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& Themmil dis tor t ion   t es t s  were made on a stainless-steel  clad, 
cadmium-silver control   rod  mnished by the Argonne Nat iona l  Laboratory. 
Two temperature  patterns  supplied-by  the Argonne Na t iona l  Laboratory 
were simulated in   these  tes ts ;  one represented  the shim-rod-out  condi- 

a t i on  and the o ther  the shim-rod-50-percent-inserted  condition. 

The greatest   reduction  in clearrance 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 distor t ion tests w e r e  made at the NACA Lewis laboratory on 
a stainless-steel   clad,  cadmium-silver core  xenon control rod  furnished 
by the  Argonne National  Laboratory. Di s to r t ion  measurements on the 
first experimental  control  rod  with  temperatures  intended t o  simulate 
=-percent shim-rod insertion -e presented  in  reference 1. Thermal- 
distortion measurements on a later model xenon rod with teiiperature 
patterns simulating operation with shim rods 50 percent  inserted and 
with shFm rods  out are presented herein. The temperature  patterns used 
as a basis f o r  the tests were obtained from the Argonne laboratory. 

m m m  
Control  rod. - The control rod core was made of  an alloy of 75-per- 

cent  silver and 25 percent cadmium and was clad  with  stainless steel. A 
cross  section of the  rod was i n   t h e  shape of a cross having a span of 

. 
* 4 inches. The core  allay  thickness was 1/8 inch  wfth a cladaing thickness 
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of 3/64 inch, resu l t ing   in  a t o t a l  a.rm thickness of 7/32 inch. The rod 
had an  over-all  length of 53.75 inches. The cladding joints   for   the 
t i p s  of the arm 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  s ta inless   s teel .  The rod was stress relieved. 

Several weld failures were found on the rod a6 received from the 
Argonne laboratory.  Figure 1 share the most severe fa i lure  found. The 
failures occurred at the w e l d e d  juncture of the cladding at the t i p  of 
the cross at several locations  along  the  length of the rod. 

Method of supporting  control  rod. - 5 e  rod was supported  essen- 
t i a l l y  as in   re fe reme 1. The vise M c h  holds the  control rod, however, 
was bolted  indirectly  to the mounting plate through  insulating material 
t o  reduce the heat flow t o  the mounting plate. Strain gages were located 
new  the fixed end of the rod to   insure  freedom from stress during the 
clamping of the rod   in   the  mounting vise. 

Method of obtaining  temperature  distribution. - The control r0.d was 
heated by a 75 KVA induction heater. Axial temperature distributions 
were obtained by varying the axial spacing. of the heater  coil  turns. 
Transverse  temperature  grawents were obtained by making the heating 
co i l  and the  rod  nonconcentric and by a series of air jets mounted along 
the  rod and directed toward the center of the cross. The. air jets were 
provided by 0,0135-inch diameter holes  located 5 /8  inch  apart, and were 
controllable  in groups of 14 by a valve. 

Tanperatme  patterns were measured by means pf 104 thermocouples 
distributed. between 8 stations  located  along the a x l e  of the rod as 
indicated  in tables I( a) and 11( a) and (b) . In addition, thermccougles 

were located a t  stations Z%, 21, 212, 24 ,  23, and 232 inches fram the 

free end of the rod (these positions are adjacent t o  specific  coils of 
the induction  heater)  to  note any local  hot  spots due t o  the proximity 
of the induction COD. No hot  spots at these  locations were indicated 
and the temperatures at   these  special  locatians are not  reported. 

1 1 1 

Tables I( a) and II( a)  and (b) l i s t  the requlred  temperatures at each 
s ta t ion as requested by the Argonne laboratory and the measured tenper- 
atures in  the  several  runs. 

Method of measuring distortion. - Distortion on the rod was measured 
as in reference I by m e a n s  of dial indicators. Normallv two indicators 
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were located  at  each t i p  of the cross in  positions a long the length of 
rod as given i n  tables I (b)  and TI( c) and (a) .  The indicators were mounted I 

on four  vertical  sqpports  fastened  to the same mounting p la te  as the 
control rod (see f ig .  2 ) .  These supports w e r e  protected from conduction 
and radiation  to  eliminate thermal distortion in the  supports tkemselvee. - 

. .  
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D i a l  indicators w e r e  al .so supplied t o  indicate any motion of t h  

3 

.ese - supports. Fused quartz  rods, 1 2  inches i n  length, were used t o  transmit 
the motion of the  control  rod t o  the  dial   indicators.  The use of fused 
quartz   e lhinated  the need f o r  a correction  for thermal expansion of 
the  indicator  rods. The reproducibility of the indicator  readings was 
within +o .002 inch. A vibrator was attached t o  the mounting plate  and 
was operated  before each set of readings was taken t o  reduce the  effect  
of s t a t i c   f r i c t i o n  of the gages. 

N 

RESULTS AND DISCUSSION 

SUmmElry of data. - The desired  teqerature  patterns f o r  t he   t e s t s  
reported  herein were obtained from %e Argonne laboratory. Distortion 
measurements  were d e  with two different temperature  patterns; one 
pattern was intended t o  simulate  operation  with  the shim rods inserted 
53 percent, and one pattern w&s with  the shim rods  out. The loca%ion 
of the thermocouples  and the corresponding surface  temperatures  are 
l i s t ed   i n   t ab l e s  I and II, along with the corresponding distortion 
measurements. For  each  thermocouple location,  the  temperatures desired 
by the  Argonne laboratory and the tpmneratures experimentally  obtained 

Ai 

B 
r;' 
V in   the  present  tests are l i s t ed .  The distance of  the thermocouple 
I stat ion from the   f r ee  end of the  rod i s  represented by Z. The thermo- u 

couple locat ions  a t  each  value of Z are designated by numbers from 1 
t o  16. As indicated in the  tables,  16 thermocouples w e r e  not  installed - at each  value of Z listed. 

The displacement of the t i p s  of the cross are indicated  in  
tables I and II by the values of Ax and Ay with the i r  proper signa. 
These values  are  given with reference t o  the unheated position of the  
control rod. The distortion measurements axe  those  corresponding t o  
the  tpmperatures  obtained i n   t h e - t e s t s ,  which differed slightly from 
t h e   t q e r a t u r e s   d e s i r e d  by the Argonne laboratory. 

Distortion of control rod. - The motion of t i p s  1 and 9 i n   t he  
y-direction and of t i p s  5 and 13 i n  the x-direction are plotted i n  f ig -  
me0 3 and 4. It would be expected that  the  sign of the y displacement 
would always be the  same (negative i n   t h i s  case) a t  the f r ee  end, inas- 
much as  the  desired  temperatures at location 1 are equal t o  or higher 
than those at   locat ion 9 i n  both desired teraperature  patterns. *igure 3, 
however,  shows Ay t o  'be positive at the free end. ExamLnation of the 
t qe ra tu re  patterns  obtained i n  table I(s) indicates  that  near the  f ixed 
end of the  control rod t h e   t q e r a t u r e s  obtained at location 1 were 
l o w e r  than  those a t  location 9 which accounts for   the change in   direct ion 
of displacement.  Figure 4 shows fly t o  be negative at the  f ree  end and 
inspection of the data in   table   =(a)   indicate  that the test temgeratures 
and t h e   d e s i r e d   t q e r a t u r e s  agree more closely than i n   t ab l e  I. Fig- 
ure  4(c) and (a) represent  the  distortion f o r  a sI3gh.Cl.y different 

-I 
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tenperatwe pattern  than  those  in figures 4(a) and (b), the  difference 
being that the  fixed.end  temperatures more nearly matched the  required 
values. The distortions as measured i n  either case are, however, . 
nearly the same. 

The maximum reduction  in  clearance cannot be determined  from . 

figures 3 and 4 alone, inasmuch as the motion of each point i n  one 
direction  only i s  shown and hence reference must be made to   t he  tables. 
It can be seen from the  distortion data given i n  tables I and 11 that 
the  values  for  reduction  in  clearance  given  in figures 3 and 4, are within 
0.002 inch from the maxim.. The greatest  reduction  in  clearance 
obtained i n  the tests was 0.076 inch as indicated by the h t a  i n   t h e  
tables. 

cc 
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SUMMARY OF RESULTS 

The resu l t s  of t e s t s  on a stainleas-steel  clad, eilver-cadmium ... 

control rod under the influence of two temperature patterns which 
simulated the Ilhim-rad-out condition and the shim-rod-50-percent- 
inserted  condition can be summarrized as follaus: 

- 
." . - 

1. The greatest  reduction  in  clearance  obtained i n   t h e   t e s t a  was 
0.076 inch. 

8 

2.  No permanent se t  of the  control rod was observed after repeated - 
heating and cooling  cycles. . 

. .  - -. 

Lewis Flight  Propulsion Laboratory, 

Cleveland, Ohio, 
National Advisory Committee for  Aeronautics, 

1. Nagey, T. F., and Lietzke, A. F.: Measurement of Distor t ion  in  
First Experimental  Control Rod fo r  Argonne N a v a l  Reactor. 
NACA FtM E511130, 1951. ". . . 
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Figure 1. - Photogra2h af most serious weld failure. 
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(b)  Variation of Ay with Z. 

Figure 3. - Distortion of control  rod with temperature  pattern 
intended to simulate shin! rods inserted 50 percent; normal 
temperatures. 
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(b) Variation of Ay with Z; runs 1 and 2.  

Figure 4. - Dis tor t ion  of control rod with temperature p a t t e r n  
intended to simulate shim rods out, normal temperatures. 
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Figure 4 .  - Concluded. Distortion of control  rod with tempera- 
ture pattern  intended  to simulate shim rod8 out; normal 
temperatures. 
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