
3 4 4 5 6  0 0 3 5 7 1 4  7 

G. R. Hicks 
w. w. Knight 



c 

..........__ ....... 
lnls repoli ::'.?s prepare? as an 
U- Ill,,., --dsrar=~~'3ve:n:i-,t.n; Nei:i 

............ -. .. _.......... . ____ . .._._I_ ....... .... .-- .............. 

I 



Operat ions Divlslon 

FABRICATION PROCEDURES FOR I-IFIR CONTKOI, PLATES 

e. A. Bowden 
G. K. Hicks 
R. W. Knight 

Manuscript Completed - August 1984 

Date Publ-lshed - October 1984 

Sponsor: J. Ne Swanks 
Operat ions Division 

NOTICE: This document con ta ins  information of 
a pre l iminary  na tu re"  'Et is  s u b j e c t  to  r e v i s l o n  
o r  c o r r e c t i o n  and t h e r e f o r e  does not r ep resen t  
a f i n a l  r epor t .  

Prepared by the 
Oak Ridge Nat iona l  Laboratory 

Oak Ridge, Tennessee 37831 
opera ted  by 

Mart in  Marietta Energy Systems, Inc.  
f o r  t h e  

under Contract  N o ,  DE-ACQ5-840R21400 
E r n  OF ErnBGY 



ii 

The authors wish t o  acknow1,edge the contribution of C. D. Cagle for  
his work i n  editing t h i s  report.  We are also grateful to Brenda T a y h T  
for the f i n e  stenographic work and other he lp  furnished on this report. 



iii 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGENENTS . . . . . . . . . . . . . . . . . . . . . . . .  <i 

FIGURELIST . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 
TABLELIST . . . . . . . . . . . . . . . . . . . . . . . . . . .  xi 

... ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xzzz 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

DESCRIPTION OF PROCESS . . . . . . . . . . . . . . . . . . . . .  7 

Prepa ra t ion  of Component Powders . . . . . . . . . . . . .  11 

Prepa ra t ion  of Compacts . . . . . . . . . . . . . . . . . .  16 

P repa ra t ion  of Cover P l a t e s  and Frames . . . . . . . . . .  21 
B i l l e t  p repa ra t ion  and Assembly . . . . . . . . . . . . . .  
Rol l ing  of Plates  . . . . . . . . . . . . . . . . . . . . .  25 

Inspec t ion  of F l a t  P l a t e  . . . . . . . . . . . . . . . . .  26 
PREPARATION OF PLATES FOB PREFORMING . . . . . . . . . . . . . .  29 

Bonding of F l a t  P l a t e  t o  Backup P l a t e  . . . . . . . . . . .  29 

Locat ion and Measurement of Core Sec t ion  . . . . . . . . .  29 
Layout f o r  Preforming . . . . . . . . . . . . . . . . . . .  36 

23 

Preforming . . . . . . . . . . . . . . . . . . . . . . . .  43 

Removal of Preforming Backup P l a t e  . . . . . . . . . . . .  48 

H e a t  Treatment . . . . . . . . . . . . . . . . . . . . . .  49 

Explosive S iz ing  of Preformed P l a t e s  . . . . . . . . . . .  SO 

Boring P o s i t i o n i n g  Locators  . . . . . . . . . . . . . . . .  50 

Descr ip t ion  of Forming Die . . . . . . . . . . . . . . . .  50 

Assembly of P l a t e  i n  Forming Die . . . . . . . . . . . . .  53 
. 



iu 

TABLE OF CONTENTS 
(Cant irnued 1 

Page 

Summary of Assembly Shoot ing Procedure . . . . . . . . . .  56 

Dimensional In spec t ion  of Sized P l a t e s  . . . . . . . . . .  57 

S t r a i g h t e n i n g  Outer Control  P la tes  . . . . . . . . . . . .  41 

Inspec t ion  and Layout of Cen te r l ines  . . . . . . . . . . .  61 

Layout and Machining Outer P l a t e s  t o  
F i n a l s i z e  . . . . . . . . . . . . . . . . . . . . . . . .  66 

DRILLING 1/4.IN . DIAMETER HOLES I N  OUTER CONTROL PLATES . . . .  71 

Dimensional Inspec t ion  of Machined 
Outer P l a t e  . . . . . . . . . . . . . . . . . . . . . . .  71 

Radiusing 1 J 4 - h  Diameter Hales . . . . . . . . . . . . . .  71 

ATTACHMENT OF END FITTINGS TO OUTER CONTROL PLATES . . . . . . .  79 

Finished  P l a t e  Inspec t ion  . . . . . . . . . . . . . . . . .  79 

End F i t t i n g  P repa ra t ion  . . . . . . . . . . . . . . . . . .  80 

Setup of Outer P l a t e  for End F i t t i n g  Attachment . . . . . .  83 

Outer P l a t e  Assembly F i n a l  Inspec t ion  . . . . . . . . . . .  88 

F i n a l  Cleaning Outer P l a t e  Assembly . . . . . . . . . . . .  88 

LAYOUT OF I N N E R  CONTROL CYLINDER PLATES PRIOR TO M A C H I N I N G  . . .  91 

Machining Inner  C o n t r o l  P l a t e s  t o  
F i n a l  A r c  Length . . . . . . . . . . . . . . . . . . . . .  91 

Dimensional Inspec t ion  of Machined 
Inner  Control P l a t e  . . . . . . . . . . . . . . . . . . . .  94 

mLDING OF I N N E R  CONTROL CYLINDER . . . . . . . . . . . . . . .  101 

INSPECTION OF I N  ER CONTROL CYLINDER WELDS . . . . . . . . . . .  109 
Scraping and P lan i sh ing  Inner  Cont ro l  
Cyl inder  Welds . . . . . . . . . . . . . . . . . . . . . .  109 

Facing Ends of Inner  Cont ro l  Cyl inder  . . . . . . . . . . .  112 



. 

V 

TABLE OF CONTENTS 
(Con t inued ) 

Page 

Explosive S iz ing  of Inner  Control  
Cyl inder  . . . . . . . . e . . e . . . . . . e . . . e 112 

Radiographic Inspec t ion  of Explos ive ly  
Sized Cylinders  . . . . . e . . . . . . . . . . 119 

Dimensional In spec t ion  and Machining of 
Explosively Sized c y l i n d e r s  . . . . . . . . . . . . 119 

D r i l l i n g  and Radiusing of Holes . . . . . . . . * . . . . 120 

Attachment of End F i t t i n g s  and 
F i n a l  Machining . . . . . e . e . . . . . . . 121 

F i n a l  In spec t ion  . . . . e e . . . . . . . . . . . . 122 

RESULTS . .  . .  . .  . .  . .  * .  . .  127 

Cmpar isou  of Radius i n  Preformed P l a t e s  
P r i o r  t o  and Af te r  Removing "Backupy8 P l a t e s  . . . . . . . . 127 

Cornbarison of Layout Cen te r l ines  . . e . . a . e . . e . . 127 

Varia t ions  i n  Core and Edging Dimensions 
i n  Formed Control  P l a t e s  . . . . . . . . . . . . . . 128 

Varia t ions  i n  Contour of Explos ive ly  S ized  
Outer Control  Plates . . . . . . . . . . . . . . . . . . , 130 

Arc Length of Inner  Control  P l a t e s  . , . . . . . . . 132 

Welding and P lan i sh ing  of Inner  
Control  Cyl inder  . . . . . . . . . . . . . e . . . . 132 

Diametric Var i a t ions  i n  Welding Inner  
Cont ro l  Cyl inder  . . . . . . . . . . . . . . . . . . a . . 134 

Diametric Var i a t ions  in Inner  Cont ro l  
Cyl inders  Af t e r  Explosive S iz ing  . . . . . . . . . . . 135 

F i n a l  In spec t ion  Resul t s  i n  Diameter and 
Roundness of Inner  Control  Cyl inder  . . . . . . . . . . . . 136 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . 137 

REFERENCES.. . . . . . . . . . . . . . . . . . . . . . . . . . 139 



V i  

TABLE OF CONTENTS 
(Continued) 

Page 

APPENDIX A. SU ARY OF ACTIVITIES  TO BE PERFORMED 
BY METALS AND CERAMICS DIVISION,  
FABRICATION ANI9 QUALITY ASSURANCE PLAN 
MET-Mat FQ-30, FOR THE FABRICATION OF 
MFIR INNER AND OUTER CONTROL COHPONENTS . . . . .  A-1 

APPENDIX B. SUMMARY OF ACTIVL'ICIES TO BE PERF0 
BY THE Y-12 FABRICATION DIVISLON FOR 
THE FABRICATION OF H F I R  OUTER CONTROL 
P L A T E S . .  . . . . . . . . . . . . . . . . . . . .  B-1 

APPENDIX C. SUMMAR'6 OF ACTIVITIES  TO BE PERFOR?dED 
BY TIE Y-12 FABRICATION DIVISION FOR 
THE FABRICATION OF H F I R  INNER CONTROL 
CYLINDERS . . . . . . . . . . . . . . . . . . . .  C-1 

APPENDIX D. ~ A ~ U ~ ~ E ~ ~  OF WFIK CONTROL PLATE 
CORES . . . . . . . . . . . . . . . . . . . . . .  D-1 

APPENDIX E. MANUFACTURING DRAWINGS, PROCEDURES, AND 
TOOLING DRAINGS FOR UFACTURING HFIR 
CONTROL COHPONENTS . . . . . . . . . . . . . . . .  E-1 

DISTRIBUTION 



vi7: 

FIGURE LIST 

Page 

1. Schematic of High Flux Isotope Reactor core . . . . . . . . .  2 

2. View of inner and outer control cylinder 
showing pertinent dimensions . . . . . . . . . . . . . . . .  3 

3.  Flow chart for core preparation . . . . . . . . . . . . . . .  a 

4 .  Hearth assembly for melting europium oxide . . . . . . . . .  13 

5. Orientation of compacts for loading into 
billet frames . . . . . . . . . . . . . . . . . . . . . . . .  17 

6 .  HFIR inner and outer control plate frame 
layout for cutting and permanent marking . . . . . . . . . .  22 

7. Billet components and compact layout . . . . . . . . . . . .  24 

8 .  Bonding control plate to backup plate . . . . . . . . . . . .  30 

9. Control plate assembly ready for epoxy curing . . . . . . . .  31 

10. Control plate set up for drilling . . . . . . . . . . . . . .  33 

11. Layout hole pattern for  HFLR inner or 
outer control plates . . . . . . . . . . . . . . . . . . . .  34 

12. Control plate set up for radiographing . . . . . . . . . . .  35 

13. Data tabulation of H F I R  core location i n  
outer segment part HC-65 . . . . . . . . . . . . . . . . . .  37 

14. HFIR core location and definition form 
f o r  outer segment parts . . . . . . . . . . . . . . . . . . .  38 

b 

15. HFIR plate process inspection form . . . . . . . . . . . . .  39 

16. Control plate formed without backup plate . . . . . . . . . .  40 

17 .  Backup plate scribed for forming . . . . . . . . . . . . . .  41 

18. HFIR plate layout instructions . . . . . . . . . . . . . . .  42 

19. Punch and die for preforming control plates . . . . . . . . .  44 

20. Preforming a contra1 plate using a 
punch and die set . . . . . . . . . . . . . . . . . . . . . .  45 



F1GUR.E LIST 
(C  o n t  inued 1 

21 * 

22 e 

23 " 

24 e 

25 

26 . 

27 * 

28 ,. 
29 " 

31 . 
32 * 

33 .% 

34 is 

35 * 

36 . 
37 . 
38 * 

39 .. 
40 . 
41 s 

Formed control plate with backup plate a t t a c h e d  . . . . . . . .  47 

Heater for removing backup p l a t e s  . . . . . . . . . . . . . . .  48 

Backup p l a t e  being removed . . . . . . . . . . . . . . . . . .  49 

Explosive forming d i e  and fi.xet:ures . . . . . . . . . . . . . .  51 

Control p l a t e  in exp los ive  forming d i e  .. 
without fixtures . . . .  e . . . . . . . . . . . . .  e . . . .  52 

'Farming fixt.i.tre w i t h  hold-down f ixture  and 
explosive pad . . . . . . . . . . . . . . . . . . . . . . . .  54 

Explosive forming d i e  asseabled ready f o r  
shoo t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 

Forming d i e  at detonation . . . . . . . . . . . . . . . . . . .  58 
Formed c o n t r o l  p l a t e  being set up for radiography . . . . . . .  59 
H F I R  plate process inspection form . . . . . . . . . . . . . .  60 
Formed c o n t r o l  p l a t e  fi-xtured t o  rerraove t w i s t  . . . . . . . . .  62 

Removing t w i s t  in a formed control p l a t e  . . . . . . . . . . .  63 
Measuring the contain- of a finished outer 
c o n t r o l  plate . . . . . . . . . . . . . . . . . . . . . . . . .  64 

Machining a control p l a t e  to length . . . . . . . . . . . . . .  67 

Machining .a c o n t r o l  p l a t e  t o  w i d t h  . . . . . . . . . . . . . .  58 

Drilling holes in a control plate . . . . . . . . . . . . . . .  72 

Hole drilling in a control p l a t e  . . . . . . . . . . . . . . .  73 

MPIK segment i l lspect ion form . . . . . . . . . . . . . . . . .  74 

Radiusing holes in a control p l a t e  . . . . . . . . . . . . . .  76 

Radius ing  hole  in a control. p l a t e s  . . . . . . . . . . . . . .  77 

Lugs welded to upper end fitting . . . . . . . . . . . . . . .  81 



FIGURE LIST 
(Continued ) 

42. ~ u g s  anel f l anges  welded t o  lower 
end f i t t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . .  82 

4 3 .  Finished upper and lower o u t e r  end f i t t i n g s  . , e . . e . . 84 

4 4 .  Lug screws stalked i n  place on end f i t t i n g  . . . . . . . . . . .  86 

4 5 ,  Outer c o n t r o l  p l a t e  assembly s e t u p  f o r  
f i n a l  machining . . . . . . . . . . . . . . . . . . . . . . . .  83 

4 6 .  Sweep inspec t ion  and B- d a t a  €or r e a c t o r  grade 
o u t e r s e g m e n t s  . . . . . . . . . . . . . . . . . . . . . . . .  89 

47. Layout ho le  p a t t e r n  f o r  WFIR inne r  o r  outer 
c o n t r o l  p l a t e s  . . . . . . . . . . . . . . . . . . . . . . . .  62 

4 8 .  Inner c o n t r o l  p l a t e  s e t u p  f o r  edge machining . . . . . . . . .  93 

4 9 .  Beveling f o r  weld p repa ra t ion  on an inner  
c o n t r o l  p l a t e  . . . . . . . . . . . . . . . . . . . . . . . . .  95 

. S c r i b i n g  weld shr inkage monitors on t h e  
inne r  c o n t r o l  p l a t e  . . . . . . . . . . . . . . . . . . . . . .  

51. Measuring the a r c  l eng th  of two inne r  c o n t r o l  
p l a t e s  a f t e r  welding . . . . . . . . . . . . . . . . . . . . .  BT 

52. In spec t ion  f i x t u r e  fo r  measuring arc l eng ths  
of i nne r  control p l a t e s  . . . . . . . . . . . . . . . . . . . .  98 

53. Two inne r  c o n t r o l  p l a t e s  s e t  up f o r  seam 
w e l d i n g . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  102 

54. Welding f i x t u r e  fo r  seam welding inner  c o n t r o l  
p l a t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

5 5 .  Seam welding inne r  c o n t r o l  p l a t e s  . . . . . . . . . . . . . . .  184 

56. Aligning inne r  c o n t r o l  p l a t e s  f o r  seam welding . . . . . . . .  16% 

57. Scraping t h e  inne r  control p l a t e  weld seam . . . . . . . . . .  1IQ 

58. F i x t u r e  and t o o l  f o r  s c rap ing  seam welds . . . . . . . . . . .  111 

59. Explosive s i z i n g  f i x t u r e  f o r  i nne r  c o n t r o l  
c y l i n d e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 



FIGURE L I S T  
( c a n t  inued 1 

Page 

60. Inner c o n t r o l  s i z i n g  d i e  at detonat ion  . . . . . . . . . . . . 114 

61. Inner c o n t r o l  cylinder w i t h  l i f t i n g  fixture . . . . . . . . . . 116 

5 2 .  Inner cantrol c y l i n d e r  s i z i n g  f ixture with bottom 
p l a t e . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 

63. Inner  c o n t r o l  cylinder with end f i t t i n g  . . . . . . . . . . . 122 

6 4 .  Setup f o r  d r i l l i n g  and tapping t o  mount lower 
ending fitting on i nne r  c o n t r o l  c y l i n d e r  . . . . . . . . . . . 123 

45. Control c y l i n d e r  on i n s  e c t i o n  device . . . . . . . . . . . . . 124 

6 6 ,  Fin i shed  i nne r  control c y l i n d e r  and outer 
control. p l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . 126 

4 7 .  Outside r a d i u s  variation vs. a x i a l  p a s i t i o n  - 
BPIR o u t e r  control. plate, part 8C-45 . . . . . . . . . . . . . 131 

D.1. QA&X Sketch NO. 12424-4A . . . . . . . . . . . . . . . . . . . D-3 

D . 2 .  QAdX Sketch No. 12424-4B . . . . . . . . . . . . . . . . . . . D-4 



xi 

TABLE L I S T  

1. Summary of pertinent design data for 
HFIB control plate compacts . . . . . . . . . . . . . . . . . .  18 

2. Hot rolling schedule - Mesta mill 
Plate No. HC-XXX-I . . . . . . . . . . . . . . . . . . . . . .  27 

3 .  Hot rolling schedule - Mesta mill 
Plate No. HC-XXX-0 . . . . . . . . . . . . . . . . . . . . . .  28 

4 .  Welding parameters for welding H F I R  
inner control cylinders . . . . . . . . . . . . . . . . . . . .  107 

5. Inside radius variations in preformed 
outer control plates . . . . . . . . . . . . . . . . . . . . .  127 

6 .  HFPR inner segment parts comparison 
of layout centerlines . . . . . . . . . . . . . . . . . . . . .  128 

7. Critical core dimensions in formed 
H F I R  inner control plates . . . . . . . . . . . . . . . . . . .  129 

8 .  Critical core dimensions in formed 
H F I R  outer control plates . . . . . . . . . . . . . . . . . . .  129 

9 .  A sumary of the range of local variations 
from the specified 9.300 in. radius of the 
outer control plate . . . . . . . . . . . . . . . . . . . . . .  130 

10. Variations from target arc length, inner 
cylinder segment parts after machining . . . . . . . . . . . .  132 

11. Inner control cylinder 1, weld shrinkage 
data sumary . . . . . . . . . . . . . . . . . . . . . . . . .  133 

12. Inner control cylinder 2, weld shrinkage 
data summary . . . . . . . . . . . . . . . . . . . . . . . . .  134 

13. Diametric variations in welding inner 
control cylinders . . . . . . . . . . . . . . . . . . . . . . .  135 

14. Final inspection results, inner control 
cylinders . . . . . . . . . . . . . . . . . . . . . . . . . . .  136 





ABSTRACT 

The HFIR control system uses Alclad cylindrically shaped components, 
which have regions containing 31 volX E 9 0 3  and 38 vol% Ta, respectively. 
Exacting control of the water passage between these components and adja- 
cent reactor parts is mandatory, and precise dimensional control of t h e  
finished products is required. This report describes the procedures 
developed for manufacturing outer control plates and inner control cy8i-c- 
ders. Results are cited which demonstrate that circular-shaped outer 
control plates can be produced with less than 0.025-in, variakion ~ ~ Q K I  z h  
specified 9.300-in. radius in any region of the plate. Other r e s u l t s  show 
that, by the exercise of careful control, inner control plates can be 
welded into cylindrical geometry with diametrical variations held to l e s s  
than +0.010 in. of the intended 17.846-in. average diam. The cylinders 
can then be explosively sized, while under compression, with diametric 
variations of less than 0,005 in. while controlling roundness variations 
to less than 0.030 in. from the specified 17.842-in" finished diam. 





INTRODUCTION 

The control system used in the H F I R  was selected primarily for its 
ability to adequately control reactivity without introducing undesirable 
perturbations and asymmetries in the fuel-element power distribution and 
neutron fluxes in the target region. Basically, the system constitutes a 
reflector control system that regulates the flow of thermal and epithemal 
neutrons from the beryllium reflector to the fuel regi0n.l 

As shown in Fig. 1, ORNL Dwg. 65776, the control elements are located 
in a 0.866-in.-thick annular region between the outer fuel element and the 
removable beryllium. The control elements consist of two 1/4-in.-thick 
concentric cylinders which are separated from each other by a 
0.129-in.-thick coolant channel and from the fuel element and beryllium 
reflector by 0.101-in.-thick and 0.136-in.-thick coolant channels, respec- 
tively. Water flows through these channels at about 16 fgs. The inner 
control cylinder,* which is a single piece, is used both as a shim and a 
regulating element. The outer control cylinder is divided into four 
quadrants (plates), each used as a shim-safety element and each having its 
own drive rod and scram mechanism. 

The chain reaction is controlled by altering the efficiency of the 
beryllium reflector as the control cylinders are moved vertically between 
the core and the reflector. The inner control cylinder is driven downward, 
thus driving the absorber out of the reactor to increase reactivity, while 
the outer control cylinder quadrants are driven upward out of the reactor 
to increase reactivity. 

In order to reduce axial variations in the power distribution, the 
control cylinders are divided into three longitudinal sections, each of 
which has different neutron absorbing characteristics. The lower section 
of the inner control cylinder and the upper section of the outer control 
cylinder contain 31 volX Eu2O3 dispersed in aluminum. These sections are 
highly neutron-absorbing and are called the "black" regions. The central 
section of each control element contains 38 vol% tantalum dispersed in 
aluminum. They are less absorbing than the Eu2O3 sections and are called 
the gray regions. The upper section of the inner control cylinder and the 
lower section of the outer control cylinder are made of aluminum and ate 
called the white regions. In normal operat on, criticality is achieved by 
driving, in unison, the inner control cylinder down and the outer control 
quadrants up. The two control cylinders are then gradually withdrawn to 
compensate for fuel burnup throughout the core life and to maintain sym- 
metry of the power density in the axial direction. A servo control system 
maintains constant power by moving the inner control cylinder. 

*Certain drawings refer to the inner control cylinder as the inner control 
rod. 
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ORNL-LR-DWG-65776 

TARGET RODS - OUTER CONTROL C Y L I N D F R  

INNER FUEL PLATES 

OUTER FUEL 
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I N N E R  CONTROL CY1 I N D E R  

Fig. 1. Schematic of High Flux I.sotope Reactor core. 
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Fig. 2.  V i e w  of inner and outer con t ro l  cylinder 
showing pertinent dimensions.  



P e r t i n e n t  geometric d e t a i l s  oE t he  inner  c y l i n d e r  end o u t e r  p l a t e s  
are  shown i n  Fig.  2 ,  OWNS, Dwg. 63-3580B3. In each case the b l ack ,  o r  
absorbing,  region i s  22 i n .  long. The absorbing region has  a nominal 
t h i ckness  of 3/16 i n .  and i s  c l a d  with 1 /32- in . -” th iek  aluminum. The gray 
r eg ions  are  5 i n .  long and have t h e  same t h i ckness  of absorber and 
c l add ing  as t h e  black r eg ions ,  The white  regions are of s o l i d  aluminum. 
I n  order  t o  balance t h e  hydrau l i c  forces ,  a Parge naimber of 1/4-in. ho les  
are d r i l l e d  through the  white  and gray regions of each p l a t e .  Corrosion 
s t u d i e s  i n d i c a t e  t h a t  edge cladding around t h e s e  ho le s  i s  no t  necessary i n  
the  gray region.  

The inner  cy l inde r  has an o u t e r  r a d i u s  of 8.921 in .  and an inner  
r a d i u s  of 8.671 in .  The o v e r a l l  l eng th  i s  68 318 i n ,  b he lower end of 
t h e  black region i s  14 5/15 i n .  above t h e  lower edge of t he  c y l i n d e r ,  and 
t h e  white  region extends t o  t h e  upper edge of t h e  c y l i n d e r .  The o u t e r  
p l a t e s  have an o u t e r  r a d i u s  of 9.300 i n ,  and an inner  r a d i u s  of 9.050 i n .  
 he o v e r a l l  width ( a r c  l eng th )  of each i s  13 9/16 i n . ,  and the  o v e r a l l  
l eng th  is  56 3/16 i n .  
below t h e  upper end of the  p l a t e ,  and the  lower end of t he  white region 
extends t o  t h e  lower end of t he  p l a t e .  

The upper end of t h e  black region is 8 5/8 in .  

The inne r  c o n t r o l  cy l inde r  and o u t e r  c o n t r o l  p l a t e s  a r e  dr iven from 
beneath the  r e a c t o r  by d r i v e  rods which extend i n t o  the a u b p i l e  room, 
where t h e  d r i v e  mechanisms a r e  loca t ed .  Guidance f o r  each o u t e r  c o n t r o l  
p l a t e  is  furnished by four j o u r n a l  bear ings a t t a c h e d  t o  each o u t e r  c o n t r o l  
p l a t e ,  two a t  each end, and are run i n  s t a t i o n a r y  t r a c k s  which extend 
above and below t h e  core.  Four b a l l  bear ings are a t t ached  t o  the  t r a c k  
a s sembl i e s ,  two a t  each end a €  t he  semovable r e f l e c t o r  assembly, and bear 
a g a i n s t  the o u t e r  c o n t r o l  p l a t e s .  The s i n g l e  inne r  c o n t r o l  c y l i n d e r  is  
guided by e i g h t  b a l l  bea r ings ,  four  of which are a t t ached  to the t r a c k  
assemblies a t  each end of t he  r e f l e c t o r  and extend through the  s l o t s  
between t h e  four  o u t e r  c o n t r o l  p l a t e s .  

The aluminum-based d i s p e r s i o n s  of Eu20.j and tantalum a r e  prepared by 
r e l a t i v e l y  convent ional  powder m e t a l l u r g i c a i  p r a c t i c e s ,  and the  p l a t e s  are 
f a b r i c a t e d  i n  the r o l l i n g  m i l l  f a c i l i t i e s  a t  OWE. Afte r  i n spec t ion  by 
ORLVL’s Q A & l  Department, t he  p l a t e s  are shipped t o  the  Y-12 p l a n t  f o r  sub- 
sequent forming, machining, and explosive s i z i n g  ope ra t ions  t o  produce 
c o n t r o l  components meeting r i g i d  dimensional s p e c i f i c a t i o n s .  The proce- 
dures and r e s u l t s  desc r ibed  i n  t h i s  r e p o r t  a r e  based on our experience i n  
s u c c e s s f u l l y  producing c o n t r o l  components f o r  t he  r e a c t o r .  
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OBJECTIVES 

The design concept that two 1/4-in.-thick, approximately 6$-in.-long 
components fit into a 0.866-in.-thick annular region and retain the capa- 
bility of moving in unison without significantly disturbing the system 
hydraulics requires extraordinary geometric control in forming these con- 
trol components to their specified shapes. The specification stipulates 
that the 0.250-in.-thick inner cylinders, nominally 17.842 in. in outside 
diameter must be capable of passing through an annulus 0.310 in. wide 
whose inner diameter is 17.282 in. and whose outer diameter is 17.902 in. 
without violating these boundaries. Our final inspection is, therefore, 
based on an inspection of deviations in the radius of the completed 
cylinder at a minimum of 12 equally spaced locations along the length of 
the component (2,160 local radial recordings) to make certain that a sta- 
tistically significant number of measurements are within +0.030 in. of the 
nominal outside radius of 8.921 in. 
demanding when one considers that the cylinder is prepared by welding four 
curved composite plates together and no machining of the cylindrical sur- 
faces is permitted because of probable violations of the plate cladding. 

This specification ig especially 

Although the outer plates are not welded together, control of local 
deviations in the radius of the formed plate is as demanding as the speci- 
fications cited for the inner cylinder. In fact, our target is to control 
the radial deviations throughout the plate to within +0.025 in. of the 
nominal 9.300-in, specified radius. 

- 

To meet the specifications, we chose to explosively size these com- 
ponents to final shape after preforming to approximately the specified 
radius. The inner cylinder is sized while under compression to avoid 
potential tensile failures. This requirement necessitates careful fix- 
turing while welding the four inner plates together to form the cylinders 
to avoid presenting a cylinder for explosively sizing which would be unac- 
ceptable because the diameter is either undersized or oversized. We feel 
that it is necessary to produce a welded cylinder with a nominal diameter 
within +O.OPO in, of 17.846 in. 
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DESCRIPTION OF PROCESS . 
The gene ra l  process  i s  summarized i n  the  flow c h a r t  i d e n t i f i e d  i n  

F ig .  3 .  Each phase of t h e  process is  subsequent ly  desc r ibed  i n  d e t a i l .  

For each f a b r i c a t i o n ,  f i v e  inne r  and f i v e  o u t e r  p l a t e s  (one spa re  f o r  
each type)  a r e  manufactured using t h e  convent ional  p i c t u r e  frame technique 
but  with m u l t i p l e  co res  of Eu2O3 i n  aluminum and tantalum i n  aluminum, 
pressed i n t o  powder cores .  The assembled b i l l e t s  are evacuated and hot- 
bonded with a t o t a l  r educ t ion  of approximately 811. 
are inspec ted  dimensional ly ,  r a d i o g r a p h i c a l l y ,  u l t r a s o n i c a l l y ,  and v i s u a l l y  
f o r  C O K ~  l o c a t i o n ,  nonbonds and s u r f a c e  d e f e c t s .  The c o n t r o l  p l a t e s  a r e  
shipped t o  Y-I12 from t h e  ORNL r o l l i n g  f a c i l i t y ,  where they a r e  bonded t o  
backup p l a t e s  p r i o r  t o  preforming. These c o n t r o l  p l a t e s  are prepared f o r  
preforming t o  r a d i i  approximating t h e  s p e c i f i e d  r a d i i  by f i r s t  i d e n t i f y i n g  
t h e  l o n g i t u d i n a l  c e n t e r l i n e  of t h e  c a r e  s e c t i o n s  i n  t h e  r o l l e d  p l a t e  and 
then s c r i b i n g  g u i d e l i n e s  t o  be used while  forming t h e  p l a t e  t o  avoid a 
s e r i o u s  mismatch between t h e  l o n g i t u d i n a l  c e n t e r l i n e  of t h e  co res  and the  
l o n g i t u d i n a l  c e n t e r l i n e  of t h e  formed p l a t e ,  while  preforming on a brake 
p r e s s ,  A f t e r  preforming and removal of t h e  "backup" p l a t e s ,  t he  c o n t r o l  
p l a t e s  a r e  cleaned and s t r e s s - r e l i e v e d .  A h o l e  and s l o t  a r e  machined near 
t he  ends of each p l a t e  t o  l o c a t e  t h e  p o s i t i o n  of t h e  c o n t r o l  p l a t e  i n  t h e  
exp los ive  s i z i n g  d i e  and aga in  avoid a mismatch between t h e  c e n t e r l i n e  of 
t h e  exp los ive ly  s i z e d  c o n t r o l  p l a t e  and t h e  c e n t e r l i n e  of t he  co re  sec- 
t i o n s .  The main o b j e c t i v e  i n  s i z i n g  the  i n n e r  p l a t e  is  t o  have a 
s t r a i g h t ,  well-shaped p l a t e  t o  e x e r c i s e  e x c e l l e n t  c o n t r o l  while assembling 
and welding t h e s e  inne r  p l a t e s  i n t o  a c y l i n d e r .  The welded c y l i n d e r  i s  
subsequent ly  exp los ive ly  s i z e d .  I n  t h e  case  of t h e  o u t e r  p l a t e s ,  t h i s  
s i z i n g  ope ra t ion  is  of paramount importance because i t  i s  t h e  f i n a l  phase 
i n  shaping t h e  plates.  In e i t h e r  case ,  however, i t  i s  p o s s i b l e  t o  r e s i z e  
i f  deemed necessary.  The d i e  i s  designed with t h e  r ad ius  of 9.300 i n ,  t o  
accept  an o u t e r  p l a t e .  However, by shimming t h e  d i e  t o  a r a d i u s  of 8.921 
in . ,  i t  can be used t o  s i z e  inne r  p l a t e s  and o b t a i n  excep t iona l  dimen- 
s i o n a l  c o n t r o l .  The o u t e r  plates a r e  c a r e f u l l y  in spec ted ,  a machining 
layout  prepared,  and each o u t e r  p l a t e  machined t o  i t s  f i n a l  a r c  length and 
o v e r a l l  length.  Extreme c a r e  is exe rc i sed  during t h e s e  layout  and 
machining ope ra t ions  to make c e r t a i n  t h a t  t h e  s p e c i f i c a t i o n  s t i p u l a t i n g  a 
minimum 0.125-in. aluminum edging along t h e  co re  s e c t i o n  i s  no t  v i o l a t e d .  
P r i o r  t o  attachment of t h e  end a d a p t e r s ,  t h e  1/4-in.  diam ho les  a r e  
d r i l l e d  through t h e  o u t e r  p l a t e  using t a p e  c o n t r o l ;  t h e  dimensions a r e  
inspected t o  a s c e r t a i n  t h a t  they have no t  been d i s t u r b e d  s i g n i f i c a n t l y  by 
t h e  ho le  d r i l l i n g  o p e r a t i o n s ,  and t h e  ho le s  a r e  f i n a l l y  radiused.  

The c o n t r o l  p l a t e s  

Af t e r  t h e  exp los ive  s i z i n g  ope ra t ion  and i n s p e c t i o n ,  a layout  of t h e  
inne r  p l a t e  is  made, and t h r e e  p l a t e s  of each se t  of f o u r ,  a r e  machined t o  
a f i n a l  arc l eng th  of 14.041 i n .  and t h e  edges beveled p repa ra to ry  t o  
welding. The f o u r t h  p l a t e  of each s e t  is machined t o  an a r c  l eng th  of 
14.111 in .  During layout  and machining, c a r e  is  taken t o  a s s u r e  t h a t  t he  
width of aluminum edging between t h e  c o r e  s e c t i o n  and t h e  machined edge of 
t h e  p l a t e  is a t  l e a s t  3/8 i n .  On t he  o t h e r  hand, i t  i s  d e s i r a b l e  t o  keep 
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t h e  width of aluminum between core  s e c t i o n s  i n  a j acen t  welded p l a t e s  t o  a 
minimurn t o  avoid an excess ive  neut ron  ' 8 w ~ n d o w o ' '  
1 in,  wide  is deemed acceptable, After t h e  machined p l a t e s  are c r i t i c a l l y  
inspec ted  to make c e r t a i n  sf  t h e  arc l e n g t h  measurement, t h e  p l a t e s  are  
butt-welded toge the r  to form B c y l i n d e r ,  Extreme care i s  exe rc i sed  i n  
f ix tur i rng  t o  ensure  a welded product  t h a t  is  17.858 i n .  40.090 in .  i n  
d iameter ,  I t  i s  important  t h a t  t hese  d i ame t r i c  t o l e rances  be met t o  make 
c e r t a i n  t h a t ,  when t h e  inner c y l i n d e r  is  expBosively s i z e d ,  i t  is under 
compressive loading  ( i n s i d e  d i e  diameter  is  17,832 in.>. Each sequeace i:. 
s t a r t e d  by f i r s t  welding two inne r  p l a t e s  t oge the r  t o  determine weld 
shr inkage  so  t h a t  t h e  a r c  l e n g t h  of t h e  inner  p l a t e  wi thhe ld  f r o m  t h e  pre-- 
vious machining can be determined. This va lue  bas been e s t a b l i s h e d  as 
14,111 i n ,  and it  i s  welded t a  an inne r  p l a t e  machined to a 14,041 i n .  aril 

A "windowg8 approximately 

l e n g t h ,  The§@ weld of  t w o  h a l f  inner c y l i n  ers are scraped  and t h e  a rc  
lengths i nc reased ,  y p l an i sh ing ,  from 0.005 t o  "809 in* t o  achieve  a 
c o r r e c t e d  arb: l e n g t  f o r  Welding, The two halve 
farm an inne r  syl . in  er  and tthe welds scraped.  By careful ~ r ~ $ ~ ~ ~ ~ ~ ~  ea& 
p l a n i s h i n g  oper i3 i t i~n ,  no d i f f i c u l t l y  is experienced i n  achiev ing  a diameter  
w i t h i n  a range 17.836 i n ,  to 17,856 i n ,  Af t e r  each welding o p e r a t i o n ,  t"ne 
welds are inspec ted  r a d i o g r a p h i c a l l y  to B S S U K ~ :  t h a t  a fu l l .  p e n e t r a t i o n  
weid, e s s e n t i a l l y  f r e e  of p o r o ~ i t y  and i m p u r i t i e s ,  w a s  made, P r i o r  f a  
s i z i n g  t h e  inne r  c y l i n d e r ,  the ends are faced  and t h e  inner c y l i n d e r  i s  

mpressed i n  t h e  d i e  and readied  f o r  explos ive  s i z i n g .  Two moderate 
a rges  r a t h e r  than  o e Parge charge are de tana ted  i n  sizing t h e  c y l i n d e r  

eo i t s  f i n a l  specifie diameter .  A f t e r  r ad iog raph ic  in spec t ion  has  
verified t h a t  no f a i l u r e  suc%i as cracks os tears  occurred dur ing  e x p l o s i w  
s i z i n g ,  t h e  inner: c y l i n d e r  i s  c r i t i c a l l y  inspec ted  and l o c a l  variation8 
from t h e  intended diameter  are measured, A t o t a l  of 2,988 b o l e s  are  t h e n  
d r i l l e d  i n t o  the  p a r t  an c a r e f u l l y  rad iused .  The end f i t t i n g  i 
a t t a c h e d ,  a f i n a l  inspec  ion made of t h e  d i ame t r i c  v a r i a t i o n s  an 
t r i c i t y ,  and t h e  component c leaned ,  

are welded toge the r  t o  

P repa ra t ion  of Component Powders 

These p repa ra t ion  techniques ,  developed f o r  f a b r i c a t i o n  at 0 
s t i l l  i n  use e s s e n t i a l l y  as desc r ibed ,  

1 .  - Eu&. The ~ r ~ p i u ~ ~ i  oxide obta ined  from va r ious  vendors is nor- 
a l l y  of low d e n s i t y  and extremely f i n e  p a r t i c u l a t e  s i z e .  The 
i n d i v i d u a l  p a r t i c l e s  tend t o  agglomerate and s t r i n g e r  when 
d i spe r sed  i n  aluminum powder and subsequent ly  f a b r i c a t e d  i n t o  a 
composite p l a t e .  To reduce t h i s  heterogeneous t e n  
d i s p e r s i o n ,  t h e  material is d e n s i f i e d  by arc-atelting. The 
necessary  ope ra t ions  are  ( a )  i n spec t ion  of as-received Eu203, (b )  
p r e s s i n g ,  ( c )  arc-melt ing,  (dl crushing  and f i r i n g ,  ( e >  blending ,  
and ( f a  c h a r a c t e r i z a t i o n .  

a. Inspec t ion  of as-received Eupl3. 
"dead burned'' form which ha6 been converted f r o m  t h e  o x a l a t e  
t o  t h e  cubic  c r y s t a l  s t r u c t u r e  o f  Eu2O3. T o t a l  weight loss 
upon i g n i t i o n  m u s t  be less  than 8.1 w t  %, Each batch of 
r ece ived  material i s  analyzed f o r  t o t a l  europium oxide and 

The oxide i s  purchased i n  a 
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t h o r i a  content .  The m a t e r i a l  m u s t  c o n t a i n  a miwimiirn of 98 
wt % Eu2O3. 
a c t i v i t y  measurements * Materia'! with a lpha  counts i n  excess 
of 5 counts per  minute pe r  mil l igram above background on a 
d e t e c t o r  with a 50X alpha counting e f f i c i e n c y  i s  considered 
contaminated and is r e j e c t e d .  

The t h o r i a  content  i s  determined by alpha- 

our d e n s i t y  of t h e  received powder i s  only 
The s b. P r e s s i t s ,  

0.5 to 0.7 g/cm P r i o r  t o  arc-melting, t he  oxide is pressed 
i n t o  c y l i n d r i c a l  p e l l e t s  t o  a d e n s i t y  of about 1.5 g/cm3 t o  
f a c i l i t a t e  subsequent bawdling. Approximately 100 g o €  t h e  
m a t e r i a l  i s  poured i n t o  a double-acting 2 1/4-in,-diam d i e  
t h a t  has been l u b r i c a t e d  s p a r i n g l y  with 5 wt X s t e a r i c  acid-  
carbon t e t r a c h l o r i d e  s o l u t i o n .  A pres su re  of 500 p s i  con- 
s o l i d a t e s  t he  powder.  he r e a u l t i n g  2 P/4-in.-diam by 
l.O-in.-long pellet: ~ Q S S ~ S S ~ S  s u f f i c i e n t  green s t r e n g t h  to 
handle without f r a c t u r e .  

c .  __ Arc-melting. An ine r t -gas ,  arc-fusion technique is  used t o  
produce h igh ly  dense europium oxide.  Figaire 4 ,  ORNL Dwg. 
64-4538,  i l l u s t r a t e s  t he  arc-melting furnace which i s  
p res su r i zed  t o  10 p i g  w i t h  argon dur ing  melting. I t  uses a 
hollow thoriated-tungsten e l e c t r o d e  t i p  and a water-cooled 
copper mel t ing hea r th .  Passing an equal  volume 
helium and argon through t h e  hollow tungsten e l e c t r o d e  reduces 
a r c  i n s t a b i l i t y  caused by gas evo lu t ion  from t h e  d i s s o c i a t i o n  
of hydroxides and carbonates .  The deep hemispherical  c a v i t y  
minimizes are s c a t t e r  associated with spreading of small 
d r o p l e t s  of molten m a t e r i a l .  

One p e l l e t  of about 100 g is  melted at a t i m e .  Normally, a 
d u r a t i o n  of only 5 min i s  r equ i r ed  t o  charge,  melt, and 
reinove t h e  p e l l e t  from t h e  fornace.  Af t e r  s t r i k i n g  the  a r c ,  
t h e  power i s  increased (from 300 A a t  30 V to 600-800 A a t  
40 V) and t he  e n t i r e  p e l l e t  is fused. The r e s u l t i n g  but ton 
of about 3 in .  i n  diameter is e s s e n t i a l l y  l0OX dense .  X f  
incomplete fusion i s  noted,  t h e  but ton  is  turned over and 
remelted completely. The l a t t e r  operation r e q u i r e s  only 
500-600 A s i n c e  most of t h e  oxide is f u l l y  d e n s i f i e d .  

The s u r f a c e  of t he  but tons w i l l  e x h i b i t  a reddish-brown hue 
with excessive copper pickup from t h e  we l t ing  hea r th .  These 
but tons a r e  submerged i n  35 vo l  X aqueous 
u n t i l  t he  r edd i sh  c o l o r  d i sappea r s .  The p 
up t o  1 h r  du ra t ion  on heavi  y ~~ntaminated l aa te r ia l .  
Immediately upon removal f r o  t h e  a c i d  ba th ,  t h e  but tons are 
r i n s e d  i n  hot t a p  water and allowed t o  dry i n  a i r .  

3 (70%) s o l u t i o n  

d .  Crushing and f i r i n g .  The inert-atmosphere arc fusion of 
Eu2O3 a lways  y i e l d s  a dense,  vi t reous-appearing product.  I n  
c o n t r a s t  t o  t h e  gray hue of a i r - fused  material ,  t he  darkened 
c o l o r  of the arc-fused oxide i n d i c a t e s  an oxygen de f i c i ency .  
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Fig. 4 .  Hearth assembly for melting europium oxide.  
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Heating i n  air a t  approximately 1000°C, however, r e s t o r e s  the 
s t o i c h i o m e t r i c  oxygen content:. 

T o  e n s u r e  complete ox-idation, i t  i s  recommended t h a t  t he  a r c -  
melted oxide be crushed to pass a 2 1/2-mesh U . S ,  stsimdard 
s i e v e  before heat  t r e a t i n g  i n  air, The m a t e r i a l  i s  
i n h e r e n t l y  b r i t t l e  alsd can be rest inexpensively coinminuted 
t o  pass t h e  2 1/2-rmesh s i e v e  w i t h  a l a b o r a t o r y  jaw crusher .  

T h e  o x i d i z i n g  t r ea tmen t  i s  performed i n  a convent ional  
resistance-wound furnace with normal atmospheric a i r .  For 
convenience, hemisperical  alumina c r u c i b l e s  of 8 i n ,  d i m  by 
4 1 / 2  i n .  high are charged i n t o  the furnace at room t em-  
p e r a t u r e .  Each bowl w i l l  hold about 10 kg oE crushed ox ide .  
After f i r i n g  overnight  (12 t o  18 h r )  a t  l O O O " C ,  t he  material 
is u s u a l l y  allowed t o  cool t o  near room temperature be fo re  
be ing  removed from t h e  f u r n a c e .  

The f i r e d  E1;203 i s  crushed and screened t o  g ive  a p a r t i c l e  
s i z e  d i s t r i b u t i o n  of less than 3 wt 2 n f  +I00 mnrg.$h, g r e a t e r  
t han  70% of -100- t o  +325-mesh and less than 23 w t  Z of 
-325-mesh. A Bico, type I J A ,  d i r e ~ t - m ~ t o r - d r i ~ e ~  p u l v e r i z e r  
equipped w i t h  a 2-hp motor and 8-iaae--dParn g r ind ing  plates 
r o t a t i n g  a t  900 rpm r e a d i l y  reduces the  mater ia l  t o  pass 
through a 100-mesh s i e v e .  

I n i t i a l l y ,  the two gr ind ing  p l a t e s  are s e t  0.125 in. a p a r t .  
A l l  o f  t h e  f i r e d  material i s  passed once through t he  
p u l v e r i z e r  at t h i s  s e t t i n g  and then screened on a Cenco-Meizr?.r 
s i e v e  shaker t o  remove t h e  -100- t o  4-325- and -325-mesh f r ac -  
t i o n s .  To minimize t h e  gene ra t ion  of excessive f i n e s ,  only 
over s i zed  p a r t i c l e s  are fed  into the p u l v e r i z e r s  a t  
p rogres s ive ly  smaller s e t t i n g s  o f  0.032,  0.015, and 0.004 in. 
On the  f i n a l  s e ~ t i n g ,  t h e  oversize i s  r epea ted ly  passed 
through t h e  g r ind ing  p l a t e s  u n t i l  t h e  particles are less  than 
+IO0 mesh. 

e *  -- Hiernding. After c rush in  &he f ines  content of the  --POO- t o  
+325-mesh € ~ a c t  ion is determined according t o  ASTM $3214-64 e 

Based on t h e  r e s u l t s  of this s i e v e  ana lys i s ,  a blend of  t h e  
-100- t o  +325- and -325-mesh materials i s  prepared t o  meet 
t h e  p a r t i c l e  s i z e  requirements.  The q u a n t i t y  of f i n e s  i n  
excess of t h a t  permit ted i n  t h e  blend is  r e tu rned  t o  t he  
p r e s s i n g  ope ra t ion  f o r  ~ ~ C Q W X - ~ .  

T o  o b t a i n  a homogeneous inixtiure O €  331.1203 p a r t i c l e s ,  t he  
desired q u a n t i t i e s  of t h e  -100- ta 9325- and -325-mesh frac- 
t i o n s  were blended i n  a. twin-she81 blender  for 1 h r .  This 
"V" type blender  rotates a t  24 rpm and can e a s i l y  m i x  up t o  
25 kg of f i r e d  and crushed EuzO3. 
t i v e l y  ha lves  and then recombines the  powders during every 
r e v o l u t i o n .  A f t e r  blending,  t h e  prepared Eu2O-3 i s  s t o r e d  i n  
I-qt p l a s s i c  b o t t l e s  equipped with plastic l i d s .  

The blending actitan e f f ec -  



f .  Characterization. Representative samples of the prepared 
blend of Eu203 are analyzed for total europium, general 
impurities, and for particle size distribution according to 
ASW B214-64. 

2. Tantalum. Tantalum powders are  purchased to the following 
specifications: 

a. Tantalum content shall be 99.5 wt % o r  better. Impurities of 
carbon, oxygen, and nitrogen shall be less than 100, 200, and 
300 ppm, respectively. 

b. Material shall. be uniform in composition and purity. 

c .  Particle size distribution shall be less than 3 wt % +280- 
mesh, greater than 70 wt % -200- to +325-mesh, and less than 
23 wt X -325-mesh. The distribution shall be determined in 
accordance with ASTM 13214-64 e 

Representative samples from each batch sf received tantalum are 
analyzed for particle s i z e  distribution according to AS'IIM B214-64 
and impurities of 6, 0, M, Mo, Fe, Ni, Cr, Co, Al, Si, Mg, Mn, 
Cu, Sn, Pb, and Cb. The minimal tantalum content is defined e a  
be the difference between the sumation of a11 detected impuri- 
ties and 100 wt %. If the results from the analyses conform to 
the specification, the batch is stored in plastic bottles 
equipped with plastic lida. Material with aut-of-tolerance 
levels for particle size andfor impurities is rejected, 

3. Aluminum. Aluminum powders are purchased to the following s p e e i -  
fications: 

a. Material shall be Aleoa type 101 aluminum powder per product 
data book 6-20-60 or the equivalent such as Reynolds Metals 
No. 120. 

b. Particle size distribution shall be less than 0.5 wt % +lOI3--  
mesh, less than 20 wt % -100- to +325-mesh, and greater than 
80 wt X -325-mesh. The distribution shall. be determined <n 
accordance with ASTM B214-64, 

e. Impurities of Fe, Si, and A1203 shall be less than 4000, 
2000, and 6000 ppm, respectively. 

Although the specified powder is fine quality aluminum, it is 
recommended, for uniformity of properties, that the material be 
annealed before used, The annealing procedure entails simply 
heating the received powder at 500°C for 1 hr at a pressure l e s e  
than 7 x torr. The material. is then cooled to below 50°C 
before opening the system to atmosphere and bagging i n  polyethy- 
Bene. Immediately befor use, the powder is passed throug 
100-mesh screen. A l l  +1  0-mesh material is discarded. 
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To provide! a chemical record and. to check f o r  gross  contamin- 
a t i o n ,  a r e p r e s e n t a t i v e  sample Erom each anneal ing batch of alu- 
minum i s  analyzed s p e c t r o g r a p h i c a l l y  for gene ra l  impur i t i e s .  For 
t h e  same reason,  t h e  p a r t i c l e  size d i s t r i b u t i o n  of -106-mesh pre- 
pared powder i s  determined i n  accordance with AS334 B214-64. 
 ater rials with out-of-tolerance l e v e l s  f o r  p a r t i c l e  s i z e  and/or 
i m p u r i t i e s  are r e j e c t e d .  

- Prepa ra t ion  of Compacts 

The cornpact s t a c k i n g  arrangement i s  show i n  Fig.  5 ,  0 
68-10581, The b i l l e t  con ta ins  ( i n  tandorm) 18 compacts of 5 
and 9 compacts sf 80.6 w t  X T a  i n  aluminum. The compacts are prepared by 
powder metal lurgy.  The e s s e n t i a l  ope ra t ions  r equ i r ed  i n  processing are 
( a >  weighing and blending of t h e  camponenc powders for each ind iv idua l  
compact, ( b )  cold p re s s ing  the  blended powders i n t o  a compact of t h e  
d e s i r e d  dimensions, ( c )  degassing the  compact t o  remove p res s ing  l.ubri- 
c a n t s  and absorbed gases,  and ( d )  i n spec t ion  of the degassed compacta, 

The p r i n c i p l e  neutron abso rbe r s  i n  the  gray and black s e c t i o n s  of t h e  
inner  and o u t e r  c o n t r o l  p la tes  a r e  s p e c i f i e d  i n  teems of grams af  T a  and 
E u ,  r e s p e c t i v e l y .  Since t h e  tantalum powder con ta ins  i m p u r i t i e s  and euro- 
pium i s  incorporated as Eu2O3, i t  i s  necessary t o  determine by c a l c u l a t i o n  
t h e  q u a n t i t i e s  of t hese  m a t e r i a l s  for each loading.  

Typical  designs f o r  t h e  NPIR c o n t r o l  plate  poison c pac t s  are shown 
i n  Table 1. The important parameters are! t h e  s p e c i f i e d  q u a n t i t i e s  sf 'Ea 
and Eu, t h e i r  a s s a y s ,  t he  design t o t a l  volumes of t h e  r o l l e d  C O W  sec- 
t i o n s ,  and t h e  experimental ly  e s t a b l i s h e d  d e n s i f i c a t i a n s  of t h e  Ta-A1 and 
Eu203-AI d i s p e r s i o n s .  
measured d e n s i t y  to t h e o r e t i c a l  d e n s i t y  of t he  d i s p e r s i o n ;  the  l a t t e r  i s  
based on the  toluene d e n s i t y  of the i n d i v i d u a l  powder components. 

The d e n s i f i c a t i o n  is defined by she rat io  of 

A s  might be expected, t he  d e n s i f i c a t i o n s  of t h e  d i s p e r s i o n s  s i g n i f i -  
c a n t l y  afEect  the charge of aluminum owder r equ i r ed  t o  meet the dimen- 
s i o n a l  s p e c i f i c a t i o n  of the core i n  t h e  r o l l e d  p l a t e .  The values  shown. i n  
Table 1 apply t o  t h e  powders, s p e c i f i c  equipment, and processing methods 
used at the Oak Ridge Nat ional  Laboratory.  Any major change i n  m a t e r i a l s  
o r  procedures w i l l  probably a l te r  these  values;  and, c ~ n s e q u e n t l y ,  it w i l l  
be necessary to modify the  charge of aluminum powders r equ i r ed  i n  the  
poison compacts. 

1. I-- Weighing and blending. Typical charge weights for t he  gray and 
black sectians-'f t h e  inner  and ou te r  c o n t r o l  p l a t e s  a r e  included 
i n  Table 1. The component powders for each individual.  compact 
are s e p a r a t e l y  weighed and combined i n  a s i n g l e  blending C Q ~ -  

t a i n e r .  
Pan balance a€ 400-g capacity. 

The weights are made t o  ~ 0 * 0 l - - g  accuracy on a Sau te r  Top 
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Table 1. S U R E K ~ K ~  of p e r t i n e n t  design data for  B F I R  cofiirol  plate compacts 

O u t e r  p l a t e  Inner P l a t e  

Gray Black Gray tj l ack  
s e c t i o n  s ec  t i o n  S (36: t ion s e c t i o n  

-- _. .....__. 

... ̂ . ~  I . . . . . .- ...̂ .---_______I 

E P e w e n t  Ta E U  T a  Eu 

Spec i f i ed  q u a n t i t y ,  g 1297 1922 1292 1922 

Chemical form T B  Eu203 Ti3 Eu203 

Typical  assay, wt Z 99.8 86.3 99.8 86.3 
To luene  density, g/cm3 16.46 7.833 16.40 7.933 

Rolled co re  

'Typical d i s g e r s  i n n  A 1  p l u s  A 1  p l u s  h l  p l u s  A1 p l u s  
composition, wt Z 89,64% 'l'a 59.14% Eli203 80,54% Ta 59.14% EuzOq 

D e a i & n  total velum, cm3 206-7  914" 3 205.1 909.4 

Number O K  i n d i v i d u a l  9 
cczmpmc t s 

18 9 18 

D e n s i f i c a t i o n  of 
dispersions, % T.D. 

Pressed condition 89 92 89 92 

Rolled cond i t ion  94 93 94 93 

Typical  charged weight of 
d i s p e r s  i nn ,  g 

Dispersion of T a  QT Eu2O3 144=44 123.73 143.89 123.06 

Matrix aluminum 34.67 85.50 3 4 - 5 5  85.00 

TOTAL 17!?,11 209.23 178-44 208 c 06 

Design compact thickness, i n .  

Pressed  cond i t ion  0.528.5 0.5260 0.5240 0.5270 

Degassed cond i t ion  0.5285 0.5280 0.5240 0.52tPO 
. . . . . . _l_____l_____ ______ 



T o  achieve a mixing space of 60 V O ~  % during blending,  jars  of 
4-02 and 8-oz c a p a c i t i e s  are used f o r  t h e  Ta-Al  and Eu203-Al 
d i s p e r s i o n s  I r e s p e c t i v e l y .  
b o t t l e s  of screw neck and wide mouth design with mating caps of 
molded black b a k e l i t e  a r e  recommended, 

 or convenient handl ing,  c l e a r  g l a s s  

M a t e r i a l  c o n t r o l  is maintained on a d a i l y  b a s i s  f o r  each powder 
component. Before weighing t h e  f i r s t  compact charge,  s u f f i c i e n t  
A l ,  T a ,  and/or  6 ~ 2 0 3  p lus  10 g excess f o r  t h e  d a y ' s  production 
are k rans fe r r ed  t o  the  balance t a b l e .  After  charging the d e s i r e d  
number of blending ja rs ,  t h e  s t a r t i n g  weight of each c~mponent  
powder l e s s  t h e  s lamation of i t s  charged and r e s i d u e  q u a n t i t i e s  
should ag ree  wi th in  +IO 8. - 
T o  o b t a i n  a homogeneous mixture ,  t h e  weighed and contained 
powders a r e  blended f o r  2 h r  i n  a modified U.S. Stoneware  any 
double b l ende r ,  rn~de l  733. 'khe blender cones are replaced by a 
p a i r  of 2-qt s t ee l  cans mounted on t h e  motor s h a f t  a t  an ang le  of 
30" to t h e  v e r t i c a l  plane,  The cans r o t a t e  a t  20 t o  25 rprn 
during t h e  blending ope ra t ion .  Eight  j a r s ,  each con ta in ing  the 
r equ i r ed  q u a n t i t i e s  of A l  and e i t h e r  'I'a or 6 ~ 2 0 3 ~  a r e  Paaded i n t o  
each can with s u f f i c i e n t  gadding t o  prevent  breakage. Af t e r  
blending,  t he  jars a r e  placed i n  a s t e e l  t r a y  and c a r r i e d  t o  t h e  
compacting press .  The powders must be compacted wi th in  4 hr  of 
blending,  

2. Pressing.  Immediately a f t e r  blending,  t he  powders are compacted 
by cold p re s s ing .  As i l l u s t r a t e d  i n  F i g .  5 ,  ORNL Dwg. 68-10681, 
t h e  green cornpacts are i n  t h e  shape of r e c t a n g u l a r  p a r a l l e l -  
epipeds,  To achieve t h e  d e s i r e d  s t a c k i n g  arrangement, with only 
one powder me ta l lu rgy  d i e ,  t h e  l eng th  and width of t h e  Eu203-Al 
compacts d i f f e r  by about  a f a c t o r  of 2. 

The p r e s s i n g  ope ra t ion  u t i l i z e d  convent ional  powder metal lurgy 
d i e s  and a 500-ton Farquar top-act ing hydrau l i c  p re s s .  The d i e  
set consists of a female d i e ,  which is s p r i n g  mounted to t h e  
working s u r f a c e  of  t h e  p r e s s ,  d i e  punches, top and bottom, a 
f i l l e r  block,  and a j a c k  for  r a i s i n g  and lowering the  p o s i t i o n  o f  
t h e  bottom d i e  punch. The bottom d i e  punch c o n t a c t s  the j a c k ,  
while  t h e  f i l l e r  block, pos i t i oned  on top  of the  i n s e r t e d  top 
punch a f t e r  f i l l i n g  the  c a v i t y  with powder, c o n t a c t s  t he  movable 
r a m .  To s imula t e  a double-acting p r e s s ,  t h e  female die. is  
allowed to f loat :  during rhe  p r e s s i n g  ope ra t ion .  

The sequence used for t h e  p r e s s i n g  ope ra t ion  is a s  EolPows. 

a ,  With the  lower punch i n  t h e  p re s s ing  positi~n, t he  inside of 
t h e  die c a v i t y  i s  l u b r i c a t e d  s p a r i n g l y  w i t h  a 5 w t  X s o l u t i o n  
of s t e a r i c  a c i d  i n  C C B 4 .  



b. The upper 1/2-in, po r t ion  of t h e  d i e  c a v i t y  i s  t ape red  
s l i g h t l y  (0.031 i a . / f t )  t o  f a c i l i t a t e  e j e c t i o n  of t h e  com- 
pac t .  T o  permit l e v e l i n g  of t h e  powder, t h e  bottom d i e  punch 
i s  ra ised by t h e  jack so that t h e  powder can f i l l  t he  t ape red  
region * 

c ,  The blended powders are then poured i n t o  t h e  d i e  c a v i t y ,  and 
t h e  jar and cap a r e  l i g h t l y  tapped a g a i n s t  t h e  t o p  of t h e  d i e  
t o  ensure removal s f  loose p a r t i c l e s ,  

d ,  The powder i s  l eve led  i n  t h e  d i e  w i t h  a metal s t r a i g h t  edge, 
While l e v e l i n g ,  t h e  p o s i t i o n  of t h e  lower punch i s  a d j u s t e d  
s o  t h a t  t he  e n t i r e  volume of powder compl.e"kly f i l l s  t h e  
c a v i t y  with no edge depres s ions  of d e n s i f i c a t i o n  of the 
material. With a t r a i n e d  o p e r a t o r ,  this  opera t ion  can be 
performed i n  5 t o  7 s t r o k e s  of t h e  s t r a i g h t  edge. 

e .  The l eve led  powder i s  then lowered i n t o  t h e  p r e s s i n g  p o s i t i o n  
of t h e  d i e ,  the t o p  punch is  i n s e r t e d  i n t o  t h e  d i e ,  t h e  
f i l l e t  block i s  placed an  top  of t h e  t o p  punch, and she com- 
p a c t  i s  pressed f a r  6 s .  With a r e l a t i v e l y  cons t an t  p re s s ing  
p res su re  o f  19 t o  20 t s i ,  t h e  powder i s  compressed t o  t h e  
design th i cknesses  shown i n  Table 1. 

f. The compact i s  eject:ed f r o m  t h e  d i e ,  t h e  d i e  c a v i t y  i s  wiped 
c l ean  with a t i s s u e  s a t u r a t e d  wi th  i sop ropy l  a l c o h o l ,  and t h e  
cyc le  i s  repeated.  Before proceeding, however, the t h i ckness  
of t h e  e j e c t e d  compact is  m e a s w e d  and compared t o  t h e  va lue  
shown i n  Table 1 f o r  t h e  pressed cond i t ion .  I f  the average 
th i ckness  a long t h e  diagonal  of two consecut ive compacts 
d e v i a t e s  g r e a t e r  than +0.802 i n . ,  t h e  p r e s s i n g  p res su re  i s  
mcldif i e d  appropriately,  
within kQ.003 i n .  'rhe d i e  i s  shimmed i f  measurements from 
the C Q ~ ~ C L S  i n d i c a t e  a c o n s i s t e n t  t a p e r .  

Individuiil  measurements should ag ree  
I 

g .  Each i n d i v i d u a l  compact i s  assigned a number which 
d i s t i n g u i s h e s  poison d i s p e r i s o n s  of ident ica l .  materials,  
p r e s s i n g  procedure,  and f a b r i c a t i o n  per iod.  The number is 
scratched on one major s u r f a c e  of t h e  compacts. 

h .  TQ provide a permanent record,  s i x  campacts randomly s e l e c t e d  
from the d a y ' s  product ion are i n d i v i d u a l l y  weighed (+0.01 g) 
and measured (+8.0005 - i n . )  and t h e  va lues  are recardFd. 

3 .  Vacuum anneal ing.  To remove the  l u b r i c a n t  eatrapped du r ing  
p r e s s i n g  and any moisture  adsorbed du r ing  handl ing,  a l l  poison 
compacts a i e  h e a t  t r e a t e d .  The green csmpacts are stacked i n  
l a y e r s ,  s epa ra t ed  by s t a i n l e s s  s t ee l  w i r e  s c r e e n ,  i n s i d e  an 
aluminum anneal ing t r a y .  The tray is then i n s e r t e d  i n t o  a 
4-in.--dism s t a i n l e s s  steel h o r i z o n t a l  m u f f l e  furnace a t  room tmw- 
peratmre,  Af t e r  evacuatiorr. t.o a pressure of less than 0.05 t o r r ,  
t h e  c~ilapacts a r e  heated t o  590°C and h e l d  a t  t h a t  temperature f o r  
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3 h r .  While t h e  p re s su re  may r i s e  du r ing  t h e  i n i t i a l  h e a t i n g ,  it 
must remain below .05 t o r r  f o r  most of t h e  t reatment .  The com- 
p a c t s  are cooled under vacuum t o  below 50'6 and then removed from 
t h e  furnace,  compacts are handled i n  a l l  subsequent ope ra t ions  
with c o t t o n  gloves and/or s t a i n l e s s  s t e e l  tongs.  

4 .  Inspec t ion .  A f t e r  vacuum annea l ing ,  every compact is  in spec ted  
for weight and t h i ckness  and t h e  values  a r e  recorded. A compact 
t h a t  d e v i a t e s  by more than Q . 1 %  from a p rev ious ly  e s t a b l i s h e d  
weight i s  r e j e c t e d .  The th i ckness  is measured a t  f i v e  l o c a t i o n s  
wi th  a micrometer; any v a r i a t i o n  g r e a t e r  than 0.006 in .  is a l s o  
cause f o r  r e j e c t i o n .  Usual ly ,  a small i n c r e a s e  of 0.001 t o  0.003 
i n ,  i n  t h i ckness  from t h e  h e a t  t r ea tmen t  w i l l  be noted f o r  t h e  
Eu2O3-Al compacts. A record i s  made Q E  t h e  l eng th  and width of 
1 2  similar compacts pressed during a s i n g l e  f a b r i c a t i o n  per iod.  
During t h e  i n s p e c t i o n ,  a v i s u a l  check i s  made f o r  chipped edges,  
b l i s t e r s ,  and i n c l u s i o n s ,  each of which is  cause f o r  r e j e c t i o n .  

A l l  a ccep tab le  compacts are placed i n  p l a s t i c  bags and s t o r e d  i n  
a d e s i c c a t o r .  

P repa ra t ion  of Cover P l a t e s  and Frames 

I n  t h e  H F I R ,  cons ide rab le  emphasis is  placed upon safeguarding 
a g a i n s t  t h e  use of metals  and a l l o y s  wi th in  t h e  co re  a r e a  t h a t  do n o t  have 
catalogued p r o p e r t i e s .  The cladding material f o r  t h e  c o n t r o l  p l a t e s  i s  
purchased as " m i l l  marked9' 114- and 2-in.-thick 6061 A I  p l a t e .  
t h e  composition of t h e  a r i g i n a l  p l a t e  and t o  monitor t h e  use of t h i s  p l a t e  
i n  the  c o n t r o l  p l a t e  f a b r i c a t i o n ,  a spec t rog raph ic  a n a l y s i s  is  obtained 
from each p l a t e  and an i d e n t i f y i n g  code l e t t e r  i s  assigned as a c o n s i s t e n t  
p o r t i o n  of t he  number given each p i ece  c u t  f rom t h e  p l a t e .  Add i t iona l ly ,  
an as-received sample of t h e  p l a t e  i s  placed i n  t h e  HFIR a r c h i v e s  for 
f u t u r e  r e f e r e n c e ,  

To a s s u r e  

Each c o n t r o l  p l a t e  r e q u i r e s  one piece s f  2-in.-thick m a t e r i a l  f o r  t h e  
frame and two p ieces  of 1/4-in.-thick material f o r  t he  cover p l a t e s .  A l l  
p i e c e s  are about 15 ins2; t h e r e f o r e ,  1 2  p i eces  may be c u t  from a s i n g l e  
m i l l  s i z e  p l a t e .  The t h i c k  p l a t e  i s  l a i d  o u t ,  c u t ,  and l abe led  t o  iden- 
t i f y  each p i ece  as shown i n  Fig.  6 ,  A-SK-GRH-760510. The t h i n n e r  cover 
p l a t e  m a t e r i a l  i s  sheared t o  t h e  d e s i r e d  s i z e  and l a b e l e d  with the  p l a t e  
i d e n t i f i c a t i o n .  The p i eces  are numbered consecu t ive ly  from an ind iv idua l  
p l a t e .  I d e n t i f i c a t i o n  of t h e  frame material i s  preserve 
e x t e n s i v e  machining by p l ac ing  t h e  number on a spot-faced area recessed 
below t h e  f i n a l  machined edge. 

Surface cond i t ion  of t h e  as-received 2-in.-thick p l a t e  i s  no t  consi-  
de red ,  s i n c e  t h i s  is removed i n  t h e  machining ope ra t ion .  However, t h e  
cover-plate  material is  inspected f o r  d i s tu rbances  of t h e  b r i g h t  m i l l  
f i n i s h .  P i eces  e x h i b i t i n g  heavy oxide bui ldup,  deep gouges, o r  embedded 
fo re ign  m a t e r i a l  a r e  considered d e f e c t i v e .  These plates  are chemically 
m i l l e d  t o  t h e  d e s i r e d  th i ckness  and t h i s  t reatment  w i l l  n o t  remove 
d e f e c t s .  
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A-3K-GRA-780510 

Surveillance and 
chemistry sample. 
Hark permanently 
with plate Serial 
No. See Note 5 
for disposition. 

.... .... .- ... t= 
I ' I I ' I  

4 L-\ 'X4_aW 

Dimensions for inner and 
outer control plate P r m e  
blanks Dwg.  E-49443 

Spot face 314 diam x 5/16 deep-- 
and permanently mark Heat No. 
and Serlal  No. 

Material: Plate 
aluml num AS'PH 
B-209 - 5061-T6, 
2-in. thick by 
available stock 
length and width. 
See Note 1. 

NOTES: 

1. 

2. 

3 .  

4. 

5 .  

Prior to cuttfng plate, record the  followtng information from the will 
marking on plate: 

a s  Manufacturer's name 

b. Specification NO. 

e .  Alloy designation 

d .  Reat No. 
Layout and mark Neat No. and blank Serial No. on top surface of each 
blank before cutting. 

Saw cut blanks, chemistry sample, and surveillance sample .  "Do Not 
Burn or Grind." 

............... 

Ills_ 

_ ......... 

Spot face on eaek blank on sawed edge. Stencil each with Heat No. and 
Serial No. ( s e e  work request for Se+f.al. No.). 

Forward surveillance sample properly marked t o  the H F I R  Operations 
Supervisor, Building 7910, ORNE. 

F i g .  6 .  H F I R  i n n e r  and outer con t ro l  p l a t e  f rame layout f o r  
cut:l:ing and permanent marking, 
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Frames for the inner and outer plates differ in thickness only ( t h e  
inner 1.560 in. and the outer 1.569 in.), and hare shown on ~ w g .  E-49443. 
Normal machine shop practices are used to fabricate the frames by milling 
away the excess metal. Particular coneern is given to thickness variations 
as exhibited by the individual parr and to the relationship oE t h e  cavity 
with the frame periphery, since these affect the control plate rolling. 
Since transverse thickness variations produce plate camber during billet 
reducting, these are minimized, and although some variation is present, it 
should not exceed 0,001 in. Misalignment of the cavity with the frame 
edges is also magnified to cause a prablem in obtaining parallogram-shaped 
ends of the rolled core, The drawing indicates an allowable variation of 
0,002 in.; this i s  considered necessary. 

Billet PreDaration and Assemblv 

The rolling billets are an evacuated assembly of the desired reactor 
poison materials compacted as previously described and loaded into an 
ultraclean aluminum container as shown in Fig. 7, ORNL Dwg, 64-812B2. 

2 .  Cleaning cover plate and frame, To guard against lass of control 
plates as a result of blisters in the aluminum, the cover plate 
material is degreased and cleaned to remove pencil marks, tape, 
etc., and then heated 2 hr at 500°C to reveal any blister 
defects. Plates exhibiting any blisters, massive oxidation, 
and/or embedded foreign particles are rejected. 

During the same day as billet assembly, both the cover plates and 
frame are cleaned by a standardized procedure f o r  etching with 
Oakite 160 followed by an alcohol rinse. Details follow. 

Immerse in hot (165-175°F) Oakite 160 solution (10 oz/gal water) 
followed immediately by a thorough rinse in 165-175*F water and 
neutralization in cold 60% nitric acid (42% assay). If smut is 
evident after hot water rinsing to remove the acid, the parts are 
recycled through the Oakite 160 as a rinse only, followed by the 
other treatments; this treatment is repeated until all evidence 
of smut disappears. At the end of treatment, parts are allowed 
to remain in the acid a minimum of 10 min. The acid is then 
rinsed off with hot water followed by alcohol. The parts are 
allowed to dry by natural convection. 

2. Billet loading. Each billet is loaded with 27 powder metal com- 
pacts (see Fig. 7, O M L  Dwg. 64-812B2). The compacts are placed 
in the frame cavity in three layers. Each of these layers con- 
sists of three tantalum- and six europium-bearing compacts. The 
following step procedure is used to successfully load the poison 
mraterial into the billet. 

a. place a clean frame on a clean cover plate in a furnace 
operating at 500°C. 
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b. After 30 to 45 min preheating, the cover  plate and frame are 
removed to a transite-covered support f o r  loading, 

c. Place three tantalum-bearing compacts in the cavity at the 
evacuation tube end and fallow these with six europium- 
bearing compacts to complete a layer. Repeat t h i s  process to 
load all 27 compacts. The orientation of the europium com- 
pacts differ with each of the three layers to make discon- 
tinuity in the interfacial joints between compacts as they 
make up the core thickness. 

d. The top cover plate is added to the frame, 

e. The assembly is held together with four "G" clamps placed 
over and about 2 in. from the corners of the two cover plates 
after they are positioned to allow equal distances around t h e  
frame edges to be used as welding grooves, 

3 .  Billet welding. The groove made between the frame and the 
smaller cvver plate is filled with a ld8-ine-diam 4043 A1 welding 
rod in a single pass with an argon-shielded heliarc welder oper- 
ating at bOV, 200 A,  

Following completion of the cover plate welding, the evacuation 
tube is insetted into the drilled hole and welded in a manner 
commensurate with the cover plate welding, 

Should leaks be in evidence when the billet is attached to the 
vacuum pump, these leaks are located by first placing a large "C" 
clamp over the cover plates near the center and then applying 
approximately 10 psi argon pressure. The leak area is then 
rewelded. 

4 .  Billet evacuation. The billets are placed in a furnace with a 
door arrangement for extending the evacuation stem to connect 
with the vacuum equipment, A vacuum of less than 0.025 torr and 
a temperature of 4OO"C is maintained for a period of n a t  less 
than 16 hr, With the vacuum system still attached, the hat 
billet is removed from the furnace and the evacuation stem closed 
by forge welding at a point approximately 2 in. from the billet. 

Rolling of Plates 

To produce the desired control plate dimensions and to create a 
metallurgical bond between the components, the billets are hot rolled to 
an 87.7% reduction in thickness, or to 0,250 + 0,001 in. The reduction is 
accomplished with a two-high Mesta mill equipped with 19.5-in.-diam by 
30-in.-wide r o l l s .  The rolls are operated at a surface speed of approxi- 
mately 100 f p m  and lubricated continuously with a 10% mixture of S A E  90 
Pinnacle* cylinder oil in kerosene. Equal reduction of the two billet 

*Pinnacle cylinder oil is a product of the Texaco O i l  Company. 
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su r faces  which is  necessary t o  t h e  s a t i s f a c t o r y  r o l l i n g  o f  h e r m e t i c a l l y  
s e a l e d  r e a c t o r  materials is  obtained from rolls precondi t ioned by h o t  
r o l l i n g  6061 alurtii:rxm p l a t e  t o  b u i l d  u p  a2 alsmmP;inum oxide coz t ing  and se t -  
t i n g  t h e  feed t a b l e  t o  deliver the b i l l ep :  tu the rrnedian r o l l  nperring. 

The r educ t ion  schedu le  is given i n  Tables 9 and 3 .  The 6aorrnal 
r o l l i i i g  s p r e a d  i s  increased t o  o b i a i n  i h e  d e s i r e d  c o r e  wjd th  by r o l l i n g  
t h e  f o u r l k  through the  ninth passes ,  a t  90" t o  t h e  lengrir a r h s .  Otherwis~, 
dur ing  r o l l i n g ,  tlir b i l l e t s  arc rt9iated 180" abaut t h e i r  t r a n s v e r s e  and 
l o n g i t u d i n a l  axes. The l i g h t e r  iedj-IctionS a t  t h e  beginning of t he  s c h e d u l ~  
appear t o  d e n s i f y  t h e  compacts aiid irnpiovc Ltie e:;d e f f e c t  i h i r e a s  those a t  
Lhc end reduce r o l l  camber , thereby producing x c e  uniform garage, 

Following t h e  l a s t  r o l l i n g  m i l l  p a s s ,  L h s  p l a t e  i s  r e tu rned  t o  t h e  
furnace Eor 1 h i  a t  500°C t o  s o f t e n  the p l a c e  so  t h a t  it iiacly be e a s i l y  
s t r a i g h t e n e d  artd t o  make v i s i b l e  any b l i s t e r s  t h a t  n?ay be inco rpora t ed ,  

Sn0- c-bial c a r e  i s  exe rc i sed  i n  handl ing th,? b i l l e t  and p l a t e  d u r i n g  and 
a f t e r  r o l l i n g  t o  p r e v e n t  deep l a c e i a t i o n s  and f o r e i g n  nntt?.:ial pickup. 
The p l a t e s  a re  set on edge i n  a ftirnace f i x t u r e  t h a t  of fers  support e n l p  
on a p o r t i o n  t h a t  w i l l  be reaoved l a t e r ,  and s i n c e  shedding of a sbes tos  
glovco i s  a seriot-aa problerc,, on ly  aluminized gloves i n  good cond i t ion  a r e  
used : 

To remove l o n g i t u d i n a l  curvas%ure thaC i s  n o r m 1  l y  developed dtxring 
r o l l i n g ,  t h e  annealed p l a t e  is bent a f t e r  coa l ing  by prying over a r o l l e r  
fuIcrum. The fulcrum u s 4  c o n s i s t s  o f  two &-ii i*-~diam rollers one 
s t a t i o n a r y  and one free r o t a t i n g ,  maintained at 6-in. c c n t e r  biseance.  To 
flatten, t h e  p l a t e  i s  simply r o l l e d  a long  t o  t h e  p o i n t s  of cu rva tu re  anti 
beildi-ng app l i ed  as r equ i r ed  t o  s t r a i g h t e n .  After s t r a i g h t e n i n g ,  the 
p l a t e s  are i d e n t i f i e d  by consecut ive rnurnbers a t  t h e  cored end but  nok over 
t h e  core ,  The plates a ~ e  then stacked four deep between 2--in. aluminum 
p l a t e s  a d  heated t o  825'F fox 1 hr a t  tempcrattrre t o  f u r t h e r  f l a t t e n  t h e m .  

TLnspection of F l a t  Plate 

F,sc!i c o n t r o l  p l a t e  i s  given a v i s u a l  i n spec t ion  tu check f o r  
b l i s t e r s ,  i n c l u s i o n s ;  l a p s ,  s c r a t c h e s ,  and d e n t s ,  I f  any b l i s t e r s  ar 
i n c l u s i o n s ,  l a p s ,  scratches, or  d e n t s  g r e a t e r  than 0.003 i n .  deep are 
found, t h e  p l a t e  i s  re jeczed ,  The  r e j e c t i o n  record is  subaitted eo the 
O p e t a t  ions  Divis ion f o r  d i s p o s i t  i on 

A l l  control plates  are subjecc t o  s 100% u l t r a s o n i c  in spec t ion .  
Procedures f o r  t h e  in spec t ion  are show% i n  item 19, Appendix A. Nonboad 
i n d i c a t i o n s  l18-ine diam o r  greater are recorded, W i t h  the  1/8--in.-diam 
s t anda rd ,  the c o i e  c l ad  o u t l i n e  and o c c a s i o n a l l y  t h e  tat~talum-e~ropi~xm 
i n t e r f a c e  w i l l  i n d i c a t e  nonbsnd cond i t ions  which m e  considered accep- 
t a b l e .  Nonbond i n d i c a t i o n s  i n  areas o t h e r  t han  the core c l a d  o u t l i n e  and 
the tiantalu~-@enroDiiilta i n t e r f a c e  are cause f o r  r e j e c t i o n .  Rejected control 
p l a t e s  are  submitted t o  the  Operations Div i s ion  f o r  disyesition, 
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Table 2. ?dot rolling schedule - Mesta mill 
Plate No. NC-XXX-2 

Date -_ _. ..._. . P l a t e  NO. RC-XXX-P Core Order No. 

Lorrrments : 

2 ,  
o p e n i n g  
( in* )  

1.833 
1 .ti50 
1.485 
1 .336 
1.336 
1 e io1 
1.080 
1.080 
1 .os0 
0 e 934 
0 .OH0 
8 699 
Q .504 
0,522 
0.452 
0.391 
0.388 
0.292 
0.272 
0 (1 259 
0.25 
0.25 

-.-._._ 

7 mill 
Dial 

--- 

7+. 083 
6-E.. 150 
S+. 235 
5+ a 086 
5 + .  086 
4+. 201 
4+ ,  080 
4*. 080 
41.. 080 
3+, 184 
3 + .  058 
2+ * 19Y 
2** 014 
2+ I 022 
It.. 202 
l+. 141 
1+.088 
14.042 
I+ .  022 
I+. 809 
1+.00 
1+.00 

A, F u r n a c e  temperature: 
R ,  Bot-rolled thickness.: 

To lex ance : 
@. 
D. 
E ,  

F. 
e.  
M "  
T. 
J. 

! e t  t ingk- 
Corrected 

shear 

R e v e r s e  rolling direction: y e s  
F l i p  p l a t e  over: Yes 
T e s t  for blisters: Yes 

F u r n a c e  temperature 500°C 
Duration in f u r r i a c e :  60 m i l l  

Ta end leads last pass 
Frame s i z e  15'' x 15'' x 1.562''  
Coven size 14.5" x 14.5" x 0.235" 
Outgas billet over night: at 850°F 
Shear plate after pass no. 17: 
Ta end 7" 
Eu203 end 4'' 

Neat i n g  
time 

(min 1 

120 
1 2  
12 
12 
0 
20 
12 
0 
0 
25 
15 
15 
15 
15 
10 
10 
10 
20 
10 
10 
l a  
0 

-11-- 

Corments : 

Reduction (based 
on rnill , 

h e i g h t  
( n i i l l S )  

204 
183 
165 
143 

0 
135 
121 

0 
0 

146 
176 
LO 
95 
82 
70 
61  
53 
46 
20 
13 

7 
0 

!ttings 1 

(%I  

10.01 

10.00 
10.03 

0.00 
10.L0 
10.07 
0 " 00 
0.00 

13,52 
13.49 
13.49 
13.59 
13 (I 58 
13.42 
13,5Q 
13.55 
13.61 
6,85 
4.78 
2.70 
0.00 

--- 

"Denotes cross r o l l i n g  passes. 
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shear 

Douh l e  
pas s  

T r i p l e  
pass 

...I-c 

120 
12 
12 
12 
0 
20 
12 
0 
0 
25 
15 
15 
15 
15 
10 
10 
10 
20 
10 
10 
10 
0 

Table 3. Hot. r o l l i n g  schedu le  - Mesta mill 
Pla t e  No. HC-XXX-O 

Date Plate No. HC-XXX-0 Core Order No. - 

1. Outgas billet over n i g h t  at 850°F 
J.  Shear p l a t e  a f t e r  pass no. 17: 

Ta end 5 1/4" 

___ 

Pass 
No. 

1 
2 
3 
4* 
5" 
6" 
7" 
8* 
9" 
10 
11 
la. 
13 
14 
15 
15 
17 
18 
19 
20 
21  
22 

0 

2.f  
Opening 

( i n . )  

1.344 
1.666 
1.494 
1.345 
1 .345 
1.206 
1.081 
1 .081 
1.081 
0.935 
0.808 
0.199 
0 604 
0.522 
0.451 
0.390 
0.337 
0,292 
0.272 
0.259 
0.25 
0.25 

_.._.I___ 
.9 mill 

D i a l  

7i.099 
5 + .  160 
5+. 244 
5+. 095 
54.095 
4+. 206 
4+.081 
4a.081 
4-k.081 
34.185 
3+.05R 
2+, 199 
21.104 
2+.022 
16.201 
16. 140 
1+0.87 
1+.042 
l+. 022 
19.009 
1i.00 
1+.00 

Reduction (based 
on mill .- 

h e i g h t  
(mills) ~- 
20 5 
184 
166 
149 
0 

139 
125 
0 
0 

146 
127 
109 
95 
82 
71 
61 
53 
44 
20 
13 

7 
0 

t t ings  ) 

(%I  

10.00 
9.99 
10.00 
9.87 
0.00 
10.33 
10.36 
0.00 
0.00 
13.51 
13.58 
13.49 
13.59 
13.58 
13.50 
13.52 
13.59 
13.35 
6.85 
4 - 7 8  
2.70 
0.00 

-.....___ 

W e n o t e s  c r o s s  r o l l i n g  passes .  



F i n a l l y ,  t he  c o n t r o l  p l a t e s  are radiographed using Kodak "type Wi or  
e q u i v a l e n t  f i lm ,  The f i l m  d e n s i t y  i s  such t h a t  the f u l l e s t  e x t e n t  of t he  
co re  outline i s  v i s i b l e .  A tungsten. wire is  a t t a c h e d  t o  t h e  c o n t r o l  p l a t e  
near  t h e  tantalum-europium i n t e r f a c e  be fo re  radiographing and i s  used as a 
r e f e r e n c e  during t h e  subsequent co re  measuring. The c o n t r o l  p l a t e  co re  is 
then measured in accordance with t h e  i n s t r u c t i o n s  shown i n  Appendix D. 

Bonding of F l a t  P la te  t o  t h e  Backup II P l a t e  

I n  p repa ra t ion  f o r  forming, the c o n t r o l  p l a t e s  are pickled i n  1% 
HF-15X HNO3, r i n s e d  in wate r ,  and d r i e d  with isopropyl  a l c o h o l .  A 
3/8-in.-thick p l a t e  of type 6061-TQ aluminum is sheared t o  c l e a r  t h e  
c o n t r o l  p l a t e  by 2 i n ,  on a l l  s i d e s  and a l s o  i s  p i ck led  and d r i e d  a s  
s t a t e d  above. Af t e r  t h e  p i c k l i n g  o p e r a t i o n ,  t h e  c o n t r o l  p l a t e s  are 
handled with c l ean  white gloves.  The type 6061-TO aluminum p l a t e ,  which 
w i l l  become t h e  backup p l a t e  during preforming, is l a i d  on a t a b l e  b e s t  
s i d e  up and an o u t l i n e  of t h e  c o n t r o l  p l a t e  is cen te red  on the s u r f a c e ,  A 
mixture of Armstrong type A-12 bonding cement i s  blended using 2% of p a r t  
A and 3% of p a r t  B .  An e l a s t i c  bond with minimum f r a c t u r e  during forming 
i s  d e s i r e d .  The bonding cement i s  app l i ed  t o  one s i d e  of t h e  c o n t r o l  
p l a t e  and on t h e  type 6061-TO aluminum i n s i d e  the  layout  l i n e s ,  Af t e r  a 
t h i n  coa t  is  app l i ed  t o  both s u r f a c e s ,  they are l a i d  toge the r  as shown i n  
Fig.  8 (ORNL Photo 64952) and clamped as shown i n  Fig.  9 (QLZML Photo 
64958). S u f f i c i e n t  clamps should be used t o  p u l l  t h e  c o n t r o l  and backup 
p la tes  t i g h t l y  t o g e t h e r .  The composite is  then cured i n  an oven a t  71°C 
(140°F) f o r  2 h r  and i s  removed from t h e  furnace and allowed t o  coo l  
( g e n e r a l l y  o v e r n i g h t )  be fo re  the  clamps are removed. Af t e r  removal of t h e  
clamps, excess bonding cement is  removed from t h e  edges and ends of t h e  
composite u s ing  Amstrong adhesive s t r i p p e r  No.. 44. The composite is 
shipped i n  a special  box t o  prevent  damage i n  t r a n s i t .  

Location and Measurement of Core Sec t ion  

The importance of a c c u r a t e  measurement of t h e  l e n g t h  and width of t h e  
europium oxide and tantalum core  s e c t i o n s  and t h e  r e l a t i v e  l o c a t i o n  of 
t h e i r  tandem cores  w i t h i n  each c o n t r o l  p l a t e  cannot be over-emphasized. 
The foremost reason is t h a t  s i g n i f i c a n t  d e v i a t i o n s  i n  t h e  shape and 
geometr ical  l o c a t i o n  of t he  co re  causes  u n c e r t a i n t i e s  on t h e  e f f i c i e n c y  of 
t h e  c o n t r o l  du r ing  r e a c t o r  ope ra t ions .  Also f a r  t h e  o u t e r  p l a t e s  espe- 
c i a l l y ,  t h e  edging along t h e  p l a t e  is  r a t h e r  narrow (0.125 in. ruin). 
Since these  edges s e r v e  t o  p r o t e c t  t h e  europium oxide from exposure t o  t h e  
water c o o l a n t ,  i t  is  important t o  i d e n t i f y  and maintain t h e s e  dimensions, 
A d d i t i o n a l l y ,  i d e n t i f i c a t i o n  of t h e  symmetry of t h e  co re  s e c t i o n  about i t s  
l o n g i t u d i n a l  ax is  i n  t h e  f l a t  p l a t e  is necessa ry  i n  o rde r  t o  compare t h e  
c e n t e r l i n e  wi th  t h e  c e n t e r l i n e  of t h e  formed c o n t r o l  p l a t e .  Gross d i f f e r -  
ences could in f luence  t h e  width of t he  "neutron window" between the  con t ro l  
p l a t e s  when pos i t i oned  i n  t h e  r e a c t o r .  
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The technique f o r  measurement and l o c a t i o n  of t h e  co re  s e c t i o n  
involves  ( 1 )  d r i l l i n g  a s e r i e s  of l o c a t i n g  ho le s  i n t o  t h e  edges and ends 
of t h e  p l a t e s ,  ( 2 )  p o s i t i o n i n g  a g r i d  onto t h e  c o n t r o l  p l a t e ,  ( 3 )  radio-  
graphing,  ( 4 )  measuring the  dimensions of t h e  co re  and e s t a b l i s h i n g  i t s  
r e l a t i v e  l o c a t i o n  i n  t h e  c o n t r o l  p l a t e  u s ing  d i v i d e r s  and a s c a l e  gra- 
duated i n  1/64 in . ,  and ( 5 )  r eco rd ing  t h e  d a t a .  

Each c o n t r o l  p l a t e  i s  prepared f o r  t h e  d r i l l i n g  ope ra t ion  by c l ean ing  
with an isopropyl  a l c o h o l  s o l v e n t  and covering t h e  exposed s u r f a c e  with 
p l a s t i c  adhesive t ape .  (The exposed s u r f a c e  of t h e  backup p l a t e  i s  n o t  
covered.) The t ape  se rves  t o  p r o t e c t  t h e  s u r f a c e  du r ing  subsequent layout  
and r ad iog raph ic  ope ra t ions .  P r i o r  t o  t h e  t a p i n g ,  each c o n t r o l  p l a t e  i s  
examined f o r  s c r a t c h e s ,  n i c k s ,  and gouges. Control  p l a t e s  with d e f e c t s  
more than 0.003 i n .  deep are s u b j e c t  t o  review f o r  p o s s i b l e  waiver o r  
r e j e c t i o n .  A t y p i c a l  p l a t e  t hus  prepared and mounted on t h e  t a b l e  of a 
Giddings and L e w i s  boring m i l l ,  ready f o r  t h e  d r i l l i n g  o p e r a t i o n ,  i s  
i l l u s t r a t e d  i n  Fig.  10,  Y-12 Photo 112416. I t  can be seen t h a t  t h e  backup 
p l a t e ,  which is  3/8 in .  t h i c k ,  i s  wider and somewhat longer  than t h e  con- 
t r o l  p l a t e .  Also, observe t h a t  t h e  ''top" p o r t i o n  of t h e  c o n t r o l  p l a t e  i s  
i d e n t i f i e d .  This  denotes t h e  end of t h e  c o n t r o l  p l a t e  which bears  t h e  
c o n t r o l  p l a t e  number and has t h e  minimum leng th  of aluminum between t h e  
co re  s e c t i o n  and t h e  end of t h e  c o n t r o l  p l a t e .  This end i s  f r e q u e n t l y  
r e f e r r e d  t o  as t h e  "cored" end of t h e  c o n t r o l  p l a t e .  

As shown i n  Fig.  11, a p a t t e r n  of 1/4- and 1/6-in.-diam h o l e s  i s  
d r i l l e d  i n  each c o n t r o l  p l a t e  i n  r eg ions  which are l a t e r  machined from t h e  
c o n t r o l  p l a t e s .  The h o l e  p a t t e r n  must be a c c u r a t e l y  d r i l l e d  because a 
g r i d  must be p r e c i s e l y  a l i g n e d  with t h e  1/4-in.-diam ho les  when t h e  
c o n t r o l  p l a t e  is radiographed. This  g r i d  p a t t e r n  appears on t h e  x-ray 
f i l m  and i s  used t o  l o c a t e  and measure t h e  co re  region i n  t h e  c o n t r o l  
p l a t e .  

This  h o l e  p a t t e r n  provides s i x  1/16-in.-diam ho les  beyond and along 
each edge of t h e  Eu2O3 and T a  r eg ions  as w e l l  as a p a i r  of 1/4-in.-diam 
end ho le s  i n  t h e  v i c i n i t y  of t h e  l o n g i t u d i n a l  c e n t e r l i n e  of t h e  EupO3 
reg ion  and two 1/16-in.-diam h o l e s  1 in.  o f f s e t  from and p a r a l l e l  t o  t h e  
1/4-in.-diam ho les .  I d e n t i f y i n g  ho le  numbers are s c r i b e d  a d j a c e n t  t o  t h e  
r e s p e c t i v e  ho le s .  Subsequent layout  is r e fe renced  t o  t h e s e  ho le s .  While 
t h e  c o n t r o l  p l a t e  i s  s e t  up f o r  ho le  d r i l l i n g ,  a c c u r a t e  measurements are 
made of t h e  layout  d i s t a n c e s  between h o l e s  1 and 3,  2 and 4, 1 and 2, and 
3 and 4. These dimensions are l a t e r  used t o  a c c u r a t e l y  l o c a t e  t h e  co re  of 
t h e  c o n t r o l  p l a t e  w i th  r e s p e c t  t o  t h e  layout  ho le s  and a l s o  t o  determine 
t h e  accuracy of t h e  layout  p a t t e r n  i n  t h e  subsequent radiograph.  

F igu re  12, Y-12 Photo 114910, shows t h e  c o n t r o l  p l a t e  being prepared 
f o r  radiography. A g r i d  f i x t u r e ,  Y-12 Dwg. N D-M-34945, c o n s i s t i n g  of a 
s h e e t  of 1/4-in.-thick P l e x i g l a s  with a s e r i e s  of f i v e  tungsten wi re s  
spaced i n  t h e  a x i a l  and l a t e r a l  d i r e c t i o n s  i s  keyed t o  t h e  c o n t r o l  p l a t e  
by 1/4-in. dowel p i n s  placed i n  ho le s  Nos. 19 and 21. A dowel placed i n  
h o l e  No. 20 a l s o  permits  a w i r e  t o  be s t r e t c h e d  between ho le s  Nos. 19 and 
20. Radiograph f i l m  i s  placed under t h e  c o n t r o l  p l a t e ,  and a plumb bob i s  
used t o  a l i g n  t h e  x-ray source over t h e  a r e a  t o  be radiographed. The 
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NOTES : 

llxll - W - 17.5" ; Inne r ,  1 1 x 1 1  = w - 15" . Outer 
2 2 1. C a l c u l a t e  Dimension "X"' -' 

2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

where "W" i s  t h e  average width of t h e  c o n t r o l  p l a t e .  
Dimension "Y" = 12" f o r  t h e  Outer c o n t r o l  p l a t e s .  
Dimension "Y" = 17.5" f o r  t h e  Inner c o n t r o l  p l a t e s .  
Holes 1-18 a r e  1/16" i n  diameter and must go through t h e  1/4" p l a t e .  
Holes 19-21 a r e  d r i l l e d  and reamed f o r  a 0.250" dowel and must go 
through both t h e  1/4" p l a t e  and t h e  backup p l a t e .  
Lines AA, DD, and LL are p a r a l l e l  t o  each o t h e r .  Lines  BB and CC a r e  
p a r a l l e l  t o  each o t h e r  and perpendicular  t o  l i n e s  &I, DD, and LL. 
Locate and d r i l l  ho le s  1 and 2. 
Locate and d r i l l  ho le s  13 through 18. 
Locate and d r i l l  ho le s  3 and 4. 
Locate and d r i l l  h o l e s  7 through 12. 
Locate and d r i l l  ho le s  5 and 6. 
Locate and d r i l l  h o l e s  19 and 20. 
Locate and d r i l l  h o l e  21. 
S c r i b e  t h e  h o l e  number next  t o  each h o l e  
Measurements between ho le s  1 and 2, 3 and 4 ,  2 and 4 ,  and 1 and 3 
should be taken t o  t h e  n e a r e s t  0.001" and recorded f o r  each p a r t  on 
t h e  in spec t ion  form be fo re  t h e  p l a t e  i s  removed from t h e  se tup .  

Fig.  11. Layout h o l e  p a t t e r n  f o r  HFIR inne r  o r  o u t e r  c o n t r o l  p l a t e s .  
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Fig. 12. Control plate set up f o r  radiographing. 
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x-ray source is  100 i n .  above t h e  c o n t r o l  p l a t e ,  and by us ing  overlapping 
f i l m s  and radiographing small areas i n  6-in. i n t e r v a l s ,  divergence and 
p r o j e c t i o n  e f f e c t s  a r e  minimized. I n  t h i s  manner, t h e  l o c a t i o n s  and 
d i v e r s i o n s  of t h e  EugO3 and T a  s e c t i o n s  can be i d e n t i f i e d .  
of t h e  co re  region can be desc r ibed  and t h e  average black-gray i n t e r f a c e  
determined. 

The c e n t e r l i n e  

Typical  dimensions i l l u s t r a t e d  by r e s u l t s  of measurements of o u t e r  
p l a t e  HC-65 are  d e t a i l e d  i n  F igs .  13 and 14, showing l o c a t i o n s  of t h e  g r i d  
w i r e s .  The d i s t a n c e ,  a ,  between g r i d  w i r e ,  G ,  and t h e  gray-black i n t e r -  
f a c e  f o r  each co re  s e c t i o n  is measured and recorded. A t  t h i s  i n t e r f a c e ,  
an in t e rming l ing  of t h e  T a  and Eu2O3 occur s ,  and a v a r i a t i o n  i n  shades of 
gray e x i s t s .  The gray-black i n t e r f a c e  i s  de f ined  as t h e  i n t e r f a c e  where 
t h e  black starts changing t o  gray. S i m i l a r l y ,  measurements from t h e  g r i d  
w i r e ,  c ,  t o  t h e  i n t e r f a c e  between t h e  aluminum and t h e  EupO3 s e c t i o n  
d e s c r i b e s  t h e  l o c a t i o n  of t h i s  end of t h e  co re ,  w i th  a c c u r a t e  knowledge of 
t h e  g r i d  wire  i n t e r v a l s .  The l eng th  of t h e  black s e c t i o n  can be d e t e r -  
mined i n  t h i s  o u t e r  p l a t e ;  i t  is  22.063 in .  Also, t h e  d i s t a n c e  from the  
gray-black i n t e r f a c e  t o  h o l e  No. 19 can be descr ibed;  t h a t  i s ,  33.266 i n .  
f o r  o u t e r  p l a t e  HC-65. I n  t h i s  manner, t he  l eng th  of t h e  aluminum t h a t  
must be removed from t h e  "top" end of t h i s  o u t e r  p l a t e  t o  maintain a 
dimension of 30 518 in .  from t h e  top  end of t h e  c o n t r o l  p l a t e  t o  t h e  gray- 
black i n t e r f a c e  is e s t a b l i s h e d .  Using t h i s  arrangement, t h e  l eng th  of t h e  
aluminum between t h e  Ta-Eu2Og i n t e r f a c e  and t h e  "bottom" end of t h e  
c o n t r o l  p l a t e  v a r i e s  s l i g h t l y  from one c o n t r o l  p l a t e  t o  another .  Figure 
15 mainly d e s c r i b e s  t h e  d i s t a n c e  between t h e  edges of t h e  co re  and t h e  
1/16-in.-diam l o c a t i n g  h o l e s  a long t h e  edge. These measurements e s t a b l i s h  
t h e  amount of aluminum t h a t  must be removed from each edge t o  machine the  
c o n t r o l  p l a t e  t o  i t s  f i n a l  width.  They a l s o  d e f i n e  t h e  width of t h e  co re  
and e s t a b l i s h  t h e  co re  c e n t e r l i n e .  The l eng th  of t h e  gray r eg ion  is  based 
on a measurement made along t h e  l i n e  on t h e  radiograph between ho le s  Nos. 
19 and 20. A measurement of t h e  l eng th  of t h e  b l ack  s e c t i o n  is  a l s o  made 
a t  t h e  same t i m e .  From t h e  r e s u l t s  of Fig.  15 ,  t h e  black s e c t i o n  a t  t h i s  
l o c a t i o n  i s  33 20164 - 11 17/64 = 22 3/64 i n .  The gray s e c t i o n  i s  
38 10164 - 33 20164 = 4 54/64 i n .  A sumnary of p e r t i n e n t  measurements f o r  
o u t e r  p l a t e  HC-65 is t a b u l a t e d  i n  Fig.  13. The record inc ludes  t h e  maxi- 
mum v a r i a t i o n  i n  t h e  ove r l ap  of t h e  black r eg ion  i n t o  t h e  gray region from 
t h e  average gray-black i n t e r f a c e .  The s p e c i f i c a t i o n  al lows t h i s  t o  be a 
maximum of 0.250 i n .  Care must be exe rc i sed  n o t  t o  e r r  i n  t h i s  measure- 
ment because a row of 1/4-in.-diam ho les  i s  d r i l l e d  through t h e  c o n t r o l  
p l a t e  i n t o  t h e  gray s e c t i o n  only 1 i n .  beyond t h e  average black-gray 
i n t e r f a c e .  

Layout f o r  Preforming 

Preforming of t h e  c o n t r o l  p l a t e  while  glued t o  t h e  backup p l a t e  must 
be done wi th  ca re .  I n i t i a l  a t t empt s  t o  form t h e  c o n t r o l  p l a t e s  r e s u l t e d  
i n  c rack ing  of t h e  c o n t r o l  p la tes  as i l l u s t r a t e d  i n  Fig.  16, Y-12 Photo 
111114. 
d i s p e r s i o n .  

This  w a s  a t t r i b u t e d  t o  t h e  low d u c t i l i t y  of t h e  31 vo l  % Eu203-Al 
Gluing t h e  3/8-in.-thick backup p l a t e  e f f e c t i v e l y  s h i f t e d  the  
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n e u t r a l  a x i s  i n t o  t h e  backup p la te ,  keeping t h e  c o n t r o l  p l a t e  i n  compres- 
s ion .  The des igne r s  and f a b r i c a t o r s  f e l t  t h a t  even under t h e s e  circum- 
s t a n c e s  they should g e n t l y  form t h e  c o n t r o l  plates i n  increments as 
opposed t o  forming t h e  c o n t r o l  p l a t e  i n  one ope ra t ion ,  In  ad 
uniform r a d i u s  with minimum t w i s t  i n  o rde r  t o  achieve gswd r e s u l t s  i n  the  
subsequent exp los ive  s i z i n g  ope ra t ions  i s  d e s i r e d .  Lines s c r i b e d  a t  
i n t e r v a l s  a long t h e  edge of t h e  c o n t r o l  p l a t e  a r e  very u s e f u l  i n  g u i  
t h e  preforming work. F igu re  1 7 ,  Y-12 Photo 112516, i l l u s t r a t e s  t h e  s e t u p  
used for s c r i b i n g  t h e s e  l i n e s .  The p l a t e  is  mounted s o  t h a t  t h e  longitu- 
d i n a l  c e n t e r l i n e  of t h e  co re  (El) as measured by radiography i s  p a r a l l e l  
t o  t h e  s u r f a c e  p l a t e .  The c e n t e r l i n e  i s  l o c a t e d  by us ing  rhe Cad i f l ae  
he igh t  gaugep and both t h e  backup and c o n t r o l  p l a t e s  a re  marked w i t h  a 
p r e c i s i o n  s c r i b e .  Figure 18 provides layout  information for  t h e  s c r i b i n g  
ope ra t ion .  The Pines dep ic t ed  are s c r i b e d  ~n each end of the  c o n t r o l  and 
backup p l a t e  a t  0.50-in. increments,  The farm showing the measurement 
from ho les  No. 1 ,  2, 13, and 17 t o  t h e  c e n t e r l i n e  is r e t a i n e d  t o  v e r i f y  
t h e  important p a r t  of t h i s  procedure. 

Data t a b u l a t i o n  of N F I R  core  l o c a t i o n  
i n  o u t e r  segment p a r t  HC-65 

Average d i s t a n c e  of black-gray i n t e r f a c e  from g r i d  l i n e  G 

Distance of g r i d  l i n e  G from c e n t e r l i n e  of l ayou t  hole  

Distance of average black-gray i n t e r f a c e  from c e n t e r l i n e  
of ho le  N o .  19 

Average d i s t a n c e  of black-white i n t e r f a c e  from g r i d  l i n e  C 

Distance of g r i d  Pine 6 from c e n t e r l i n e  of ho le  No. 19 

Distance of average black-white i n t e r f a c e  from c e n t e r l i n e  
of h o l e  No. 19 

Average l eng th  of black s e c t i o n  

Meximum o v e r a l l  length of black s e c t i o n  

Distance from c e n t e r l i n e  o f  h o l e  No. 19 t a  t o p  edge of p l a t e  

Maximum v a r i a t i o n  of b l ack  s e c t i o n  from average black-gray 
i n t e r f a c e  

1 734 

33 I 266 

0.203 

11.078 

11 e 203 

22.063 

22 0 406 

2.641 

0 II 140 

Fig. 13. Data t a b u l a t i o n  of B F I R  core l o c a t i o n  i n  
o u t e r  segment park NC-65 
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Fig. 16. Control plate formed without backup plate. 
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Preforming -__- 
The i nne r  and o u t e r  p l a t e s  are curved t o  a radius of 9 112 and 9 713 

i n . ,  r e s p e c t i v e l y .  This preforming i s  a roughing apesa t ion  i n  p repa ra t ion  
t o  f i n a l  exp los ive  s i z i n g .  Since t h i s  i s  a prologue t o  final s i z i n g ,  
s t r a i g h t n e s s  and s etry  are) extremely inaporrtawt 

A l / 2 - i n ,  by IO-ft rated P a c i f i c  press Brakc i s  used for the  pre- 
f ~ r m i n g  o p e r a t i o n ,  The seacup is i l l u s t r a t e d  i n  Fig. 1 9 ,  y-12 Photo 
112153,  and a cen tzo l  p l a t e  i n  t h e  l a t t c r  atages  of forming i s  shown io. 
t h e  press brake i n  Pig. 20, Y - - 1 2  Photo 112154. A punch with a r a d i u s  of 
approximately 8 i n .  i s  fastened to t he  ram of the press brake. Re t r ac t -  
a b l e  p o i n t e r s  at each end of t h i s  punch are used t o  l o c a t e  t he  g u i d e l i n e s  
s c r i b e d  a t  t h e  coeitrol plate cads, The base of t h e  d i e  is a s o l i d  s l a b  of 
polyvinyl  c h l o r i d e  cured to about a 75 durometer. To compensate for end 
d e f l e c t i o n ,  there is. a shim 3/16 i n .  x 18 i n .  x 12 i n .  under each end of 
the po lyv iny l  c h l o r i d e .  l h e  rubber-covered t ab le  in t h e  fo reg round  and 

p l a t e  when i t  is not i n  t hc  f m m i r t g  die. 
the p a p e s - c ~ ~ e r e d  t ab l e  in the backggol-lnd used t o  support  t h e  C O Z P ~ P O ~  

The press brake is s e t  with a predetermined ecrske, The c o n t r o l  
p l a t e  is l i n e d  up under the r e t ; r ae t ab le  pointers at. each end of the  punch, 
This  arrangement maintains  the  punch para l le l .  t o  the  core c e n t e r l i n e ,  

~ l k e  preform over t h e  f u l l  l eng th .  The white coa t ing  on t h e  bottom of the 
p l a t e  i s  talcum powder which was used t a  make it  easier t o  s l i d e  on the 
rubber  i n  t h e  d i e .  

en the punch ~~~~~ do i t :  forms a n  spp r sx ime te ly  1-in,-wide s t r i p  of 

The procedure used is given below: 

1 .  Briar t o  forming, t h e  plastic adhesive t ape  covering the s u r f a c e  
of t h e  control. plate is removed; the s u r f a c e  is  thoroughly 
cleaned with i sop ropy l  a l coho l  and the s u r f a c e  is covered wikh 
heavy kraft paper. Masking t ape  is used t o  cover t h e  exposed 
regions oF excess  epoxy to con ta in  p a r t i c l e s  i n  t h e  event  sf  
breakaway. The masking t ape  a l so  serves to hold the k r a f t  paper 
in p l a c e ,  

2. Align the punch p a r a l l e l  with the d i e  mounted Q I ~  the press  brake.  

3 .  The composite i s  placed i n  t h e  die and the centerline of t he  
c o n t r o l  p l a t e  i s  a l igned  with two Ke t rac t ab le  end pointers on 
t h e  punch. Talcum powder i s  used as a l u b r i c a n t  when necessary.  

4 .  The punch i s  gent ly  lowered u n t i l  i t  is i n  firm con tac t  with the 
c o n t r o l  plate and t h e  stroke l i m i t  i s  s e t  at zero.  
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5. The s t r o k e  l i m i t  i s  a d j u s t e d  t o  advance t h e  punch 0.050 i n .  below 
t h e  f l a t  c o n t r o l  p l a t e  s e t t i n g  i n  s t e p  4. The p r e s s  brake i s  
operated t o  form t h e  p a r t  a long t h e  c e n t e r l i n e .  If no forming 
occur s ,  t h e  p r e s s  brake i s  lowered i n  0.050-in. i n t e r v a l s  u n t i l  
bending becomes apparent .  The punch is wiped with a c l ean  c l o t h  
a f t e r  each s t r o k e  t o  remove f o r e i g n  p a r t i c l e s  which may damage 
t h e  c o n t r o l  p l a t e .  

6. When bending i s  appa ren t ,  t h e  composite i s  s h i f t e d  i n  t h e  d i e  t o  
t h e  s c r i b e  l i n e  1 i n .  from t h e  c e n t e r l i n e  and t h e  forming opera- 
t i o n  i s  r epea ted ,  f i r s t  forming on one s i d e  of t h e  c e n t e r l i n e  t o  
t h e  edge of t h e  c o n t r o l  p l a t e  and then s h i f t i n g  t o  t h e  o t h e r  s i d e  
of t h e  c e n t e r l i n e .  

7. The p a r t  i s  then r o t a t e d  180" and a l igned  1/2 i n .  o f f  t h e  cen te r -  
l i n e ,  and t h e  s t r o k e  i s  inc reased  0.025 in .  and t h e  forming 
ope ra t ion  r epea ted  as desc r ibed  i n  s t e p  6. 

8. The s t a r t i n g  p o s i t i o n  i s  changed f o r  each success ive  forming 
o p e r a t i o n  i n  t h e  o rde r :  ( a )  on c e n t e r l i n e ,  ( b )  1/2 in .  o f f  cen- 
t e r l i n e ,  ( c )  1/2 i n .  o f f  c e n t e r l i n e  t o  oppos i t e  s i d e ,  ( d )  1 in .  
o f f  c e n t e r l i n e ,  and ( e >  1 in .  o f f  c e n t e r l i n e  t o  oppos i t e  s i d e .  
This  sequence i s  r epea ted  u n t i l  t h e  c o n t r o l  p l a t e  i s  formed. For 
each s t a r t i n g  p o s i t i o n ,  t h e  d i e  s t r o k e  is  inc reased  0.025 in .  and 
f o r  each s t a r t i n g  p o s i t i o n ,  t h e  c o n t r o l  p l a t e  i s  r o t a t e d  180". 

9. Between each change i n  s t r o k e  s e t t i n g ,  t h e  r a d i u s  i s  monitored 
us ing  a series of templates  graduated i n  s i z e  increments t o  t h e  
f i n i s h e d  r a d i u s  of 9 1/2 i n .  and 9 7/8 i n . ,  r e s p e c t i v e l y ,  f o r  t he  
inne r  and o u t e r  p l a t e s .  During t h e s e  i n s p e c t i o n s ,  end spread o r  
bellmouth i s  a l s o  checked. I f  t h i s  occu r s ,  a d d i t i o n a l  shims are 
i n s e r t e d  under t h e  rubber a t  t h e  ends of t h e  d i e .  I t  i s  very 
important t h a t ,  du r ing  t h e  preforming, t h e  composite be maintained 
p a r a l l e l  t o  t h e  punch c e n t e r l i n e  by always a c c u r a t e l y  p o s i t i o n i n g  
t h e  r e s p e c t i v e  s c r i b e  l i n e s  a t  each l e v e l  under t h e  r e t r a c t a b l e  
a1 ignmen t p o i n t e r s  . 

The preformed p a r t  w i th  t h e  p r o t e c t i v e  paper removed i s  shown i n  
Fig.  21, Y-12 Photo 112152. The s u r f a c e  shows evidence of t h e  forming 
i n t e r v a l s .  These marks a r e  i n s i g n i f i c a n t  and are removed during subse- 
quent p i c k l i n g  and exp los ive  forming ope ra t ions .  
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Removal of Preforming Backup Plate 

After preforming the control plates, the backup plate is removed and 
discarded. The removal is accomplished by heating the Armstrong A-12 
epoxy to the softening temperature, approximately 250°F (121"C), to 
destroy the adhesion and allow the control plate to separate from the 
backup plate by gravity. 

The control plates are heated with the 12-Kw open radiant heating 
unit shown in Figs. 22 and 23 (ORNL Photos 95388 and 95389). Applying the 
heat to the concave or control plate side effectively releases the control 
plate leaving most of the adhesive on the backup plate. 
adhesive is removed with Armstrong adhesive stripper no. 44. 
traces of adhesive are removed by rinsing in 1 vol % hydrofluoric acid and 
15 vol X nitric acid in water followed by a water rinse. 

The remaining 
The last 

nDn'L-PU"TO 95388 
- I- 

Fig. 22. Heater for removing backup plates. 
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ORNL-PHOTO 95389 

Fig. 23. Backup plate being removed. 

The neutral axis of the composite during forming is in the 318 in. 
backup plate so when the control plate is released from the backup plate, 
it exhibits a reverse springback and assumes the target radius fo r  explo- 
sive forming of 9 1/8 and 9 318 in. + 118 in. for the inner and outer 
plates, respectively. 

- 

Heat Treatment 

Because of the close control of dimensions demanded of the finished 
part, there was concern that a stress relief treatment of the completely 
finished control plate component would result in sufficient distortion to 
cause a rejection. In analyzing the fabrication process, it was felt that 
major stresses would be produced in the preforming operation - a stress 
relief was instituted between the cleaning and explosive sizing opera- 
tions. Each plate is set in a furnace with the edges down and heated to 
775'F for 3 hr and furnace cooled. No signifi- 
cant distortion has occurred. 
stress relief, but it was deliberately increased to 775°F to assure ade- 
quate stress relief of the dispersion-type neutron absorber core material. 
After heat treatment, the control plate is given a final visual inspection 
for blisters, scratches, and dents before being processed further. 

Plates are not stacked. 
The temperature is somewhat high for a 
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Explosive S i z i n g  of Preformed P l a t e s  

S i z i n g  of t h e  preformed p l a t e s  i s  done exp los ive ly  i n  o rde r  t o  more 
c l o s e l y  shape them s i n c e  machining of t h e  formed r a d i u s  would reduce t h e  
c l a d  over t h e  Eu2O3 and T a  s e c t i o n s .  
l y  p r i m a r i l y  t o  minimize t h e  bow and t w i s t  remaining from t h e  preforming 
o p e r a t i o n  i n  o rde r  t o  more c l o s e l y  f i t  t h e  p r e c i s e  f i x t u r i n g  r e q u i r e d  f o r  
t h e  f u t u r e  welding o p e r a t i o n s ;  s i n c e  four  of t h e  inne r  p l a t e s  are welded 
t o g e t h e r  t o  form a c y l i n d e r  which i s  aga in  exp los ive ly  f i n a l  formed. 

The inne r  p l a t e s  a r e  s i z e d  explosive- 

Boring P o s i t i o n i n g  Locators  

The r a d i u s  of t h e  preformed c o n t r o l  p l a t e  i s  l a r g e r  than the  r a d i u s  
of t h e  exp los ive  forming d i e .  To prevent  misalignment during t h e  explo- 
s i v e  forming, a h o l e  is  bored a t  one end of t h e  c o n t r o l  p l a t e  and a s l o t  
a t  t h e  o t h e r  end along t h e  co re  l o n g i t u d i n a l  c e n t e r l i n e  as shown i n  Y-12 
Dwgs. E-M-56370 and E-M-55623 f o r  o u t e r  and inne r  c o n t r o l  p l a t e s ,  respec- 
t i v e l y .  The h o l e  and s l o t  a r e  pos i t i oned  t o  match two p ins  i n  t h e  d i e  
c a v i t y .  The diameter of t h e  ho le  and width of t h e  s l o t  i s  0.469 i n .  t o  
permit  c l ea rance  with t h e  0.437-in.-diam pins .  The l eng th  of t h e  s l o t  i s  
0.750 i n .  t o  a l low f o r  l o n g i t u d i n a l  movement of t h e  c o n t r o l  p l a t e  during 
s i z i n g .  The ho le s  a r e  bored i n  t h e  end p o r t i o n s  of t h e  c o n t r o l  p l a t e  and 
a r e  removed dur ing  subsequent machining. These h o l e s  are bored a f te r  
forming t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of h o l e  d i s t o r t i o n  which can occur 
during t h e  preforming ope ra t ion .  

Desc r ip t ion  of Forming Die 

The exp los ive  forming d i e  and a c c e s s o r i e s  are shown i n  Fig.  24 (Y-12 
Photo 110146). The d i e  body i s  made of 12-in.-thick ho t - ro l l ed  s t e e l  
p l a t e  machined t o  a r a d i u s  of 9.300 + .002 i n .  S t r a i g h t n e s s  of t h e  d i e  
a long  i t s  l eng th  i s  0.003 in .  Detaiis  of t h e  d i e  design are shown on Y-12 
Dwg. E-T-46184. The tapped ho le s  on each s i d e  of t h e  t o p  a r e  f o r  posi-  
t i o n i n g  t h e  exp los ive  and f o r  eye b o l t s  used f o r  l i f t i n g  t h e  d i e .  The row 
of tapped ho le s  around t h e  o u t s i d e  of t h e  c y l i n d r i c a l  s u r f a c e  a r e  f o r  
b o l t i n g  down f l anges  on t h e  rubber l i n e r .  Four small-diameter ho le s  e x i s t  
on t h e  s i d e s  of t h e  d i e  f o r  evacuat ing t h e  a i r  from t h e  space between t h e  
d i e ,  rubbe r ,  and c o n t r o l  p l a t e .  Two of t h e s e  a r e  shown on t h e  i n s i d e  sur-  
f a c e  of t h e  d i e .  Nipples f o r  a t t a c h i n g  rubber hoses are welded a t  the  
e x i t  p o r t s  of t h e s e  ho le s .  Two of t h e s e  n i p p l e s  can be seen on t h e  f r o n t  
f ace  of t h e  d i e  body. The 1 1 4 - h .  rubber l i n e r  f o r  s e a l i n g  t h e  c o n t r o l  
p l a t e  du r ing  evacuat ion i s  shown i n  t h e  foreground. The aluminum s t r i p s  
l y i n g  on t h e  rubber diaphram have beveled edges and are pos i t i oned  along 
t h e  edges of t h e  c o n t r o l  p l a t e  covering t h e  evacuat ion ho le s  t o  p r o t e c t  
t h e  rubber from being extruded i n t o  t h e  evacuat ion ho le s  and being sheared 
by t h e  c o n t r o l  p l a t e  edges. 

The s t r a i g h t  and curved m e t a l  s t r i p s  which con ta in  ho le s  a r e  f l anges  
which s e r v e  t o  seal  t h e  rubber l i n e r  a g a i n s t  t h e  d i e .  F igu re  25 (Y-12 
Photo 116188) i s  another  view of t h e  d i e  which shows t h e  two p ins  t h a t  
p o s i t i o n  t h e  p l a t e  i n  t h e  d i e .  The l a r g e  square head lugs  on each s i d e  of 
t h e  upper f a c e  of t h e  d i e  support  t h e  charge p o s i t i o n i n g  s t i c k s  and al low 
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t h e  s t i c k s  t o  be r a i s e d  o r  lowered t o  g ive  t h e  d e s i r e d  charge s tand-off .  
The eye b o l t s  and shack le s  are used f o r  a t t a c h i n g  s l i n g s  which al low t h e  
d i e  t o  be h o i s t e d  and lowered i n t o  t h e  w a t e r - f i l l e d  tank us ing  an overhead 
crane.  

The same d i e  i s  used f o r  shaping both inne r  and o u t e r  c o n t r o l  p l a t e s .  
The i n s i d e  r a d i u s  of t h e  d i e  i s  machined t o  form t h e  o u t e r  c o n t r o l  p l a t e ,  
and a 0.375-in.-thick shim is  i n s e r t e d  when forming t h e  inne r  c o n t r o l  
p l a t e s .  The d i e  i s  designed t o  accept  t h e  unmachined c o n t r o l  p l a t e s  which 
provides a c o n t r o l  p l a t e  a r c  l eng th  longer  than t h e  f i n a l  a r c  length.  
This  e x t r a  m a t e r i a l  i s  l e f t  on t h e  c o n t r o l  p l a t e  t o  f u r t h e r  a s s u r e  a more 
uniform f i n i s h e d  product s i n c e  t h e  c o n t r o l  p l a t e  edges do n o t  form as we l l  
as t h e  i n t e r i o r  po r t ion .  The e x t r a  m a t e r i a l  is  machined away during sub- 
sequent  manufacturing ope ra t ions .  I t  w a s  p rev ious ly  s t a t e d  t h a t  t h e  out- 
s i d e  r a d i u s  of t h e  preformed c o n t r o l  p l a t e s  i s  l a r g e r  than t h e  forming 
d i e .  This i s  necessa ry  s i n c e  t h e  exp los ive  forming ope ra t ion  causes t h e  
edges of t h e  c o n t r o l  p l a t e  t o  s p r i n g  away from t h e  d i e .  The s t r a i n  
c r e a t e d  by f o r c i n g  t h e  l a r g e r  r a d i u s  p l a t e  i n t o  t h e  d i e  minimizes t h i s  
spr ingback e f f e c t .  The o u t s i d e  r a d i u s  of t h e  o u t e r  p l a t e  i s  9 318 i n .  
with a d i e  r a d i u s  of 9.300 i n .  and t h e  inne r  p l a t e  i s  formed t o  an o u t s i d e  
r a d i u s  of 9 i n .  f o r  a d i e  r a d i u s  of 8.925 in .  

Assemblv of P l a t e  i n  Formine D i e  

The r a d i u s  of t h e  preformed c o n t r o l  p l a t e  i s  l a r g e r  than t h e  forming 
r a d i u s  of t h e  d i e ,  t hus ,  r e q u i r i n g  s p e c i a l  handl ing t o  assemble t h e  
c o n t r o l  p l a t e  t o  t h e  d i e .  A pusher arrangement, i s  i l l u s t r a t e d  i n  Fig. 
26 (Y-12 Photo 116185). The wood, 2 i n .  x 4 in . ,  fo rces  t h e  c o n t r o l  p l a t e  
i n t o  t h e  d i e  and i s  he ld  f i rmly  a g a i n s t  t h e  d i e  wi th  t h e  s t e e l  screw-downs. 
This  f i x t u r e  i s  n o t  removed u n t i l  t h e  rubber diaphram shown covering t h e  
c o n t r o l  p l a t e  i s  s e c u r e l y  f a s t ened  i n  p l ace ,  t h e  i n t e r i o r  evacuated, and 
t h e  assembly checked f o r  l eaks .  

The complete assembly is  shown i n  Fig.  27 (Y-12 Photo 110118). The 
assembly i s  ready t o  be lowered i n t o  t h e  water f o r  f i r i n g .  The vacuum 
hoses on t h e  l e f t  s i d e  of t h e  d i e  go t o  each end and evacuate t h e  d i e ;  
those on t h e  r i g h t  s i d e  of t h e  d i e  go t o  a vacuum gauge. The rubber hoses 
a r e  weighted t o  keep them from f l o a t i n g  and being blown o f f  by t h e  explo- 
s i o n .  The two exp los ive  charges (50 -g ra ins I f t  prima co rd )  a r e  pos i t i oned  
above t h e  d i e  on t h e  wooden s t i c k s .  Broken s t i c k s  from t h e  previous sho t  
can be seen f l o a t i n g  i n  t h e  water. A s i z e  6 or 8 de tona t ion  cap i s  
f a s t ened  t o  each end of both exp los ives .  Four a d d i t i o n a l  de tona to r s  a r e  
f a s t ened  t o  t h e  p r i m a  cord 114 of t h e  d i s t a n c e  from each end. 

The l ead  wires from t h e s e  caps a r e  shown extending from t h e  l e f t  s i d e  
of t h e  d i e  a t  each end. There i s  a d i r e c t i o n a l  e f f e c t  from t h e  explosive 
and t h i s  shoo t ing  method is  an at tempt  t o  c r e a t e  two shock waves which 
meet a t  t h e  c e n t e r  of t h e  d i e .  
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S u m a r y  of Assembly and Shooting Procedures 

1. 

2. 

3. 

4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

The c o n t r o l  p l a t e  r a d i u s  i s  inspected t o  s e e  t h a t  i t  is l a r g e r  
than t h e  d i e  r a d i u s  - 9 318-in. minimum and 9 7/8-in. maximum f o r  
o u t e r  p l a t e s ,  9-in. minimum and 9 1 1 2 - h .  maximum f o r  i nne r  p l a t e s .  

P r i o r  t o  p l ac ing  t h e  c o n t r o l  p l a t e  i n t o  t h e  d i e ,  both c o n t r o l  
p l a t e  and d i e  a r e  c a r e f u l l y  c leaned i n  isopropyl  a l coho l  and 
f i n a l l y  wiped with a c l o t h  t o  remove a l l  d u s t  and d i r t .  

The c o n t r o l  p l a t e  is c a r e f u l l y  pos i t i oned  i n  t h e  d i e  so t h a t  t h e  
alignment h o l e  and s l o t  are pos i t i oned  over t h e  d i e  pins .  

The rubber diaphragm i s  placed over t h e  c o n t r o l  p l a t e  and t h e  
pusher i s  i n s t a l l e d  on t h e  d i e .  The c o n t r o l  p l a t e  i s  forced 
a g a i n s t  t h e  d i e  with t h e  p i n s  i n  t h e  ho le  and the  s l o t .  

The beveled aluminum edge s t r i p s  are i n s t a l l e d  along the  edges of 
t h e  c o n t r o l  p l a t e  w i th  t h e  beveled edge away from t h e  p l a t e .  And 
rubber s t r i p s  1 1/2-in. wide by 1/4-in. t h i c k  are placed a t  each 
end of t h e  c o n t r o l  p l a t e .  
used t o  keep t h e  rubber diaphragm from being sheared by t h e  
c o n t r o l  p l a t e  du r ing  t h e  exp los ion ) .  

(The aluminum and rubber s t r i p s  a r e  

The rubber diaphragm hold-down clamps a r e  b o l t e d  t o  t h e  edges and 
ends of t h e  d i e  t o  make a vacuum-tight j o i n t .  

The d i e  i s  evacuated using a mechanical vacuum pump, and the  
system is inspected f o r  l eaks .  Any i n d i c a t i o n  of leakage on the  
gauge i s  considered unacceptable.  

The pusher is removed from t h e  d i e  and atmospheric p re s su re  holds  
t h e  p a r t  f i rmly  a g a i n s t  the d i e .  

The charge p o s i t i o n i n g  s t i c k s  and ho lde r s  a r e  prepared and posi-  
t i oned  t o  g ive  t h e  d e s i r e d  s t andof f  and la teral  p o s i t i o n  above 
t h e  p a r t .  Three sets of p o s i t i o n e r s  are used. 

Two s t r a n d s  of 5 0 - g r a i n s l f t  prima cord are s t r u n g  between t h e  
charge p o s i t i o n i n g  s t i c k s ,  s t r e t c h e d  o u t ,  and taped i n  p o s i t i o n .  
The charges are pos i t i oned  i n  a h o r i z o n t a l  plane 10 i n .  above the  
c e n t e r  of t h e  d i e  contour and i n  a v e r t i c a l  plane 5 i n .  from the  
c e n t e r l i n e  of t h e  d i e .  They are armed, using de tona to r s  a t  1/4 
t h e  d i s t a n c e  i n  from each end. 

The d i e  and armed charges a r e  pos i t i oned  under a 4 - f t  head of 
water i n  t h e  shoot ing tank and t h e  charges a r e  f i r e d  s imulta-  
neously ( a l l  de tona to r s  wired i n  p a r a l l e l ) .  

The d i e  is removed from t h e  tank,  d r i e d  using compressed a i r ,  
disassembled, and t h e  c o n t r o l  p la te  removed. 



13 .  The c o n t r o l  p l a t e  is q u a l i t a t i v e l y  in spec ted  using ci template t o  
i u s  of t he  c o n t r o l  p l a t e  (9,050 i n .  f o r  t he  o u t e r  

p l a t e  and 8.675 i n .  f o r  t h e  inner  p l a t e ) .  

14. Whenever t h e  c o n t r o l  p l a t e  i s  11’8 i n .  o v e r s i z e ,  t h e  s i z i n g  opera- 
t i o n  i s  repeated.  Before r epea t ing  the  s i z i n g  o p e r a t i o n ,  t h e  
c o n t r o l  p la te  is  given a thorough inspec t ion  t n  etermine whether 
t w i s t  has developed. I f  t h e  c o n t r o l  p l a t e  is tw i s t ed  o r  under- 
s i z e ,  i t  i s  s e n t  back t o  preforming to remove t h e  twist. and re-  
e s t a b l i s h  t h e  preform r a d i u s  * 

The e f f e c t s  of t h e  underwater explosion can be seen i n  Fig.  28 ,  Y-12 
Photo 110120. The rubber hose i n  t h e  foreground goes t o  a vacuum gauge 
hanging on t h e  column i n  back of t h e  switch box. The vacuum lead  l i n e s  
a r e  shown on the  l e f t  s i d e  of t h e  CQ~U~IXI. The l ead  wi re s  t o  the  e l e c t r i c  
de tona t ing  caps can be seen a t  t h e  l e f t  of t h e  CQPUWJ nex t  t o  the  rubber 
hoses d 

Dimensional In spec t ion  of Sized P l a t e s  

Before proceeding wi th  subsequent o p e r a t i o n s ,  i t  is necessary t o  
determine whether o r  no t  t h e  exp los ive ly  s i z e d  c o n t r o l  p l a t e  is accep tab le .  
This  cons ide ra t ion  i s  most important f o ~  t h e  o u t e r  p l a t e  s i n c e  the as- 
s i z e d  contour is  t h e  f i n a l  shape of t h e  c o n t r o l  p l a t e .  The inne r  p l a t e s  
are subsequent ly  welded toge the r  t o  form a c y l i n d e r  and t h e i r  f i n a l  con- 
t o u r s  are e s t a b l i s e d  by  exp los ive ly  s i z i n g  the welded c y l i n d e r .  

Resizing o f  t h e  o u t e r  p l a t e  is  r e q u i r e d  when v a r i a t i o n s  g r e a t e r  than 
0.020 i n .  f r o m  t h e  nominal 9.300 r a d i u s  a r e  observed. Besizing i s  a l s o  
s p e c i f i e d  when t h e  mismatch between t h e  c e n t e r l i n e  of t he  formed o u t e r  
p l a t e  and t h e  core r eg ions  does not y i e l d  a minimum of 0,125-in. aluminum 
edge c l a d  i n  t h e  f i n a l  p l a t e .  

Each c o n t r o l  l a t e  i s  x-rayed and t h e  radiographs a r e  measured t o  
determine t h e  d i s t a n c e  between t h e  r e f e r e n c e  h o l e s  and the  core edge. 
From t h i s  measurement, t h e  amount of aluminurn t o  be removed from each 
c o n t r o l  p l a t e  edge is e s t a b l i s h e d ,  measurements are a l s o  made oE t h e  co re  
r eg ions  t o  reconfirm measurements p rev ious ly  taken. The d i s t a n c e  between 
ho le s  and co re  edge is u s u a l l y  l e s s  than t h e  f l a t  p l a t e  dimension because 
of t h e  compressive forming. 

As i l l u s t r a t e d  i n  Pig.  29, Y-12 Photo 184908, t h e  c o n t r o l  p l a t e  i s  
pos i t i oned  i n  a f i x t u r e  so t h a t  t h e  x-rays can be focused onto the edges 
of t he  c o n t r o l  p l a t e  which are a l igned  perpendicular  t o  t h e  source t o  keep 
divergence and p r o j e c t i o n  a t  a minimum. A series of radiographs are made 
(17 f o r  o u t e r  and 18 f o r  i n n e r ) ,  each wi th  t h e  x-ray head perpendicular  t o  
t h e  f i lm ,  The source is pos i t i oned  100 i n .  from t h e  work and is moved 
l o n g i t u d i n a l l y  wi th  r e s p e c t  t o  t h e  p la te  t o  t ake  the many radiographs.  
The l ead  numbers shown i n  the i l l u s t r a t i o n  a r e  hung on a wire s t r e t c h e d  
along t h e  c o n t r o l  p l a t e .  These i d e n t i f y  the  l o c a t i o n  of t h e  d i f f e r e n t  
radiographs.  The d a t a  l i s t e d  i n  Fig.  30 d e s c r i b e  t h e  a c t u a l  dimensions 
obtained from a s e r i e s  of radiographs.  X-ray procedures a r e  given i n  
Appendices A,  B ,  and C. 
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Y-110120 

F i g .  28, Forming die at detonation. 
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StraiLhkening Outer @ o n t r o l  P l a t e s  

Pn t h e  l a t e r  o u t e r  c o n t r o l  p l a t e s  manufactured, i t  became apparent  
t h a t  a more c o n s i s t a n t  method of a t t a c h i n g  end f i t t i n g s  w a s  r equ i r ed .  In 
orde r  t o  implement t h i s  new method, a s t r a i g h t e n i n g  ope ra t ion  was i n t r o -  
duced a f t e r  explos ive  forming in spec t ion .  No at tempt  i s  made LO modify 
t h e  r a d i u s  imparted by explos ive  Eo y t w i s t  i s  remove 

i s  i l l u s t r a t e d  i n  Figs. 31 an 127 anad Y-12 Photo . Extreme care must be taken gh r eve r se  t w i s t  t o  
c o r r e c t  t h e  ou er p l a t e .  J o b  s p e c i f i c a t i o n  BFIW Ma. I S ,  "Procedure €or  
s t r a i g h t e n i n g  IR o u t e r  c o n t r o l  cy l inde r  quandrants3"  in Appendix E 
o u t l i n e s  t h e  s a igh ten ing  procedure.  A t  s t r a i g h t e n i n g  in spec t ion ,  maxi- 
mum edge v a r i a t i o n  shall no t  exceed .020 in .  and ou te r  plate ends i n  t 
p lane  of t h e  edge s h a l l  be wi th in  0. 

Inspec t  ion and Layout .-.-- o f  Cente r l ines  

Inspec t ion  of t h e  contour  of t h e  c o n t r o l  p l a t e  is made as t h e  con t ro l  
p l a t e  l i e s  on t h e  in spec t ion  mandrel i n  i t a  free s t a t e  as opposed t o  a 
pos ture  which may have changed e l a s t i c a l l y  i f  clamping were used. 
extremely important when s e t t i n g  t h e  c o n t r o l  p l a t e  i n  p o s i t i o n  t h a t  t h e  
contour  imparted by t h e  s i z i n g  ope ra t ion  no t  be d i s tu rbed .  

It  i s  

The equipment f o r  t h e  alsntour i n spec t ion  is also used dur ing  a t t ach -  
ment of end f i t t i n g s  and al though Fig .  3 3 ,  Y-I2 Photo 1156358, shows an 
o u t e r  p l a t e  i n  a subsequent i n spec t ion ,  t he  photograph f e a t u r e s  t h e  basis: 
t o o l i n g  and equipment used i n  t h i s  i n i t i a l  inspec t ion .  The mandrel con- 
s is ts  of two d i s c s  wi th  i d e n t i c a l  r a d i i ,  which have the  s p e c i f i e d  r ad ius  
s i z e  f o r  t h e  i n s i d e  of t h e  o u t e r  p l a t e .  A similar type f i x t u r e  i s  used 
f o r  contour  in spec t ion  of t h e  inner  p l a t e s .  A master template  which pro- 
v ides  a r e fe rence  s u r f a c e  f o r  t h e  in spec t ion  i s  i n s t a l l e d  on t he  chucked 
end of t h e  mandrel. 

Deviat ions from t h e  s p e c i f i e  r a d i u s  are measured wi th  a l i n e a r  
potent ionmeter  sensor  probe coniie ted  to an X-18 r eco rde r ,  The Y a x i s  of 
t h e  p l o t  i s  t h e  r e l a t i v e  v a r i a t i o n  f r o  t h e  s p e c i f i e d  o u t s i d e  r ad ius  of  
t h e  p a r t  and is accura t e  t o  wi th in  -9,Q 5 i n . ;  the  X-axis of t h e  p l o t  i s  
t h e  r e l a t i v e  d i s t a n c e  along t h e  'length of t h e  p l a t e  Erom t h e  s t a r t i n g  
p o s i t i o n .  The potent iometer  s t y l u s  can be seen r e s t i n g  on t h e  ou te r  con- 
tour .  The potent iometer  is zeroed with r e s p e c t  t o  the master templates .  
F ive  t r a c e s  of t h e  contour  of each c o n t r o l  p l a t e  are made wi th  r e s p e c t  t o  
t h e  l o n g i t u d i n a l  a x i s .  These t r a c e s  a r e  r a d i a l l y  1 5 / 8  i n ,  a p a r t .  Axial  
positiou is re ferenced  by means of a s igna l  from t h e  wheel potent iometer  
r e s t i n g  on t h e  machine t a b l e .  

The mandrel is centered  on t h e  machine wi th  the  c o n t r o l  p l a t e  i n  i t s  
u n r e s t r a i n e d  cond i t ion  and can be r o t a t e d  by means of t h e  indexing head 
l o c a t e d  on t h e  chucked end. Longi tudina l  alignment and e l e v a t i o n  of t he  
p a r t  above t h e  mandrel. a r e  re ferenced  t o  t h e  master template.  
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The c o n t r o l  p l a t e  g e n e r a l l y  r e q u i r e s  p o s i t i o n a l  adjustments p r i o r  t o  
making t h e  d e t a i l e d  scans ,  and a d i a l  i n d i c a t o r  i s  used i n  making these  
p re l imina ry  measurements. The adjustments a r e  aimed a t  p o s i t i o n i n g  the  
c o n t r o l  p l a t e  about a "best  f i t "  c e n t e r l i n e  as found by recorded devia- 
t i o n s .  The c o n t r o l  p l a t e  is ad jus t ed  s o  t h a t  p o s i t i v e  and nega t ive  
d e v i a t i o n s  balance and a r e  hope fu l ly  wi th in  t h e  c o n t r o l  p l a t e  contour 
to l e rance .  The n i n e  scans taken down the l eng th  of t he  c o n t r o l  p la te  
r e p r e s e n t  a " f i n g e r p r i n t "  of t h e  c o n t r o l  p l a t e  f o r  attachment of end f i t -  
t ings . 

It  is  n o t  unusual t o  f i n d  t h a t ,  as the  c o n t r o l  p l a t e s  r e s t  on the  
i n s p e c t i o n  d i s c s  i n  t h e  f r e e  s t a t e ,  t he  co rne r s  of t h e  c o n t r o l  p l a t e s  do 
no t  r e s t  on t h e  f i x t u r e .  Shims are provided t o  f i l l  i n  t he  gaps and h e l p  
prevent  e l a s t i c  o r  p l a s t i c  deformation. 

P r i o r  t o  making t h e  d e t a i l  s cans ,  t h e  "best  f i t "  c e n t e r l i n e  
designated E - 2 i s  i d e n t i f i e d ;  i t s  l o c a t i o n  i s  then marked on the  p l a t e  
and compared t o  t h e  previous c e n t e r l i n e  measurement - 1 .  Layouts of 
c e n t e r l i n e s  are desc r ibed  b r i e f l y  on Y-12 procedure Dug E-M-55625. The 
procedure i s  as fol lows:  

1. 

2. 

3 .  

With t h e  c o n t r o l  p l a t e  r e s t i n g  on t h e  in spec t ion  f i x t u r e  and 
pos i t i oned  with r e s p e c t  t o  the  "best  f i t "  c e n t e r l i n e ,  a l i n e  i s  
s c r i b e d  through ho le  No. 9 p a r a l l e l  t o  t h e  "best  f i t "  c e n t e r l i n e .  
This  l i n e  should a l s o  be p a r a l l e l  t o  t h e  edge of t h e  core  s e c t i o n  
and is a monitor d e f i n i n g  the  width of t he  aluminum l e f t  on the  
c o n t r o l  p l a t e  edge i n  t h e  l a t t e r  s t a g e s  of machining. Another 
l i n e  through h o l e  No. 15,  a s h o r t  d i s t a n c e  from t h e  oppos i t e  edge 
of t h e  co re ,  s e rves  the  same purpose. Both l i n e s  a r e  s c r i b e d  the 
f u l l  l eng th  of t h e  c o n t r o l  p l a t e .  

The a r c  l eng th  Ap between t h e s e  s c r i b e d  l i n e s  i s  measured with a 
s p e c i a l  template t o  a p r e c i s i o n  of +0.010 i n .  The width of t he  
aluminum edging between h o l e  No. 9 and t h e  edge of t he  co re ,  Wg, 
and t h e  similar measurement from h o l e  N o .  15, W15, are obtained 
from t h e  radiographs of t h e  exp los ive ly  s i z e d  p l a t e ,  and t h e  core 
a r c  l eng th ,  AC, i s  c a l c u l a t e d .  

AC = Ap - (wg + ~ 1 5 )  

Using h o l e  No. 9 as a r e f e r e n c e ,  t he  d i s t a n c e  Dg t o  t h e  core  cen- 
t e r l i n e  is  c a l c u l a t e d  and measured with a f l e x i b l e  tape t o  the  
c e n t e r l i n e  of t h e  core .  

A s h o r t  l i n e  p a r a l l e l  t o  t h e  l i n e s  a l r e a d y  s c r i b e d  a longs ide  the  
co re  s e c t i o n  is marked a t  each end of t h e  c o n t r o l  p l a t e  and i s  
i d e n t i f i e d  as E - 2 and compared t o  E - 1. 
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4. 

5 .  

6. 

The ope ra t ions  descr ibed above are r epea ted  us ing  ho le  No. 15 as 
a r e f e r e n c e ,  and t h e  marks i d e n t i f y i n g  - 2 a t  t h e  c o n t r o l  p l a t e  
ends must coincide.  

I f  g - 2 d e v i a t e s  more than 0.050 i n .  from E - 1, an  a n a l y s i s  
must be made t o  a s s u r e  t h a t  t h e  width of t h e  aluminum edging 
a longs ide  t h e  "black" s e c t i o n  of t h e  f i n i s h e d  o u t e r  c o n t r o l  
p l a t e  w i l l  be a t  l eas t  0.125 in .  For t h e  inne r  c o n t r o l  p l a t e ,  
t h e  a n a l y s i s  must show t h a t  t he  edge w i l l  be +1/16 i n .  of t h e  
0.438 i n .  s p e c i f i e d  edge width.  

- 

Measure an a r c  l eng th  of 6.802 in .  from 5 - 2 on each s i d e  of 
- 2 and i d e n t i f y  t h e  l o c a t i o n  wi th  a s m a l l  punch mark. 

Layout and Machinine Outer P l a t e s  t o  F i n a l  S i z e  

The f i n a l  o u t e r  p l a t e  layout  f o r  machining i s  done with t h e  o u t e r  
p l a t e  clamped t o  t h e  same mandrel used f o r  t h i s  machining. The mandrel is  
shown i n  F ig .  34, Y-12 Photo 112947. I t  is  made of s t e e l  and has  replace-  
a b l e  aluminum shims bo l t ed  t o  it. With t h e  two shims a t t a c h e d  t o  t h e  f i x -  
t u r e ,  i t s  o u t s i d e  r a d i u s  i s  equal  t o  t h e  nominal i n s i d e  r a d i u s  of t h e  
o u t e r  p l a t e .  Two o u t e r  p l a t e s  are  clamped t o  t h e  mandrel i n  opposing 
quadrants  t o  b e t t e r  balance t h e  mandrel and t o  make a more e f f i c i e n t  
machining ope ra t ion .  The mandrel is  cen te red  on t h e  bed of a h o r i z o n t a l  
m i l l  u s ing  a chuck a t  one end and a l i v e  c e n t e r  a t  t h e  o t h e r .  The s e t u p  
is  arranged so  t h a t  p r e c i s e  angular  measurements can be made using t h e  
chuck a t t a c h e d  t o  a gear  reducer  and motor t o  provide r o t a t i o n .  

The f i n a l  machined a r c  l e n g t h  of t h e  p l a t e  i s  c a l c u l a t e d  from angular  
measurements taken with t h e  o u t e r  p l a t e  mounted on t h e  mandrel. The chuck 
d r i v e  system i s  used t o  r o t a t e  t h e  mandrel du r ing  machining of t h e  f i n a l  
o u t e r  p l a t e  l eng th .  The o u t e r  p l a t e  edges are machined by moving t h e  m i l l  
bed under t h e  m i l l i n g  c u t t e r .  The equipment i s  shown i n  F ig .  35,  Y-12 
Photo 112950, which i l l u s t r a t e s  t h e  edge trimming ope ra t ion .  

The step-by-step procedures used f o r  t h i s  f i n a l  s e t u p  and machining 
a r e  l i s t e d  below: 

1. The shim t h a t  f i t s  between t h e  p l a t e  and t h e  mandrel should be 
prepared i n  advance of t h e  a c t u a l  machining. This shim should 
have a th i ckness  such t h a t  t h e  o u t e r  r a d i u s  is  t h e  same as t h e  
nominal c o n t r o l  p l a t e  i nne r  r a d i u s  (9.050 in .  f o r  t h e  o u t e r  and 
8.671 i n .  f o r  t h e  inne r  c o n t r o l  p l a t e s ) .  The areas along t h e  
edge of t h e  shim which do n o t  c o n t r o l  t h e  f i n i s h e d  p a r t  w i th in  
1 / 4  i n .  should be undercut a minimum of 0.015 in .  The shim 
should be thoroughly deburred and cleaned be fo re  use. 

2. T rans fe r  a l l  h o l e  and p a r t  i d e n t i f i c a t i o n  numbers from t h e  inner  
s u r f a c e  t o  t h e  o u t e r  s u r f a c e  of t h e  c o n t r o l  p l a t e ,  c l ean  the  
c o n t r o l  p l a t e  thoroughly,  and c a r e f u l l y  p o s i t i o n  the  p a r t  on t h e  
shimmed mandrel. 
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3. The p a r t  is  placed on t h e  mandrel i n  a f r e e  s t a t e ,  ca re  being 
taken not  t o  f o r c e  it l a t e r a l l y .  A small clamp i s  placed a t  each 
end a t  t h e  c e n t e r  of t h e  p a r t  t o  hold i t  f i r m l y  a g a i n s t  t h e  
mandrel. 

4. A wiggler c e n t e r i n g  device i s  i n s t a l l e d  i n  the  m i l l  head and the 
c o n t r o l  p l a t e  r o t a t e d  s o  t h a t  one s e t  of ho le s  ( 3 ,  7 ,  8 ,  9 ,  10,  
11, 1 2 ,  4 )  through which a guide c e n t e r l i n e  w a s  s c r i b e d  i s  per- 
pendicular  t o  t h e  m i l l  head ( s e e  Y-12 Dwg. E-M-55625). 
h o l e  i s  cen te red  using the  wigg le r ,  then the  p l a t e  i s  r o t a t e d  t o  
t h e  oppos i t e  s e t  of ho le s  ( 1 ,  13,  14,  15,  16,  17,  18,  2) and the  
process  r epea ted .  Maximum runout may not  exceed 0.025 i n .  
without  Operations Div i s ion  approval .  General ly ,  a runout no t  
exceeding 0.030 t o  0.040 i n .  may be allowed dependent upon core 
width.  

Each 

5. The o u t e r  p l a t e  i s  clamped s e c u r e l y  t o  the  mandrel, and t h e  check 
i n  S t e p  4 i s  r epea ted  t o  a s s u r e  t h a t  t he  ou te r  p l a t e  did no t  
s h i f t  during t h e  clamping ope ra t ion .  

6 .  Using t h e  indexing head, measure the  angle  of r o t a t i o n  between 
ho le s  Nos. 9 and 15. The measurement i s  made t o  t h e  s c r i b e  l i n e s  
p rev ious ly  made ad jacen t  t o  t h e  h o l e s .  I t  i s  very important on 
a l l  angular  measurements and r o t a t i o n s  i n  the procedure t h a t  t he  
s l a c k  i n  t h e  r o t a t i n g  and angle  measuring system i s  e l imina ted .  
The angle  i s  recorded as angle  0 f o r  r e fe rence .  

7.  Using t h e  curved p l a t e  r ad iog raphs ,  t h e  core  angle  of r o t a t i o n  i s  
c a l c u l a t e d  and i d e n t i f i e d  as angle  a. This angle  ~1 is  obtained 
by measuring t h e  d i s t a n c e  between t h e  co re  edges and ho le s  Nos. 9 
and 15 and c a l c u l a t i n g  t h e  two angles  which a r e  i d e n t i f i e d  as 
ang le  B 1  and ang le  62. 
81 + 62 i s  angle  a .  

The d i f f e r e n c e  between angle  Q and angle  

8 .  One-half ang le  0 is  angle  8 ,  which i d e n t i f i e s  t h e  core c e n t e r l i n e .  
From h o l e s  Nos. 9 and 15, s c r i b e  l i n e s  r o t a t e  through ang le  8. 
These two r o t a t i o n s  e s t a b l i s h  the  core  E - 3 and should meet a t  t h e  
co inc iden t  p o i n t  a t  t he  p l a t e  c e n t e r .  5 - 3 should be wi th in  0.050 
i n .  of 5 - 1; i f  t h e  divergence i s  g r e a t e r ,  Operations Divis ion 
approval  is  r equ i r ed  t o  proceed. I f  - 1 and - 3 a r e  sepa ra t ed  
by more than 0.030 i n .  and do no t  c r o s s  a t  some po in t  along t h e  
a x i s  of t h e  p a r t ,  Operations Div i s ion  approval i s  r equ i r ed  t o  
proceed t o  t h e  next  s t e p .  

9. From 5 - 3,  r o t a t e  41"54'30" and mark t h i s  po in t  a t  t he  4 edge 
co rne r s  of t h e  p l a t e .  These marks should c o i n s i d e  with marks pre- 
v i o u s l y  e s t a b l i s h e d  by in spec t ion .  
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10. Machine each edge us ing  t h e  c e n t e r  po in t  i n  S tep  9 as t h e  t r i m  
l i n e .  Af t e r  machining, t h e  chord should measure 12.424 i n .  I f  
t h e  chord dimension i s  g r e a t e r  than  12.430 in . ,  remove equal  
s t o c k  from each edge t o  o b t a i n  a chord dimension of 12.430 t o  
12.424 i n .  The chord i s  measured and v e r i f i e d  by in spec t ion  
whi le  t he  p l a t e  i s  s t i l l  on t h e  mandrel. 

11. The end clamps a r e  now removed and edge clamps are used t o  a l low 
a c l ean  s u r f a c e  f o r  end machining. 

12. With t h e  p a r t  clamped t o  t h e  mandrel,  measure i n  from ho le  NO. 19 
t h e  dimension e s t a b l i s h e d  by in spec t ion  a t  f l a t  p l a t e  radiography 
and make a s m a l l  punch mark. 
p l a t e .  Machine t h e  end square  wi th  - 3. 

This  d e f i n e s  t h e  t o p  end of t h e  

13. E s t a b l i s h  t h e  bottom p l a t e  end from t h e  f i n i s h e d  top  end by 
measuring down t h e  p l a t e  66 3/16 i n .  
w i th  t h e  oppos i t e  end and square  wi th  E, - 3. 

Machine t h i s  end p a r a l l e l  

14. The p l a t e  i d e n t i f i c a t i o n  number which w a s  removed dur ing  machin- 
ing i s  s c r i b e d  a t  t h e  same end of t h e  o u t e r  p l a t e .  
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DRILLING 1 / 4 - I N C H  DIAM HOLES I N  OUTER CONTROL PLATES 

A s  d e t a i l e d  i n  Dwg E-49823, 467 1/4-in, diam ho les  a r e  d r i l l e d  i n  
each o u t e r  p l a t e .  D r i l l i n g  such a l a r g e  number of ho le s  made i t  d e s i r a b l e  
t o  use a t ape -con t ro l l ed  d r i l l i n g  machine. P r i o r  t o  d r i l l i n g  t h e s e  h o l e s ,  
t h e  mandrel, wi th t h e  two p l a t e s  s t i l l  clamped i n  p l a c e ,  is  pos i t i oned  on 
t h e  d r i l l i n g  machine bed on c e n t e r s .  The s e t u p  i s  i l l u s t r a t e d  i n  Fig.  36, 
Y-12 Photo 112676. Angular r o t a t i o n  with r e s p e c t  t o  t he  p a r t  c e n t e r l i n e  
i s  accomplished using a p r e c i s i o n  indexing head shown i n  t h e  foreground. 
Axial  spacing is e s t a b l i s h e d  a u t o m a t i c a l l y  by t h e  tape-control led c a r r i a g e .  

The ope ra t ion  proceeds by d r i l l i n g  an e n t i r e  row of ho le s  a long the  
a x i s  of t h e  p a r t ,  indexing,  and then d r i l l i n g  the  next  row of h o l e s .  With 
t h i s  r e p e t i t i o n ,  a l l  KOWS of ho le s  are completed as d i r e c t e d  by t h e  tape 
c o n t r o l .  The d r i l l  passes  through t h e  o u t e r  p l a t e  but b a r e l y  e n t e r s  t he  
shim backing p l a t e .  A completely d r i l l e d  p l a t e ,  t h e  d r i l l ,  and guide 
bushing are shown i n  Fig.  37, Y-12 Photo 112677. To minimize g a l l i n g  of 
t h e  d r i l l ,  White and Bagley ch lo r ide - f r ee  o i l  i s  used. O i l  feed i s  a 
once-through ope ra t ion  i n  o rde r  t o  avoid p o s s i b l e  c h l o r i d e  contamination 
should t h e  o i l  pass through t h e  c e n t r a l  l u b r i c a t i o n  system. 

During the  d r i l l i n g  o p e r a t i o n ,  t h e  aluminum ch ips  p r i n c i p a l l y  from 
t h e  r o w  of ho le s  c l o s e s t  t o  t h e  gray-black i n t e r f a c e ,  a r e  reserved f o r  
p o s s i b l e  chemical a n a l y s i s .  Y-12 Dwg. E-M-55623 d e f i n e s  t h e  ho le s  from 
which t h e s e  ch ips  a r e  c o l l e c t e d .  

Dimensional In spec t ion  of Machined O u t e r  P l a t e  

P r i o r  t o  r a d i u s i n g  t h e  h o l e s ,  each p l a t e  i s  radiographed p r imar i ly  
t o  ( 1 )  v e r i f y  t h e  width of t h e  f i n i s h e d  aluminum edging a longs ide  t h e  
c o r e  and ( 2 )  compare the  a c t u a l  l eng th  of t h e  black-gray i n t e r f a c e  from 
t h e  numbered end of t h e  p l a t e  with t h e  s p e c i f i e d  dimensions. The width of 
t h e  edging must no t  be less than 0.125 i n .  and t h e  black-gray i n t e r f a c e  
m u s t  be w i t h i n  +1/32 of i t s  s p e c i f i e d  d i s t a n c e  of 30 5 /8  in .  from t h e  num- 
bered end of t h e  p l a t e ,  ORNL Dwg. E-49823. 

The r ad iog raph ic  technique is  e s s e n t i a l l y  t h e  same as desc r ibed  i n  
radiographing a f t e r  exp los ive  s i z i n g ,  where t h e  s t r e t c h e d  wire down t h e  
middle of t h e  p l a t e  and overlapping f i l m  are u t i l i z e d .  A t y p i c a l  r e s u l t  
for p l a t e  HC-65-0 i s  shown i n  Fig.  38, which shows t h a t  t h e  minimum edging 
is 7/32 i n .  and t h e  d i s t a n c e  from the  numbered end of t h e  p l a t e  t o  the  
black-gray i n t e r f a c e  i s  30 25/32 i n .  

Radiusing 1/4-in. D i a m  Holes 

The c o n t r o l  s y s t e m  h y d r a u l i c s  demands t h a t  t h e  sha rp  edges on both 
s i d e s  of each 1/4-in. diam h o l e  be r ad iused  and t h a t  t h e  r a d i u s  s u r f a c e  be 
smooth and f r e e  of burrs and c h a t t e r  marks. The r a d i u s  is 1/32 i n .  and 
m u s t  blend t o  avoid s h a r p  edges. This  d e t a i l  i s  desc r ibed  i n  ORNL Dug. 
E-49823. 
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S p e c i a l  t o o l i n g  w a s  designed and cons t ruc t ed  t o  ensure  accep tab le  
r a d i i .  

The t o o l i n g  i s  desc r ibed  i n  d e t a i l  i n  Dwg. D-T-33203. A motor-driven 
t o o l  i s  used t o  provide a speedy ope ra t ion .  A c loseup  of t h i s  equipment 
i s  shown i n  F ig .  39, Y-12 Photo 115695. The locking  n u t  which r e s t r i c t s  
t h e  t r a v e l  depth  of t h e  c u t t e r  i s  ev iden t  and an al ignment  dowel can be 
seen  i n  t h e  foreground. Isopropyl a lcoho l  w a s  s e l e c t e d  as a l u b r i c a n t  
dur ing  c u t t i n g  and t h e  tub ing  l i n e s  and clamps used t o  meter t h i s  f l u i d  
are  v i s i b l e .  The f a c e  of t h e  t o o l  suppor t  i s  contoured t o  match t h e  pro- 
f i l e  o €  t h e  p a r t  and, by means of c l o s e  f i t t i n g  dowels i n  ad jacen t  h o l e s ,  
a l i g n s  t h e  r a d i u s i n g  c u t t e r  wi th  t h e  h o l e  being rad iused .  The c u t t e r  i s  
equipped wi th  a nylon bushing wi th  p i l o t s  which a l i g n  the  c u t t e r  i n t o  t h e  
h o l e  being rad iused .  A cam a c t i o n  i s  used t o  ra ise  and lower t h e  c u t t e r .  
A pos i t i ve - s top  c o n t r o l  l i m i t s  t h e  depth of t r a v e l  of t h e  c u t t e r .  The 
c u t t e r  depth i s  p r e s e t  on a t e s t  p l a t e  and locked be fo re  r ad ius ing  i s  
s t a r t e d  on t h e  c o n t r o l  p l a t e .  

An o v e r a l l  view of  t h e  r a d i u s i n g  ope ra t ion  i s  i l l u s t r a t e d  i n  F ig .  40 ,  
Y-12 Photo 115698, showing t h e  o u t s i d e  s u r f a c e  mounted on a mica r t a  sup- 
p o r t  f i x t u r e .  When r a d i u s i n g  t h e  ho le s  from t h e  i n s i d e  s u r f a c e ,  a c r a d l e  
f i x t u r e  of mica r t a  i s  used. 

T o  ensu re  t h a t  t h e  rad iused  s u r f a c e  of each ho le  i s  smooth and f r e e  
of  b u r r s  and c h a t t e r  marks, t h e  c u t t e r  is sharpened p e r i o d i c a l l y .  The 
r ad iused  s u r f a c e  i s  f i n a l l y  f i n i s h e d  by po l i sh ing  wi th  aluminum wool. 
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Fig .  39. Radiusing ho les  i n  a control p l a t e .  



77 

-
l

d
 

m
 

al 
U

 
ld 
d

 
a
 

0
 

t-l 
U

 
C

 
0
 

u 

d
 

1 





79 

ATTACWENT OF END FITTINGS TO QUTER CONTROL PLATES 

Proper p o s i t i o n i n g  and attachment of t h e  end f i t t i n g s  t o  the  c o n t r o l  
p l a t e s  i s  a s e n s i t i v e  and c r i t i c a l  ope ra t ion .  Its importance must n o t  be 
underrated because t h e  end f i t t i n g s  f i t  i n t o  t h e  r e a c t o r  assembly, and i n  
t h i s  manner, t h e  r e l a t i v e  p o s i t i o n  of t h e  o u t e r  c o n t r o l  plates  t o  the  
a d j a c e n t  r e a c t o r  components i s  e s t a b l i s h e d .  The ou te r  c o n t r o l  p l a t e s  axe 
pos i t i oned  between t h e  B e  r e f l e c t o r  and t h e  inne r  control. c y l i n d e r  with 
c l ea rances  of 0.136 in.  and 0.129 i n . ,  r e s p e c t i v e l y ,  which must be c l o s e l y  
c o n t r o l l e d .  

Finished P l a t e  Inspec t ion  

Af te r  completion of t h e  edge and end trimming and t h e  h o l e  d r i l l i n g  
and r a d i u s i n g ,  it i s  necessa ry  t o  in spec t  t he  c o n t r o l  p l a t e  t o  a s s u r e  t h a t  
i t s  contour has  not  dimensional ly  changed. The procedure is  similar t o  
t h a t  used a f t e r  exp los ive  s i z i n g .  Since t h e  l o c a t i o n s  used during explo- 
s i v e  s i z i n g  have been machined away, a master template  i s  used t o  aid i n  
p o s i t i o n i n g  t h e  c o n t r o l  p l a t e  and i d e n t i f y  measuring l o c a t i o n s .  The pro- 
cedure i s  given below. 

1. 

2 "  

3.  

4 .  

The c o n t r o l  p l a t e  i s  s e t  up on t h e  i n s p e c t i o n  mandrel and a l igned  
t o  a master template .  The c o n t r o l  p l a t e  is  checked t o  make s u r e  
t h a t  i t s  edges are p a r a l l e l  t o  and t h e  ends square with the  bed 
t r a v e l  of t h e  machine. I f  a compromise i s  r e q u i r e d  i n  t h e  s e t u p ,  
i t  may be made by balancing the  t o t a l  i n d i c a t o r  reading (TIR) 
between t h e  two edges.  The edge and end T I R  are recorded. 

The r a d i a l  v a r i a t i o n s  are inspected by t ak ing  measurements a t  6" 
i n t e r v a l s  s t a r t i n g  a t  t h e  l o n g i t u d i n a l  c e n t e r l i n e .  These 
measurements are taken 7 /8  i n .  from t h e  cored end of t he  c o n t r o l  
p l a t e  and 1 7/8 i n ,  from t h e  oppos i t e  end. The i n d i c a t o r  is zero 
a d j u s t e d  using t h e  master template  and v a r i a t i o n s  g r e a t e r  than 
c0.005 i n .  from t h e  9.300-in. r a d i u s  r e q u i r e  t h a t  t h e  c o n t r o l  
p la te  be r e s t r a i g h t e n e d  as p rev ious ly  mentioned and shown i n  
F igs .  31 and 32. 

I n  o rde r  t o  have s e t u p  p o i n t s  which can be used t o  s e t  t h e  
c o n t r o l  p la te  f o r  i n s t a l l i n g  t h e  end f i t t i n g s  and f o r  checking 
t h e  p a r t  s e t u p  a f t e r  t h e  end f i t t i n g s  a r e  i n s t a l l e d  but be fo re  
f i n a l  machining, t h r e e  a d d i t i o n a l  measurements are taken a t  each 
end of t h e  c o n t r o l  p l a t e .  The measurements a r e  taken between the 
second and t h i r d  rows of 1/4-in.-diam ho les  from each end, 
r a d i a l l y  a t  t h e  p l a t e  c e n t e r l i n e ,  and between the  f i r s t  and 
second row of ho le s  from t h e  edge. 

The same l i n e a r  potent iometer  s enso r  probe used i n  the  contour 
measurements a f t e r  exp los ive  s i z i n g  is  used f o r  t h e s e  measure- 
ments. 



End- %; it t ing P r e. pa r a t ion 

Raw material for upper nnd lower end-fltting w e l d m e n t  f a b r i c a t i o n  is 
3/4--in. 6061 T4 aluminum p l a t e  OWL Dwgs + E49825 and E-49821 e The plate 
is  rolled intc9 a cylinder 13 114-ix. O.D., seam walded, and reheat-treated 
to the Tb condition- Cylinders arc  limited t o  &-in. lmgths for ease o i  
haladl ing, Ihe s t e p s  i n  mantifacturiwg the rough-machined lower f l a n g e  are 
listed b2I .a~.  

1 .  

2, 

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

9 .  

10. 

11 

Using a lathe, t u r n  the O.D. to 19.100 - + 0.005 in. and counter- 
bore m e  enti to 18.440 + 0.002 in.,  3.750-h- deep .   ore through 
17.937 + 0.003 in. dian~-and cut o f f  a 4 1/16--in. length at the 
csuntergtrred end. 

The r i n g  provides sufficient material for f o u r  end fittings. 
Lay out lararing lug and coupling flange locations and drill a 
3/32-diarra hole throi;g.,h the cylinder at. the center of each bearing 
lug. These are v e n t  holes for  welding, 

Shrink fit cylinder to  welding reslrnining fixture, '9-12 Dwg, 
E-"-66773. See Figs. 41 and 42 ,  X - - 1 0  Photos 81644 <and 81645.k 

Using a welding f i x t ~ r e ,  Y-12 mg. E-T-66767,  locate and weld all 
appendages except %he bear ing lugs .  

Pemove weld ing  f i x t u r e  and heat  treat t he  welded cylinder with 
the welding restraining € i x t u r e  in place, Brat to 775'F (413°C). 
 old f o r  two haurs then coal a t  50°F (10°C) per hour  t o  500°F 
(26O"C) ,  remove from furnace, and allow to cool to room tea- 
perature - T h i s  treatnaent is ts obta in  "0" temper. 

lteassemble in welding f i x t u r e  and weld the bearing lugs i n  place. 

No additional heat  treating will be allowed. 

Remove f rom welding fixture. and measure 43" on each side of each 
coupling flange c s a t e c  and saw CUI: COIIP end fittings f ~ o m  r ing .  

Inspect part f o r  machining cleanup. 

Clamp end f i t t i n g  scrureky t o  machining €ixture ,  Y-12 Dwg, 
E-T-66756, and align on milling anaac\* L 1ne. 

Face bottcsm. o f  coupling f l ange  t o  establish 2 29/32-in. dimension 
to the bottom of the bearirag lugs. 

___ ......... . 
*These figures show rings yielding th ree  end f i t t i n g s  p e r  r ing .  See 

ORNL Dwgs. E -49821-4 and E-.695211-2 f o r  fPangc veldmerits yielding f o u r  end 
f i t t i n g s  from each ring,  
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ORNL-PHOTO 81645 

Fig. 41. Lugs welded to  upper end f i t t i n g .  
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ORNL-PHOTO 81644 

Fig. 42. Lugs and flanges welded to lower end fitting. 



12. 

13. 

14. 

15. 

16. 

1 7 .  

Bore coupl ing f l a n g e  t o  3.065-in. diam and counterbore 3 7/23-in. 
diam. 

Reverse p a r t  f o r  machining oppos i t e  s i d e ,  f i n i s h  coupl ing f l ange  
t o  0.812 - 0.813-in. t h i c k ,  then f i n i s h  a l l  s u r f a c e s  of t h i s  
s i d e .  

Locate and d r i l l  and t a p  f o r  coupl ing lock screw. I n s t a l l  
coupl ing lock screw. 

Remove p a r t  from f i x t u r e  and mount on Lucas t ape  m i l l i n g  f i x -  
t u r e ,  Y-12 Dwg. E-T-66750. Locate f i x t u r e  with p a r t  on m i l l .  

Contour backside of s i d e  wi th  f l a n g e  and lugs;  machine 9.300-in. 
r a d i u s  and 9.050-in. r a d i u s .  Machine coupl ing f l a n g e  r e l i e f ,  
ho ld ing  0.437-in. dimension from t h e  f a c e  of t h e  f l ange  t o  the  
shoulder .  

In spec t  and r eco rd  a l l  dimensions. 

C r i t i c a l  ope ra t ions  i n  t h e  manufacture of t h e  lower c o n t r o l  p l a t e  
f l ange ,  ORNL Dwg. E-49821, have been desc r ibed .  The upper f l ange ,  ORNL 
Dwg. E-49825, is  t r e a t e d  s i m i l a r l y  and needs no f u r t h e r  explanat ion.  The 
f i n a l  f i n i s h  of both f l a n g e s  i s  completed a f t e r  they are mounted t o  t h e  
c o n t r o l  p l a t e .  

A f t e r  exp los ive  forming, t h e  c o n t r o l  p l a t e  i s  s t r a i g h t e n e d  such t h a t  
c o i n c i d e n t  ends of t h e  c o n t r o l  p l a t e  a r e  a l igned  wi th in  0.002 in . ;  t h i s  
accuracy is  necessary i n  o r d e r  t o  match the  end f i t t i n g s  a t  oppos i t e  ends 
of t h e  c o n t r o l  p l a t e .  The t o p  and bottom end f i t t i n g s  are i l l u s t r a t e d  i n  
Fig.  43, Y-12 Photo 132118. The i n s i d e  r a d i u s  of t h e  end f i t t i n g s  i s  
machined t o  9.300 i n .  which is  t h e  nominal o u t s i d e  r a d i u s  of t h e  c o n t r o l  
p l a t e .  An extremely important f e a t u r e  of both end f i t t i n g s  i s  t h e  f a c t  
t h a t  bear ings are subsequent ly  a t t a c h e d  t o  t h e  lugs  v i s i b l e  i n  the  
i l l u s t r a t i o n s .  These bea r ings  s e r v e  t o  guide as  w e l l  as s e p a r a t e  the  
o u t e r  c o n t r o l  p l a t e s  as they move between the  inne r  c o n t r o l  c y l i n d e r  and 
t h e  be ry l l i um r e f l e c t o r .  The bottom end f i t t i n g  has a f l ange  which f i t s  
over t h e  guide rod coupl ing i n  t h e  r e a c t o r .  

The mandrel d i s c s ,  on which t h e  c o n t r o l  p l a t e  i s  mounted f o r  end and 
edge machining, a r e  machined t o  a r a d i u s  approximately 0.075 i n .  l e s s  than 
t h e  c o n t r o l  p l a t e  i n s i d e  r a d i u s .  This  permits t h e  c o n t r o l  p l a t e  t o  be 
a d j u s t e d  a t  t h e  co rne r s  t o  t h e  same d i f f e r e n c e  i n  v a r i a t i o n  from t h e  nomi- 
n a l  t o l e r a n c e  r a d i u s  as w a s  obtained from t h e  c o n t r o l  p l a t e  in spec t ion  
a f t e r  edge and end machining and h o l e  d r i l l i n g .  The cen te r  of t h e  c o n t r o l  
p l a t e  i s  se t  a t  each end t o  t h e  same v a r i a t i o n  from nominal t o l e r a n c e  
r a d i u s  t h a t  w a s  obtained from t h e  end f i t t i n g  contour in spec t ion .  The 
template  r e f e r e n c e  p i n  i s  used t o  i n d i c a t e  t h e  ze ro  p o s i t i o n .  The edges 
a r e  checked f o r  T I R  and t h e  c o n t r o l  p l a t e  a d j u s t e d  t o  g ive  t h e  same T I R  
along t h e  edges as w a s  obtained a t  t h e  c o n t r o l  p l a t e  end f i t t i n g  contour 
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inspection. It is important that, for this setup, the control plate not 
be deflected from its natural free state position. This is ascertained by 
positioning dial indicators at the center of the control plate and near 
each edge just inside the part-holding clamps. The clamps are then 
released and the dial indicator deflection should be less than 0.002 in. 
The clamps are then retightened and the indicators should return to their 
original zero readings. If necessary, pads are adjusted in order to 
obtain a minimum deflection on the dial indicators while maintaining the 
proper center and edge positions of the control plate with respect to the 
template setup position. The purpose of this setup is to have the control 
plate positioned exactly the same as it was positioned during the previous 
inspection except the part is 0.041 in. offset from the centerline. The 
final inspection of the part is made with respect to a template which also 
has a 0.041-in. offset. 

With the aid of a master template, the end fittings are aligned and 
attached to the control plate with screws. Each screw is- staked four 
places at 90" intervals (Fig. 44, Y-12 Photo 125620). After the end fit- 
tings are installed, the part alignment is checked on the mandrel before 
lug machining. Using the master template as a reference, the lugs are 
faced to size and bored. Machining to the master template allows the 
bearings shafts to match properly, making it unnecessary to use eccentric 
shafts which could not be readily replaced. 

The work is done with the control plate resting on the inspection 
mandrel. Figure 45, Y-12 Photo 115488, illustrates an outer control plate 
which is in the last phase of completion. The equipment shown is the same 
equipment described previously when machining the edges and ends to final 
size. The mandrel is centered and can be rotated using the precision 
indexing head. The master template at the chucked end of the mandrel has 
reference surfaces to which the part is positioned, the lower flange 
aligned, and to which the bearing lugs on both upper and lower end fit- 
tings are faced and bored. It also provides a reference centerline to 
which the 518- and 3/4-in.-diam holes can be drilled. The engineering 
details of this master template are shown on Dwg. E-T-55964, a careful 
review of these details in relation to the requirement described in Dwgs. 
E-49821, E-49820, and E-49825 is mandatory to fully understand the func- 
tion of the master template in establishing the positions of the end fit- 
tings and their various parts relative to the control plate.surface. The 
finished control plate is mounted on the original inspection mandrel and 
aligned so that the posture of the control plate relative to the master 
template is identical or very close to its posture identified previously 
in the inspection after explosive sizing. Where necessary, shims are used 
to locate a contour with, as closely as possible, the same "fingerprint" 
variation's listed in the previous inspection. Edge and end run-out are 
checked to ensure that the control plate is positioned so that ends are 
square and that edges are parallel with the bed of the mill. 
end TIR are recorded. 

The edge and 

In order to be certain that the posture of the control plate on the 
mandrel used during attachment of the end fittings is identical with that 
determined in the previous inspection, the radius variation from 9.300 in. 
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is identified near each end. The arbitrary locations selected are between 
the second and third transverse rows of holes in from each end at a point 
on the longitudinal centerline and at points located between the first and 
second longitudinal rows of holes in from each edge. A typical inspection 
result from plate HC-65-0 is shown in Fig. 46. 

The bearing and washer are installed onto the shaft and the shaft 
Finally the lug and shaft are pressed into the bored hole in the lug. 

drilled, reamed, and locked together with a 118-in. diam pin which is 
secured by flaring. 

The control plate is manufactured with maximum quality control. The 
fitup of the control plate in the reactor is critical and must be, as near 
as possible, identical from plate to plate. More important, the nuclear 
life of the control plate is longer than the life of the bearing; so the 
installation of end fittings and lug machining must be controlled such 
that these bearings can be remotely replaced when necessary. 

Outer Plate Assembly Final Inspection 

The finished control plate assembly is inspected for dimensions, 
cleanliness, abrasions, and scratches. It is checked very critically for 
anything which may be detrimental to reactor operation. The final accep- 
tance is determined by the control plate fitup in the female clearance 
gauge ORNL Dwg. E-50098. 
whether the control plate will have the proper fitup in the reactor. All 
dimensions and observations are recorded and retained as a permanent 
record of the quality of the control plate assembly. 

This is a go-no-go device which establishes 

Final Cleaning Outer Plate Assembly 

The final cleaning of the finished and assembled control plate is 
accomplished using the following procedure: 

1. Thoroughly scrub all surfaces with hot water using bristle or 
nylon brushes. 

2. Scrub all surfaces including holes thoroughly with Alconox* 
detergent solution, one tablespoon per gallon of hot water 
(approximately 160OF). 
all holes using a nylon test-tube brush. 

Care must be taken to thoroughly clean 

3. Scrub all surfaces with hot water and rinse thoroughly to remove 
all detergent. 

4. Air dry the assembly. Caution: Do not use compressed air. 

5. Seal parts in a clean plastic bag and place in shipping container. 

*Alconox Master Cleaner is a product of Aloe Scientific Division of 
Brunswick, St. Louis, Missouri 63103. 
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d he i nne r  c o n t r o l  c y l i n d e r  is  composed of four composite alclad 
plates similar to the o u t e r  cont rsb  p l a t e s  corisaining black and gray  c u r e  
r eg ions  of i d e n t i a l  l ength  b u t  with overall dimensions that are slightly 
d i f f e r e n t ,  The p~ocess ir ig  o f  these c o n t r o l  p l a t e s  to the 
are machined to  t h e  s p e c i f i e d  arc l e n g t h  i s  essericia2By t 
~ e ~ ~ o ~ s  used f o r  t h e  outer c o n t r o l  plates  except f a r  m m e  sl i ight  modifica- 
t ions .  The r e fe rence  hales i n  t h e  layout. partern used are s h i f t e d  
slightly as shown i n  F i g .  47, aepresenring rke decaib r epor t ed  a f t e r  

c i n spec t ion  0% the co~ifrrol. plate dimensisns  u r i n g  layout, and 
e noted that, except f o r  dimensional d i f f e r e n c e s ,  ie: is the 
layout d e t a i l  r e p o r t e d  QTI t h e  oucer control. p l a t e s ,  When t r i m -  

ming t h e  con t ro l  plates p r i o r  to expIosi.vely sizing, they are machined to 
XI arc Bernpth of l 6  i n ,  i n s t e a d  of t h e  machined arc l eng th  of 13 9/16  in, 

far the ouxel; conrrol places. In rchis c~peratiom, an e q u a l  w i d ~ h  of  slumi- 
mum edge i s  Betk: on each s i d e  of rhe core s e c t i o n .  

wg. E-Bvi-56310 deztnraes t h e  s l o t  and spar ing o t  &he hole w%en si:tiaag 
t h e  ouren: seglu~erar place arid Dwg. E-T-53690 shows the 3 7 f - - i n * - t b i c k  s h i m  
and other difterences in t he  sreit ig  operation, 

rhe outer control p l a t e ,  the i nne r  control plases ace radio- 
graphed and. the dimensional d e t a i l  r e p o r ~ e d ,  The cearrer9ine of t:he 
control place - 2) a f c e r  exp los ive ly  s i z i n g  i s  also i d e n t i f i e d ,  but  i t  
is  worth no t ing  t h a t  f o r  bosh the oueer and inner  p l a t e s ,  r?i tolerance of 
- +0.050 i n .  froa the c e n t e r l i n e  of t n e  core s e c t i o n  (E - I )  is acceytable. 
Dwg. E+-56371 d e t a i l s  t h e  prlsceaure f o r  i d e n r i f y i n g  - 2 for the allner 
control p lace  /. 

Nach in inAlnne r  Control  P l a t e s  t o  Fina l  Arc Length 

The i nne r  control plate is anssent~lled an the same mandrel used for 
o u t e r  c o n t r o l  plates; however, mandrel. roo l ing  is changed t o  be campatable 
with t h e  ~ e q u i r e m e ~ t s  of t h e  inne r  control  p l a t e  o u t e r  r a d i u s  of 8.928 in .  
The control p l a t e  is Paid on the mandrel and firmly clamped without  
d i s t u r b i n g  t h e  n a t u r a l  contour imparted t o  t h e  plate by t h e  exp los ive  
s i z i n g  ope ra t ion .  As desc r ibed  p rev ious ly  f o r  the outer cont ro l  plate, 
t w o  d i f f e r e n t  techniques are used t o  determine the c e n t e r l i n e  of the  
farmed p l a t e ,  and two values (one des igna ted  E - 2 and t h e  other i d e n t i f i e d  
and - 3 )  are reported as d e v i a t i o n s  from the c e n t e r l i n e  of the cure 
s e c t i o n  Cg - 1) as o u t l i n e d  i n  Y-12 Dwg. E-14-56371. Both must be wi th in  
tQ.850 i n .  of g - 1 and, if n o t ,  t h e  effect of g r e a t e r  d e v i a t i o n s  on the  
width dimension of t h e  aluminum edging af  t h e  p l a t e  must be evaluated. 
- 

~ Y-12 Photo 115491, shows a c o n t r o l  p l a t e  mounted on a 
mandrel as se t  up on t h e  bed of: a h o r i z o n t a l  planer .  Only one c o n t r o l  
p l a t e  is pl.aced t h i s  mandrel and t h e  heavy b a r s  on the lower s i d e  are 
counterweights t o  bala~ice t h e  weight sf t he  c o n t r o l  p l a t e .  The clamps 
firmly hold  the  contra1 p l a t e  to the mandrel so t h a t  complete cantac t  is  
a s su red .  The center clamp is t i gh tened  f i r s t  and t h e  edge clamped last. 
A f o r c e  of 25- t o  38-in.-lb i s  a p p l i e d  i n  torquing t h e  hold-down IsoPts. 
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NOTES : 

where '*W 
2. Dimension 
3 .  Dimension 
4 .  

5. 

6 .  
7 .  
8. 
9. 

10. 
11. 
12. 
13. 
14. 

w - 15" 
2 

Inne r ,  ''X" =: --lllll- 
BJ - 17.5- 

2 9 ._._.- Dimensfon "X" : O u t e r  "X" - 

i s  the average w6.dth of the c o n t m l  p l a t e *  
"Y" = 12" for t he  Outer cont ro l  dates. 
"y*' ~ 17.518 f o r  t h e  Inner  con t ro l  p l a t e s .  

Holes 1-18 are 1/16'" i n  diameter and must. go through che. 114" p l a t e .  
Holes 19-21 are d r i l l e d  and reamed f o r  a 0.250'@ dowcl. and. must go 
through both t h e  1/4" p l a t e  and t he  backup p l a t e .  
U n e s  AA, DD, and LL are paral le l  eo each o the r .  Lines  3B and CC are 
p a r a l l e l  t o  each o the r  and perpendicular  t o  l i n e s  AA, DD, and LL. 
Locate and d r i l l  ho les  E and 2. 
Locate and d r i l l  ho les  13 through 18. 
Locate and d r i l l  ho les  3 and 4 .  
Locate. and d r i l l  ho les  7 through 12. 
Locate and d r i l l  ho les  5 and 6 .  
Locate and drlll holes 19 and 20. 
Locate and d r i l l  hole 21. 
Scrtbe  the  hole number next  t o  each hole 
Measurements between ho le s  1 arid 2, 3 and 4 ,  2 and 4 ,  and 1. and 3 
should be taken t o  the! nearest 0.001" and recorded for each p a r t  an 
t h e  in spec t ion  form before the  p l a t e  is removed from the  setup.  

P i g .  47.  Layouc hole p a t t e r n  f o r  Hti'XtZ. inner or o u t e r  control. placbes- 
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Af te r  i d e n t i f y i n g  - 3 ,  t h e  arc l eng th  t o  which t h e  c o n t r o l  p l a t e  i s  
machined is  measured and t h e  c o n t r o l  p l a t e  i s  machined t o  t h e  s p e c i f i e d  
a r c  l eng th  ( g e n e r a l l y  14.04 i n . )  u s ing  the  same techniques as those 
desc r ibed  p rev ious ly  f o r  t h e  o u t e r  c o n t r o l  p l a t e s .  Dwg. E-M-56370 d e t a i l s  
t h e  procedures used. 

The f i n a l  machining o p e r a t i o n  c o n s i s t s  of c u t t i n g  a bevel  a long each 
edge of t h e  c o n t r o l  p l a t e .  The d e t a i l  of t h i s  bevel ing ope ra t ion  is shown 
i n  Fig.  49, Y-12 Photo 137460, and when two c o n t r o l  p l a t e s  are bu t t ed  
t o g e t h e r ,  t h e  bevels  form t h e  j o i n t  des ign  f o r  welding. 

The f i n a l  two ope ra t ions  c o n s i s t s  of s c r i b i n g .  One s e t  of s c r i b e  
marks i s  l o c a t e d  a t  t h e  end of each c o n t r o l  p l a t e  f o r  i n s p e c t i n g  alignment 
of two c o n t r o l  p l a t e s  when they are bu t t ed  toge the r  f o r  welding. The 
o t h e r  se t  along t h e  edges se rves  as a monitor of t h e  weld shr inkage.  
F igu re  48, Y-12 Photo 115491, i l l u s t r a t e s  t h e  s e t u p  used and shows t h e  
s c r i b i n g  of t h e  c i r c u m f e r e n t i a l  alignment markings a t  t h e  end of a c o n t r o l  
p l a t e .  The d i s t a n c e  between t h i s  mark and the  black-gray i n t e r f a c e  f o r  
each c o n t r o l  p l a t e  i s  36 1 / 2  in .  t o  ensure t h a t  t h e  black-gray i n t e r f a c e  
f o r  each c o n t r o l  p l a t e  i s  a t  the  same h o r i z o n t a l  plane of t h e  welded inner  
c o n t r o l  c y l i n d e r .  The d e r a i l  f o r  l o c a t i n g  t h i s  s c r i b e  mark i s  l i s t e d  i n  
Dwgs. E-M-56370 and E-M-56371. 

F igu re  50, Y-12 Photo 115486, shows t h e  s e t u p  f o r  s c r i b i n g  the  weld 
shr inkage monitors on t h e  c o n t r o l  p l a t e .  The v e r n i e r  he igh t  gauge i s  used 
t o  l o c a t e  t h e  p o s i t i o n  of t h e  s c r i b e  l i n e  0.500 i n .  i n s i d e  and p a r a l l e l  t o  
t h e  land of t h e  beveled edge. The markings are n o t  made along the  edges 
of t h e  r eg ion  con ta in ing  t h e  europium oxide even though t h e  depth of t h e  
s c r i b e  mark is  l e s s  than 0.002 i n .  

Dimensional In spec t ion  of Machined Inne r  Control  P l a t e  

The s i z e  of t h e  inne r  c o n t r o l  p l a t e s  p r i o r  t o  welding is  c r i t i c a l .  
The a r c  l eng th  of t h r e e  of t h e  c o n t r o l  p l a t e s  i s  14.041 in . ,  and t h e  out- 
s i d e  diameter of t h e  welded c o n t r o l  c y l i n d e r  i s  17.846 + 0.010 in .  The 
a r c  l eng th  of t h e  f o u r t h  segment i s  determined from t h e e v a l u a t i o n  of t h e  
shr inkage caused by welding and expansion due t o  p l an i sh ing  when welding 
t h e  f i r s t  two segments t o g e t h e r  t o  form a ha l f - cy l inde r .  The a r c  l eng th  
values  be fo re  and a f t e r  t h e  welding and p l a n i s h i n g  ope ra t ions  are obtained 
from gauge block-type measurements. S p e c i a l  gauge d i s c s  each with a 
r a d i u s  of 8.673 i n .  were designed t o  measure t h e  a r c  l eng th  of each 
segment a f t e r  machining and each ha l f - cy l inde r  a f t e r  welding two segments 
t oge the r .  A s  i l l u s t r a t e d  i n  F i g  51, Y-12 Photo 116422, a d i s c  i s  mounted 
and clamped t o  each end of t h e  ha l f - cy l inde r  w i th  75 t o  150 in.-lb of 
torque t o  a s s u r e  ze ro  c l ea rance  between the  d i s c  and t h e  p l a t e .  The 
measuring equipment, a v e r n i e r  he igh t  gauge with a d i a l  i n d i c a t o r  capable 
of measurements t o  w i t h i n  +0.001 in .  and a C a d i l l a c  h e i g h t  gauge, is  shown 
i n  t h e  foreground. 
c y l i n d e r  i s  shown i n  Fig.  52, Y-12 Photo 116421. The lands of t h e  t h r e e  
s l o t s  r e p r e s e n t  s u r f a c e s  from which t h e  arc l eng th  can be gauged. The a r c  
l e n g t h  from t h e  s t o p  p l a t e  i n  t h e  s l o t  shown on t h e  r i g h t  t o  t h e  land of 

A clos&p of t h e  gauge d i s c  clamped t o  t h e  h a l f -  
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Fig. 50. Scribing weld shrinkage monitors on the inner control plate. 
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Fig.  52. Inspection f ix ture  for measuring arc lengths 
of inner control p l a t e s .  
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the slot at the bottom is 14.041 in., and to the land of the slot at the 
left the arc length is 28.057 in. A dial indicator between the weld land 
of the plate segment and the land of the slot, or, in the case shown in 
the illustration, a half-cylinder and the land of the slot, measures the 
difference between the arc length of the gauge and the control plate. The 
arc length of the control plate segment or of the half-cylinder is calcu- 
lated from this value. In order to match the control plate part and the 
1/4-in. shim plate t o  the gauge, the assembly is clamped with the weld 
land against the stop plate. A torque of 75 to 150 in.-lb is applied to 
assure zero clearance between the part and the gauge. The arc length is 
based on at least four gauge measurements, one at each end and one 22 in. 
from each end. If any individual value obtained is not within - +0.006 in. 
of the average, additional measurements must be made. 





 he process selected for welding t h e  control plates together to form 
t h e  inner con t ro l  cylinder uses programed, tungsten arc ,  inert gas, 
straight p o l a r i t y  weld ing  in cambination with automatic wire feed. The 
overall plan requires that two control plates first be welded together to 
farm a half-cylinder, Based on inspection data obtained on the half- 
cylinder, the arc length of the fourth contm1. plate segment is selected 
and t h e  plate machined, The Chird and f o u r t h  con t ro l  plate segments are 

together to farm the  second half-cylinder. The two half-cylinders 
en welded together to form the inner control cylinder. Prior to 

making the  fou r th  and l a s t  weld, the  circumference of the incomplete 
cylinder is measured. to determine whether the cylinder will be the correct 
size a f t e r  welding and planishing the final j o i n t .  If correction is 
necessary, the weld prep groove can be remachined to obtain a smaller 
diameter, or the weld groove can be opened to provide a larger diameter. 

n overall view of the equipment is shown in Fig. 53, Y-12 Photo 
Shown in the illustration i s  a Pandjiris external seamer with a 

Linde side-beam carriage arid wire feeder and a Weliweld automatic head 
control panel, model FFMC-F. The h e l i a r c  torch is a tinde HW-13 equipped 
with a No, 10 metal cup. A Miller SR-600 pawer eupply is used. The 
.figure shows two plate segments after welding and the fixture used to hold 
the plate in p o s i t i ~ ~  while being welded. The fixture f o r  this half- 
cylinder c o n s i s t s  of two rails attached to a series of supports. Bands at 
these supports hold t h e  fixture to the mandrel and prevent the plate from 
springing away from its Zixed position. during welding. Fig. 54, Y-12 
photo 115673, is a more detailed view of this fixture and clamping 
arrangement. The edges which form the w e l d  groove are held in pavition by 
5 0 - p i g  air an the hold-down clamps of the Pandjiris welder, The surfaces 
of the c a n l r s l  plates are covered with paper 60 within about 1 in, of the 
weld joine: to p r o t e c t  t h e w  from surface damage. 

Figure 5 6 ,  Y-12 Photo 115759, shows the  welder inspecting the setup 
prior %a welding and is a good view of  the arrangement in the area of the 
weld j o i n t .  The t w o  control plates are clamped to form the weld groove by 
the copper chill clamps and i s  baske by a copper chill bar. A l l  copper 
components are nickel-plated to prevent contamination ~f the control plates. 
The copper c h i i l l  bar has an 8.650 in. radius. Figure 5 5 ,  V-12 Photo  
Ph5761,  shows the cylinder clampe in place in preparation for the fourth 
weld. Note that: t h e  cylinder is clamped tightly to the mandrel for this 
weld as well as t h e  third weld. 

Pertinent details o f  the preparations for welding, the welding pro- 
the post-weld operations are listed below. 

E, Run-off and starter tabs 2-in. long by 384-in. wide and wit 
same bevel and land a s  the control. cylinder segment j o i n t .  

2. A l l  handling of the segments d u r i n g  the s e t u p  muse be done while 
wearing c l ean  white gloves. 
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1 
Fig. 56. Aligning inner control plates f o r  seam welding. 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

The bevel, the land, and the areas adjacent to the bevel and land 
on both the inner and outer surfaces are wire brushed to remove 
the oxide coating. After brushing, they are cleaned with isopro- 
pyl alcohol. 

The first segment is positioned in the Pandjiris so that the 
edge of the weld land is in the middle of the chill bar groove. 
The chill bar groove is 118-in. wide by 1/32-in deep full length 
(Y-12 Dwg. C-T-28283). A pressure of 15 psig is then applied to 
the top clamps to hold this segment in position as shown on Y-12 
Dwg. E-T-55995. 

The second segment is butted to the first segment and the weld- 
positioning scribe marks at the top ends of the segment are 
aligned. Pressure is then applied to the clamps over the second 
segment. 

The gap is checked between the weld lands and, if excessive, the 
plates are readjusted to minimize the gap. Maximum gap width is 
0.010 in. at the weld start. Beyond the weld start, 0.020 in. 
is permitted. If the joint does not match properly, it is 
scraped to fit. 

The fixtures used to hold the parts during welding are adjusted 
to just lightly hold the parts. The clamp hold-down pressure is 
then increased to 50 psig and the gap between the weld bevel 
lands is checked. The distance between the hold-down clamp and 
the weld groove edge is approximately 318 in. and parallel with 
the groove. 

The holding fixture bands are then tightened to lightly hold the 
segments without scratching (see Y-12 Dwg. E-T-55995). 

The 2-in. by 314-h. weld start and run-off tabs are now welded 
to the segments. This will reduce the weld gap slightly. 

The welding head is traversed the length of the weld groove to 
determine lateral adjustment required during the welding 
operation. 

A final check is made to make sure all segments have their number 
at the same end and that the weld scribe marks are aligned. 

An automatic gas tungsten arc, straight-polarity process is used. 

Welding grade helium is used to shield the weld area. 
gas is not used. 

A backing 

The torch is placed in a 5" forehand position. 
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15. 

16. 

17. 

18 

19. 

28 s 

21. 

22. 

The 5/32-in, e l e c t r o d e  is  2% t h o r i a t e d  tungsten and is  ground to  
a 60" included ang le  wi th  a 1/32-in.-diam flat end, This 
e l e c t r o d e  extends 518 i n .  below t h e  end of t he  cup. 

The feed w i r e  i s  type 4043 aluminum 1/16 i n .  i n  d i m .  

The arc i s  s t r u c k  on t h e  run-off t a b  and then t h e  equipment se t  
f o r  automatic welding. The e l e c t r o d e  t o  work d i s t a n c e  i s  
c o n t r o l l e d  by t h e  hel iweld automatic head c o n t r o l  t o  a s s u r e  t h e  
v o l t a g e  and amperage shown i n  Table 4. 

Af t e r  t he  f i r s t  pas s ,  t h e  weld is wire brushed to remove oxide. 

I f  t h e  welding process goes out  of c o n t r o l  and t h e  ope ra t ion  can- 
n o t  be c o r r e c t e d ,  t h e  welding is stopped. Af t e r  proper r e p a i r  o r  
adjustment , t h e  weld is continued. 

A second weld pass i s  made by aga in  running off t h e  run-off t a b  
onto the  weld groove. 

Any v i s i b l e  s u r f a c e  d e f e c t s  may be r e p a i r e d  us ing  t h e  W-603 TIG 
p rocess  which i s  hand welding using 3/32-in.-diam type 4043 
f i l l e r  wire.  

Heavy a s b e s t o s  paper is i n s e r t e d  between the  mandrel and the 
c o n t r o l  c y l i n d e r  and between t h e  hold-down clamp and the  c o n t r o l  
c y l i n d e r  be fo re  t h e  c o n t r o l  c y l i n d e r  is removed from t h e  
P a n d j i r i s .  

Table 4. Welding parameters f o r  welding IQFIR 
i nne r  c o n t r o l  c y l i n d e r s  

Speed Sh ie ld  gas 
Amperage Voltage Carr iage Wire on to rch  

Pass  (meter] ( me t e r ) ipm ipm ( c f h )  

13+1 4 19 85 325+15 - - 1 

15+1 6 36 85 2* 310+15 - - 
*The au tomat i ca l ly  c o n t r o l l e d  wire  feed is a d j u s t e d  on t h i s  

p a s s  i f  deemed necessary.  





Afte r  each weld i s  completed, it is inspec ted  v i s u a l l y  and radio-  
graphed. The s p a e i f i c a t i o n  r e q u i r e s  t h a t  t h e  welded j o i n t  be sound except 
for s c a t t e r e d  po ros i ty .  Acceptable p o r o s i t y  i s  def ined  by comparison of a 
s t anda rd  film approved by  t h e  Operat ions Div is ion ,  

The rad iographic  E i l r n  is. 16 i n ,  by 4 i n .  S ix t een  of t hese  s t r i p s  
are overlapped and proper ly  i d e n t i f i e d  wi th  Bead numbers on the p a r t  p r i o r  
t o  radiographing,  The ~ ~ ~ ~ ~ ~ r ~ ~ h s  are used ta i d e n t i f y  t h e  width of the  
aluminum s e p a r a t i n g  t h e  neut ron  absorber  s e c t i o n s  of t h e  r e spec t ive  
c o n t r o l  p l a t e s  and a l s o  to check t h e  alignment of t he  gray-black inter- .  
faces,  The width of t h e  aluminurn s e p a r a t i o n  between p l a t e  cores i s  3 / 4  += 

1 /32  i n , ,  t h e  gray-black i n t e r f a c e s  must be a l igned  1 / 4  i n .  of each otheT 
as shorn on Q Dwg. E-49824. 

Scraping and P lan i sh ing  Inner  Control  l_l_ Cylinder  Welds 

Af t e r  each weld had been inspec ted  an accepted ,  i t  i s  scraped and 
p lan ished  as shown i n  Fig. f j T g  Y-12 Photo 113338,  The weld bead which 
pro t rudes  above t h e  p l a t e  s u r f a c e  m u s t  be scraped ,  p lan ished ,  and 
rescraped  t o  as n e a r l y  as p o s s i b l e  match the p l a t e  s u r f a c e  to a s s u r e  
proper cy l inde r  diameter  p r i o r  to f i n a l  explosive s i z i n g .  The cy l inde r  is 
placed on t h e  p l an i sh ing  f i x t u r e ,  A l l  s u r f aces  of t h e  f i x t u r e  which could 
s c r a t c h  t h e  c y l i n d e r  are covered with a sbes tos  paper t o  p r o t e c t  a g a i n s t  
sc ra tcher ; ,  The c rap ing  t o o l  and f i x t u r i n g  i l l u s t r a t e d  i n  F i g s ,  57 and 5 8 ,  
Y-12 Photo 11333 and Y-12 Photo 113339,  are designed t o  f i r s t  sc rape  the  
crown of t h e  weld t o  a f l a t  without  s co r ing  t h e  aluminum cladding.  The 
f l a t s  s e rve  as uniform t r a c k s  dur ing  subsequent p l an i sh ing ,  prevent ing  the  
p lan i sh ing  rolls from s l i p p i n g  and damaging the c l a d  su r face .  A s  
i l l u s t r a t e d  i n  F igs ,  53 and 58, t h e  sc rap ing  too l  i s  designed and used 
l i k e  a wood p laner .  The sc rape r  r i d e s  on a track which is a l igned  over 
t h e  cen te r  of t h e  weld, and the  scrape  blade is ad jus t ed  to c u t  a t h i n  
shaving as i t  is moved ac ross  t h e  crown of the weld. The p l an i she r  was 
manufactured by A i r l i n e  Welding and Engineer ing Company. The  r o l l s  a r e  
5 1/2 i n ,  i n  diameter  and 2 7 / 8  i n .  wide, wi th  a crown of 5/16 i n .  To 
provide s a t i s f a c t o r y  t r a c k i n g  and al ignment ,  the  mid-section of the upper 
r o l l  was ground t o  a f l a t  718 i n .  wide a t  a cons t an t  p re s su re  of 15 p i g .  
The degree of c i r cumfe ren t i a l  spread decrease  as t h e  number of p lan i sh ing  
passes  inc rease ,  For example, a f t e r  two passes ,  t h e  average inc rease  i n  
c i r c u m f e r e n t i a l  growth i s  0.009 i n .  The growth a f t e r  two a d d i t i o n a l  
passes is reduced t o  0.005 in .  During t h e  p l an i sh ing  o p e r a t i o n ,  a pi- tape 
is used t o  monitor diameter changes; s p e c i a l  l o c a t i o n s  a r e  provided a t  
each end of t h e  cy l inde r  f o r  t h e  p i - tape ,  t o  a s s u r e  an accura t e  measure- 
ment * 

Afte r  t h e  weld su r faces  are p lan ished ,  t h e  scrap ing  ope ra t ion  i s  
repea ted .  The weld area i s  f i n a l l y  smoothed us ing  f i r s t  coarse  then f i n e  
g r i t  alumina pager. During t h e s e  ope ra t ions ,  t he  weld a r e a  i s  monitored 
wi th  a template  a t  f requent  in te rva ls .  t o  determine when t h e  f i n a l  p l a t e  
contour  i s  obta ined .  



8EECl.L-A 



11 1 

Y-1 l"39 

Fig. 58. Fixture and tool for scraping seam welds. 
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Facing Ends of Inner Control Cylinder 

The individual control plates are aligned by the gray-black inter- 
faces for welding. This method of alignment causes the welded cylinder 
ends to be uneven. This unevenness, if not removed, is enough to damage 
the rubber boot used to cover the cylinder during final explosive sizing. 

The cylinder is mounted on an expandable mandrel shown on Dwg. 
E-T-53501. Mandrel and cylinder are mounted on a lathe and centered. 
Both ends of the cylinder are then faced, removing metal until the align- 
ment hole and slot used during the previous forming are just removed. 
Care is exercised to assure that the markings at each end identifying 
g - 3 are not removed. The individual control plate identification num- 
bers are transferred 318 in. inside the finished length dimension at the 
top of the cylinder located near the centerline scribe marks. 

After the facing operation, the average cylinder diameter is obtained 
from 12 individual pi-tape measurements to assure that the cylinder is the 
proper diameter for final explosive sizing. 

Explosive Sizing of Inner Control Cylinder 

The sizing of the welded cylinder to its final shape and size is done 
explosively. As was previously stated, the europium oxide-aluminum core 
is very brittle and to prevent it from cracking during forming, the 
forming is done with the cylinder in compression. The desired as-welded 
outside diameter of the cylinder is 17.846 in. and the nominal finished 
O.D. is 17.842 in. The sizing die is split longitudinally and has an 
inside diameter of 17.832 in. Engineering details of the die are shown on 
Dwgs. Y-12 E-T-46481 through E-T-46494. Figure 59, Y-12 Photo 116053, 
illustrates the two die halves (with the control cylinder in position) 
being squeezed together. The outside surfaces of the die are tapered and 
designed so that forces generated from tightening the tie bolts act to 
close the two die halves. When the die halves are closed, the control 
cylinder is compressed from a nominal 17.846 (17.856 maximum) in. to 
17.832 in. diam. A rubber boot is inserted into the die sealing the 
control plate and bottom plate. The boot is flanged at the top and is 
sealed to the top of the die. The bottom of the die rests on a mounting 
plate sealing the bottom of the die. 
the die halves. In this manner, the interface between the die and the 
cylinder is sealed from the external environment. Ports in the die pro- 
vide means for evacuating this interface. The explosive consists of a 
96-in. length of 50-grainslft prima cord centered in the die and is 
detonated with a No. 6 electric blasting cap. Prior to detonating the 
charge, the rubber boot is filled with water (Fig. 60, Y-12 Photo 116058). 

A rubber "0" ring is used to seal 

When not in use, the die component surfaces are coated with rust- 
preventative and covered with a tarpaulin. The procedures used for pre- 
paring the die for the explosive sizing operation are as follows: 

1. The die bottom seal is removed and replaced with a slider plate. 
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F i g .  59.  Explosive s i z i n g  fixture for inner control  cy l inders .  
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Fig .  60.  Inner control s i z i n g  d i e  a t  detonation. 
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2. The t o p  f l a n g e  and rubber boot are removed. 

3. The d i e  i s  p a r t i a l l y  disassembled by removing t h e  t h r e e  top  r i n g s  
and r e s t i n g  t h e  t h r e e  bottom r i n g s  on the  base p l a t e .  

4. The i n s i d e  s u r f a c e s  of t h e  d i e  a r e  cleaned using f i n e  g r i t  paper ,  
i f  needed, t o  remove any r u s t  and a s o l v e n t  i s  used t o  remove t h e  
rus t -p reven ta t ive .  The s u r f a c e s  are forced-air  d r i e d  and wiped 
wi th  a c l ean  c l o t h .  

5. The d i e  ha lves  are sepa ra t ed  by removing t h e  t i e  b o l t s  which hold 
t h e  ha lves  t o g e t h e r  and us ing  t h e  j a c k  screws i n  t h e  opposing 
ha lves  of t h e  d i e  body t o  j a c k  t h e  ha lves  a p a r t .  The ha lves  
s l i d e  on t h e  s l i d e r  p l a t e  a t  t h e  base of t he  d i e .  The s e p a r a t i o n  
between each h a l f  i s  about 1 in .  

6. To prevent  s c o r i n g  of t h e  c o n t r o l  c y l i n d e r  by t h e  edges of t h e  
d i e  du r ing  i n s e r t i o n  i n t o  t h e  s p l i t  d i e ,  t h i n  (0.010-in.) alumi- 
num s h e e t s  about 2 i n .  wide by 15 i n .  long a r e  bent  and placed 
over t h e  j o i n t  openings. 

I m e d i a t e l y  a f t e r  t h e  c o n t r o l  c y l i n d e r  i s  cleaned with isopropyl  
a l coho l  and wiped with a c l e a n  c l o t h ,  t h e  l i f t i n g  f i x t u r e  i l l u s t r a t e d  i n  
F ig .  61, Y-12 Photo 116054, i s  i n s e r t e d .  The l i f t i n g  f i x t u r e  has  two 
pneumatic tubes which a r e  expanded t o  g r i p  t h e  i n s i d e  diameter of t h e  
c y l i n d e r ;  d e t a i l s  of t h e  l i f t i n g  f i x t u r e  a r e  shown i n  Dwgs. E-T-47296 and 
E-T-47494. The c o n t r o l  c y l i n d e r  i s  f i x t u r e d  with t h e  numbered end up. 

The c o n t r o l  c y l i n d e r  i s  i n s e r t e d  i n t o  t h e  d i e  using an overhead 
h o i s t .  The c y l i n d e r  i s  c a r e f u l l y  lowered i n t o  the  s p l i t  d i e  making cer-  
t a i n  t h a t  no s c o r i n g  occurs  by prevent ing t h e  c y l i n d e r  from swinging 
a g a i n s t  t h e  d i e .  Although t h e  out-of-roundness i s  s l i g h t ,  t h e  c y l i n d e r  is  
o r i e n t e d  so t h a t  t h e  major a x i s  i s  about 90" from t h e  s p l i t  r eg ion  i n  t h e  
d i e .  Care i s  a l s o  exe rc i sed  t o  a s c e r t a i n  t h a t  no weld seam i s  c l o s e  t o  
t h e  s p l i t  r eg ion  between t h e  d i e  ha lves .  

Af t e r  removing t h e  aluminum p r o t e c t i v e  s t r i p s ,  t h e  d i e  i s  c losed  
us ing  t h e  procedure l i s t e d  below. 

1. The j a c k  screws a r e  r e t r a c t e d  below t h e  s u r f a c e  of t h e  s p l i t  
halves .  

2. The l o n g i t u d i n a l  "0" r i n g  seals along t h e  s p l i t  h a l f  are 
in spec ted  t o  make c e r t a i n  t h a t  they are s e a t e d  i n  t h e i r  grooves 
and t h a t  they p ro t rude  s l i g h t l y  above t h e  s u r f a c e  a t  both t h e  top 
and bottom of t h e  d i e  faces .  

3. The c y l i n d e r  i s  inspected t o  make c e r t a i n  t h a t  i s  rests i n  t h e  
1/4-in. wide land a t  t h e  bottom of t h e  d i e  and i s  no t  cocked. 
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Fig. 61. Inner control cylinder with lifting fixture. 
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4 .  The dit. halves are slowly drawn together using the tie bolts 
along the sides. Dowels in the halves maintain alignment during 
separation and closing, A small gap between the mating surfaces 
of the halves exists after the tie bolts are snugged because the 
outside diameter of the cylinder is larger  than the 17.832-in. 
inside diam of the die, 

5, The outsi e tapered surfaces of the d i e  are lightly lubricated 
nd the clamp rings installed individually. Prior t o  

installation, the inner surface of each ring is cleaned and 
oiled, Alignment of the rings is maintained throughout by posi- 
tioning the tip: bolts and tightening the outls by hand its the  
rings are installed, When all of the rings and tie bolts are 
installed, they are tightened uniformally. Gradually the diameter 
of the cylinder compresses and the die halves are closed with the 
assistance of a pneumatic impact wrench and four 10-ton hydraulic 
jacks. The die halves are closed metal to metal. 

a The die i s  jacked up a few inches and the slider plate is 
replaced with a 5-in.-tbick steel plate for the explosive sizing. 

7. Lead protectors are taped over the vacuum inlets at the top of 
the die to prevent the tubber boot from sealing the die cavity 
prematurely, 

(. The rubber boot is cleaned and carefully lowered into the die. 
The top flange is installed to seal'and hold the rubber boot. 

9* The die cavity is evacuated with a mechanical pump, The assembly 
is considered acceptable if there is no indication of leakage on 
the gauge, 

Two separate charges of SO-grainsBft prima cord are used t~ size the 
cylinder. Each charge is 94 in, long. The live charge is centered in a 
fixture designed so that it coincides with the longitudinal centerline of 
the cylinder. This fixture, illustrated in Fig. 62, Y-12 Photo 116056, is 
lowered to Lhe bottom of t h e  die where it fits into a capered sleeve. The 
sequence of operations which is climaxed with the detonation of the prima 
cord and sizing of the cylinder are listed below. 

1, The sleeve for centering the fixture to which the line charges 
a r e  attached is lowered into the die cavity. 

2 ,  A 96 in, length of 50-grainslft prima cord is attached to the 
charge fixture. This fixture is lowered into the die cavity and 
fitted into the previausly positioned sleeve. 

3 .  The explosive cord is pulled out around a wooden bar at the mouth 
OF the die and coincident with the longitudinal centerline. 

4 .  The die c a v i t y  is filled with water ta within 2 in, of the top. 
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5. The charge is  armed with a number of e l e c t r i c  b l a s t i n g  caps ,  and 
then detonated.  

6 .  Afte r  pumping t h e  w a t e r  from t h e  d i e  c a v i t y ,  t h e  l e a k  ra te  is  
examined t o  confirm t h a t  no l eak  r e s u l t s  from t h e  explosion.  
The rubber boot i s  a l s o  in spec ted  f o r  v i s i b l e  damage. 

7. I f  no damage has occurred,  t h e  f i x t u r e  i s  recharged and a second 
charge is  s e t  o f f ,  r e p e a t i n g  procedure s t e p s  2 through 6. 

Af t e r  t h e  second charge,  t h e  water is aga in  removed and another  
i n spec t ion  f o r  p o s s i b l e  damage i s  made. The boot is  removed and a f t e r  
d i sman t l ing  t h e  r i n g s ,  t h e  d i e  ha lves  a r e  pa r t ed .  The aluminum p r o t e c t i v e  
s h e e t s  a r e  placed over t h e  pa r t ed  r eg ion  t o  p r o t e c t  t h e  s u r f a c e  of t he  
c y l i n d e r  du r ing  removal from t h e  d i e .  The same handl ing f i x t u r e  used f o r  
t h e  i n s e r t i o n  i s  used du r ing  t h e  withdrawal. A f t e r  removal from the  d i e ,  
t h e  c y l i n d e r  i s  in spec ted ,  a t  t h e  s i t e ,  t o  determine whether it meets 
drawing requirements o r  whether a t h i r d  s i z i n g  is  r equ i r ed .  I f  a t h i r d  
s i z i n g  o p e r a t i o n  i s  r e q u i r e d ,  i t  i s  done a t  once; i f  n o t ,  t he  d i e  and 
o t h e r  components are wiped d ry ,  i n spec ted ,  sprayed with a r u s t  i n h i b i t o r ,  
and covered with a t a r p a u l i n .  

Radiographic Inspec t ion  of Explosively Sized Cylinders  

The exp los ive ly  s i z e d  c y l i n d e r  i s  radiographed p r i o r  t o  subsequent 
machining ope ra t ions  t o  determine whether or n o t  cracks developed i n  t h e  
welds o r  a t  t h e  core-frame i n t e r f a c e  of t h e  p l a t e s  as a consequence of t he  
s i z i n g  ope ra t ion .  The procedures are i d e n t i c a l  t o  t hose  desc r ibed  pre- 
vious l y  . 
Dimensional In spec t ion  and Machining of Explosively S ized  Cylinders  

P r i o r  t o  proceeding wi th  the  machining o p e r a t i o n s ,  t h e  c y l i n d e r  i s  
in spec ted  dimensional ly .  A t  t h i s  t ime, t h e  c y l i n d e r  contour must meet t h e  
dimensional s p e c i f i c a t i o n s  o r  be r e tu rned  f o r  r e s i z i n g  because subsequent 
machining ope ra t ions  would make it impossible t o  r e s i z e  exp los ive ly .  I f  
t h e  c y l i n d e r  is  accep tab le  dimensional ly ,  t h e  two ends a r e  machined. 

The in spec t ion  and end machining are accomplished i n  one se tup .  The 
c o n t r o l  c y l i n d e r  is mounted on an expandable mandrel so p o s i t i o n e d  t h a t  
t h e  mandrel shoes w i l l  be c l e a r  of a l l  subsequent machining ope ra t ions .  
The c o n t r o l  c y l i n d e r  and mandrel are mounted on a l a t h e  on c e n t e r s ,  and 
t h e  mandrel shoes are a d j u s t e d  t o  a l i g n  t h e  c o n t r o l  c y l i n d e r  on i t s  b e s t  
c e n t e r l i n e .  A t  t h i s  t i m e ,  t h e  mandrel shoes a t  t h e  top end of t h e  
c y l i n d e r  are a d j u s t e d  t o  round out  t h e  c y l i n d e r  as a c c u r a t e l y  as p o s s i b l e ,  
s i n c e  t h i s  end of t h e  c y l i n d e r  w i l l  u l t i m a t e l y  be he ld  round by t h e  end 
f i t t i n g .  The shoes a t  t h e  oppos i t e  end are a d j u s t e d  only t i g h t  enough t o  
c o n t a c t  t h e  c y l i n d e r  without  d i s t o r t i n g  it .  A d i a l  i n d i c a t o r  i s  mounted 
on t h e  l a t h e  compound and s e t  a t  ze ro  f o r  8.921 in .  from t h e  c o n t r o l  
c y l i n d e r  c e n t e r ;  now by r o t a t i n g  the  c y l i n d e r  and t r a v e r s i n g  the  l a t h e  
compound l o n g i t u d i n a l l y  wi th  r e s p e c t  t o  t h e  c y l i n d e r ,  t h e  8.921 - + 0.030 in .  
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r a d i a l  requirement f o r  t h e  c y l i n d e r  can be inspected.  I f  t h e  c y l i n d e r  i s  
r e j e c t e d ,  i t  i s  s e n t  back f o r  reforming; i f  i t  i s  accepted,  t h e  oppos i t e  
end mandrel shoes are t i gh tened  t o  t r u e  up t h a t  end of t h e  c y l i n d e r  f o r  
machining. The r e fe rence  s t a r t i n g  p o i n t s  f o r  machining t h e  c y l i n d e r  t o  
l eng th  a r e  t h e  s c r i b e  l i n e s  which l o c a t e  t h e  gray-black i n t e r f a c e  of t he  
core .  From t h i s  r e fe rence ,  t h e  end n e a r e s t  t h e  co re  i s  f i n i s h e d  and bored 
t o  r e c e i v e  t h e  end f i t t i n g ;  then,  using t h e  f i n i s h e d  end as a r e fe rence  the  
oppos i t e  end is f i n i s h e d  t o  y i e l d  a c y l i n d e r  l eng th  of 68 3/8 in .  and A 
1/8 i n .  r a d i u s  i s  machined on t h e  edges on t h i s  end. 

D r i l l i n g  and Radiusing of Holes 

I n  o rde r  t o  r e l i e v e  hydrau l i c  p re s su re  du r ing  r e a c t o r  o p e r a t i o n ,  
2,180 holes  1/4 i n .  i n  diameter are d r i l l e d  i n  the  exp los ive ly  s i z e d  
c y l i n d e r .  I n  a d d i t i o n ,  four  5/8-in.-diam ho les  are d r i l l e d  f o r  i n s t a l l a -  
t i o n  alignment. The only a r e a s  of t h e  c y l i n d e r  l e f t  unmachined are the  
europium-aluminum core  a r e a  and t h e  areas ad jacen t  t o  the  welds. 

The c o n t r o l  c y l i n d e r  i s  n o t  removed from t h e  mandrel used i n  t h e  pre- 
vious machining ope ra t ion .  The c y l i n d e r  and mandrel are removed from t h e  
l a t h e  and mounted on a Giddings and L e w i s  tape-control  m i l l i n g  machine 
with a l i v e  c e n t e r  a t  one end and an indexing head a t  t h e  o the r .  The 
indexing head l o c a t e s  t h e  c y l i n d e r  r a d i a l l y ,  and the  tape c o n t r o l  l o c a t e s  
i t  l o n g i t u d i n a l l y .  Zero r e fe rence  f o r  s e t t i n g  up t h e  c y l i n d e r  i s  t h e  
s c r i b e  l i n e s  i d e n t i f y i n g  t h e  gray-black i n t e r f a c e s  which were a l s o  used 
f o r  welding and end-machining alignment. The c r i t i c a l  row of ho le s  
r a d i a l l y  i s  loca ted  1 i n .  from t h e  gray-black i n t e r f a c e  over t h e  tantalum, 
o r  g ray ,  s e c t i o n .  The l o n g i t u d i n a l  l o c a t i o n  of t h i s  c r i t i c a l  row of ho le s  
i s  loca ted  and t h e  c y l i n d e r  is moved l o n g i t u d i n a l l y  u n t i l  t h e  1/4-in. 
d r i l l  i s  loca ted  over t h e  f i r s t  row of ho le s  on t h e  numbered, or t op  end, 
of t h e  cy l inde r .  Using t h e  d i v i d i n g  head, t h e  c y l i n d e r  i s  r o t a t e d  and 
zeroed a t  a s c r i b e  l i n e  a t  t h e  c e n t e r  of one of t h e  l o n g i t u d i n a l  welds 
then indexed 6"11' t o  t h e  l o c a t i o n  of t h e  f i r s t  hole .  The machine is now 
switched t o  automatic and t h e  f i r s t  l o n g i t u d i n a l  row of ho le s  i s  d r i l l e d .  
Each subsequent row of ho le s  i s  6"11' r a d i a l l y  from the  previously d r i l l e d  
ho le s .  The machine is  r e s e t  r a d i a l l y  t o  mark each segment. White and 
Bagley c u t t i n g  o i l  No. 1 is  used as a l u b r i c a n t  i n  the  hole  d r i l l i n g  
ope ra t ion  t o  minimize g a l l i n g  ( a l coho l  could be used).  
s e p a r a t e  supply system i s  provided f o r  t h i s  o i l  and it  i s  c e r t i f i e d  t o  be 
f r e e  of c h l o r i d e s  and ch lo r ine .  

A f r e s h  and 

The four  5/8-in.-diam h o l e s  are loca ted  90" a p a r t  and machine 
indexing i s  referenced from t h e  gray-black i n t e r f a c e  s c r i b e  l i n e s  and the 
weld c e n t e r  s c r i b e  l i n e s .  

A l l  1/4-in.-diam ho les  are radiused us ing  t h e  procedures previously 
descr ibed f o r  t h e  ou te r  c o n t r o l  p l a t e s .  
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Attachment of End F i t t i n g s  aad F i n a l  Machining; 

The end of the  inne r  c y l i n d e r  which is  c l o s e s t  t o  t h e  "'black'@ s e c t i o n  
has  h e r e t o f o r e  been i d e n t i f i e d  as t h e  top  s i n c e  during manufacture t h i s  
end has contained t h e  p l a t e  i d e n t i t i e s  and a l l  p o s i t i o n  r e fe rences .  In  the 
r e a c t o r ,  t h i s  end is t h e  bottom and con ta ins  a s t a i n l e s s  s t e e l  d r i v e  
b racke t  which adap t s  t h e  c y l i n d e r  t o  the  r e a c t o r .  A view of t h i s  end f i t -  
ing a t t ached  t o  a c y l i n d e r  is shown i n  Fig.  6 4 ,  Y-12 Photo 115294. The 
c e n t e r  support  of t h e  b racke t  has a s l e e v e  which couples t h e  inne r  c y l i n d e r  
through a s h a f t  to t h e  c o n t r o l  d r i v e  rod mechanism. The l o c a t i o n  and 
o r i e n t a t i o n  of t h i s  end f i t t i n g  r e l a t i v e  t o  t h e  r e a c t o r  g r i d  and c y l i n d e r  
i s  c r i t i c a l  s i n c e  t h e  guide bear ings f o r  t h e  c y l i n d e r  must r i d e  along t h e  
weld seams and n o t  over t h e  cored area of t h e  c y l i n d e r .  
on t h e  end f i t t i n g  and c y l i n d e r  a r e  matched a t  assembly t o  a s s u r e  proper 
o r i e n t a t i o n .  
E-42376 and t h e  d e t a i l s  of t h e  assembled p a r t s  are given i n  Dwg. E-49822. 

The d r i v e  rod b racke t  i s  assembled t o  t h e  c y l i n d e r  by s h r i n k  f i t t i n g  

I d e n t i f y i n g  marks 

Details of  t h e  d r i v e  rod b racke t  a r e  included i n  Dwg, 

t h e  c y l i n d e r  onto t h e  b racke t .  The cored end of t h e  c y l i n d e r  i s  heated t o  
120°F with an ace ty l ene  t o r c h  while  being p ro tec t ed  with an a sbes tos  
b l anke t .  The a s b e s t o s  b l anke t  i s  removed and t h e  c y l i n d e r  is s l i p p e d  over 
t h e  b racke t  with c a r e  being taken t o  make s u r e  t h a t  t h e  alignment s c r i b e s  
are  l i n e d  up. 

Af t e r  t h e  end f i t t i n g  has been i n s t a l l e d ,  t h e  assembly i s  s e t  up on a 
Giddings and Lewis h o r i z o n t a l  boring m i l l .  A t o p  cap is put on t h e  open 
end of  t h e  c o n t r o l  c y l i n d e r  and a long b o l t  i s  p o s i t i o n e d  t o  l o c a t e  the  
t o p  cap and extends through t h e  c e n t e r  h o l e  on t h e  b r a c k e t ,  as shown i n  
Fig.  6 4 ,  Y-12 Photo 116325, providing a means t o  p u l l  t he  b racke t  square 
and t o  bottom t h e  b racke t  on t h e  c y l i n d e r .  The composite c y l i n d e r  i s  s e t  
up on i t s  b e s t  v e r t i c a l  c e n t e r l i n e  and t h e  c y l i n d e r  and b racke t  are 
d r i l l e d ,  counterbored,  tapped, and f a s t ened  t o g e t h e r  with 1/4-20 NC f l a t -  
head screws. The l ayou t  p a t t e r n  €o r  t h e  screws i s  shown on i t s  assembly 
drawing, Dug. E-49822. 

The b racke t  and t h e  screws which a t t a c h  it  t o  t h e  c o n t r o l  c y l i n d e r  a r e  
s ta inless  s t e e l .  Rather t han  s t a k i n g  a hard screw t o  soft aluminum, the  
screw ends a r e  t ack  welded t o  t h e  b r a c k e t ,  and t h e  welds are blended 
smooth. 

P r i o r  t o  and a f t e r  t h e  end b racke t  i s  a t t a c h e d ,  t h e  c y l i n d e r  contour 
is in spec ted  t o  make s u r e  t h a t  t h e  c y l i n d e r  shape has n o t  changed. In  a 
previous in spec t ion ,  t h i s  contour w a s  mapped and t h i s  map is used as an 
in spec t ion  guide.  

F i n a l  I n s p e c t i o n  

The f i n a l  i n spec t ion  of t h e  inne r  c o n t r o l  c y l i n d e r  is  made with the 
component i n  an u n r e s t r a i n e d  v e r t i c a l  p o s i t i o n  S O  t h a t  a l l  n a t u r a l  r a d i a l  
d i s t o r t i o n s  can be de t ec t ed .  The c y l i n d e r  shown, i n  Fig.  65,  Y-12 Photo 
116327, i s  set  up on t h e  in spec t ion  dev ice  with t h e  top end r e s t i n g  on a 
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Y-715294 

Fig .  63. Inner control  cy l inder  with end f i t t i n g .  
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Y-116325 
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Fig .  6 4 .  Setup for d r i l l i n g  and tapping t o  mount lower ending f i t t i n g  
on inner control  cyl inder.  
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leveling table attached to the rotary table of the inspection machine. 
The radial deviations from the nominal 8.921-in. radius are measured with 
an electrojet sensor probe interconnected with an integrator. The radial 
measurements are made at 12 locations along the length of the component. 
The first location is 1 in. below the interface between the end fitting 
and the cylinder. 
intervals from the first location. 

The remaining 11 measurements are spaced at 6-in. 

At each location, the cylinder is rotated and a continuous trace of 
the radial deviations is recorded. Prior to making any measurements, the 
cylinder is leveled so that the TIR between No. 1 radial inspection loca- 
tion and the No. 12 inspection location is minimum. 
the best centerline located previously, the initial recording of each 
inspection "band" is made at the same radial location along the length of 
the cylinder. 

For comparison with 

The integrator presents the average diameter at each inspection loca- 
tion and represents 180 data points. 
cylinder is based on the average of the 12 values recorded. 

The average diameter of the entire 

Prior to shipment, the surfaces of the cylinder are cleaned with 
isopropyl alcohol to remove all traces of oil and dykum remover used to 
eliminate reference markings, The cylinder is then cleaned with detergent 
as described for the inner control plate. The completed control cylinder 
is shown with one of its outer control plate counterparts in Fig. 66, 
Photo 80958. 
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. .  

ORNL-PHOTO 80958 

Fig .  66.  Finished inner control  cyl inder and outer control  p la te .  
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RESULTS 

Comparison of Radius i n  Preformed P l a t e s  P r i o r  t o  and A f t e r  Removing 
"Backup" P l a t e s  

An i n t e r e s t i n g  phenomenon w a s  observed i n  t h e  preforming r e s u l t s  f o r  
both inne r  and o u t e r  c o n t r o l  p l a t e s .  For b e s t  forming r e s u l t s ,  i t  w a s  
deemed a d v i s a b l e  t o  exp los ive ly  s i z e  a p l a t e  whose o u t s i d e  r a d i u s  w a s  
l a r g e r  than t h e  i n s i d e  r a d i u s  of t h e  d i e .  The i n s i d e  r a d i u s  of t he  d i e  
f o r  t h e  o u t e r  p l a t e  w a s  9.300 i n .  The d e s i r e d  o u t s i d e  r a d i u s  of t h e  pre- 
form w a s  9 5 / 8  in .  It w a s  observed t h a t  t h e  r a d i u s  of t h e  preform 
decreased when t h e  backup p l a t e  w a s  removed by approximately 1 / 2  i n .  The 
d e s i r e d  9 5/8-in. o u t s i d e  r a d i u s  f o r  t h e  o u t e r  c o n t r o l  p l a t e  w a s  achieved 
by preforming t h e  p l a t e  (with "backup" p l a t e  a t t a c h e d )  t o  an i n s i d e  r a d i u s  
of 9 7/8 + 1/8 in .  A s  shown below, when t h e  backup p l a t e  w a s  removed, t he  
i n s i d e  r a d i u s  decreased g e n e r a l l y  t o  9 3/8 in .  

S i m i l a r l y ,  t h e  i n s i d e  r a d i u s  of t h e  d i e  f o r  exp los ive  s i z i n g  t h e  
inne r  c o n t r o l  p l a t e  w a s  8.975 i n .  With t h e  backup p l a t e  a t t a c h e d ,  t h e s e  
inne r  c o n t r o l  p l a t e s  were preformed t o  9 5/8 + 1/8. When the  backup 
p l a t e s  were removed, t h e  r a d i u s  decreased t o  approximately 9 1/8 i n .  

Table 5. I n s i d e  r a d i u s  v a r i a t i o n s  i n  preformed 
o u t e r  c o n t r o l  p l a t e s  

Preformed i n s i d e  Preformed i n s i d e  E s t i m a t  ed 
r a d i u s  wi th  backup r a d i u s  wi th  backup o u t s i d e  r a d i u s  of 

P l a t e  p l a t e  a t t a c h e d  p l a t e  detached preform 
No. ( i n . )  ( i n . )  ( i n . )  

~~~~~ 

HC-47 9 
HC-48 9 
HC-50 9 
HC-5 1 9 
HC-62 
HC-63 
HC-64 
HC-65 

~ ~~ ~~~ ~~ ~~~ 

7/8 + 1/8 9 1/8 t o  9 1 /4  
7/8 T 1/8 9 1/16 t o  9 3/16 
7/8 T 1/8 9 1/8 
7/8 T - 1/8 9 3 /8  t o  9 7/16 

9 3/8 
9 3 /8  t o  9 7/16 
9 3/8 t o  9 7/16 
9 3/8 t o  9 1 / 2  

ComDarison of Lavout Cen te r l ines  

~~~ ~ ~ 

9 3 /8  t o  9 1 / 2  
9 3/8 t o  9 7/16 
9 3 /8  
9 5/8 t o  9 11/16 
9 5 / 8  
9 5 /8  t o  9 11/16 
9 5 /8  t o  9 11/16 
9 5 /8  t o  9 3/4 

Three layout  c e n t e r l i n e s  were used while  processing t h e  inne r  and 
o u t e r  c o n t r o l  p l a t e s .  C e n t e r l i n e  1 (E - 1 )  is  t h e  l o n g i t u d i n a l  cen te r -  
l i n e  of t h e  b l ack  s e c t i o n .  
c e n t e r l i n e  of t he  c o n t r o l  p l a t e  as exp los ive ly  s i z e d  t o  i t s  s p e c i f i e d  
r a d i u s .  
technique.  
E - 3. 

C e n t e r l i n e  2 (E - 2)  i s  t h e  l o n g i t u d i n a l  

C e n t e r l i n e  3 (E - 3 )  is  a v e r i f i c a t i o n  of E - 2 using a d i f f e r e n t  
Obviously, it w a s  d e s i r e d  t h a t  E - 1 co inc ide  with E - 2 and 

Deviat ions e x i s t  because of t he  n a t u r e  of t h e  forming procedure. 
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Large dev ia t ions  could cause r e j e c t i o n s  of t h e  c o n t r o l  p l a t e ,  p a r t i c u l a r l y  
t h e  o u t e r  c o n t r o l  p l a t e ,  because t h e  minimum aluminum edge width s p e c i f i c a -  
t i o n  along t h e  black s e c t i o n  can u l t i m a t e l y  be v i o l a t e d  as a consequence 
of a poorly formed p l a t e .  

The comparative r e s u l t s  are t a b u l a t e d  i n  Table 6. I n  gene ra l ,  t h e  
maximum v a r i a t i o n  w a s  less than 1/16 i n .  which i s  e x c e l l e n t .  Even i n  the  
worst  ca se ,  t h e  s p e c i f i c a t i o n  f o r  t h e  aluminum edging along s i d e  t h e  black 
s e c t i o n  w a s  no t  v i o l a t e d .  

Table 6. HFIR inne r  segment p a r t s  comparison of 
layout  c e n t e r l i n e s  

Distance between 
g - 1 and g - 2 P a r t  

No. TOP Bottom 

Distance between 
g - 1 and g - 3 

TOP Bot tom 

HC-52 
HC-53 
HC-54 
HC-56 
HC-57 
HC-59 
HC-60 
HC-61 

0.020 
0.035 
0.046 
0.046 
0 
0.075 
0.015 
0.045 

0.075 
0.060 

0.115 
0.010 
0.030 
0.030 
0.025 

0. oao 
0.020 
0 
0.060 
0.056 
0 
0.075 
0.012 
0 

0.015 
0.040 

0.105 
0.026 
0 

0.025 

0. oao 

0.018 

Var i a t ions  i n  Core and Edging Dimensions i n  Formed Control P l a t e s  

The v a r i a t i o n s  i n  the  c r i t i c a l  dimensions of t h e  core  s e c t i o n  of t he  
inne r  and o u t e r  c o n t r o l  p l a t e s  a r e  l i s t e d  i n  Tables 7 and 8 and are s e l f -  
explanatory.  The f i r s t  row of ho le s  i n  t h e  g ray  s e c t i o n  i s  nominally 1 in.  
from t h e  gray-black i n t e r f a c e .  
beyond t h e  def ined i n t e r f a c e  between t h e  gray-black i n t e r f a c e  occurs  as a 
r e s u l t  of t h e  p l a t e  f a b r i c a t i o n  p r a c t i c e .  I t  w a s  s p e c i f i e d  t h a t  t h i s  
overflow be l i m i t e d  t o  0.250 in . ,  and it can be seen from t h e  d a t a  t h a t  
t h i s  l i m i t  w a s  no t  exceeded. Seve ra l  p l a t e s  d id  exceed t h e  d e s i r e d  black 
s e c t i o n  maximum leng th ;  however t h i s  w a s  judged t o  be i n s i g n i f i c a n t  and 
w a s  accepted. 

An overflow of t h e  Eu2O3 i n t o  t h e  tantalum 

The width of t h e  aluminum edging of t h e  o u t e r  c o n t r o l  p l a t e s  w a s  n o t  
permit ted t o  be less than 0.125 in . ,  and it can be seen from t h e  d a t a  t h a t  
t h i s  c r i t i c a l  s p e c i f i c a t i o n  dimension w a s  met i n  a l l  cases .  

The a r c  l eng th  of t h e  co re  s e c t i o n  i n  t h e  inne r  c o n t r o l  p l a t e  ranged 
from 13.031 in .  t o  13.214 in .  and f o r  t h e  o u t e r  c o n t r o l  p l a t e s  t h i s  dimen- 
s i o n  v a r i e d  from 13.141 i n .  t o  13.237 i n .  
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Table 7. Critical core dimensions in formed HFIW 
inner control plates 

Average 
Average Maximum Ave r age CQre 

Plate length of length of length o f  arc 
NO. black section black section gray section 1 eng th 

HC-52 
HC-53 
HC-54 
HC-56 
HC-57 

HC-68 
HC-61 

nc-59 

21.910 
22.035 
22.170 
21.875 
22.145 
21.935 
21.940 
22.045 

22.615* 
22.485* 
22.245 
22.410* 
22,725* 
22.350" 
22.160 
23 s 380* 

4 e 860 
4.790 
4.770 
4 795 
4.990 
4.990 
4.925 
4 * 985 

13.097 
13.153 
13.109 
13.111 
13.092 
13.214 
13.062 
13.031 

*Out of specification, but acceptable. 

Table 8. Critical core dimensions in formed HFXR 
outer control plates 

Average Maximum Average Awe rag e Ea in i m u m  
length of length of length of core width of 

Plate black black gray arc ~ ~ u ~ i n ~ ~  
NO. section section section length edging 

HC-47 
HC-48 
HC-50 
HC -5 1 
HC-62 
HC-63 
HC-64 
HC-65 

21 * 845 
21.875 
21.970 
21.864) 
22.864) 
21 .) 940 
21.970 
22 * 185 

22.080 
22.050 
22.265 
22.335 
22.420 
22.125 
22.155 
22.515* 

4.825 
4.960 
4.840 
4.805 

4.940 
4.875 
4.910 
4.980 

13.226 
13.234 
13.141 
13.203 
13.213 
13.187 
13.197 
13.237 

0.20 
9.192 
0 ., 224 
0.192 
0.239 
0.239 
0.224 
0 224 

*Out of specification, but acceptable, 
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Variations in Contour of Explosively Sized Outer Control Plates 

Because of the need for dimensional control of the water passage 
between the control plate components and their surroundings, it is 
necessary t o  control the local deviations in the specified radius of the 
outer control plate to +O.O25 in. of the specified 8.300 in, radius* A 
summary of the results ys included in Table 9 and is based on scanning 
data typified in Fig. 67,  ORNL Dwg. 65-1180.3, for plate H C - 6 5 .  
Examination o f  these eight traces of the plate contour shows that no 
values were observed that exceeded 20.015 in. of the specified 9.300 in. 
radius. There was concern that the machining operation might cause 
changes in the uniformity achieved by the sizing operation. Extensive 
measurements were made after ( 1 )  explosive forming, ( 2 )  the hole drilling 
operation, and ( 3 )  attachment of end fitting. The results are sumarized 
in Table 9 and reveal that the machining operations were accomplished with 
no significant changes in the precision achieved at explosive sizing. It 
can also  be seen that the contour of all plates conformed to the desired 
specification that local regions be within - +0.025 in. of the specified 
9.300 in, radius. 

Table 9.  A summary of the range of local variations from 
the specified 9.300 in. radius of the outer control plate 

Variations after Variations after Variations after 
Plate s iz ing hole drilling fittings 

- No. + I + + 

86-47 0.012 0.018 0.018 0.019 0.015 0.014 
HC-48 0.018 0.017 0.018 0.019 0.019 0.017 
HC-50 0.016 0.014 0.014 0.014 0.012 0.015 
HC-5 1 0.013 0.014 0.019 0.018 0.014 0.017 
HC-62 0.015 0.012 0.015 0.014 0.015 0.017 
HC-64 0.014 0.012 0.018 0.008 0.011 0.010 
HC-68 0.022 0.015 0.019 0.021 0.013 0.023 



ORNL-DWG 65-11803 

25 I-- 
2o 15 r 

I I I I ! 

MAX. ALLOWABLE MINUS TOLERANCE --r---- --I-- 
0 6 12 18 24 30 36 42 48 54 60 
LONGlTUDNAL POSITION ALONG PART FROM BOTTOM TOWARD TOP BRACKET (in.) 

F i g .  67. Outside r a d i u s  v a r i a t i o n  vs. a x i a l  p o s i t i o n  - HFIR ou te r  c o n t r o l  plate, P a r t  HC-65. 
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Arc Length of Inner Control P l a t e s  

To weld t h e  inner  c o n t r o l  p l a t e s  t oge the r  and c o n t r o l  t h e  o u t s i d e  
diameter t o  17.846 + 0.010 in . ,  i t  i s  necessa ry  t o  machine them t o  a pre- 
c i s e  a r c  length.  1; t he  o r i g i n a l  plan,  a weld shr inkage p e r  j o i n t  of 
0.025 i n .  w a s  e s t a b l i s h e d  and, on t h a t  basis, t h e  a r c  l eng th  of t h r e e  
segments w a s  chosen t o  be 14.041 in .  One p l a t e  was r e se rved ,  pending 
shr inkage r e s u l t s  a f t e r  welding the  f i r s t  two segments t oge the r .  en i t  
appeared t h a t  t h e  t o t a l  shr inkage inc lud ing  p l an i sh ing  w a s  about 0.040 
in., the  f o u r t h  segment was machined t o  an arc l eng th  of 14.118 i n .  This  
plan w a s  a l s o  followed for t h e  second inne r  c y l i n d e r  except t h a t  t h e  
f o u r t h  segment w a s  machined t o  14.111 i n .  i n s t e a d  of 14.118 in .  In spec t ion  
r e s u l t s  of t h e  machined a r c  l eng ths  a r e  l i s t e d  i n  Table 10. Except f o r  one 
p l a t e ,  t h e  machined a r c  l eng th  w a s  w i th in  - +0.006 in .  of t h e  d e s i r e d  value.  

Table 10. Var ia t ions  from t a r g e t  arc l e n g t h ,  
i nne r  c y l i n d e r  segment parts a f t e r  machining 

Arc v a r i a t i a n  from 
Target  arc t a r g e t  a r c  l eng th  

P l a t e  length i n  thousandths 
No. ( i n . >  of an inch 

HC-52 
HC-53 
HC-54 
HC-56 
HC-57 
HC-59 
HC-60 
HC-61 

14.118 
14,041 
14.041 
14.041 
14.041 
14.111 
14 e 041 
14.041 

+4 
-1 
-5 
-0 
+2 

-14 
-6 
-6 

Welding and P lan i sh ing  of Inner  Control Cylinder 

Welding fou r  p l a t e s  t oge the r  t o  form a c y l i n d e r  whose diameter of 
17.846 must be c o n t r o l l e d  t o  +0.010 i n ,  r e q u i r e s  a knowledge of weld 
shr inkage and expansion which-occurs while  p l an i sh ing  welds. 
and 12 i l l u s t r a t e  t h e  r e s u l t s  obtained i n  welding toge the r  the f i r s t  two 
inne r  c o n t r o l  cy l inde r s .  A comparison of t he  two methods s e l e c t e d  t o  
monitor weld shr inkage a r e  comparable wi th in  +0.005 i n .  The r e s u l t s  show 
t h a t  t h e  weld shr inkage can only be c o n t r o l l e d  wi th in  +0.010 i n .  of t h e  
0.060 i n .  average va lue  which is no t  s u f f i c i e n t  c o n t r o l  t o  r e l y  on; for- 
t u n a t e l y ,  p l an i sh ing  welds o f f e r s  a technique which lends c o n t r o l  t o  the  
ope ra t ion  s i n c e  it  resu l t s  i n  p l a s t i c  deformation of t he  weld region and, 
t h u s ,  an i n c r e a s e  i n  t h e  welded a r c  length. For example, Table 12 ( i n n e r  
c o n t r o l  c y l i n d e r  No. 2) shows t h a t  a f t e r  welding p l a t e s  HC-54 and HC-56 
t o g e t h e r ,  t h e  shr inkage w a s  0.054 in .  A f t e r  four  p l an i sh ing  passes an 

Tables 11 
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t h i s  weld, 0.016 in .  was regained,  r e s u l t i n g  i n  an o v e r a l l  shr inkage of 
0.048 i n .  of t h e  a r c  l eng th  of t h e  two p l a t e s  p r i o r  t o  welding. 
a l so  reveals t h a t ,  a f t e r  welding t h e  two h a l f  c y l i n d e r s  t o g e t h e r  t o  form 
t h e  c y l i n d e r ,  no p l a n i s h i n g  of t h e  t h i r d  and f o u r t h  welds was r equ i r ed  
because t h e  diameter was w i t h i n  s p e c i f i c a t i o n .  Table 12 shows t h a t ,  i n  
making t h e  No. 2 c y l i n d e r ,  the  t h i r d  and f o u r t h  welds were planished i n  
o r d e r  t o  i n c r e a s e  t h e  diameter t o  meet t h e  17.846 2 0.010 i n .  s p e c i f i c a -  
cion. 
because (1) t h e  c a s t  s t r u c t u r e  of each weld i s  worked and (2)  the l o c a l  
d i ame t r i c  c o n t r o l  is improved, I t  can be seen t h a t ,  u t i l i z i n g  p l an i sh ing ,  

5 i n .  t o  0.016 in .  per j o i n t  w a s  r e s t o r e d  (one and fou r  p l a n i s h i n g  
p a s s e s ,  r e s p e c t i v e l y ) .  
be regained i f  necessary.  

This t a b l e  

I t  w a s  f e l t  t h a t  p l a n i s h i n g  each weld i s  8 more d e s i r a b l e  p r a c t i c e  

It was a n t i c i p a t e d  t h a t  more than 0.016 in .  could 

Table 11. Inner control cylinder 1 ,  weld shrinkage data summary 

Average weld 
shrinkage 

Average weld baaed on 
shrinkage scribe lines 
based on located 
arc length 1 in. apart Number of Growth Total 
befarc and before and planishing from joint 

3eld Parts welde! after velding after welding passes- p lanishing shrinks -. 

1 NC-54 and HC-56 0.054 0.054 4 0.016 0.038 

2 WC-52 and HC-53 0.060 0.059 4 0.0125 0.048 

3 HC-52 and HC-54 ---- 

4 HC-53 and MC-56 ---- 
_.--- 0.068 0 

0.070 0 ---- 
.-I-- 1_____- 

Total of measured arc lengths of four segments before welding 56.239 

Average growth from planishing weld I 0.016 

Average growth from planishing weld 2 0.013 

Equivalent circumference of cylinder before welding 56.268 
Equivalent circumference of cylinder after welding 

(17.851 pi-tape diam x 3.1416) 
- 56.081 

0.187 

Average shrinkage per jo int  . 0.047 in. 



Table 12. Inner  c o n t r o l  c y l i n d e r  2 ,  weld shr inkage  d a t a  siimary 
- 

Average weld 
shr inkage  

Average weld based on 
shr inkage  s c r i b e  l i n e s  
based on l o c a t e d  

a r c  l e n g t h  1 i n .  a p a r t  Number of  Growth T o t a l  
before  and before  and p l a n i s h i n g  from j o i n t  

Weld P a r t s  welded a f t e r  welding a f t e r  welding passes  p l a n i s h i n g  shr inkage  

1 HC-61 and HC-60 0.045 0.053 2 0.006 0.039 

2 HC-59 and HC-57 0.054 0.060 2 0.008 0.046 

3 HC-61 and HC-57 ---- 0.058 1 0.0045 0.054 

4 HC-60 and HC-59 --I- 0.060 1 0.0045 0.056 

T o t a l  of measured a r c  l e n g t h s  of four  segments b e f o r e  welding 56.210 
Average growth from p l a n i s h i n g  weld 1 0.014 
Average growth from p l a n i s h i n g  weld 2 0.009 
Equiva len t  c i rcumference of c y l i n d e r  before  welding 56.233 
Equiva len t  c i rcumference of c y l i n d e r  a f t e r  welding 

(17.849 p i - tape  diam x 3.1416) 
- 56.074 

0.159 

Average shr inkage  per  j o i n t  0.040 i n .  

Diametric Variations in Welding Inner Control Cylinder 

The care exercised in welding inner control plates together produced 
cylinders with precise diametric dimensions, well within the desired 
average diameter of 17.846 + 0.010 in. Table 13 lists the 12 diametric 
measurements at 6-in. intervals made along the longitudinal axis of each 
of these components. These measurements were made with a pi tape. The 
variations in cylinder No. 1 were somewhat greater than for cylinder 
No. 2. It is believed the improvement in cylinder No, 2 was due to the 
planishing operation. 
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Table 13. Diametric variations in welding inner control cylinders 

Axial 
po s it ion* Cylinder No. 1 

1 

7 

13 

19 

25 

31 

37 

43 

49 

55 

61 
67 

17.850 

17.848 

17.849 

17.855 

17.856 

17.855 

17.860 

17.848 

17.846 

17.849 

17.847 

17.849 

17.852 

17.845 

17.846 

17.850 

17.850 

17.852 

17.855 

17.843 

17.845 

17.848 

17.847 

17.850 

*Measured from end of cylinder at point: where it will be cut to fit 
end of bracket. 

Diametric Variations in Inner Control Cylinders After Explosive Sizing 

The improvement in the diametric variations in the inner cylinder as 
a result of explosive sizing is apparent when the results of Tables 11 and 
12 are compared with those of Table 13. The evidence shows that the 
diametric variations can be controlled to within +0.003 in. of the average 
diameter. It is also clear that the as-sized outside diameter of the 
control cylinder is larger than the 17.832-in. inside diameter of the die. 
As might be expected, the larger the diameter of the welded part, the 
larger the diameter of the explosively sized component. 
however, is not significant. 

The difference, 

The variations in roundness along the longitudinal axis are small 
and, in the case of the second cylinder, essentially negligable. 



136 

Final Inspection Results of Diameter and Roundness of the Inner Control. 
Cy1 inder 

The diametric variations of the compl.eted No. 1 and No. 2 inner 
control cylinders (end fitting attached) are listed in Table 14. The 
diametric variations are similar to those reported from the pi-tape 
measurements, although the actual values are 0.001 to 0.002 in. less. 
Variations in roundness at 6-in. intervals along the longitudinal axis 
were held within +0.025 in. for the No, 1 cylinder. These variations for 
cylinder No. 2 were held to within +O.QlO in. 
and especially the second, were weli within the specification that round- 
nesa variations be held to within - +0.030 in. of the nominal 17.842 in. 

Both of these cylinders, 

Table 14, Final inspection results, inner control cylinders 

Deviation from setup radius Integrated average 
-1___1_ 

Location of of 8.921 in. in  mils diameter 
inspect ion cylinder 1 cylinder 2 cylinder 1 cylinder 2 

(in.) 
-_I_ 

band* max rain. max. min a (in. 1 

1 +7 -6 +5 -4 17.840 17,842 

7 4-7 - 10 +3 -7 17.838 17.836 

13 + 14 -13 +4 -6 17.838 17,837 

19 + 19 -15 +3 -6 17.842 17.839 

25 + 23 -17 +3 -5 17.842 17.839 

31 + 25 -22 +4 -5 17.840 17.839 

37 + 24 -21 -t3 -6 17.840 17.838 

43 + 20 -21 4-2 -6 17.837 17.837 

49 + 19 -19 0 -6 17.837 17.838 

55 +18 -17 +2 -6 17.837 17.838 

61 +13 -14 +2 -6 17.836 17.838 

67 +11 -9 +4 -5 17.838 17.840 

Average 17.839 17.838 

*Located with respect to edge at end bracket, 
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CONCLUSIONS 

1. When backup p l a t e s  are glued t o  t h e  c o n t r o l  p l a t e s ,  t h e  p l a t e s  
can be preformed without cracks occur r ing  i n  t h e  core  m a t e r i a l  QP 
cladding.  
in .  af t he  intended r a d i u s .  

The preformed r a d i u s  can be c o n t r o l l e d  ta  wi th in  - +1/8 

2. The c e n t e r l i n e  o f  the f i n i s h e d  exp los ive ly  s i z e d  plate can be 
c o n t r o l l e d  to wi th in  - 91/16 i n .  of t h e  c e n t e r l i n e  of t h e  care sec- 
t i o n  i n  the p l a t e .  

3 .  Outer s o n t r o l  p l a t e s  can be praducced w e l l  w i t h i n  c r i t i c a l  dimen- 
s i o n s  s p e c i f i e d ,  i.e., inimurn of 0.125-in. aluminum ed 
t h e  co re  s e c t i o n  and v a r i a t i o n s  i n  t h e  p l a t e  contour of less than 
0.025 in .  from t h e  s p e c i f i e d  9.300 i n .  r ad ius .  

4. Inner  c o n t r o l  p la tes  can be formed, explosively s i z e d ,  and welded 
t o g e t h e r  t o  form a welded inne r  cantrol c y l i n d e r  whose d iame t r i c  
v a r i a t i o n s  can be c o n t r o l l e d  t o  w i t h i n  - Ml.010 i n .  sf t h e  s p e -  
c i f i e d  17.846 i n ,  diameter .  

5 .  Inner  c o n t r o l  c y l i n d e r s  can be exp los ive ly  s i z e d  under 
compression to produce a product  i n  which the d i ame t r i c  
v a r i a t i o n s  are w i t h i n  +Q.005 in .  of t h e  average diameter and 
whose average diameter-is w i th in  90.035 in. of t h e  s p e c i f i e d  

2 i n .  diameter.  Roundness v z r i a t  ns can be controllea to 
n - +0.025 in .  of the s p e c i f i e d  1 7 .  2 i n ,  diameter.  
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OF ACTIVXTTES TO BE PERFOWD BY METALS AND CERAMICS 
FABRICATION AND QUALITY A CE PLAN MET-Mat FQ-30, 
FABRICATION OF H F I R  INNEB TER CONTROL ~ O M P O ~ E ~ ~ ~  

Characterization of as-received europium oxide 
power 

Arc-melt buttons of Eu283 

Press powder 
Press powder 

Crush, screen, and weigh Eu203 powder and issue 
blend sheets for compact 

Arc melt 

Characterization of as-received aluminum powder 

Anneal, screen, and weigh aluminum powder and 
issue blend sheets for compacts 

Characterization of as-received tantalum powder 

Screen and weigh tantalum powder and issue 
blend shee ts  for compact 

Prepare and inspect compacts 

Weigh and blend powder 
Consolidate blended powder 
Anneal compacts 

Prepare aluminum cover plates 

Prepare aluminum franiea 

Prepare aluminum evacuation stems 

Assign compacts to billet position 

Oakite etch frame and cover plates 

Ass emble billet 

Weld billet 

Degas billet 

Roll b i 1 let 

Anneal control plate and check for blisters 

Inspection, visual, ultrasonic, X-ray and 
dimensional (Inspection Engineering Job Plan 
GB 5-26-76) 

Ship control plates to Y-12 

Metals and Ceramics 
Division Document ~ - - -  

MET-MatP-D-49 

MET-Mat P-D-50 

MET-€% at P-SOP -41 
MET-Mat P-SOP-48 

MET-Mat P-D-5 1 

MET-MatP-SOP-69 

T-MatP-D-52 

MET-Mat P-D-53 

MET-Mat P-D-54 

MET-Mat P-D-54 

NET-MatP-D-55 

MET-HatP-SOP-21 
MET-Mat P-SOP-49 

MET-Mat P-D-56 

MET-MatP-D-57 

MET-MatP-D-62 

MET-MatP-D-58 

NET-MatP-SOP-31 

MET-Mat P-D-58 

NET-Mat P-D-58 
MET-MatP-D-58 

MET-MatP-D-59 

MET-MatP-D-59 

MET-MatP-D-58 

MET-Mat P-B-59 
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SUMMARY OF ACTIVITIES TO BE PERFORMED BY THE 
Y-12 FABRICATION DIVISION FOR THE 

FABRICATION OF H F I R  OUTER CONTROL PLATES 

Y-12 Procedure No. 

Receive p l a t e s  from ORNL 

S tage  1 inspec t ion  

Anneal backup p l a t e s  

F i r s t  machining s e t u p  No .  3 

Prepare p l a t e s  

F i r s t  c l ean ing  
F i r s t  anneal  and f l a t t e n  
Second c leaning  
Glue backup t o  co re  (procedure)  
Glue backup t o  c o r e  ( s i g n  off) 

D r i l l  ho l e  p a t t e r n  f o r  layout  

Second machining s e t u p  N o .  6 
S tage  2 i n spec t ion  

F l a t  p l a t e  X-ray 

F i r s t  r a d i o  (Sec t ion  4)  

Lay ou t  c e n t e r l i n e  and s c r i b e  f o r  preforming 

Machining s e t u p  No. 9 
S tage  3 in spec t ion  
Thi rd  machining s e t u p  No. 10 (preform) 

S t r i p p i n g  f o r  backup plates  

Remove g lue  (procedure)  
Remove g lue  ( s i g n  off) 
T h i r d  c l ean  
Second anneal  
Fourth c l ean  

D r i l l  p o s i t i o n i n g  ho le  and s l o t  

Fourth machining s e t u p  No.  15 
S tage  4 in spec t ion  

AA6-C-7989-55 

AA6-T-7989-55 

AA6-Y-00 1 
AA6 -Y- 003 
AA6-Y-001 
AA6-G-001 
AA6-GF-7989-55 

AA6-T-7989-55 
AAG-C-7989-55 

AA6-Q-001 

AAG-T-7989-55 
AA6-C-7989-55 
AA6-T-7989-55 

AA6-G-001 
AA6-GF-7989-55 
AA6-Y-00 1 
AAG-Y-00 2 
AA6-Y-00 1 

AA6-T- 79 89-55 
AA6-C-7989-55 
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OP-11460, Rev. 1 

APPENDIX I3 
( c snt  inued ) 

9 .  Explosive s i z i n g  

10. Semicurve X-ray 

Second radio Section 5 

11. Inspection and layout o€ center l ines  based QIP 
l inear  measurements 

Machining setup NO. 19 
Stage: 5 inspect ion 
Courtesy radio, Section 6 

12.  Layout Q €  segments f o r  machining of arc 
length and overa l l  length 

F i f t h  machining setup No, 28 
D r i l l  1 /4  ha le s  setup No. 21 
Third radio (Section 5 )  
S i x t h  machining setup NQ. 23 (radius k a l e s )  
Stage 6 inspection 

13 .  I n s t a l l  end f i t t i n g s  

Seventh machining setup N o ,  25 
Stage 7 inspect ion 
Eighth machining setup No. 27 

14, Pack and ship  to  QRNL 

Y-12 Procedure NQ. --- .--_I 

AA6-Y - 788 9 - 55 

AA6-Q-001 

AA6-T-7989-55 
A46-C-7989-55 
AA6-Q-001 

AA6-T-7989 -55 
AA6-T-79 89-55 
A.46*-001 
AA6-T-7989-55 
AA6-6-7989-55 

AA6-T-7989-55 
AA6-c-7989-55 
AA6-T-7939-55 

M6-T-7989-55 
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APPENDIX C 

SUMMARY OF ACTIVITIES TO BE PERFORMED BY THE 
Y-12 FABRICATION DIVISION FOR THE 

FABRICATION OF RFIR INNER CONTROL CYLINDERS 

Y-12 Procedure N o .  

1. Receive p l a t e s  from ORNL 

Stage  1 inspec t ion  AAS-C-7091-21 

2. Anneal backup plates  

F i r s t  machining s e t u p  No. 3 M6-T-7091-21 

3. Prepare  p l a t e s  

F ir  s t c 1 ean ing  
F i r s t  anneal  and f l a t t e n  
Second c l ean ing  
Glue backup t o  core  (procedure)  
Glue backup t o  core ( s i g n  o f f )  

4. D r i l l  ho l e  p a t t e r n  f o r  layout  

Second machining s e t u p  No. 6 
S tage  2 inspec t ion  

AAS-Y-00 1 
AA6-Y-00 3 
AA6-Y-00 1 
AA6-G-001 
AA6-GF-7989-55 

AA6-T-7091-21 
AA6-C- 709 1 - 2 1 

5 .  F l a t  p l a t e  X-ray 

F i r s t  r a d i o  (Sec t ion  4) AA6-Q-001 

6 ,  Lay ou t  c e n t e r l i n e  and s c r i b e  for preforming 

Machining s e t u p  No. 9 
Stage  3 in spec t ion  
Third machining s e t u p  No. 10 (preform) 

7. S t r i p p i n g  f o r  backup p l a t e s  

Remove g lue  (procedure)  
Remove g lue  ( s i g n  o f f )  
Thi rd  c l ead  
Second annea l  
Fourth c l ean  

AA6-T-709 1-21 
AA6-C-7091-21 
AA6-T-7091-21 

AAG-G-00 1 
AA6-GF-7989-55 
AA6-Y-00 1 
AA6-Y-002 
AA6-Y-00 1 
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APPENDIX c 

(Continued) 

Y-12 Procedure No, - 

8. 

9. 

10. 

11 e 

12. 

13 I 

14 

15 * 

16 0 

T r i m  p l a t e  t o  arc l ength  f o r  explos ive  s i z i n g  

Fourth machining s e t u p  No. 15 
Drill pos i t i on ing  hole and slot - s e t u p  N o .  16 
S tage  4 i n spec t ion  

Explosive s i z i n g  

F ir s t f orrning 

Semicurve X-ray 

Second r a d i o ,  Sec t ion  5 

Inspec t ion  and layout  of c e n t e r l i n e s  based on 
l i n e a r  measurements 

Machining s e t u p  N o .  20 
S tage  5 in spec t ion  
Courtesy radio, Sect ion  6 

Layout of segments for machining of a r c  length 

F i f t h  machining s e t u p  No. 21 
Machining se tup  No. 21 
Stage  6 i n spec t ion  

Welding h a l f  cy l inde r  and cy l inde r  

S i x t h  machining se tup  No. 23 
S i x t h  machining se tup  No. 24 
Radio welds and edge c l a d  

Inspec t  cy l inde r  and f ace  o f f  ends 

Explosive s i z e  cy l inde r  

Second forming 
Radio welds and edge c l a d  

Inspec t  cy l inde r ;  machine t o  length  and C-bore 

bA6-11-709 1-21 
AA6-T-7041 21 
M6-C-7091-21 

AA6-Y-7091 21 

AA6-Q-001 

AA6-T-7091-21 
AA6-C-7041-21 

Mci-T-709P -21 
AA6-T-7091-21 
AA6-6-709 B-21 

AA6-T-7091-21 
M6-T-7091-21 

AA6-T-7091-21C 

AA6-Y-9135-31 
AA6-Q-00 1 

Machining s e t u p  No. 27 AA6-T-709 1-21 
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APPENDIX C 
(Continued ) 

17. Drill and radius 1/4 and 5 / 8  ho le s  

Machining setup No. 28 ( d r i l l )  
Machining setup N o .  29 (radius)  
Inspect ion 
Radio Sect ion 7 

18. I n s t a l l  end f i t t i n g  

Machining setup N o .  30 
Inspect runout 
Tack weld screw, setup N o ,  31 

19. Cleaning and f i n a l  inspect ion of cyl inder  

Clean, setup N o .  32 
Machining setup N o .  33 
Inspection 

20, Pack and s h i p  setup No. 35 

OP-11460, Rev. 1 

Y-12 Procedure No. 

M6-T-7091-21 
AA6-T- 709 1-21 
M6-C-709 1-21 
AA6-Q-00 1 

AA6-T-7091-21 
M6-C-7091-21 
AA6-T- 70 9 1 - 21 

AA6-T- 709 1 -21 
M6-C-709 1-21 
AA6-C-709 1-21 

AA6-T-7091-21 
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APPENDIX D 

MEASUREMENT OF HFIR CONTROL PLATE CORES 

Heasuremen t Procedure 

1 .  

2. 

3 .  

4 .  

5. 

6 .  

7. 

a, 

9 .  

10. 

11. 

D r a w  base l i n e  tangent  t o  edge of cores .  

D r a w  r e f e r e n c e  l i n e  a t  convenient p o i n t  a c r o s s  tantalum sfxt ic in and 
at r i g h t  ang le s  t o  base l i n e .  

Measure d i s t a n c e  from r e f e r e n c e  l i n e  t o  a d j a c e n t  end of Eu203 a t  14 
l o c a t i o n s  spaced about e q u a l l y  a c r o s s  t h e  core.  A l l  measurements are 
t o  be recorded on Sheet  D.1 f o r  i nne r  c o n t r o l  p l a t e s  and 
o u t e r  c o n t r o l  p l a t e s .  

Obtain t h e  average d i s t a n c e  from t h e  above 14 measurements and draw a 
l i n e  a c r o s s  t h e  Ta/Eu203 i n t e r f a c e  a t  t h i s  d i s t a n c e  from the 
r e f e r e n c e  l i n e .  

Measure 

la. Minimum d i s t a n c e  of EuzO3 i n t o  tantalum from t h e  Pine dram i n  

l b ,  Maximum d i s t a n c e  of Eu2O3 i n t o  tantalum from t h e  l i n e  drawn i n  

S t e p  4 above. 

S t e p  4 above. 

Draw a l i n e  a t  90" t o  t h e  base l ine  and tangent  to  t h e  extreme 
p r o t r u s i o n  of t h e  EuaO3 i n t o  t h e  aluminum - Measure IC. 
from r e f e r e n c e  Ta/Eu203 i n t e r f a c e  t o  oppos i t e  e x t r e m r e n d  of Eu203.) 

(Distance 

D r a w  a l i n e  a t  90" t o  t h e  base l i n e  and tangent  to  t h e  extreme 
p r o t r u s i o n  of t h e  tantalum i n t o  t h e  aluminum - Measure - 2a. 
l eng th  of both c o r e s . )  

(Overal l  

D r a w  a l i n e  p a r a l l e l  to  t h e  base l i n e  and tangent  t o  t h e  opposite 
edge of t h e  co res  a t  t h e  f a r t h e s t  po in t  - Measure - 2b. 
width. ) 

(Maximum core  

D r a w  a l i n e  a t  90" t o  t h e  base l i n e  and tangent  to t h e  f a r t h e r  
p r o t r u s i o n  of t h e  tantalum i n t o  t h e  Eu2O3. 
l i n e  and t h e  S tep  7 l i n e  is 3c. (Maximum leng th  of tantalum.)  

The d i s t a n c e  between t h i s  

Measure t h e  d i s t a n c e  from t h e  S t e p  7 l i n e  and t h e  S t e p  9 l i n e  t o  t h e  
a d j a c e n t  ends of t h e  tantalum a t  14 e q u a l l y  spaced l o c a t i o n s  a c r o s s  
t h e  co re  width. Add the  28 measurements and d i v i d e  t h e  t o t a l  
ob ta ined  by 14. S u b t r a c t  t h e  va lue  obtained h e r e  from %he value i n  
S t e p  9 above t o  g e t  t h e  va lue  of - 3a. (Average l eng th  of tantalum.) 

Measure t h e  width of t h e  tantalum s e c t i o n  a t  f i v e  e q u a l l y  spaced 
l o c a t i o n s  along t h e  l eng th .  The average of t h e s e  i s  - 3b. 
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APPENDIX D 
(Continued 1 

12. 

13. 

14 e 

1 5 .  

14. 

1 7 .  

18 * 

19. 

Unless i r r e g u l a r  edges e x i s t  on t h e  co res ,  t h e  l a r g e s t  number 
obtained under S tep  11 may be used as t he  maximum width of t h e  tan- 
talum s e c t i o n  - - 3d. I f  i r r e g u l a r  edges do e x i s t ,  measure the 
maximum 

Measure from t h e  S t e p  6 l i n e  t o  the  far thermost  p ro t rus ion  of t h e  
Et1283 i n t o  t h e  aluminum a t  14 equa l ly  spaced l o c a t i o n s  ac ross  the  
width of t h e  core .  Obtain the  average of t h e s e  and s u b t r a c t  t h i s  
value from t h e  value i n  S tep  7 above t o  determine the  average length 
of t h e  Eu2O3 s e c t i o n  - 4a. 

1_1 

Measure t h e  width of t h e  Eu2O3 s e c t i o n  a t  t e n  equa l ly  spaced loca- 
t i o n s  along t h e  l eng th .  Average t h e s e  values  t o  o b t a i n  - 4b. (The 
average width of t he  Et1203 s e c t i o n . )  

Add the  value of S t e p  5 ,  l b ,  ta t h e  value of S tep  7 t o  o b t a i n  the 
o v e r a l l  l eng th  of t h e  E11203 s e c t i o n  - I__ 4c. 

The l a r g e s t  dimension obtained under S tep  14 above may be taken as  
t h e  maximum width of t h e  Eu2O3 - 4d un les s  SOW p o i n t  extends beyond 
t h i s  measurement; i f  so ,  measure i t .  

Measure the  mixing l eng th  of t h e  tantalum with t h e  aluminum a t  14 
e q u a l l y  spaced l o c a t i o n s  ac ross  the  core .  The average of t h e s e  is ~ 5a. 

Measure t h e  mixing l eng th  of t h e  tantalum w i t h  the Eu2O3 a t  14 
e q u a l l y  spaced l o c a t i o n s  ac ross  t h e  core .  The average of t hese  i s  - 5b. 

Measure t h e  mixing l eng th  of t h e  Eu203 with t h e  aluminum a t  14 
equa l ly  spaced l o c a t i o n s  ac ross  t h e  core .  The average of t h e s e  i s  __. 5c. 
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APPENDIX E 

MANUFACTURING DRAWINGS, PROCEDURES, 
FOR MANUFACTURING WFIR CQNTKOL COMPONENTS 
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Document Control Tabulation 

EJN No. 

Y-12 Spec. 

Specification 
or Dwg. No. 

AA6-C-709 1 -21 

AA6-C-7989-55 

AA6-Q-001 

AA6 -GF- 7 9 8 9 -5! 

AA6-Q-001 

AA6 -T- 70 9 I - 21 

AA6-T-7989-55 

AA6-Y-00 1 

AAG-Y -00 2 

AA6-Y-00 3 

AA6-Y-004 

AA6-Y-7989-55 

AA6-Y-7091-21 

Rev. 

D 

E 

D 

B 

E 

E 

F 

A 

B 

B 

A 

A 

A 

Date 

10104 / 7 8 

11 /02/78 

4/29/77 

3/17/77 

2/20/79 

11/21/78 

10/04/78 

2/03/77 

12/22/77 

121 2217 7 

9/27/78 

5 /27 /77  

10/03/77 

Status 

CFC 

CF C 

CFC 

CFC 

CFC 

CFC 

CRC 

CFC 

CF C 

CF C 

CFC 

CF c 

CFC 

Title 

HFIR inner control rod inspection procedure 

HFIR outer control rod inspection procedure 

HFIR inner and outer control rod assembly 
procedure 

HFIR inner and outer control rod assembly 
procedure 

HFIR inner and outer control rod radiography 

HFIR inner control rod machining procedure 

HFIR outer control rod machining procedure 

H F I R  inner and outer control rod cleaning 
procedure 

HFIR inner and outer control rod stress relieve 
procedure 

HFIR inner and outer control plate flatten 
procedure 

HFIR inner control rod cylinder explosive sizing 
procedure 

HFIR outer control rod explosive sizing procedure 

HFIR inner control rod explosive sizing procedure 
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Document Control  Tabulation 

EJN No. 

OP-11460-2 

OP-11460-1 

OP-11460-1 

OP- 11 460- 1 

M-11460 

Spec if ica t  ion 
or Dwg. No. 

E-42376 

E-49443 

D-49444 

D-49711 

D-49712 

E-49820 

E-49821 

E-49822 

E-49823 

E-49824 

E -49 825 

E-50098 

D-501 

bH- 100-D 

Bev. - 
M 

D 

H 

s 

R 

H 

K 

H 

M 

D 

Date 

3/05/76 

5/11/76 

5 /05 176 

9/24/75 

12/02/76 

1 11 8/78 

2/ 11/76 

31  241 76 

8/25/ 77 

8/25/77 

2/11 /76 

12/17/68 

1/23/68 

6/8/77 

S t a t u e  

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

CFC 

T i t l e  

Inner c o n t r o l  rod d r i v e  bracket  

Inner and control. rod b i l l e t s  

Inner and o u t e r  c o n t r o l  rod d e t a i l s  

Outer c o n t r o l  rod Type L bear ing mount d e t a i l  

Outer c o n t r o l  rod Type L bearing eub-assembly 

Outer c o n t r o l  rod assembly 

Outer c o n t r o l  rod lower f l ange  d e t a i l  

Inner  c o n t r o l  rod assembly 

Outer c o n t r o l  rod quadrant d e t a i l  

Inner c o n t r o l  rod d e t a i l s  

Outer c o n t r o l  rod upper f lange d e t a i l  

Outer c o n t r o l  rod female clearance gauge 

D r i l l  jig far  bear ing s h a f t  mounting lugs 

Outer c o n t r o l  rod Type "R" bearing 

M 
I wl 
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Document Control  Tabulat ion 

ORNL Ref. 
Dwg. No. 

E-49900 

E-42293 

E-4229 3 

E-42293 

E -42 2 9 3 

E-42294 

E-42294 

E-42294 

E-42294 

E-42294 

E-42294 

Y-12 too l ing  
Dwg. No. 

D-M-34945 

D-T-35 7 7 7 

D-T-36093 

D-T-413 7 8 

D-T-413 7 9 

E-T-45 84 1 

E-T-4606 9 

E-T-460 70 

E-T-46 184 

E-T-46185 

E-T-46481 

E-T-4648 2 

E-"-46483 

E-T-46484 

E-T-46485 

E-'6-46486 

Rev. Date 

9/01/64 

5/01/65 

7/15/64 

5 10216 7 

5/02/67 

2/07/63 

3/02/63 

3104663 

611 7/65 

3/02/63 

10/17/63 

9/09/63 

9/38/63 

9/09/63 

9/09/63 

9/09/63 

S t a t u s  

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

AFC 

T i t l e  

HFXR r e a c t o r  grade,  X-ray g r i d  

Funct ional  gauge s t a n d ,  inner  rod 

Shipping conta iner  f o r  inner  rod 

Molding forming p res s  brake d i e  mold 

Mold shipping conta iner  

Annealing f i x t u r e ,  ou te r  rod 

Shipping conta iner ,  ou te r  rod 

L i f t i n g  device ,  ou ter  rod 

Explosive forming body, ou te r  rod 

L i f t i n g  device,  c a r r i e r ,  ou te r  rod 

Explosive forming, s i z i n g  d i e  assembly, inner  rod 

Explosive forming, s i z i n g  d i e  assembly, inner  rod 

Explosive forming, s i z i n g  d i e  d e t a i l ,  inner  rod 

Explosive forming, s i z i n g  d i e  d e t a i l ,  inner  rod 

Explosive forming, s i z i n g  d i e  d e t a i l ,  inner  rod 

Explosive forming, s i z i n g  d i e  d e t a i l ,  inner  rod 

m 
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Document Control  Tabula t ion 

ORNL Ref. 
Dwg. No. 

E-42294 

E-42294 

E-42294 

E-42294 

E-42294 

E-42294 

E-42294 

E-42293 

E-42293 

E-42294 

E-42294 

E-42294 

E-42294 

Y-12 too l ing  
Dwg. No. 

E-T-46816 

E-T-46827 

E -T-46 8 1 8 

E-T-468 19 

E-T-46820 

E-T-46 821 

E -T-46 8 2 2 

E-T-46853 

E-T-4685 9 

E-T-4686 1 

E-T-47046 

E-T-47055 

E-T-47 124 

Rev. Date 

9/09/63 

61 26 163 

9/20/63 

6/26/63 

6/26/63 

6/26/63 

61 26/63 

611 7/64 

4/25/63 

4/19/63 

4/19/63 

5/21/63 

6/26/63 

S ta tus  

AFC 

AFC 

AFC 

AFC 

AFC 

AFT 

AFC 

AFT 

AFT 

AFC 

AFC 

AFT 

AFC 

T i t l e  

Explosive forming, gauge and mandrel, inner  rod 

Explosive forming, gauge and mandrel d e t a i l s ,  
inner  rod 

Explosive forming, gauge and mandrel, inner  rod 

Explosive forming, gauge and mandrel d e t a i l s ,  
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