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INTRODUCTION 

The magnetic jack is a device for positioning the control rods in a 
nuclear r eac to r , especial ly in a reac to r containing water under p r e s s u r e . 
Magnetic actuation precludes the need for shaft seals and el iminates the 
problems associa ted with mechan isms operating in water . 

This repor t covers the developments made since the writ ing of a 
previous repor t , ANL-5768 (December 1957). The index at the end of this 
repor t covers this repor t and a lso ANL-5768. 

LITERATURE RELATING TO THE MAGNETIC JACK 

J. N. Young, Magnetic Jack - A New Control Drive Mechanism, Nucleonics 
i ^ (6), 118-123 (June 1957). 

J. N. Young, Design and Per formance Charac te r i s t i c s of Magnetic Jack-
Type Control"Rod Drive, ANL^^^5768 (Decembe7T957^ 

Westinghouse Magnetic Rod Drives Descript ion (advert isement) . 
Nucleonics, I J (6), 129 (June 1959). 

Patent number 2,803,761, which is the improved type discussed in this 
repor t . 

Patent number 2,831,990, which is the mechanical gripper type. 

Annual Technical P r o g r e s s Report AEC Unclassified P r o g r a m s F i sca l 
Year 1959, NAA-SR-3850, page IV-12 thru IV-16 (Atomics International) . 

J. D. Howell, OMR Control-Safety Rod Component Development Tes t s , 
NAA-SR-3172 (Atomics International) (September 1959). 

The following drawings may be obtained from the Technical Information 
Service Extension, P. O. Box 1001, Oak Ridge, Tennessee , attn: Engineering 
Sales: 

AEC No. 

CAPE-34-21 
CAPE-34-22 
CAPE-34-23 
CAPE-34-25 
CAPE-34-26 
CAPE-34-36 

CAPE-34-30 
CAPE-34-31 
CAPE-34-32 
CAPE-34-33 
CAPE-34-34 
CAPE-34-35 

P r i ce 

$2.48 
0.32 
0.32 
0.16 
0.16 
0.16 

0.32 
0.32 
0.16 
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RE-6-19127-A 
RE-7- I7995-A 
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March, 1956 

control and 
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BRIEF DESCRIPTION OF THE MAGNETIC JACK* 

The magnet ic jack control rod drive is an he rmet i ca l ly sealed s y s ­
tem which e l iminates the p rob lems assoc ia ted with mechan i sms operat ing 
in water . It cons is ts of a p r e s s u r e shel l , four se ts of ex terna l s ta t ionary 
magnet coils (hold, gr ip , lift, pull down) and one in terna l moving pa r t 
( a rma tu re ) that impa r t s l inear motion to a c lus te r of rods (drive rods) . 

The dr ive rods fit loosely in the center of the jack. Applying cu r ­
rent to the hold coils causes the rods to adhere to the wall of the p r e s s u r e 
shell ; the application of cu r r en t to the gr ip coils causes the rods to adhere 
to the bore of the a r m a t u r e . Energiz ing the lift coil moves the a r m a t u r e to 
the top end of the chamber and energizing the pull down coil moves the 
a r m a t u r e to the bottom end of the chamber . Thus, by switching the coils 
off and on in the p roper sequence, the drive rods a r e moved in s t eps . If 
only the hold coil is energized, the rods a r e held f i rmly in position. De-
energizing al l of the coils allows the rods to drop, thus s c r amming the 
r eac to r . 

Although the usua l s tep length (about 0.1 in.) is se t in a s sembly by 
the amount of axial c lea rance that the a r m a t u r e has in the chamber , the 
rods may be moved in ex t ra l a rge s teps in the down direct ion and in ext ra 
fine steps (about 0.006 in.) in e i ther d i rect ion. The la rge step length is 
accompl ished by dropping and catching the rods with the hold magnet . The 
smal l step is accompl ished by switching off the lift magnet and letting the 
cushion washer do the lifting. The cushion washer is a stiff bel levil le spring 
which is located at the end of the a r m a t u r e . 

The only drawback in the use of this rod dr ive at Argonne has been 
the lack of a posi t ive and p r e c i s e posit ion indicator which is r equ i r ed for 
exper imenta l work. Fo r r e a c t o r s which a r e p r i m a r i l y used for the p roduc­
tion of power, s imple magnet ic posit ion indica tors a r e adequate . Fo r ex­
pe r imen ta l work, some fair ly p r e c i s e magnet ic posit ion indica tors have 
been developed recent ly . One is a s imple device which r e q u i r e s s eve ra l 
operat ions to obtain a close reading; another is a complicated one which 
is easy to read . 

SUMMARY 

There continues to be no mechanica l p rob lems with the jack; con­
sequently the re have been no bas ic changes. 

Jacks #24 and #27 have been modified to provide a m o r e durable 
coil connection. Instead of fastening the ends of the coil wire to a t e r ra ina l 
s t r i p , the coils now have nickel t e r m i n a l posts which a r e an in tegra l pa r t 
of the coil . 

*A m o r e detai led descr ip t ion is given in ANL-5768. 
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Jack #24 was modified further to provide a un ive r sa l control rod 
drive for p r e s s u r e s up to2600ps i . Jack #29 H is the h i g h - p r e s s u r e vers ion . 
A short model of the p r e s s u r e shell of Jack 29 H was p r e s s u r e tes ted to 
destruct ion (See appendix E). 

Jack #29 L is designed for lower p r e s s u r e s . The design for lower 
p r e s s u r e makes possible the use of coil s leeves which facil i tate ins ta l l a ­
tion of p r e a s s e m b l e d coil a s s e m b l i e s . This is especia l ly des i rab le for 
be low- the - r eac to r appl icat ions. The in terna l pa r t s of Jack 29 L were 
slightly modified to minimize the possibi l i ty of radioact ive di r t collecting 
in the jack, A special blow-down valve at the bottom is used to remove 
the dir t that falls thru the dr ive. Jack #29 L has been built , tes ted , and 
will be insta l led in EBWR. 

Five type #27 magnet ic jacks have been built and testedj one of 
these will be insta l led in ALPR. P a r t s a r e on hand for a sixth unit, which 
is a spa re . This drive sys tem is desc r ibed in detai l in appendix B. It was 
found n e c e s s a r y to i nc r ea se the chrome plate thickness of Jack #27 rods 
from 0.002 in. to 0.006 in. This d e c r e a s e s the amount of res idua l m a g ­
ne t i sm so that the rod is f ree r to drop. Residual magne t i sm is m o r e of 
a problem with l a r g e - d i a m e t e r hold magnets such as in Jack #27 than with 
snaal l -d iameter hold magnets such as in Jack #29. It was also n e c e s s a r y 
to i nc r ea se the thickness of the nonmagnetic s leeves to reduce the unbalanced 
rad ia l forces on the a r m a t u r e and thereby reduce wear . The tes t descr ibed 
on page 90 caused a smal l amount of wear which indicates that there will be 
prac t ica l ly no wear with the thicker s leeve. Radial forces a r e m o r e of a 
problem with a shor t - length a r m a t u r e such as in Jack #27 than with a long 
a r m a t u r e such as in Jack #29. 

The following is an approximate manufacturing cost breakdown of the 
EBWR Magnetic Jack (#29 L): 

Coils (unpotted) $ 180 
Coil shel ls 1000 
Coil a s sembly and potting 320 

Coils $1500 
P a r t s from Rock Island 2540 
Miscel laneous pa r t s and a s sembly 460 

Mechanical pa r t s 3000 
Jack $4500 

Commutator switch 129 
Switch motor 21 
Rect i f iers 74 
Assembly and misce l laneous pa r t s 276 

Power supply 500 
Total ^ $5000 
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The control sys tem has been simplified and designed so that ex­
ist ing r eac to r controls may be used to control the magnet ic jack (see 
page 15 and appendix B). A new feature is a switch located on the control 
panel for switching from the usual coarse step of about 0.1 in. to a fine 
step of about 0.006 in. 

The power supply has been simplified and made s m a l l e r by using a 
commuta tor - type switch instead of the cam-ope ra t ed mic roswi tches and 
r e l a y s , and by using si l icon rec t i f i e r s (see page 16) instead of selenium 
rec t i f i e r s (appendixB). The si l icon rec t i f i e r s a r e m o r e efficient, sma l l e r 
and cheaper but not quite as re l iab le as the selenium rec t i f i e r s . The con­
t ro l and power supply fit on a 1 7 x 1 0 in. chass i s and a 19 x 7 in. panel 
(see page 15). 

Three new var ia t ions of the magnet ic position indicator were built 
and successfully tes ted (see appendix D). One is an automatic vers ion of 
the position indicator desc r ibed in ANL.-5768. The rod position is read 
di rect ly on a m e t e r which has dial numbers which automatical ly change 
when the rod moves from one 3-in, coil range to the next. The second 
one gives l inear indication on a long-sca le DC m i l l i a m m e t e r . This is 
accompl ished by specia l spacing of the coi ls . The th i rd one cons is t s of 
two se lec tor swi tches , a m e t e r and a s e r i e s of coils with one-inch spacing. 
The f i r s t se lec tor switch reads tens of inches , the second se lec tor switch 
reads inches and the m e t e r r eads tenths of inches . Another m e t e r is used 
a c r o s s the s e r i e s of coils to give the approximate posit ion. 

TEST RESULTS 

Tes t r e s u l t s , in addition to those shown below, a r e l i s ted in the 
Table of Contents, 

The curves on page 17 show dec reased lift slippage as the effect of 
removing the las t t r a c e of lubr icat ion and of forming an i ron oxide film. 
This occurs after a new jack is run for a while. This t es t was made on the 
EBWR jack (#29 L) at room t e m p e r a t u r e and with water open to the a t m o s ­
phere . The m e a s u r e m e n t s were taken while the jack was cold, but, during 
mos t of the operat ing t ime , the jack was at about 180F, 

A s e r i e s of t e s t s were made to de te rmine the equi l ibr ium t e m p e r a ­
tu re s of the dr ive with var ious cooling methods . The t e s t s were made with 
the ALPR jack (#27-2) mounted on a v e s s e l containing water at 422°F 
(300 psig). To s imula te a boiling r e a c t o r , the top half of the ves se l con­
tained sa tu ra ted s team. To s imulate a p r e s s u r i z e d r e a c t o r , the water level 
was r a i s e d so that there was l i t t le or no s team space . A truly p r e s s u r i z e d 
sys tem might give slightly lower drive t e m p e r a t u r e s . The ambient t e m p e r ­
a tu re was 80°F. The cooling water was 0.10 gallons per minute of 100°F 
water injected at the flange jus t below the dr ive . The hold coils were turned 
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on during the tes t . The thin flange consisted of the flange shown on page 62 
3 

with a water inlet hole added and with a sleeve which reduced the I T in. bore 
1 

to a I 'yin. bore . This sleeve gave a smal le r c learance for the drive rod 
and thus kept water in and steam out of the jack with a modera te anaount 
of cooling. The insulating flange is shown below. 
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DISCUSSION 

The Grooved Rod Type Magnetic Jack vs the Smooth Rod Type 

Size 

Both types would be of the same d iameter since the load capacity is 
l imi ted by the d iamete r of the lift magnet . Although the grooved rod could 
be a l i t t le sma l l e r than the smooth rod c lus t e r , this would make ve ry l i t t le 
difference in the outside diaineter of the jack. The snaooth rod type is about 
twice as long as the grooved rod type and, if the gripping s t rength mus t be 
s t ronger than the lifting s t rength , the difference is somewhat g r e a t e r . 

Cost 

The cost of the grooved rod type is probably a l i t t le naore since it 
has two p rec i s ion gr ipper m e c h a n i s m s that mus t not wear and a long rod 
with many grooves , while the coils and the p r e s s u r e shell a re l e s s cost ly. 

Posi t ion Indication 

The grooved rod type has the advantage in this r e spec t since the 
p r e c i s e posit ion may be obtained by counting s teps , a s suming that it does 
not m i s s a s tep. 

Movement 

The grooved rod type gives a p r e c i s e step length while the smooth 
rod type step length is about 3% l a r g e r in the down direct ion than in the up 
direct ion and va r i e s about 2% from other causes . The smooth rod has the 
advantage of being able to go down in l a rge s teps by the drop and catch 
method and being able to go up or down with an ext ra fine s tep of about 
0.006 in., as well as the s tandard s tep. 

Slippage 

The grooved rod type will not s l ip under any conditions; however , 
overloading will cause se r ious damage. This is not l ikely in a s ta t ionary 
application except if the rod is gripped while it is dropping. The smooth 
rod type will slip only if the load capacity is exceeded and this does no 
damage. 



Life 

In the grooved rod type wear is slight because the gr ipper pa r t s 
do not c a r r y a load when they a re laioving, but the allowable wear is quite 
low. The smooth rod type has a longer life since a great deal of wear 
may be tolerated. 

Reliabili ty 

The smooth rod type has only one moving par t and is not affected 
by dir t , cor ros ion and wear . The grooved rod type is not recommended 
for a below the reac tor application where dirt is likely to be present . 

MAGNETIC JACK COMPARISON CHART 

Smal l d i a m e t e r 
Shor t l eng th 
Low c o s t 

Good pos i t i on ind i ca t ion 
P r e c i s e s t ep l eng th 
M o r e t h a n one s t e p l eng th 

No s l i ppage 
No d a m a g e f r o m o v e r l o a d 
W e a r r e s i s t a n c e 

D i r t r e s i s t a n c e 
C o r r o s i o n r e s i s t a n c e 

I m p o r ­
t a n c e 

F a c t o r , 
A 

2 
2 
2 

3 
1 
1 

3 
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4 

3 
3 
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Ra t ing 
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B 

2 
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3 
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0 
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6 

60 
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4 

4 
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4 
4 
8 
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0 
4 

0 
16 
16 

12 
12 
76 



Thick vs Thin P r e s s u r e Shells for a Magnetic Jack 

The idea of using a thin p r e s s u r e shell for a magnetic jack is a 
c a r ryove r from the canned ro to r mo to r s the only rea l advantage being 
that it avoids the use of nonmagnetic sec t ions , which requ i re quite a few 
welds . The welding prob lem has been minimized by a new weld m a t e r i a l 
(see Appendix E) and by the fact that a thick p r e s s u r e shell has low s t r e s s e s 
due to p r e s s u r e . 

Actually, a thick p r e s s u r e shell is an advantage for the naagnetic 
jack if it is provided with magnet ic and nonmagnetic sect ions along its 
length. These magnet ic sec t ions , if they a r e thick enough, sp read out the 
magnet ic flux which is t r a n s m i t t e d from the shell to the a r m a t u r e . It is 
impor tant to sp read out this magnet ic flux since the radial forces on the 
a r m a t u r e a r e thereby reduced. 

Another way of reducing the unbalanced radial force is by reducing 
the radia l c lea rance of the a r m a t u r e , but this makes the device m o r e s ens i ­
tive to wear , d i r t , co r ros ion and manufactur ing e r r o r s . Use of a modera te ly 
thick p r e s s u r e shell does not i nc r ea se the overal l d iamete r of the jack since 
spreading out the flux reduces the a m p e r e turns requ i red to t r a n s m i t the 
flux, thus reducing the s ize of the coil . 

Cooling vs H igh- t empera tu re Operation 

There is no cooling prob lem in the case of a control rod drive l o ­
cated below the r eac to r i-essel since there is no heat t r an s f e r by convection, 
and the heat brought down by conduction is remo^ ed by the surrounding air 
in l e s s than a foot of th imble length The heat produced by the magnet coils 
is a l so removed s imply by the sur rounding a i r with a t e m p e r a t u r e r i s e of 
135°F for the hold coils (#29). 

In the case of a dr ive located abo-^-e a boiling r e a c t o r , special p r o ­
visions a r e n e c e s s a r y m orde r to keep the drive cooler than the r eac to r . 
This naay be done with a device for reducing the heat t r ans fe r bv conduction 
and convection, with about 0,1 gpm of cooling water and with some fan cooling 
(see page 18). The cooling water is fed m just below the dr ive , thus it does 
not in te r fe re with the remo"^'al of the coi l s . Cooling of a drive on a p r e s ­
su r i zed r e a c t o r is l e s s of a p rob lem. 

The sys t em is simplif ied if no special cooling is r equ i red and the re 
is l e s s danger of fai lure if the dr ive does not depend on a flow of cooling 
water and a fan. 

On the other hand, coi ls that a r e designed to operate at high t e m ­
p e r a t u r e s a r e expensive and they mus t be l a r g e r because thei r r e s i s t ance 
is h igher at high t e m p e r a t u r e s . 
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ID any case , the surrounding a i r mus t be cool enough to remove the 
e lec t r i ca l heat or the coils will become even hot ter than the r eac to r . 

Fu tu re Development 

Although Argonne is not expecting to continue developnaent work on 
the magnet ic jack, there a r e seve ra l pa r t s of the sys tem that could be de­
veloped fur ther . These a r e l i s ted below: 

1. mi ld s tee l or Armco i ron magnet pa r t s with Neo-chrome 
plating or other protect ive coating; 

2. conforming-type drive rods with r e - e n t r y flux path using long 
coils such as those used on jack #29; 

3. conforming-type drive rods made from ex t ruded- to - s i ze s ta in­
l e s s s tee l ; 

4. be t t e r coi l -sequencing switch; 

5. me ta l mounting b racke t s on the posi t ion- indicator coi ls ; 

6. digital posi t ion indicator . 

High-speed Operat ion 

Using the sinaple c i rcui t j switching and nnagnets shown in th is r e ­
por t , th ree inches per minute is about as fast as the jack will lift a rod. 
This is adequate for mos t appl icat ions , espec ia l ly if m o r e than one rod is 
moved at a t ime . Other l abo ra to r i e s have obtained substant ial ly higher 
speeds . Atomics Internat ional ment ions 14 inches per minute with a 
300-pound load and 25 inches per minute with a 50-pound load in thei r r e ­
por t NAA-SR-3350, page IV-6. 

The magnet action l imi t s the speed m o r e than the mechanica l action. 
This is indicated by the r e su l t s of speed calculat ions which consider only 
the iner t i a effects on the moving p a r t s . The max imum theore t ica l speed 
for lifting a 200-pound rod a s sembly is 285 inches per minute , assuming a 
30-pound a r m a t u r e , a 600-pound gr ip and lift fo rce , and a 0.1-inch step 
length 



APPENDIX A 

CALCULATIONS 

M = Mater ia l • 
B = Flux density, kilolines per in. 
H = Field intensity, amp turns per in. 
E = Magnetomotive force, amp turns 
I = Flux, kilolines 

A - Area , in. 
L = Length, in. 

Subscript "J" is used for magnetic mate r ia l 

Subscript "S" is used for air gaps or other 
nonmagnetic mate r ia l 
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MAGNET CALCULATIONS 
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B j 2 
Aj2 

IJ2 
ES4 
LS4 

AS4 

IS4 

A s s u m e 
B-H curve 

H j l x L j i 

B j i x A j i 
.002+.00375 
A j i x 2 . 5 

313xLs ix I j i 

As i 
E j i + 2 x E s i 

Es2x;As2 
313xLs2 
I j l+IS2 

313xLS3xIS3 

As 3 

Max. B 

Bj2xAj2 
Es2+2Es3 

Es4xAs4 

313xLs4 

416 SST 
100 
320 

.625 
200 
1.18 

118 
.00575 
2.95 

72.0 

344 
1.13 

.25 

5.0 

123 

4.22 
.0075 

68 

Mild 
Steel 
138 
.29 

40 
480 
.6 

2.5 

6.4 

IS5 
AS5 
LS5 

ES5 

AJ3 
BJ3 

Mj3 

HJ3 
LJ3 

E j 3 
ES6 
LS6 

As6 

IS6 

Mj4 

IJ4 
LJ4 
Aj4 

B j 4 
Hj4 
E j 4 

Mj5 

LJ5 
AJ5 

BJ5 
Hj5 
E j 5 

Ec 

IS3+IJ2+IS4 

313xLs5xIs5 

AS5 

I S 5 / A J 3 

B-H curve 

H J 3 X L J 3 

Es4+2(Es5+Ej3) 

Es6xAs6 

313xLs6 

IS5+IS6 

I j 4 / A j 4 
B-H curve 
H j 4 x L j 4 

I j 4 A j 5 
B-H curve 
H j5xLj5 

Es6+2Ej4+Ej5 

169 
2.3 
.005 

115 

2.6 
65 

Mild 
Steel 
19 
.37 

7 
724 
1.094 

7.07 

15.0 

Mild 
Steel 

184 
1.10 
3.5 

53 
12.3 
13.5 

Mild 
Steel 
1.39 
4.0 

46 
10 
14 

765 

COIL POWER 

^ 0 / " 
t emp . 
r e s . 
i X r 

1 X 

Turns 
amps 
°C 
ohms 
volts 

watts 
(8 coils) 

600 
1.28 
180 
9.18 
11.75 

120 

HOLD CAPACITY 

B s i 
N 

f 

F 

I j l / A s i 
Mag. 
c i r cu i t s 

Coefficient 
of F r i c t i o n 

BSIASI N f 
36.05 

40.0 

8 

.45 

470 
lbs . 

HOLD MAGNET 
Jack #29L 
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Bs 
As 
Is 
L S 
E g 

L J 2 
A j 2 
B J 2 
M j 2 

H J 2 

E J 2 
L j l 
A j l 
B j i 
M j l 

H j l 
E j l 

E s i 
Asi 
L S I 

isi 

I J 

M j 

H j 

L j 
E j 

L J 3 
A J 3 

B J 3 
M j 3 

H J 3 
E J 3 

A s s u m e 

BsxAs 

313xLsxBs 

I J 2 / A J 2 

B-H curve 

H J 2 X L J 2 

IS/AJI 

B - H c u r v e 
H j l x L j i 
E s + E j 2 + E j i 

E s i x A s i 

313xLsi 

is+isi 
I J /AJI 

B - H c u r v e 

H j x L j 

I J / A J 3 

B - H c u r v e 
H j 3 x L j 3 

55 
1.33 
73 .1 
.006 
103 
. 0 5 4 7 
1.37 
5 3 . 4 

405 SST 
38 
2.1 
.195 
1.334 
5 4 . 8 
1 7 - 4 P H SST 
280 
54 .5 
159 .6 
1.03 
.086 

6.1 

79.1 
5 9 . 3 
1 7 - 4 P H SST 
350 
. 3 2 8 
115 
.414 
1.80 

4 4 . 0 
405 SST 
32 
13 .2 

E s 2 

L S 2 
A s 2 

IS2 

I J 4 
^34 
A j 4 
B j 4 
M j 4 

H j 4 
E j 4 

E s 3 
1^S3 
A s 3 

IS3 

L S 4 
A s 4 

IS4 

IS5 

L S 5 
A s 5 

E s 5 

Es6 

LS6 
As6 

IS6 

IS7 
LS7 
AS7 

ES7 

— 
Ej+2Es i+2Ej3 

Es2xAs2 

313xLs2 
Ij+IS2 

I j 4 / A j 4 

B - H c u r v e 
H j 4 x L j 4 

E S 2 + 2 E J 4 

E S 3 ^ S 3 

3 1 3 x L s 3 

E s 3 x A s 4 

3 1 3 x L s 4 
l j 4+IS3+IS4 

3 1 3 x L s 5 x I S 5 

AS5 
E s 3 + 2 E S 5 

EcA X Asft 

313 x L s 6 

IS5 + IS6 

3 1 3 x L S 7 x I S 7 

A s 7 

G R I P 
.045 
4 . 8 7 

381 

1250 
.25 
1.16 

18 .5 

150 .4 
.008 
3.7 

102 

460 
. 437 
7 .18 

24 .1 

1 0 3 . 2 

.469 
2 .59 
4 0 . 3 
405 SST 
30 
14.1 
4 8 8 
.25 
1.84 

11 .5 

.125 
1.38 

17 .2 

131 .9 
HOLD 1 

.0075 1 
5 .10 

60 .7 

609 
.25 
1.16 

9.0 

140 .9 
. 0 0 8 
3.7 

95 .2 

E s 8 

I-'S8 
A s 8 

IS8 

I j 5 
L j 5 
A j 5 
B j 5 
M j 5 

H j 5 
E j 5 

E S 9 

•^S9 
A s 9 

IS9 

I J 6 
L j 6 
A j 6 
B J 6 
M j 6 

H j 6 
E j 6 

L J 7 
A j 7 
B j 7 
M j 7 

H j 7 

E j 7 

Ec 

ES6+2ES7 

Es8xAS8 

313xLs8 

IS7+IS8 

I J 5 / A J 5 

B - H c u r v e 
H j 5 x L j 5 
E S 8 + 2 E J 5 

ES9xAs9 

313xLs9 

IJ5+IS9 

I J 6 / A J 6 

B - H c u r v e 
H j 6 x L j 6 

I J 6 / A J 7 

B - H c u r v e 
H j 7 x L j 7 

E s 9 + 2 E j 6 + E j 7 

G R I P 
1454 
.37 
3.1 

39 .0 

189 .4 
.25 
2 .01 
9 4 . 3 
M i l d 
S t e e l 
60 
15 
1484 

.669 
11 .8 

83 .5 

273 
1.1 

2 .59 
105 
M i l d 
S t e e l 
130 
143 
.70 
3.1 
88 
M i l d 
S t e e l 
44 

3 0 . 8 

1775 

H O L D 

799 
.37 
3.1 

? 1 4 
6 1 . ^ 

162 .4 
.25 
2.01 
80 .7 
M i l d 
S t e e l 
32 
8 
815 

.669 
11 .8 

4 5 . 9 

208 
1.1 

2 .59 
80 .5 
M i l d 
S t e e l 
32 
35 
.70 
3.1 
67 
M i l d 
S t e e l 
20 
14 

899 

GRIP AND HOLD MAGNETIC CALCULATIONS 
Jack #27 
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COIL POWER 

n 
i 

r 
e 

E c / n 
Temp 
Res . 
i X r 
e X i X 8 

Turns 
amps 
°C 
ohms 
volts 
watts 
(8 coils) 

GRIP 
300 
5.91 
180 
4.73 
28.0 

1330 

HOLD 
300 
3.00 
180 
4.73 
14,2 

340 

N 

f 

F 

GRIP OR HOLD 
CAPACITY 

Mag. c i rcui t s 

Coefficient 
of F r ic t ion 

BsxAsxNxf 
36.05 

8 

.45 

401 



Water Dash Pot Design 

One of the functions of a control rod in a nuclear r eac to r is to shut 
the r e a c t o r off quickly in case of an emergency . This is done by a fast in­
ser t ion of the control rod into the r e a c t o r co re , usual ly by gravity. A dash 
pot is one means of stopping the rod at the end of i ts t r ave l . The design of 
such a dash pot is the subject of this paper . 

The dash pot piston is a pa r t of the control I'od a s sembly and the 
dash pot cylinder is s ta t ionary. A self-contained dash pot using a r e tu rn 
spr ing is not used because of the possibi l i ty of the rod operat ing while the 
dash pot is stuck closed. 

The piston, as it t r ave l s down through the pipe before enter ing the 
dash pot cyl inder , l imi ts the speed of inser t ion without delaying the init ial 
movement of the rod to any measu rab l e extent. 

The c lea rance between the piston and the cylinder i s used as the 
orif ice and is made to dec rea se toward the end of the t r ave l by taper ing 
the piston or the cylinder or both. A taper with a ce r ta in contour will 
provide a constant decelera t ion . This would give the ideal action] however , 
a s t ra ight taper is m o r e economical and is sufficient for mos t appl icat ions. 
The c lea rance at the beginning of the t r a v e l is calculated to give an ini t ial 
force equal to the ave rage force . This gives the sma l l e s t peak force , which 
occurs nea r the center of the t r ave l , and is equal to 1.3 t imes the average 
force. 

The min imum c lea rance (at the end of the t r ave l ) is a compromise 
between a c lea rance that is l a rge enough to prevent t rouble from dir t and 
cor ros ion and a c lea rance that is smal l enough to slow the rod down to a 
point where the final impact is smal l . This compromise is no problem if 
the d iamete r of the piston is l a rge enough. To min imize the final velocity 
for a given min imum c lea rance , the l a s t 10% of length is not tapered . 

The following example of calculat ions is s imi l a r to that used to 
calculate the in te rna l dash pot that has been in operat ion on EBWR with 
the l inear sea l d r ive . 

The following method is a convenient way of calculat ing fluid flow 
The orif ice formula was der ived from the genera l law of flow: V = (2gh) ^ . 
The leakage formula was der ived from the stuffing box leakage formula 
given in M a r k s ' Mechanical E n g i n e e r s ' Handbook, 



F l o w t h r o u g h a n n u l a r c l e a r a n c e s 

o r i f i c e f o r m u l a for l a r g e c l e a r a n c e s : 

Q = 0.0873 K C D ( P / B ) ^ / ' ^ fo r any f luid 
Q = 0.4 C D P^/2 £Q3, I O O ° F w a t e r and K = 0.87 

l e a k a g e f o r m u l a for s m a l l c l e a r a n c e s : 

Q = 0 .0018 C^ D P / M L for any fluid 
Q = 0 .00265 C^ D P / L for lOO'^F w a t e r 

U s e the f o r m u l a wh ich g i v e s the s m a l l e r Q. 

Q = flow in cub ic i n c h e s p e r s e c o n d 
C - r a d i a l c l e a r a n c e in m i l s ( i nch /1000} 
D = m e a n d i a m e t e r of c l e a r a n c e in i n c h e s 
P = p r e s s u r e in pounds p e r s q u a r e i n c h 
L = l eng th of c l e a r a n c e in i n c h e s 
M - a b s o l u t e v i s c o s i t y of f luid in c e n t i p o i s e s 
B = d e n s i t y of f luid in pounds p e r cub ic i n c h 
K = d i s c h a r g e coef f ic ien t 

F o r t h i s e x a m p l e the fo l lowing p a r a m e t e r s a r e a s s u m e d : 

W weigh t in a i r , l b = 2 3 4 
W| b u o y a n c y (half s u b m e r g e d ) , lb = 1 4 
Wg f r i c t i o n ( e s t i m a t e d ) , lb = 1 0 
F i l oad , lb = W - Wi - W2= 2 3 4 - 1 4 - 1 0 = 2 1 0 
D p i s t o n d i a m e t e r , in . = 3.568 
A p i s t o n a r e a , in . = 10.0 
S d a s h pot l e n g t h ( to ta l ) , in . = 3 

Lj d a s h po t l e n g t h ( t a p e r e d p o r t i o n ) , in . = 2 .75 
C4 f ina l d a s h po t r a d i a l c l e a r a n c e 

( m i n i m u m ) , m i l s = 10 

If t he v e l o c i t y a t w h i c h the p i s t o n e n t e r s the d a s h po t i s g o v e r n e d 
by the r e t a r d i n g effect of the p i s t o n d i s p l a c i n g w a t e r in a p i p e , the e n e r g y 
to be a b s o r b e d by the d a s h po t m a y be c a l c u l a t e d a s f o l l o w s : 

J p ipe i n s i d e d i a m e t e r , in . = 3.826 
P i p r e s s u r e , p s i = F I / A = 2 1 0 / 1 0 . 0 = 21.0 
Ci r a d i a l c l e a r a n c e , m i l s = 1000 ( J - D ) 

= 1000 ( 3 . 8 2 6 - 3 . 5 6 8 ) = 129 
Di c l e a r a n c e m e a n d i a m e t e r , in . = 

D + (Ci/lOOO) = 3 .568 + ( 1 2 9 / 1 0 0 0 ) = 3.697 
w a t e r t e m p e r a t u r e , °F = 1 0 0 
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Q flow, in. y s e c = 0.4 Q Dj (Pj^ /^ 
= (0.4)(129)(3.697)(21.0)^/2 = 874.4 

V piston velocity, i n , / s e c = Q / A = 874.4/10.0 = 87.4 
El kinetic energy, in. lb = W Y"^JZg 

= (234)(87.42)/(2)(12)(32.2) =2310 
E2 potential energy, in. lb = Fi S = (210)(3) = 630 
E total energy, in. lb = Ei + Ej = 2310 + 630 = 2940 

If the rod is not r e t a rded by hydraul ic effects, the energy to be ab ­
sorbed by the dash pot may be calculated as follows: 

Si length of rod t r ave l including dash pot, in. (for this 
example a length is a s sumed which gives the same 
energy a r r i v e d at by the previous calculation) = 18.75 

E total energy, in. = FjSi = (210)(18.75) = 2940 

Knowing the energy to be absorbed , the stopping forces may be 
calculated as follows: 

F2 average force , lb = E / S = 2940/3 = 980 
R max imum over average force ra t io = 1.3 

F3 max imum force , lb = R F2 = (1.3) (980) = 1270 
F4 ini t ial force , lb = F2 = 980 

Using the ini t ial force , the ini t ial dash pot c lea rance is calculated 
as follows: 

P2 p r e s s u r e , psi = F 4 / A = 980 / l0 .0 = 98 
D2 c lea rance mean d iamete r (est imated) , in. = 3.6 
C2 rad ia l c l ea rance (first t ry ) ,mi l s 

= Q/0 .4 D2(P2)^''^ = 874.4/(0.4)(3.6)(98)^/2 = 61.3 
D3 c lea rance mean d iamete r , in. 

= D + (C2/IOOO) = 3.568 + (61,3/1000) = 3,629 
C3 ini t ial r ad ia l c l ea rance , mi l s 

= Q/0 .4 D3 (Pg)^/^ = 874.4/(0.4) (3.629) (98)^/^ = 60.8 

The impact at the end of the dash pot t r ave l is de te rmined by the 
final rad ia l c lea rance and by the spr ing constant of the p a r t s . The energy 
which mus t be d iss ipa ted by deflection of the mechanica l pa r t s is calculated 
as follows: 

D4 c lea rance mean d iamete r , in. = D + (C4/IOOO) 
= 3.568 + (10/1000) = 3.578 

Q2 flow, in. / s e c (orifice formula) 
= 0.4 C4D4 (Pi)^/2 = (0,4)(10)(3.578)(21.0)^/2 = ^ 5 3 

L effective length of c l ea rance , in. 
= S - 0 . 7 5 Li (approx.) = 3 ~ (0.75) (2.75) = 0,94 



Q3 flow, in. / s e c (leakage formula) 
= 0.00265 CID4 P I / L 
:= (0.00265)(103)(3.578)(21.0)/0.94 = 212 

Q4 flow, in. / s e c = sma l l e r of Q, and Q3 = 65.5 
V4 piston velocity, i n . / s e c = Q4/A 

= 65.5/10.0 
E4 kinetic energy, in. lb = W V| /2 g 

= (234)(6.552)/(2)(12)(32.2) 

amount of compress ion of the par t s to 
give a str iking force equal to F3, in. 

= 2 E4/F3 = (2)(13.0)/l270 

6.55 

= 13.0 

height from which the rod could be 
dropped freely to give a striking force 
equal to the impact at the end of the 
dash pot t rave l , in. = E4/W = 13.o/234 = 

0.0205 

0.0555 

The following calculations a re not neces sa ry for designing the 
dash pot but may be used if a force curve is desired. The maxinaum over 
average force ra t io , R, is obtained from this curve; however, R is close 
to 1.3 in most c a se s . The dash pot length is divided into increments the 
average force of which is es t imated and then checked. The co r rec t force 
is usually obtained after a few t r i e s . The use of about ten increments 
gives a close enough approximation; thus the only uncertainty in these cal­
culations is the discharge coefficient, K. 

The following example shows the calculating of the second and 
third points of the curve . The f i rs t point was calculated on page 30. 

s 
C A 

D A 

E T 

E G 
E 

Q 

F A 

E L 

E K 

V v 

Q F 

Q A 

P A 

E A 

t r v 
i n c r e m e n t b e g i n n i n g 

i n c r e m e n t e n d 

i n c r e m e n t l e n g t h , m . 
a v e r a g e r a d i a l c l e a r a n c e , m i l s 
a v e r a g e c l e a r a n c e m e a n d i a m e t e r , m . 

= D + ( C A / 1 0 0 0 J = 3 5 6 8 + ^ C A 1 0 0 0 ) 

i n i t i a l k i n e t i c e n e r g y , m l b 
= ( E f f r o m p r e v i o u s c o l u m . n ) 

e n e r g y g a i n e d , m . l b - F j S - 2 1 0 S 
t o t a l e n e r g y , m . l b = E j + E Q 

i n i t i a l f l o w , m . ^ / s e c = (Qp f r o m 

p r e v i o u s c o l u i n n ) 
e s t i m a t e d a \ e r a g e f o r c e , l b 

e n e r g y l o s t , m l b = F ^ . S 

f i n a l e n e r g y , m . l b = E - E ^ 
f i n a l \ e I o c i t y m . / s e c - {2. g E p / W / ^ 

= (3 3 E F ) 1 2 
f i n a l f l o w , m . ' / s e c = A V p = (10 .Oj V ^ 

a v e r a g e f l o w , m . ^ ' s e c = ( Q - I - Q p j Z 
a v e r a g e p r e s s u r e , p s i = 
( Q A ^ 0 . 4 b K C A D ^ ) ^ = (Q^^ 0 4 C A D A ) -

a v e r a g e f o r c e , l b = A P A = 1 0 . 0 P A 

1 s t 
0 

0 25 

0 25 
5 8 4 

3 . b 2 b 

2 3 1 0 
5 2 . 5 

2 3 6 2 5 

8 7 4 . 4 
1000 

2 5 0 

2 1 1 2 . 5 

83 5 
835 

8 5 4 7 

102 
1 0 2 0 

2 n d 

1 0 2 0 

2 5 5 

2 1 0 7 . 5 

8 3 . 4 
8 3 4 

8 5 4 2 

102 
1 0 2 0 

1 s t 
0 . 2 5 
0 50 

0 25 
53 8 

3 622 

2 1 0 7 5 

5 2 . 5 
2 1 6 0 

8 3 4 

1 0 7 0 

2 6 7 . 5 

1 8 9 2 5 

79 1 
791 

8 1 2 . 5 

1 0 8 . 8 
1 0 8 8 

2 n d 

1 0 8 5 

271 

188<3 

79 0 
790 

812 0 

1 0 8 . 7 
1 0 8 7 

file:///eIocity
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SAMPLE FORCE CURVE 
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Ant ig rav i ty - sc ram Control Rod Drive using the Magnetic Jack 

Fo r emergency shutdown of a nuclear reac tor by control rods , a 
force to move the rods mus t be available under any condition; in the case 
d iscussed he r e , the force mus t work against gravity. To re t a in the p r in ­
cipal advantage of the magnet ic jack the s c r a m device should not use shaft 
seals or other openings through the r eac to r vesse l . This means that the 
device must operate in the reac tor coolant; therefore , there should be no 
close-fi t t ing or load-bear ing moving pa r t s . Although being requi red to 
use an an t ig rav i ty - sc ram device complicates the drive somewhat, it has 
the advantage of balancing the weight of the control rod, thus requi r ing 
l e s s load capacity of the dr ive . This reduces the accelera t ion and speed 
of the rod during shutdown, but in most cases this does not ma t t e r . 

Five Possible Antigravity-scram Methods 

Device 

Counterweight 

Negator Spring 

Hydraulic Cylinder 

Compression Spring 

Disadvantages 

Complicated mechanism; large space. 

One break would cause complete failure; large space. 

Depends on unfailing supply of water under p ressure . 

Force varies with position; large space. 

Tension Spring [ One break would cause complete failure; large space; 
j force varies with position. 

The force variat ion of the compress ion spring device can be reduced by 
using a l a r g e r spring; however, some var ia t ion is all r ight, s ince the force 
is leas t when the rod is being stopped at the end of its t r ave l . The space 
requi rement of the compress ion spring device can be reduced by using 
severa l spr ings , one inside of another and a l ternate ly wound left hand and 
right hand. 

Bottom vs Top Drive using the Magnetic Jack with a 
Compression Spring Antigravity-scram 

Advantages of Drive at the 
Bottom of the Reactor 

1. lower temperatures 
2. lower building height 
3. control rod parts a re in 

compression and therefore 
cannot fall apart, thus in­
creasing reactivity 

4. drive rods are in tension 
and therefore are l ess 
likely to buckle 

5. water dash pot may be used 
6. no special provisions are 

needed to keep the reactor 
heat from the drive 

7. no interference at top of 
reactor 

Advantages of Drive at the 
Top of the Reactor 

4. 

less dirt 
less basement depth 
if the end of the drive blows off, 
the control rod will not be 
forced down by pressure , thus 
increasing reactivity 
control rod is pulled thru the 
reactor during scram and 
therefore is less likely to jam 



Conclusions 

An a n t i g r a v i t y - s c r a m control rod dr ive using the magnet ic jack is 
p rac t i ca l . The s c r a m device recommended in this r epor t r equ i r e s the 
length of the drive to be inc reased by two t rave l lengths . In the case of a 
r eac to r having a control rod t r ave l of 81 in., the dr ive would be 25 ft 2 in. 
long. The device would fit in a s tandard 8 in. pipe. The t ime requ i red to 
t r ave l the 81 in. during s c r a m would be 2.07 sec . 

Helical compres s ion spr ings , because of the i r re l iabi l i ty , would be 
the bes t type of device for s c r a m m i n g a control rod against gravity. 

The s c r a m device should be located between the magnet ic jack 
dr ive and the control rod so that the s c r a m device does not in te r fe re with 
the renaoval of the magnet coi l s . 

In mos t c a s e s , the dr ive should be located below the r e a c t o r . 

Calculat ions 

Control rod dr ive length: 

spr ing t r ave l = 81 in. 
spr ing , e tc . length = 81 in. 

3 

magnet ic jack length = 54-4- in. 
magnet ic jack t r ave l = 81 in. 
blow down valve length = 4-4-in. 

Total length = 302 in. = 25 ft 2 in. 

Control rod assembly net weight (lb): 

fuel and abso rbe r rod =360 
seven 2" in- dia. dr ive rods , 11 ft long = 51.5 
extension rod, l-y in. pipe 1 0 ft long = 27.2 
connec tors , e tc . (est imated) = 11.3 

"^ 450 lb in a i r 
buoyancy (half submerged) = -30 

420 lb in boiling water 

p r e s s u r e drop a c r o s s core = 2 5 ps i 
c r o s s - s e c t i o n a l a r e a of rod = 18.5 in.^ 
p r e s s u r e drop force = (2.5)(18.5) = -46,2 lb 
outlet jet reac t ion (estinaated) = +16.2 lb 

-30 

390 lb net weight 



Compress ion spr ing fo rces : 

coil housing I.D. = 7.98 in. 
solid length of active coils = 70 in. 
maximum s t r e s s in wire = 50,000 psi 
d i amet ra l c l ea rances = j ^ m. 
number of spr ings = 7 

mean 
dia. 

7.562 
6.781 
6,062 
5.406 
4.812 
4.281 
3.812 

total fo 

wi re 
dia. 

0.375 
0.344 
0.312 
0.281 
0.250 
0.219 
0.187 

r c e 

max. 
load 

135 
118 

97 
81 
64 
47 
34 

576 

active 
coils 

187 
203 
224 
250 
280 

319 
374 

lb 
inch 

0.34 
0.31 
0.27 
0.22 
0.17 
0.125 
0.082 

defl.. 
in . 

397 
380 
359 
368 
376 
376 
415 

load 
at 81 in. 

107 
93 
75 
63 
50 
37 
28 

453 

Net s c r a m force ; 

spr ing force at bottom posi t ion = 5 76 
net weight = -390 

F s c r a m force at bottom posit ion = 186 pounds! 
spr ing force at top posit ion = 453 

net weight = -390 
63 pounds s c r a m force at top posit ion 

Time to s c r a m rod: 

ao initial acce le ra t ion = F g / w = (1 86)(32.2)/450 = 13.3 f t /sec^ 

So-2 with a ce r ta in dash pot piston orificing (before 
enter ing the dash pot), the dis tance to reach 
t e r m i n a l veloci ty would = 2 ft 

ao-2 average acce le ra t ion = (ao+a2)/2 = (13.3+0)/2 = 6.65 f t / sec^ 

V2 t e rmina l velocity = (2ao-2So-2)^^^ = [(2)(6.65)(2)p/2 = 5.16 f t / s ec 

to-2 t ime to r e a c h t e rmina l veloci ty = (2s0_2/ao-2) 
= [(2)(2)/6.65]^/2 ^ 0.77 sec 

F2 s c r a m force at the 2-ft point = 147 lb 

dis tance to the beginning of slowing down by 
by dash pot = 6 ft 

F5 s c r a m force at the 6-ft point = 77 lb 
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\% velocity at the 6-ft point = v^.i'^b/^i) '^' 
= 5 16 (77/147) ' / ' = 3.74 f t / s ec 

V2-6 average velocity between 2-ft and 6-ft points 
= (v2 + V6)/2 (approx ) = (5 l6+3.74)/2 = 4.45 f t / s ec 

t2-5 t ime to t rave l from 2-ft point to 6-ft point 
= 4/v3»b = 4 /4 45 = 0.90 sec 

S6_7 dash pot length = 0.75 ft 

vg-y average \ e loc i ty in dash pot = yf^/l. (approx.) 
= 3 74/2 =1 .87 f t / s e c 

t6_7 t ime of dash pot t ravel = st_-|/v-|,-T = 0 75/ l„87 = 0.40 sec 

total t ime = t^^^.'^H-b^^h-i = 0.77 + 0 90 + 0.40 = 2.07 sec 

Heating Test of Hold Coil #29 

A coil (see page 105) was supplied with an increas ing amount of DC 
voltage until it burned out. The coil opera.ted for 68 hours at 300 F and for 
168 hours at 450 F with no sign of fai lure Then, after a shor t t ime at 500 F , 
the epoxy r e s in began to give off fumes After 116 hours at 550 F and a few 
hours at 680 F , the epoxy r e s in became cha r r ed , thus reducing i ts the rmal 
conductivity and causing the wire t e m p e r a t u r e to r i s e to 720 F . After 
16 hours at 720 F , 24 hours at 780 F and about 48 hours at 800 F , the coil 
failed by shor t c i rcui t ing The short c i rcui t was probably caused by the 
carbon which was formed as the epoxv res in cha r r ed . 

The coil wa,s t e s ted under conditions which s imula ted those of a 
coil in a drive operat ing m 68 F stilj a i r To s imulate the effect of adjacent 
co i l s , the tes t coil had each end co«*ered with a 7-m. thick disc of a sbes tos 
board . The tempera. tare of the coil was m e a s u r e d by m e a s u r i n g the r e s i s t ­
ance of the coil with a vo l tmete r and an a m m e t e r This gave the average 
wire t e m p e r a t u r e which was close to the t e m p e r a t u r e of the center windings 
(maximum t e m p e r a t u r e ) and close to the t e m p e r a t u r e of the i ron shell 
(minimum t e m p e r a t u r e ) , since the coil is thoroughly impregna ted . 

The heating cur\~es were calcula ted Iroiti coefficients given in Ma­
chinery Handbook, eleventh edition page I66O. The surface a r e a of the coil 
was a s sumed to be 32 9 square inches , which is the a r e a of the p e r i p h e r y 
plus 8.2% of the exposed a r e a of the ends This 8 2% r e p r e s e n t s the effect 
of the smal l space between the coils in the jack a s sembly . 

file:///elocity
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APPENDIX B 

JACK DRIVE FOR ALPR (SL-l) 

Introduction 

The S L - l ( A L P R ) magnet ic jack (#27) is designed for low p r e s s u r e 
and min imum length. This repor t desc r ibes the instal la t ion and operat ion 
of one magnet ic jack control rod dr ive and gives detailed information on 
the construct ion of the magnet ic jack, the control rod connection, the pos i ­
tion indicator , the control and the power supply. A descr ip t ion of the e l ec ­
t r i c a l c i rcui t for five jack dr ives is given at the end of Appendix B. 

The magnet ic jack control rod dr ive sys tem consis ts of the follow­
ing a s s e m b l i e s : 

A. The jack is p r e - a s s e m b l e d for shipping and instal lat ion. It 
cons is t s of: 

lo the p a r t s l is ted on page 44 (drawing RE-1-2047 1 - D ) except 
the dr ive rod (part #8) and the posit ion indicator rod 
(part #9); 

2. the adapter flange (drawing RE-1-226 1 5 - B ) on page 62; 
3. the posit ion indicator coii a s s e m b l y on page 68; 
4. a h igh- temperaturCj flexible cable a s sembly . 

Bo The rod connection device is shipped and insta l led unassembled . 
It cons is t s of: 

L the p a r t s l i s ted on page 60; 
2. the dr ive rod and the position indicator rod shown on 

page 57. 

C. The posit ion indicator components a r e mounted on the i n s t ru ­
ment panel. They a r e : 

1. the power supply shown on page 69; 
2. the se lec tor shown on page 70; 
3. the m e t e r shown on page 70. 

D. The jack power supply components m a y be mounted away from 
the ins t rument panels They a r e 

L the coil sequence switch shown on page 74; 
2. the rec t i f ie r a s s e m b l y shown on page 75. 



100°F 350°F 
Design P r e s s u r e , 
Maximum Capacity (f= .45), 
Rated Capacity, 
Power for Holding, 
Power for Moving, 31" TRAVEL 

61' 

SHORT-LENGTH 
MAGNETIC JACK(#27) 

47/ 

-»L90"D. 

n 
1 

24'?, 
16 

: ^ 7 L D . 
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• & 

POSITION 
INDICATOR 
COILS 

LIFT 
COIL 

GRIP 
COILS 

PULL 
DOWN 
COIL 

HOLD 
COILS 

111-7508 

MAGNETIC JACK # 2 7 

SEE DRAWING 
RE-1-20471-D 
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PART NUMBERS 
SEE PAGE 44 

TERMINAL NUMBERS 
SEE PAGES 72 & 75 

COIL TERMINAL CONNECTIONS 
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D-D C-C 

NO. REQUIRED.- 2 

© MOVE COIL ASSEMBLY 
RE-l-2i538-A 
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COIL ASSEMBLY NOTES - JACK fl7 

\Jjy Slip g lass cloth sleeving over 
the long lead wi re . 

"^ Silver solder the wire connec­
t ions with " E a s y - F l o . " 

© 

® 

Wrap the t e r m i n a l s ^ " thick with 
-g-" wide un t rea ted g l a s s cloth tape. 

Clean the s tee l p a r t s to provide a 
good bond with the potting m a t e r i a l . 
Clamp the s tee l pa r t s and the coil 
in the welding jig and weld as 
shown using mi ld s tee l weld rod. 

Clamp the welded a s s e m b l y in the 
teflon mold and vacupiiTi impregna te 
with epoxy r e s i n p r e p a r e d as fol­
lows: to Shell Epon Resin 815 add 
7.5% by weight of MMM Carde l i te 
N.C. 513; heat mix tu re to 140°F; 
to mix tu re add 14% by weight of 
Shell Epon Curing Agent CL (heated 
unti l mel ted) ; s t i r well; \ise i m m e ­
diately. P l ace filled mold in 200°F 
furnace for two (Z) hou r s . 

NO. REQUIRED; 16 
GRIP COIL ASSEMBLY R E - 1 - 2 1 5 ^ I - B ® 
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i x 4 5 = ci-tAmFES. 

ki 
' H i s ^ IDE MUST 

BE FLftT 

4 5 ' i 3 
*1 * I * 4 6° 

i t "̂̂  
8 AfOte S 

~ 4 •'IQ 

t .ooso 

4^ . 

PART #1 
AS SHOWN 

WO. REQUIRED: 2 

PART #2 
IITHOUT DRILLED 
HOLES 4 GROOVE 

WO. REOmRED: 2 
TOLERANCES: ±1/32 
MATERIAL: LOW 

CARBON STEEL 
Em PLATE 
RE-i~2i539-B 

?.--

•j^K^S'-Cm^rve 

3^ <l 

z L 

m. REQUIRED: 2 
TOLERANCES: ±1/32 
MATERIAL: LOW 

CARBON STEEL 
MOVE COIL RING 
RE-I-21I235-A 

/30O TuKNs Of^'^/S DcMjBi^Gi.f>ss~ X^A^'-M'A/O f/^ST l^y£-ff 
3it/coMe /^m^£T lA/j^s h (/sea, Pt/r.oos ^" ^M/YIJ 

CCOTM MM- S£TtV££/^ l^yS^S Of' MRS,'} 

SBCT/ON ^ - / ^ " 

NO. REQUIRED: 2 MOVE COIL RE-1-2^236-8 
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• ^ 

(Z Pir* ^HED 
S W E L L S 

TOGBTHER) 
, f DEEP 

-H-^o 

*IOiaA( ISAS) 

Thr 

.,-U 

4««-

H 

TI 

la PUNCH 

,4 /v/vc/y 
/to 

• ^ i i ^ l G G A ( 0 ( £ ^ ^ T H ' K 

NO. REQUIRED: 32 
TOLERANCES: 

FRACTIONAL +1 /32 
DECIMAL + . 0 0 5 

NATERIAL: LOW 
CARBON HOT 
ROLLED STEEL 

COIL SHELL 
RE-I -2I5H2-B 

NO. REQUIRED: 36 
TOLERANCES: ± 1 / 3 2 
MATERIAL: COM. 

PURE NICKEL 
TERMINAL POST 
RE-I-2J5M0-A 

SLaBs CLOTH MPF /) FevfJ-' w?o£ 
Tape M»y Seo^o 73 SMV 7 W Qiii. 

30O TiiBNsOp '^/S Oex/aiM, Oktss-
£/U€oi^e AtejA'j-r MKe.Or Simte 
dLffss- Sicrcoive/^oiivs-tln/i^e is^ 

i/hrresitreo u , i«ss CIOTM 'M^e- BSTWI 
•^S-'^^S lA^£K 

NO. REQUIRED: 16 

GRIP COIL 

RE-f-2i l237-B 
ACTION A-A 
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-BftMO SWJA C U T 

i l 
Q 

H 
/i LJ 

1 

I - J 

^ ^ ^ 

r i 
- ^ -J - f 

,N0. REPiREDj 2 
TOLERANCES: ±1/32 
MATERIAL; LOi 
CARBON STEEL 

FLAMGED TyBE 

RE-1-20386-B 

(§) 

^ t \< .0 SKsA CViT 

S[ 

ff) 

L 
fe 

• ^ hi 

NO. REQUIRED: 2 
TOLERANCES: tl/32 
MATERIAL; LOi 
CARBON STEEL 

FLANGED PLATE 
RE.1-23M0-B 

@ 

. 2£l> TM«.\S UOV-t 
K4S°c«(xt.ftFeR. 

9JD 

" ̂ •Q«.\V'CW.«.\i — 

NO. REQUIRED: I 
TOLERANCES: ±1/32 
MATERIAL; LOi 
CARBON STEEL 

COIL CLAHP 
RErdz20387=A 

® 
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t 
T 

i> 

rA TMCK. 
•£Dm. 

M 
^ 

iO. REQUIRED; 26 
TOLERANCES: ±1/32 
MATERIAL: COM. 
PURE NICKEL 

"S" CONNECTOR 
RE-I-22M32-A 

® 

•4i 

-

\t -^ TmcK 

ffii. 
•^i 

^ ^ 

^ ^ 

'T. 
\^TrH 3 //oces 

NO. REQUIRED; 2 
TOLERANCES; ± I / 3 2 
MATERIAL: COM. 

PURE NICKEL 
"C" CONNECTOR 
RE-I-22M30-A 

-4t 
~<>-

? 
> ' 

^ ^ ^ ^ 

^ 

M 

I 
i 

1 
• ^ 

i 
• ^ ^ 

WO. REQUIRED: 2 
TOLERANCES: +1/32 
MATERIAL: COM. 
PORE NICKEL 

"L" CONNECTOR 
RE-l-22il3l-A 



10. REpiREDi 1 

PRESSURE SHELL 

RE-1-20391-B 

© 

FROM ^ACH 

iO. REpiREDi 1 

TOLElAICESi 

FRACTIOiAL ± i 
6» 

DECIMAL ± .005 

LARSE END 

RE-1-20396-B 

NOTE -
MAtHlHS ALL S^RfACeS 

\ 

L l l l J l ! i' 
II I 

4 : f r ' v., - i L 
5tr(¥ 40 ^fPE 

iO. REQUIRED: 1 

TOLERANCES: 

FIACTIONAL ± 1 
6>l 

DECIMAL ± .005 
ANGLE ± 2« 

MATERIAL I i|05 SST 

LARGE EID PIPE 

RE-1-20397-B 

^ 

: ^ T 

iO. REQUIREDI 1 

TOLERAiCESi 

FRACTIOIAL + i 
32 

AiQLE ± 2« 

MATERIAL! 30«l SST 

LARGE END FLAMSE 

RE-1-20398-A 
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1 0 . REQUIRED 1 

TOLERANCES: X 

SMALL END 

RE-1-20392-B 

r 
L 

NO. REQUIREDi 1 
TOLERANCES: 

FRACTIONAL ± 
•32 

ANGLE ± 2 " 
MATERIAL: 30«* SST 
SMALL EWD PLUG 

RE-1-20393-A 

I 

1 
r'i sen 4o f/p£ 

Tl^T. 

L J 1 

10. REQUiREDi 1 

TOLEiAiCESi ± 1 
32 

MATERIAL: %m SST 

SMALL EMD PIPE 

RE-1-20391I-A 

• "JK.^OI) a/?/LL -§• a^^/=>. 
•.4-so Bor TAP l^eeEP 
' 4 HOLES £Q. S^PAC£D 

ON 3 k. DIA. B C. ri-' 

i O . REQUIREDs 1 

TOLERANCES 1 ± i 

MATERIAL: TO5 SST 

SMALL END FLANGE 

RE-1-20395-B 
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A.<h> 
U ——/oJ-m-m^m-^/VtSpt/M /iMm//fr—A 

NO. REQUIRED: 

HOLDER 

RE-1-20399-B 

® 

^ < H I 

• w£t.oiNa ijie 
(0 I'-a'ie, mc'D KOD 
'C'l l'-8 HEX. NOT 
ii) I LOCKWASMEK 
(4) / • rLATt^ASHSK 

WMf-

s£cr/mB-M... 

'<-1 

U-̂ -

NO. REQUIRED: 1 

WELPMEWT 

RE-1-20TO2-B 

i-XZ? amLL rVIHT .ANaLe 

PART. 
NO. 

1 

2 

3 

B i n 

DIMe 
o l 3 

16 

î 
' f t 

MO. 
RE^'D. 

2 

1 

1 

TOLERAiCES: ± 1 
32 

MATERIAL: TO5 SST 

END 
RE-1-20377-B 
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, , 9 FROU £i^CH END , 

NO. REQUIRED^ 

ARMATURE 

RE-1-201I00-B 

© 

a^ WELDS / ^^ 

\ 

/., 

-WSLDINtS J I a 
i3An£ AS ON REl-SOdOB-B) 

SECTION-A-A 

NO. REQUIRED: 1 

WELDMEWT 
RE-1-20TOI-B 

f'aa ««•*' 

X 
-'-^ 

*-* 

^ ^ MAM -

^. ̂  

J 
-^^73 l-s-

i 

MO. REQUIRED! I I 

TOLERAICES: ± i 
32 

MATERIAL: W 5 8ST 

DISC 

RE-1-20376-A 
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FLAT WIDTH 

NO. REOUIREDi 3 
MATERIAL: 3m SST 
W0W-MA6. SLEE¥E 
RE-l-2038i-A 

® 

10. REQUIRED! 2 

MATERIAL! 30«l SST 

MOM-MAG. WASHER 

RE-1-20380-A 

® 

THE THICKNESS OS- T ^ S SH!M ^ ĉ  ^ETf.RMi.NE C 
yv TEST TO GIVE ^HE S i £ P LENGTH S P E C I M L D . 
if- NECfSSARV. L>P TO A MAKIVUM OF .OTS" 
MAY Br REMOVED TRCM tACM CfJD OF THfc AF^MATljHE. 
R E - l - ? 0 4 0 0 - S TO G I V E T N £ r^ELES&Afy 
CLiTARAfJCE. 

S^E NOTE 

NO. REQUIRED: 1 

MATERIAL: TO5 SST 

SHIM 

RE-1-20379-A 

1 / - , 

I 

T!X£e^A/c£r- *if \ 

10. REQUIRED: 2 
TOLERANCES! ± i 

MATERIAL! i|05 SST 
CUSHIOli WASHER 
RE-1^20378-A 

® 
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<<*'^ Mf''c:e 

iMT^'-

f^r'% 

thL view ' S T A M P E D ' 

*t 
<t 

a 
lAWP ONE ErjD A'- S"OVV\ U^E DiFFEfitNT 

NLMSfRS FOR EAi,H tT CF Rr i •i 
' N F O ' C ' R C M E ' PIATE J 6 ' * C^' T I 
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Rod Connection 

The a s sembly and detai l drawings of the device which connects the 
control rod to the dr ive rod of the magnet ic jack a r e l is ted on page 60 
In addition to the connection p a r t s , this device has a s tack of Belleville 
washe r s which cushion the rod a s sembly after it is dropped for s c r a m ­
ming. The washe r s a lso se rve as a heat b a r r i e r and radiat ion shield. 

The p rocedure for install ing and removing the dr ive without r e ­
moving the control rod or the v e s s e l cover is shown on pages 59 and 60 
There a r e no close fitting pa r t s and no s c r ew t h r e a d s . 

Since the c rane hook r i s e s only 7 ft above the floor, a lift beam is 
used with the c rane to lift the jack high enough to go over the drive rod. 
The end of the beam is c lamped on the pipe jus t below the position indi­
cator coi ls . The c rane hook lifts the beam close to the load. The free 
end of the beam is held down by hand to make the jack hang ver t ica l ly . 



ASSEMBLY P R O C E D U R E FOR JACK #27 CONNECTION 

1. Lower the ex tens ion rod ( i j - in . dia by 112 in. long) into the v e s s e l and onto the con t ro l 
r od ba l l t ip . P u s h the ex tens ion rod down l ight ly to engage the rod . The connec t ion 
should snap t o g e t h e r when the top end of the ex tens ion rod is 4 in. above the f lange face . 

2. I n s e r t the ou te r tube (6 in. dia. by 34 in. long) in the v e s s e l t h imb le . 

3. Drop the Sjj in. OD Bel lev i l l e s p r i n g s into the ou te r tube , m a k i n g s u r e that each sp r ing 
faces in the oppos i te d i r e c t i o n f rom the one next to it . Stack t h e m to within 94 in. and 
9"2 in. below the top of the ou te r tube (about 97 s p r i n g s ) . 

4. Drop the 5 in. OD Bel lev i l le s p r i n g s on top of the l a r g e r s p r i n g s in the s a m e m a n n e r . 
S tack t h e m to within 6|-in. and 6^ in. below the top of the ou te r tube (about 12 s p r i n g s ) . 

5. I n s e r t the lock tube ( l - j in . dia by 75 in. long), s m a l l bo re end up, in the sp r ing sea t 
tube (2 in. dia by 65 in. long), f langed end up, and hook the lift too l into the g r o o v e . 

6. Lower the sp r ing sea t tube into the s t a c k of s p r i n g s unt i l the flange r e s t s on the s p r i n g s . 

7. R a i s e the ex tens ion rod about ^ in. to a l low the connec to r to c lo se and the lock tube to 
s ea t . 

8. R a i s e the ex tens ion rod 3 to 6 in. to see tha t the c o n t r o l rod is connec ted , then lower it 
gen t ly to the bo t tom aga in . 

9. Lower the d r i v e r o d s ( l x j x 53 in.) into the space a r o u n d the ex tens ion rod . Have the 
s t a m p e d end of the rods a t the top and a r r a n g e the rods so tha t the l e t t e r s c o r r e s p o n d 
and e a c h rod has the s a m e n u m b e r . 

10. Lower the f i l ler tube (2 in. dia by 34 in. long) ove r the d r i v e r o d s un t i l the f lange r e s t s 
on the sp r ing s e a t tube . 

11. R a i s e the sp r ing s ea t tube 6 to 7 in. with the lift tool . 

12. P l a c e the two s p a c e r s (22 x 1 x 6 in.) unde r the flange of the sp r ing s ea t tube and lower 
the tube onto the s p a c e r s . R e m o v e the lift tool . 

13. P l a c e the s p a c e r r e t a i n e r (3 in. dia by 6-| in. long) over the flange and s p a c e r s . 

14. P l a c e two 5-;̂  in. OD Bel lev i l l e s p r i n g s concave s ide up on the s p a c e r r e t a i n e r . 

15. P l a c e two 5-^ in. OD Bel lev i l l e s p r i n g s concave s ide down on the o the r two s p r i n g s . 

16. R a i s e the f i l ler tube about 2 in. and s l ip the suppor t w a s h e r (6 in. dia by ^ in. thick) 
into the s lo t s n e a r the top of t 'le f i l ler tube . Then d r o p the tube . 

17. P l a c e the b a c k - u p r i ng (2^" dia by 5-in. long) on the suppor t w a s h e r . 

18. I n s e r t the pos i t ion ind ica to r rod ( l | - i n . dia by 9 in. long) in the top end of the d r i v e rod . 

19. P l a c e the g a s k e t in the g roove of the t h i m b l e f lange. 

20. Lower the m a g n e t i c j a c k ove r the rod . See tha t the suppor t w a s h e r fits up into the 
a d a p t e r flange of the j a c k and the four s p r i n g s fit down into the ou te r tube . 

21 . Bolt the a d a p t e r f lange down to the t h i m b l e f lange. T h e r e should be no gap be tween the 
f l anges . 



REMOVAL PROCEDURE FOR JACK #27 CONNECTION 

1. R e m o v e the bol ts tha t fas ten the a d a p t e r flange to the th imble flange. 

2. Hoist the m a g n e t i c j ack a t l e a s t 33 in. s t r a i gh t up; then rennove. 

3. Remove the pos i t ion ind ica to r rod , the gaske t and the b a c k - u p r ing . 

4. Remove the suppor t w a s h e r and le t the f i l ler tube d rop onto the sp r ing sea t tube . 

5. R e m o v e the four 5 ^ in. OD Bel lev i l l e s p r i n g s . 

6. R e m o v e the s p a c e r r e t a i n e r . 

7. R a i s e the sp r ing sea t tube- | - to 1 in. with the lift tool . Then r e m o v e the two s p a c e r s and 
lower the sp r ing sea t tube s lowly onto the s t ack of Bel lev i l le s p r i n g s . Remove the lift tool . 

8. Re tnove the f i l ler tube . 

9. Remove the four d r ive rod q u a r t e r s by moving the lower ends ou tward , then lifting. 
Use d r ive r o d tool if n e c e s s a r y (48" a l u m i n u m b a r ) . 

10. Use the lift too l to lift the sp r ing sea t tube out with the lock tube in it . 

11. R e m o v e m o s t of the Bel lev i l le s p r i n g s to r e d u c e the weight; then r e m o v e the outer tube . 

12. Lift the ex tens ion rod 3 to 6 in. to see that the con t ro l r od i s d i sconnec ted . If the con t ro l 
does not r e m a i n a t the bottom., hold it t h e r e with an 8-ft rod or tube while lifting the 
ex tens ion rod . 

PARTS LIST FOR JACK #27 CONNECTION 

Number 
Re qui 
P e r L 

1 
1 
1 
1 

14 
102 

1 
2 
1 
1 
1 

1 

1 

red 
Fnit 

1 
1 

1 
1 
1 
1 

P a g e 

62 
62 
63 
63 
63 
63 
64 
64 
64 
64 
65 
65 
65 
66 
66 
66 
66 
66 
62 

P a r t N a m e 

Adap te r F l ange 
Spr ing Seat Tube 
F i l l e r Tube 
Lock Tube 
5 in. dia Be l lev i l l e Spring 
5 ^ in. dia Bel lev i l le Spring 
Support Washe r 
Spacer 
Spacer R e t a i n e r 
B a c k - u p Ring 
Outer Tube A s s e m b l y 

Body 
End 

Ex tens ion Rod A s s e m b l y 
D r i v e End 
Tube 
Rod End 
Upper End 

Lift Tool 
Gaske t , F l ex i t a l l i c #R4-4N 

Dr 

R E -

RE-
RE-

1-

• 1 

• 1 

awing Number 

-22615-B 
6-B 
7-B 
8-B 
9 - A - P a r t #1 
9 - A - P a r t #2 

20-A 
1-A 
2-A 
3-A 
4 - B 
5-B 
6-A 
7 -B 
8-A 
9-A 

3 0 - B 
-22769-A 
-24181-B 
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62 

»'^*"f-e?^o' 

BE! 
AgE t SHUNLESS 

MATERIAL! 
II QA. fJ19] 
MILD STEEL 
LIFT TOOL 
RE^l-21181-8 
(SEE ASSEMBLY 
PROCEDUREI 

"̂ h'M 

FEAC roi. * Vs^ 

NOTE 

y j j ^ 
TIT 

^IS^ 

10. REQtD.i 1 

MATERIAL: WB SST 

ADAPTER FLANQE 

RE-K22616-B 

SECTISIM A-ft 

iO« REO»D. 1 
MATERIAL! 30«l SST 
SPRiWQ SEAT TUBE 
RE^1»226I6^B 

FRAO. TOL ± '/sa 



63 

TOL FOR D I A M E T E R S - & /e*. 
TOL. FOE U E N ^ T M S = ±. / & 

10. iEQ'D.i 1 

MATERIAL: 'BO^ SST 

FILLER TUBE 

RE-1-226I7-B 

_i.s ^ r ' " -

if 
Kr^5.E NOTE 

I 

-5 I ,— 

NOTE. 
E E A M TO \ l l DIA 
F NECESSARY AFTER 

WE.LD?hJ<^ 

^DJ_1%_2_ 

NO. REQ'D.: 1 

TOLERANCES: 

FRACTIOIAL ± 1 

DECIMAL 1 .005 

MATERIAL: 30^* SST 

LOCK TUBE 

RE-1-22618-6 

r~ 4- PEF '̂ 4 '•°-

— "A" 

TO S l V E D E S I R E D b P R l H S 

Bf tCK, P R E S S W I T H l O ' D l E , 
T H E n P R E S S . >W1TH PLfiT- O i E 

PART ^ 1 , "A"=5", NO.REQ'D.: n 

PART #2, " A " = 5 ^ % iO.REO^D.:102 

i ^ TOLERANCES! J -

MATERIAL! 17-»l PH SST 

BELLE¥iLLE SPRiWG 

RE-1-22619-A 



SHEET-

io. mqmr. i 
MATERIAL: 30* SST 

SUPPORT WASHER 

RE-1-22620-A 

FRACTIONAL TOL * Vsa. 

K- I t - f ^ l 

^- f t 3 ^ 

Vf,R(MA.^ 

•^ f 

rife "^"'^ S H E E T 

MOe REQ^D.: 2 
MATERIAL: 30>l SST 
SPACER 
RE-1-22621-A 

FR^C TOL i Vsz 

3"oD X 2-| \ D 
TUBE 

NO. REQ»D.: 1 
TOLERANCES: ± J-

MATERIAL: 30>l SST 

SPACER RETAINER 

RE-1-22622-A 

iO. REO'O.i 1 

TOLERANCES: 

FRACTIOIAL ± i 

DECIMAL ± .005 

MATERIAL! 30* SST 

BACK-UP RII6 

RE-1-22623-A 

h-.ZSO 
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NO. REO'0.: 1 

TOLERAiCESi ±-L 

MATERIAL-. 30'* SST 
OUTER TUBE 
RE-l-2262i*-B 

RE-1-22625-B 

< 

mw 1 ^ 

•5;|«4-

S^DIA. 

AS'-^ -Z^OSAM 
k 

•5 j^WA. 
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•̂  SLOTS EQ 

MO. REQ'D.: 1 

MATERIAL: SO* SST 

EXTEMSIOW ROD 

RE-1-22627-B 

TOLERANCES: ±L 
RE-1-22628-A 

RE-1-22629-A 

:| I i TOLERANCES: ± X 

iE-l-22630-B 61 

_,-- Va. SQ BAR. 

i i=::~Tn 

* * ! » - Z,^ UMCERCUT TO 
I e « O T 0!A OF THD 

RE-1-22769-A 

TOL ©F LEWaTHS » & V ^ ^ 



Posi t ion Indicator 

Approximate position is shown on a long-scale me te r which has 
equally spaced inch m a r k s . Close position is m e a s u r e d by switching a 
mi l l i ammete r to the group of coils in which the end of the drive is located. 
The posit ion is then read on a corresponding curve which converts mi l l i -
amps to inches . 

To adjust for any var ia t ion in line voltage and also to compensate 
for changes in t e m p e r a t u r e of the dr ive , the voltage is adjusted manually 
so that a m e t e r indicates the voltage which should be used at that t e m p e r a ­
tu re . 

The center light (amber) located under the position me te r indicates 
that this drive is se lected to be operated. This is the sarae as that used 
with the rack and pinion dr ive . The r ight light (red) indicates that the rod 
is al l the way out and the left light (green) indicates that the rod is a l l the 
way'in. This function is s imi la r to that used with the rack and pinion dr ive, 
but the actuation is by coil and re lay instead of by l imit switch. 

Although the position indicator m e t e r is mounted in a s tandard 
cabinet for tes t ing and shipping, the m e t e r may be mounted on the ALPR 
panel in place of one of the existing position indica tors . 

The position indicator coil a s sembly is shown on page 68. The 
spaces between the coils a r e adjusted to make the me te r read cor rec t ly . 

In addition to the coilsj the position indicator sys tem consis ts of 
the following components: Power Supply, page 69l Selector , page 70; 
Mete r s and Lights , page 70. 



COIL NO.-

"A" 

23 ^ '^ 
-̂  22 ^ r 

TERMINAL 
NUMBER 

31: 

j : 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

10 

8 

j t lL 

I 
c4t 

5 
ll 15 

H^ 

? 
it 

x: 

16 

14 

13 5 

12 

c^ 

i 
ED Qjy 

10 

i 9 

rni 

Coil 
No. 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Distance 
f rom Top 

of P la te 
to Bottom 
of Coil 

34 -5 /8 
33 -5 /8 
32-5 /16 
30 -9 /32 
28-13/16 
27-9 /16 
2 5 - I 5 / I 6 
24-21/32 
23-7 /16 
22-5 /32 
2 0 - 5 / 8 
19-3/8 
17-7/8 
I 6 - 3 / 1 6 
I 5 - 1 / 1 6 
13-5/16 
11-17/32 
9-31/32 
8-21/32 
7-1/16 
5-1/2 
4 - 1 / 4 
3 -1 /4 

NOTE: Coil spacing is 
sl ightly different 
for different m e t e r s . 

No. 
Req 'd . 

23 
1 
4 

20 
8 
* 
* 

24 

71 
52 

* 

P a r t 

Coil, see page 113 
Pla te , RE-1-20387-A, @ , see page 50 
Tie rod, 1/4" dia x 37" long 

1/4" - 20 thd. 4" long, 304 SST 
Hex. nut, l / 4 " - 20, b r a s s 
Lock washer , l / 4 " , s tee l 
Hex. nut, 5 / l 6 " - 2 4 , l / 2 " a c r o s s f lats , SST 
Fla t washer , #14, 9 /16" OD x 260" ID 

X .040" th. , b r a s s 
Round head sc rew, #6-32, 

lengths to suit, b r a s s 
Hex. nut, #6-32, b r a s s 
Lock washer , #6, plated s tee l 
F la t washer , #6, b r a s s 

*As r e q u i r e d for spacing coi ls 

LINEAR SCALE-TYPE POSITION INDICATOR COIL ASSEMBLY 
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F l , F2 

SI 

T l 

T2 

T 3 

R l , R2, R3 

M 3 

Fuse , 5A 

Switch, DPST, 5A 

Adjustable t r a n s f o r m e r , 
120 V. input, 0-132 V. 
output, 1.25 A. 

Power t r a n s f o r m e r , 
115 V. input, 460 V. 
output, 0.1 KVA 

Fi lament t r a n s f o r m e r , 
117 V. input, 6.3 V. 
output, 3 A 

Res i s t o r , lOOOil 100 W 

Vol tmeter , 0-130 AC, 
4\ in. expanded long 
sca le , GE #AB-18 

ALPR P.I . Power Supply (One Drive) 

69 610 617 620 

TO SELECTOR 
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R4 

R5 

20 

Kl \ 21 R7 22 K2 

11^ <^-nmm 6^ X-mt 
PI 16 P2 

nnnn innn 
9 10 II 12 13 14 15 16 17 10 17 21 22|9 10 17 20 TO POSITION 

INDICATOR COILS 
TO 

METER 
TO I FROM 

LIGHTS POWER 
I SUPPLY 

A L P R P . I . S e l e c t o r (one d r i v e ) 

S2 

M2 

D2 

K l , K2 

P I , P 2 

R 4 

R 5 

R6 

R7 

S e l e c t o r swi tch , 
2 s e c , 7 p o s . , N - S 

M i l l i a m m e t e r , 0 - 1 , 
4 ^ ' long - s c a l e , 
G E # D B - 1 8 

Si l icon d iode , PSI 
Type IN628 

S e n s i t i v e r e l a y , 
S igma # 5 R S - 1 2 A S - S I L 

P o t e n t i o m e t e r , 
1000X2 , 1 W. 

R e s . , 30011 , 1 W 

R e s . , 2200X1 , 1 W 

R e s . , 1500X1 , 1 W. 

R e s . , 2000X1 , 1 W, 

10 17 
METER 

21 22 
LIGHTS 

jR5 T25 i5 
FROM 

CONTROL 

M l 

Dl 

R8 

L l 

L2 

L3 

1 
M i c r o a m m e t e r , 0 -300 , 
8 | " l o n g - s c a l e , G E # D B - 1 6 . 

S i l icon d iode , PSI Type IN628 

R e s i s t o r , 74400X1 , 1 W. 

Light , r e d , 115 V 

Light , a m b e r , 115 V. 

Light , g r e e n , 115 V. 

FROM SELECTOR 
A L P R P . I . M E T E R AND LIGHTS (One d r i v e ) 



Control 

The control shown on page 73 is used for p re l imina ry tes t operat ion 
of the magnet ic jack. For actual r eac to r operation the jack power supply 
is connected to the r eac to r control paneL 

The jack makes 30 s teps per minute . The step length is adjusted 
to 0.10 inch at a s s e m b l y to give a speed of 3 inches per minute (see shim 
drawing RE-1-20379-A, page 56). A switch may be provided on the control 
panel for switching from the c o a r s e step to a fine step of about 0.006 inch. 

Power Supply 

The power supply cons is t s of a commutator switch (page 74) and a 
rec t i f ie r a s sembly (page 75). The commutator switch should be rep laced 
after about 300 hours of operat ion (l year , assuming the control rod is 
moving 3.4% of the t ime) . 

The magnet coils and the posit ion indicator coils a r e powered by a 
h igh - t empera tu re flexible cable which goes through the r ack and pinion 
dr ive shaft hole in the shield. The cable has a plug which plugs into the 
socket that powered the r ack and pinion dr ive . 



18 
15V. 6 0 ~ INPUT-

17 

F2 

CONTROL 

O N ^ / 
- - y DROP 
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6 ^9 6 

u 
S2 9 a 

DOWN S3 

1 ^f 
u p 

UJ 
2 

O 6 
9 10 II 12 13 14 15 

9 9 9 9 9 Q O 

<H-MMM. 

SWITCH M -o— 

9 
0 

RECTIFIER 

O 

21 
Q 

6 

22 

O 

23 

O 

i^mr^ tA 

24 

o 

1 r i 
2 3 4 5 6 7 8 

LIFT GRIP PULL HOLD 
DOWN 

POWER SUPPLY FOR ONE MAGNETIC JACK 
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TO SWITCH 
9 10 
o o o p o 

115 V. 
12 13 14 15 INPUT 

7\ 18 I o o 

-o_. 

1 S2 

rO-^O-

* ! 
—o--* y--* 

6 
I SI 

1\ \ 
L — ^ 

F2 

I S3 I 

' \ 

51 

S2 

S3 

F l , F2 

L 

Switch, DPST, 15 A 

Switch, DP3T, spring re tu rn to center 

Switch, SPST, 10 A 

Fuse , 30 A 

off, 5A 

Indicating light, 115 V. 

CONTROL (for one rod) 
Back View 



^JMW] 

AMMJ 
M 

10 II 12 13 14 15 
FROM CONTROL 

9 21 22 23 24 
TO RECTIFIER 

S4 Commutator switch, RE-1-23472-D, 3-D, 4-D 

M Gear motor , Merkle-Korff #SG-15, 30 rpm, 
9 lb. in. torque, tandem reve r s ib le , j " diam x g" 
long horizontal shaft, no base, 115 VAC 

K Relay, 3PDT, 115 VAC coil, 15 A contacts 

SWITCH (Commutator) 
Back and Top View 



O O 0 0 o 
2 3 4 5 6 

o 
7 

6 
8 

TO DRIVE SELECTOR OR TO 
MAGNETIC JACK 

o o o o o 
9 21 22 23 24 
FROM SWITCH 

RI,R2,R3, R4,R5,R6, SELENIUM RECTIFIER,5A.J00VDC, BRIDGE 

RECTIFIER (SELENIUM) BACK AND TOP VIEW 



SECT i OKI A r A 

C O M M U T A T O R S W I T C H — B / M 
PABT 

1 

z 
3 

4 

5 

e 
7 

8 

3 

\o 
IX 

12 

13 

14-

1 5 
IG 

17 

18 
19 
20 

PAET NAME 

D I S C 
C O N D U C T O R 

E N D B A R 

M I D D L E B A R 
BRUSH HOLDER 

PLAIN P L A T E 

MOTOR B A S E 
CARBON BR0SH*YB-a7 

ROLL PIN-f-aaD xViL.G. 
ED. HD s e e 

e.D. HO. S C B . 
* I O - 3 2 . X 4 .̂4. LONG 

CD HD. SCR. 
* « - 3 . 2 X '/z. LOWS HEX. N U X 
• I O - 3 « . 

LOCK WASHER.-*IO 
FLAT WASHER.-*IO 
INSULATOR 

V a t THK. X 3»A. DIA ED. HD. S C R . 
••S-aZ X !/«_ LOWS HEX, NUT 
* 8 - 3 2 

LOCK WASHER* 8 

MAT^RiAL. 

P H E N O L I C 
C O P P E R 

C O P P E R 
C O P P E R 

PHE.NOL1C 

B R A S S 

M I L D 5 T E E L 
STAWDAED 

ST tEL 

B R A S S 
B R A S S 
B R A S S 

B R A S S 
STEE-L. 
B R A S S 
IVUCA SHEET 

B R A 5 S 
B R A 5 S 

S T L E L 

No. 
REO. 

1 

1 

2. 

G 

1 

8 
f 

16 
1 

4-

EO 

i S 

J E 

Z 8 

1 0 

1 
4-

4 

8 

COMMUTATOR SWITCH ASSEMBLY 

RE-1-23474 - D 



^ 3J-01A 

*/lS WIDE X 5'i© DEEP 
IZ SLOTS \M LINE 

WITH H O l - t S 

3 / l e D R I L L 
12 HOLES E Q . SPACED 
ON \S/B DIA B C 

'A- R.E.AK4-
SQUABE WITH FACE V THK CLOTH E.A1>E. 

PAST No 1 

3% 

i X + 5 ° C H A M F 
( A P P E O X •) 

••tlll'^OjDEIl-l. 

*I0 3Z TAP I 
4- HOLES 

PAET M o ^ 
•A" THK COf PER PUATt 

TOL =• £ Vs4-

> - » I O - 3 a TAP 'S0 -S2 TAP 

PABT No 3 
V*"THK eOPF'l.R PLATE. 

TOL - * •/S4. 

PABT Ho. 4 
V V T H R C O P I E R Pi-ATE 

COMMUTATOR SWITCH ROTOR PARTS 

RE-I -23472-D 



^SeCiOSS) DR. THRU 
- • s - s a TAP-ya. Deep 

I a HOLES 

PART No. 5 
TTHK. CLOTH BASE 
PHEMOL n B £ R - T O L . = t ' /S4-

Z ?UWCH 

L#-WA.J 

' /32. THK. BRASS S H t t T 
TOL. >• t V64. 

PART No. 8 
Vis" THK. KAILD STEEL. 

SHEET - TOL.=- t Vsa. 

COMMUTATOR SWITCH MOUNTING PARTS 
RE-1-23473 ~D 
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l l l - 7 » COItlUTATOR SWITCH SEE DIAORAH OM PAGE 35 

- J 



Elec t r i ca l Components for Five Jack Drives 

Although the components a r e shown on page 81 as mounted in two 
s tandard cabinets the position indicator m e t e r s may be mounted on the 
ALPR panel in place of the existing position indicators and the ALPR 
control panel may be used by rewir ing it for the magnet ic jack dr ive. 

The position indicator components for five dr ives a r e : 

Five coil a s sembl i e s , page 68 

One voltage adjustment, page 84 

One power supply, page 84 

One se lec tor , page 85 

Five m e t e r and lights a s s e m b l i e s , page 86 

The power supply components for five dr ives a r e : 

One dr ive se lec tor , page 83 

Two commutator switches, page 74 

Two rect i f ier a s sembl i e s page 75 



ROD DRIVE 

9 7 5 3 

8 

9 9 

8 

9 

115 VAC 
500 W 

I 
n 

9 

8 

8 H 
5 

R I . VOLTAGE 
^ADJUSTMENT ^ 

R I . SELECTOR 
* ^ 

DRIVE 
SELECTOR @ 

CENTER ROD 
SWITCH @ 

OUTER ROD 
SWITCH ® 

^ 

CENTER ROD 
RECTIFIER 

OUTER ROD 
RECTIFIER 

10 

POSITION 
METERS 

AND 
LIGHTS 

® 

CONTROL 

* ® 

115 VAC 
2300 W. 

MAX. 

500 W. 
HOLDING 

© 

3 

R I . POWER 
SUPPLY ^ 

NUMBERS ON CABLES 
INDICATE CONDUCTORS 

* PANELS WHICH HAVE 
COMPONENTS MOUNTED 
ON THE FRONT 

ALPR MAGNETIC JACK CONTROL ROD DRIVE ELECTRICAL 
PANEL (FIVE DRIVES) 
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'Fl 

115 u e o " 
INPUT 

SI 

i ^ . o ^ K A y ^ . S 2 „ ^ ^ KB 

5 ISO-

y 330-
TO 320-
P 3IO- • O 

<i> 
< ^ 

_y^ 
I 

o*Lo4 
o 

S4 ! 
° I ^ 

—o ' 
o*|-o-
O I 

o 

F2 

S5 
o-J-o-
o I 

S6 S7 

6 6 6 
9 10 II 12 13 14 15 
TO OUTER ROD 

SWITCH 

sr 
o 

CIS 

•03I 

•032 

• 0 3 3 

« 3 4 

O C 9 

Q 

11 

F o r : CONTROL for 4 outer r o d s and 1 cen te r rod 

SI 

S2 

S3 

S4, S5 

S6, S8 

S7, S9 

Fl , F2 

K 

L 

Pushbut ton. DP. N.C. , 30 A 

Key switch, DP. N.O., 30 A 

Selector switch, SP4T, 5 A 

P i s t o l g r ip cont ro l switch, 
5P3T, spr ing r e t u r n to 
cen te r . 15 A 

Switch. SPST, 10 A 

Pushbut ton, SP, N.C. , 15 A 

Fuse , 30 A 

Relay, DPST. 115 V. 6 0 ~ c o i l , 
30 A. con. 

Indicating light, 115 V 

SI 
S2 
S3 
54 
S5 
S6 
S7 
38 
S9 

Drop a l l rods 
R e s e t after dropping a l l rods 
Select one of outer r o d s 
Control se lec ted outer rod 
Control center rod 
Fine or c o a r s e movemen t of outer rod 
Drop se lec ted outer rod 
F ine or c o a r s e movement of cen te r rod 
Drop cen te r rod 

S8 S9 

6 6 6 6 6 6 6 
9 10 II 12 13 14 la 
TO CENTER ROD 

SWITCH 

C O N T R O L 
F o r 4 O u t e r Rods and 1 C e n t e r Rod 
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K5B1 
^T1C5B2_ 

K6B1 
T K 6 B 2 _ _ 

K7B1 
" ^ 7 6 2 

K S B r r 
X8B2 

108 308 508 708 

K5A1 

107 

K I C 
6 

105 

K I B 

103 

K I A 
o 

101 

'TTC5A2__ 

K 6 A I 

' ^ 6 A 2 _ 

K 7 A T 

' ^ 7 A 2 _ _ 

KBAf 

307 507 

K2C K3C 

305 
6 

505 

K2B K3B 

303 
T 
503 

K2A K3A 
6 

301 
o 

501 

* ; 8A2 

707 

K4C 
6 

705 

K4B 
6 

703 

K4A 

701 

-o 3 

-o 16 

Lfi>J 
34 

-o 33 

32 

31 

-€> 108 
-o 107 
^ 6 
-o 105 
~o 4 
-o 103 
^ 2 

-o 308 

o o 101 

To r o d #1 

o o 307 
o o 6 
o o 305 
o o 4 
o o 303 
o o 2 
o o 301 

To r o d #3 

-o 508 
-o 507 
-o 6 
-o 505 
-o 4 
-o 503 
-o 2 

o o 501 

To r o d #5 

-o 708 
-o 707 
-o 6 
-o 705 
-o 4 
-.-o 703 
-o 2 
-o 701 

-o 8 

o-
o~ 

To r o d #7 To Fioiu ceo-
r o d ter rod 
jlQ rectifier 

~0 / 

^ 6 

-o 908 
-o 907 
^ 906 . 
^ 905 o o 5 

i o 4 

I o 3 
I o 2 

-o 904 I 
-o 903 . 
-o 902 
-o 901 o o 1 

o-
a 

-o 16 
-o 34 
-o 33 
-o 32 
-o 31 

From 
control 

From outer 
rod rectifier 

K l , K2, K3 , K4 

K5, K6, K7, K8 

R 

R e l a y , 3PST , 115 V. 6 0 ' ^ coi l , 15 A c o n t a c t 

R e l a y , D P D T , 115 V. 60-%' coi l , 15 A c o n t a c t 

S i l i con r e c t i f i e r , 15 A, 125 VDC, b r i d g e 

D R I V E S E L E C T O R 

B a c k V i e w 



ALPR R I . 

VOLTAGE ADJUSTMENT 

(FIVE DRIVES) 

10 
0 

T2 

MMJl 

JIMM. 
1 3 

20 
O 

R l THRU R15 
f W V ^A/V 

^ V 

-AAnV- -AAAf-

i» fsAA/-

tt—wv- -AA^V- -V^/V-

•AA/V- -AAAf- - ' V W -

/ V 

-O 717 

• ^ 5 1 7 

• ^ 317 

-O 117 

-O 10 

•O 9 

TO 
SELECTOR 

ALPR P I . POWER SUPPLY 

{FIVE DRIVES) 
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S2 

717 ^^ 317 
917 '-'ll. 

716 o® ,.916 

715 ^J^ 315 

713 ^o^ „3I3 

•̂ °/ 0l l3 

712^ ^ 2 3,2 

9 l 2 o 

" / 

o i l l 

-OI7 

-OI6 

-OI5 

714^ ^O^ 314 

d- OI4 

-OI3 

/ ^ 12 

II 
71! o ' 31 

O p -. 
9|l ^ M ^ III $ R17 

M6 'So 

l 6 o 

S3 

RI9 

l6o 

l7o 

II 

o-M/m—oio 
RI6 

15 '^ .13 

2K IW 

loo—jm/m 
RI8 20 

K9 J 

911 
20 
o K7 i 

o o-
711 

20 
o K5 A 

511 
20 

K3 \ 

" " ^ 
311 

20 

'̂ 1 
o ~ ^ 

III 

^921 

^ W 
P9 ' ' 

^ 7 2 1 

•^MW 

-0^21 

P5 

o32 l 

^ ^ 

P3 • 

o l 2 l 

•Mf^ 

12 

Oi l 

922 « KID 

916 f 0 9I7 
20 PIG 

722, 

716 
20 P 8 ' 

717 

20 P6 

322 

0 3I7 

PI 

20 P4 

122 X^ 

P2 

117 
116 
115 
114 
113 
III 

111 
10 
9 

fri 

317 
316 
315 
314 
313 
312 
311 
10 
9 

m 

517 
516 
515 
514 
513 
51Z 
511 
10 
9 

#5 

717 
716 
715 
714 
713 
712 
711 
10 
9 

#7 

917 
916 
915 
914 
913 
912 
911 

10 
9 

'(9 

3 o 917 
3 -o 717 

3 o 517 
3 o 317 
3 o 117 
3 o 10 

To 
m e t e r s 

To position indicator coils 

o 20 
o 917 

. o 717 

, o 517 
. o 317 
I o 1 17 
, o 10 
. o 9 

From 
powe r 
supply 

922 
9 2 1 
722 
721 
522 
521 
322 
321 
122 
121 

To 
lights 

A L P R P . L S E L E C T O R (F ive d r i v e s ) 
Back a n d top view 



ROD 5 ROD* 7 

FROM 
SELECTOR 
(METERS) 

FROM 
SELECTOR 
(LIGHTS) 

ALPR P I . METERS AND LIGHTS 
{ FIVE DRIVES) 

BACK VIEW 



ALPR POSITION INDICATOR (FIVE DRIVES) PARTS LIST 

F l , F2 

T l 

T2 

T3 

R l through R15 

R16 

R17 

R18 

R19 

R20 through R24 

Ml through M5 

M6 

M7 

Dl through D6 

LI , L4, L7„ LIO, L13 

L2, L5, L8, L U , L14 

L3, L6, L95 L12, L15 

81 

S2 

S3 

Kl through KIO 

P I through PIO 

Fuse , 15 A 

Adjustable t ransformer^ 115 V. input. 
0-13 5 V. output. 7.5 A 

Power t rans former^ 115 V. inputs 
460 V. output, 500 W 

Fi lament transform.er» 117 V. inputj 6,3 V. output, 
10 A 

Res i s to r , IGOO Q, ^ 100 W 

R e s i s t o r , 2200 Q. , 1 W 

Res i s to r , 300 Q, ^ 1 W 

Res i s to r , 2000 XI , I W 

Res i s to r , 1500 SI , 1 W 

R e s i s t o r , 74400 12 , 1 W 

Microammete rs 0-300^ 8 | " long-scale^ GE #DB-16 

Mi l l i ammete r , 0-l» 4 | " long-sca le , GE #DB-18 

Voltmeter^ 0-130, 4 | " exp., long-sca le , GE#AB-18 

Silicon diode, PSI type IN628 

Light, red . 115 V 

Light, amber , 115 V 

Light, green , 115 V 

Switch, DPST, 15 A 

Selector switch. 7 sec, 5 pos, N-S 

Selector switch, 2 seCj 7 pos, N-S 

Sensit ive re lay , s igma #5RS-12AS-S1L 

Poten t iomete r , 1000 X2 » 1 W 
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¥H-
' V 

J4»' J i y 

111-7506 ^ ^'[m 

BACK V I E W 

ELECTRICAL PANEL FOR FIVE JACK DRIVES 



Test Resu l t s 

The conaponents of the six #27 magnet ic jack dr ives a r e numbered 
from 1 through 6. The f i r s t dr ive to be insta l led on ALPR, the t e s t data 
for which a r e given he r e , is numbered as follows: jack #2, dr ive rod #5, 
rod connection #2, position indicator coils #3, position indicator m e t e r #2. 

The jack was tes ted for 15 days under s imulated r eac to r conditions 
of 300-psig s team on the tes t facility which was used to t es t the r ack -and -
pinion d r ives . The jack was in operat ion 77% of the t ime . 

Rod connection #1 was used in this t es t and in the t e s t s of the other 
jacks . Rod connection #2 will be given a tes t before shipping. 

The extension rod has a d i ame t r a l c lea rance of ^ in. where it goes 
into the s team space . This c l ea rance is smal l enough to keep water up in 
the dr ive , thus allowing the jack to be cooler than the r eac to r (420F). The 
flange at the bottom of the jack was 390F in s t i l l a i r . It was 340F with a 
12 in. fan blowing on it. 

The step length, especia l ly in the down direct ion, is effected by the 
t e m p e r a t u r e of the coi ls , the p r e s e n c e of water in the jack, and the coeffi­
cient of friction. The s tep length in the up direct ion was 0.087 to 0.098 in., 
and in the down di rec t ion was 0.122 to 0.142 in. The switch made 29 rpm, thus 
giving a rod speed of 2.5 to 2.8 in. per minute up and 3.5 to 4,1 in. per 
minute down. 

The min imum amount of cu r r en t to hold the rod was 0.40 to 0.60 
a m p e r e . The operating cu r ren t was 2,6 to 4.1 a m p e r e s . The control rod 
a s sembly weighed 110 pounds. 

A commutator switch, which was used on this and other t e s t s , failed 
after 980,000 revolut ions (2 y e a r s assuming the control rod is moving 3.2% 
of the t ime) due to burning of the copper, which caused one of the carbon 
brushes to lock the ro tor . The switch was r e p a i r e d by refacing the com­
muta to r . This may be done seve ra l t imes without reducing the thickness 
of the copper too much. 

The posit ion indicator was t es ted with a magnet ic jack on a t es t 
facility that showed the posit ion of the rod through a sight g lass while the 
dr ive contained water at 300 psig and at var ious t e m p e r a t u r e s . At lOOF 
the position indicator input was set at 110.0 volts and at 230F it was set at 
105.0 vol ts . The following table shows the position indicator e r r o r . 
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A c t u a l 
P o s i t i o n 

0 

5 

10 

15 

20 

25 

30 

C o a r s e 

lOOF 

0.1 

4.8 

9.8 

15.0 

20.0 

24.9 

29.9 

M e t e r 

2 3 0 F 

- 0 . 1 

4.7 

9.7 

15.0 

20.2 

25.2 

30 .5 

F i n e 
M e t e r 

a t 2 3 0 F 

- 0 . 1 0 

4.88 

10.00 

14.98 

20.02 

25.02 

30 .05 
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APPENDIX C 

DETAILS OF THE HIGH PRESSURE AND THE EBWR MAGNETIC JACKS 

Hi ail "PRESSURE MAQiETIC JACK (29 H] ASSEMBLY 



@~~^.. 

()]>-—*. 

8 COILS 

@ @ (n) 

LOW-PRESSURE BOTTOM PRifE MAaiETiC JACK 
fEMR) C29L) ASSEMBLY WITH COILS REMOVED 



COIL WIRING DIAGRAM 

95 

<^ 

8 #: 

COM. PURE NICKEL 
CONNECTOR 

PART 
NO. 

NO. 
REQ'D 

PART 

1 
2 
3 
4 
5 

12 
14 
36 
3 6 
36 

LONG CONNECTOR , 60® BENDS 
SHORT CONNECTOR, 70" BENDS 
RD.HD.SC.,*6-32 x 5/16", SST 
HEX. NUT,*6-32,SST 
LOCK WASHER,*6, SST 



DRAWING LIST FOR THE HIGH-PRESSURE MAGNETIC JACK (29H) 

Par t 
No. 

1 

4 
5 
6 
7 
8 
9 

10 
33 
11 

12 

13 

14 
15 
16 
17 
20 
25 
26 
27 
28 
30 
31 
32 

Number 
Required 

1 

1 
1 
3 
2 
1 
6 
1 
1 
2 

8 

8 

9 
7 
1 
2 
1 
8 
1 
4 
4 
2 
8 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 

4 
2 

16 
8 

14 

16 
8 
8 

- -
44 

Par t 

P res su re shell 
Body 

Flange 
Tube 
Head 

Extension 
Flange 
Tube 
Pipe 
Cap 

Plug 
Armature 
Non-magnetic sleeve 
Cushion washer 
Shim ri49"long1 
Drive rod •> for six - > 
Rod connector Lft. traveU 
Fil ler rod 
Move coil 

End plate 
Ring 

Grip coil 
End plate 
Ring 
Coil 

Hold coil 
End plate 
Ring 
Coil 
Coil assembly notes 
Terminal 

Large coil spacer 
Small coil spacer 
Large coil clamp 
Small coil clamp 
Flange ring 
Flange bolt, Soc. hd. sc, t 
Flange gasket, Flexitallic 
Large tie bolt. Hex hd., - j -
Small tie bolt. Hex hd., | -
Small nut. Hex, | - 1 6 , st. 
Flange nut, Hex, l | - 7 , st. 
Pipe plug, I, ss t . 

Drawing 
Number 

RE-1-31081-A 
RE-1-31085-A 
RE-1-31086-A 
RE-1-31087-A 
RE-1-31088-A 
RE-1-31089-A 
RE-1-31090-A 
RE-1-31091-A 
RE-1-31092-A-1 
RE-I-31092-A-2 
RE-1-31082-A 
RE-1-31083-A 
RE-1-31093-A-1 
RE-1-31093-A-2 
RE-1-31093-A-3 
RE-1-18795-B 
RE-1-17894-A 
RE-1-18799-A 
RE-1-31095-A 
RE-1-31096-A 
RE-1-31097-A 
RE-1-31098-A 
RE-1-31099-A-1 
RE-1-31099-A-2 
RE-1-31100-A 
RE-1-31101-A 
RE-1-31102-A-1 
RE-1-31102-A-2 
RE-1-31103-A 
RE-1-31104-A 
RE-1-21540-A 
RE-1-31094-A-1 
RE-1-31094-A-2 
RE-1-31094-A-3 
RE-1-31094-A-4 
RE-1-31084-A 

t-7x6|, St. 
#R3-25K 
13x29i St. 
I6xl5|-, St. 

Page 
No. 

98 
99 
99 
99 
99 

100 
100 
100 
100 
100 
98 
98 

102 
102 
102 
101 
101 
101 
103 
103 
103 
104 
104 
103 
104 
105 
105 
105 
105 
105 

49 
102 
102 
102 
102 

98 

RE-31079-A 



DRAWING LIST FOR THE EBWR MAGNETIC JACK (29L) 

P a r t 
N o . 

1 

4 

5 
6 
7 
8 

9 
10 
11 

12 

13 

14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
2b 
27 

28 

29 
30 

Numbe r 
R e 

1 

1 
1 
3 
2 

1 
6 
1 
2 

8 

8 

I 7 
1 
1 
1 
1 
1 
1 
1 
1 
Z 
8 
1 
4 

4 
7 

qui red 

1 
1 
1 
1 

1 
1 
1 
1 

1 

4 
2 

16 
8 

14 

16 
8 
8 

- -
44 

P a r t 

P r e s s u r e she l l 
Body 

F lange 
Tube 
Head 

Ex tens ion 
F lange 
Tube 
P i p e 

C a p 

Plug 
A r m a t u r e 
N o n - m a g . s l eeve 
Cushion w a s h e r 
Shim 
Dr ive rod 
Rod connect ion 
Move coil 

End pla te 
Ring 

Gr ip coil 
End pla te 
Ring 
Coil 

Hold coil 
End pla te 
Ring 
Coi) 
A s s e m b l y no tes 
T e r m i n a l 

L a r g e coil s p a c e r 
Sinall coil s p a c e r 
L a r g e coil c l a m p 
Small coil c l a m p 
L a r g e coil s l eeve 
Smal l coil s l eeve 
F l a n g e r ing 
Rod r e t a i n e r 
Valv e body 
Valve s t e m 
Dir t shield 
F l ange bolt 
F l ange gaske t 
L a r g e t ie bolt 
Smal l t ie bolt 
L a r g e nut 
Sinall nut 

Drawing 
Numbe r 

R E - l - 3 1 0 8 i - A 
R E - 1 - 3 1 1 0 5 - A 
R E - 1 - 3 1 1 0 6 - A 
R E - 1 - 3 1 1 0 7 - A 
R E - 1 - 3 1 0 8 8 - A 
R E - 1 - 3 1 1 0 8 - A 

Page 
No. 

98 
106 
106 
106 

99 
107 

R E - 1 - 3 1 0 9 0 - A i 100 
R E - 1 - 3 1 1 0 9 - A 1 107 
R E - 1 - 3 1 0 9 2 - A - 1 

R E - l - i l 0 9 2 - A - 2 

R E - 1 - 3 1 0 8 2 - A 
R E - 1 - 3 1 1 1 0 - A 
R E - i - 3 1 0 9 3 - A - l 
R E - l - 3 1 0 q 3 - A - 2 

100 

100 

98 
108 
102 
102 

R E - i - 3 1 0 9 3 - A - 3 ] 102 
R E - 1 - 3 1 1 1 1 - A - 1 109 
R E - 1 - 3 1 1 1 1 - A - 2 109 
R E - i - 3 i 0 9 5 - A • 103 
R E - l - 3 1 0 9 b - A 103 
R E - 1 - 3 1 0 9 7 - A . 103 
R E - i - 3 1 0 9 8 - A 
R E - 1 - 3 1 0 9 9 - A - 1 

104 
104 

R E - 1 - 3 1 0 9 9 - A - 2 104 
R E - 1 - 3 1 1 0 0 - A 104 
R E - 1 - 3 1 1 0 1 - A 1 105 
R E - i - 3 1 1 0 2 - A - l j 105 
R E - 1 - 3 1 1 0 2 - A 2 
R E - 1 - 3 1 1 0 3 - A 
R E - 1 - 3 1 1 0 4 - A 
R E - 1 - 2 1 5 4 0 - A 
R E - i - 3 1 0 9 4 - A - l 
R E - 1 - 3 1 0 9 4 - A - 2 
R E - i - 3 1 0 9 4 - A - 3 
RE- l -310>14.A-4 
R E - l - 3 1 1 I t j - A 
R E - 1 - 3 1 1 1 4 - A 
R E - 1 - 3 1 1 1 3 - A 
R E - 1 - 3 1 1 1 1 - A - 3 
R E - 1 - 3 1 1 1 5 - A - 1 
R E - 1 - 3 1 1 1 5 - A - 2 

105 
105 
105 

49 
102 
102 
102 
102 
110 
110 
lOfa 

109 

109 
109 

R E - 1 - 3 1 1 1 7 - A ' 108 
Socket head s c r e w , f - l 
F l e x i t a l l i c #R4-6J 
Hex head bolt, | -13x29: 
Hex head bolt, | -16x15-
Hex nut, x -13 , s tee l 
Hex nut, f -16 , s tee l 

C h a n g e s in d r a w i n g f o r : 
L f i v e - f o o t t r a v e l 
P l ow p r e s s u r e 
D bottoiTi d r i v e 

1 1 4 | o v e r a l l l e n g t h @ 

4 ^ o u t s i d e d i a m e t e r ( p ) 

f /^^ 
J b6i long ( L ) 
i.304 SST m a t e r i a l ( p ) 
f l " pipe tap (p) (p) 
1304 SST m a t e r i a l J^^.-. 

Add d i r t shield, (see ^ 4 ) ( D ) 
Add d i r t shie ld , (see ^ ) ( D ) 

One r equ i r ed (p ) 

0x3 Ig., s t e e l 

• Ig., s t ee l 
r Ig., s t ee l 

RE-1-31080-A 



) cLkm 
, , .'AITS TI6BTL¥^ 

IM lELIMC 
/ ^ WELi WITH 

liC0-iELi ^K 

Z"m,c'mRE ii' 
$m>3 HOLES ^ 
ea.sp. Oi 

m. RE?. I 1 
PRESSURE SiELL, il6H PB. 
RE-1-31081-r 

A t F/ttETS ryyp 
• ~ — — j _ - - — . j ^ •• •••-11 

/i ORlU-_ 

iJpaLL-

i i 

..4. 

I 

g^-^s-.. s-_:-

I 
I 

•3riR-
MO. REO.l 1 TOL.: ± 1/32 
MATERIALl WO SST 
MIttTiRE. 6R00¥EP iE-l-"3l©83-A 

NOTE: 1/16^ X W« CM. ALL EB6ES 
iO. REQ.: 1 TOL.! ± 1/32 
MATERIAL: LOW CMBOi STEEL 
FLAW6EJIM6, HiSH PR. 
RE-l-3l©8i|-A 

0 

-l^ DRILL 

i§. REfsl 1 TOL. 
MATERIAL: mO SST 
CMAMlEi PLiS 
tE-l-31082-A 
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/ I '^RZ'HSm TO 900-3S0F 
A ^ . H E L W R C WELD F/RST 

PASS lv'(7H VSZ" DIA, 
iNco-weu? 'A". 

3. AB-C weLD OTHER. 
PASSES WITH 'yfe'PlA. 
I N C O - W E L D "A", 

D. coNcehiTKic wrmm .om" 

m. iEf.: I 
T§L.i ± 1/32 
riESSiJE 
SMELL BOPY 
HI6H PR. 
RE-.1-31085-A 

1®. iE9.: 1 
TOL.: ± 1/16 
MATEilAL: 
f3i SST 
BOPY FLW6E. 
iISM P|a 

J iE-l-31086-A 

«0. lEQ.I 1 TOL.S ± 1/16 
MATERIAL: %3© SSf 
BOiY HEAD RE-1-3I08S-4 

^HT^ 

H ^ 

i©. sEf.: 1 TOL.: ± 1/16 
M*TEilAL: »3© SST 
BOW THE, i i e i PR. 

»_ 
iE-!-3l087-A 
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r\^MhES^ 

<® 

I. PRe-HEAT TO 3 0 0 - 3 5 0 F , 

Z.NELIAKC WELP FIRST PASS 
WITH S/^2. '"^- XNCO-WaCA*. 

3.»EC w e t O OTHSR PASSeS 
wrm j^" Bm. inco-w£LD"A". 

f.SCO A 
'.565^ • IcONCENTKiC 

. fwnwN .O20" 

ir#. 

REMOVE 
SHflKP 
epoe 
ifl. REQ.5 I 

\1 PRESSURE SMELL 
EXTEiStOi, itii P»̂  
RE-1-3I08S-A 

7 Qgooves 
ea. SP. 

iE-I-31091-A 

T ^ i O . RE?. I 1 
"•^ T0L.S± 1/16 

MATERIAL: 
f30 SST 
EKTEMSiOi TUBE, 
HIM PR. 

9.—M 15" SC.M 

i.a D.mf. 

m. lEQei 1 
TOL. I ±1/32 
MATERIAL: 

EXTEMSioi PIPE lE-i-siesi-fci 

iOe REf.I 1 
TOL.! ± 1/32 

MATERIAL: MO SST ± 2° 
EXTEiSlOi CAP RE-1-3I092-A-2 

^ * ^ ^ 

c«. 

/ l ^ 
• i . i ^^ -n 

^f yr-

3.4-83 D. 
-m 

Lt 

%-

/.«• 1? 
^ 

/ 

10. iE5.: 1 T§L.: ± 1/32 
MATEilAL: 130 SST 
EXTHSiOi FLAM6E RE-l-3l09§-A 



r-Lf?: 

. » ^ ' 4-1 L E N G T H HOhT T5E 

PART 

\ 
^ 

~-i_" 

* O ' 

MO.REO'D 

5 

1 

A ' a e THE s* .Mc F O R 
C R O O i V/\THIN , 0 0 4 

£ SLOTS (BO ± S APART. 
TOR« SLOTS OF Q, HODS 
- r o Q e T « e K OS>U6, 7TH 
Vj."D. •ROD \»i c e w r e R 
OF BUNOL-e HEKT TRB.^T>AS.«T OVTvaN»\_ 

* FILE KNOB FOR UE>»6TH'*L . ' TO tA&TCH Vlfc^, 
OR SUSiHTUX BB-UfeW 0V> feue. CNO OC 
OUE ROO OUUX. 

igllLIgPA,JOIC|M RE-1-18795-1 

9 

( ^ DRILL - If. DEEP —^ 
T A P - ( " T A P E R -PIPE T W R B A D 

10. RE?.: 1 

MATERIAL: 30» SST 
ROB COilECTOR 

FR. TOLs: ± 1/61 
m. TOL.: ± .005 

RE-1-1789II-A 

— ^ X 4 5 ° CHfeMFCR 

MO. R E Q . : 1 
MATERIAL: 30«l SST 



lOZ 

•ZOGA.(.03B') 

10. RE?.I 3 TOL.: 
MATERIAL: 3 « SST 
MOW MAPETIC SLEEVE 
RE-1-3I093-A-1 

"Heo-CHmnt'PLATS . o o » " i . o o o s ' 
THICK ON CDHVEX SummCC 
4FTER PMEBSmO-.-— 

FKSSS WITH »»PIE. 
•mCN PRff«S W»T« 
FLAT B i c THE smm& 
mCK GfVES THE 
oeslRED COHKAHGtS. 

i § . iEf.! 2 
MATEilAL: 130 SST 
CMSHI08 WASiER 
RE-1-3I093-A-2 

TOL.: + Mm 

V 

^ 

THICKNe-SS IS 
DBTERMmEO Bf | 
TEST TO C-IVe n 

L._ * ^ - - ^ 
/ 

V 
10. REf.: 1 TOL.: ± 1 / 6 * 
MATERIAL: 130 SST 
SMIM 
RE-1-3I093-A-3 

^™°'***Ni, 

A* 

^ \ 
^ y 
r -
( 8 
V 

10. lEQ.: 10 
MITEilAL: 116 fi* (.0598^) 

LOW CAtlOi STEEL /'''~X 
LMQE COIL SPACE! ( IM 1 
RE-l-aiOii-A-l \ '^ i 

i©. RE?,: 8 
MATERIAL: fl6 iA (.0598^) 
LOW CMBOi STEEL 
SMALL COIL SPACER / i c 

2. NOUS'S 

|"WH_ - J* 

:;W4' PK.ILL. 

10. RE?.: 1 TOL.I ± 1/32 
MATERIAL: LOW CMBOi STEEL 
LMiE P I L CLAMP 
IE-1-3I0H-I-3 { 16 

4 HOiTS 
ea. sR « 
s"aftc. 

«0. REQ.: 2 
TOL.I ± 1/32 
MATERIAL: 
LOW CARBOi 
STEEL 
SMALL COIL CLAMP 
iE-l-alOSf-A-l 

iOTEl 
CAtMIUM PLATE 
.0008^ ± .003" 
LOW CARBOi 
STEEL PARTS 



®/^r^.,^ 

MO. 8EQ.: % TO..: ± 1/a 
MATERIAL: LOi C « M STEEL 
»fE COIL Eil PLATE BE-1-310»-A 

m. lEQt: 2, TOL.: ± 1/32, ̂ TBIAL: 

LOi ttiioi STEa s^scia PIPE 
mm COIL ilM6 RE-1-3I097-A 
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"~^EE"PAGE 105 

SEE PAGE 49 

C40 

iO. RE?.: 16, TOL.I ± 1/32 
MATERIAL! LOi CARWI STEEL 
6RIP CQIL EMP PLATE 
iE-I-3l099-A-l 

M. lEQ.: 8 
MATERIALl L§W CAIIOi STEEL 
mw W L ilMS 
RE-l-3l§St-A-2 

SPEC: 
W© TiRiS 
».© OiMS AT 77®F 
M. RE?.: 8. T©L.: ± 1/32 
61IP COIL. POTTEP RE-1-31998-A 

WIND FIRST LAYBK 
NQHT HAHD 

4 3 0 TURNS OF 
*/S DOUBLE OftSB' 
SILICONE MA&HET WIRE 

L ^ ^ ^ 
wmPCOIL^WICK^ mtf^ I 
WITH OKff^S^TED -i- . 1, WITH OMT^K^TED 
SM5S- Ciom TfW^. 
A FEW ^'WIOB STWFS 
OF eMSS CLOTH 
AmesivE TPee 
MAY B£ VSEU-m 
BINP THE COIt,. h • 4 4 R 

10^ RE?.: 1* 
6iiP COIL 
RE-l-311©i-A 
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m^ 

MO. REQ.: 16, TOL.I + 1/32 
MATERIAL: LOi CARBOI STEEL 
HOLD COIL ENP PLATE 
RE-1-31102-A-1 

SPEC: 
600 TURMS 
S.8 OMMS AT 77°F 
iO. IE?.: 8, TOL.: 
HOLD COIL. POTTEP 

± 1/32 
RE-1-31101-A 

iO. iEQ.: 8t TOL.: ± 1/32 
MATERIAL: LOi CARSOi STEEL 
MOLP mil RIMS 
RE-1-3II02-A-2 

Coil Assembly Notes 
E. Silver solder the wire connection with "Easy-Flo. " 
F. Wrap the terminals and the long lead wire 1/8" 

thick with 3/4" wide untreated glass cloth tape. 
Hold the end of the tape with a 1/8" wide strip 
o f glass cloth adhesive tape. 

G. Clamp the parts in the welding jig and seam weld 
by fusing the base metal (no filler rod). The 
weld is required to be strong enough to hold the 
parts together during ordinary handling and to be 
leak-proof enough to hold the potting material 
while it is liquid. 

H. Clamp the welded assembly in the teflon mold 
a nd vacuum Impregnate with epoxy resin prepared 
as follows: to Shell Epon Resin 815 add 10?i« by 
weight of MMM Cardelite N. C. 513; heat mixture 
to MO^F; to mixture add Mfo by weight of Shell 
Epon Curing Agent GL (heated until melted); stii 
well; use immediately. Keep the filled mold at 
room temperature for 12 hours to allow the resin 
to gel. Place filled mold in 180°F to 200°? 
furnace for two (2) hours. 

LAY£K Rimr 
HAMD 

GOO TURWS OP 
• i C DOUBLE &ASS-
SlUCOhiE AMGWrr WIRE 

WMP COIL, -jk THICK WITH 
w m r f l T r o SlASS CLOm TflPE. 
A FEW ^'lAliX STKIPS OF fitASS 
CLOTH fiPHCSMB mre MAY ee 
L'SEP TV BIUV rue COIL.. 

^ " 4 */i ̂ • 
10. REf.: 8 
HOLD CQIL 
RE-l-3li03-A 
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£x4-5^C» 

weWS/Lfm-HEAT TO 300-350F. 
\s.Heumc wcu> FIRST PASS 

wrm %z'fiiA.iHm-weLD"A". 
3, ARC WCLP OTHER mssES 

WITH }^"Dm.lHCU'ViBLD*A'. 

A CCNCBN-mC 
3.505 ' wmtN .OZO" 

MO. REQ.: I 
TOL.: ± 1/32 
PRESSURE 
SHELL BOPY, 
LOW PRESS. 
RE-1-31105-A 

1-/3 WP l"P££P 
2. HOLES 

3 6»WES 

iO . REQ.: 1 TOL.: ± 1/16 + 2° 
MATERIAL: UQ SST 
BODY FLAIGE, LOW PiESSURE 

• I f "j?£fP 8 HOLES 
EQ SP.OH S^'D.B.C. 

iO. REQ.: 1 
I TOL.: ± 1/16 

MATERIAL: I 
i|30 SST > 
BODY TOBE, "^ 
LOW PR. 
iE-l-31107-A 

MO. RE?.: 1 
TOL.: + 1/32 
MATERIAL: LOW CARBOi STEEL 
FLAiflE RINS, LOi Pi. iE-l-3lll3-A 

CADMIW PLATE 
.00i8"±.0003f 

20 

file:///s.Heumc
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-jlin 

({fc-i 

7 Shoves 
Ea. sn 

@ 1. PRC-Har TD 300-350 F. 
2.HB.IARC WrtD FIRST PASS 

3,/?RC WELD aWER PASSES 
wrm i/s"mA. n^©-WEic"A°. 

<® 

1.562^0 ^ 
1565 •̂'̂ - / 
BEFORf PLATING- XcOHCBUTRlC 

.'oO4-"±.0ei''TMfCK TOR 
we^R HMSISTAMCe. 

RE-1 
31090 

J.. 
1 0 . REQ.: 1 
PRESSyRE SHELL EXTEWSIOW, 
LOW PRESSURE RE-1-31108-A 

%^. 

^ = T r f 

•-IP-
H 

if. iE?.: 1 
T©L.: ± 1/16 
MATEilAL: 430 SST 
EXTEMSIOW TUBE, 
LOW PRESSURE 
RE-I-31109-A 



l } miLL 

-Jf 
L 

"mo-CHROME FLfi'^E 
ALL SUKFACeS 
.riO-4'i.OCI TH/C< 
FOR CCftROSfON A,^ 
WEAR W£SlST^HCE. 

-^JNCO-WELD "A" 
8 VVft-OS 

-3i^^ 

(mw CARBON STBBL, 7 KE^'B. 

THICK, 

iO. iE9.: 1, TOL.: ± 1/32 

ARMATBRE IE-1-31110-A 

(ifCONEL , a RBQ'a 

-l§mu 
f a g O.D. X IMJ.P. X 4 | LJM&, 

{_Lsw o<^Ra)^^57ra ^ a REQ'D, 

-limu 
REMOVE ALL 

SttARP EDiES 

'SC,40 / ' /Pf 

INCON EL. 

SHf.ll^K FIT IN. 
/^"ORILCrO HOLE 

7VRH AFTER SHRINK F I T ftSSCM^l^f 

L 

r 

•il). 

iT 

fOOHD eo&Es 

•4------.-.-.ii 
ohie BNP o r 
THE PLUG- AND 
OME END OF 
r u e ^RHATORE 

10. IE?.: 2, TOL.: ± l/6» 

PIRT SHIELP RE-1-.31117-A 
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m^ 
-I-
n .300 „ 

, A ^ 

3-E 
• 4- R ceNTZRL£SS 
^ GROUND BAR 

__ 41 e SST 

«0. iEQ.I 6 
TOL.: ± 1/32 
DRIYE ROD 
RE-1-31111-A-I 

10. REQ.: 1 
TOL.: ± l/6i| 
MATERIAL: 
ARWO 17-1 PH SST 
ROD COiMECTIOM 
RE-1-31111-A-2 

MO. REf.: 1 
TOL.: + 1/32 / " ^ ^ 
MATERIAL: 30» S S T [ 21 J 
MOD RETAIiER yS\y 
RE-1-31I11-A-3 "-" ' '^ 

PIPE ^ 
(^ ^ ̂ .^-f^^ ^^ 

£K.. FILLETS M'K4S"'CH. V/ILVe SEAT 

iO. RE9.: 1 
TOL.I ± 1/32 
MATERIAL: 
ALUMIMUM BRONZE 
¥ALIE BOPY 
RE-1-31115-A-1 

0 

SOCKET Hem 
CAP S'-£M£^ 

10. RE?.: 1 
TOL.: ± 1/32 
MATERIAL: 
303 Oi 30» SST 
»AL¥E STEM 
iE-l-8lIl5-A^I 



ii' PRILL 
HOLES 

mmmu PLATE 

M . RE?.: 1 TOL.: ± 1/32 
MATERIAL: LOi CARWi STEEL 
SMALL COIL SLEEVE 
RE-l-3im-A 

37^07 

CAW IBM PLATE 
.0008^±.00§3^ 

iO. iE9.: 1 TOL.: ± 1/32 
«TERIAL: LOi CAtlOM STEEL 
LARGE COIL SLEEfE 
RE-1-31116-A 



APPENDIX D 

POSITION INDICATORS 

Posit ion indicators used with the magnetic jack a re of the e lec t ro -
raagnetic, s ta t ionary-coi l type. This type is used because it avoids, as does 
the magnetic jack, the use of shaft seals and mechanisms near the reac tor 
which might requi re maintenance. Basically, these position indicators con­
s is t of a coil that fits over a nonmagnetic pipe which is the portion of the 
p r e s s u r e shell which is used for containing the drive rod as it moves through 
the jack. Since the drive rod is magnetic , the length of rod in the coil effects 
the impedance of the coil . Measuring the impedance gives the position of the 
rod. 

The impedance-measur ing system which seems to be most a t t ract ive 
involves the measur ing of the voltage a c r o s s the coil, which is supplied with 
a 60-cycle constant (or near ly constant) cur ren t . This voltage inc reases by 
a factor of eleven when the rod is inser ted in the coil. A bridge circuit is 
not used because it is more complicated and because of the possibility of 
loose connections overloading the m e t e r . 

For this size of device (a c lus ter of six J-in. diameter rods in a 
ly-in. s tandard pipe), a coil of #18 wire with 200 turns per inch of coil length 
has about the right amount of copper. Less copper has too much res i s tance 
and more copper has too much self- inductance. 

The coil shown on page 113 is used for all of the position indicators 
descr ibed h e r e . They a r e assembled to suit the par t icular application. The 
f i rs t coil of an assembly is supplied with a slightly higher voltage than the 
r e s t of the coi ls , to compensate for i ts being at the end. Closer readings and 
a smal le r t empera tu re e r r o r a r e obtained by using a l a rger number of 
shor te r coils; however, there is little improveinent below a two-inch spacing. 

The table on page 112 desc r ibes six types of position indicators in the 
o rder of their s implici ty. 



COMPARATIVE DESCRIPTION OF SIX TYPES OF POSITION INDICATORS 

TYPE 

BUILT AND TESTED 

COARSE INDICATION 

COARSE READING 
PROCEDURE 

COIL SWITCHING FOR 
CLOSE INDICATION 

CLOSE INDICATION 

CLOSE READING 
PROCEDURE 

REGULATION FOR 
CLOSE INDICATION 

ADVANTAGES 

DISADVANTAGES 

REFERENCES 

light bulb 

Jan. 1955; June 1959 

light bulbs 

position is read on scaJe 
at dim light or between 
bright lights and dark 
lights 

manual selector switch 

meter and graph 

1. lights are unplugged 2. me­
ter selector switch is plugged 
in 3. iTieter is switched to last 
coil that reads high 4. rheo­
stat is adjusted to make me­
ter read 2.5 volts S.ixieter 
is switched to next coil {coil 
that reads in middle range) 
6. meter is read 7. graph is 
read 

rheostat 

simple, reliable 

close reading requires 
seven operations 

pages 114 thru 117 

light and meter 

June 1957 

light bulbs 

position is read 
on scale at dim 
light or between 
bright lights and 
dark lights 

manual selector 
switch 

meter with cali­
brated dial 

1. coil indicated 
by light is se lec­
ted 2. number in­
dicated on selec­
tor switch dial is 
added to ixaeter 
reading 

voltmeter, rhe­
ostat, coil with 
fixed iron core 

good compromise 
between simple 
construction and 
easy to read close 
indication 

meter is inaccu­
rate if any light 
bulb burns out 

ANL-5768, 
pages 20 thru 24 

automatic meter 

March 1958 

bar indicator 

position is 
indicated by-
length of red 
line 

automatic se ­
lector switch 

meter with cal­
ibrated shifting 
dial 

1. position is 
read directly on 
meter scale 

automatic con­
stant voltage 
power supply 

easy to read 
close indication 

depends on sen­
sitive relays 

pages 118 thru 
121 

linear scale meter 

April 1958 

207° linear scale 

position is read 
directly in inches 
on meter scale 

manual selector 
switch 

meter with graph 

1, coil is selected 
2. voltage is ad­
justed 3. meter 
is read 4. graph 
is read 

voltmeter, var i ­
able transformer 

looks like standard 
position indicators, 
reliable 

close reading r e ­
quires four opera­
tions 

appendix B 

decade switch 

Feb. 19 59 

calibrated scale 

position is read 
directly in in­
ches on meter 
scale 

two manual s e ­
lector switches 

meter with cal­
ibrated decade 
dial 

1. coil is se­
lected 2. num­
bers indicated 
on seelector 
switch dials a re 
read as first 
two digits and 
nieter is read 
as the third 
digit 

automatic con­
stant current 
power supply 

easy to read 
close indication, 
reliable, mag­
nifies move­
ment, accurate 

requires a wire 
for each inch of 
indication from 
drive to control 
panel 

pages 122 thru 
125 

automatic digital 

digital display 

numbers a re 
read 

two automatic 
selector 
switches 

multi-contact 
meter - re lay with 
digital display 

1. numbers a re 
read 

automatic con­
stant current 
power supply 

digital indica­
tion, accurate 

complicated 
construction 
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AMP £"0. c'Bom 
4 HOLES 

spec.! 
2.00 ToaNs 
bAt OHMS #77®^. 

TVL.s±£ 
Moi-pgD PosmaN tNOtmrpK w i 

MOLDED POSITIOi IMOICATOR 
COIL COiSTRyCTIOI MOTES 

USE TWO TERMINAL P O S T S . DRAWINS 
« E . I . S I 5 4 0 . * | S 6 E PA«E t K MAKE 
90® ± 8* BEMD 3 / 1 « ± I / S 2 FROM END 
WITH SMALL HOLE. 

USE ONE C O I L , DRAVING 8 E . I. . 1 1 4 0 §« B . 
CUT OUTE« LEAD TO l / i LONS AMD 
INNER LEAD TO 1 LONG, REMO¥E 
INSULATION BACK 3 / l « FROM E N P S . 

SILVCR SOLDER THE L E * 0 WIRES TO THE 
TERMlMAt POSTS WITH EASY.FLO . 

r i A C E T m COIL IN THE MOLB WITH THE 
INNEM LEAD « l R E UNDER THE C O I L . 
PRESS THE COIL BOWN FIRMLY ASAINST 
THE BOTTOM OF THE MOLD. 

VACUUM IMP»E6MATE THE COIL AttO 
r i L L THE MOLO TO * DEPTH OF 1 ^ J / 4 
WITH EfOXY RESIN PREPARED AS 
F O L L O W S J T O S H E L L E P O U t C S I N » I 5 

ABB 1 0 * BY WEISMT OF MUM CARDELITI 
N . C . S I S t MEAT MIXTURE TO 1 4 0 ® F , TO 
MIXTURE ABB t « « BY WEICHT OF SHELL 
EPON C y a i H G ASENT CL CHEATED UNTIL 
MELTEDJj S T I « l i L L j USE IMMEOIATELY. 
KEEr THE FILLED MOLB *T ROOM 
TtMfEBATURE FOt 12 H0UR8 TO ALLOW 
TME M S J N TO OEL. PLACE FILLEB 
MOLB IN I80*F TO 200®F FURSACE 
FOB TW« 111 HOURS. 

I. it/mo £»>cTi.y £ao Tt'mvs OJ=- */e 

3. ^ * Ce/i. AfcfT- 0h»sT!f/i^a ^4/ 

POSIT 101 

IWDiCATOR 
COIL 

RE-l-2iW9-B 



Light Bulb Type 

This type of position indicator is ex t remely simple and re l i ab le . It 
is b e s t suited to power r e a c t o r s where the approximate posit ion of the con­
t ro l rods should be easi ly seen and where p r e c i s e m e a s u r e m e n t s of posit ion 
a r e needed only occasional ly. 

The d iagram of a posit ion indicator of this type for a 31-in. t r ave l is 
shown on page 115, A th ree - inch coil spacing is close enough, since c lose r 
spacing gives an overlapping effect which cancels any benefit der ived from 
having m o r e l ights . Using m o r e than one 1-in. coil for each 3-in. space 
would give a g r e a t e r change in voltage a c r o s s the light; however , one coil 
gives sufficient cont ras t and is m o r e economical . 

The voltage a c r o s s the coil va r i e s from 0.92 to Z.23 v with the light 
bulbs in the c i rcu i t and v a r i e s , as shown on page 116, with the light bulbs 
removed. 

The p rocedure for obtaining close indication, shown below, e l i m i ­
nates the e r r o r due to changes in input voltage and a lmos t e l iminates the 
e r r o r due to changes in temiperature. The posit ion may be r ead to within 
one tenth of an inch. The effect of a 150°F change in t e m p e r a t u r e is l e s s 
than this one tenth of an inch. 

The s e r i e s of coils a r e held together by - l - in . th readed rods and nuts 
on both s ides of each coil . 

TO OBTAIN CLOSE POSITION INDICATION 

1, Unplug the lights and plug in the m e t e r c i rcui t . 

2, Turn the se lec tor switch to the highest number which 
gives a high m e t e r reading . 

3, Adjust the rheos t a t s to make the m e t e r read full sca le . 

4, Turn the se lec tor switch to the next higher number . 

5, Convert the m e t e r reading to inches on the curve 
numbered as indicated by the se lec tor switch. 
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VOLTAGE VARIATION ACROSS COIL 
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LIGHT BULB TYPE POSITION INDICATOR 
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111-7906 

AUTOMATIC METER TYPE POSITION INDICATOR 
(BACK VIEW) 
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L. I 

AUTOMATIC METER TYPE POSITION INDICATOR PANEL 
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ROD 

COIL DIAGRAM 

115 V 
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PARTS LIST 

A . 
K l , 
S I 

F 
P I , 

R l , 
M 
K 4 , 

R 4 
S2 

K 2 , 

P 2 

R 2 , 

K5 

K 3 

R 3 

Selsyn T r a n s m i t t e r , 115 V., 60 Cy, 2"D. 
Relay, SPOT, 115 VAC Coil, 5 Amp Con. 
Switch, On-Off, Toggle 

F u s e , 10 A 
Rheostat, 500 0 , i w 

R e s i s t o r , 100 Q, , 100 W 
Motor , G leason -Avery #530BRA2 
Relay, Sigma Type 5RS 12AS-SIL 

R e s i s t o r , 1500 f2 , 1 W, P r e c i s i o n 
Selec tor Switch, 4 Section, 11 Pos i t ion 

R5 th ru R15 R e s i s t o r , 100 fi, 10 W, Adjustable 
R16 R e s i s t o r , 7000 ^ , 1 W P r e c i s i o n 
B Selsyn Rece ive r , 115 V, 60 Cy, 2 "D 
E Mete r , DC, 0-1 Mi l l i amps , 50 Ohms 
D Silicon Diode, PSI Type IN628 
CI t h r u C33 Coil, 200 T u r n s , 0.91 Ohms , page 113 

AUTOMATIC METER POSITION INDICATOR 



Test Resul ts ot the Decade Switch-type Posi t ion Indicator 

A test was made to determine the effect of changes in t e inpera tu re . 
The par t of the sys tem which is located at the drive consis ts of the drive 
rod, the pipe and the set of coi l s . Any one of these will inc rease the mete r 
reading if t empera tu re i n c r e a s e s . This would give a lower position reading, 
since the inch scale is r e v e r s e d . The following table gives the effect of t em­
pe ra tu re on the 0 to 48-in. me te r at var ious rod posit ions: 

rod position 

inches per °F 

% due to rod 
% due to pipe 
% due to coil 

0 

0.067 

44 
51 

5 

6 

0.053 

44 
50 

6 

12 

0.042 

43 
50 

7 

18 

0.034 

43 
50 

7 

24 

0.027 

42 
50 

8 

30 

0.020 

39 
50 
11 

36 

0.013 

35 
48 
17 

42 

0.0078 

30 
42 
28 

48 

0.0045 

24 
28 
48 

The effect of t empera tu re on the 0 to 1-in. me te r is 0.0023 in. per °F 
at the i - i n . end of the scale, and is 0.0033 in. per °F at the 0-in. end. 
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O Q£J O Ô fe O—Qjy O—QJ^ O 0^^ 

:,49 / / -SfS-, .5-/=to.S.̂  A/-S. 

0 7 / 

O Q3^ O 0 / 7 

O C£S O 0/i 

o—-<aiZ o — o / S 

c—ozi o—o*^ 

o——ceo o—O/J" 

c—o/y o—o / z 

o — o ^ o — o / / _ 

'SEE COIL 0/A4/SI^/^ 

DECIDE 3i^/rcM 7yp£: P03/T/0/V /MC/iTO/? 

SACK / TOP l/^/syv 

RE-2-30138-C 



v ^ 
7/8 

4 - 3 / 8 

48 
TRAVEL 

54 SPACES 
© I " = 54" 

2-1/2 

g 

& 

. L J g 

J 
PLATE 

-O 9 

-O 10 

-O II 

-O 12 

O 13 

I O I 4 

i 
-O 15 

-O 16 
^ 

5 °̂ ® 

-O 57 

-O 58 

-O 59 

-O60 

No. 
Req'd. 

54 
1 
4 

20 
12 

216 

55 
110 
110 

Par t 

molded position indicator coil, page 113 
plate, drawing 29-17, page 102. 
tie rod, |-"D.x56"lg., |-"-20thd. 

2"LG., 304SSt. 
hex nut, •|-"-20, b r a s s , 
lock washer, 5-", plated steel , 
flat washer, #14, ^"O.D.x.260" 

I.D.X.040" th,, b r a s s , 
roundhead screw, #6-32x|", b r a s s 
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DECADE-TYPE POSITION INDICATOR COIL DIAGRAM 
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APPENDIX E 

DESTRUCTION TEST OF A MODEL OF THE PRESSURE SHELL 

Introduction 

Driving the control rods of a nuclear reac to r r equ i re s that con­
t ro l led power be t r ansmi t t ed to the inside of the r eac to r p r e s s u r e vesse l , 
p re fe rab ly while maintaining an he rme t i ca l ly sealed sys tem. The t r a n s ­
miss ion of magne t i sm through the wall of a p r e s s u r e vesse l is one way of 
doing th i s . This is the ba s i s of the magnet ic jack control rod dr ive , the 
p r e s s u r e shell of which is the subject of this r epor t . On page 12 a r e a 
drawing and specif icat ions of this h i g h - p r e s s u r e magnet ic jack. The tes t 
vesse l is a shor t , but o therwise identical , model of the actual ve s se l . The 
drawings of these a r e on page 145. 

This p r e s s u r e vesse l is unique in that it r equ i re s magnet ic r ing 
sections separa ted by na r row nonmagnetic sect ions and a lso one long non­
magnet ic section. Moderate co r ros ion and heat r e s i s t ance is another r e -
quiremient F o r the 3|- in. ID tube a wall th ickness equal to about one eighth 
of the inside d i ame te r is des i rab le from the standpoint of magnet design. 
This is a lso a good compromise between having low s t r e s s e s and a coil of 
smal l d iamete r , A coil of smal l d i ame te r is des i rab le for its low e lec t r i ca l 
r e s i s t ance and for keeping down the s ize of the magnet ic jack. The lygin. ID 
tube is made ex t ra heavy so that it will not b reak under p r e s s u r e if the end 
of the long pipe happens to be bumped. The long nonmagnetic sect ion is 
made of Ij-in, schedule 40 pipe for economical r e a s o n s . In specia l cases 
the bore could be 1 j ^ in. in d i ame te r to reduce the s t r e s s e s . 

The p r e s s u r e shell is made in two pieces which are a s sembled after 
final machining. The s m a l l - d i a m e t e r piece (extension) is i n se r t ed through 
the l a r g e r piece (body) so that the p r e s s u r e load is taken on the back of 
extension flange and the inside of the body head, A smal l fillet weld sea l s 
the joint. Making the vesse l in two p a r t s is done to facil i tate bor ing the 
sma l l tube and also to help allow for axial shr inkage due to welding. Each 
l a rge weld shr inks about f^ in. axially and the smiall welds shr ink about 
^ i n . 

The p a r t s to be welded together a r e provided with a back-up r ing 
in tegra l with one of the mat ing p a r t s and a smal l a r e a for butting the pa r t s 
together . This p r epa ra t i on gives a joint which is s t ra ight and concent r ic . 
The other welds , the only purpose of which is to provide the nonmagnetic 
sec t ions , a r e made m grooves cut in the rough-machined tubes . 
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Inco-weld "A" was selected for the weld meta l . Stainless s teel , 
AISI type 430, was se lec ted for the base meta l (magnetic sect ions) . Incon-
el was selected for the long nonnaagnetic section. These ma te r i a l s have 
about the same thermal expansion. 

The vesse l is welded with a re la t ively new weld rod ma te r i a l in a 
geometry which cannot be calculated readi ly; however, the gasket and 
flange designs incorporate other exper iences at ANL.-' Therefore this 
tes t was performed to check the ma te r i a l and design as requi red by the 
ASME Boiler and P r e s s u r e vesse l Code P a r . UGlOl of section VIII. 

Test Apparatus 

The tes t was made at the Steel City Testing and Engineering Labo­
r a t o r i e s , since Argonne does not have facili t ies for the high p r e s s u r e s in­
volved. The l a rge end of the vesse l was closed off with a blind flange (see 
page 146). The other end of the vesse l was connected to a h igh -p re s su re 
hose. For the f i rs t t es t the hose was connected to a hand pump. For the 
other two tes t s an a i r -d r iven , reciprocat ing water pump was used. 

Test Data 

The tes t vesse l was the same for all th ree tes t s except that after 
the second tes t the flange end of the tube was cut off and a new thicker 
flange was welded on the tube. 

The tes t data a r e descr ibed on pages 130 through 135, which are 
repr in t s of the tes t r epor t s from the Steel City Tes t Lab. 

Test Results 

Test Number 

Pressure , psi. 

Result 

Page no. of photo 

Diameters: 
large tube before 
large tube after 

middle tube before 
middle tube after 

Ij-in. pipe before 
l | - in. pipe after 

1 

11,300 

l | - in . pipe section 
began to yield 

126 

4.39 

2.21 
2.21 

1.90 
2.06 

7 

12,650 

flanged end of 
large tube sec­
tion I'as origi­
nally designed) 
failed 

126 thru 131 

4.41 

2.21 
2.21 

2.06 
2.10 

3 

12.800 

large tube section 
failed (flange 
cracked due to 
failure of tube 
section; 

132, 133 

4.41 
ruptured 

2.21 
2.21* 

2.10 
2.12 

*2.22 near joint with pipe 

^N. Balai , T. L. Ket t les , and R. E. Bailey, Reactor P r e s s u r e Vessel De-
sign for Nuclear Applications, Symposium on Radiation Effects on Ma-
t e r i a l s . Vol. 3, Special Technical Publication, No. 233, ASTM (1958) 
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The tes t shows that the la rge tube section is the weakest par t of the 
vesse l . This is good, since the tube thickness is the par t which is leas t 
convenient to make heavier . The middle tube showed no yielding. The pipe 
came with a smooth finish and an ext ra thick wall (0.150 in . j . Pe rhaps a 
pipe of s tandard quality would have failed. 

Apparently the 430 SST steel bar which was used for the large tube 
was of low quality, since the tes t showed an ult imate s t r e s s of 59,000 psi . 
The ult imate s t r e s s should be about 75,000 psi . 

The flexitallic gasket (2500 psi standard) was slightly deformed 
where the flange split , but showed no sign of failure or leakage. This in­
dicates that the gasket and the bolting a r e adequate. 

None of the welds failed and the appearance of the crack in the v e s ­
sel indicates that the weld is quite ductile. 

Conclusions 

The tes t indicates that the vesse l has a design p r e s s u r e of 3200 psi 
at room t empera tu re . Calculations indicate a code design p r e s s u r e of 
2800 psi at 100 F (radiographed welds of 90% efficiency). 

Two changes in the design resul ted from the test : the flanged end 
of the vesse l was made thicker and the pipe plug hole at the other end was 
changed from "g" to f in. 

CALCULATED STRESSES 

3^ in. ID 
1 430 SST 

P 

t 

R 
S 

p r e s s u r e , psi 
nniniinum wa l l a s 

specified, m. 
min imum wall as 

m e a s u r e d , in. 
inside rad ius , in. 
s t r e s s =P{R+0.6t)/t , 

psi 

2500 

0.420 

1.75 
11900 

12800 

0.440 
1.76 

59000 
ul t imate 

1 1̂  in. ID 
430 SST 

2500 

0.300 

0.78 
8000 

12800 

0.325 
0.78 
38400 

1 2 in. Schedule 
40 pipe, inconel 

2500 

0.127 

0.83 
21800 

2500 

0.150 
0.80 
14800 

11300 

0.150 
0.80 
67000 
yield 

12800 

0.123 
0.926 
104000 

P 

t 

SH 
SR 

p r e s s u r e , psi 
actual flange th ickness , in. 
th ickness used in calctilating 

to allow for cen te rbo re , in. 
logitudinal hub s t r e s s , psi 
rad ia l flange s t r e s s , psi 

S j i tangential flange s t r e s s , psi 

flange used for t es t s 
no. 1 and 2 

2500 

^ ^ 

2 

9000 
2730 

flange used for tes t no. 3 
(final design) 

2500 

^T 

4 
6750 
1670 

9520 I 5990 
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L a b o r a t o r y R e p o r t s 

CHEMICAL PHYSICAL METALLURGICAL SPECTROGRAPHIC PYROMETRICAL 

Steel Cit| ^ ^ m Testiie & Eigi ieeripi 

13055 BrainarJ AvtnM* 

Chicago 3 3, Illinois 

TECHNICAL REPORT FOR. Argonne National Laboratory 
Lemont, Illinois FILE NO. 591 21 139 

ORDER NO. 

YE S T * I ^ F e b r u a r y 1959 

SUBJECT: Pipe Assembly 
INVESTIGATION Hydraulic pressure test on capped pipe assembly. 

FOREWORD: 

A three diameter welded pipe assembly was capped at the 

large end by the use of a gasket and two bolted flanges. The 

small end of the assembly was made with a pipe thread and thru 

this connection the assembly was connected to a hydraulic pump. 

The assembly was then pressurized until failure occurred. 

TEST PROCEDURE: 

The eight 1 1/4-8N studs and nuts were thoroughly cleaned 

and greased. The gasket surfaces were cleaned and the test unit 

assembled. The nuts were systematically torqued to 550 pound 

feet. The assembly was then filled with water and connected to a 

high pressure pumping system. The pressure was slowly increased 
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T E C H N I C A l t E P O t ¥ (CONTINUED) 

TEST *l 
Argonne National Laboratory 

and observed to determine the first point of failure. 

RESULTS OF TEST: 

The smallest diameter section of the pipe assembly began 

to yield and increase in size at l is 300 psig. The pressure was 

relieved and the extent of damage was examined. Mr, M. T, 

Burns requested that the p ressure be re-applied to the test unit. 

With the second application of p ressure the yield pressure was 

raised to IZ, 000 psig and maintained for a short period of time 

to increase the extent of damage. At this point the test was 

concluded. 

E F F / a c 

Rsspectfully suhmittsd, 

STEEL CITY TESTING & ENSlNEERINe LABORATORIES, INC. 
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CHEMICAL PHYSICAL METALLURGICAL SPECTROGRAPHIC PYROMETRICAL 

Steel Citj ^^m\ T i s t i i j & Eigi ieeri ig 

13055 Brainard Avtnua 

Chicago 3 3; Illinois 

TECHNICAL REPORT FOR: Argonne Nat ional L a b o r a t o r i e s 
Lemon t , ni inois FILE NO. 593 10 484 

ORDER NO. 274639 

TEST ^2. 16 March 1959 

SUBJECT: ^ipe Assembly 
INVESTIGATION Hydraulic Pressure test on capped pipe assembly® 

FOREWORD^ 

A three diameter welded pipe assembly was capped on the 

large end by the use of a Flexitallic gasket and two bolted flange s® 

The small end of the assembly was made with a half inch pipe 

thread and through this connection the assembly was connected to 

a hydraulic pianp® The assembly was then pressurized until failure 

occurred# 

This unit was previously tested on our file number 591 21 139® 

At this time the unit was considered to have failed by Mr^ M^ T® 

Burns of Argonne National Laboratory and the test was concluded® 

This same unit as assetnbled in this previous test was retested and 

the hydraulic pressure applied until an actual metal failtire occurred® 



133 

T E C H N I C A L t E P O t f (CONTINUED) 

TEST *Z 
F O Rj Argonne National Laboratories 

TEST PROCEDURE: 

The assembly was filled with water and then connected to a 

high pressure pumping system^ The pressure was slowly increased 

until failure occurred^ 

RESULTS OF TESTS: 

The small diameter section of the pipe assembly continued to 

yield as pressure was applied. This yielding caused the half inch 

pipe connection to leak. The pressure was then relieved and the pipe 

joint tightened. This operation was repeated twice before the con­

clusion of the test , ^ £ . , 

At 12^ 650 psig, the heavy flanged collar on the largest of the ^^ ĵ fe/*^ 

three pipe sections cracked in several places^ causingfthe F l e x i - j J-/^ J 

ga l l i c gasket to blow out withjthe loss of all pressure and charging 

fluid. Figure Nos^ 1̂  2̂  3^ 4, 5 and 6 depicts the failed section 

after disassembly. 

Mr. Joseph Young from Argonne National Laboratoriesj 

witnessed the test , Mr, Young returned the test unit to Argonne 

National Laboratories at the completion of the test . 

Respscifuliy submitted, 

STEEL ,£fr9TESTING &• ENSINEPrtf^G LABORATORIES, IN< 

MNP/jw 

fey-

Registered Prolessional Engineer 
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CHEMICAL PHYSICAL METALLURGICAL SPECTROGRAPHIC PYROMETRICAL 

Steel Citj ^ ^^_ Tist i i i & Eifi iceri ig 

l3055[Brainard Aftnue 

Chicago 3 3, Illinois 

TECHNICAL REPORT FOR: A r g o n n e N a t i o n a l L a b o r a t o r i e s 
L e m o n t RLE NO. 594 28 871 

I l l i n o i s O^^R NO. 4 4 3 3 7 8 

T E S T * 3 29 April 1959 

SUBJECT: P ipe A s s e m b l y 

INVESTIGATION Hydraul ic P r e s s u r e t e s t on capped pipe a s s e m b l y . 

FOREWORB: 

A t h r e e d i a m e t e r welded pipe a s s e m b l y was capped on the 

l a rge end by the use of a F lex i ta l l ic gasket and two bolted f l anges . 

The s m a l l end of the a s s e m b l y was made with a half inch pipe 

thread and through this connection the a s s e m b l y was connected to 

a hydrau l i c pump . The a s s e m b l y was then p r e s s u r i z e d unt i l fa i lure 

o c c u r r e d . 
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f E C H N I C A t l E P O t T (CONTINUED) 

TEST ^5 
FORs Argonne National Laboratories 

TEST PROCEDURE: 

The assembly was filled with water and then connected to 

a high pressure pumping system. The pressure was slowly increased 

until failure occurred. 

RESULTS OF TESTS; 

At 12, 800 psig, | the heavy flanged collar on the largest of the 

fthree pipe sections cracked in several places, causing the Flexi­

tallic gasket to/blow out with the loss of all pressure and charging 

fluid. Figure No. 1 depicts the failed section before disassembly. 

Figure No, 2 and 3 depicts the failed section after disassembly. 

Mr. Joseph Young from Argonne National Laboratories^ 

witnessed the tes t . The test specimen was packaged and returned 

to Argonne National Laboratories , Lemont, Illinois. 

MNP/jw 

Respectfully submit 

STEEL CITY Tp^TlNe &- ENeiNEERING LABORATORIES, INC. 

'^.^C-aCXCT. 

Registered Professional Engineer 



136 T E C H M I C A L R E P O R T (CONTINUED) 

TE5T*2 
FOR: Argonne National Laboratories 

Figure No, 1 

Large crack at flanged end. Note deformation of material cm. 
smallest diameter pipe section^ 

STEEL CITY TESTING & ENGINEERING LABORATOmES 



T E C H N I C A L R i P O R f ( C O M T / W U E D ) 

T£ST'^Z 
FOR: Argonne National Laboratories 

137 

/ 

Of FAllVl^B 
m TCST ^3 Figure No. Z 

End view of failure 

STEEL CITY TESTING & ENGINEERING LABORATORIES 



138 T E C H M I C A L R E P O R T (CONTINUED) 

TEST ^l 
FOR: Argonne National Laboratories 

gte t l CI • . Engineering 

Mm4 

Figure No. 3 

Side view of failure 

STEEL CITY TESTING & ENGINEERING LABORATORIES 



T E C H M I C A L R E P O R T (CONTINUED) 139 

TEST^L 
FOR: Argonne National Laboratories 

I'S. .; :"' . .LJJI'- •' Imimsring 

Figure No. 4 

Side veiw of failure 

STEEL CITY TESTING & ENGINEERING LABORATORIES 



140 T E C H M I C A L R E P O R T (CONTINUED) 

TBST * a 
FORi Argonne National Laboratories 

steel g'^yj^Sj ^''^'"g ^ iBjinieriiig 

Figure No. 5 

Side view of failure 

/ 

STEEL CITY TESTING & ENGINEERING LABORATORIES 



T E C H N I C A L R E P O R T (CONTINUED) ^^^ 

TEST *Z 
FOR: Argonne National Laboratories 

i t t e i t'd§ gtJHg & EBgimieriiig 

Figure No. 6 

Side view of failure 

r* 

STEEL CITY TESTING & ENGINEERING LABORATORIES 



^^^ T E C H N I C A L R i P O R T 
TEST * J 

For: Argonae National Laboratory 

JtEBl g i ^ , ^ ^ TegSiag a EiiBliiitriiag 

r 

Figure No. 1 

Side View 



T^5T T^j : T i C H M I C A L R i P O R T 

For : Argonne Natioiaal Laboratory 

i t t t i S i t p ^ ^ ^ Tegtiaa t Eiigiiieifiiig 

' # 

ft 

/ 

/ 

Figure No. 2 

Bottom View - Disassembled 



T i C H M I C A L R i P O R T 

TEST * 3 
For: Argonne National Laboratory 

iteel gHsj^a^ Testinj t. tnjiageriiig 

•# 

Figure No. 3 

Flange and Gasket - Disassembled 



® I. PRE-HEAT 300' TO 350* F 
2. HELIARC WELD FIRST PASS ^3S DIA INCO-WELD A 
3. ARC WELD OTHER PASSES WITH '/& DIA INCO-WELD K 
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2 PIPE TAP -"I'PIPE TAP 

i- SC 40 PIPE 
INCONEL 

(OTHER PARTS ARE 
430 SST) 

MODEL USED IN 
TEST 'I ("2 

MODEL USED IN 
TEST '3 

ACTUAL VESSEL 



• DETAIL 
NO 

1. 
2 
3 

4 
1 5 

NAME 

NUT 
STUB 

GASKET 

FLANGE RING 
BLIND FLANGE 

MATERIAL 

1-1/4-8 STEEL 
1-1/4-8x1 r B-14 STEEL 
FLEXfTALLIC"R3-25K,304SST 
AND ASBESTOS 
LOW CARBON STEEL 
LOW CARBON STEEL 

NO 
REO 

16 
8 

1 
1 
1 

15/16 DRILL THRU. 
8-HOLES EQ. SR 
ON 9 K 2 D B C 

— Ks-IS TAP 
DEEP 4-HOLES 

EO SR ON 93/6 D B G 
221^2° FROM |5/i6 HOLES 

TEST MODEL FLANGE ASSEMBLY 
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Above the reac to r dr ive , 9*, 26^, 34, a lso see Jack #27, #29H 

Acknowledgement, 31* 

ALPR jack dr ive , see Jack #27 

Ant ig rav i ty - sc ram, 34 through 36 

A r m a t u r e , 141?, 38^, 55, 98, 108 

Below the reac to r dr ive , 9*, 26*, 34, a lso see Jack #29L 

Capacity, 12 through 42 

Chrome plating, 9*, 11 

Clearance , 14= ,̂ 25*, 90 

Coils, connections for, 10, 45, 49, 95 

magnet , 16*, 94, 46 through 49, 103, 104, 105 

position indicator , 68, 101, 113 

tes t of, see Test r e su l t s 

Connection, coil, see Coils 

control rod, 9, 58 through 66 

p r e s s u r e vesse l , *25, 14 

Control, 16* 17*, 18*, 11, 15, 71, 72, 73, 80, 81, 82, 88 

Cooling 26*, 37 through 40, 90, 14, 21 

Cost, 31*, 10, 19 

Cushion w a s h e r s , 15*, 44*, 56, 102 

Dash pot, 25*, 28 through 32, 58 

Dece le ra tor , see Dash pot 

Descript ion, functional, 6*, 8*, 9*, 10 

Development, future, 22 

si33.ce ANL-5768 was wri t ten, 10 

Dirt , 29*, 11 

Drives , other types of electronaagnetic, 78*, 80*, 19 

Drive rod, 9*, 44*, 11, 57, 101, 109 

EBWR jack dr ive , see Jack #291. 

Fa i l u r e , 26*, 27*, 117 through 143 

*ANL-5768; note that the pa r t s l i s t on page 35 of ANL.-5768 should be on 
page 50', and vice v e r s a . 

http://si33.ce
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INDEX 

Fr ic t ion , 9*, 15 

Function of a control rod dr ive , 6* 

High p r e s s u r e jack dr ive , see Jack #29H 

Jack #18B, 10* 

Jack #20, 7* 

Jack #2IE , 11* 

Jack #24, 12* 

Jack #27, 5, 41 through 57 

Jack #29H, 11, 93, 96, 98 through 105 

Jack #29L, 11, 13, 94, 97, 98 through 110 

Life, 9*, 26*. 20, 11, 90 

Load, 26*. 27*, 28*, 90, 15 

Magnetic c i rcui t calculat ions, 67 through 77*, 23 through 27 

Malfunctionsj see Fa i lu re 

Mate r i a l s , 9*, 14*, 15*, 16*, 70*, 128 

Nonmagnetic sleeve, 14*, 45*, 11, 56, 102 

Operation, see Descr ipt ion 

Pa ten t s , 9 

Pe r fo rmance , see Tes t r e su l t s 

Posi t ion indicator , 111, 112 

automatic digital type, 112 

automatic m e t e r type, 112, 118 through 121 

coilS; see Coils 

comparat ive descr ipt ion, 112 

decade switch type, 112, 122 through 125 

light and me te r type, 20 through 24*, 112 

light bulb type, 112, 114 through 117 

l inear scale me te r type, 112, 67 through 70, 80, 81, 84, 86 

tes t , see Test r esu l t s 

Power consumption, 26*, 27*, 90 

*ANL=5768 
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INDEX 

Power supply, 17*, 18*, 9, U , 16, 71, 72, 74 through 81, 89 

P r e s s u r e , 26*, 127 through 146, 12, 42 

P r e s s u r e shell design of, 15*, 16*, 36*, 37*, 52, 53, 98, 99, 100, 106, 107, 

127 through 146, 21 

tes t of, see Test r e su l t s 

Revers ing , 9*, 72 

Safety, 27*, 35, 127 through 146 

Sc ram, 9*, 28*, 11, 34 through 37, 28 through 32 

Selector , dr ive , 17*, 18*, 83 

position indicator , 85 

Size, 12, 19, 42 

SL-1 jack dr ive , see Jack #27 

Slippage, 28*, 15, 19 

Speed, 26*, 28*, 11, 71 , 90, 22 

Step length, 6*, 26*, 10, 56, 71, 90, 102 

Summary , 10 

Switch, coil sequencing, 20*. 74, 76, 77, 78, 79, 90 

T e m p e r a t u r e , 26*. 28*, 90, 91 , 37 through 40, 21, 18 

Tes t r e s u l t s , jack, 5*, 25*, 26*, 15, 90 

magnet coil, 26*, 37 through 40 

posit ion indicator , 29*, 30*, 90 

power supply, 90 

p r e s s u r e shells 127 through 146 

Wear, 26*, 29*, 10 

• 

*ANL-5768 




