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

T h e r e s u l t s of an a n a l y s i s of t h e m a x i m u m g r a p p l e d r i v e s t e m 
t e m p e r a t u r e a t t he g r a p p l e d r i v e s t e m r e c i p r o c a t i n g s e a l s d u r i n g fuel 
t r a n s f e r o p e r a t i o n of t h e I n - V e s s e l T r a n s f e r M a c h i n e (IVTM) a r e 
p r e s e n t e d . 

T h i s r e p o r t s u p e r c e d e s a n d c a n c e l s T I - 0 9 7 - 2 4 1 - 0 0 7 , R e v . A , a n d 
T I - 0 9 7 - 2 4 1 - 0 0 9 . The r e s u l t s g i v e n in the l a t t e r d o c u m e n t s have been 
found t o be i n v a l i d . 

I I . S Y S T E M D E S C R I P T I O N AND ASSUMPTIONS 

F i g u r e 1 show^s t h e i n - v e s s e l s e c t i o n a s s e m b l y of t h e I V T M . The 
v e r t i c a l t r a v e l of t h e g r a p p l e d r i v e s t e m , w h i c h i s shown in the l o w e r e d 
p o s i t i o n , i s s u c h t h a t t h e p a r t of t h e g r a p p l e d r i v e s t e m t h a t i s i m m e r s e d 
in the hot s o d i u m pool w h e n in t h e l o w e r e d p o s i t i o n , r e a c h e s to w i th in a 
foot of t h e g r a p p l e d r i v e s t e m r e c i p r o c a t i n g s e a l s l o c a t e d in t h e s e a l 
h o u s i n g a t t h e u p p e r e n d of the s u p p o r t body a n d s h i e l d i n g s t r u c t u r e . Of 
c o n c e r n , due to t h e t e m p e r a t u r e l i m i t a t i o n of t h e s e a l s , is t h e m a x i m u m 
g r a p p l e d r i v e s t e m t e r r p e r a t u r e s e e n by t h e r e c i p r o c a t i n g s e a l s d u r i n g 
fuel t r a n s f e r o p e r a t i o n . 

T h e d i m e n s i o n s of t h e I V T M g iven in Ref. 1, w e r e u s e d in t h e a n a l y s i s . 

T h e fo l lowing a s s u m p t i o n s w e r e m a d e in t h e a n a l y s i s : 

1. A m b i e n t t e m p e r a t u r e = 

2 . S o d i u m pool t e m p e r a t u r e = 

3 . C o v e r g a s = 

4 . E m i s s i v i t y of s t a i n l e s s s t e e l = 

5 . V e r t i c a l t r a v e l of g r a p p l e d r i v e s t e m = 
6. G r a p p l e d r i v e s t e m s p e e d = 
7 . T h e F u e l T r a n s f e r P o r t w a l l a n d the Ring 

A d a p t e r t e m p e r a t u r e r e m a i n s c o n s t a n t d u r i n g 
t h e fuel t r a n s f e r o p e r a t i o n a n d i s a s s u m e d to 
be a s shown by t h e s o l i d c u r v e in F i g . 2. It 
c a n be s e e n by c o m p a r i n g t h i s a s s u m e d t e m p ­
e r a t u r e d i s t r i b u t i o n for t h e top s h i e l d d u r i n g 
o p e r a t i o n and s h u t d o w n , r e s p e c t i v e l y , shown 
by t h e d a s h e d c u r v e s in F i g . 2 , t h a t the a s s u m e d 
t e m p e r a t u r e d i s t r i b u t i o n for t h e F u e l T r a n s f e r 
P o r t w a l l and Ring A d a p t e r i s t ha t wh ich shou ld 
a p p r o x i m a t e l y p r e v a i l v e r y s h o r t l y a f t e r shu tdown. 

8 . T h e fuel t r a n s f e r o p e r a t i o n i s t ha t in w h i c h t h e r e 
is no w a i t i n g b e t w e e n e a c h fuel t r a n s f e r cyc le for 
e x e c u t i o n of a fuel h a n d l i n g c y c l e . T h i s a p p r o a c h 
y i e l d s a c o n s e r v a t i v e r e s u l t of tJie g r a p p l e s t e m 
t e m p e r a t i x r e r e c i p r o c a t i n g t h r o u g h the s e a l s . 

8 0 ' ' F 

SOO^F 

A r g o n 

0 . 3 

18 F t 
See F i g . 
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Figure 3 shows the fuel t r ans fe r 
cycle and the assumed t ime (in seconds) required 
to complete each step (Ref 's . 3 and 4). 

III. METHOD OF CALCULATION 

Computer P r o g r a m D'^AP (Ref. 5) was used. To simulate the 
grapple dr ive s tem motion, the moving boundary concept was employed 
in the formulat ion of the heat t r a n s f e r network (Appendix A). The validity 
of this method of calculat ion was checked by applying it to the configura­
tion and cyc le of the IVTM Seal and Bushing Tes t . Compar i son of 
computed t e m p e r a t u r e s w i t h m e a s u r e d t e m p e r a t u r e s indicates that valid 
r e s u l t s a r e obtained by t h i s method of ca l cu l a t i on (Appendix B ) . (The 
method of c a l c u l a t i o n employed in superseded repor ts TI -097-241-007 , 
Rev. A, and TI -097-241-009 , d i f fered in t h a t t h e g rapp le d r i ve s t e m 
m o t i o n was s imu la t ed by mak ing the nodes in the g rapp le d r i v e s t e m 
flow nodes . I n t h i s method, the boundary condit ion at t h e upper end 
of the s t e m cannot be s i m u l a t e d exact ly in this p r o b l e m . The approx­
i m a t i o n used for the boundary condi t ion at the upper end of the s tem was 
a p p a r e n t l y inadequate or inappropr ia te , inasmuch as i n v a l i d r e s u l t s 
w e r e obtained. ) 

I V . RESULTS 

The s t a r t i n g poin t i n t h e grapple drive s tem t empe ra tu r e vs t i m e 
c o m p u t a t i o n was taken to be the beginning of Step " b " ( see F i g . 3 ) , 
af ter the g rapp le dr ive s t em had i n i t i a l l y reached e q u i l i b r i u m t e m p e r ­
a tu re in the l o w e r e d posit ion. Computer runs were made for the f i r s t 
t h r e e t r ans f e r c y c l e s and for t r a n s f e r cycles when the sys tem is c l o s e 
to dynamic t h e r m a l e q u i l i b r i u m . 

F i g . 4 shows the g r a p p l e dr ive s tem wall t e m p e r a t u r e at the beginning 
of the r a i s ed position dwells during the f i r s t and third t r ans fe r cycles 
and du r ing the t r a n s f e r cycles when the sys tem has n e a r l y attained 
dynamic t h e r m a l e q u i l i b r i u m . Also shown in Fig . 4 is the grapple drive 
s t em w a l l t e m p e r a t u r e at the s t a r t of Step "b" in the f i rs t t r ans fe r cycle . 
It is observed t h a t t h e s e a l s w i l l see s tem wall t e m p e r a t u r e s a s high 
a s about 600 °F during the f i r s t t r an s f e r cycle . The s t em w a l l t e m p e r -
tu re at the sea l d e c r e a s e s with succeeding t r ans fe r cycles . After a 
sufficient number of t r a n s f e r c y c l e s , when dynamic t h e r m a l equi l ibr ium 
is approached, the max imum wall t empe ra tu r e seen by the sea ls is 
325 °F for the 18 foot s t roke c a s e . F o r sho r t e r s t rokes , the s tem wall 
t e m p e r a t u r e seen by the sea ls can be de termined approximate ly by 
shifting the curves in F ig . 4 downward an appropr ia te dis tance or, 
converse ly , by shifting the effective elevation of the sea ls upward. F o r 
example , if the s t roke is 17. 2 feet (the design s t roke) instead of 18 feet, 
the effective elevation of the lower end of the sea ls would be 110. 8 feet 
ins tead of 110.0 feet. F o r this ca se , it can be seen from Fig . 4 that 
when the sys tem is approximate ly at dynamic t h e r m a l equilibriunx, the 

maximum stem wall t e m p e r a t u r e seen by the sea ls would be 270 "F , 
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F i g . 5 shows the t e m p e r a t u r e s of the s t r u c t u r e s surrounding the 
grapple dr ive s tem during the f i rs t and third t ransfe r cycles and during 
subsequent t r an s f e r cycles when the sys tem is close to a dynamic 
t h e r m a l equi l ibr ium. 

If the max imum p e r m i s s i b l e s t em wall t empe ra tu r e at the sea ls is 300°F, 
it can be seen from F ig . 4 that this t e m p e r a t u r e l imitat ion is not met 
during the f i rs t few t r ans f e r cyc l e s , if, ini t ial ly, the grapple drive s tem 
is at t h e r m a l equi l ibr ium in the lowered posit ion. Ways to avoid exceeding 
the 300°F s tem wall t e m p e r a t u r e l imitat ion at the seals include the 
following: 

1. During the init ial lifting of the grapple dr ive s tem 
in the f i r s t t r an s f e r cyc le , stop the lifting when the 
s t em t e m p e r a t u r e at the sea l s approaches 300"F . 
F r o m the r e s u l t s shown in F ig . 4, this would occur 
when the s t em is about 3-1/2 feet below the ra i sed posi t ion, 
for the 17. 2 feet design s t r o k e . If the s tem is held in 
this posit ion for a per iod of about 40 minutes (see 
solid curves in F ig . 6), it would cool sufficiently, 
i . e . , to <, 300 ' 'F , so that the lifting can be r e s u m e d 
and completed without the s tem wall t e m p e r a t u r e 
exceeding 300 °F at the s e a l s . Normal t r ans fe r 
opera t ion is followed t he r ea f t e r . 

2. Star t t r a n s f e r operat ion with the grapple dr ive s tem 
init ial ly at t h e r m a l equi l ibr ium in the r a i sed posi t ion. 

3. If, during the c o u r s e of the t r ans fe r operat ion, the 
grapple dr ive s tem is held in the lowered, or near ly 
lowered posit ion for an extended per iod, the t e m p e r ­
a t u r e of the grapple dr ive s tem would inc rease and 
tend to r each the lowered , or near ly lowered, 
posi t ion equi l ibr ium t e m p e r a t u r e . In this event, it 
may be n e c e s s a r y to go thru Step 1 again. However, 
the requ i red dwell t ime may now be longer inasmuch 
a s the support body will now be ho t te r . F igure 6 
shows that if the temiperature of the support body 
opposite the peak t e m p e r a t u r e point in the s tem is 
183 °F at the s t a r t of the par t ia l ly ra i sed position 
dwell , the dwell t ime requ i red for the peak t e m p e r ­
a t u r e in the s tem wall to drop from 600' 'F to 300°F 
will be 60 minu tes . 

At the upper end of the grapple dr ive stem.wlTere the grapple finger 
actuating rod sea l s a r e located, the grapple finger actuating rod t e m p e r ­
a t u r e will a lways be approximate ly tlie same a s the t e m p e r a t u r e of the 
adjacent grapple dr ive s tem wal l . The maximum t empe ra tu r e that this 
region could reach will be l ess than the maximum t e m p e r a t u r e of the 
seal housing which, from F igure 5, is seen to be about 160°F. 

FORM 710-P REV. 8-G9 



3
4

1
-2

0 
D

IE
T

Z
Q

E
N

 
G

R
A

P
H

 
P

A
P

E
R

 
2

0 
X

 2
0 

P
E

R
 

IN
C

H
 

v
y 

E
U

Q
E

N
E

 D
IE

T
Z

Q
E

N
 C

O
. 

M
A

D
C

 
IN

 
U

, 
S

. 
A

. 
o

 



-2
0 

D
IE

T
Z

Q
E

N
 

G
R

A
P

H
 

2
0 

X
 2

0 
P

E
R

 
IN

C
H

 
P

A
P

E
R

 
o

 
E

U
Q

E
N

E
 D

IE
T

Z
Q

E
N

 C
O

. 
M

A
D

E
 

IN
 

U
. 

S
. 

A
. 

o
 

n
 

•
^

^ 



Atomics International NO. . Ti-o97-24r-oio 
North American Rockwell P A G E . 13 

V. DISCUSSION 

A. SEAL LUBRICANT TEMPERATURE 

While it is poss ib le to p rog ram the operat ion of the IVTM 
so that the grapple dr ive s t em wall t e m p e r a t u r e at the sea ls never 
exceeds 300 ° F , this does not n e c e s s a r i l y mean that the seal lubricant 
will not be exposed to t e m p e r a t u r e s higher than 300 " F . Any lubricant 
that is left on the s tem surface after the surface sl ides down past the 
wiper and s c r a p e r would be subject to t e m p e r a t u r e s up to g r e a t e r than 
600°F if the grapple dr ive s tem is pe rmi t ted to stay in the lowered 
posit ion for an extended per iod . 

B. EFFECT OF GRAPPLE SPEED 

Each t ime the grapple dr ive s tem is lowered into the 
sodium pool and then r a i s e d , heat i s , in effect, pumped from the 
sodium pool to the support body and shielding s t ruc tu re through the 
grapple finger actuating rod and the grapple dr ive s t em, and the 
t e m p e r a t u r e s of these components a r e i n c r e a s e d . Hence, inc reas ing 
the number of s t rokes per unit t i m e , by increas ing the grapple drive 
s t em speed a n d / o r by dec reas ing ' t he t ime between s t r okes , without 
changing the fract ion of total t ime the grapple d r ive stemi is in the 
r a i s ed or lowered posi t ion, will i n c r e a s e the heat pumping r a t e , 
and the re fo re , the max imum grapple dr ive s tem wall t e m p e r a t u r e 
at the s e a l s . 

C. E F F E C T OF CHANGE OF COVER GAS TO HELIUM 

If the cover gas is changed from argon to hel ium, the 
max imum t e m p e r a t u r e of the grapple dr ive s tem wall at the sea ls 
would be lower inasmuch a s the ra te of heat t r ans fe r from the 
grapple d r ive s t em to the support body and shielding s t r u c t u r e , 
which i s , on the a v e r a g e , colder than the dr ive s t em, would be 
i n c r e a s e d due to the higher t h e r m a l conductivity of he l ium. 

VI. CONCLUSIONS 

1. The m a x i m u m grapple dr ive s tem wall t e m p e r a t u r e 
at the grapple dr ive s tem sea ls will be about 270°F 
for the a s s u m e d t r a n s f e r cycle when the sys tem is at 
dynamic t h e r m a l equi l ib r ium. 

2. If the t r ans fe r operat ion is s ta r ted with the grapple 
d r ive s tem init ial ly at t h e r m a l equil ibrium in the 
lowered posi t ion, it will be neces sa ry to p re -coo l the 
s t em if the max imum pe rmis s ib l e t e m p e r a t u r e of 
the s tem wall at the sea ls is 300 " F . The p r e -
cooling can be accompl i shed by stopping the init ial 
lifting of the s tem when the s tem is about 3-1/2 feet 
below the full r a i sed position and holding it in this 
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posit ion for 40 minutes before resuming the 
t r a n s f e r opera t ion. No pre-cool ing is requi red 
if the t r ans f e r operat ion is s ta r ted with the 
grapple dr ive s tem initially in the r a i sed posit ion. 

3 . While it is poss ible to p r o g r a m the operation of the 
IVTM so that the grapple dr ive s tem wall t e m p e r ­
a t u r e at the sea l s never exceeds 300 ° F , this does 
not n e c e s s a r i l y mean that the seal lubricant will 
not be exposed to t e m p e r a t u r e s higher than 300°F . 

4 . The m a x i m u m t e m p e r a t u r e that the grapple finger 
actuat ing rod sea ls could be subjected to will be 
l e s s than 160 ° F . 

5. Inc reas ing the speed of the grapple d r ive s tem 
will i n c r e a s e the s t em wall t e m p e r a t u r e at the 
s e a l s . 

6 . Changing the cover gas from argon to hel ium 
wil l d e c r e a s e the s t em wall t empera tu re at the 
s e a l s . 
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APPENDIX A 

HEAT TRANSFER NETWORK 

The heat t r a n s f e r network used is shown in F igu re s A-1 and A - 2 . 

The ve r t i ca l d is tance between nodes was taken as 2 feet. F o r this ver t ica l 
d is tance between nodes, t he re a r e 18 nodes in the s tem and 18 nodes in 
the f inger -ac tua t ing rod. P r o g r a m m i n g is simplified if the number of 
nodes in the s t em and in the f inger-actuat ing rod is a mult iple of 10. 
There fore , dummy nodes 41 and 60 were added to the s tem and dummy 
nodes 61 and 80 were added to the f inger-actuat ing rod. These four 
nodes function only a s dunnmies by vir tue of an ar t i f ic ia l ly high t h e r m a l 
r e s i s t a n c e inse r t ed between each of these nodes and the respec t ive , 
adjacent end nodes . 

The connectors shown in F ig . A-1 a r e descr ibed in Table A- I . The 
connec tors shown in F ig . A-2 a r e descr ibed in F ig . A-2 . Appropr ia te 
functions a re used in the *030 sect ion of the DEAP input to cancel a l l 
connec tors o ther than the appropr ia te ones for any pa r t i cu la r s t roke 
posi t ion of the grapple dr ive s tem. 

TABLE A-I 

DESCRIPTION OF CONNECTORS 
SHOWN IN FIGURE A- 1 

Connectors 

Y002-Y007 
Y008-Y010 
Y011-Y020") 
Y023-Y030 C 
Y033-Y039J 
Y461-Y480 
Y481-Y500 
Y501-Y519 
Y541-Y559 
Y561-Y570 
Y591-Y600 

Descript ion 
Conduction thru argon 
A i r Convection 

Conduction th ru S. S. 

Conduction th ru argon 
Radiation 
Conduction thru S. S. 
Conduction th ru S. S. 
Conduction th ru sodium 
Radiation 
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APPENDIX B 

CALCULATION OF GRAPPLE DRIVE STEM 
TEMPERATURE IN IVTM SEAL & BUSHING 

TEST 

I. INTRODUCTION 

In o r d e r to check the validity of the method of calculation used to 
calcula te the t e m p e r a t u r e of the IVTM grapple dr ive s t em, this method 
of calculat ion was appl ied to the IVTM Seal & Bushing Tes t configuration 
and cyc le . The calculated r e s u l t s a r e compared with exper imenta l data. 

II. SYSTEM DESCRIPTION & ASSUMPTIONS 

F ig . B-1 shows a schemat ic r ep resen ta t ion of the IVTM Seal and 
Bushing Tes t configuration. The grapple dr ive s tem t r ave l s 60 inches at 
a speed of 15 f ee t /min . The dwell t ime is 105 seconds in the r a i sed 
posit ion and 120 seconds in the lowered posit ion. 

The th ickness of the s t em wall is not known with cer ta in ty . It is not 
l e s s than 1/4" and m a y be g r e a t e r . In the ca lcula t ions , the s tem wall 
th ickness was a s s u m e d to be 1/4". The d i ame te r of the 12" long s ta in less 
s teel slugs stocked in the s tem is p resumably 3-1 /4" . Fo r th is set of 
dimiensions, the annular gap between the s tem wall and the slugs is 1/8" 

III. RESULTS 

Calculat ions w e r e made for the ca se in which the seal housing was 
ne i ther heated nor insula ted . Computer runs w e r e made for the f i rs t 
eight c y c l e s , with the grapple dr ive s tem initially at t he rma l equi l ib­
r i um in the lowered posi t ion. 

F ig . B-2 shows the s tem wall t e m p e r a t u r e at the beginning of the ra i sed 
posit ion dwell in the f i r s t , second, fourth and eighth cyc les . It is seen 
that at leas t up thru the fourth c y c l e , the s tem wall is cooled m o r e 
rapidly in the vicini ty of about 64 inches below the upper end of the s tem 
than e l s e w h e r e . This is the wall region that is at the same elevation 
as the sea l housing when the s tem is in the r a i s ed posit ion. The reason 
why the s tem wall is cooled m o r e rapidly in this region, is that the seal 
housing is quite cool ini t ial ly, the t h e r m a l impedance between the seal 
housing and the s tem wall is re la t ively sinall due to the smal l c learance 
(0.013") between the seal housing and the s tem wal l , and the s tem is in 
the r a i s ed position a significant fraction (40%) of the total cycle t ime . 

F ig . B-3 shows the s tem wall and slug t e m p e r a t u r e s at the end of the 
r a i s e d posit ion dwell in the fourth and eighth cyc l e s . It is seen that the 
slug t e m p e r a t u r e at the seal housing elevation is v i r tual ly unper turbed 
a s compared with the stern wal l temf)ora ture . This is due to the 
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re la t ive ly high t he rma l impedance (1/8" a i r gap) between the s tem 
wall and the s lugs . 

F ig . B-4 shows the i n c r e a s e in seal housing t e m p e r a t u r e with number 
of cyc le s . The m e a s u r e d seal housing t e m p e r a t u r e after many cycles 
is in the range of 115°F to 120°F. 

F ig . B-5 shows a plot of the t e m p e r a t u r e s of the s tem wall at the seal 
housing elevation when at the r a i sed position ( i . e . , at the T / C location) 
vs number of cyc l e s . It is seen that the s tem wall t e m p e r a t u r e s de ­
c r e a s e with number of cycles up to the eighth cyc le . At the eighth 
cyc le , the s tem wall t e m p e r a t u r e cu rves have just about flattened out. 
Inasmuch as the sea l housing t e m p e r a t u r e is s t i l l r i s ing at the eighth 
cycle (see F ig . B-4) at l eas t the r a i s ed dwell curves in F ig . B-5 
should s t a r t r i s ing after the eighth cyc le . If the equi l ibr ium seal housing 
t e m p e r a t u r e is taken to be 120°F (w^hich is 13 °F higher than the seal 
housing t e m p e r a t u r e at the eighth cycle) , the ra i sed dwell curves would 
ul t imately r i s e to about 13*F above what they a r e at the eighth cycle . 
Accordingly , the t e m p e r a t u r e of the s tem wall at the seal housing 
elevation when at the ra i sed posi t ion, will be 167 + 13 = 180°F at the 
s t a r t of the r a i sed dwell and 150 + 13 = 163 °F at the end of the r a i sed 
dwell . The m e a s u r e d s tem wall t e m p e r a t u r e at this elevation was 205 °F 
r e g a r d l e s s of w^hether it was at the s t a r t or end of the r a i s ed dwell . 

IV. DISCUSSION 

Poss ib le r ea sons for these differences between m e a s u r e d and 
predicted s t em wall t e m p e r a t u r e s include the following: 

1. The s tem wall th ickness may be g r e a t e r than 1/4"='-. If so , 
the s t em wall t e m p e r a t u r e at the T / C location would be 
d e p r e s s e d l e s s , due to (a) g r e a t e r heat t r ans fe r from the 
s lugs , by v i r t u r e of the d e c r e a s e d a i r gap between the wall 
and the s lugs , and (b) g r e a t e r heat flow in the longitudinal 
d i rect ion in the s tem wal l . A g rea t e r wall thickness would 
a l so d e c r e a s e the change in wall t e m p e r a t u r e during the 
ra i sed dwell , inasmuch as the heat capacity will be g r e a t e r . 

2. The T / C in the s tem was probably seeing a t empera tu re 
in te rmedia te between the s t em wall t e m p e r a t u r e and the higher 
slug t e m p e r a t u r e . This is likely inasmuch as the T /C sheath 
in the vicinity of the junction was located in a slot in the 
slug and was probably in contact with the slug. 

'•'Subsequent to tlie pe r fo rmance of these calculat ion, it was found that 
the s tem wall th ickness is 3 /B"and that the slugs fitted quite snugly 
inside tho Htem tul)e. 
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V. CONCLUSIONS 

The calculated r e s u l t s for the s tem wall t e m p e r a t u r e s in the 
IVTM Seal and Bushing Tes t indicate that probably reasonably good 
ag reemen t between the calculated and m e a s u r e d t e m p e r a t u r e s would 
have been obtained if the c o r r e c t s t em wall thickness load been used 
in the calcula t ion. It i s , t he r e fo r e , concluded that the method of 
calculat ion used will produce valid r e s u l t s . 
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