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Abstract: The purpose of this study is to estimate the packing friction of power-operated valve in nuclear
power plants. The roll of packing in valve is preventing leakage through stem. Packing friction is highly
depend on gland nut tightness which means higher reliability in sealing is lower operability. For the
estimation of friction, we used statistical analysis and experimental analysis. In experimental approach, we
have performed packing fY test and applied it to valve field test. In statistical approach, we have used 10
years DB of safety-related valve in nuclear power plant and analyzed packing friction based on confidence
interval of sample. The comparison of two results shows that statistical analysis for packing friction are more
accurate than fY analysis even though both approach have error compared to measured value but we
confirmed that statistical approach is proper way to estimate packing friction.
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Fig. 4 Packing consolidation by stroke-retorque

m > g

jo o ki

i rlo oL
av)
>
s}
>,
=y
oY

ral
Lo
o
o
=
i -
™
2
—0|L

Ir
N

o
H (o

As Found A
A Aol
[e]

z (r rlo Ho
e

oA O o og® > & oo O g R > ot
<4 o oY .
)
ofl ML
I
tlo
N,
M
|o
i
ob
32
o
H
[\)
oty
o,
z
—
(¢}
=

oz

r

e

N

N

ol

o

g

e oo

[¥ ox

= A% F3r WS-



1056

o

HAANEE T35t
ZHA AL glen #

FPack, Open FPack, Close

FDisk Weight

FDisk Weight

Fig. 5 Friction force of valve operation

d

B sklvk e s vt

o 2gle] A% wld A lo} v

wolele WaEsta v oA 29 A
2 uro] 28 vl A4 vpaEew W
EIEREE

FP{L(;k,Opcn = FP{L(:k + FDisk Weight

FPack,Close = F})(LL"C_ FDisk Weight (1)

FPack, Open + FPa(’,kA, Close

F Pack —

)= #F¥ol 78,
2~ ¥l (Non-rotating rising stem) 4 H 9]

& dFse APz dHA gl

d&ge 2= UE B30}
°

rl

BE)

Fppr = SyXn XD X HX fY 2)

7= 3)

P
oot

(98]
o
El
_=
N

offl

)

-

olft 0.
)

(z

N ng

i

O
< ¢ 2

U m%

z

rir

£

oY

(e]

o

=)

B

)

d

0%
ae)

2 o ofn A
> MZ g

©
>
A

N
b

18
)
d
g

Crlo

o
ol

» g

T

oZ, o
m rl

=

o

|
l

o]#13l
LEPHAL Ho] 7 93
w4l oA "t ojd ol
TolME B ARG oid 9%
3t7] fjske] Wu7} s o
b Apstel gl BEdlA AEe
My g Py ikl Fgste] wlolHE
Acy. Wy yygrzie] AL w7 v
ogt JxE wadrh AuE e
AAY 3 s2E ads UeuA s

g 9l5te] Fig 69 e AAE 29
o] zZpol7k 5% o7k d wAA Ha 53
FYF FHYES 33 v AAsto] viA
& ZAsAT fy 54 Aol

offf |» of

>

=2
of
o
o
(ot

ol

2 >z iz £

o

)

S

o

)

Ot

o
B
e 2
e

0o 2 T F o

M & oao = of & (8 M 2 o0 o2 2

% do v 3@

L VA A o

oY
o
(

i

o o1>_‘, i)

Asrgod @ AgeAs
2EFQ AolA Ho] o]

33 dEgA 7y

fy 8495 et Fig 79 22 A FAE
Azpeteih, Fds ~EE gde] ~EH Q] AolX
& FEeke] s SHe gekal W vhEE S
AS 95kl AEle] A~EYQ AlolA S HAsitt
B3 AAE o]gste] s HE x9S 35t
of 29 EA%S SASIH &8 s 9% o
& 2aS ARl 5

7%= mEIALS] L120
1 A

Z(MOVIDS)E A}-g-3lo] wiH

HE AEE FH53Eih

op
)

Ir
)

4 WY opEEo] SAN 24
B ATlAE A Y wEY 52 913



ox,
o
offt
rot
d
o
o, M
R
2
I[N
I
ol
> N

20
it ofo
= ol
z 32
o=y
I ]

2 ol
T
T

30 ©
s
U

Z
~
Il
—_
(=
(=
S
S
~

T
o
pacs
o
2
o

S
lo,
ok
i
rlo
2o
2
>

z MU ol
_0|L

Mo
0, i My

2 o
RO (A= 2
L o ad
N
-0, %m k) -+
> 2 Jo
- >
01:0 = - —_
o s E o

(]
I & —OL - M=
oL ol rr & Iz
E ol 1
(o]
T 2
2,
oft
ol
b
X rlo

fo mj pe
5
X J
~ §
(i
o
e

444 A7teg
57wk

tel Hoktt.

8
o lo o

ol
g,
L,
||\

Ol
lal
o
o
T
L
1o
05
d

> ox |

RIS TR
o
o
)
il
N,
N

gél\‘[“_ﬁoﬁm

o T

Mo
N
BN
)

7HAA

— i
rlr
il
N

o H
Sar glow] AA 24

=<
Aol WE FA BA &
3l [e)
o

S5 %2 97 gz FREe Fysgon
2500 = w7 WHo] A9 ko] FuEA oF
o} 7FdAA S A LUk

42 BAL 2B B2 olge ohe ©ol

ohiel Wow ARRE WrIIFA o
wns g BF L FAW Y BYL A
MBEg ggon, o5 udunel A9 47
3 EAFAY AT 43S AL WnE
oz 44 %L AYsHArh 4R B
A QAEAG delelule] o)A My Ay R B

nhe o

|\

of sk A+ 1057

i

‘Step 1: Adjust gland nut to get target gland stress ‘
i
‘Step 2 : Check the stress identity of both studs ‘

a

‘Step 3 : One additional stroke ‘

o

Step 4 : Check the gland stress difference between
after and before stroke

a

‘Step 5 : Gland stress difference should be under 5%

Fig. 6 Packing consolidation procedure
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MPa(=3000 psi) & 27.6 MPa(=4000 psi)= -3}
of A3S Fdon HF 589 Ag I
o A

A= 32 345 MPa (=5000 psi)
oA st ¢l dHelHE FH53FTE Table 394

auje] FHE 2HE 258 MPa® 3l g A
Aol FW= 28 26,6 MPak thE °F7 7431
o WEl"e] gl s A A A" 5
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Table 1 Result of hypothesis testing

P Value
Class Single Packing Double Packing
As As As As
Found Left Found Left

150 <0.005 <0.005 <0.005 <0.005

300 0.686 0.239 0.060 0.026

600 <0.005 <0.005 0.924 0.359

900 <0.005 <0.005 <0.005 <0.005

1500 0.262 0.916 <0.005 <0.005

2500 N/A N/A 0.075 0.334
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Table 2 Test packing specification

Valve|Packing St?m Stufﬁr.lg Rlng Stud.
Dia. |BoxDia. N Height N Dia
No | Type | [mm] [mm] | | [mm] | | [mm]
1 |Double| 44.45 | 60.33 | 8 | 63.5 | 2 [19.05
2 |Double| 44.45 | 60.33 | 8 | 63.5 | 2 [19.05
3 |Double| 44.45 | 60.33 | 8 | 63.5 | 2 [19.05
4 |Double| 47.63 | 66.68 | 8 | 76.2 | 2 |19.05
5 |Double| 28.58 | 41.28 | 8 | 50.8 | 2 |15.88
6 |Double| 63.50 | 82.55 | 8 | 76.2 | 2 [28.58
7 Single | 38.00 | 57.99 | 6 | 54.10 | 2 | 19.99
8 Single | 22.00 | 32.00 | 5 | 23.88 | 2 |10.01
Table 3 Maximum fY test result
Gland Stress Measured
Type | RiNg after Value
YP€ | No. |Consolidation |Gland Stress v
[MPa] [MPa]
Double | 8 26.6 25.8 0.01429
Single 6 20.0 18.9 0.01178
Single 5 34.2 33.0 0.02016

Table 4 Result of valve friction estimation

Estimation Estimation using
Valve| using Confidence Interval [N]

No | fY Test |Sample| C.I Cl Mean

[N] Size | Lower | Upper
1 3797.0 65 | 7979.7 | 9501.0 | 8740.3
2 3797.0 65 7979.7 | 9501.0 | 8740.3
3 3797.0 65 | 7979.7 | 9501.0 | 8740.3
4 4610.6 69 |10725.1|13723.2|12223.7
5 1917.2 | 270 | 5969.1 | 6450.8 | 6209.7
6 5990.2 41 |11336.3]15700.0 | 13518.1
7 2499.7 63 | 53254 | 6429.5 | 5877.9
8 658.3 92 | 2578.6 | 3033.2 | 2805.9
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