


PERFORMANCE OF UNIAXIAL CREEP MACHINES

IN THE NRX AND NRU REACTORS
by
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ABSTRACT

Reactor Loops Branch began operating creep
exneriﬁents in 1965, At that time, Mk-IV and Mk-VI
machines were in use in NRX and NRU. Since then, a
number of disposable machines have been built, resulting.
in the Mk-X design which may be used in either reactor,
Control equipment has been automated, and data retrieval
compdﬁgtiZed;"The.qrigiﬁal and re-designed equipment

is described, with details of its operational reliability.
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INTRODUCTION

Creep is defined as the time dependent deformation or
strain which continuzs after the application of a load that is
maintained on a solid (1), It is one of the major controlling
factors in Canadian power reactor design. The pressure tubes
must be thin as possible, for economic reasons, yet thick
enough to withstand the stresses under irradiation for the life
span of the reactor, Zirconium alloys are used because of their
good corrosion resistance and low neutron absorption cross sec-
tion, but the creep rate of the originally proposed Zircaloy-~2

was found to increase under neutron f£lux in the 200- 3)0°C ‘temper -
ature range (2). :

The creep: program was set up to define the temperatureq
and stress ranges over which the creep rate 1s affected by neutron
flux Ilan different Zirconium alloys, and study its mechanism.
Creep machines for measuring uniaxial ecreep have been operating
in NRX since 1961, and in NRU since 1965,

At CRNL, the load on the specimen is applied by a
pneumatic bellows, and strain measurements are made using
pneumatic nozzles (NRX sec. 4)., Helium is the preferred gas
in reactor, because of its inertness in a neutron field, and
high heat conductivity which allows a wide variety of specimen
“test- temperatures,: Originally, a once-through flow from a~high
pr2ssure. cyclinder was used, eih ing the gas to atmosphere.
~ When more creep experiments were planned ‘recirculating systems
were built, which allowed recovery. of helium as well as some.
conitrel of baek pressure on each-machine.

In Nevember 1965 on request from Reactor Materials
Branch, Reactor Loops. Branch took over. responsibility far
operation of the two creep tests then. in NRX, and the install-
ation, operation and removal of subsequent tests. The NRX
Reactor Branch accepted responsibllity for routine and off-
shift running of creep machines in Decembex. During the first
year, supervisors and operators were trained, an operating
manual was written, and drawings brought up to date with a
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view to a complete NRX Branch take-over., This did not prove
feasible because of the subsequent increase in number of fa-
Vs;wcialized nature,

rv on special irradiations Whlch include
one'ur two NRU cperators at _a time have

‘tepts: 1n e:l ther: reactor, and assist in tram:l.ng regular opera-
tors.- - - . o e L

- AL present: in NRX s there are control units for seven
--rfcreep machines, -all-except one in-reactor. Four of these have
both-manugl and automatic f£low control and readout, The. auto=-
“matic system allows manual or. automatic wtepping of controlled
“flows between the units, and regular print-outs of data by the -
REDACE @__actor p__ta Centre - basically a Honeywell H610) “com~




2que ,
low ‘-medium and h:l.gh J.\m sl ;
: "‘bing in- the UHR because of suacep-
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of cuntrols was built, and since all lines from the five
bulkhead fittings th F/N

‘ or‘ te ting or comm ssitming, two

. water cooled facilities simulating F/N. rods were-built,
one inside the:New Storege Block for active machines,

»—i.and the other outside for: new or inactive machines. A

~~;’%-‘*control panel: consisting of - two. power -supplies,- recorder,

-il»'manual flow control and mnua.l. readout was also built at:










mitted, The
fied top section
separate water

ph;éﬁine, was made'»rom a single length -
€ f”sprayed ?Rokide(** ins:

71ation. Leads were tapped;at i

heater" length ‘producing five sec ions,for heatihg gas
(twq)* nozzle, spgcimen and bellows. he failure rate of

tuvgmbetween the heater

heater sectxons “made- £ror Ceramo type wire, ‘have been in use
successfully gince 1966 (Figure 4),"These:two designs dif-
- in de ‘diameter to allow clos”Vfit in Mk-V_or Mk=
IIL.F. F/N rods,: Early heaters: had a he du v
low for operation 0 teStawat temperaturea below °300°C in
w ‘ater s-con ained—graphite
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are ring gauged and have straightness specifications to
avoid unduly ti@ht _fits in the F/N .
A ‘the

7 hines have 1een>tu11t under contract -
r calibrated’ by the’ manufacturer‘or by Reactor

some thermpcouples eme ge” ‘the 0! ring
eplaceable thermocouple .connect. at. the
,:top of their guide tubes, flux monitor .ubes‘and ‘helium

) ' “'Most of these
airly easily repaired after location,
during the outf:eactor testing., Thef'o"ring seals have

‘\ﬁééimeh shoulders
ryoké recesses.

e 0o fxequent supply“cylrﬁder changingu
elium recirculation system, 1re' _causg to
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and then rates of up o 100 lb/in ‘have shown no" loss in
specimen streass.” Anothgr qgurce of leakage bas been in

o

the quick-disconnec

7:" *

-y
};frict10n is'present;,moduli show 1arge hyStereeiéfaﬁ
" .are. elther not reproducible, or exhibit less specimen.
,deformation ‘than -when the test was started, Sometimes
~a different stress or temperature produces more stable -
behaviour, but 1f this ‘cannot be: determined or tolerated,
8 hine is removed ‘at reactor shutdown for repaira.*f

gg”x Mgchine Dgergtion '

- 4 pre mnda using a pneumatic
‘gauge, with helium a8 the gas. The gauge consists of a
fixed orifice and. another 1n/ eriaa;whose characteristica




The specimen is attached to this baffle-(Figure 5):
‘Static pressure lines . (Pl Py and Pq) transmit px;essures
from each side'of _the fixed_ orifice hat Pl_,gnd P

NEEDLE
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Nozzle Calibrations

zle; at-a known b Py (F
Mic=1V - machine nozzles:are.usua & d=at roum ‘tem=
perature:and temperatures: at%which the tostSﬂmay operate,
because- there is control of nozzle temperature,  Nozzles -
for Mk=X .machines. are calibrated at.room temperature. and
at.various points up to or -above th ~estimated maximum v heat
temps erature, because their temperatureb are flux dependent.,
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-~ below the" required temperaturefvand
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occur with small. changes. in back pressure (Figure 8), Back

ction curves are.then necessaryrtordetermineﬁ

are maintained: at. empera
are available: ‘(normally ¢ 3
these. temperatures affect”:thefstrain measurement
corrections ‘can-be made by plotting temperature: ver
Py fox:various  partsiofithe machinie, - For example, a
nozzle temperature‘calibration ‘may - be" obtained by varying
_that temperatiire,. -in_5-deg’ €’ steps; 20~ deg C above and

- notin““the P -at. each

- step

‘In;Mk-x”machines_ ‘only. the specimen temperature
‘ ra

controllers ‘and ‘temper
Jependent on-y«heating.,; :
"eonstructed 80, tha -these temper-
f=“»:=1tu1t:es Wil‘ Yun-as ‘low as pessiblft'ﬁ g
;water‘cooling) ‘and: the’ effect due to y heating is accounted_h?
for by measurement. of the gas and-nozzle emperatures ‘and -
COr _ ith out-reacto ntrol ,uns.

, the flow 18" adjusted o -
Py -Py ) gaugeﬁafter suffi
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- system, which disrupted the 250 inHj0 P,. Therefore; a
. 1 ate_on_ the #recirculatingp_sys :Em




1ding to ‘a millivolt signal,
REDACE in ba

Bt

printed out from

ox:readings to be increased, and it is the Py's recorded -

" _on magnetic ‘tape’in REDACE that are used for the strain.
_plots. 'The 'measuring flow' is programmed to switch from
-unit to unit go that at least-one scan per hour from each

unit goes to magnetic tape, The PyiTexas Instrument has
e, except for two occasions when the mechan-

The auto readout system has enabled the frequency’ =

‘beentrouble-free except for

5 _establis

Strain. (or Py) plot against time..
process ;. the time neéd€d,~‘;t, ) -egtab
“rate may be weeks or months,

d from the slope of a
~Since creep-is a slow
liable creep—

stress, type o
‘However, small’cha







-specific unit.w Back pressure and flux changes ,
corrected from calibration ‘curves , - If. friction is-sus~ -

out additional problems ‘are- electronic’ breakdowns in
the instruments, poor GAIN or DAMP ad;ustments, and
incorrect motorized valve’ operation inithe Pl’ P2 and

P3 lines.

- ~Temperature and stress controls have’ generallyg,;;
been within + 1%, and PF control ~within

sean be . ..

pected in a machine, a stress modulus is carried-out.
Sometimes, a. sudden change in P ‘Yeading 1s. caused by
leakage ‘in ‘the P, , Py and 33 lixes or malfunction of -
the: eleetric val%es“pnithese linesf'se qsection 5.1

Automatic Control)' isinee the manua '

nd auto read-
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Unit #5 at the New StoragP Block, and the Auto Readout
panels (Figure 12)

“regula ' :parallel ‘to- the
is, e; with isolating falves'on both, to avoid
rinterruption of helium fply on regulator failure.

Becaiise of - the 'uirement of sampling helium

fox impurities..and. moi resat-regulax. intervals, a cireuit
was added to:the low pressure. tank .connected to the vacuum
pump so that- evacuated sample. hombs .could be used if neces-
sary. As a manually controlled .vent.is sometimes required

from the helium system a Schutte and Koerting flowrator

. with_control valve was added ia- the ‘sampling- line “which -
eise connected to -the- exhaust stack, Recently, ‘a dehydra
as been: installed in the main supply line .to -
~ _remove traces of water in the helium,- The’possibility
.of. addin'»both oxygen and moisture- analysers in the helium

by & MénOcon ga
‘*relay“box in 1968 which has- been 1in" continuous use. with
no .maintenance since ”mBecause of the large number .of
,connections, the normal -Teak rate has ‘been up to 300
1b/in2 per shift (presaure:drop on eupply cylinder), with«
yfpur machines in‘ e,

: possible
jcheck the static. pressur
. e’
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- ilnsert, because: of changing system pressures, and hence . -
affect the strainmeasu “So ' 8 :

Mg ellows on-the. mschtne;
If these leaks aze -large
,enough tOzover-compensate,for 1osses from th

}ﬁting system, a controlled-manuql vent from t

: 'fIn this system, flows’ t0ﬂ~he’1naerts are contzolled
“from~manua11y operated ‘Moore pressur ;regulators on-each’

‘unit, . An. early source of" trouble wag leakage in these
‘valves, which 'ppéared ag a helium £low: from- the vent .
- hole .in ‘the case, .behind the- diaphragm. - It was repaired;,v
"by pplyin’“sealing compuund around the stem. attached to
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sen51ng element connected between the P; and P3

to CONTROL and~the’dialwset ng ‘at.the’ ‘calibrated figure
for 250 inH 0, ithe . Wallace 'and' Ti lan Py gauge should
read 250 infl,0 if the two calibrations agree, An exters
nal signal o% =50 mV to 450 mV for a deviation -1/2% to
+1/27, from the control point can be used for an accurate
measure of control.' At first, this signal was recorded
on REDACE, but its. disadvantage was that it did not in-
dicate the _absolute Pp (fixed pressure) reading. Later,
a second Texas Instrument gauge (Sec, 4) was connected in
parallel to the BEWQOntroller and a mi
this. e

system eithe
a measuring flow,

'jendpa11~other similar v'lves close

volt signal from




- 26 =

l;.:.::—@ TROM’ HELWM - RECIRCULATING -
yATEM_ V203, V204 (h:6)

i va0RR (¥
e VIR (e
Vlﬂ{l‘ ““; 4
phkarvhens S




dtain the 250 inH,0
and & low P, (differentfal
—and:Py) or strain reading will result. If
vn =€, by valve does not close, leanage will oceur’from
~the.Ps.1ine-of the -unit:being read: awd . the p: ~reading
will:k hlgh.Ifthe iPyrvalve ‘does* ilOftﬁClQﬁ‘e’\ i leaka'ge B
will oecur from the P :line;of the unit being.xead, and the
Py back. pressure will”be lower. . Then; the:Pp: reading . .
wgll be:lower as. a:result of a- lower P3t;;pre¥sure’ ;- lower
Py pressure “and -helium. flow, .Sometimes the incorrect
movement of an electrically:operated.valve has been-
repaired by manually moving the stem of the valve to
the cort¢¢t099§i§i9q,,§£;e;”whichpit.hasyoperatedanpnmally,:

-.On_other occasions a microswitch that.controls the movement”

?11bfithelétem;waSFfoﬂhd?FO;bééﬁtokgn,sapdxtherefhayg-beeni;'"-
casec where the position of the cam that operates the -
microswitch appeared.to have changed., In addition to

mechanical: failures, another cause of valve malfunction
is' the sw!tching of flows tooquickly. from unit to. unit;,:
‘xwithéutfallbWiﬁgﬁshfficientmtimeffOrxtheiéompletgfmove%z
--ment:of:the valv R e ’ Lokl

- to’take place -~

The .REDACE. computer:is programmed’ to:switch the"
measuring flow from unit to unit (those that have been
pxe&selected)ﬁinfSequenﬁe;f'"“that#théfflbwwisfanfgach
unit-at:leastonce: per hour; - The: ‘switch-is only: made- :
-1f the-flow:has been.on one unit for-a predeteimined . -
‘minimum time. "The unit-with flow on is scanned just = -
“before ‘the £l _switches; and the data is printed out.




drive the Moore regulator were: requlred ‘because of stripped
threads., : ' o

;aaaemblies betore they are connected to: the—helium System,
to test insert leak-tightness, and- to evacuate the recircu-fr”"*
'lating aystem 1£ air geta in accidentally.

If a pressure of 4 1an or below is obtained on
the absolute PR gauge, and this" ‘does notwincrease signi=
ficantly when>2he ingert is-isolated from the vacuum. pump,
““the. insertii considered ‘satisfactory., With ‘”poorer vacuum,

‘with. helium atiwtessur to- detect

Operating.a An increase in activity;kabove the normal 142

wR/h, indicates the presence of air, and if: this increases
~ and-remains ‘above 10 mR/h; the eyetem is. 1aolated ‘evacuated
-and refilled with pure helium.- while this is- being done
i:the in-reactor ‘machines: are valved ‘into ar once-through

| heum syatem f:om cyunders “to’ exhauat*’" tack.
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Mk-Iv Bellows and Heater cont:rols
and Power Schematic
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and variable autn tranaformers had been added so that

ngd- -

, gvoltage
high VOLtagE. Trips

, : eady enough
for _good temperature controller peration, ! wereylattr

removed.r

With,Mk-III F and Mic=V ° heaters now in use,

essentially the same controls were,used but: balance was

only possible between the top two gnS sections, because

the other three heater sections and,power controllers

were isolated from each other, ' Sometimes - it was difflcult e
“to maintain temperature in the bottOm section of the.

‘heater with the reactor dowm, - 4.e, -no Y heat -and-a:-

220V transformer was installed-in the lower controller.

Mk-X machines, with' three Smalluintegral ‘heaters; were
,controlled frOm the. lowerithreeapower sopplles.

1The control .cabinets’ have been: modified to: contain
single and- triple zone power controllers of new design
(Figure 1), The single e units are de:

section 5, 3.4”The”triple zone units can be-connected to

= .threeheater-sections, but. contain ‘only one*Poxboro

-, temperature- controller (Figure '16), The centre. trans~

= former-is rated at-1-iW =" the two" ends : at“.s W, and-the
relative ‘power ‘to ‘each section can be varied by adjustmen
vofpthe appropriate power-adjust‘autotransformers'

13 Thefsingleﬁzone controllera are:ueed to hea the
imen,
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~ Figure 14:

Th {controllers in us '-are those originally
desi.gned by:}lawke}r Siddeley. Engineering , with,_fCRNL
\modific, Each; ontrol]
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burnout in the relays operating them produced uncertain
e ibeen fitte ith:

noid,valves was changed
""“d'for repair,

T High and low bellows pressure alarms were originally,
‘ é;nfffindicated only by : 'Bellows Abnormal Pressure' on the annun-
 i..=ciator, With a number' of creep: units?Operating, it was

7. sometimes difficult to ascertain. which machine had alarmed
particularly if the condition cleared,“ Consequently, high
'-and low indicating rest lights were . added to- each bellows ‘
*controller,, ! ok

B . p
placed: with ones of higher voltage rating, because of
burnouts in the originals: : £ NS

a . ,,.so;"’th'.ét't"~
stress ‘can.be’ .printed ou dln ‘the’ REDACE;Scans, Specimens

““"in Mk-X ‘machines are stressed. from 'inside-pressurized'
“‘bellows, ‘with system- (low) pressure on’ the outside, The
actual stress is therefore due to the difference between



PVt

BELLOWS PRE
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o
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on specimens in Mk~IV machines with smaller bellows.

5 5 ; gerature Controlv MEasuremEnt and Record

L Tenperature Control until recently -on: Units 1,
2 and .3 has ‘been. by DeVar#. controllers - five fbr Mk-IV
maehines and: three for Mk-IX,  Failure rate on these
_controllers, quite high at times “has_hormally been-due—
to ‘breakdowns in -the power supply or amplifier modules
although causes sometimes were never found. Experience
is- limited with FOxhoro** controllers newly installed

: ] : ‘and: or1gi~
nally used four Digiset*** controllers, These gave poor
control until the 'burnout' feature; which required . lower
rmocouples ‘was removed,. .Even ‘then GAIN ad-
justments were necessary -to ensure.control at constant tem=
perature with thegr actor up or down. In-addition; when . =
“in-gervic ,UndathermocOuplestwere“connected
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era ures . from- 40°Ciup,
have a;30e'dw

15 Y.
rat , changedruj
-500 C to 125-425°¢ or 50-450°C.

_eriec : he,instrument'is balancingﬁT
o rmocoupleskare of‘Ceramo type and Ydouble'
i(two couples: in-same ‘sheath) pre :

: ‘ s’ allAtemperatures,“' ‘ e
'24 point Bristol recorders~ “As. the American Society’of
nTesting and’ Material‘ requlres potentiometrie checks of
Aspecimen tempnratufes 1n creep experiments*
were;installed it o

atures on each creep machine, i e
and:: machine : 1
switches were. not:conaistehtlyﬁi -agreement. or disagree-
“mentwith: those on the recorders, ‘and. ¢he“d13crepancies"'

~were thought to be due to the variety: of metéls.
the switch:contactq and ‘conn ctions. ;




potentiometer readings could still be taken :on-the -
wthermoccuples “‘ackS“were added:which-short

77" When'/the REDACE compliter became’ available for o
temperature'reeorting, efforts ~were made to ensure

: 1g. -any.
through terminal junctiona, (the existing thermocouplef
‘leads had one .or more connection§ before reaching the
recorders) , ~“These new’leads are’ also. used to’ control'
.and record elsewhere the important temperatures on -
each creep. machine, through parallel tinections ‘to.
1controllers ‘and the L and N recorders from the reference
-junction -terminals. = REDACE -does:not. interfere with con~-
«-trollers in- parallel'<;Potent10metric ‘readings can- be**f
. ’ I lso connected, to the reference -
“junction terminals ~andthe: rotary?switches previously
g;used have been removed;ﬁ Problems,v

yecur . with .the: REDACEf

e the temperature

og 7 v
‘ft‘of an- aluminum'block """ to which"he ‘terminals were con=—
- Dected, as-.reference. However, :inaccuracies can' dceur
Sty there-is-any temperature differeatial between parts
of t lock.”” The reference junction “emperature'is ;
CE 8¢ nd:. an: unusualﬁ
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the- aluminum inner- tubes of fast neutron rods and the
heating-is - relative

nt.only,
p thermO(.ou ple

L3 e DL
grecorders. Thermocouples from-two units: were conneCtEdML°
~.each recorder. ‘

, Specimen‘thermocouples on._each unit were onnented
to- two ‘cams;, on ‘of which tripped ‘al 5heaters ‘on high w0
temperature a e other alarmed on low. temperature.n
Originally, aftlme,delay;off53{seconds’ 3horint-outs)
was’ allowed before. th 3

iture increase-waSwso rapid with
certain £ailures 1t was- removed.. Machine and other -
important thermocOuples were%connected to-cams: Which
alarmed: On high or’ low temperatur‘ Aicommon cam on:

pécimen temperatureQ;3
ereunut into
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vart of the trouble was due to drag of the ~microswitch
-arms_on_cams_with the same settings..  T: :

%selected'point
eliminated.. ]
cates: whlch point has tripped the unit

The”trips and alarms on the Speednm&x recorders

,  hi : mperature alai'“f:w
on’ g unit<is indicated by a flashing 1 ght:below the
T speccive recorder e ;

umachiné héater;in the event of high cur‘eﬂtiin
:thehhehter se&tions - The
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on these recorders drive fhe print mechanism to full

rrip.

Helium System Abnormal

There are- three conditions -that -annunciate this
alarm; high or low helium supply pressure, actuated from
two contacts on the pressure gauge in the supply line,
and POWER OFF the automatic pressure control for the
reclrculating system low pressure tank.

» Sometimes out-reactor rests are. 0perated contin-” P
uously for days or weeks at a time, - High temperature and-***iV
‘high current. trips, .and high and . law bellows. pressure.
alarms from the controls ‘at the. New Storage Block are a11
commected-to the- out-reactor test abnormal’. .point-on- the
annunciator. ~

Aﬁté Readout Abnormal

'rhis”a nunciates if REDACE has failed to scan the
creep machines over a period of 100 minutes, or 1f the

(giving power to the

‘INSTRUMENTS"ISOLATEDfswitCh

strqin readings vary with differe
because. of - differenciaﬂ ‘expansior
‘ ' o ~TO, ompensate for th
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RX-33

D * 23 o
(BARS) ‘

0,22k & T e et ey,

TEST
RX-22

0.51
(BARS) ’

i
. o [P LY R LU ST SR TR [IMT IR
0.50 {— ’ '

Ll LG T L e vl Bl PRV T T - : . D S bl
I e . : S

e teaTaretrate sqTat ¥ F 045 g bgn tang Footetntennasi e i e

_TIKE (days)

: va,vgﬁiatiaﬁiﬁith?HEECﬁb Flux

Ly
,lead w rea,, wh:l.chfare,. oft:en
rapairable on reactor shutdowns, or ‘i :
moni.tors themselves._w

) ¢h.nﬁgtg§',tf>7
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~The heat output from a:fast neutron rod relates
directly tothe neutron flux ‘at’a particular reactor
_ position.  As a. b £l onitors;—or-
“have:failed; the

7.  DATA RETRIEVAL AND, PROCESS |

QénE¥a-l"~ | ‘.'vl;“‘" “ .A-' ""zrf;:i»m‘ R T . § L ‘
RN fmou SOt BT RS LR N S
',.Since~strain’ﬁbakumementﬂ;areyaffectedﬁbyachaﬁgés

in temperature,zstresag~f1uxrand?backmpressure,ﬁa record
of these parameters is necessary to plot meaningful creep
curves, It is-also necessary to keep the P (fixed pressure
differential across the machine) constant or know the varig-
tion from a fixed setting.

cou sl zessings

-auto-readout was -

‘(Wallace and:Tiernan gauges) until e
installed ftef“WhichiREDAQEdPriﬁt-dptéﬁwere?hsed; g :
G-20/3100 computes' system 18 now programmed to plot B,
(variable pressure).readings and six other parameters' .
which may affect them. Programmes are being developed: -
to convert Py readings to strain with the necessary
corrections, which would: incorporate a rejection system
to eliminate readings occurring when conditions are ob-

Manual Readout Data - . AU S

—= = Until Reactor Loops ‘Branch started operating creep

méchihes;ireadingbﬁforustrainfpéléulatiqqg,—;pﬁ;apd;g»
. taken Y5 required

by.the*researcheraéﬁnormhllyéoﬁéegdgday;whgngthqftgstsga

had 8tabi1ized;‘=Sub8equ§nglj§fwhengunxidpérdﬁotQAWg?e,
rained, these readings vére recorded every shift and

(back pressure),- température -etc:, were taken

are required, and the. information to calculate:these.
18 recorded once &-day A e R

ystem'vas added, | the manusl
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readings were taken manually - PoC Texas Instrument

control. setting and P, Texas Insgrument in parallel,

P, Texas Instrument, Eack pressure -transmitter readlng,
and manual. P'~(Wa11ace.and Tiernan gauge)_reading.. ...

p The REDACE computer automatically scans reactor
parameters -and. -experiments every minute, recording. on
magnetic tape those that are programmed. Scans con~
taining .creep data are denoted:.!ls! scans, and the fre-
quency -at which: they are regularly sent. to magnetic

tape depends on the 'stepping' program, iie. the
£frequency: the: helium flow: is- switched from unit to
uniti. A.scan on-arunit is made just before the flow
is stepped to another unit, and::this:is" programmed
so that at least one scan per hour is obtained from
-each-unit, - Additional scans: ‘may-appearr-on .- tape-due
‘to special demands on: creep”or ‘any ‘othex experimen :
ontained. in the ‘p'" ‘scan, - In- addition ‘the. regular
‘~.scans are: printed out on" teletype Each ‘ereep . scar
’fincludes NRx/NRU ’

%’;fT“ {wfﬁ '-{Number of control rod
o - Control rod' height (em)

= NRX reactor power*

Ly
;(a) gas, nozzle, Specimen (3) yo
- o o (MK=TIV, :machines) - o
;(b) nozzle upper shoulder,is eci
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So that abnormal conditions can be recognized
easily a -tagging- system-is used with letters - (SAC U BIC
F) after the reading, having the following meanings:

the first abnormal’reading-after I orpn

- the first’ reading after false printout - the last
good reading is printed

~ indicates false printout - last good reading is
printed

- the first good reading after Iors

- denotes incorrect point and is not ucpendent on any
- sectings --the next letter: 1ndicates the group whichr

< is to: correct: the problem, i,e, ‘ o
. is flagged FL fo eactor oo

im @ oW o b»m
1

L Qese_zsgssgging,wﬁw.wé S N
Data from the REDACE magnetic tapes are c0pied to h
short (less-than—5;000" blocks) G=20 temporary tapes each"
day, and“as” these" become filied, to-longer-(up to-16;000
-.blocks)..permanent. tapes:in.duplicate. -NRX -data. .and 'D' -
- scan information - containing both NRX and NRU creep data e
are.stored on- one set of permanent tapes - NRU data on

o another set

materiaiyis retrieved each-week day frOm the’temporary tape,
s-printed data.” The followin ‘seven

B "reactor power,.flux monitor,” P,, temperature
of_nozzle temperature ‘of centre of gpecimen, Pp-and P.
Information;up €0 1600.h"one day is normally’ op?ained ¥
: day -~ th 1.diata 00
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From the data obtained this way, the progress of
the tests can be assessed and the necessary adjustments
~made-: “for: longer per1 B
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1. GENERAL

Two sets of controls, similar to those used for
the NRX Mk-IV machines, connected into a Helium recircu-
lating system, were built originally to operate Mk-VI
machines (4). Gamma heating was high, specimen and
thermocouple changing in these machines proved difficult
and prohibitively costly, and their use was discontinued
in March 1967. Five tests were attempted _

and building of three sets of controls
-was completed in July 1968, and it is .

d its performance thet is described. .To:

__this equipment and its performance that is described, To
““the present, 22 tests in Mk-X type machines have been ~ - *
‘installed in the reactor. . - . oo oo

2, CREEP SITES AND CONTROLS
- In=Reactor

i ... The OnlyrERCtDrpositLonused foer-VI mach:l_nes
~ was G-=20. Service lines to this position were run along ~
- the South-access path.in the:reactor Jipper Service Space, -
which also contained hot loop and facility piping. Beeaus
gof‘the‘dbngéfﬁﬁffdamqgingﬁth_’;ubﬁervthfpolyflp;hglium
‘lines, the-inconvenience of connecting creep machines
1n this position, and a general decision to keep hot = '
iping away from the North acéess: path,” the creep position
was changed ta G-12. A second was added in J-12, ‘which
-subsequently became unsuitable from reactor loading. cona’
8iderations. By August 1967, ‘the creep program required
‘three sites and.G-8,.G-10 and G-12 were chosen; allon
‘the East sidc of the North access path. When piping

these positions, copper tubing replaced the original

rubber and plas

tic.

' Three sets of controls on the 'Fast Neutron'(F/N) -
o Ll’atﬁom‘r,,‘c!einc_g.t::‘edji%Eacfil,,itieif%»96’;.“7 ‘and 9, - are norma ly used¢ -
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in conjunction with G-12, G-10 and G-8 respectively, but
can¢bepinterchanged~if necessary (Fig:-20)

An ‘additional: aet q controls waa bu;lt on the "
main reactor floor to- calihrwta irradiated NRX machines,
(to.save time in Bldg. 234, Universal Cells) .and; commiss
-new NRU ones, - The NRX machines were.to be contained in'

the creep. flask which rested- horizontallyjon a whealed

‘ This: ke

3.




or In-Reactor Facilities
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_Water Jacket . Heater

Figure 21: Mk-VI Creep HMachine Assembly

The shielding plug, with terminal block at the top and
the unirradiated top parts of the helium and water cooling
iines, is reusable, The rest, except the specimen iftself,
is disposed of after the test, The nozzle is of low flow
type with n@edle baffle and range 0 ()'I 0-0 300 :'m, Alum

"‘vxitlllz:mg ftms have :been trled ‘thf.lmos_ 1
' ",ulded b
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Figure 22 (a): NRU Mk~-X Machine
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are terminated at an Aircraft-Marine Products plug mounted
vertically at the top of the rod for easy comnection in
the reactor. Thermocouples are of Ceramo type, three
double couples being used on the gauge length of the
specimen - single couples on the rest of the machine.
These also terminate in a similar vertical plug at the

top of the imsert. The aluminum cooling water coil is
made to fit as closely as possible to the nozzle and
sleeve enclosing the heater.

To test materials successively in widely different
flux ranges, the Mk-XII arrangement has been developed,
which allows irradiations of the same specimen in both
NRX and NRU. This design consists of an Mk-X machine,
which fits either directly in a fast neutron (F/N) rod
for NRX, or in a shield plug with water cooling jacket
in the F/N rod for NRU.

Mk=-¥X Machine Operation

Although all Mk-X machines have been built from
similar components, they have differed in the types of
heater fin arrangements, bellows, and general tolerances
between specimen holders and retalnlng sleeves, cooling
coils and machine parts etc.

No tests have been installed in the reactor unless
pressure cyclings on the bellows have shown the machines
to be fricticn-free with the heaters on and off. The
‘minor differences in-individual machines descrlbed(above
lead to different temperature distribution from ¢ h
and a- profile has always beén obtained on reactor start-up.
Sometimes the v heating has been greater than expected,
forc1ng test operatlon at a higher temperature than origi-~
nally 1ntended :

ThE m@st frequent causes of suspect oreep results
and- test interruptlon have been excessive friction in the
machines, or restriction oxr blockage in. the pressure sensing
Py and Pz lines or chamber between the ‘two nozzle orifices.,
Friction occurs from the partial seizing of woving parts
due to differential expansion from vy heat, movement of a
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bellows in its containing can, i.e. buckling on expansion,

or other unknown causes. In some tests, pressure cycling t
has been used successfully to reduce friction, in others,
a change in operating temperature has improved the perform-
ance of the machine. Restrictions in the P} or P lines
cause sluggishness in reaching equilibrium but the Py
readings should be correct eventually. Blockages of
course, produce erroneous readings. If the P71 line is
blocked, the 18.4 inHg across P; =~ P3 cannot be obtained
- if the P2 line is blocked, the Py (P1-P2)is usually
abnormally high. A restrictlon in the fixed orifice, i.e.
piece of dirt wedged in, will also give abnormally high

Py readings. All these conditions have occurred in Mk-X
machines, and have usually been identified by observing
the effect of blowing helium through the lines from the
control panel, with an exhaust through the supply line

to stack, In many cases, blockages or restrictions have
been cleared by pressurizing the P] or P? lines a number
of times, until the Py is constant when the insert is re-
turned to normal measuring flow conditions. A number of
blockages were believed to be due to dust or soldering
flux present when the nozzles were purchased (the remainder
of the batch were returned for disassembly and cleaning)

- other blockages way have occurred from poor construction
methods or in the subsequent testing. The small ioner
sleeves used to join the pressure sensing lines during
building have been replaced by outside sleeves. Greater
care has been taken tc ensure that helium lines in the
out-reactor test site etc. are dirt free before a new
machine is connected, and fine sintered filters have been
added in all supply lines at the inserts.

One test was removed because of a high bellaws
leak rate. Since these bellows have only one pressurizing
line, the actual load on 4 specimen stressed by a leaking
bellows cannot be ascertained, In the past, some bellows
were brazed on assembly in the machine, a practice dis-
continued since the integrity of this type of joint be-
came suspect under irradiation. An all-welded construction
is mow used in bellows assemblies.



- 54 -

STRAIN MEASUREMENTS
General

Nozzle and temperature calibrations and operation
of a pneumatic gauge, are described in NRX sec. 4. Back
pressure control on each facility enables each test to be
operated at the same back pressure as the nozzle calibra-
tion, normally 34 inHg abs. Changes in back pressure and
correction curves are thus only necessary to improve rea-
dings in an unstablie region of the nozzle calibration curve.

Auto Readout

A Texas Instrument differential pressure gauge
(described in NRX sec. 4) is used on each unit for auto-
matic P, (variable pressure) readout. The millivolt
51gnals are converted to bars in REDACE and recorded
on magnetic tape every half hour for all in-reactor
units. The digital indicator reading on the instrument
is recorded manually twice per shift and any abnormal
changes noted. If the P, readout is suspect, the instru-
ment can be checked by valving it in parallel with the
controller, or connecting a portable Wallace and Tiernan
digital gauge into tees on the Pj and P, lines at the
back of the cabinet.

The instruments have operated reliably, with
occasional GAIN adjustments, and one case of the mechanism

~ seizing.

Value of Readings

In general the comments made in NRX sec. & apply
to strain measurements in NRU. There is an advantage here
becaiise there is no switching of £lows between units, with
associated motorized valves, and a dlsadvantage in the
absence of manual readout The P, readings to REDAQE are
only gnod if the Pp (fixed pressure) constant differential
is 18.4 inHg and the signal from the PpC controller to
REDACE. only indicates the measure of control, not the Pp
value (see 5.1 Automatic Control). Other causes of scatter
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or inaccuracy may be poor setting up of the P, instrument,
or upsets in the recirculating system i.e, make-ups which
temporarily unbalance the PF control,

OPERATION OF CONTROL EQUIPMENT AND CHANGES IN DESIGN

5.1 Helium Reci:culating System
Genexal Operation

The helium compressor, asscciated equipment and
controls are ldentical to those used in NRX, and are
described in NRX sec. 5.1.

Instead of flow switching between units as in NRX,
the NRU system has three sets of Texas Instruments (con-
troller and P, readout) for automatic flow control on in-
reactor machines, and a fourth set for commissioning out-
reactor tests, Because the machines in NRU use low flow

nozzles, a measuring flow can be maintained on all wmachines
at once,

The NRU reactor has a helium purification and
compression system to which the creep recirculation circuit
is connected, The “Pure Bank" is connected to permanently
placed helium cylinders for bellows and recirculation
supplies, and all vent lines are commnected to the low
pressure recovery gas holder for purification. Because
the CRNL type of bellcws controller uses a Moore regula-

. -tox which depends..on_a bleed flow for its. -operation,
1h811um recovery ‘is necessary and most’Gf ‘the gas. returnlng

to- the purlfication system is" from‘this source.

tly has & generally lower leak rate = normally <3
per shift The Mon O con,”ressure controll
were found to'be VEry~"” tive to. sl

A time delay has been'added which Keeps..the make-up relay
contacts closed £61 3 seconds to prevent excessive Operation
of the make-up solenoid valve.
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Automatic Flow and Back Pressure Controlsg

Each creep machine has its own automatic Texas
Instrument f£low controller (described in NRX sec, 5.1),
and back pressure control,

The Texas Instruments are calibrated against an
accurate manometer and set on SERVQ CONTROL to give a
Pp reading of 18.4 inHg across the nozzle, Apart from a
rough visual assessment, an external millivolt signal
gilves an accurate measure of control. This signal varies
from =50 mV to +50 mV for a deviation of =1/2% to +1/2%
from the control point, and is recorded on REDACE., At
the control panel, the signal can be read on a digital
voltmeter permanently installed in one of the cabincts,
Since thexre are no manual differential gauges in parallel,
as in NRX, good control on a flow controller does not
necessarily mean that the control is at 18.4 inHg gauge.
If the control point is suspect, the Texas Instrument
can be switched to SERVO GAUGE when it will indicate’its
control differential pressure. In addition, tees with
valves have been installed on all Py, P, and P, lines in
the control cabinets so that an indicating differential
pressure gauge can be installed in parallel. To aid
in trouble shooting, pressure gauges were added at the
inlets and outlets of the Moore regulators in the con-
trollers. In setting up the instruments initially, Moore
regulator limit switch adjustments were necessary on most
instruments to allow sufficient flow for the 18.4 inHg
(gauge) Pp, and GAIN.and. DAMP. adjustments are required.
from time to time to improve control. One quartz bourdon
tube was returned to the . supplier because. of calibration
difficulties, which appeared to be inherent from the time
of purchase, Another two required quartz tube. replacement,
after “high pressure had been allowed aceldentally on their
Low Dresent sides. . ‘

) Back | pressure control ;is obtaxned by adJustlng the
5flow through a Moore. regulator lnto the exhaust heligm line
from. the insert. One Wallace and Tiernan absolute pressure
gauge is used to measure the back pressure accurately, by
valving the appropriate unit into it., The back pressure
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is also indicated on a gauge conmected to a transmitter
for the REDACE signal on each unit. The lower limit to
which the back pressure can be set iz determined by the
low pressure tank pressure, because the control system
can only add to this pressure.

5.2 Vacuum System

The vacuum system in NRU is similar to that
described in NRX Seection 5.2. ‘

5.3 Heater Controllers

The Mk-X power controllers were designed at CRNL
and are built to Include a DeVar temperature controller
and a single pen Bristol recorder. Also in each circuit
is a silicon controlled rectifier, isolating transformer,
ammeter and ammetey control module. Units arzs inter-

changeable and each controls power to one heater section
(Fig- 23) .

‘Figufe 23: ‘ﬁRU ﬁééfer Controller
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The sameter has trip contacts and a reset button
that flashes on heater trip, allowing identification of
the tripped unit, :

Bristol recorder high and low alarms are dis-
played on lights betow the recorder and a heater trip
is indicated on the annunciator panel, The trip and
alarms may be jumpered with the plug, also below the
recorder,

Because some heater sections have been made from
relatively low resistance wire, and only have a total
resistance of about 3 ohms, auto transformers have been
added so that voltage can be controlled at low level to
give power output with controller demand.

" BIAS and GAIN controls associated with the silicon
controlled rectifier are mounted on the.front of the panel,
and fitted with locking screws. A controller is set up
by adjusting these screws and the auto trausformer, su
that the maximum power available is about 1A above that
required for the test, with the reactor not operating.

5.4 pellows Controllers

Hawker Siddeley controllers (See NRX sec. 5.4) were
used on Mk-VI machines, which had bellows of similar cross-
section to those on the Mk~IV NRX machines (~ 0.6 in outside
diameter), The 2000 1b/in? pressure range is unnecessary
__fox the larger Mk-X bellows, and a new type. of controller,

designed at GRNL is used: in NRU | (rlgure 28y : :

d controls pressure
‘_high and low eont autﬂ

,,thé vent soleno:d
If a. low: pressura existy,
son is’ investigatedc"

M zul atorsuxequixe a constant vent for aperatlon,
the flowrate being propcrtlonal te the differential between
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the supply pressure from the cylinder and the regulator
pressure setting. This differential is kept to 2 minimum,
to prevent recovery of an unnecessarily large volume of
helium,

The Budenberg gauge enables an indication of the
actual stress on the specimen to be obtained. The high
presgsure side of this gauge is connected to the line pres-
surizing the inside of the bellows and the low pressure
side is connected to the P3 line in the machine, which
transmits the pressure outside the bellows. A differential
transducer in parallel to the gauge transmits a millivolt
signal to REDACE, and thisg is used as the accurate stress
measurement. The Budenberg gauge has large subdivisicns
and cannet be read accurately, so a laboratory test pauge
is used to calibrate pressure against the signal to REDACE.
The signal-from the bellows transducer can be checked at
the control panels by conmecting to a digital voltmeter,
mounted in the panels.

These controllers have operated with little main-
tenance, and few alarms, but changes of Moore regulators
have been required because of increasing vent rates with
minimm differential settings previously mentioned, or
ruptured diaphragms., Schutte and Koerting flowrators have
been installed on the panels so that the variations in
vent rates can easily be observed.

5.5 Temperature Control, Measurement and Record

The two Mk-VI machines were each controlled by
five DeVar controllers in the same way as the Mk-IV NRX
machines. In addition to a 24-point Bristol recorder,
three single pen instruments were used on each facility
for reactor trip channels.

In the present control panels, for Mk-X machlnes,
three power controllers (sec¢. 5.3) are used in conjunction
with the three heater sections surrounding the specimen,
and each temperature controlier is connected to half of
a double thermocouple on the specimen gauge length. Two
recorders are used on each unit for continuous indication
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of specimen centre and bellows temperatures, other
thermocouples fromrall machines are connected to the
24-pt recorder, using seven points per machine.

Operation of the original single pen recorders
has not been satisfactory. The gain adjustments are
unreliable, and on numerous occasions an instrument
apparently set up correctly, lost the response to temper-
ature due to loss of gain. The chart drives have also
been a source of trouble, with frequent stops ceccurring
because of gears slipping. The fibre gears used in the
pen drives have stripped on occasions if the indicator
has been allowed to drive upseale after disconnecting
the thermocouple. Recorders are now switched off before
the thermocoupie is disconnected and on again only after
it has been commected.

New single pen instruments replaced the original
specimen temperature recorders, the old ones being
retained to record bellows temperatures cnly. WNo problems
have occurred so far with the new recorders.

The arrangement of thermocouples in the terminal
cabinet was changed during panel revisions, Three sets
of l4-pair thermocouples from the reactor terminate on
one gide of a terminal strip. From the same side, to avoid
errors in the millivolt signals, siz leads from each unit
run directly to the reference junction for REDACE. The re-
mainder are cross-connected to a second terminal strip,
which contains connections to controliers and recorders.
Inter-connections are always made between the two terminal
strips, leaving the'thermocouples from machines, controllers
and recorders permanently attached (Figure 25). Potentio-
metric readings:may. be.taken by plugging into a patch panel
associated with the reference: junetiom.

Test temperatures are set up using REDACE print-
outs, as these are congidered to be the most accurate. The
millivolt output from any thermocouple. connected to REDACE
may be checked on the digital voltmeter at the panel.

The standard plug-in thermocouple comnector
at the insert terminal causes some temperature measurement
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problems. Due to its swall size, necessitated by space
considerations, the connecting pins are small and fragile,
1f a2 pin becomes bent, connection of the plug may cause
the faulty pin to miss its mating socket, and an open
cireuit occurs. The locking screw assembly between the
two parts of the plug has sometimes been inadequate to
hold the plug together, due o the strain exerted by the
thermocouple cable inm its normal flexed position,

5.6 Xxip and Alarm System

Reactor Trips

Because of the high cost of Mk~VI machines, and
the possibility of melting from ¢ heating, reactor trips
were considered necessary when these machines were in use.
Three single pen Bristol instruments were used for this
purpose on each machine. Gas and two speciwven temperatures
were recorded, the reactor trip occurring when any two of
these three temperatures rose to the trip contacts, Heater
trip contacts were set lower than reactor trips to prevent
these if possible, i.e. if the heaters were contributing
to the excessive heat.

With the Mk-X desipn, rveactor trips were no longer
needed, and were removed, Experience had shown that y heating
was normally not too high, and in addition these machines
are considerably cheaper.

Temperature

Gn Mic-¥1 machines, all thermocouples except the s8ix
on controllers and single pen instruments, were connected
to the 24-point Bristol recorder., This was fitted with
nine contacts, similar to the original NRX system; for
specimen high trips and low alarms, machine high and low

alarms, and an overall high temperature trip. The single
pen recorders each ‘had heater and reactor trip contacts.

S For uperatlng Mknx machlnas, additianal cnntacua
were added to the single pen units, so thet thers were
high temperature heater trips and high and low temperature
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alarms. The new single pen recorders also have triple
alarms. Heater trips and alarms from all units annunciate
on two common points and the condition and unit can be
ascertained from individudl indications on the control
paneis, On the 24~point instrument, the trips and alarms
were removed and the overall high temperature trip was
replaced with three high temperature trips that could be
individually set for each unit.

Heater Current

The alarming ammeters, ome in each power controller,
are normally set 1 ampere above the maximum current required,
and trip all three heater sections with any high current.
A flashing lightindicates which controller caused the trip.

Cooling Water

Budenberg gauges with double contacts were instalied
in the cooling water circuits of each wmit, and any high or
low flow actuates the alarm to individual flashing lights
to indicate the unit and cause,

Other Alarms

All other alarms are similar to those in NRX and are
described or refered to in NRX section 5.6°

Bellows Pressure

Open Thermocouple
Helium:System- Abnormal
- Qut=Reactor Test Abnormal’
“-“Auto Readout ‘Abnormal =

The cooling coils on the present machines aré supplied

with 65 1b/inzfgéterf£§q¢>thg~§;§mgtn rpd?cﬁdlihg“bifauit (NRU) .
Controls for each facility contain a DP cell and Budenberg

guuge for flow measurement in the range 0.4%2.5 gal (UK)/min
and ‘a’ bypass “A flow in " the range 0-0.Z gal ‘(UK)/min can
- be measured on one'unit at a time by directing the flow
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through a common flowrater.

Maximum flow from the above supply is approximately
1.5 gal (UK)/min per unit for each of the three units. The
temperature of some machines has been lowered up te 20 deg C
by increasing the cooling flows by use of two booster pumps
capable of increasing the supply pressure to 140 1lb/in and
flows to about 2,5.gal (UK)/min, '

FLUX MEASUREMENTS

As in NRX, Hilborn flux monitors are installed in
all imserts, and additicnal flux measurements are made
from calculation of F/N rod powers, Monitor outputs are
recorded on REDACE and the 24-pt recorder. Rod flow and
temperature readings are taken manually once per day.

Fuel loading changes can be made frequently in
NRU because 1o reactor shut-down is needed to change rods.
Since strain wmeasurements are very dependent on flux, it
is desirable to have working monitors or available rod
power cn all units, However, baecause the three creep
positions are adjacent, relative flux changes can be
approximated for all machines from a single operating
moniteor, or continuous record of power cutput from one
F/N rod.

Reliability of monitors, discussed in the NRX
section 6 applies also to NRU.

DATA RETRIEVAL AND PROCESSING
General k

Data required for plotting creep curves as in
NRX, consists of temperature, stress, flux and back
pressure, Computer plots from NRU creep tests differ
from those in NRX in their exclusion of an absolute Pp’
signal, and inclusion of signals of deviation from P
(relative to correct or incorrect control point) and
stress. B S ’ ‘
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Manual Regdout Data

Wallace and Tiernan high accuracy gauges were
used for manual readout of strain from Mk~VI machine
tests, and were removed from the system when the present
control panels were built,

Now, readings are taken manually every four hours
on each operating unit, These include elapsed time of
test, reactor power, hbellows pressure, specimen tempera-
tures and the indicator reading of the P, Texas Instrument.
Once a day measurements are recorded to calculate powers
from the F/N rods in which the tests are operating.

Auto Readout Data

The REDACE computer automatically scans every
minute, and scans of creep units, which inelude reactor
data, are recorded on magnetic tape every half hour.
Additional scans go to tape if requested for any experi-
ment contained in 'D' scan. Each creep scan includes
NRU and creep data (Figure 26 a) dendted as follows:

JR = NRU reactor power
NRU NCR « Number of control rod
ZCR = Control rod height (cm)
JRX = NRX reactor power
NRX LH ~ Dy0 level
TRX - Reference Junction tempe:ature
6RN evFlux monitor
6TA-IF ~ Six temperatures usually
I o w(a) gas, nozzle, specimen (3) yoke
S Unmit” o (MthI machines)

nozzle, upper, shoulder, specimen
K 2T (3) lower shoulder (Mk-X machines)
- 6FD4 - ‘bellows pressure difference

6PDF . - Pp fixed pressure. ‘difference. .

6PDV = Py variable pressure differenee

6PBK =~ - Pp back pressure (absolute)

L ]

Creep :<;iflnq¢ber"
Machine ‘ ‘
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So that abnorwal conditions can be recognized

easily a tagging system is used with letters (SAC U BIG
F) after the reading, having the following meanings:

-~ = o 0
[J

L P
1

the first reading outside the alarm settings
subsequent readings cutside the alarm setting
i.e. 9TB (Figure 26 a) is in an Alarm state
the first good reading after abnormal,

the first abnormal reading after I

the first reading after false printout =~ the last
good reading is printed

indicates false printout - last good reading is
printed

the first good reading after I

denotes incorréct point and is not dependent om any
settings - the next letter indicates the group which
is to correct the problem., i.e. 9PD4 (Figure 26 a)
is flagged FL for Reactor Loops Branch creep group
attention,

Data Processing

Data from the REDACE magnetic tapes is retrieved

each week day as printed data from which the following
parameters are plotted at the same time:

reactor power, flux monitor, nozzle tem-

perature, centre of specimen temperature, stress, P, and

P+

- The performance of the tests is evaluated from the

dgily plots, and permanent plots for longer periods of
time are obtained from the same permanent tapes as NRX
creep tests (Figure 26 b).




- 68 -

usgl
0600 DAO 06996 70 AUG. 1 0600
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GROUP SUMMARY
NRU/X REACTOR DATA
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Figure 26: REDACE = Full NRU Creep Scan and Data Plot
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CONCLUSTONS

The best creep results to date have been obtained
from NRX Mk=-IV H wachines, which have had as many as five
specimen changes before disposal. The early Mk~IV machines
had problems with friction in the moving parts, loss of
key thermocouples which were not duplicated, and leaks in
the brazed joints on bellows, Design changes eliminated
most of the friction, double thermocouples replaced some
single ones, and welds are being used at the bellows,
Improvements that could still be made to the Mk~IV H
degign include the use of double thermocouples for all
specimen temperature measurements, details of the thermo-
couple location with respect iv specimen, yoke members,
heaters etc,, and a welded construction for all bellows
lines subject to irradiation,

Successive Mk-X machines were improved and tested
in NRU, and useful results are being obtained from the
present design in both reactors, Until recently, all
machines were prototypes in the sense that slight modi-
fications occurred in each, and their performances dif-
fered. Varying tolerances, different fin materials and
design, and cooling coil fits, gave rise to different vy
heating and subsequent differential expansion. Thorough
documentation of all details in conmstruction is necessary
for the interpretation of the behaviour of individual machines,
A number of tests have been ruined because of blockages in
the P, and P, lines, discussed more fully in NRU section 3.
Rigid specifications and inspection of purchased parts, and
care not to-introduce foreign material during construction
or testing are necessary for good performance from a
machine, It is also important that the connections between
the various yoke components are inflexible and designed in
such a way that they dc not become loose during the course
of a test, Because the connectors for heaters and thermo-
couples at the top of an insert are guite fragile it is
advantageous to inspect these for damage before plugging
together, A more rugged type should be used when availlable.

Design changes in the equipment have considerably
reduced the frequency of test faillure from mechanical break-
downs. A system instituted in 1968 to ensure that work by



service personnel is only carried out after a counter-
signature by someone concerned with creep experinments,
rather than a shift supervisor's signature only, has
also iwmproved test performance,

Scrutiny of cweep tests has been simplified with
automatic flow control and readout of strain, temperatures
and other necessary parametars on the REDACE computer.
Plots from the computer have proved the best means of
assessing the progress of tests., Programs being developed
to plot actual creep measurements, with necessary correc-
tions for parameter variations and a rejection system for
ineligible points, should enable adjustments on tests to
be made sooner and more effectively. Faster access to the
data would be an additional advantage.
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