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DESIGN AND PERFORMANCE CHARACTERISTICS OF 
MAGNETIC JACK-TYPE CONTROL ROD DRIVE 

by 
Joseph N. Young 

ABSTRACT 

The magnet ic jack is a he rmet ica l ly sealed, s tep-motion I 
l inear motor which sat isf ies the need for a re l i ab le , low-
cost, nuclear r eac to r control rod d r ive . It is especia l ly 
applicable for operat ion under adve r se conditions pecul iar 
to p r e s s u r i z e d water -cooled r e a c t o r s . 

The jack consis ts of a p r e s s u r e shell , four se ts of ex
ternal inagnet coi ls , and one in te rna l inoving pa r t which i m 
pa r t s l inear motion to rod extensions of the control rod. The 
des i red motion is achieved by energizing and de-energ iz ing 
the var ious coils in a given sequence. An e lec t romagnet ic 
position indicator r e g i s t e r s the position of the dr ive rods , 
thereby locating the posit ion of the control rod in the r eac to r 
co re . 

Two magnet ic jacks were operated under s imula ted 
boiling water r e a c t o r operat ing conditions for 3150 hours 
(18,300 ft total rod t rave l , 2210 s c r a m s ) and 1330 hours 
(7,700 ft total rod t rave l , 1000 s c r a m s ) , respec t ive ly . There 
were no ixiechanical malfunctions and no significant wear was 
observed on the components . The posit ion of the rod was 
indicated to an accuracy of 0.05 in. 

Complementary information includes detai led formulae 
and work sheets for calculat ing magnet ic c i rcu i t s and com
ponent drawings for two a l te rna te magnet ic jack des igns . j 

I. INTRODUCTION 

The magnet ic jack was developed to satisfy the need for a re l i ab le , 
low-cos t dr ive mechan i sm to i m p a r t control led l inear motion to a nuc lea r 
r eac to r control rod . It i s especia l ly suitable for p r e s s u r i z e d wa te r -coo led 
power r e a c t o r s where it i s des i r ab le to have a he rmet i ca l ly sealed sy s t em. 
A control rod dr ive that does not use a l inear shaft sea l usual ly r e q u i r e s a 
dr ive mechan i sm that opera tes in the r e a c t o r coolant. Any mechan i sm, 
s imple or in t r ica te , designed for sustained operat ion in water poses many 
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prob lems re la ted to wear and co:^rosion. The magnet ic jack c i rcumvents 
these p rob lems because the re is v i r tual ly no mechan i sm and a min imum 
of essen t ia l moving p a r t s . 

A control rod dr ive mus t pe r fo rm the following fimctions p rec i se ly 
and without malfxmctionover a long period of t ime, with or without lubricat ion: 

(1) move the rod in ei ther d i rect ion at a controlled r a t e of t rave l ; 
(2) hold the rod s ta t ionary; 
(3) indicate the position of the rod; 
(4) r e l e a s e the rod quickly under any condition. 

In addition, the mechan i sm mus t operate in a sma l l space with l i t t le 
cooling, and be economical to bmld and mainta in . 

Pe r fo rmance t e s t s show that the magnet ic jack mee t s these 
r e q u i r e m e n t s . 

II. FUNCTIONAL DESCRIPTION 

The magnet ic jack (Fig. 1) consis 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 coi ls (hold, gr ip , lift, pull down) and one in 
te rna l moving pa r t (a rmature) that impa r t s l inear motion to a c lus te r of 
s ix dr ive r o d s . The dr ive rods a r e centered loosely within the a r m a t u r e 
and connected at one end to an extension of the control rod. The dr ive rods 
a r e of magnet ic (nonpermanent) s ta in less s tee l and able to expand rad ia l ly . 

The dr ive rods and, hence, the control rod a r e moved upward in 
p r e c i s e s teps by a cam-ope ra t ed se lec tor switch which energ izes and de -
energ izes the four se ts of coils in a given sequence (Fig. 2). When ene r 
gized, the hold coils pull the rods out radia l ly andhold them to the p r e s s u r e 
shell by magnet ic a t t rac t ion and fr ict ion. The gr ip coi ls a t t r a c t the rods 
to the wall of the a r m a t u r e so that the rods move if the a r m a t u r e moves . 
A nonmagnetic s leeve prevents magnet ic a t t rac t ion of the arnaature to the 
p r e s s u r e shel l . The lift coil lifts the a r m a t u r e one step per coil cyc le . 
The length of the step is governed by the axial c l ea rance (magnetic flux 
gap) between the a r m a t u r e and the ends of the chamber . The p rac t i ca l 
range of s tep length is 0.02 - 0.20 in. The hold coils a r e energ ized to hold 
the dr ive rods at the de s i r ed control rod posit ion. 

The a r m a t u r e and the lift coil const i tute a s h o r t - s t r o k e solenoid 
which, owing to the shor t magnet ic flux gap, exe r t s a much s t ronge r pull 
than a conventional long-s t roke solenoid for the same amount of power . 
F o r a coefficient of friction of 0.15, the combined holding force of the 
eight hold coi ls equals the lifting force of the lift coi l . 



CONNECTOR 

;i n 
J \ 

. 1 1 

FIG. I 
MAGNETIC JACK CONTROL ROD DRIVE 

UNIT NO. 20 



» 

"1 efif? r-L-ffl 

1=^ 

DRIVE RODS 

PRESSURE 

SHELL 

LIFT COIL 

ARMATURE 

GRIP COIL 

PULL DOWN 
COIL 

HOLD COIL 

C I ] 

TO MAISE THE BODg 

(2) C3) W (5) C6| (71 C8| 

CD TiE JACK 18 II THE HOLD STAflE} THE BOLO COILS OiLY 
ARE EMERQIZED. 

(2) TiE PiLL-BOWi COIL IS EMEifilZEO TO EiSUIE THAT THE 
ARMATURE 18 DWi. 

(8) TiE QilP COILS ARE ESERGIZED TO ATTRACT THE DRIfE 
RODS TO THE ARMATURE. 

Ill THE HOLB COILS ARE DE-ENERflIZED. 
(B) THE PyLL-DOm COIL IS DE-EiERfliZED, LEAfllfl THE BtlfE 

MBS II COiTACT WITH THE liiATiRE BUT FtEE 11 THE J*CI. 
(6) TiE LIFT COIL 18 EiElfllZED TO LIFT TiE ARMATURE. TiiS 

iOfiia TIE RODS UP Om STEP. 
(7] TiE HOLD COILS ARE E«ElfllZEO Tfl MOLD TiE 1008 STATIOi-

f8l T«E ailP COILS IRE BE-EIERfllZED. 

CD TiE LIFT COIL IS DE-EIEteiZED TO COMPLETE THE C¥CLE= 

TO LOWER THE lOPi 

(II THE JACK 18 11 TiE HOLD STAGE. 
(8) TiE LIFT COIL IS EiERfllZEB TO LIFT TiE AtiATiRE ilTHOUT 

TiE DRIfE iODS. 
(7) TiE QRIP COILS ARE EIERSIZEB T§ ATTRACT TiE BtlfE BODS 

TO THE ARiATME. 
(S) THE iOLD COILS AIE DE-EMERfllZED. 
(B) TIE LIFT COIL IS DE-E»ERfilZED TO ALLOW TIE ARMATURE, 

WITH THE DRIfE RODS, TO DROP M E STEP. 
(I) TiE PiLL-BOii COIL 18 EMEBfliZEi TO PULL TiE AINATiRE 11 

TiE EfEiT IT BIP lOT DROP BY 6tAVITY= 
(3) TIE lOLD COILS AIE EiEIBIZEB TO HOLD TiE lOD STATiOIAIT. 

TiE aHP COILS AIE OE-EIERfilZED. 
TiE PyLL-DOiM COIL 18 DE-EiERfliZEO TO COMPLETE TIE CYCLE. 

(2) 

CO 

FIG. 2 
COIL CYCLE T0 EFFECT ROD MOTION 



Normal downward motion of the rods is accomplished by r eve r s ing 
the sequence and employing the pull-down coil . Rapid r e l ease (scram.) of 
the rods is effected by de-energiz ing-al l of the co i l s . 

F ive magnet ic jack units have been designed. Three uni ts , No. 18B, 
No. 20, No. 21E (see F i g s . 3, 1, and 4 respect ively) , have been bmlt and 
tes ted . Manufacturing drawings for Units No. 24 and No. 27 (see F i g s . 5 
and 6) a r e included as Appendix A and Appendix B, respec t ive ly . Unit No. 27 
was designed for applications that requ i re the dr ive to be as shor t as 
poss ib le . 

Although Units No. 18B and 20 a r e shown in the be low- the - reac to r 
position, and Units No. 21E, 24, and 27 in the above - the - r eac to r position, 
all units may be instal led in any posit ion. 

Ill , COMPONENT DESCRIPTION 

A. Drive Rods 

The dr ive rod m a t e r i a l should be wear and co r ros ion r e s i s t 
ant and have magnet ic p roper t i e s approaching those of mild s tee l . Al
though the s t rength r equ i remen t s a r e low, the m a t e r i a l should not be 
b r i t t l e . The rods mus t be sufficiently rigid that they will not buckle 
under compress ion loads, yet flexible enough to be free of one coil while 
being held tightly in another coil . The rods may be chrome plated to r e 
duce wear and to reduce the effect of res idual magne t i sm. 

The dr ive rod of Unit No. 18B cons is t s of four qua r t e r - round 
r o d s . The total d i amet ra l c lea rance is l / l 6 in. The m a t e r i a l i s AISI 
Type 416 s ta in less s teel , which has good magnet ic p r o p e r t i e s , fair c o r 
ros ion r e s i s t a n c e , and is readi ly avai lable . Two of the rods were Neo-
chrome plated (0.003 in. thick), with a na tura l surface finish. The thi rd 
rod was E lec t ro -coa t chrome plated (0.0005 in. thick), with a polished 
surface finish. The fourth rod was Elec t ro l ized ch rome plated (0.0005 in. 
thick), with a na tu ra l surface finish. The polished rod had the s ame 
coefficient of fr ict ion as the rods with the rougher , na tu ra l surface finish. 

Unit No. 20 fea tures six round rods of Type 416 s ta in less 
s t ee l . The total d i ame t r a l c l ea rance is 1/32 in. 

Unit No. 21E ut i l izes six round rods of Armco 17-4 PH sta in
l e s s s teel and one center round rod of Type 304 s t a in less s tee l . The total 
d i ame t r a l c lea rance is l / l 6 in. F o r la rge c l ea rances , a center , non
magnet ic rod is employed to ensure radia l or ientat ion and magnet ic a t 
t ract ion of the r o d s . Armco 17-4 PH has fair magnet ic p rope r t i e s and 
good wear and co r ros ion r e s i s t a n c e . 
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MAGNETIC JACK CONTROL ROD DRIVE UNIT NO. 27 
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B. Arma tu re 

The a r m a t u r e is a tube with annular grooves which line up with 
the grip co i l s . Each coil c r ea t e s a magnet ic field around the.coil and the 
groove and p a s s e s through the dr ive r o d s . The sect ions of tube between 
the grooves a r e proport ioned so that the a r e a of the magnet ic flux path b e 
tween the tube and the rod is slightly l e s s than the c r o s s - s e c t i o n a l a r e a of 
the rod. This gives the max imum gripping force . The outer surface a r e a 
of the tube i s made as la rge as possible to reduce the power requi red to 
force the magnet ic flux a c r o s s the rad ia l gap and a lso to reduce the rad ia l 
fo rces . Fo r the same reasons the ends of the a r m a t u r e a r e extended to 
take ca re of the lift and pull-down coil f luxes. These extended ends have a 
slightly l a rge r bore which gives the rods m o r e un res t r a ined length with 
which to flex. To reduce the shor t c i rcui t ing of magnet ic flux, the grooves 
a r e made as wide as possible without significantly reducing the outer c i r 
cumferent ia l a r ea , and a s deep as possible without weakening the a r m a t u r e . 
The use of a nonmagnetic connection between the sect ions of the tube r e 
duces the loss of magnet ic flux but compl ica tes the const ruct ion. The m a 
t e r i a l r equ i rement s a r e the same as for the dr ive r o d s . 

Unit A r m a t u r e Groove Width, in. Metal Thickness a t 
Number Mate r ia l At Bottom At Top Bottom of Groove, in. 

18B 416 SST 1-1/2 7/8 3/32 
20 416 SST 1/2 1/2 7/64 
21E 430 SST 1/4 1/4 3/32 

C. Nonmagnetic Sleeve 

The nonmagnetic s leeve preven ts magnet ic a t t rac t ion of the 
a r m a t u r e to the p r e s s u r e shel l . If the eccent r ic i ty (due to c l ea rance of 
the a r m a t u r e in the sleeve) i s l e s s than the min imum magnet ic gap (thick
ness of the sleeve), the side th rus t due to the unbalanced magnet ic flux is 
not excess ive . Thus, a l a rge c lea rance and a thick s leeve is des i rab le 
from a mechanica l standpoint, but undes i rab le f rom the standpoint of 
e l ec t r i ca l power consumption. The s leeves a r e made of Type 304 s ta in
l e s s s tee l . 

Unit Sleeve Thickness or Radial Clearance or Type of 
Number Gap, in. Eccent r ic i ty , in . Sleeve 

18B 0.037 0.025 Split Tube 
20 0.050 0.025 Split Tube 
21E 0.031 0.012 Integral with 

P r e s s u r e Shell 
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Unit No. 21E was originally built with a nonmagnetic p r e s s u r e 
shel l . This gave a radia l gap of 0.09 in., which proved inefficient for 
gripping. Mild s tee l sect ions were then welded into the p r e s s u r e shell , 
and the inside was Neo-chrome plated (0.003 in. thick). The sections of 
shell near the ends of the a r m a t u r e a r e nonmagnet ic . The a r m a t u r e i s 
kept f rom touching the magnet ic sections of the shell by having the d i 
a m e t e r of a r m a t u r e l a r g e r near the ends . 

D. Cushion Washers 

Cushion washers a r e located at each end of the a r m a t u r e to 
reduce the impact of the a r m a t u r e against the chamber . Excess ive i m 
pact causes a slight slippage of the rods in the a r m a t u r e , as well as too 
much noise . 

The washers have a flat th ickness of S/l 6 in. and a free height 
that s t r e s s e s the m a t e r i a l to i ts yield point when the washer is flattened. 
The free height is es tabl ished by over - forming the washer in a 10-degree 
die and then p re s s ing i t with a flat d ie . The cushion washe r s a r e fabr i 
cated from unhardened, magnet ic s ta in less s tee l . A thin, nonmagnetic 
s ta in less s tee l washer is placed between the cushion washe r s and the 
a r m a t u r e to prevent res idua l magne t i sm from tending to hold the a r m a 
ture at ei ther end. 

The cushions of Units No. 18B and No. 20 consis t of an inner 
and outer se t of Bellevil le washers which t r ap a smal l amount of water b e 
tween them, thus producing a hydraul ic cushioning effect as the w a s h e r s 
a r e compres sed and the water i s squeezed out. 

Unit No. 21E features a single, stiff Bellevi l le washer which 
cushions most ly by spr ing act ion. 

E . P r e s s u r e Shell 

The p r e s s u r e shell is magnet ic except for the region beyond 
the hold coi ls , which is nonmagnetic (Type 304), so that a magnet ic po
sit ion indicator may be used . 

Two methods a r e employed to reduce axial shor t c i rcui t ing of 
the magnet ic flux in the p r e s s u r e shel l . C i rcumferen t ia l grooves a r e m a 
chined on the outer surface of Units No. 18B and 20. F o r this type of shell , 
an i n c r e a s e in wall th ickness to accommodate higher p r e s s u r e s would 
inere ly r equ i re a th icker external i ron flux path. Nonmagnetic welds 
(Inconel) a r e used to separa te the magnet ic sect ions on Unit No. 21E. In 
this case the thickness of the ex terna l magnet ic flux path need not be 
i nc r ea sed . 
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Unit 
No, 

18B 
20 
21E 

Magnetic Section Mater ia l 

Armcc Iron, cadmium plated 
Mild Steel, Kanigen nickel plated 
Mild Steel, Neo-Chrome plated 

F , Magnet Coils 

Design 
P r e s s u r e , 

psig 

920 
415 

Design 
Tempera ture , 

F 

250 
475 

The hold and gr ip coils a r e wired so that adjacent coils p r o 
duce magnet ic fields in opposite d i rec t ions . The lift and pull-down coils 
a r e wired to produce fields in the same direct ion as the adjacent gr ip coil . 

Unit Coil 
No. Descript ion 

18B Integral 
with 
P r e s s u r e 
Shell 

ZO Removable; 
Water-proof 

21E Removable; 
Water-proof; 
High-Temp.; 
Interchangeable 

Temp. 
Rating, C 

105 

130 

180 

Coil 
Function 

Lift 
Grip 
Hold 

Lift 
Grip 
Hold 

Lift 
Grip 
Hold 

Magnet 
Wire 
Size 

16 
16 
20 

18 
18 
18 

18 
18 
18 

Total 
Turns 

1050 
5160 
1800 

960 
3840 
1280 

960 
3840 
3840 

N o . 
of 

Coils 

1 
9 
9 

2 
8 
8 

2 
8 
8 

Ohms 
p e r 

Coil 
at 25C 

6.0 
3.2 
1.5 

4.1 
4.1 
0.72 

4.2 
4.2 
4.2 

Operating 
Current , 

Amp 

7.7 
2.5 
2.0 

4 .8 
3.3 
4 . 4 

4 .4 
2 .7 
2.0 

IV. AUXILIARY EQUIPMENT 

A. Control System 

The control sys tem is designed to move one control rod at a 
t ime, i r r e spec t ive of the number of magnet ic jacks employed. The follow
ing descr ipt ion per ta ins to a sys tem designed and constructed to operate a 
bat tery of five magnet ic jack d r ive s . It has been connected to Units No, 20 
and 21E (which a r e on hand) and opera tes very well. 

The sys tem is divided into th ree units: (l) the control unit 
contains al l the switches; (2) the se lec tor unit contains the r e l ays , which 
switch the control , to the magnet ic jack selected, and the rec t i f i e r s , which 
supply holding power to the inoperat ive magnet ic jacks; and (3) the power 
supply contains the re lays and rec t i f i e r s which supply power to the unit 
being operated by the control unit. 
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(1) The control unit is separa te from, the r e s t of the syS" 
tern so that l i t t le panel space is taken up by the magnetic jack control rod 
d r ive . The unit is compr ised of two on-off switches with respect ive pilot 
l ights, a se lec tor switch, and a control knob. 

One of the on-off switches turns off the power to the en
t i re control sys tem, thereby sc ramming all of the rods . The second on-off 
switch de -ene rg izes the control unit, thus scramraing the rod selected by 
the se lec tor switch. The control knob causes the control rod to move s tep
wise in response to the di rect ion in which the knob is held by the opera tor . 
When the knob is re leased , the rod completes the last step and s tops. 

With re ference to the c i rcui t d iagram (Fig, 7(A)) m i c r o -
switches A5 and A6 a r e actuated by the control knob. The other m i c r o -
switches a r e actuated by a cam dr iven by the revers ib le motor M. The 
cam d e p r e s s e s the switches for 5/8 of the cycle and r e l eases the switches 
for 3/8 of the cycle . Relays H5 and H 6 ensure motor rotation in the de
s i red d i rec t ion. Microswitches A51, A52, and A53 operate the motor in 
one direct ion until a step has been completed and the hold coils only a r e 
energized. Similar ly , microswi tches A6l , A62, and A63 operate the motor 
in the other d i rec t ion. Microswitches Al and A3 operate the lift and pull
down coil r e l ays , respect ive ly . Microswitch A2 is for gripping, and A4 is 
for holding. The lever on the control knob shaft which actuates m i c r o -
switches A5 and A6 also provides a mechanica l stop for the cam in case 
the motor fails to stop when the control knob is in i ts neutral position. 

(2) The se lector unit is separa te so that it may be easily 
omitted if it i s requi red that each rod dr ive be operated by i t s own control 
sys tem. 

With reference to the c i rcui t d iagram (Fig. 7 (B)), relays 
B switch the hold coils from rec t i f i e r s S54, 864, and 874 to the rec t i f ie rs 
of the control power supply. Relays that a r e reasonably fast-act ing a c 
complish the t ransfe r without allowing the rod to move. Relays J a r e 
actuated by the se lec tor switch (see P on Fig . 7(A)). They switch the con
t rol to the move and gr ip coils of the selected magnetic jack. 

(3) The power supply unit (Fig. 7 (C)) has the rec t i f ie rs S 
switched at the a -c side to prevent excessive arcing in re lays R when the 
coils a r e de -energ ized . This a l so reduces the voltage surge in the coi ls . 

A detai led descr ipt ion of the control and power supply 
e lec t r ica l components is given in Table I. The mechanical components 
a r e shown in F ig . 8. 
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Table 1 

CONTROL SYSTEM ELECTRICAL COMPONENTS 

Description 
P a r t 
No. 

A 

B 

No. Required 
Power 

Control Selector Supply 

12 

5 

Microswitch; B-BL2 

Relay; DPDT; 115-volt, 60-cycle coil; 
15-ampere contact 

D 2 On-Off Switch 

F 2 Fuse ; 30-ampere 

H 2 Relay; SPDT; 115-volt, 60-cycle coil; 
3 -ampere contact 

J 5 Relay; 3PST; 115-volt, 60-cycle coil; 
15-ampere contact 

K 2 Pilot Light; 115-volt 

M 1 Gear Motor, Gleason-Avery 
540BRA2; Tandem Revers ib le with 
brake ; 40-rpm, 115-volt, 60-cycle, 
single phase, 1/4 in. dia. Shaft, 
Flange Mtg. 

P 1 Selector Switch; off and 5 posit ions, 
1 c i rcui t 

R 4 Mercury Plunger Relay, Adlake 
1140-45-MM; SPST, N. O., 115-volt, 
60-cycle coil . 

S 3 5 Selenium Rectifier; S-T No. 7W265BIAS, 
5 -ampere , 100-volt d-c bridge 

T 2 7 2 Termina l Strip; 8 Termina l s 
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B. Posit ion Indicator 

Posi t ion indica tors used with the magnet ic jack a r e of the 
e lec t romagnet ic , s ta t ionary-coi l type. Basical ly, they consis t of a coil 
that fits over the nonmagnetic portion of the p r e s s u r e shel l . The dr ive 
rods , which a r e magnet ic and long enough so that a p a r t i s always in the 
coi l , i nc r ea se the impedance of the coil as they move into i t . Measur ing 
the impedance gives the position of the rod . 

Impedance-measur ing devices , using a br idge circui t , offer 
the advantage of requir ing a re la t ively smal l amount of wire on the coils 
and of using the full scale of the m e t e r . The disadvantage is that they a r e 
sensi t ive to extraneous influences. 

One position indicator has proved super ior to the many types 
that have been tes ted . It siinply cons is t s of an a -c vol tmeter a c r o s s the 
coil and a 60-cycle, cons tan t -cur ren t , power supply. Development of the 
sys tem was delayed by the fact that the number of coil tu rns mus t be with
in a ce r ta in range for good r e s u l t s . F o r the indicator tes ted, this range 
was between 400 and 1000 t u r n s . 

The wiring d i ag ram of the tes t model i s shown in F ig . 9. It 
was tes ted on a magnet ic jack with a c lus te r of s ix l / 2 - i n . d i ame te r dr ive rods 
of Armco 17-4 PH s ta in less s teel in a l - | - in. s tandard pipe of Type 304 
s ta in less s tee l . 

The approximate position of the rod i s indicated by a s e r i e s of 
light bulbs . The bulbs a r e at full b r igh tness when the rods a r e fully in the 
coil, dimly lit with the rods par t ia l ly inser ted , and completely out when the 
rods a r e withdrawn. P r e c i s e indication is obtained by switching the m e t e r 
to the coil in which the end of the rod is effective (see F ig , 10). 

The cu r ren t supply is held near ly constant by using a l a rge 
r e s i s t o r in s e r i e s with the coi l s . The remaining var ia t ion in cu r ren t , due 
to the change in position of the rod, is compensated by having a different 
amount of r e s i s t ance in s e r i e s with the rae te r for each se lec tor switch po
sit ion. To compensate for the sma l l e r amount of impedance of the coils 
near the end of the s e r i e s , the light bulb for the end coil i s r ep laced by a 
r e s i s t o r of higher r e s i s t ance than the bulb. 

A voltage regula tor (Fig. 11) i s used to supply the posit ion in 
dicator with the c o r r e c t amount of power . The voltage is adjusted manual ly 
with a rheos ta t . One voltage regula tor may be used to supply power to a l l 
of the posit ion ind ica to r s . Ord inary constant voltage t r a n s f o r m e r s give a 
voltage that has a varying effect on the posit ion indicator (usually a 2% r i s e 
during the day). 
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C. Dece le ra to r 

A dece le ra to r is used to slow down the control rod after a 
quick r e tu rn s troke ( s c r am) . The dash pot- type cons is t s of a piston 
fastened to the control rod assembly , and a s ta t ionary tapered cyl inder . 
The taper provides a c lea rance which forms a diminishing orifice through 
which the displaced liquid is forced. A la rge piston c lea rance is used to 
prec lude the possibi l i ty of the piston sticking in the dash pot cyl inder . It 
is possible to have a l a rge c lea rance without reducing the effectiveness of 
the dash pot provided the c learance is the only orifice and the d iamete r of 
the piston is la rge enough. The dash pot used during the t e s t of Unit No. 20 
was 3 in. long. The piston dia ineter i s 3 ^ in. The dianaetral c l ea rances 
were 0.083 in. (initial) and 0.020 in. (final). 

A dash pot cannot be used where the control rod might be 
operating without a liquid in the stopping device . In this case , a stack of 
Bellevil le washe r s can be used. In o rde r to reduce the bounce of a dry, 
spr ing- type cushion, a shock-absorbing spring as sembly may be used. 
A stack of leaf spr ings and flat plates would be sat isfactory; there is 
rubbing friction, but no chance of st icking. 

D. P r e s s u r e Vessel Connection 

The magnet ic jack is connected to the r eac to r p r e s s u r e v e s s e l 
by a thiinble (pipe). One end of the thimble is welded to the p r e s s u r e 
vesse l ; the other end is flanged to accommodate the flange of the magnet ic 
jack p r e s s u r e shel l . 

The length of the thimble will va ry with the r eac to r shielding 
and insulating through which it extends. However, a thimble length of about 
one foot is sufficient to prevent excess ive heat t ransfe r by conduction froin 
the hot p r e s s u r e v e s s e l to the magnet ic jack. 

In the case of a control rod dr ive located below the r eac to r 
ve s se l the re i s essent ia l ly no heat t r ans fe r by convection; therefore 
na tura l c i rculat ion cooling to the surrounding a i r is sufficient. Fo r an 
above - the - r eac to r dr ive , auxi l iary cooling usual ly is r equ i red . In ad
dition, provis ion mus t be made for r e s t r i c t i ng ci rculat ion of the r eac to r 
coolant between the r eac to r and the dr ive mechan i sm, 

V. PERFORMANCE AND EVALUATION 

A. Pe r fo rmance 

Unit No. 18B was operated in an open tes t facil i ty. Units No. 20 
and 21E were operated in a facility designed to s imula te anticipated opera t 
ing conditions for two proposed r e a c t o r s . The tes t conditions and r e su l t s 
a r e su inmar ized in Table II. 



Table II 

PERFORMANCE CHARACTERISTICS OF UNITS 
NO. 18B, NO. 20 AND NO. 21E 

Unit No. 

Unit Ins ta l la t ion 

P r e s s u r e , ps ig 

Load, lb 

Fluid in Jack 

T e m p e r a t u r e , F 
Ambient 
Top of V e s s e l 
Thimble 
Coil 

Cooling 

Tota l t ime at p r e s s u r e , h r 

Total T rave l , ft 

S t e p s / m i n u t e 

Step Length, in . 
Up 
Down 

Coil P o w e r , wat ts 
Opera t ing 

Move 
Hold 

Min imum 
Lift 
Hold 

Wear , in . 
Dr ive Rods 
Other p a r t s 

Malfunctions 
Mechanica l 
E l e c t r i c a l 

18B 20 2 1 E 

Open Rig 

0 

313 

Water 

75 

•w 

-

8800 

30 

0.097 
0.100 

335 
50 

161 
12 

< 0.001 
< 0,001 

None 
2 Shor t s 

Below V e s s e l 

600 

220 

Water 

75 
4 8 8 

80 
260 

Natura l 

3150 

18300 

30 

0.080 
0.082 

670 
160 

240 
17 

0.009 
< 0,001 

None 
Lead Shor t 

Atop V e s s e l 

300 

150 

Water 

75 75 
420 420 
350 300 

lOOF wa te r 12- in . fan 
at 0.1 gpm at flange 
in top 

480 850 

2600 5100 

30 30 

0.056 0.056 
0.059 0.059 

575 575 
190 190 

195 200 
16 18 

< 0.001 0.0012 
< 0.001 < 0.001 

None None 
None Lead b roken 
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B, Discussion 

1. Probabil i ty of Fa i lu re Where Servicing is Most Difficult 

Since the internal mechanism is sealed and located near 
the r eac to r vesse l , the mos t significant aspect of the tes t p r o g r a m is the 
absence of any mechanical malfunction. The sealed unit concept, coupled 
with the unique power and control system, a lso precludes lubrication, 
mechanical adjustments , shaft sea l s , or p r e s su r i zed e lec t r i ca l connections 
which necess i ta te frequent inspections and /o r maintenance. 

The magnet coils may fail; however, they a r e readi ly ac 
cessible for maintenance or replacement . 

The power supply is located at a distance from the r eac to r . 

2. Fa i l Safe 

Since all of the fai lures encountered were e lec t r ica l in 
nature , they ei ther caused the rod to drop or kept the rod from lifting, but 
never prevented the rod from dropping when the power was turned off. 
Should a control rod become stuck, it is possible to drive the rods down 
with a force equal to the lifting capacity. 

3. Power Requirements 

F igure 12 shows the minimum power requi red to lift, grip, 
and hold var ious loads . The recommended operating power is about th ree 
t imes the minimum values . 

0 400 800 1200 1600 2000 

0 40 80 1?.0 160 200 

POWER INPUT, watt a 

FIG. 12 
MAGNETIC JACK CAPACITY 
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4. Lifting 

The magnet ic jack opera tes bes t at speeds of l e s s than 
45 s t eps /minu te . Most of the test ing was done at a speed of Z.4 i n . /m in . 
The jacks descr ibed in this r epo r t have a maximum, lifting capacity of 
about 800 lb and a ra ted capacity of 600 lb . 

5. Slippage 

When newly instal led, the coefficient of friction was about 
O.lBj and the step length indicated a sl ippage of 10%. After severa l days 
of operat ion m water , the coefficient of fr ict ion inc reased by a factor of 
-•^3, and the slippage dec reased to 3%. The inc rease in friction is probably 
due to the removal of res idua l fabricat ion lubr icant and /o r the formation 
of i ron oxide. 

6. Holding 

The jack will hold the rods immovable at any des i r ed po
sition a s long as the gr ip and /o r hold coils a r e energized. The rods may 
be r e l eased and then r e -g r ipped while moving. With the mechan i sm s u r 
faces free of lubricant and the hold and gr ip coils energized, the holding 
capacity of the jack designs descr ibed is about 1400 lb . Assuming a total 
load of 100 lb, the jack would r e s i s t a 14-G shock while holding, and a 
6.5-G shock while moving the r o d s . G r e a t e r shock loads would cause the 
rods to sl ip a l i t t le . 

7. F a s t - R e t u r n Stroke (Scram) 

The f a s t - r e t u r n action of the mult iple rod- type magnet ic 
jack has never failed. The delay tirae depends upon the method of power 
cutoff and the amount of excess holding power . With twice the r equ i red 
holding force and the p resen t coil cycle, the delay t ime is about 0.020 sec 
(see F ig . 13). The r e l ease c h a r a c t e r i s t i c s a r e the same i r r e spec t i ve of 
the holding per iod. 

Although the rods can be dropped rapidly, the max imum 
speed with which the rods can be power dr iven (in ei ther direction) is 
l imited to about 6 i n . / m i n . The ra te may be inc reased by improvements 
in the t iming of the coil-switching sequence. 

8. Heat Generation 

The heat generated by an operat ing magnet ic jack a p 
prox imates that of an enclosed e lec t r ic m o t o r . 
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9. Wear 

The m e a s u r e d wear ranged from 0.009 in. on the dr ive 
rods to negligible wear on all other components . Unclad dr ive rods a r e 
adequate; however, chrome-pla ted rods offer prolonged protect ion against 
both wear and cor ros ion . 

The cushion washers were pitted but sti l l se rv iceab le . 

The large c learances between moving par t s pe rmi t wear 
par t ic les or foreign par t ic les to drop through or collect on non-contacting 
sur faces . This was substantiated by inspections made at the conclusion of 
each tes t . Although all exposed surfaces were covered by a black powder 
(probably oxidized wear par t ic les ) , there was no appreciable buildup on 
contacting sur faces . 

In view of the slight wear, it is reasonable to a s sume that 
the duration of the tes t p rog ram (5 months) r ep re sen t s a small fract ion of 
the ul t imate life of the magnetic jack. 

10. Posit ion Indication 

The position indicator is accura te to within 0.05 in. over 
the full t ravel (see F ig . 14). The accuracy for showing smal l movements 
is l imited only by the readabil i ty of the me te r , which is about 0.01 in. The 
slight e r r o r of 0.001 in. per degree C (see Fig . 15) due to changes in t e m 
pera tu re of the coils and the rod may be cor rec ted by shifting the me te r 
needle left 1% of full scale for each 50-degree inc rease in t e m p e r a t u r e . 
Radial movement of the rod has no effect on the indicator and there is no 
interference from the action of the magnetic jack. 
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VI. FABRICATION COSTS 

The mechanical components can be fabricated from inexpensive m a 
t e r i a l s by s tandard machine shop p r a c t i c e . The actual cost breakdown, in
cluding power supply, is given in Table III. 

Table III 

FABRICATION COSTS 

Jack No. 

No. of Units 

Mech. P a r t s 
Magnet Coils 
Control P a r t s 
Assembly (Est.) 
Shipping 

TOTAL: 

20 

1 

$2217.* 
208. 
250. 
220. 

-

$2895. 

Actual Costs 

21E 

1 

= $2784.* 
522. 
250. 
220. 

-

$3776. 

27 

1 

$2810.* 
1300. 

250. 
220. 

_ 

$4580. 

Average of Two 

1 

$2855. 
1895. 

560. 
100. 

5 2 . 

$5462. 

Lowest 
of Six Bid 

24 

6 

$1630. 
1539. 
418. 
100. 

52 . 

$3739. 

10 

$4387. 
1446. 

396. 
100. 

5 2 . 

$3381 . 

•Based on ANL Shop Cost @ $5 .50 /hr . 
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APPENDIX A 

MANUFACTURING DRAWINGS OF MAGNETIC JACK 
UNIT NO. 24* 

Complete working drawings for the magnetic jack, the power 
supply, and assembl ing p rocedures a r e l i s ted in Table IV. Because of 
space l imi ta t ions , the drawings which appear on the re ferenced pages 
have been confined to a descr ipt ion of the magnetic jack components . 

The drawings tabulated may be purchased individually or as a pack
age. Access pe rmi t holders should submit r eques t s for l i s ted m a t e r i a l s to 
the Technical Information Service Extension, P . O. Box 1001, Oak Ridge, 
Tennessee , utilizing F o r m AEC-435, "Order for Engineering M a t e r i a l s . " 
Payment for i t ems o rde red may be remi t ted with the o rde r or charged to 
an advance deposit account if such an account has been es tabl i shed with 
Technical Information Service Extension. 

The public may order engineering m a t e r i a l s from the Technical 
Information Service Extension, P . O. Box 1001, Oak Ridge, Tennessee , 
ATTN: Engineering Sa les . Payments for m a t e r i a l s should be r emi t t ed 
with each o r d e r . 

All p r i c e s l i s ted include postage . Checks or money o r d e r s should 
be made payable to the "U. S. Atomic Energy Commiss ion " 

•Pa t en t No, 2,80 3,761 
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Table IV 

MANUFACTURING DRAWINGS OF MAGNETIC JACK 
UNIT NO. 24 

Drawing No 

RE-1-18785 
18785-
18786-
18787-
18788-
18789-
18790-
18791-
18792-
18793-
18794-
18795-
18797-
18798-
18799-
18871-
18872-
18873-
19157-
17894-
18992 
18992 
17892 
17893 
17895 
17897 
18796 
18800 
18893 

RE-1-19093 
RE-1-19096 
RE-6-19125 
RE~1-19126 
RE-6-19127 
RE-7-17955 

RE-6-19155 
RE-6-19158 

~ 

-D 
-C 
-C 
-B 
-B 
•B 
•B 
•B 
-B 
•B 
•B 
•B 
•B 
•A 
•B 
•B 
•B 
•A 
•A 

Description 
AEC* 

No. 

CONTROL, ROD DRIVE 

Bill of Material 
Assembly 
Large P r e s s u r e Shell 
Sroall P r e s s u r e Shell 
Armature 
Hold Coil 
Move Coil 
Grip Coil 
Flange Ring 
Plug 
Washer 
Drive Rod 
Sleeve 
Coil Spacer 
F i l le r Rod 
Small Coil Clamp 
Large Coil Clamp 
Terminal Strip 
Shim 
Connector 
Bill of Materials 
Assembly 
Liner - Outer 
Liner - Inner 
Connecting Rod 
Belleville Spring 
Check Valve 
Pipe Nipple 
Position Indicator Coil 

POWER SUPPLY 

Cam - Micro Switch 
Plate - Motor 
Panel 
Diagram 
Pa r t s List 
Coil Switching Sequence 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
24 
20 
21 
22 
23 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 

TEST ASSEMBLY PROCEDURE 

Internal P a r t s 
External P a r t s 

36 
37 

P r i c e * 

$0.32 
1.24 
0.64 
0.64 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.16 
0.32 
0.32 
0.32 
0.16 
0.16 
0.32 
2.48 
0.32 
0.32 
0.16 
0.16 
0.32 
0.16 
0.32 

10.32 
0.32 
0.16 
0.16 
0.16 
0.16 

$0.16 
0.16 

Reference 
Page 
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Charge for package: $14.16 
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NO. 

•"^yiM' BESCKIPTIOII MAT'L. gEQ'D 

I SOCKET HEAD SCREW l/iS"-aO x S/8" L6. STEEL » 

FL*T HEAD SeSEH l/»"-20 x 3/l|" L@. STEEL 12 
SOCKET HEM SCiEW S/t'-IO X I 1/2" L®. STEEL 8 
FLAT HEAD SCSEW l/*''-20 x 1 I/I" L6. STEEL "J 

LOCK WASHES 110 STEEL S2 

FLAT WASHES #1® IRASS 60 

HEX. HUT #10-32 iRASS S2 

ROUND HEAD SCREW f10-32 x I 1/2" Lfl. STEEL 22 

- ^ i t ^ - ^ i^J^ -'^!^mm^WW¥^M^^^^^^^^^J7-Z^.Z 
-'4«= -^ ~^f^ —4-

S^-i^^ t^w 

^^®1!)® ® 
S6.C-10N g B 

@, 

MAGNETIC JACK UMIT HO. 2H - ASSEMBLY IRE-I-I8785-D) 



0^ 

' / 4 ^ 4 a ' C H m « ^ " ^ ' ^ 

OH s ' D m . t i B.e.. 

0 WELD ROD E & 0 I 5 

DE.%IS,««1 M1.T. TCMP.,"f 4 1 S 
OPS-RKTWE, P R t % S . 3 0 0 
OP. MET. TEHP. , • F. 4-aO 
WE.t.D JomT £PF. ft0 7« 

S E Q U E N C e 
I . WELD® / 
Z. F I N I S H VA^cMivse V 

3 . *HANIG,EM" NSCKEL. 
P L A T E , o © a . t . e Q o s T H K . u^- re" k\_L -p&L»»auc t« . "•• J -
«.».»_ a u R P » ^ c e ^ EXCEPT T A P P S D HOUS. '^«>^e. . ^h . . 7 2 " ^ - J ' ^ 3 i 

4 . COLD HYBROST&Tie. P«E.S%ORe 
Te%T AT afeo p& i 

UMl.e%b NOTSO 

1 0 . REOUIREDi I MATERIALS MILD STEEL 

LARGE PRESSURE SHELL (RE- I - I8786-C) 



>. WS.L.O ® 

Z.. FlMISH MACHINE V 

3 . COLD HYDROaJATIC 
PRESSURE TEST AT IBOO PSI 

4 K 4 S ° C B . 

51. DRILL THRO 
a HOLtS . E.OUAH.Y SPAM.O 
OH 3 " Dl«l. t i B.C. 

IA/WCLD ROD soe s s r LIME COATED 
^ D t S l ^ M P R t % » U R E lOOO 
0 6 S I & N WtTTESAP. ,*F. B©0 
OPS.KAT\H®( P R S . ^ ^ . 3 0 0 
©P. M e x TEMf>. J "F . A2,© 
Wai-D JOINT t F F . S o ' J ALL TOL. t ^ UMLK.«i» WQTtP 

10 . REOyiREDi i MATERIAL 1 AS iOTED 

SHALL PRESSURE SHELL (RE- I - I8787 -C) 

-J 



3 

•RE-MOVE S H A R P 

ALL nuLE.T% ^ "R. HO,X. 

N O T E . ; At.1. T O L . 

M6TCI5 

NO. REOUIRED: I MATERIAL! S S I ISO F OR i|30 

ARMATURE ( R E - 1 - 1 8 7 8 8 - 8 ) 



VoTs: UiuD rii^ir 
L^rrK K's-HT -VJ*-\»Jo 

MATERIAL: 

I. #22 MAGNET WIRE. DOUBLE OLASS - SILICONE 

. UNTREATED SLASS CLOTH TAPE. 

. FLEXIBLE INSULATIH6 SLEEVE. 

. IM CARBON STEEL TUIE "J" O.D. x I/»" WALL x 7/8" LONfl. 

ONE REOUIRED. 

. LOW CARBON STEEL PLATE » O.D. x I.93S t .005 1.0. x 
3/8 THICK. ONE RADIAL SLOT 1/1 RADIUS 3/i® DEEP. 

TWO REQUIRED. 

. EPSXY RESIN. 

STRUCTION: 

. CLOSE WIM 19 LAYERS Oi A 2 I/I® BIAMETER x 3/» L0H6 

MANDREL. 

. WRAP SOIL AIOUT l/l6 THICK WITH BLASS CLOTH TAPE. 

. EXTIHD WIRE ENDS RADIALLY OUT ABOUT 2" FRO« ONE SIDE 

OF COIL. 

. SLIP AK INSULATINO SLEEVE OVER EACH WIRE END. ALLOWING 

EiD OF WIRE TO EXTEND ABOUT 3lH' BEYOHD SLEEVE. 

. CLEAN MILD STEEL PARTS TO PROVIDE A 800D BONO WITH RESIN. 

. CEMENT MATIN® SURFACES OF STEEL PARTS IF HECESSARY TO 
PREVENT LEAKliS OF RESIN BEFORE IT SETS. CEMENT MUST 
NOT CREATE A MA6NETIC GAP. 
ASSEMBLE PARTS SO THAT THE TWO SLOTS ARE IN LliE WITHIN 
I/I® AID THE WIRE ENDS EXTEND THRU THE CENTER OF SLOTS. 

VACUUM IMPREGNATE ASSEMBLY WITH RESIN ySINB A TEFLON 
(I IS/I$ BIA.) EXPANSIO* PLUG. LEAVE COATING OF RESIN 
ON SURFACES OF STEEL SHELL (EXCEPT iORE). 

NOTE: 
ALL TOLERANCEt 1/32 UNLESS NOTED 

M«\Tiua - S u ^ r ^ s * 
M U S T Be Fu^ r̂. 

NOe REOUIRED: 9 MATERIAL: AS iOTED 

HOLD COIL (RE-I-I87e9-B) 



J3^ 

MATERIAL: 

I . 

Uore: Utuu Fi^aT 
L.^Yei( ^ i s*#r +^(uo 

COHSTR 

#20 MA8HET WIRE. DOUBLE SLASS - SILICONE. 

UNTREATED GLASS CLOTH TAPE. 

FLEXISLE INSULATING SLEEVE. 

LOW CARBON STEEL TUBE 7 1/2" O.D. 
LONG. ONE REQUIRED. 

LOW CARBON STEEL PLATE 7 1/2" O.D 

3/»" THICK. ONE RADIAL SLOT l/H 
TWO REQUIRED. 

EPOXY RESIi. 

X 1/2^ WALL X 2 11/16 

X IJ.O0O ± .008 I.D. X 
RADIUS 3/16 DEEP. 

CTION! 

. CLOSE WIND 27 LAYERS Oi A » 1/8 DIAMETER x 2 9/16 

LONG MANDREL. 

. WRAP COIL AiOUT 1/16 THICK WITH GLASS CLOTH TAPE. 

. EXTEND WIRE EiDS RADIALLY OUT ABOUT 2" FROM ONE SIDE 

OF COIL. 

. SLIP AN liSULATlia SLEEVE OVER EACH WIRE EMB. ALLOWING 

END OF WIRE TO EXTEND AIOUT 3/*" lEYOND SLEEVE. 

. CLEAN MILD STEEL PARTS TO PtOVlOE * GOOD BOND WITH 

RESIN. 

. CEMENT MATINS SURFACES OF STEEL PARTS IF NECESSARY TO 
PREVEMT LEAKIifl OF RESIN BEFORE IT SETS. CEHEIT MUST 

NOT CREATE* MAGNETIC OAF. 

. ASSEMBLE PASTS SO THAT THE TWO SLOTS ARE li LINE WITHIN 
I/IS AND THE WIRE ENDS EXTEND THRU THE CENTER OF SLOTS. 

. VACUUM IMPREGNATI ASSEMBLY WITH RESIN USIiS A TEFLON 
(»" DIA.l EXPANSION PLUG. LEAVE COATING OF RESIN ON 
SURFACES OF STEEL SHELL (EXCEPT BOIE). 

iOTE: ALL TOLEREiCES ± 1/32 UNLESS NOTED 

10. REOUIREDi 2 MATERIAL: AS IOTED 

MOVE COIL (RE- I - I8790-B) 



KJOTB: UJikJD FiKoT 

MUST B«. n-^r 

NO. REOUIRED: 8 

G R I P COIL 

KATERIAL: 

1. #14 NAQNET WIRE. DOUBLE GLASS - SILICONE. 
2. UNTREATED SLASS CLOTH TAPE. 
3. FLEXIBLE INSULATINO SLEEVE. 
H. LOW CARiOi STEEL TiiE 7 1/2" O.D. x l/i»" WALL x I I/IS LONfl. 

ONE REOUIRED. 
5. LOW CARBON STEEL PLATE 7 1/2" 0.0. x ̂ .SOD t .005 I.D. x 

l/^" THICK, SKE RADIAL SLOT I/* RADIUS 3/1® DEEP. 
TWO REOUIRED. 

6. EPOXY RESIN. 

eONSTRUCTISN: 
1. CLOSE WIND 19 LAYERS ON A » I/I DIANETER s IS/IS LONG MANDREL. 
2. WRAP COIL ABOUT 1/16" THICK WITH SLASS CLOTH TAPE. 
3. EXTEND WIRE ENDS RADIALLY OUT AIOUT 2" FIOM ONE SIDE OF COIL. 
|. SLIP AN IIHSULATING SLEEVE OVER EACH WIRE END. ALLOWING END 

DF WIRE TO EXTEND ABOUT 3/1" BEYOND SLEEVE. 
5. CLEAN MILD STEEL PARTS TO PROVIDE A GOOD iOHO WITH RESIN. 
S. CEHEHT HATING SURFACES OF STEEL PARTS IF HICESSARY TO PREVENT 

LEAKING OF RESIN BEFORE IT SETS. CEMENT NUST NOT CREATE A 
r: HABiETIC GAP. 
^ 7. ASSEMSLE PARTS SO THAT THE TWO SLOTS AHE li LINE WITHIi 
^ I/I® AND THE WIRE ENDS EXTEND THRU THE CENTiR OF SLOTS. 

8. VACUUM IMPREGHATE ASSEMBLY WITH RESIN USING k TEFLON (V 0.) 
EXPAiSlON PLUG. LEAVE COATING OF RESIN ON SURFACES OF STEEL 
SHELL (EXCEPT BORE) 

NOTES ALL TOLEiENCES t 1/32 UNLESS NOTED 

T 
^ 

MATERIAL: AS IOTED 

(RE~ l - ie79 l -B) 

•̂  



3/..» '&-S& TAP--^ "DP. 
a. Hot.es 

NO. REOUIRED: i 

NOTE:Z "|fcX4s'cHRv\FE.K. 

MATERIAL: MILD STEEL 

FLANGE RING CRE-i-18792-B) 

http://Hot.es


-it 
+1 

p" 

f l 
Q 

o 
to 

u c ^ A o v e SWR.KP EOGie.6 

.OOe.ifc .Q©OS T H K . ALL. S O R F A e e s 

NO. REQUIRED: I 

PLUG 

IS ^i 

MATERIAL: MILD STEEL 

(RE-l»ie793»B) 



NOTE.; 
T o QWE. •?£S\«^eO %PR\WG^ 
B^CK S PRe.SS W^TH, \0''tHE 
TWEM WWW TLftT I3\S1, 

P A R T 

^Afe-6 

^AATE.R\A\_ 

0«, A^,0 SST 

Nt.. Rs.<j'D 

S4S0f 

^4- .0© 304 S?.T 

WASHER (RE-l- l879H-e) 

105: 
I 4- I LENSaTH v\u&T B E 

' 4 ~ 3 e T H E s m n e F O R 
t R 0 0 6 NWITHIN . 0 0 4 

a SLOTS iftO i s APART. 
T O R « SLOT'S. OF & HOD 6 
Tose.Tvse'R. o&iNS, 7 T H 
VitS. •ROP \>1 CeHTE-S, 
OF B O N O L C 

L 

"40-
r-h-'' w 

CE,I4TE.RLESS GiROOMO Sh-B. 
ARIACQ n - A - V H S.S,T 
HEAT TSeftT"VAe.»»T OfTlOMftL 

=k= 
M 

* FILE KNOB FOR L E N ^ T H ^ L " TO MATCH 'AfeK. 
OR feLlSHTLX SS.L6W ON OHE EKO OS 

DRIVE ROD (RE-I-I8795-B) 



32.± 1 
IG. 38. 

F L W •WVOTH 

BRIGHT COLD ROLLED OR 
POLISHED SST 30» SHEET 

SLEEVE (RE-I-I8797-B) 

..^T 

PART 

I 

2. 

MO. 
REQ'D. 

S 

a 

T 

^ C 

\ 

\,x>. 

^15+ i-

> I& ~ It. 

PLftt 

' * - 4 " <fe 

r i ±-L 

COIL SPACER CRE-l-18798-Bj 

^ X 4 5 CUftMFER • g X ^ S " CV4P,v\FE.«. 

MOTB: »i-L ToL.t.—^ e/N(.e.s^ t^oreD 

NO. REQUIRED: I MATERIAL! SST 301J OR 3!J7 

FILLER ROD ( R E - I - I 8 7 9 9 - A j 



46 

SAW CUT 

I 

%K. 

MATERIAL: MILS STEEL 

SMALL COIL CLAMP (RE-I-I887I-B) 

'4"-e0 ONC-aa T*,P THRO 

S DRILL-ewoLes 

MO. gEOUIEEP! I 

MATERIAL: HILD STEEL 

ALL TSLEBAHCESt 

LARGE COIL CLAMP (RE-I-I8872-B) 

-i 
-%Z DRILL 

a HOLES 

£ B 
* \ 4 DRILL 

13 HOLt4 

- r 

laspcs.® 1^ = 205"- *K.a -

-̂—i- ^ ^^ 

23 

NO. REOUIRED! 2 

MATEilAL: TRAHSITE 

L". ALL Tav.ti 

TERMINAL STRIP (RE-I-I8873-B) 
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NOTE: 

THE THICKNESS OF THIS SHIM IS DETERMINED 
BY TEST TO GIVE THE STEP LENGTH SPECIFIED. 
IF NECESSARY, UP TO A MAXIMUM OF .075' MAY 
BE REMOVED FROM EACH END OF THE ARMATURE 

(RE-1-t8788-B) TO GIVE THE NECESSARY 
CLEARANCE. 

NO. REQUIRED; I 
MATERIAL: SST 1-30 F ©R i|30 

I ^£'£ Vo r£ 

T 
SHIM CRE-I-I9I57-A) 

THRU ^ ^ ^ 

NOTE : fiLL TOL. 2 : ^ ^ 

NO. REQUIRED: I 

| £ . DRILL-li DEEP-
ri\P' TTAPER "PIPE THI^CAO 

MATERIAL: SST Zm OR 3"J7 

CONNECTOR (RE-1-I789H-AJ 



48 



APPENDIX B 

MANUFACTURING DRAWINGS OF MAGNETIC JACK UNIT NO. 27 

Unit No. 27 is designed for applications which requ i re the dr ive to 
be as shor t as poss ible . 

Table V 

MANUFACTURING DRAWINGS OF MAGNETIC JACK UNIT NO. 27 

Dwg. No. 

J-1-20375-D 
20396~B 
20397-B 
20398-A 
20391-B 
20393-A 
20394-A 
20395-B 
20391-B 
20399-B 
20400-B 
20376-A 
20377-B 
20401-B 
20402-B 

]-6-19975-B 
] - l -19976-B 

19977-B 
20380-A 
20381-A 
20383-A 

: - l -20384-A 
20177-B 
20378-A 
20379-A 
20382-B 
20386-B 
20385-A 
20387-A 
20388-A 
20389-A 

] - l -20390-A 

Descr ipt ion 

Assembly 
P r e s s u r e Shell - L a r g e 
Pipe - La rge End 
Flange - La rge End 

End 

P r e s s u r e Shell - Small End 
Plug - Small End 
Pipe - Small End 
Flange - Small End 
P r e s s u r e Shell 
Holder 
A r m a t u r e 
Magnetic Disc 
A r m a t u r e End P iece 
A r m a t u r e - Welded Ass 1 embly 
Holder - Welded Assembly 
Coil Shell 
Coil - 15/16 in. long 
Coil - 2 -1 /2 in. long 
Nonmagnetic Washer 
Sleeve 
Posi t ion Indicator Rod 
F i l l e r Rod 
Drive Rod 
Cushion Washer 
Shim 
Flange 
Flanged Tube 
P la te 
Clamp 
Coil Spacer 
Termina l Str ip 
Tie Rod 

Ref. Page 

50 
51 
51 
52 
52 
52 
53 
53 
54 
54 
54 
55 
55 
56 
56 
57 
58 
59 
60 
60 
61 
61 
62 
63 
63 
63 
64 
64 
64 
65 
65 
65 



(J) 
o 

;3) 

_.teii 

PART MO. DESCRIPTION 

1 
2 

3 

* 
5 
6 

7 

S 
9 

10 

II 
12 

SOCKET HEAD SCREW l/2"-l3 X 1 1/2° LG 

GASKET - FLEXITALLIC #RH.6E 
TIE ROD - 3/8" D. x 2*" LG 3/8"-l6 x 1" 

TIE ROD - l/»' D. X 18' Lfl 1/iS"-20 X 3/»" 

HEX. NUT - 3/8"-l6 
HEX. NUT - l/»"-20 
SOCKET HEAD SCREW - l/»S-2S x 3/8" LG 
ROUND HEAD SCREW - l/l»"-20 x 1 3/»" LG 

ROUND HEAD SCREW - #10-32 x 1 1/g" Lfl 

HEX. NUT - #10-32 

FLAT WASHEl - 110 

LOCK WASHER - #10 

Lfi THD 

Lfl THD 

STEEL 

STEEL 

STEEL 
STEEL 
STEEL 

STEEL 
STEEL 

BRASS 
BRASS 

BRASS 
STEEL 

8 

1 
2 
2 

2 
2 

2 
2 

23 
31 

69 
31 

"' 1' 

MAGNETIC JACK UNIT NO. 27 - ASSEMBLY CRE-I-20375-D) 



NOTE-
MACHINE ALL SURFACeS 
AFTER W£LO/Ne 

NO. REQUIRED; I 

MATERIAL: AS NOTED 

PRESSURE SHELL - LARGE END CRE-I-20396-B) 

_^J5 ?L i-£'A^Q7-^ .S£-/g3g£- PPSZZ^/Ay'i? 

-S3.M ^^^ LEA/qr// ^/-7se /^^z^//i/<g-

MATERIALS SST »05 

ai, SCH. 40 P/PB 

F^ACT/ONAL TOLERANCE -jz 
ANGULAR TOLERANCE 1 Z^ 

PIPE - LARGE END (RE-I-20397-B) 



52 

-to 

r -3.S'33 
O-.-^^S 

ZZF: 

3 / ^. 

MO. REOUIRED; I 

MATERIAL: SST 30» 

.^ 

FRACT/ON^L TOL£RANC£i3z 
ANGULAR TOLERANCE ^ Z° 

FLANGE - LARGE ENO (RE-I-20398-A) 

SEE 

Y\ NOTE 
RE-I-Bb39l - B/ 

X. // i cz-—/—=z / z: 
AFTEK weLOINS- CL£AN_ 
UP moRE ra i ^^ om. MIN. 

see R£-/-S039l-B NOT£-l 

45 

REF. 

s 
^ 

y I I 

TOL££?/IMC£~- t-^ 

3 

PRESSURE SHELL - SMALL END (RE-I-20392-B) 

^9_ 

3: 

jg PRILL THRU 

wo. REOUIRED; I 

MATERIAL: SST 30» 

ANGULAR TOLERANCE-2^^ ^ / 
F^^ C TiONA L TOL Ef^ANCE - --5 
UNLESS OTHERWiSE ^f^ECiFmO 

PLUG - SMALL END (RE-I-20393-A) 
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/ ^ SCH. 40 f^/f^E 

^ 1 * . Ff^ACT/ON/^L i- J. 

' ^ TOLERANCE: -3Z 
UNLESS Or/f£/?MS^ 

SF'EC/F/ED 
NO. REOUIREPi I 

PIPE 

MATERIAL: SST 30iJ 

SMALL END CRE-I-2039H-A) 

7 (. ZOi) DR/L L •§• JD££P. 
•^-SO BOT. TAf S^OEBP 
' 4 HOLES £Q. ^P<^C£D 

ON 3^ DIA. B. C. 
\-ii-\ 

FRACTIONAL TOLERANCE ± 32 

NO. REQUIRED; i MATERIAL! SST M 5 

FLANGE - SMALL END {RE-I-20395-B) 
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NOTE : 
®\<JEl-C> S O D a O B SST LIME COATED 

OES.1&M p « e . s . s u e e feoo psi 
Desi®l-a M&X&.v_ TEMP SOO ' F . 
WEL-ts J m u T EPClClBMCt s o % 
c e u c MrC» PRSSS. TEST 9 0 0 t>si 

PRESSURE SHELL (RE-1-20391-B) 

A<h ...1i 
a«7 » f--

>̂ 

r^ ̂ ^ 

t ^ 

•^^m-^ 

^ 

s/?£•/=: 

^ X \ \W 

\ 
N 

^ m. 

\ 

\ 

\ 

\ 
\ 

i l v 
\ 

H 

S£rT/OA/ A ^ A 

^ 

^ 
^ .ay/i^ 

^ 

HOLDER (RE-I-20399-B) 

REnOV£ AN EQUAL AMT. 
. /<5 ^ A7?0/y £-ACH END 

• /6 ^±. 
-32 

N 

^^B^aizn? 
A 

•01] K£F. 

ARMATURE (RE-l-20>400-B) 
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^/32. X ̂ S °CHAH. 

( ^ 

/^aM/i.£. 

^ ^ -

h^ff-MAX.-"""^^^ 

F^ACT/ONAi^ I 

I I 
i I 
I I 
I I 
I 1 

^ 6 ^ 

^ 

S 

HO. REOUIRED: I» MATERIAL! SST M S 

:t.o<3S 

MAGNETIC DISC (RE-I-20376-A) 

* • / f "^^-^ CN'^». 

-3TD. D/?/LL FO/NT ANGLE 

HATERIAL: SST "lOS 

FRA C T10HAL TOLEf^ANCE -£. 

ARMATURE END PIECE (RE-I-20377-B) 



Z4- WSLDS / i.a. 
TED 

•W£LO/N3 JiS 
(SAME AS ON RE-l-S040Z-e) 

SECTION'A'A 

SECTION' B'B 

ARMATURE - MELDED ASSEMBLY (RE-1-20^01-B) 

Z4 WiF^fiff r^tS-, 30S SST 
IIME COATED MBLD ROD 

W£l.O/NG J/G 
tO /'-a>'/6 THP'D KOD 
(Z) /'-a HEX. NUT 
(5) /•' LOCKt^ASHER 
(4) / " /nc^ Tlv-i^SHER ^^-Sr.M"^ 

HOLDER - WELDED ASSEMBLY (RE-I-20H02-B) 



•*I0 G^.(j345') 

'^J£^'M4A. 

MATERIAL: LOW-CAIBOi, lOT ROLLED STEEL 

COIL SHELL (RE-6-19975-B) 

-J 



tn 

CONSTRUCT I ON: 

X -SEE /VOTE & 

{ ^ 

LAVBB miOHT HAUO "̂  

I. CLOSE WIND THE COIL WITH AN ODD NUMBER OF LAYERS ON A 
4 1/4' DIA. X 9/16" LONG MANDREL TO A MAXIMUM DIAMETER OF 
7' WITH THE MAXIMUM NUMBER OF TURNS THAT WILL FIT. USE 
#18 GA. 6LASS-SILIC0NE MAGNET WIRE. USE .005" TO .008' THICK-

2. Tnlf ?5E'^g5?[^l5V6«'-^§fcg^8iyH^fi5fRfII?§%i§l^gfo?fi V ^ l : 
3. SLIP A FLEXIBLE INSULATING SLEEVE OVER EACH WIRE END. 

4. CLEAN THE STEEL PARTS TO PROVIDE A GOOD BOND WITH THE 
POTTING MATERIAL. 

5. ASSEMBLE THE PARTS SO THAT THE TWO WIRE ENDS ARE IN LINE 
WITHIN 1/16" AND EXTEND THRU THE CENTER OF THE HOLES. 
CLAMP A 3 15/16" D. TEFLON EXPANSION PLUG IN THE BORE OF 
THE ASSEMBLY. MAKE SURE THAT THERE IS NO GAP BETWEEN THE 
SHELL HALVES. 

ARC WELD THE SEAM WITH A 1/8" V-GROOVE WELD USING MILD 
STEEL WELD ROD. DO NOT WEL B ALONG LENGTH "X" 

VACUUM IMPREGNATE THE ASSEMBLY WITH THE SPECIFIED POTTING 
MATERIAL. LEAVE A COATING OF THE POTTING MATERIAL ON THE 
STEEL SURFACES (EXCEPT THE BORE). 

10. REOUIRED: 16 

MATERIAL: AS NOTED 

^ r ^ ^ 
FRACTIONAL TOLERANCE t Ji 

S^O^ 

COIL - 15/16 ln» LONG (RE-I-19976"B) 



zow cAfiaoA/ srx. 

COA'ST/fl^C 7704^ 
/ CZOS£' H^/MO riV^ COAZ IA^/rA^AA7 dS'y.^,'^ 

/VOMS£-/r a A- ZArA'/FS- OA/ A '^,f£>/A. A/£/<S.^ 
AfA/YPA'^Z ro A AfAX/Af^Af ^/AAfA'T-^A' Or &,§ 
tf/rA" rA'£- AfAX/AfC/M /Ve/AfSA-^ O^ TT/zPA^S TAAr 
M//Z/ A-/r. i/S-A" ^/S-^A. S'ZASS S/A/COM£' AfA<S-
A/ST Mf/^S: C/SA- .OOS-.OOS PTyACA'A'^SS o/=-
OA'T/P^AT^a &AASS ClOr/^ rAAS" ^A'rM^A'£W 
lAAA^JfS OA- ir/A-A" 

2. m?AA r/VA- CO/A^ TA/CA" W/TA' ifA'T-AAATSO 
G/.ASS czor/¥ TAAA: 

3 SZ/A A AZA-X/Sd.A- /AS't/ZArATO' SZA'A'VA- 0¥^A 
fACA^ wmA. 

ClA-AM TAA- SrA-AX. AAArS TO A^Oy/^A- A 
GOOO 30A'£? I^/AA' AA'A' ^Orr/A^S AfAAA'A'MA. 

S. ASS<€Af.0I.£- r/VA- AAA'rS S'O TAAr 7?7A- rtvo 

OA- rA"^ A'OZSS. CAAAfA> A •¥. 770 O/A. r^A-AO/V 
£-XAA/¥S/OA' AZl/a /A' TA^^ &0^£' OA" TW^ 
ASS£-Arff/.r. ATAA'A- ffC/A-S TWA7" TTVAOf^ 7S 
AV SAP S^r^£-A-M' rAK^ S7-A-AZ A^^^FS. 

. A AC tVAZ^ VA'^ S^AAfS kT/TA' A "^g | / -
6K00¥£ I47^za €^S/MG /VA^fi Sr-^A-Z. IVA-AiP ROD. 

7. VACa^/Af /AfA^A'AS'A^ArA' 7A7^ ^SSSAf^A A 
W/7W rA^- SA>A-C/7^A^^ A'^T-rxA'^S' AfAT^AMZ. 
AA^Ay£- A COATTA^^ C7A- TTVA" 7^07-TA47^ 
AfAT-^/r/AZ OT/TA'A' S71£-£-£. SC/^f^ACSS. 
fA-7c<FPr rAA- aofi^l 

FRACTIONAL TOLERANCE tj^ 

NO. REOUIRED: 2 

MATERIAL: AS NOTED 

COIL - 2 1/2 in. LONG (RE-I-I9977-B) 
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-»j[*- ̂ 6 GA.(Mi8) 

NO. REQUIRED; I 

MATERIAL: SST %m 

NOMMAGNETIC WASHER (RE-I-20380-A) 

2.4 GA. 

NO. REOUIRED! 3 MATERIAL! SST 30i| SHEET 

SLEEVE (RE-1-20381-A) 



5 ̂  ^5 
• * ^ ^ ^ 

r^f ' -~̂'-- -"-
H^ 1 
x> 

— 

, ^ ,-_ . . . „ . _ . , „ ^ ^ _ ^ 

1 -* 

7T2L£:^AA/C£':^^ 

iO. REOOIREDi 1 MATERIALS ARMCO 

POSITION liDlCATOR ROD CRE-f-20383-A) 

33 1 . / ^ _ 
64 

— 

3-

. 1 

^^2 *-

) ) 

NO. REOUIRED: 1 MATERIAL: SST 80» (BAR 

1 

/S 

'--

7-«l PH 

STOW) 

CHM. 

«• 
r 

\ 

/ .J 

; 'i 

FILLER ROD CRE-I-2038H-A) 



mw^" 

END VIEW 'STAMPED" 
SEE SEQUENCE #2 

SEQUENCE 

1. FACE AND BORE ENDS 

2. STAMP ONE END AS SHOWN. USE DIFFERENT 
NUMBERS FOR EACH SET OF RODS. 

3. "NEO-CHROME" PLATE .0020 "± .0005' THICK 
FOR WEAR RESISTANCE. THE ENDS (INCLUDING 
1 1/2" OF LENGTH) NEED NOT BE PLATED. 

4. SAW ROD INTO FOUR QUARTERS AND CUT FLATS. 
REMOVE SHARP EDGES. 

5. STRAIGHTEN ROD SO THAT LESS THAN A 10 POUND 
FORCE IS REOUIRED TO MAKE THE ROD STRAIGHT 
VklTHIN 1 /64'. 

MO. REQUIRED: 

MATERIAL: AR 
CE 

DRIVE ROD { R E " I ~ 2 0 I 7 7 - B ) 



It-. /o 

B 

NO^ JEOUU ED: 2 KaTERIAl: SST 1J05 

CUSHION WASHER ;RE-i-g3078-A) 

1 

NOTE; 

THE THICKNESS OF THIS SHIM IS DETERMINED 
BY TEST TO GIVE THE STEP LENGTH SPECIFIED. 
IF NECESSARY, UP TO A MAXIMUM OF .075" 
MAY BE REMOVED FROM EACH END OF THE ARMATURE 
KE-I-20400-B TO GIVE THE NECESSARY 
CLEARANCE. 

HO. REOUIRED! I 

MATERIAL! SST M5 

SEE NOTE 

SHIM (RE-l-g0379-A) 

IS/lfc DRlUl- *, iV i l , 
c' e o e s ^%z D E E P 
B HOL.ES esi s p ow 
s - y ^ D,e.,c. 

MO. REQUIRED! I 

MATERIAL: MILD STEEL 

FLANGE (RE-I-20382-B) 

http://HOL.ES


-!7^De/LL THf?U 4 62 C SINK TC-=lp/fi 
OA/ sg Dec 

FFACT/ONAL. 

TOLERANCE - j ^ 

u 

L. 
^^m, 

z Û  ^ 

MATERIAL! MILD STEEL 

FLAMGEO TUBE tRE-l-20386-B) 
L. *1 

3 

FFACTIONAL ^ , 
TOLEFflNCE l/g_ 

NO. REQUIRED; I 

-I-

-Ki 
^DH/LL THRU AND 
ez°C'SINK rO^DM 
4- HOLES AS SHOWN 

I 

MATERIAL: MILB STEEL 

FRACTIOMAL TOLERANCE ± 5L 

HO. REOUIKEDi I 

MATERIAL! MILD STEEL 

AWi 

PLATE (RE-I-20385-A} C L AMP CRE-l-20387-Aj 
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-*- -• / « GA. (. 0598) 

•^1 FKACTMNAL TOLERANCE - _ ^ 
NO. REQUIRES! 17 MATERIAL! NIL0 STEEL 

COIL SPACER (RE-I-20388-A) 

/S 

/Z EQUAL SF'ACES = 7^ 

^ ^ 

^o^^ 

^•t7Feo/d)MAyzi 
Aj§ ^A'A'^ 

h -ZO i/^C TAP' /^ DP. 

HO. REQUIKED! 2 MATERIAL: TEANSITE 

TERMIWAL STRIP (RE-I-20389-A) 

# 

7 

7( ,20 l ) DRILL - *^6 DP. 
k - 2 0 U N C TAP ^ D E E P 

2 H O L E S 

^ D ! A . 

NO. REOUIRED! 6 

FRACTfONAL TOLE^fiMCE i'J'^ 

TIE ROD (RE-I-20390-A) 

MATERIAL! NILD STEEL 

•^J. 
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APPENDIX C 

MAGNETIC CIRCUIT CALCULATIONS 

The following procedure is used for determining the optimum design, 
the capacity, F , of the jack and the requi red ampe re t u r n s , E^, of the coil. 

The flux paths a r e divided into p a r t s , each par t r ep re sen t ed by a r e 
s i s to r in an e lec t r ica l d iagram, and the sys tem is calculated using Ohm's 
Law and Kirchhoff's Law. 

To calculate the leakage flux, the ove r -a l l leakage flux path is broken 
down into severa l components , each component being the path between the 
var ious para l le l and in tersec t ing surfaces of the two poles . The length of the 
path for in tersec t ing surfaces is a s sumed to be that of an a r c one-fourth the 
distance from the in tersec t ion to the boundary of the sma l l e r surface . "One-
fourth" is an approximation since the exact length depends upon the flux paths 
in the i ron which a r e difficult to de te rmine . The a r e a of the path is a s sumed 
to be the a r e a of the s ina l ler surface . 

The re luctance (R) in a void or any nonmagnetic m a t e r i a l is given by: 

R = 3 1 3 - ^ , 
A 

where 

L = length of path, in. 

A = a r e a of path, in.^ 

Thus, for c i r cu la r a r e a s , such as those in the magnet ic jack: 

R = 0.435 i i ^ . 

where 

C = included angle of the in te rsec t ing sur faces , degrees 

D = mean d iameter of sma l l e r surface , in. 

The flux leakage a c r o s s the coil space is m o r e concentra ted nea r the inner 
end; the re fore , the a r e a of this path is a s s u m e d to be the a r e a of the inner 
half of the coil space s ide . 

Work Sheets No. 1 to No. 4, inclusive, a r e for var ious types of in ternal 
magnet ic c i r cu i t s . The appropr ia te c i rcui t is se lec ted and used to s t a r t the 
calculations which begin by assuming the working flux density (Bp) and the di
mens ions . 
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Work Sheet No. 5 is used to calculate the external magnet ic c i rcui t , 
s tar t ing with the values of £ 5 3 , E Q , and I Q obtained from Work Sheet No. 1, 
No. Z, No. 3, or No. 4. 

Completion of Work Sheet No. 5 gives the value of E which is used 
in Work Sheet No. 6 to calculate the coil . 

NOMENCLATURE 

B 

H 

E 

I 

R 

A 

L 

W 

F 

C 

D 

= flux density, kilolines 

= field intensi ty. 

= magnetomotive 

= flux, kilolines 

= re luc tance 

= a rea , in . 

= length, in. 

= width, in. 

= force , lb 

= angle, deg rees . 

= d iamete r , in. 

per in. 

ampe re tu rns 

force . 

2 

p e r inc 

a m p e r e tu rns 

:h 



WORK SHEET NO. 1 

INTERNAL MAGNET CIRCUIT - GRIP MAGNET 

CONFORMING - TYPE ROD 

PRESSURE SHELL 

J i 

JI 

P J2 J3 J I G 

P J2 J3 J * G 

U 

A p 

N 

f 

F 

^P 

L p 

E „ 

S2 

J 2 

J 2 

B 
J 2 

H 
•J 2 

J 2 

J l 

«J1 

hi 

hi 

%i 

S i 

^Sl 

^ 

(Assume) 

Cross Sectional Area of Drive Rod 

Area Factor (usually 0.85) 

UAj 

No. of Magnetic Circuits 

Coefficient of Fr ic t ion 

Bp A p Nf/36. 05 

BpAp 

Chrome plate (usually 0. 00a) 

313Lp B p 

ID of a rma tu re 

Slot Length 

A p / - D p 

W D p + L j 2 ) W p 

^ p / ^ 2 

( see Fig. 16) 

" j 2 hz 

^ p / ^ 

(See Fig. 16) 

hz ' ^*p/2^ 

hi hi 

^p' hz'hi 
Slot angle 

0,435 (180-Cgj^)/Dp 

^ s / ^ i 

h^h 
(See Fig. 16) 

B . 

( ^ 9 9 I ' s 3 / W 3 > i . 7 4 ^ 8 0 - C g 3 ^ 

5 3 ^ x&n _i-180 -C 

° S 3 ^ ° J 4 + 

J4 

^ J 3 

^ 3 

hs 

« J 3 

^ 3 

^S2 

^ 2 

^S2 

^J4 

^ 4 

^ 4 

J 4 

H 
•J 4 

" J 4 

"3 3 

S3 

S 3 

S 3 

* S 3 

^33 

^G 

D^ 

G 

^2W 
S 3 

hh 
OD of Slot 

« ° J 4 - V * S 2 ^ / ^ 
w (D + 2L + L )W 
' ^ P J2 J 3 ' I 

^ J / ^ 3 

(See Fig. 16) 

hs h3 

h'^hi^'hs-

hzSz^^'^hz-
h ' ^S2 

J 4 S4^ *P-

(See Fig. 16) 

»J4S4 

^S2 ' 'h4 

Flange angle _ 

ID of flange — 

Flange gap length-

Flange width _. 

^ J 4 " ^ S 3 

OD of a rmature 

' V ^ S 2 " 2 * P - ^8 3^/2 

ID of p re s su re shell . 

156.51^ ( D ^ . D ^ ) / A ^ . 

^ 8 A - a L j a 

299L, 



o 
o t m vvj CO 40 ("4 

«l 6 8 102 2 

H8 ampere - t u r n s / i n . 

I 4 t, 



WORK SHEET NO. 2 

INTERNAL MAGNETIC CIRCUIT - GRIP MAGNET 

SIX ROUND ROD-TYPE DRIVE RODS 

DRIVE ROD 

i 
;s3 

ARMATURE " PRESSUiE SHELL 

P 

WNA——™ 

S3 

A A A — 
6 

B. 

J 

U 

N 

f 

F 

^P 

^ P 

K 

E p 

« j 

w. 

= Assume 

= Rod Diameter 

= 4 .7ZD^ 

= Area Factor (usually 2.5) 

= UAj 

= No. of Magnetic Circuits 

= Coefficient of friction 

= B|J Ap Nf/36. 05 

- B A 
P P 

= Chrome plate thickness 

= Gap Factor (usually 0. 007 5) 

= 313 ( L p + K D j ) / A p 

= ^ P ^ P 

= I p / A , 

= (See Fig. 16) 

= Length of Armature Tooth 

w^ 

^ J 

^ J 

^ S 3 

M 

°P 

^ T 

^ T 

^ T 

^T 

°G 

^ 3 3 

'ss 

'G 

^ G 

^ 

= 

= 

= 

= 

= 

= 

= 

= 

= 

=: 

= 

= 

= 

3 

Slot Length 

« J 4 

Rod Clearance ( 

3D +M 

ID of Slot 

^ ( D ^ - D p / 4 

Maxim UKi B 

T T 

OD of Armature 

iriB^ ~Dp/4 

^ S 3 ^ 3 / ^ ^ ^ ^ T 

^ P + V " ^ S 3 

. D ^ W p 

D, = ID of P r e s s u r e Shell 

E G =156.5 ( I ^ ( D ^ - D ^ ) / A ^ 

• ^ 



WORK SHEET NO. 3 

INTERNAL MAGNETIC CIRCUIT - HOLD MAGNET (DIRECT TYPE) * 

PRESSURE SHELL 

-vvw 

(A) 

CONFORMING-TYPE DRIVE ROD 

(B) 

6-ROUND ROD-TYPE D'KlVE ROD 

= (Assume) B , 

U 

Ap 

N 

f 

F 

I 
P 

L „ 

SB 

W . 

B, 

H , 

S3 

Cross-sec t ional a re of drive rod 

Area factor (usually 0.85) 

UA, _ 

No. of magnetic circui ts 

= Coefficient of friction 

B ^ A p Nf/36. 05 

= 1, B „ A „ P P 

= Chrome plate (usually 0.002) 

= E ^ = 313Lp B p 

= ID of Hold Tube 

= Length of gap of coil shell 

= A p / ^ ^ 

= (See Fig. 16) 

^ S 5 ^ ^ Y 

^ J = « J ^ J 

U 

^ P 

N 

f 

F 

^P 

^ P 

K 

R p 

£ p 

^ J 

H , 

S5 

W, 

= (Assume) 

= Rod Diameter 

= 4.72DJ 

Area factor (usually 2.5) 

UA. 

= No. of magnetic circui ts 

= Coefficient of friction 

= % Ap Nf/36. 05 

= ^ G = ^ P ^ P 

= Chrome plate thickness , 

= Gap factor (usually 0. 0075) 

313 ( L p + K D j ) / A p 

= ^ G = ^P ^ P 

= (See Fig. 16) 

= Length of gap of coil shell 

= Length of coil shoe 

h 
%3 

U 

°v 

= 

= 

= 

= 

^85 ' ^ Y 

^ J = « J h 

Rod clearac 

3D + M 
J 

- J 

• J ack Unit No. 24 has the direct- type hold magnet. The hold magnet 
for Unit No, 27 is calculated the same as the grip magnet. 



WORK SHEET NO. 4 

INTERNAL MAGNETIC CIRCUIT - LIFT MAGNET 

'Gl 

/x 

i 

DRIVE ROD 

ARMATURE 

Jl 

SI 

'62 

Ql 

J3I 

J2 

'P2 

PLUQ 

J <* SI 

92 

PRESSURE SIELL 

Q l 

AAAr 

Jl 

J3 

J2 

AAAr 
62 

Gl 

L 

I 
P 

W 

W 

PI" 

P 2 

W 
J 3 " 

D 
J 2 

J 3 

J 3 

H 
J 3 

J 3 

SI 

SI 

51 

( As s ume ) 

OD of a rmature 

ID of a rma tu re and of cushion 

. ( D ^ ^ ^ - D p / 4 

B ; A p / / Z . l 

Maximum B 

Cross-sec t ional a rea of drive rod 

^ ^ 

B „ A ^ P P 

Step length 

Thickness of non-magnetic washer 

313 L p l p / A p 

Thickness of cushion washer 

SI 

ID of plug 

^ 3 ^ ( ° P - ° J 2 ^ / ^ 

B_ 

(See Fig. 16) 

« J 3 ^ 3 

^ P ' ^ J 3 

( wD^U) - Aj 

^ P l ^ ^ P Z 

I 
•Jl 

D 
J l 

J l 

J l 

^51 ^ l / ^ ^ ^ ^ S l 

^P ^ ^Sl 

ID of end of a rma tu re 

. ( D ^ ^ . D ; ^ ) / 4 

hAn 
H_, = (See Fig. 16) 

J l 

J l 

J l 

D . 
G2" 

J 2 

J2 = 

H 
J 2 

J 2 

J 2 

33 

I 
G 

D„ 

Gl 

1/2 distance from a rmature face to 
end of coil shell 

^ 1 ^ J l 

OD of plug 

'^^°G2-°JV/^ 

^ J / ^ 2 

(See Fig. 16) 

1/2 distance from plug face to 
end of coil shell 

"j2 S z 

^ J = ^Sl ' ^ J l + ^ J 2 

^Jl •*• ^J 

ID of p r e s su re shell 

^ ' ^ ^ G l ^ l 

Gl 
. 156.5y(D^-D^^)/A^^ 

G2" ' ^ ^G2 ^ J 2 

G2 
= 1 5 6 . 5 Q ( D ^ . D ^ ^ ) / A ^ ^ 

^^Gl ^ ^ G Z ^ / ^ 



WORK S H E E T N O . 5 

E X T E R N A L M A G N E T I C CIRCUIT 

Yl J5 J6 

Y2 J5 J6 

D, 

I Lv 

,̂ _W-
C O I L 
SHELL t---+~ 

* S 4 

^S4 

L „ 

Yl 

Yl 

Yl 

^ S 3 

^ G 

^G 

^ V 

\ 

^ S 4 

% 

\ 

h. 

W o r k S h e e t s 

N o . 1-4 a s 

a p p l i c a b l e 

= ^ S 3 ^ ^ ^ G 

= M a x i m u m B 

= ID of G r o o v e 

= ID of p r e s s u r e s h e l l 

= . ( D ^ ^ , - D ^ ) / 4 

= G r o o v e l e n g t h 

= D i s t a n c e f r o m g r o o v e to co i l s h e l l 

= OD of p r e s s u r e s h e l l 

= N/ \4 
= ^ G + V + ^ S 4 

= Coi l s h e l l r a d i a l c l e a r a n c e 

W = L e n g t h of co l l s h e l l s h o e ( a r m a t u r e end) 

= ' ° Y * Y 1 

= 313 I ^ L ^ / A ^ j 

W = L e n g t h of co l l s h e l l s h o e ({>lug end) 
Y2 

Y2 

E, 
Y2 

S5 

S5 

85 

S5 

Y Y2 

313 I ^ L y / A . 
'Y2 

= Goil S h e l l i n n e r f lange ang l e 

= Coi l s h e l l i n n e r f lange d i a m e t e r . 

W, S5 

S6 

34 

= Coi l s h e l l i n n e r f l aage gap l e n g t h 

= Coi l s h e l l i n n e r f lange wid th 

= ID of co i l s p a c e 

Y ( 1 ^ 7 - S.lLg^j ( Y Ŝ  S4 

(199Lgg /Wgg )+ 1.74 ( ISO-Cgg) 

R_ 
S5 

° S 5 + ° S 6 ' 

S5 

hs 

hs 

hi 
h, 

J 5 
W 

J 6 

^ 5 

hs 

hs 
h6 

he 

hG 

J 6 

H 
•J 6 

J 6 

J 7 

B 
J 7 

H 
•J 7 

J 7 

J 7 

J 8 

^ 3 5 / ^ 5 

= Coi l s h e l l d i a m e t e r a t 
s e c t i o n of m i n , a r e a 

OD of co i l s p a c e 

^hThs'^hs^/' 
Coi l s h e l l s i d e t h i c k n e s s 

hs^hs 
( S e e F i g . 16) 

hs hs 

Ss + "-hs 

'^pj7+V*-^^°S6^' 
co i l s p a c e l e n g t h 

^ S 6 ^ 6 / 3 » L s 6 

' J 5 + ^S6 

'^^°J7- V ^ J 6 

( S e e F i g . 16) 

H L 
J 6 J 6 

'Jhl 
( S e e F i g . 16) 

^S6^ ^ 6 

hi hi 
E + 2E + E 

S6 * J 6 J 7 

OD of co i l s h e l l 

/16 



WORK SHEET NO. 6 

COIL CALCULATIONS 

Ampere Turns E 
c 

Wire size — 

Wire OD, in. 

Mean diameters in. 

Thickness8 in. 

Length, in. 

Tempera tures F 

Ohms/f t 

Turns 

Fee t / t u rn 

Feet of wire 

Ohms 

Amperes 

Watts 

°W 

D 
c 

T 
c 

L 
c 

— 

M 
c 

"T 

'N 

V 
r 

i 

w 

T L / D ^ 
c c W 

D ?r/l2 
c 

'N'^T 

'w"c 

E ^ N ^ 

i ' r 

Cooling Surfaces in. ^ A 

Watts / in , ^ — W / A 

Volts — i r 
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S impl i f i ed C a l c u l a t i o n s 

The effect of l e a k a g e and i r o n r e l u c t a n c e i s r e l a t i v e l y s m a l l for c i r 
c u i t s t ha t a r e we l l b e l o w t h e s a t u r a t i o n po in t , in w h i c h c a s e t h e fol lowing 
f o r m u l a s m a y b e u s e d . 

N O M E N C L A T U R E 

E Q A = A p p r o x i m a t e a m p e r e t u r n s of t h e co i l 

F j j = G r i p o r ho ld c a p a c i t y , lb 

F , = Lif t c a p a c i t y , lb 

B p = Assum.ed w o r k i n g f lux d e n s i t y , k i l o l i n e s / i n . 

A p = W o r k i n g a r e a , in^ 

N = N u m b e r of m a g n e t i c c i r c u i t s in t a n d e m 

f = Coef f i c ien t of f r i c t i o n 

B.y. = M a x i m u m f lux d e n s i t y of p r e s s u r e s h e l l m . a t e r i a l 

Brr, = M a x i m u m f lux d e n s i t y of a r m a t u r e m a t e r i a l 

B j = M a x i m u m flux d e n s i t y of d r i v e r o d m a t e r i a l 

Ax = C r o s s - s e c t i o n a l a r e a of d r i v e r o d , in . 

A ^ = A r m a t u r e o u t s i d e a r e a , in . 

A ^ , = A r m a t u r e end e f fec t ive a r e a , in . 

A ^ ^ = P l u g e f fec t ive a r e a , in . 

J 

G 

G l 

G2 

A = Coi l s h e l l s h o e a r e a , in . 

A = Lif t co i l s h e l l s h o e a r e a ( a r m a t u r e end ) , in 

A = Lif t co i l s h e l l s h o e a r e a (plug end) , in . 

A = Area of pressure shell at groove, in 

A = Area of armature at bottom of slot, in 

L_ = Radial gap length of armature, in. 

L„, = Radial gap length of end of armature, in. 

L^^ = Radial gap length of plug, in. 

Ly = Radial gap length of coil shell shoe, in. 

Lp = Working gap length, in. 

K = Rod gap factor (usually 0.0075 fom 6 m>4H^ m^ "li|pe.. 

Dj = Rod diameter, in. 

z 

2 , i n . 

2 

Z 

Z 



Grip or Hold Magnet: 

H 

B p A p Nf 

36.05 

Lift Magnet: 

P P 
72.1 

Grip Magnet with conforming-typ-e dr ive rod: 

^CA = ^^^ ^ P 
'^PS , v̂ \ \ ^^ ,^PV 

^Y ^ P N ^ ^G . 

Grip Magnet with 6 round rod- type dr ive rods : 

^CA = '^^ ^ P 

'Ap L ^ B ^ A ^ L B ^ A ^ L ^ 
_.̂  + _ . + ;; + L 

B p A ^ B p A ^ 

A _ L ^ B _ A_ L ^ 
KD . ^ ^ . ^ ^, ^ 

J ^ G ^ P ^ G 

Hold Magnet (direct type); 

/ A L B A L 
E ^ ^ = 626 B „ - 4 + — ~ V — = - + L „ + KD^ 

CA P I A „ B „ A „ P J P Y 

Lift Magnet: 

^ C A = ' ' ' » P ^ P ^ » J ^ ^ ^ V \ . 
Yl 

B „ L ^ + B „ A „ + B , A^ 
P P I P P J J 

^ G l ^ ^G2 

^ G l ^ G 2 . 
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APPENDIX D 

COMMENTS ON OTHER TYPES OF ELECTROMAGNETIC 
CONTROL ROD DRIVES AND POSITION INDICATORS 

Control Rod Drives 

Simple Solenoid 

A long coil enc i rc les a nonmagnetic p r e s s u r e shell containing a m a g 
netic bar . The position of the rod is control led by varying the power to the 
coil. 

Disadvantages: Change in friction would cause e r r a t i c operat ion. R e 
quires l a rge coil (about twice the length of the t rave l ) , heavy a r m a t u r e , and 
additional length for a posit ion indicator . 

Ser ies of Solenoids (Linear Induction Motor) 

A s e r i e s of i ron -c l ad coils enc i rc le a magnet ic p r e s s u r e shell con
taining a magnet ic b a r (a rmature) and a device which cen te r s the a r m a t u r e 
within the shell without r e s t r i c t i ng axial movement . 

Disadvantages: Requi res a s t rong magnet ic field between the shell 
and the a r m a t u r e . This c r e a t e s a center ing prob lem if the c l ea rance is smal l 
and an efficiency problem if the c l ea rance is l a rge . Requi res a l a r g e number 
of coils and leads . Does not hold the rod f i rmly. Also r e q u i r e s additional 
length for a position indicator . 

Moving Solenoid Coil 

S imi lar to the se r i e s -o f - so leno ids type; however, in l ieu of the coi l -
switching cycle , one or m o r e coils a r e moved mechanica l ly .and axial ly, t h e r e 
by moving the a r m a t u r e by magnet ic coupling. 

Disadvantages: Requi res a dr ive mechan i sm; a s t rong magnet ic field 
between the coil a s sembly and p r e s s u r e shel l , and between the p r e s s u r e shell 
and a r m a t u r e ; and a device for indicating how closely the a r m a t u r e is following 
the coi ls . 

Magnetic Jack Using Magnetost r ic t ion 

This device uses the magne tos t r ic t ion effect to move the rod. Mag
netos t r ic t ion r e f e r s to the slight change in length which occurs in a magnet ic 
m a t e r i a l under magnet ic influence. This type of dr ive would be p rac t i ca l 
where ex t remely fine movement is des i r ed (step lengths of l e s s than 0.001 in.) , 
and where fast movement is not requ i red . It has the advantage of no moving 
p a r t s except for the dr ive rods . 



Magnetic Jack With Teeth 

The employment of dr ive rods with tee th that m e s h with tee th in the 
holder and the gr ipper might prove prac t ica l provided the mechan i sm is 
lubr icated However for a mechan i sm operat ing in water , the tooth angle 
requi red to ensure posit ive se l f - re leas ing of the rods would be so near ly 
flat that self-engagement would not be a s su red . 

Magnetic Jack with Gr ippers Having Mechanical Advantage 

Magnet ica l ly-operated mechanica.1 g r ipper s gr ip and move a one-
piece dr ive rod (not n e c e s s a r i l y magnet ic) . A s t rong gripping force is 
developed from a re la t ive ly weak magnet ic force. 

Pe r fo rmance t e s t s proved the sys tem is imprac t ica l for applications 
which preclude lubricat ion. F u r t h e r , co r ros ion and other foreign pa r t i c l e s 
occasionally prevent the g r ippe r s from re leas ing the dr ive rod, and wear 
promotes slippage 

Posi t ion Indicators 

Light Bulbs Only 

Advantages Simple, re l iab le . 
Disadvantages: Requires a l a rge number of w i r e s . Does not give 

p r e c i s e position indication 

One Meter and One Coil 

Advantages Only two wi re s requi red ; is easy to read . 
Disadvantages Does not give p r e c i s e posit ion indication. Reliabil i ty 

depends on one m e t e r 

Ser ies of Mete r s and a Se r i e s of Coils 

Advantages. Gi^-es p r e c i s e position indication; is easy to read . 
Disadvantage. Space factor l a rge number of m e t e r s r equ i r ed on 

control panel 

Reac tor Engineer ing Division Quar te r ly Repor t s : 
ANL-5134 (September, 1953), p 82, ANL-5260 (April , 1954), p. 187; 
ANL-5297 (July, 1954), p 171; ANL-5371 (January , 1955), p. 214; 
ANL-5511 (January, 1956), p. 118. 




