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RESEARCH MEMORANDUM

MEASUREMENT OF DISTORTION IN SECOND EXPERIMENTAL. CONTROL ROD
WITH TEMPERATURE PATTERNS SIMULATING SHIM ROD QUT
AND SHIM ROD S0 PERCENT INSERTED FOR ARGONNE
NAVAT, REACTOR |

By A. F. Lietzke and T. F. Nagey

SUMMARY

Thermsdl distortion tests were made on a stainless-steel clad,
cadmium-silver control rod furnished by the Argonne Natlonal ILaboratory.
Two temperature patterns supplied by the Argonne National ILaboratory
were simulsted in these tests; one represented the shim-rod-out condi-
tion and the other the shim-rod-50-~-percent-inserted condition.

The greatest reductlion in clearance affected by thermal distortion
was 0.076 inch. No permanent set of the control rod was observed after
repeated heating and cooling cycles.

INTRODUCTION

Thermal distortion tests were made at the NACA Lewls laborstory on
a stalnless-steel clad, cadmium~silver core xenon control rod furnished
by the Argonne National Laboratory. Distortion measurements on the
Pirst experimental control rod wilth temperatures intended to simulate
50-percent shim-rod insertion dre presented in reference 1. Thermal-
distortion measurements on a later model xenon rod with tempersture
patterns simulating operation with shim rods 50 percent inserted and
with shim rods ocut are presented herein. The temperature patterns used
as a basis for the tests were obtained from the Argonne laboratory.

EQUIPMENT

Control rod. - The control rod core was made of an alloy of 75-per-
cent siliver and 25 percent cadmium and was clad with stalnless steel. A
cross sectlion of the rod was 1n the shape of & cross having a span of
4 inches. The core alloy thickness was 1/8 inch with a cladding thickness
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of 3/64 inch, resulting in a total arm thickness of 7/32 inch. The rod
had an over-sll length of 53.75 inches., The cladding joints for the
tips of the arms and ends of the rod were welded. After fabricating,
the rod was hot-rolled in order to form a bond between the core alloy
and the stainless steel. The rod was stress relleved.

Several weld fallures were found on the rod as recelved from the
Argonne laboratory. Figure 1 shows the most severe fallure found. The
failures occurred at the welded juncture of the cladding st the tip of
the cross at several locations along the length of the rod.

Method of supporting contrel rod. - The rod was supported essen~
tially as in reference 1. The vise which holds the control rod, however,
was bolted indirectly te the mounting plate through insulating material
to reduce the heat flow to the mounting plate. Strain gages were located
near the fixed end of the rod to insure freedom from stress during the
clamping of the rod in the mounting vise,

Method of cobtailnling temperature distribution. - The control rod was
heated by & 75 KVA induction heater. Axial temperature distributions
were obtalned by varying the axlial spacing of the heater coll turns.
Transverse temperature gredients were obtalned by meking the hesating
coil and the rod nonconcentric and by a series of air jets mounted along
the rod and directed toward the center of the cross. The alr jets were
provided by 0.0135-inch diameter holes located 3/8 inch spart, and were
controllable in groups of 14 by a valve.

Temperature patterns were measured by means of 104 thermocouples
distributed between 8 stations located slong the axis of the rod as
indicated in tebles I(a) and II(a) and (b). In addition, thermocouples

were located at stations 20%, 21, 21%, 22%, 23, and 25% inches from the

free end of the rod (these positions are adjescent to specific coils of
the induction heater) to note any local hot spots due to the proximity
of the induction colls. No hot spots at these locations were indicated
and the temperatures at these specisl locations are not reported.

Tebles I(a) and IT(a) and (b) list the required temperatures at each
statlon as requested by the Argonne laboratory and the measured temper-
stures in the several runs.

Method of measuring distortion. - Distortion on the rod was measured
a8 in reference 1 by means of dial indicators. Normelly two indicators
were located at each tilp of the cross in positions along the length of
rod as given in tables I(b) and II{c) and (d). The indicators were mounted
on four vertical supports fastened to the same mounting plate as the
control rod (see fig. 2). These supports were protected from conduction’
and radiation to eliminate thermal distortion in the supports themselves.
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Dial indicators were also supplied to indlcate any motion of these
supports. Fused quartz rods, 12 inches in length, were used to transmit
the motion of the combrol rod to the dial Indicators. The use of fused
quartz eliminated the need for a correction for thermal expansion of

the indicator rods. The reproduclbility of the indicator readings was
within +0.002 inch. A vibrator was attached to the mounting plate and
wae operated before each set of readings was taken to reduce the effect
of static friction of the gages.

RESULTS AND DISCUSSION

Summary of dabta. - The desired temperature patbterns for the tesis
reported herein were obtained from the Argonne laboratory. Distortion
measurements were made wlth two different temperature patternsj; one
pattern was intended to simulate operation with the shim rods inserted
50 percent, and one pattern was with the shim rods out. The location
of the thermocouples end the corresponding surface temperatures are
listed in tables I and II, along with the corresponding distortion
measurements. For each thermocouple location, the temperatures desired
by the Argonne laboratory and the temperatures experimentally obtained
in the present tests are listed. The distance of the thermocouple
statlon from the free end of the rod is represented by Z. The thermo-
couple locgtlons at each value of Z are designeted by numbers from 1
to 16. As indicated in the tables, 16 thermocouples were not installed
at each value of Z listed.

The displacement of the tips of the cross are indicated in
tables I and II by the values of Ax and Ay wlth thelr proper signs.
These values are given with reference to the unbeated position of the
control rod. The dlstortion measurements are those corresponding to
the temperatures obtained in the tests, which differed slightly from
the temperatures deslred by the Argonne laboratory.

Distortion of control rod. - The motion of tips 1 and 9 in the
y-direction and of tips 5 and 13 in the x-direction are plotted in fig-
ures 3 and 4. It would be expected that the sign of the ¥y displacement
would always be the same (negative in this case) at the free end, inas-
much as the desired temperatures at location 1 are equal to or higher
than those at location 9 in both desired temperature patterns. Figure 3,
however, shows Ay +to be positive at the free end. Ixamination of the
temperature patterns obtained in table I(a) indicates that near the fixed
end of the control rod the temperatures obtained at location 1 were
lower than those at location 9 which accounts for the change in direction
of displacement. Figure 4 shows Ay +to be negative at the free end and
inspection of the data in table II(a) indicate that the test temperatures
and the desired temperatures agree more closely than in table I. PFig-
ure 4(c) and (d) represent the distortion for a slightly different
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temperature pattern than those in figures 4(a) and (},), the difference
being that the fixed end temperatures more nearly matched the reguired
values. The distortions as measured in elther case are, however,
nearly the same.

The maximum reduction in clearance cannot be determined from
figures 3 and 4 alone, inasmuch as the motiom of each point in one
direction only 1is shown and hence reference must be made to the tables.
It can be seen from the distortion data given in tables I and II that
the values for reduction in clearance given in figures 3 and 4, are within
0.002 inch from the maximum., The greatest reduction in clearance
obtained in the tests was 0.076 inch as indlcated by the data in the
tables.

SUMMARY OF RESULTS

The results of tests on a stalnless-steel clad, silver-cadmium
control rod under the influence of two temperature patterns which
simuleted the shim-rod-out condition end the shim~rod-50-percent-
inserted condition can be summarized as follows:

1. The greatest reduction in clearance obtained in the tests was
C.076 inch.

2. No permanent set of the control rod wes observed after repeated
heating and cooling cycles.

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Clevelend, Ohio,
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TABLE I - SIMULATED SHIM RODS INSERTED 50 PERCENT.

Free
end

T77 777

N

(2} Temperatures,

Fixed

(1:) Run Thermocouple location
) 12 |3t ulsie| 7] 8l ||| 13| nl| 15| 1
(=) L76 | L66 | LS5 | L63| h7L 463 LSS | Ls9 | 467 | Lse Lksg k63 k71 hé3 455 166
1 1 79 | LBL | LBL | LBlL| 482 (LBO[ L8L | LB3 | k79 | LBL | LA2 ;82 k76 | LS8 485 48l
2 476 1 LBY | 481 | L79l W76 (k76| k82 LBO| W77 | L79 k79 L79 Lth L34 k82 jit;3 ]
(a) 525 | 500t 76| L92| 523 | k92| A76| k8| 502 ¢ L8k L76 he2 513 hge L75 500
8 1 529 513 ] 509 ] L7$| LSh| SOk S1h 51l 182 521
2 530 515 [S09 | 481 Loh| sok 515 | 512 | kB2 521
(=) | 509 | b9O ) L71 | LBk 500 | kBt L7L| L7B| k92 | k78 | 7L W84 | 500 | M8 | LTL | LSO
15 1 hoo | 487 | L70 | L92} ko7 { Lol | k78| hes | 5oy | kol k78 k79 19 hé1 h87
2 187 | LBT | L70 | Los} koS | hes| L78| L9S| 506 | k92 L19 k80 1180 hsg 487
(2) Ls8 | LS5 | Ls2 | LSk| bS6 LSk | k52| LS31Lss | LS3 | Ls2 [ 4ok | k56 | bSh | k52 | LsS
22 1 452 Lhg | L8| us6| LS1| ksl Ehd b ouk3 | LL3 [ bk
2 k50 bly7 | W8 Mh7| MSW|[ LSL 138 Ll L3 sk
(s} bss | b3 | ko) | L52) Lok | hs2t hs:| L2 | bs3 | L2 fLsi g kg2 | hsh | ks2 | kS1 ) ks3
29 1 bl § b6 | hs2 | hS1| Lho | bke| LS3]| LSS | LSL | LS3 LS5 Lh7 hhh Lhs Lh8 Ll
2 k36 | Lh3 | LS1 | LLB| Lh& | hho| ks2| kSh| k5O | LS2 453 L6 436 hh3 437 h36
(2) L53 | b5l | kSO } bS1) Lhs2 i LS1) LSO LSO[ LSL | kSO § kSO | 451 | Lks2 | LSy | bSO | hs1
36 1 ks2 LS8 [ Lé1| h6B| L76| 473 Lgo L&l W57 L6l
2 ks Ls2 jL57| L65| k71| L67 k52 160 h62 Ls9
(=) k8 | Lh8 { LLS | Lu8! kL8 [ LL8T uh8] Lh8! Lk8 | L8 kL8 uh8 Lh8 Lh8 Lu8 hi8
L3 L61 | L70 | h76 ] L73]| L6T | k69| W76) W91| L78 | L82 h82 L7l Lég W67 476 Lé9
2 bs6 | L65 ) L71 | LB} L&2 | h6S| h73| L7S|b7T1 | 478 | L78 | héS | k60 | k62 | LTO | L63
(e) LB | LL8 ( k48 | kL8| LES| hhA| LLB{ LLS[ LL8 | LLS L8 48 L8 hi8 Lu8 Li8
50 1 439 k36§ Lshi L82| L9o| k79 48 hés 182 he2
2 425 L30} Lo} 473| LBL| 465 35 | 456 | W7h | k52

BRequested by Argonne National Labcratory.
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TABLE I - SIMULATED SHIM RODS INSERTED 50 PERCENT. Comncluded.

(v) Distortions. SSJACA

+*-
»
g
g
Free r&- §
[
= 4
[
l :
ey
Z q
15¢_ _$5 -
8
z
=
F;"ﬁd 77777 g Motion in this direction, Ax +
Gage looation
Z Run Displace-
ment 1 5 9 13
(in) (in)
1 AX 0.008 0.005 - -0.027
2 Ay +087 +053 o047 «060
2 AX «004 <007 - -.027
AY +065 +051 <047 «068
1 AX ~.001 +013 <011 -,011
10 Ay +056 «0868 «036 + 049
2 Ax ~«002 «016 010 -.008
AY «064 «047 «038 +048
1 Ax -.003 «011 - +005 -002
20 Ay «036 «006 +025 »031
2 AX -.003 «011 -.003 =-+001
AY «034 +005 022 «081
7 AX -.001 «010 003 -,006
35 AY 015 - - -
2 AX -e001 +010 o} -.006
AY «013 - - -
AX - - - =< 005 |
52 1 AY .010 - -.009 -
2 Ax - - - -« 004
A Y [ ] 008 - - .008 -
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TAELE II - SIMULATED SHIM RODS OUT

(a) Temperaturegy; runs 1 and 2.

Free
end
4
Fixed [ vw
L. omd . - s AL
’_ z Run
(in.) 1 2 3 L 3 3 13 1 15 16
(a) héo k55 | Lhe | bS53 Ls8 L33 k58 453 Lh9 LssS
1 1 459 L61 W81 Lé1 158 Lsa h37 27 k56 6o
2 460 | k63 L6l L&y Ls9 ksg h38 he6 | LS? Lhéo
(a} L76 L6s Lss L62 h70o | L62 Lss | L59 | L&S h59 Lss L&2 hto | LUS2 k55 | b66
8 1 180 -h78 k76 Ls6 L6&s 67 héh v u59 8o
2 L8 4715 | k75 | LSS | L65 | W67 h62 | 70 | W68 | LB1
(o} boo | 476 | W61 {L70 | LB2 | 4720 | WL | W66 | Lk76 | 66 | k6L | W70 | W82 | k70 | L& | k76
15 1 L93 493 w60 { L79 hes | u8s | LuS 1% L83 L78 h87 Li82 L83 L82 Ls2 488
2 Lss L9s Lués Lgo 186 187 hh9 k77 186 482 L&k L8s 486 ) 489
() | uoo b6 |u6r {473 | b82 | Lya ) k62 | L67 | W76 | L67 | h6L | b7a | w82 [ w7a | LéL | W76
22 1 500 L87 487 WA w70 | L73 h8o | h80 [ Lé® 435
2 503 boo | kso | hSL | k73 | L7S 82 | L83 | W73 | LLS
(=) k8L | L7L | LS9 L66 h7s | L66 | Lse k63 L L63 Ls9 L66 | L7s | k&S L5g L
29 1 L83 | LBS | by7 | W77 J 473 | k73 | L65 | b7k | u7h | b7k | L69 | k79 | L79 | WBO | L77 | L84
L85 L85 79 | k79 [ W76 | LTS | LST k75 475 | L7 | L7 Lhso L80 LBL | 480 | i8S
(a) L67 | u61L el ks9 L&h | hSe L | k57 L61 | L57 | WSk | hS9 Léy 158 L5l L6l
36 1 k6L L62 héh L6y 459 hés 156 166 | L6 L6l
2 hé5 463 u83 k65 | k63 L69 Lés Lés Lés L65
() L8 L8 Lh8 L8 LL8 LL8 | hh8 hl:8 L8 LS | L8 k8 Lh8 Ihs8 Li:8 Lk8
k3 b Li3 | Lkl | khS | LWS | BuB | 45 [ L4S | Lhs | bhls | LAk | Lhé | LE3 | k4o | LLO | WS | WiS
2 Lhé L6 kL7 AR L7 kb7 L8 L8 W6 | Lhs Lk9 LS | Wk | i3 W6 | bh6
(a) LL:8 Lhs Li8 Lk8 W8 | LLA Lh8 L8 LhB8 Lh8 I8 | W48 | LW8 | HAB h4s LL8
50 1 bl Lht | Lhy | b56 | LL6 | 436 ;36 | Lh7 | L62 [ k65
2 Lkg 453 459 L69 456 | hus bhS | LSB LTe 478

2Requested by Argonne Naticmal Laboratory.
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TABLE II - SIMILATED B8HIN RODS OUT. Contimed

(p] Tempersturees; run 3.

Tree
end
- 1% 15
- 13
. 12 o
Flxed LELA W—-—«, - ——
=nd \‘.\S.é/"l
7 Pun C ' " thermocouple loestlon . T T T '_';T:
(1a.) 1 | 2 3 ] & s 1 61 7 5 3 ] w| 2] B3] & 1571 16
(a) | k60 | bS5 | bhky | 453 | LSB | U453 | k9 | L51 | LSS | hsyu | mhy | ksy | W58 | ns3 | hhe | wss| 000
1 3 b9 | L52 | W53 | k9 | Wk9 | W51 | B52 | Lho | Lbh | kL2 | W45 | huh | k32 | k22 | Wu8 | kS3 .
(a) k76 hés 455 | L62 k70 | hé2 kes | LSy 156 5o Lss | ue2 Lu7? k62 | k55 | L&S
8 3 (A4 L65 | W66 ) LhT | LS6 § ST ksB | L6S | k75
(a) koo § k76 | Lex | k70 | h82 | Lya | L6y | LS& | W76 | W65 | hE1 | LY | L82 | LG | L6L | K76
15 3 487 L87 L60 h72 478 478 L u67 1 k72 Lr2 h72 un L61 L73
{a) b0 | W76 | L6 } hTL | LhB2 | LTL ! L6L | L67 | LTS | LE? | hA1 | k71 | k82 | A7) | LEL | W76
22 3 L9l k90 | L92 | Lo | hth | L78 b83 | L8O | k72 | LBk
(a) 481 b L7 | k59 | k66 | L75 | 66 | LS9 | L63 )} LTL | h63 | LS9 | M66 | L7S | L66 | LS® | uTL
29 3 Wag | hoo | kB2 | k8L | hvo | W79 | W69 | W79} W79 } L7 | RS | WAS | MBS | ULR6 | LRS | Lo
(a) L6T WL L5k Ls9 Léh Lse LSk W57 hé1 us7 hsh k5% L& 458 Lsh L6
36 3 62 héx ké2 L6s Lé7 L0 ké&r L&5 L6s h6L
(a) L8 ku8 Lk8 L8 hy8 Lis8 L48 Lh8 Uk b8 (AR L& Ll uh& Lh® his8
13 3 Lh1 hhko hin hh1 Kh2 kL2 [N k2 Lk2 bh3 Lk 115 Lho k37 L1 Lo
(a} L8 Lh8 Lis LB i3 | LuA LB LL8 Lh8 hhA LA LS L8 | KRR LuA LyR
50 3 k50 k56 | Lé3 héy 58 bk LL8 | 459 | LTS | hAo

8Requested by Argonne National Laboratory.
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TABLE IT - SIMULATED SHIM RODS OUT. Continued

(c) _Distortion; rums 1 and 2.

1
Free . .
end P
z
15 ¢ 95
Fixed — 7 ng
end /7777777
Gage location
Z Run Displace-~
(in.) ment 1 5 9 13
(in.)
ax 0.006 0.000 0.006 -0.017
1 AY -.039 -.052 -.057 -.046
2 Ox .005 .002 .006 -.0L6
2 Ay -.040 -.053 -.058 -.047
Ax .007 .005 .013 -.008
1 Ay -.029 -.033 -.043 -.029
10 Ax .008 .008 .012 -.007
2 N -.030 -.035 -.045 -.03%0
Ax .000 .005 .006 -.008
1 Ay -.008 -.021 -.027 -.032
20 Ax -.001 .008 .008 -.008
2 Ay -.009 -.022 -.029 -.033
Ax .002 .009 .005 -.007
1 Ay -. 00l | emmmee | omme-
35 ox .00L .0L0 .006 -.007
2 by -. 012 | mmmme | e
Ax, | eeee- .007 ———— -.004
1 Ay 002 | -—--- -.007 | -----
52 Ax —— 006 | —=--- -
2 Ay LOOL | mmee- -.007 | —-em-

Motion in thie direction, Ay +

Motion_i’n this direction, Ax +
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10
TABLE II -~ SIMULATED SHIM RODS OUT. Caiicluded
+
{(d) Distortion; run 3. : W <>1'
Free . 5
end - 5
3
w
g
Z . o]
13 @ ds 8
=]
5]
w{
B
=
Fixed ! Motion in this direction, Ax +
end rrrrra Y —»
Gage location
Z Run Displace-
(in.) ment 1 s 9 13 .
(in.)
Ax 0.002 0.005 0.004 ~-0.014
2 3 Ay -.029 -.048 -.054 -.043
10 3 Hx 004 .007 011 -.005
Ay -.027 -.Q31 -.041 -.027
Ax -.002 .007 .013 -.006
20 5 Ay -.008 -.021 -.027 -.03L
Ax .001 0135 .012 -.006
35 3 Ay - 000 | emmem ) ool
52 s AX ] meea- L0068 | =m-=- -
Ay 004 | =---- -.007 | eeme-

Loz2
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C.27240

Figure l. - Photograph of most serious weld fallure,
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Figure 2. - Photograph of setup.
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06 Run,
.04 o1l
2
Station ©
.02 [ 5 o
. ==Y <O [ o
i e T -
3 1 2 1 ° 7
Q
-.Ozlc{,» %
-—J—-m
-.04
-.06
0 10 20 . 30 40 S0 60
Axial distance from free end of control rod Z, in.
(2) Variation of- Ax with Z%.
8\ [
.08 =
=
- o
04 =i
’\a\\ 5
102 T8 5
. =]
g N &
§ ° o .
-.02
-.04
~-.06 . . - ! L

o) 10 20 30 40 50 60
Axial distance from free end of control rod Z, in.

(b) vVariation of Ay with Z.

Figure 3. - Distortion of control rod with tempersture pattern
intended to simulate shim rods inserted 50 percent; normal
temperatures.

clearance 0.046 in.

clearance 0.076 in.
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.06
Q1
04
< 2 4
Station ks
) .02 5 .
o O S
‘H q >
: 0 > - v 3°
3 B 13 2
-.02 % g
-
-.04 o
=95 10 20 30 50 50 60
Axiel distance from free end of control rod Z, in.
(a) Variation of Ax with 2Z; runs 1 and 2.
.02 .
— T a0
. o> o
-.02 < ———“r—_—‘ 8o
- - S
2 /¢/ 9 L v
/ [S 4
_.04*7 g g
NACA K 28
--OBQA - P %
9] 10 20 30 40 50 80

Axial distance from free end of control rod Z, in.

(bp) Variation of Ay with Z; runs 1 and 2.

Flgure 4. - Distortion of control rod with temperature pattern
intended to simulate shim rode out, normal temperatures.
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Stetion
.02 5
. lot—a— o —l o 1
(=]
ot 0 /-(‘r' %
- Veoa 13 .
F-.02
-.04
0 10 20 30 _ 40 50 60
Axial distence from free end of control rod Z, in.
(e) Variation of Ax with Z; run 3.
.06
.04
.02
- 0 _._F—___-:'—_
I
-.02
//( g
- /r
o) CNACA Ty
- 006 1
0 10 20 30 40 50 60

Axial dlstance from free end of control rod Z, in.

(d) Variation of Ay with Z; run 3.

Figure 4. - Concluded.

temperatures.

NACA - Langley Field, Va.

Distortion of control rod with tempera-
ture pattern intended to slmulate shim rods out; normal

Reduetion in'
clearance 0.030 in.

Reduction in
clearance 0.059 in.
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