s eritical to an overall satisfactory

‘test; and consequently, much wide band instrumentation must be used in this area

to acquire sufficient data concerning the design of these seals.

-

Assumptions have been made about possible exlsting conditions within the

reactor that may cause failures. Instruments and their locations have been selected

(1) Bronson, J. C., et al., Problems in Cooldown of Cryogenic Systems, Paper F-2,
Advances in Cryogenic Engineering, Vol. 7, page 198. Flenum Press, N. Y., 1962.

™
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i
* to cover the various areas in which these forces may originate, both in the fluid flow

and in inechanica.l components through which these forces may be transmitted, ‘ ‘:'/’
N /
. 4 \‘Y /1 i

Cold.-Flow", is a listing of the instrumentation whioh WANL design groups assume ' ' '/,
En L

The attached TMI-303, entitled '"Measurement Requirements for NRX-A-l

will be sufficlent to meet the stated objectives by providing an analysis of the

cold flow test. This analysis is based on the assumptions that:
# ' §i
» A, Flow, pressure distributions, and strain are symmetrical in the reactor

and pressure vessel where measurements could not be made,
B. Shifting of reactor components could ocour and eventually cauae"blocldng‘
or restriction of coolant flow, but that it is not necessary to measure.:

I
\

all ‘areas where shift.'ing'might ocecur,

More evidence is needed to support these assumptions.

Since the data acquisition system would not accept the total of these

measurements, it was necessary for WANL to reduce the number of measurements by -,

- miting some test obJectives, The objectives so limited are:

‘A, Temperature maldistribution in reactor materials and ;as streams, both,

o radial and agimuthal.

B:‘ Measurements of flow distribution in all parts of the roa.cto?, the

nozzle and the pressure vessel,

C. Complete diagnostic information if a failure should ocour.

D. Duplicate measurements to provide statistical reliability.

Many measurements, including strain, pressure and temperature, will be made
of ‘slowly varying paramsters and can be recorded by the PAM/FM data system which
has a frequency response limitation of 5 cycles per second, maximum, The narrow ba.r;d
data acquisition system at 'rest: Cell "A" is not suited for recording.high frequency

data. X
The narrow band data system is composed of selector switches (called multiplexers),

eleotronic equipment, and tape recorders. ‘ .-
’ 3t -h-

i
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. ‘g,t 40 cycles. This causes data so recorded to have a total error approaching

B ' WANL~TME-315

‘ The multiplexers presently at Test Cell "A" have two sampling rates:
10 samples/sec and 40 samples/sec. The lower speed multiplexers have 42 channel
hputa, while the rest have 47, All eight of the 10 samp/sec multiplexers and two /

. of the L0 samp/sec multiplexers are limited to low level signals (E <100 mil]ivolt\‘s)\.

Those remaining are high level (0 <E <5 volts) operable at 4O samp/sec. A\
A\
The amplifiers used with low-lovel signals have a bandwidth error of + 3%

+ 5% at 4O ops. !
Analysis shows that to reproduce transducer output wave shapes within 0.1%,"
oné oycle must be sampled 10 times during its period. An analysis is presented in

’

Appendix I ' to show how reproduced wave shapes differ with various sampling ratios. /

It has been proposed that WANL strap together several points on each multi~
plexsr to inoreass frequency response to 40 qyolea/aoc. On the 10 samples/sec
multiplexer', this means 40 ;;oints have to be strapped together leaving only two
narrow band channels., There are 8 of these, giving a total of 8 wide band (40 qyclo)
channels and 16 narrow band channels, There are ten 40 sample/s:c multiplexers

~ requiring 10 points each for ome 40-cycle channel. Each multiplexer supplies rour\'/

N

LO-oycle channels and seven narrow band channels. This provides a total of 40  °
wide band and 70 narrow band channels. The overall totals for both types are:

48 wide band (40-cycle channels)
86 narrow band channels

Including the presently available 18 wide band FM channels at the test cell,
this gives a total of 66 wide band channels. For comparison, the AGC requirements
alone for NRX-A-l total 74 narrow band and 34 wide band channels, The totals for,

all requirements needed for NRX-A-1 are 577 narrow band and 195 wide band channels.

It mst be clearly understocd that WANL requires 195 channels of wide band
instrumentation in order to satisfy all objectives necessary to the development of
a méoutnl NERVA reactor. This figure of 195 channels is the minimum number of

-~
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channels which can be used for recordiag of parameters to give WANL, AGC, and LASL
enough information to draw valld conclusions during the cold flow test,

Other needs will exist in the NERVA Development Program as testing of the
actuator, instrumentation and control systems becomes necessary. It is known, for
{nmple, that the NERVA reactor control system, the Test Cell "A" hydrogen propellant
system, and the NERVA nuclear detection systems will require expo’rimenta at the NRDS,
) In summary, WANL requests that the necessary additional equipment be provided

to supply 195 channels of wide band recording capability because of the development

programs required for the reactor, its instnmentation,' and its control systems.

A e, |

H. Norkin
' Control Development ,

C, T. Schaedel
. Test Flanning

it
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APPENDIX I

Appendix I shows the deterioration in wave shaps of the reconstructed wave
from that of the original as frequency of signal is increased with the sampling
rate 'constant. ~

,. A sine wave is shown only for purposes of illustration of the effect of
sanpling rate on various low frequencies. The wave forms expected in NRX-A-1
tests will not be sinusoidal and will be non-repetitive. This makes an exact

Y

. meie ke e

3~

|

reconstruction of these wave shapes impossible.
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MEASUREMENT REQUIREMENTS
FOR NRX-A-1 COLD FLOW
(Revision 2)

TP-303
From: Test Planning & Analysis
Date: .April 4, 1963

Prepared by: L. J. Wickas.

Test Planning & Analysis
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T pest 4n Sertes _Wethods of Evalustion  Gbjective Priority

Do s Y ST s -0 Paedlity  Amblent  Cold "Post-Operational Instrumentation Paeility ' Acbient Cold

o . Lo e 0 Flow Gas Gas Disassembly Visval, TV, Flow Gas Gas
: Objective : Tests Tests Tests Inspections etc. Tests Tests Tests

" Determine effect of environmental
. conditions on structural integrity
L of reactor assembly components.

Determine amplitudes and frequencies
" of peactor assembly and test car

"~ component vibrations, displacements, and
"‘stralns for comparison with design
predictions, correlation with prior
testing, and for t.est eva..uation.

Debemine material tenperature

. distributions during thermal transi- S ST T T e BT e Cp T R e e ST
- ents for comparison with design ' BT T . L S
" predictions and for test evaluations. « . ..x : . A S - L . P

- Determine fluid temp. pressure and flow : S
© Il... transient behavior for comparison with v - ‘ SRl
“ri 7 . design predictions and for test - ) R S : : ' : :
. evaluation . . . X X . S X P P P

Determine 1eakage acrdss'seais. ' x 7 LT "}’x - ] P

Determine source and m#gnitude of any
# - coolant {low maldistribution in the e T T
" reactor assembly : S DR TRV

Determine torque requirements for ‘ T L S
g control drums, ‘ A R & X

Dohemine causes of any reactor B oL

- vibrations, T SR S x .
Determine overall perfomance of i e :
. feed system when coupled with o L el el BT AL
" -NBX-A-1l assembly. o ] ) ." R SO 4 X
Determine integrity of diagnostic instm- ' S )
mentation under actual test conditions. ’ . ¢ X
" 711, Verify overall feed system dynamic response LT 5
<o~ with simulated impedance. o X .
' Verify leak tightness of reac.t.orrassembly. R :

R R T S b T T



SUS-ASSZHBLY

OUTER REFLECTOR .

4

RSSO UURUNSUIPY RIS SON U U

COlPONENT

Reflector Inlet

Plerum (Nozzle End)

Reflector
Outlet Plenum
(Dome End)

Control Drums

HEASURAND

Temperature

Pressure

Displacement

Temperature

Pressure

Delta Pressure

.
-~

Bisplacement

Temperature

Acceleration

Temperature

Temperature

Strain

e . s oy

Table II

. e St o b e kn

INSTRUMENTATION LIST-

QUAKTITY

*

FREQUENCY
RESPONSE
0-5 ‘eps

0-200 cps

0-5 cps
0-5 cps
0-200 cps

0-200 cps

0-5 cps

0-5 cps

0-1000 cps

-~ 0=5 eps
0-5 cps

0-5 cps

ESTIMATED
SENSOR RANGE

40-600°R

OBJECTIVES OF MEASUREIENT
{NUMEERS REFIR TO TABLE I)

3

Determine propellént temperature
and azimthal distributien.
Objectives 4, 6, 8, 10

Determine propellant pressures,
applitudes and frequencies of
pualsations,

Objectives 4, 8, 10

Measureé eccentricity of the
irmnmer and outer core annuli,
Objectives 2, 10 =

Determine propellant temperatures
and azimuthal distribution,
Objectives 4, 6, 8, 10

Determine propellant pressure,
amplitudes and frequencies of
palsations, Chjectives 4, 8, 10

Determine pressure drop across
onter reflector, amplitudes and
frequencies of pulsations,
Objectives 4, 8, 10

Measurs eccentricily of the
inner and outer core anmuli,
Objectives 2, 10

Determine material temperatures,
Objectives 3, 10

Measure amplitude and frequency
of vibration, -
Objectives 2, 8, & 10

Determine material temperatures,
Objectives 3, 10

Dctenﬂ.n; material temperature,
Cbjectives 3, 10

Measure material strains
ard directions of strain,
Objectives 2, 10

RS L PV Kt




G _sua-xssnﬁu |

Om REFLECTOR
(Contimed)

 Support Ring

Graphite Cylinder

. gable IT (Cont.)
nsmmunw "LIST

\
2 0Seps

0-5 cpe.

2 0-200¢pe

- " 05 cpe
(Dome End) R

Support ‘t.emﬁerature 2 0-5 cps
(Nozzle .- » e :
Acceleration B 2 0-1000 cps

Core Support R.'!.ng Temperature 3

05 eps
Tmpératﬁre . :2
CiStratn . 9

'Temperature' 12H B -
‘ - R .

Delta Pressure -

0-5 cps

. 0~5 cps ‘

0-5ep=

e e S bt g e T

!BTD(ATED

.- -

A oses

- OBJECTIVES OF MEASURENENT
‘Determine ma.terial terperature
" Objectives 3, 10 o .

Measure material strain.
_ Objective 2, 10

Deteminé material temperatures,
. iject.ives 3,10 .

... - and frequencies of ﬂ.brat.ions. .
s ObJectina 2 10

" Determine mafarial texperaturs,
ObJectives 3, 10

" ObJectives 2, 8, 10

' Determine material temperature,

. ObJectives 2, 10

© ObjJectives 3, 10

Vg

REE

and spatial distribution,

Measure material strains, .
directions of strains, amplitudes

Measure amplitude and frequency
of vibration, -

3 Lot b kbl

Objectives 3, 10 »

Measure material strain,
directions of strains,

e BRI IS Do N S T R e

Determine mterial temperatures,

Measure material strains,
directions of strain, -
Objectives 2, 10 -

Determine material tmm&twe.
Cbjectives 3, 10

Measure material strains,
directions of strains,
Objectives 2, 10

l!nasure premre d.rop across

- inner reflector, amplitudes and
" frequency of wlsation.s.
S ,Ob;[ectim L. <

S




SUB-ASSZBLY

IMMER REFLECTOR

. (c::nﬁ{med)

>

CQMPONENT

Filler Strips

Seal Rings

Leaf Springs

-

Inner Reflector
and Seal Graphite

.Nazzle Interface Seal
}

Axlal Spring Assembly

MEASURAND
Temperature

Strain
Acceleration
Temperature

Pressure

-
Delta Pressure

Strain
Temperature

Strain

Temperature

Temperature

le'!perature

Table IT (Cont.)

INSTRUMENTATION LIST

QUANTITY

12

FREQUENCY
RESPOMSE

0-5 cps

0-5 cps

0-1000 ops

0-5 cps

Q-5 eps
0-200 cps

0-5 cps
0-5 cps

0-5 cps

0-5 cps
0-200 cps

0-5 ops

0-5 cpe

Q-5 cps

ESTIMATED
SENSQR RANGE

400-600°R

830 x 10

0-10g

LO=X00°R

OBJECTIVES OF MEASURZMENT

Determine material temperaturs,
ObJectives 4, 8, 10

Msasure material strain and
distribution.
ObJectives 2, 10

¥sasure amplitudes and
Jrequencies of vibtration.
LObjectives .2, 8, 10

Determine fluid temperatures,
.seal leakage indications.
Dbjectives 4, 5, 6, 10
Measure fluid pressure, -
spatial pressure distribution
amplitudes and frequencies of
pulsations,

Objectives 4, 8, 10

Determine pressure drop from
seal chamber to core.
Objectives 4, 8, 10

Measure material strains
and distribution,
Objectives 2, 10

Determine material temperatures,
Objectives 3, 10

Measure paterial strains,
spatial distribution of strains,
frequencies and amplitudes of
vibration,

Objectives 2, 10

Determine material temperatures
& spatial distributions,
Objectives 3, 10

Determine fluid temperatures
azimithal temperature distribution,
seal leakage,

Objectives 5, 6, 8, 10

Determins material temperatures
and epatial distributions,
Objectives 3, 10

= ~



Table IT (Comt.) L e S T B
qaTITY | FREQUENGY " ™"  ESTIMATED CBJECTIVES Gr HeASTREENT ~

. .. . DomeEnd of Shield Tumpérature ' BT I 0-5 ops f  40-600°R Determine propellant temperature
v L : S T SRR S and szimthal distribution.
. P S L - ObJectives 4, 6, 8, 10

. Dome End Support - Temperature 3 . 0-5 eps . 40-600°R Determine material temperatures,
'Phto T S ' R T e Ohjcctivasj,lov-'

. Hozzle Ehd Supporb Temperature o 3 ' O-S‘de" e :M‘R ' Determine nterial temperatures
-mto o e e = . T I AT J»‘_-_-_Objactives 3,10

ST Betueen Shield. and Pressure o1 : 0-200 cps » " .Measure propenaut pressures,
. Doms - R - S o Sl e e 00 smplitudes and frequenciss of
e pulsations, e
Object.ives A, 8, 10

L Between' Shiela and . Temperature o 3 v_ .0=5 GPS ) ( : Determine jropellant tempera.tu.re, .
. : “ & Core Top suppcrt . - . ) A R :' : U . .' . . SR HAEE .dmlhhal distribuf.ion.
© Plate o - 5! LR R IR X -~ ObJectives 4, 6, 10

... CORE ASSEMBLY Inlet Plenm - Temperature - " 0-5 eps  40-£00°R Deteridne propellant tesreratures
. (Dome End) : ) - ; and azimuthal distribution.
- : : : LR e - ObJectives 4, 6, 8, 10

Pressure 2 0-200 cps * .. Measure propellant pressure,
; . B : - R amplitudes, and frequencies

PRI S AT S — S : 5 0-5 cps ® o of pulsaticns,
E - S : _ : . .. . .. -..0QObJectives 4, 8, 10

- . Delta Pressure 1 0-200 cps: * Measure pressure drop across !
AT . G : : PR B oo+ > - L.shield and support plate,
LT ey e T T T e e T e T e S = aoplitudes and frequencies of
o N R ; o S : st e T Objectives 4, 8, 10

V Snpport Plate o 'fempefature 9 T o8 eps S o 40-600°R Determine raterial temperatures
e . R T T T . HN ‘ ard spatial distribution,
R R o ’ S e R - ObJectives 3, 10 '

e 0-5 cps _ 1200 x 107¢ Measure material strains,
R T T infin spatial distribution of strain,
T o r e L frequencles, and amplitudes of
R oo vibratioen,
_ . Objectives 2, 10
2 0-200 eps 1200 x II.O'-6 Keasure material strains,
o o o . 4nfin - spatial distribution of strains,
S .- - . frequencies, and amplitudes of
vibration.
Cbjectives 2, 10 ,

S I WA SRS
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- . ’ Table IT (Cont.) .
' INSTRUMENTATION LIST

KEASURAND QUANTITY FREQUENCY ESTIMATED OBJECTIVES OF EEASURZMCNT

SUB-ASSIEBLY COMPCMENT
. RESPONSE SENSOR RANGE
CORC ASSIZBLY | Support Plate Acceleration é . 0-1000 cps 1-10 g Measure amplitudes and
(Continued) {Continued) frequencies of vibration,
: Objectives 2, 8, 10
- Displacement 7 0-5 cps + 0,257 Measure differential movement
’ betwzen plate and surrounding
. corponents,
Objectives 2, 10
Fuel Modules Temperature 9 0-5 cps . 190-6Q0°R Determine paterfal temperatures
. and spatial disiributions,
— Objectives 3, 10
-, N - Strain N ) 42 0-5 cps 830 x 10.6 Measurs material strains,
. . : . in/in spatial distritutions of
r . - strains, amplitudes and
- frequencies of vibration,
B 4 Objectives 2, 10
12 0-200 cps 830 x 10"6
infin
Tie Rods Temperature 1 0-5 cps LO-600°R Determine materfal temperature,
- Objectives 3, 10
Strain & 0~5 cps 2000 x 10'6 Measure material strains,
infin spaial distribation of strains,
amplitudes, and frequencies of
vibration,
- Objectives 2, 10
- , 2 "0-200 cps 2000 x 1078
- m .
Bottom Support Acceleration 6 0-1000 cps 1 1-10 g Measure amplitudes and
Blocks . ™y, frequencies of wibration.
Objectives 2, 8, 10
*
- . Cere Exit Plemum Temperature 12 0-5 cps 300-600°R Determine propellant temperatures -
and aziouthal distribution.
Objectives 4, §, 8, 10
! « Pressure 1 0-200 cps 'S Measure propellant pressure
s amplitudes and frequencies of
. ations,
N - - . Odjectives 4, 8, 10
] . - -
. Delta Pressure 1 0-200 cps » Determine core pressure drop
* { . - - N (including orifices), and amplitudes
. oL . < & 0-5 cpa * . and frequencies of pulsations.

v * @jectives 4,78 10



. COMPONENT QUANTITY  PREQUENCY . ESTDATED | OBJECTIVES OF MEASURRNENT

Main Propellant Temperature R T -5 cpe . e  Objectives 3,10,
Line - ) ’ ) : S . . . _ o
Main Propenant“ Acceleration 3 o-:l.ooom ) . _Objectives 2, 8; 10
Une -~ . .. N B R SR
Reactor Support = Strain
o .. Stool Legs
U Privy Reof - Adceleration
o MtwEl  dcclerattn
T U Microphons

N

OSepe - w7 Obgectives 2, 8, 10
0-1000-cps. g " .. Gbjectives 2, 8, 10

oJ.ooo , _cpa""r- ' ; }ﬁddcﬁivﬁeali’,g.,fidk

SRS

-0~5000 cps T T  Measure !‘reqmncy spectrm
: : : " "of air-borne aner
0-5000 eps * ol

0-5000 cps .

I R A VI

= l(icrophone

0-5 cps . 'S . Determine propellant preasure;
0-3000 cps » - amplitudes, a»d frequencies of
) L - pulsations,

- ) . ObJectives 4, 6, 8, 10 =

. 'Nozzle Manifold Pressure
. Inlet Lt

) 2. K -0=5 cps . ) - . Determine prepellant temperature
S T R S - T - amplitudes ard frequencies of
T AN ’ o sl T 7. pulsations .- Gbjectives 4, 6, 10

' Determine progellant pressure,
amplitudes and frequencies of
- . palsations . Obfectives 4, 6, 8, 10

P  femperature 2 o5 cps T » B .. ‘Determine progellant temperature.
B Lol _ Lo - P - e ’A‘»'."_'@Joctivosl.,&lo‘
lois_io Chamber Pressure ' 1 " 05 cps B B .. Determine pregellant pressurs,

o 5 T - - S . ObJectives 4, 6, 8, 10

' Nozzle Tube Outl\etv' Péessure . 1 _— o.scpg
ST .%o . 0-300 cps

.

. Determine propellant temperatupe
: and azimuthal distributien,
» 40bj¢ct.in§ 4, 6, 10

LS v ! LT




.. Nozzle Flange Strain . . M % O=500 o . .. sBetermine material strains,
. ' B TR LGRS MRy SRR T aN e o .+ - oxiirections of strains, spatial
i ' ' : A ;oodistribution, amplitudes and
=200 - _frequencies of v:lbut.iona.
T o, .<ObJectives 2, 8, 10

7 .;Determine fluid flow rate,

v ol .amplitudes and trequenciu of
~. ;palsations,

S Ob.‘lectives 4, 8, 8, 10

S e '_:A'c;.;olera‘éiﬂoh' B . " .a " Determine amplitudes ard
o S N T S : : . ) _ o . frequencies of vibrations,
: T . o .= %% Gbjectives 2, 10 :

Nozzle Wall Temperature é , 0-5 cps ' ‘ "% . Determine material temperature,
A B o . o i BRSNS © - ' gnd spatial distributions,
- . . s L Objectives 3, 6, 10
Noazle Tube . Delta Pressure _
S 0-300 ops T T _ tubes.,

" Temperature

- N

" Nozzle Fl ange " Temperature o= cpg- R a7 Determine material temperature
V z_ L T e T w’- ) e e tusy e D 0 o7 and spatlal distributions,
e llozzie Flan e B&itsA Tcmpe rature . 3 S O-Sepa C o -  Deternine paterial temperature
S Flmg R S St e e 0 and spatlal distributien,
T . S e e SoE - eI ‘7 . ObJectives 3, 10
- 'l'om Around Nozzlo‘ - Temperature v 3 . 0=5 cps’ V T 40-600°R . Determine propellant temperature
N e s e e e O T SRS CO S T L 2 0T and gzimuthal distribution.
S e T e e T e e T T T T ongectdves &y 6, 10
Measure pressure distribution

" of pulsations,
o vajectlvas l., 6, 8, 10

0-5 cps ' e * Measure Pressure drop across nozzle

0—5 cps S . : Hsuun 'reup. drop across nozzle tubes

- inm torus, amplitudes, and frequencies




N

SUB-ASSEIBLY

. PRESSURE VESSEL

.

Control Drum Actuators Pressurs

Reflector Qutlet

Pressure Vessel
Annulus @
Reflector Outer
Plemum

Pressure Vessel
and Dome
Pressure V;sael
AFT

SRR

7
K

Pressure Vessel
Tange

av
.

Table IT (Cont.)
INSTRUMENTATION LIST

HEASURAND QUANTITY FREQUENCY
. BESPONSE
1 0=5 cps
1 0=5 cps
Temperature 1 ‘0=5 ops
h 0=5 cps
9 0-5 cps
Torque . 9 0-200. cps
r\ *
Position 9 Q=200 cps
Acceleration 2 0-100 ¢ps
Command Signal 5 0-200 cps
Pressurs 1 0-5 cps
1 0-300 eps
. T;n_xperature 2 O-5 eps
Temperature 1 0-5 cps
Pressure 1l 0-200 cps
Temperature é 0-5 cps
.
Strain 8 0-5C0 cps
8 0=5 cps
Strain 2 0=500 cps
' 2 i Q-5 cps

ESTIMATED
SENSOR RANGE

250-750 psia
250-750 psia
520-585°R
520-585°R

+ 250 in-1bs
0-180°

0-10g

0-1 wolt

%

LR

*®

OBJECTIVES*CF FUASUREXENT

-

Determine hwdraulic fluid pressure.

Determine hydraulie fluid
texperature,

.Knsnre torque transducer temp,

Determine costrol drum torque

requirements.
Objectives 7, 10

Measure contrel drum positions,
Objectives 7, 10 -

Measure amplitude and frequency
of vibration,
QObJectives 2, 8, 10 -

Measure input signal.

Measure fluid pressure.

Measure fluid temperature.

Determine flnid temperalure.
Objective L, 10

Measure fluid pressure amplitudes.
and frequencies of pulsations.
Objectives &, 8, 10

Determine Me;ial temperatures
ard spatial distributions.

Determine material strains,
directions of strains, spatial
distribution, amplitudes and
frequencies of vibrations.
Objectives 2, 8, 10

Determine material strains,
directions of strains, spatial
distribution, amplitudes and
froquencies of vibrations.
Objectives 2, 8, 10

wr



. SUB-ASSTELY

o (Continuel)

’

PRI vessiL

T Beeaaure Yesset

T External Vall

MEASURAND

Control Rod Boss Strain

: '-i’r;ésure Vessel v _i'anﬁérﬁture

s Pressui-e Vessel Temperature

. ‘Forﬂard_Flange
... -Dome Flangs Temperature

"’ Dome . * Temperature

.. Acceleration

% .NOT AVAILARLE

o -

" Temperature

anperatﬁée -

Temperature -  .

" Table II (Cont.)
~ - INSTROMENTATION LIST

FREQUENCY
 RESPORSE

1 7 oS epe

oS eps
‘ OSepe
3 0-5 cps
3 A ' O-5.cps

1 , 0-5 cps

3 0-1000 cps

wOSam.

OBJECTIVES CF IEASTRRENT

Determine material strains
directions of strains,
Objectives 2, 10

Determine Material temperature,

.. ObJectives 3, 10

Determine Material tenperaiure.
" Objectives 3, 10

_ Determine material temperature,

spatial distribution,

72" Objectives 3, 6,10

7 Determins material temperatures,
" ObJectives 3, 10

Deternine material temperatures,
Cbjectives 3, 10

- Determins material temperatures,

Objectives 3, 10

' Determina material temperature,

ObJectives 3, 10
Determins ampﬁtudes and

- frequencies of vibrations,
}@Jccum 3, 2,10

-"Q
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