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1.O INTRODUCTION-

John Henry Associates was requested by Atwood & Morrill to

analyse the 24" Purge Valve (2841-E) for the purpose of

determining the upper bound of disc impact velocity. Since
;

the valve has to open at least once to break the containment

vacuum, plastic deformation in any.of the parts should be
,

held to acceptable levels.
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2.0 SUMMARY AND CONCLUSIONS

The onset of deterioration of the neoprene disc seat was evident
i

in the static load deflection tests at .125" deflection. This i

deflection was considered to be the basis of the limiting case

for successful closure.

.

The resultant maximum velocity of the disc was 33.2 ft/sec.

At this velocity some plastic deformation was shown to exist

in the disc at the edge of the center disc post. The plastic

strain was .6% strain, confined to the outer (surface) fibers.

Strains as high as 30% are considered adequate for a single.

(faulted) condition.

O The disc arm also showed slight yielding of .6% strain during

impact. This was not considered sufficient to inhibit the

subsequent operation of the valve.

( The shaft appears to be adequate for all loadings, during a

slam at 33.2 ft/sec a plastic strain of 45% was experienced

due to the torque placed in the end of the shaft by compression

of the air in the air cylinder
i

..

The limiting item in air cylinder is the lever arm. The air

cylinder tube has to be lengthened by 3.5" inches to increase

the amount of compressed volume. This reduces the air cylinder

gs pressure to less than 304 psi.

-3-

, - .-. . . - . - . . . - . - - - . - - . .-.



'
** e-a .w ^"*~:-"'-~~~~'~- ~ ~ ~ ~ . . . ~ . . - ~ . . _ . - . . . . . . . , _ _ . , _ _

, , . .. ,

b #/ > =o ~ =. ....... 2..f..T..M.6......
. ..E es e

! csxom_._+ o.v. a.:1.9.:.M_L . - . _t
7

- _ - -

3. / S~n a r i="se < e s

7"N & S ra ric Lea o - Dsf4 scrien 72ergr

2 2 G u t r n r.) /$/ 4Ove /2 5 e 7'E,9,e /On e f:

rwa Naop.eene sen- ar so|Z of rorac

pa p&a cr/o u. .rr act a ro sa rne re zur
L UA s BA D t- y C &t T* ByTHE Boo y S E AT.
7~RE2e po ee rHe Va t uee A cit-. try o f

7~H E D/$c S 2 A-7~ LA)i4 L f3 E | /N / rAiiL O 72i'

d'6,8 De,c4 s= c r/oN ,

0' F2on Fiduen.L
|

g .as~
,3

ddk $' = .12 6" (
t f,

|t
i

F'
I
i

sob

)5 = A C = ''.o74 ,o2 ) g
.

b

F =(2 7 7 77 7) $i

O
john henry associates inc.

.



--

__ ___. _. ._ . .-
_

c., Z E M..o m . M R 5I| 7f-/58
. .- w 12H S - n 3 ~ '6* *" in, un.

7~M G Efk2c7 UM d E As 47H of rHe p/SC, SGAr

m /? r E R i n c- r;ns ra p is THE tausen ep rHa

M*/ >e ret /26 ( 8} * ) m)His s Douew rwg

/\/GCP/EG H2 TN /CKN M5 s 7~o A c c-e u. n 7~ RR

7"N2 F /2 5 2. EMD 2DGE E f/=s c,rs.

.

.

_

!

.4 E N & r n 4 - 8 . G 7 f . S~

2
stgi

7; .L = 8. 5 75
.

g = | = c a sta 7) s (*/u.) ; o 4 54 ee~*

O
5 = 'A + E $ B .:. 3R00 - ,4 7 z 9 73-

,
.097 .o23

A = (472173)( 023) = 10 978

F = - Io 978 + (4 7z 9 73) G2

PzfL -tz99 + (s6 4 ,4) S .os44 S 4 of7-

J
2

.

l

1

l

!

i
'

O
john henry associates inc.

. . _ _ _ - . . - _ _ _ . _ _ . _ _ . . . _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _



'

.v.2M ..u .Md.e.l. 6;
'| 7 f~B87 cue 28.tosn.W G * > cane,

r

i
t a

G rs'eeo
F = - A t- 8 6 B = ilo .sse 797/0/.4* =.
3 ) .

A = (71/ot.1 )(. 065) = 4 2 2 % . 4

4 = - 122vs.O (797/o/.4) C

f= ' = - C64 4. + (95/ 7 C. 3 )$ ,* . o774 5 f . I 2 5'

..

,*
, . '

YO 7~A L SA/226y /H h/SC $4 A r @ $ ~O fo $7

. /2C' 05'4 ,o17 ,jgg

E,= 7t p gg = 7tp }f dg +ff,ds +ff,ds
o .oss .off

,

* N"+ .664

f dC = (33 /67) c(d( = (33/6 7) ('O = 49. 3(o

o o

0 97

},dC _ (-12f t,'(097 .os4) + (s*(oA 74)( 097* .osE)
f.o ri
:

= / 2 7. 5 :

1
./zt'

'
f c|$ = (-6~644)(|25 ,017) + (TS/74*5)

3

.017

=/S4.$

john henry associates inc.|

. ._. .-- . _- _. - . . _ _ . . - _ _ . _ . _ . __ _ . _ _ _J



. . . . _ . . . . _ . - . _ . = . . . _ . - . _ . . . . . . . --=--
- - .. - -

..

er.Ed.d. ansa.3b2N
_

cm.OH4 nasn .k-M.~% 3.I n o "n.......7...? :.. g g 7
. . . . . . . . . . . . . . . . . .

E, = // D [dC = TfD %. 3 4 + /2 7.s/. Is 4. 4)

~0 = 2+. 6 2S" (A us. Booy Sear pin.)
.

2, = (7 ?. 34)( 330.H)

; E = 2 5 6*&4. + h - 4
'

s

-

-

f< /MA X . 50/2C2 DA/ D/SC 8SSGM/et-y

F = Tr o / E C = . ize
M 3

0 F = 77(24.6zs) - 50+ + + (fr/74.3,){ /2g)m ,

p, = .5s o is.2. s * (a> =. &8c.a"/s.cie.)

|
|

|
;

,

.

O
john henry associates inc.

_ _ . _ . _ . . . _ . _ _ _ . _ _ _ . . . _ . . _ . _ _ _ . _ . _ _ _ _ _ _ _ - - - - . - -



_ - _ _ Z E, -, - ..,m.. _ --, _

-

- , . . - .. .. _ _ _ - -.

~ G Y. , . .DATE. 5/ >= ~ ~4f Gs. . . . . . . . . . . . .
. |

. _como.mA.1aa..vs.a

O
l

i

s
e

+
'fII .O

-

+

4

I! \ i

''

q C
+

W e t I
kw o. g
t o sy

LW q 4 -

2 A 4 V'
S

\Q W
Vm W( Q k e k*

\ O No R
@'

W 4
N +g

\
+ N

"

\
+

|

%

,o o o 0 C 9

O e y 9 N N

'SQ/ 9/X OWO7
'

john henry associates inc.
.

_ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
.



cy..bh.b. oats..Nk//.I.S
,.y n C/4 d n u., 3-)?We' S. 2 ,o , y o, ,, ,,, zf, gg , ,,,,

,

Ov .1 2 Disc
.

A L7*HoudH 7"/7'S 5 ei3 7 f*d2d G
f,t

8/$ D2.2/ p'BD FEO M 7A'E V_ f_
4||| l: Y

,

/ N 2 2 7~/ A of 7*HE 27/Sc I t' =| 75'

& $ b-

nr rnpaa r, wn . Aas
_

R $ $ 4* 61/H4 A EQU/ V/) L G N T

uA//Go2M Pi' ce s s ame /?crisc, e L/ee 7*Ha Dis <:--

hk As ra n r u s a ria >=o m c e in acou.isaiam

wirs ru e searfoaca.
.

(D w = 530 /r e. s '* .

# ="3# N
8 = Tr(it '- Y ')

8Sre e S.; Kg k (t?G C. Tim o 3 keux.s ' PLre Y SHEL< s)
.

"
m = i. e a , ie - a. s i u-

T= /0 4,039 psi
1

ps,ct ec rion w=k,fE' )- 4, = . 6 4 ; E= 2 f,2rw$si |
'

2t

et
kJ = . / o 6

O
V

-,

john henry associates inc.

-- - .- . . - . .- . . - - _ . . - - . _ . _ . . - . -



, -- --
._

-
- - - - - __ _

cv.[8.I.DATE, [h.

_
c HK o. Ed..' o ATE .h.~/.?.~.f#.. *2 'JoaNO...7.."". . . . . . . . . . . . . .

.

|

O 1

5/$C A/A T 'L, /$ ,4- 8/c~ 6 2 70 (, Sg R (,) j

-

e raa - 2 s o e

T = 54 /80 psiy

E" = 2'|. ? C 510 .P G E

'S/NCE & & N/A/C 4. W f/ALLD/M4 4Kn$ f?L Ac 4E' ,"

. 7"NE Ansouur 65 PL AS ric. Svenin to t L e Sa
3d
'i E-s run e ra o a s a u m iis , c, ( ce~ saanrivet y)

YHe '!) A rr,e in c. G& n s ric - psefa e r4 y PL As rte .
.

O
nees(rr)on m

A = f (,231)(OBBB)= 9 3s 2.3

zw SQuivac A nr A 28 4 usu c az

k T = 5 4 /<fo Pol.y
A

%

' o /eo ._10 4_. _ A :: (f34I66)
'

835?.=
js ..

X
'

$ \ R=.24Sto
to h5, ff,d z = .u.+ . ue = .or z

-

.

og,g s.z.s a

y,srasia

. . .. .-

John henry associates inc.

. . _ . _ - .- . - - . . - - _ - - _ _



-

. .

.h'......o.na3/M/P_ . . .
.._. .

_

. . - . . .

or.Z8 jj,

__

C H >* C, RY , U.b ATEh.7.Y N * J O *3 N O. . . . . . . . . .$.f. . . . . , , , ,,*

nv 7%'E Disc Eueesy /s cnteur g r.an pron, 7pe

R/GKH D e+t G 73y ,f7"M2 A S $ utst e L) .Z~)/2277,n

Pd2C E h NC 7"/Nd 7"N 2 0 L#6 H 7~H E D/5C

Z?/ *$s04.He E M M H >,

.Ij =e -- (L -

... gefX fb"
' **~

e, - g g. zirx s f"
x,

|h+ ~- Y --s
.:. 6 . ,_e*a ,

E e

y = s. - n < ~- v .) .. ,2. - e
..

toesy x=b, y . t o 6 ''

= g, su (/o.%.r *). to 6

g,=.iss" .

a.

* X'N YQ :~f./CG)2W| 4%

6 4,

e - (7 6 6,6.) Y * " * + 2' X S E W
o 77 - em zr z

.

r
2. Z

b =(70.& --= fMfff) h ~E 6 WO'p ,
.

O
[

john henry associates inc. j
l
|

|
__ _ _ ._.. _ _ _ . . _ _ . . ~ . . _ . _ . . . . _ , . . _ _ . . _ . . _ . _ . _ _ _ , - - , _ - __



, - __ _ . - . _ _ _ - - . .

_

~
C Y.. ...... D A T E .IIId
cnxo.av.W .h avea.9. $ 5. 2 , , ,, , ,, ,, ,,,, g g,g,, ,,,,, ,,,, /A..

OO E = 24 03 5 L -wn

Dsc a t m a n riou se Disc.

8d 5 7*.

520 &f28HC Y 6 5 7"HG,

-
: "-

>; m c. 2.
| I

y v,. @ T- 74 H tv- 22 en p z- '

m
5~ :'7/a yo U f2'<

(%rt
% = f(r) = ct., (t- $) (4 s wm e o s Hn ee)

Po ran riu auseay foa symma va seu

t',"De f L.sc r/e >.t s

a.

V = YP D la'''+.Laf.1r)_ggy)dr1$' ,1 & rdy
( dr1 Y dY rdt

a
d.

Z))dr x-d.
Ju Ydv| ~c [ 0 4- .-2

#
,

d h' Y dr ~~

P dP
O

.

fSQ _-

a

d[o 243
dr1 et.*-

Oo
[

john henry associates Inc. j

. . - - -. . --. . - . _ . _. _ _ . - .



'

. .. . . . - . -

G Y. . .. . ..... D A T E k
_

ea o.er 96. h ,a se + 3. e . 2.f.- .!.E.4.. ..... |3se, n.

a.

N NP2[/"+Y=Y /
' '*'~

-

- 2(I-7)) h YdYV= 0 fd I*

u .
'; z

; ,.
.

|h ~ 2, ff = Z)) Y" YbY
.. f r. $f) C fC a w

e a%,
#

..,

V= a ir O S h u 'ya c {2 r -(!- c)) r}dv'h| &'

2. 2

V = 9 " * e ' O + 'Q E ' ~ *f)*b
a

% = .4 77D ,?~' (/ W)

N/As e. ric Ena se cy

a.

xe = " " s *P de + % +"
O

n+ty = MASS eF CAA./ rata Pssr sa ),sc,

S 4C0-= dg =-14 f 7

bkn =-241'
a.

'WD f/(g 1f Y clV~ -,I .! n u p W

O 9 *
.

.

'

[
john henry associates inc. )

. - .. .. ..- -- -. - .- .. - . - -_ - _. _



-
.

ar..-Z~&&... oara ?.l.UM jq
-.

CHKO.QYhd.$ OArE). JOG N O. ..... . .$. .#
. . . . . . . . . . .

4

a = 17 P t k6 o g pt~ g ~, <, e
2 2 z

,
b

$

[ 4f h(| E ./. Y Y= (pd' &+ gn a+
o

i,
e

L'

_

SY
. z re $w:

J. a

.

I p .; q' (= {
*

* d + f mtp s.,' yo
*

77~5 &P ap . , gg -.

V 69

Y
)_. 4 WD .pi ( i+ z)) TV& P"*i*

! m <.,p ,* p ' = cr
zaa, dz &g

t t

TN 1 [ Z

8 0 0(t+z)) - **p j =0-

39za

G 77'0 (l & b77 yrf e' }- muy
'

2 - ,

Y 3f
'

9 8 /YO(/+v) /a]-
q=

rr v t a ' m p
3g

[
john henry associates inc. j

_ __. _ _ . _ _ _ .- . _ . _ _ . . . _ .. - _ _ . _ .



' - - ~

_ . - - --

-

ov..E&..d.... om Mido
_

. ._ - _ . - . . _ .

CHKD.OY Mb.b ATEM.*. .I. *E JO D N O. ........ .. ,,,,,,

.

"

A 2 4 7T(/+v) y p

FPt d F 3 $ "F d

2 4 (l+ d) Q. D07=
7 6 d '+ 3 WP (L*-g

3 Tr
'

.

+i

0 ~0 6-6~. 5a S 7_.

i d* f Yb+ QWP
~. A

'ft!
I A = 17 d '

A = 174. zs s O

G:_ f 3-- 1. 4 *5 T T >< t o
7

*D=
/ Ell ~ U) :

g = s e a> L/s .t

t = /. 7 f ''

- Lrcs t (7.7 ete r)(.2 e s)w# +

Lo = / S. 56 6 * ( u.> e ra nr o r= Caura a. Po s r)p

d., =.12.3/2 5 ''

Yf = ( 2 9 3][/ 76) = ,4 4f2C Yes.2 (Wete IAT PEG UNIT AfEGh\

.

q = 3 56c. 74 ,e.4of,ga

f = ra c.. r ces.

O
.

'

[
john henry associates inc. j

. - - _ _ _ - - _ . . _ . . - - . . . _ - _ - - - . . . . - -._ _.



' --

-
---. - . . . _ _ . _ __ - -~~2=-__.___.g- - )

, i
;

. .. CATg,f ,s bi CY. 8' 2- McHxo.QM.&.--o AraJMG.@r., . _ . . .. . 7 9. . . .../3. ..g ,\

,, ,

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

|

|

b/H4Tv LB 02425.9 fF*/=2Gs;' pep gyg g og

Dis c Spaixa co ugra ur

I= N; EP (/225; 774to, .047S$
* >

sneu.s )
752
wo snw ~ ' -
~',, .

L = |2,31ZS* 1 ,.

$}Q,,, = , la.4
4

6 = 2 f %C X/0 PSA,1

!if
'I t a /, 7f ''

g" ~ ? _ Eb
s

- e'*,O
Ko = /,6 /s7)< /o' A'/a ,

Ko
[2_i?H O '~

/nt,

| , /2 743 sc S*/L,6% = :

f
,

SEA 7~ Sp2ind Ce u S r ,+ n r-

K = 6~36, /4 0 = 1. 2413x to e/j;,,6

$ ,/25

O
john henry associates inc.

- .. .. . - . . - . . _ . -- _- - .- .____ - . . - . ._- . _ - - ,



. _. ,
.

cr.?EE.. onx ..b!|6.2 |]S' E 7 f-/38c n u a. 9 " = n = ?.-' * - * ' :a -ne.

O
~ M o o 2 t- o P Disc Aao sear

W9usvAt.e NT' Ke
^9

-
.

.!- $
+ 1%s'

| 7Y|

Ke l<o l< p.

-r

.

Ko ks:. K: k*
' N+k

||:
o s

E 77

k, = /. / 7 .x tD' */4,

S INd L.e D&Gese e t= Pf22 2 pcM e p 27m g'
'

/5

'#0f= = 3s467424 o/g

is uurx ,o *
/m - -- -

f' [354e , 7 G,-) *
.

&n. = . /Z 7 4 3 * Sys
.

OM

, ' . /K1 ,X + N', )( =0

i

kJNsA2e Q -s $'
'

.w-

John henry associates ine -

- _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ . . . _ . , _ _ _ _ _ . - _ . _ _ . . . _ . - - . . .. -



. . .. ..:, + = =._.
_- - - . - . . . - - .

- . - -
-

.. _7. .---

cv. E E.M. OAT 3/.E.d. /g
JoMO.......Z.... _ ._ CHK DMD ATE .N 72..Yu'aku '

. . . . . . . .-
i

0$$lintg X = d UM u.>e & + 2 M tu ,-t-e

d 2 ' t =. o , k=U

Ve
.:ro. X= - h' ede C

- w,
*/ e e

N+> 7) >f = - Vo We % l*J .1**e

= Vo LQ USCELM2 A T*/CM Of 2/$cg
MAY

,

'4}'r
-Ke' /./ 7 x i o ' /LU _- -g
As< , 0 9 I b~b~

/d : 303O,,/ /24 o/sge,d

ClO$ th/6; //5l ed / r y C ,C* D/ Sc.

7"~e 7Wt 5 rQ A / ^/ /2 ^/ 62 6y /N D /$( 4HO1

Di e c. S an r.

E = E, + G, = 2 s s ' + . 4 + z 4 0 3 z
,

Y
t

[/ 8i[. Y '
*~~T*

r

E=1MV)*r 2

- . .

em

bJ
john henry associates inc.

.- - . . - _ . .-. -. . . . . . . .-_-- - - . - . - - - . - . - - - . .. .-



, -

cv...IS$OAix.3/Zi/S. |f
mw n DM4 oire hs.9- M.. 8e Z . . 2.IMd.d.. ..Jon no.

O
/V/= M, + Mp j 2 -i2.312.r"

& = /. rr ''

/v/,= dis c MA s 3 %='2*3 YA'

M ,= caaireta Pos r- #14 ss..:

.

~

V/e% $ = . 6 /// n- s */s./t/), =
- 9
_

+f .

'

iv>, = . s4 0 s a-qu

/W = . G r/ 4 e- 5*/1'

..

.

/tw o (excien.4) '-
-

y#
.

-
'

( & cl4-)

(::.396.o2'f5 (0K E L ~2 A'/* sec

ps e e wa s rien o a vise. (rew s une.v .a ccat. )-

/,20 6, 04/ Y fS'= Vo We=
; M41

V

john henry associates inc.

.. _.- -. - _. - _ . . _ . . . _ _ _ . . . _ . . _ _ - . _ . . . - . _ _ ... _ _ _



. . . . _ . . _ . _ _ _ -

..c ,
_ _,

ev..Zde.. om .3LGl@d gg*3
7 9-/3e-ana.DM. oaki v e ,w

Q (nm e as e,-c)3.3 Mn e va ua rven

7e0 paa rie s ec sen (n-au , wes)

,,

[ eD=4 .

y-a w , ,. , ' -

6 Iii*

/'C +- I i .

{ t Z. $ 4 W 3h"

aj,- s---

Y ,,
.

>1
- n -

|).&/+$$ hie m G H T 6 t=
Cn, <

$M U /C r/ M . A80llY ,

(7"r, C /~ EC 7'>3 7/C M "y *
*

'

O e '
'

_q= g n M +g) g-3 - i ''-

e- -

im,= f(a,, - ob)L. g
'

m:
4tt ::: 25".727

f
\E./~ @2..

Z - % 039 tt-tw
I

I
A /, [ ,8 /, = /O . .7 f* *'

NL ::*

<

Anar.; A.= @(r.our)4)(W.Gis) ,,
,

) 4: S*. f*/o 2 $* $ E
P W./ - Md' ~7

.

~

T*

Q n% = /6. s s z

john henry associates Inc.
.

.

- ,em-- ,r-e er.-=>w-=--a.,-e, ..g-.- ~ . . . - - ,-r,,---eer e- ,m w e ,--ne -,,v., ,-m,rrw-,,,r,non -we r-- --m-g -- --,w- r-~-



w - - - = _ _- . - w : .. ._

ov..c7P-d.dearsf/2/l.M. 3y 1/
: m =.D^ & m w & l.t * *.. ??T@.@........: = = n =.

,,

/2

0 f= x'd n d >-
2 x+:

:-- - - - -

,

dest = A -$ &
e 2.

Ag ! =^? ie - i.co zs *f=))><*dy
s

=
z 3 25

/ato W'

Z: 164.46 # S''
&

ni
-

. i<I
I

3

b 44t,= (p,*- DI) L f ; L = s. c''

M,= | A . I 'I *

U
r -- [14.17)(It.5[
*I= mt.,

3 5

I = 2 '7 71. /6-
a

3

[%I *
o

i

T~ = 3 92 9. 4 7 d U
"O

.

&= r '=ess"-

m .

O
john henry associates inc.

. .. . .. .. .- - -. . . . . - . - - - . . . . .



. ._._

| cv...M.6'. un .M2!de 22
.cmMk. un .w.v. .9.e. E. 3 m n o. 2.2.:M9..............

|

|

D 7)ise clossw q Vauc i rv v = sz. 2 "o

M ;r= M.e"ai = r

.3"2'' Z X /2. 2 7. S' 24D SMc* 144) = :
/ +, ,r

D/SC /9A2M JE N E A?'& y & r ens r n-a r o );'
.

Z~'?/PAQc 7~ U
1

-

z s -.

2.

4' =-(i)('9 z 1,&r)(27,s)
,

O u- se4s a-#

.

N = SA pro s e A' $ypA r/e 1t p

4. ~ ---4,1$4/

A2 = 9. i & =
6x a e<:

,;

| ,( I4 r'' J'

[ Nt c re,u n c. G,v s,2 & y g g

l &J6 (, . /+-

.

5,= Q M|dx + gfr M,*dx
o o

M =- >2 v j M,= e, x
O z z

John henry associates inc.,

! i

| !
- .. - - -- . . _ _ _ _ _ _ _ _ _ _ _ _ _ - _



E

cr..?EN. oars El%. 825
3

c H K D. U.b. D ATE .h.".I.D. .O. JM*t N O. ..... .. .. .

s .3c,, 6. i +

L 2, Y 2, Y+
E : zar s a

o e a

,5 z ,,
&& ( f W. & 2, j D 'WI

4

I = /htm ///s m . o F ZNEiz7/A
.

'A' * b.
..

,; .

}| /o(2.oss)(2.o w) t 6x. e n)(.s7r) _ _ ._ . _

" e.' =g=< .

(2, o ss) + @)( s 7s)

e!
L1 - . c. s- 8 3

O vo 1. 2.

G y , ('W2. ORsk t'2, e ocX24 .csss) + (4 %s7d, @x,e7s)(css 3 .9w)
Vz3 .c 17-)

1~ = /. 4 / 4 9 M

&=(2,34%YdhE +(1,5047xid')R *
z

/2,= j'f)F =(.s77)f
''''/2 = - p'=(.42:)F'

z
/ 4.. r

-7-7 z
E = 9. 74 9 c vio P + 5 3&& 9xto P

o

*G E
V E, = /.53 / b y to P.

john henry associates inc.

. _ , .-. . - . - . _. - - . . - . . - -. -



- . - . . - . - . - . - . - . . - .

i av.fS.d. oar .M@[$
Lesso.DMtcoartmYd,Y.,ff. 83 son n o. .....Z.f-M.R.... .... 2

._

'n E, = Uq) Ano

1 2-

/.S3/4 x/o JF .= 3 94 3
se

P '= 6~00 9 / .

.

tt *

2 :::. 266G 0
/

tt

#: 2. / .2 / /.,

Zqi
)

Mit)( , STRESS /Lt /93 M

= ('es 86cb.14) {/.4o7)tu c.q
O z (l.Atts9)

.- .

~

T=:. / 7@ o4 7 P-s 2 (Tiu = 3 + /6 o ps 4)

}//El V /MS 7*.d M E s PLHCE
,

'

APP 2ey/mn75 Pln s ric S t r''A-i a

*E=T s ' IO -=. ,, 6 0 $ra.4 t|t/ 7(e 6 4 7:
-=.t

! E 2 9,2c x to
! ,

7~lli$ A M C l't A!7~ d/= Pl A $r/ C $fQ/g g

M CEP7*h5t45,

O
john henry associates inc.

. . . _ __ _ _ _ _ _ _ . _ . - . - _ . _ . _ _ _ . . _ _ . _ _ _ . _ . . ._



% _
. . _ . . _,

C Y. . . ..DATE.. 7 yg.

,Bx 6 yy. V- t y ''d in un

0 24 Sh'A M 7 2 VA w ++ rto kt (20 3 2 f'- 8')
mar 2: s.s. -sio , 5 = ee ce e ma
4 0H O ,f'26/n D 16 C A ,e M (G 2Cn 3. 3 )

^R = 2 / 2. / /

'

.

.

i-
'

p = 2._n
,, er,

e-

y.

tn

I)
~ ' 'i i - -

r; -: a 1.-- @,

" f j ''_ / f *pjp3 ==

f ef VM.mr
_4 t.
'

O
S,HG & AE. ~$~t*R G S 2 (72 4 H S VE2 3)

f

'
22.

q= a=2.4oe a= .

'A

% = + 409 Pse- (%g= 48'6, eeP ***)
'

05 HD /H $ S r tE26 s

f = _ lIY +=,46L*Il1 C o

/2's \ EzI 5 ,[{) yc = . s 7 c ,, M=
,

,

K = /q69 7 psi (T = BO OM PS d)

john henry associates inc..

_. _ - _ ___ . - . _ - - - _ . . . . _ . ~ . _ . _ __._ _



_ _ _ . . .m. . _ . _ . .- _ - - - - -

_

~~

[ ni'$IS d4 . 2..fr d..E..9 ;o. n o.

)

0 732s to +t 6 * rNE SN A f 7 Z742 7~o

A7m cyuu para 19eEs saae

Nf, = f 3 % 7 , L - n
|
|

|

12

E=W = 920
*'#b [-: f=.S?S' -

) ) P 322 Z,
'T

|_ 0 = 5) 000 Ps E1
'

i

<| (= 456007S5 ,

:-

$d/gN7f/E D/H Q /AME SACK

T f/000O E= = - ssy,

& / /. 2 6~NO

J

9

I

.

O
John henry associates inc.t

.. .
.

.. ___ - _ - _ _ _ _ _ _ -__ _____ _ - - _ - _ _ _ _ _ _ _ _ _ _ . -



- - '

: = ._.. =-_._.,._ . - - _ _ ,;;. ,. ., , - _ ~ .

- CHK3,kU.h. D AT E.,N.~.2.I.~..b.kav. M .M. o4r N27/T y
7 9 ~ /3BJ 23. N ^

0 3. S* A?in CyLinosa (& "p/A. )

|

N/N G 7~/C $ 6 /;" J,5 / 2 d' t,/t_ pH O g g ,
,

|
7~#rws t ef Pi s von Ee o j

.

' rh
% R

Y*)
.. p.(Vs

3|, z/ <r W''?*
*

% sa.
p /'

9 N ,

B

O .

(Di:sc i+Rm
~

f l. epw,ve c

%

rdo z.- ct es e o
rIf0

9'4

(+ y : A+E ' "~

.4-: 9. 2 s* , Ii'- 9. c6 z o''

n >

[=A+B- .A * - 2 *(/- f)2 ,
--

fi
_

( = /3. 9's/ - 7. 7048
//

5 = 6. on

John henry associates inc.

_ _ _ . , - _ _ _ _ - - _ - _ . _ . . . . . _ _ _ - . _ . . . _ _ _ . _ . .. . ._ _



. . ;.;;-
. . . . . . - . ... . . . _ . . _ . . . . , .

[ .k. . . . . dcy.. . .DATE I' g
~nDM6on &!1-k m n o . . . . If.~. .@.8. . . . . . . ..

O
A N A /- Y S ts 6 /~ A/2 C vl.i uosra .32i e i- P2't ea

77) Z?/sc 54 4 /nMInd .

6'l 7~ue'e 2o/f+M

T/+2 d e ao p 2 2 3 5, 5 0
#

t/si.aivra ( / f * &Iuau q '

k ay nzM) /$ CGAGO U __ ons
; t

. ?. C/;*f, AJ /D 7~H-R' 7~
'

- D+
4 oo. B7'M G A / 2. DOBS '

,( n.t=.z s '
#e. | I

' N o J~ N A t/ E 7 tm & .( 4 cesto

o To PaessaerzetY
7pg 2/.4." Co ppe e {_ , , B (20 t 94 - A

f"

72'B /H G , 7'~h'/S /$
'

GS A./ St'D2- V A- 7"/ t/E U) I 7"M 224 *4RD 7~o T'M E

A 1~d 6 5C y L./ F i O g g T~u G 2 . DGP&H O/e4 CH 7~H-2 f
"

3/'4 ruerug n.rrn au a o rs 78e /.s eu en
Pd n r'E 7~/+E peessuse Basu o se Lass

TN n n 5 0,7 s ;c re s CA& dat e rm o P M usu ee:e
,

/H YH 2 C.yl./HOGe Tites",

ys w m g : Vo = A . (4. 0 4 6, + /. M.)

y = ,e (7. G 7!)
C,.

john henry associates inc.

- _ _ . . _ _ _ . _ _ . . _ - . . . _ . . _ . . _ _ . _ _ _ _ _ _. - _ _ .



_

-
_ =a = .

DY .. DATE 4. . ,

..f **.!k$..cHKD 5 .$u~DA15 4T.WT$$ JoD No.

O
V

V = A (/, c.zo-)
5

%- : 4. 7204
Vg

I. +

=8 g = /4. 7 + 80 = 91,7 Psi &'~

I,4
-

f+ * (V Y' 7)(Y'IEOS)
*

.
,

g=83/.7Psh

A f :- f - I4, 7

sp = sic. n esa (com nas,,o~ u,).w e

0 * 3( t- v ')
449 blM* j pSzo 2

2 (s

r . 3.o "
-

t=.ze"

/V), = / 9 S. 4 k -M
iii Ap 5

,

v.= " = n eco psi \ 1 m. |-

*' !O .

Q =30,000 p s c.

John henry associates inc.

1

|
-. , . . _ . . . -, . . . _ . , . . _ . . . _ , , , . . . . _ . . , _ ..._._-.m...~..., _ _ . . . . . . _ - . _ . . . _ - _ __ -



, .-
. _

|

ov-2R.6'...ov..W.(d.e 3O I

._ _.c m a & L t o4ve 9:- m . 9
J, $~ m so. ... 2f ,gsg ,,,,,,,,,

O p* |
C/ '

5 4'C K U N S of P/s res./ Rep
me

* 7 !
P = 7r a r 4ce -

.-|

E = 2 9 w e '' psi

, li ?G4, W Uh I

[" :.
'I + d 1. z c"

, 3
--

l

-
g, = 71~*(y f vd)(. ii 9 e+) I(!7, /2c)'- I.e

3: ,,

,

,

pe,,=//gyco '[* >
__4 _j '*

& P*
C P = 23e78 (see pf. 5 i)
v en

.

,

u )

John henry associates inc.

_. . - - . - - . _-.-_ - ._- ,_.- - _ _ . . . - _ - -. , ..



^p= . . . . . . . .. - . . - -

cy... zed...nar If/fde. J/___ctmph&toar W.W.:..Es S c- 2 22 n a. . .. 2.f.r. 2 ..@.... ....

O P/$7 on/ Roc (t+ we -s)
Ee s ue.r w y-
50Pce F

r K

SPP/NG F=etza G N nc
.

CLo $ 20 Pos i rio u _ g,,,g,"_

F = 440 * '

#
|

Spang

PEG SS. F~e Pc E.;

<} (
I = 7f r j f = 95/,7 ySie V3

, c<osaro

f: 2 3S/fo #p
h

O .

. .* o
S=f-F PEGSs, t~,oac cg p g

Pg = 23e 78 *

^? X i /? c 5 r,es,.ss-
#2 Sp _ '

V . _
-

A /, Z 3

9~=. / 6 7fo 3 p si

T = 30, 0 0* Ps'*

john hennj associates inc.

- - - - _ . . _- -. - - .. - . . . . - - . . . - _ . . - - ..



,
- -. -

O Y.. I. d N . O AT E . fNd
- -

cuno.DIA & ax,e m .!d 3 o~ .29-/3g.so2.n o.

('',

b /A//( f 20328 - Oh
FR

MM 'L ; 3rL , Co*7 2. V - !

_- __

m

I - -
,

B !.

~ || - ' ,,'
'

. -
'

#
y , .

i' % f~ ~

Q v s..rio"-

v
N /

-

FJp2 T..

se9 .

&
Pg = 2 3 0 78

a

$ t A26 5% /H S/H4L.s Meisteste

5 (es eye)
"

2 A ' (z p.e ry.a 7s)
_

V~= 2 4 &/ 6 to $$ (Q = 30, eco p si )

Baci< < in a o /~ '+7 a stiis se e
.

2 E.I E = 30 t/Wrsip" _ y ,

.2 * y //.2 p)G 377) = , ,,f g3 g
( l ~2. )

P , = 2 4 6 9 /, # Z = S.U ",c

| P = |t,s s 9 "
john henry associates inc.

, _ . . _ _ . _ . _ . _ _ . . _ _



.. . _

GY, . .DATE. f

a uan Dhd onn Wis-Go 5* O see no, ,,7f-US, , , ,,,
.

Ba.+a: sus &go niisso n ac.g s f Lin.e gr piu

P = l.GG T Ay y ; T= 3ao, see ps L (cornpie,)y

D t = ( . f3'/2F}(. 3 77) = . I 99 2A =

:

*
s j2 = } / 6S6

'

7t 7

[R // y 3 9
'

47c rre g4. Zog o /s =
Z..

,

$/,,,/ d6' H 7' $8d/ $ N /// 4 /3ff7" A/d
*

,; , ,

)!
I Of 7*N S 72ep Hic f~n / t u 2 M / c 4H r/C/ PA TK O

$/N CE M/ S 4040 /5 N67~ /^/ 7"*N E
'' r,

O/2EC 7~/ OM 7~d P4// 4, O ct r 7~M2

4 / N N 4e5 E 2. d'< c5 ,
i

P/H-SHana

f = ('s7) G = 3 / 3 6 o Ps A (V~ :: 6*x ee e p s a')u u
.

2

A = "+ = . / % U (Pw)P=C-2A -

s a >

|

"
| @ = /2 z s 9

,

F, - ft 63 9 *

O -

john henry associates inc.

,, -- - - - . , - - - . - . _ . _ . - . _ - - - - _ . .



M oeben

3r 7 9 . a e......
94 6 $-

w ,- 8-'es- _.=-

O /2VEte (20332-8)
p)47 't. | SrL,Co>HL,

.

.h

f 'I' *

is

fl n =3. o _ n.M ,' - '
g

(e.a.1s)

i. _ __ __
Y~ ,

4

O
\

\
. .-~8,

fe
//

Ar 4 = /, 6~

b :- 2, 6 7 " .

#
f -:: : /, If d'

/2
ri

fe e h5
_h Al (2*. H T k 5 $$ %

| 'w)

john henry associates inc .

|
. - . _- . - . _ - . _ - , . . _ _ .___ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _. . . . - _



._ . _ - -

/M f J|GY. ...DATE.

__CHKD.hb.$ DATE N!N ?.Hl b MNO- 7?-BB

//mir A/o m a r in L EVEie

K=36,ccc poi
//z

dM, = 2 9% b n -S-

E2g h/z y 3#

No=I } 1.{j
,

t b -

v i.|._. _

z. =
*

- .M.
., ~

fl 2 Ty -

N =. }o

bis = 534 e 7 L - e ,

Pp = 819 7 5 *

Sines. 7~H e L E rsae A ein is rHE

Lim ir/ws M) aman e /u ras ,L iste ns e

7~H.G Ase Cyi./u ca n M4s 7~o 3G L& N5 rN M o

rs amouee rue poaca e sec~g

oH 7"H A A & veEA2,
,

5
( C L d S G O P O S / 7~/ e H )Ep= $

~

C9/47,3 = ip - 440
0 f = ese 7 3 " |

+ p
John henry associates inc.

.

?'''ye-=T'r vp+y 'T''vt*ve-y 9 erm ew-y-s-' 'T -wmee''ygwre- gr-*mp--g-g-=+e-3 raw ty r -t-,. e---a-wew7es= mwe-w-e-1.-r-s--t +==-rv 'i-"-



d&E??? 3'u xan

o n, = en ; c= a.:

3 0 3. 7 P S E=

1

l

1. 4-
Ve

{ = f (2) j f), = 1+ 7 Pm ) 2=y

/o 4 h
. 2 = = 3, Z 0 7

Ion
._

if I
'4!

E = (3 , 2e 7)g /, +
/

'l

/2 = 2. 717

( S,o s s + .e.
2,297g =-

#.,

fs a o 4-6. + l = /2 -l

,
d. [E - /) = 4 , d4 G

x c i.2g 9)= 6.ns
"

a P 4.65

Gy ra u c r a t, in u sm o f A na cyc. ru ge

*

/3

AL=+.f4-/G26

4 L 'Ei 3. o "

O
john henry associates Inc.

- _ - - _ _ _ _ _ _ - _ _ _ _ _ _ __ _ ___ _ _ _ _ _ _ _ _ _ _ _ - _.



,. .__ . _ . _ _ _ _ . _ _ _ _

er.,2^EUom.4G.9.6.? 37-

JQB N O. .. . G..,.um E956 n.re9'/S- 9 'd **'

/~T
Q M /s los/ & Manae g 7ya do,goe ogr

A4d e7Ne.e A7 5 m a.,s.e s ef ?~Me 4 og

C)/t /NDER. 3ys7 arm,

i WGy ~ f(JM}/ 0N 44 VEA: 4 eH ,

.

.

I5

; As = ra * 7 A * r %
"2 .uq"

Me /de'

$ 5 1 9 2 a - si j\ ='
-

Oh S/4 /R /4 R E A

Az(37C|2,0)u ,78 Y
'

F,4 .

U~ = = 736 oc fo s
s A

& c. .

E* :. ? (/ t D) = / /, 5 >< / O
- f s t-

7560 , & 4 % SNenra S ren/kigi = =:.
/ / , 6' x / o '''

' b o &12 |/ G t O/Hsi; ~/~4 K G. S / /-. A Q. 5
'

Ho w e vse ir is 7~0t s ta n et a ,

O
john henry associates inc.

.. . - - . - . . . . . - - - - . . - _ . - . - - . . .- - _ . - - . --



. . _ .

,

APPENDIX A
. w,,,..

+
m i m.m ARNOLD GREENE TESTING LABORATORIES. I N C . .f .'

..

'
- ..u -

w, h. .
,

. . [. .["N EAST NATICK INDUSTRI Al PARK. 6 HURON ORIVE NATICK. MASS. 0t760 ?*
/

\ AREA CODE 617 * PHONEl 235 7330 * 653 5950 D 9,

DRANCH LABORATORIES:
...,,.....u.6.0... . . . . . . . . . . . . . ....66..,.,..,.,.. ..... .,.. . , , ,

..*,0.
0.,.,,.,0 . . n.. .....

i ,,
......... . .... . . . . . . s.0, . . . . . . . ..m............ ..s.........~,. .. . ..

. . I , .. . u.. ..
. . < . . . .. . . . . ...............o

.

TEST REPORT

TO O ' '*DAT8 MATintA'
/

/26 b /bb /Lk B 264#9goe so. mr so.

O bOM N 0180/; LAs, NO. $PECIFICAfl0Nei

['ATTi 0 ORDER N O. -

(D[Vd .5 5 / O n

spec.u fnen 1 spee, m e n 1 spumed " 2* *

LQAD b6 PLGCTIO.U LO.LLQ DC plE C M A) LO A D WWl0 N

I,310 .OI4 I5*000 . 0(c.,4 3, 000 .o32,

f3 2,C00 ,017 17,000 ,0 70 6,oco .oq 3

2, 'ioO ,o/9 19,o00 ,O N 9,000 .054
3 coo .oli 19 000 077 i 2,co o .o64

3, geo .02.2 20,000 . oso jf coo , a 7 c(-

024 Al,000 .083 2.0,000 .o88q goo

000 O2l 2 A. '* O '05 ? **O #'

oco .o30 2.5',000 092 M 000 .Il7

'
102 45000 ,130

7 coo .033 30> coo
'

9,000 041 3fC00 ' IIO- s*5' ccc .142

(1000 .049 M,000 .I11

1 000 O% H, ** *M Han|n+5 S S M th
#

|) [[ ) 1 cat*

$) $3 OQ

Ald! 60 J b cf C
''

uMLt.. .f ePukAf t e set welfiM4 8Y YOW. ALL .4.s.ht, webb .4 sif Ashte PG A .6 OAv. AMO f MEN Os.pc.A>L<... A-
40 07.

TMt. A8P0 A7 l. A440tm80 UPON TM4 COMoffl0M fMAT IT 1. Mof TO et m.pn00uct0 wwCLLY Oe IM PA#f Poe 40vtRTI.8NG AN0/Ca 0, pas
DumPO.4. Ov.s owr .somafust 04 SM CONN.CTION wifM OWS NAM 4 wifweWT owr .PECIAb P..hM. ON lM wes?iNo.

hNCESTRUCTivt TESTINQ: MAONAFLUX * 2VOLO * MILLION VOLT 4 LOW VOLT Aot X R AY * ULTR AsONIC FLAW OCTECTION * AUQlCACE
THlCMNESS MEAGUREMENT * 80RESCOPE * G AMM A.M AY * FILM IN T E R P R ET ATION 4 CONSULTATION

DESTRUCTlvt 7tsflNQ4 FAfiQUt TESTlHQ * METALLUROICAL INytsflG ATIONS ** W ET CNtMICAL AN ALY$la * S ALT $PR AY * ACIO ETCH
SPECTROGR APHIC AN ALYSIS * PROCE DU R E 4 WELDER CU ALIFIC ATION * I M P ACT * STR $$8 RUPTUMt * ROCMWELL
$UPERFICI AL * 3RINELL * MICRONARONgse * PHOTOMIC ROG R APHY * ATOMIC A e SORPTION ANALYS16 * AIR
AND WAf tR POLLU TION ANALYG18

, - - . , . _ . - - - . . - . . . , . - , - . . - . . . . - . - . . , , , .- -., . . . - . . . -



.-_ _. ..

L .- . . -

..... ",,
r..

M P R ASSOCIATES. INC.
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May 2, 1980 |
P-522 |

\

|

Mr. G. C. Withrow
Consumers Power Company ;

1945,W. Parnall Road
Jackson, Michigan 49201

Subject: Big Rock Point Nuclear Plant - Closure Forces
for' Containment Ventilation System Check Valve

References: (1) A&M Report 201-13938-00, " Evaluation of
Palisades Nuclear Plant Main Steam Isolation
Valve", August 12, 1976

(2) TR-3223-1 Rev 2, " Palisades Nuclear Plant,
Stress Calculations for Shaft for 30" MSIV",
Teledyne Materials Research, April 13, 1979

(3) JHA-79-131 Rev 2, " Shaft Analysis for
Faulted Condition of 30" Main Steam Stop
Valve", John Henry Associates, June 6, 1979

Dear Mr. Withrow:

.At your request, we have reviewed the stress analysis
of the A&M 24" check valve used in the Big Rock Point contain-
ment ventilation system described in the John Henry Associates
Report No. JHA-79-138 dated April 14, 1980.

i

Our review of the subject report indicates that the
report does not address a number of concerns which should be

.

considered in an evaluation of structural adequacy of the
check valve under slam conditions. For your convenience we
have listed in Tabic 1 the parts and loadings which should be
evaluated. Those items marked with an asterisk are not covered

|
in the subject report.

It should be noted that A&M reports of analysis of the
' Palisades Plant main steam isolation valves which are similar
to the Big Rock Point check valves cover the areas of concern
not covered by the John Henry Associates report (See refer-
ences 1, 2, and 3 above). We consider that these earlier
reports can provide a useful check list to the areas which
should be addressed in the analysis of the Big Rock Point
containment ventilation check valves.

WAsNrNoroN. D. C. 20036 202-659 2320
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Another deficiency in the subject report is the lack of
acceptance criteria which will assure operability of the valve
after the slam occurs. The report appears to be primarily
directed toward demonstrating structural integrity of the
valve, parts under slam conditions. We recommend that'A&M be
requested to specify the degree of permanent distortion of
the various parts of the valve and operator which can be
permitted without interfering with the ability to open and
close the valve with the operator and for the valve to maintain
leak ~ tight conditions.

In addition to the omissions noted in Table 1, and the
concerns discussed above, specific comments on the analyses
in the subject report are contained in Enclosure 1. We
recommend that A&M be requested to revise the purge valve
analyses to resolve the comments summarized in Enclosure 1
and the concerns discussed above.

In this regard, the. valve transient conditions needed
to perform these analyses will be included in the final draft-

of MPR Report 644, which should be provided to A&M when it
is available.

Please do not hesitate to contact us if there are any
questions concerning this letter or Enclosure 1.

Sincerely,

a

R. M. Weiner

;
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|Detailed Comments on John Henry * Report JHA-79-138

.

1. Page 10.- Disc strain due to impact on the seat '

The disc' strain calculation apparently assumes the disc
is built in at the disc post. Actually, the post is
threaded into the disc and seal welded. It appears the
" built-in" assumption is not realistic. Furthermore,
the strain ic. calculated in the disc, but no evaluation
is made of the weld which is at the point of highest
strain. The plastic strain calculation is made by
assuming that the elastic-plastic strain energy absorbed
at the point of highest strain is the same as the strain
energy calculated by the elastic analysis. This assump-
tion is not valid since it does not account for the re-
distribution of strain energy when a part of the disc
is plastic. The' result is an unconservatively low strain.
The loading model used for calculating disc strain
ignores the concentrated load from the disc post and
disc arm.

2. Page 11 - Disc energy

It is not clear that the cosine shape assumed for the
disc distortion is valid. It is not consistent with the
formula used for disc strain. The assumed deflection
and the strain energy formula are. based on elastic
analyses of the disc. Since the disc goes plastic, the

j energy calculation is not correct.
i

|

3. Page 19 - Disc velocity
.

The permitted disc velocity prior to impact is calculated
from the energy absorbed by the seat and disc. This

| calculation takes into consideration the translational
I kinetic energy of the disc, but does not account for the

rotational kinetic energy of the disc or any of the energy
of the disc arm.

| 4. Page 24 - Disc arm strain

The elastic strain is calculated. Plastic strain and
distortion should be calculated. The deceleration of the
end of the arm at the disc center could be used instead
of assuming a rigid impact.

|

|
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5. Page 26 - Shaft stresses

The shaft torsional moment is incorrect. The moment
used is the moment at the edge of the hub on the lever
arm; the moment about the shaft centerline should be
used. This-same comment applies to the shaft key analysis
on page 37. '

The shaft stresses from the operator forces should |
include the transverse shear and bending stresses. |

The shaft strain is calculated elastica 11y; the plastic
strain should be calculated. |

.

I

The strain concentration at the shaft keys should be
evaluated.

6. Pages 27-37 - Operator stresses

The operator analyses should include an evaluation of
shear and tension stresses at all the connections. In
addition, the additional compression of the air due to
overshoot of the operator parts when the disc slams
closed should be included in the analysis.

7. Page 33 - Operator pin shear

The value used for the force on the pin is one-half the
correct value.

.

I
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&' TABLE 1

Valve Parts and Loading Conditions
.

.

Prior to impact:

Parts Loading

Disc post * and arm * centrifugal force *, angular
acceleration *, pressure on

.

disc *
,

Operator acceleration of' operator
parts *, cylinder pressure,
spring-force

Shaft * combined forces from disc
arm * and operator

,

Efter Impact:

Parts Loading

Disc deceleration of disc and
arm *, pressure on disc *

deceleration of armArm

Operator deceleration of operator
parts *, cylinder pressure,

I
' spring force

Shaft and keys combined * forces from disc-

arm and operator *

* Parts and loadings not included in the A&M report.

.
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