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Lubrication degradation analysis of MOV Actuator's stem and stem

nut with operation period and stroke numbers
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Abstract

The torque generated in motor should be transferred to valve stem thrust for valve
operation of Motor Operated Valve(MOV), and there occurs friction loss in the gears
of actuator and so on. The grease is injected to minimize friction loss and the
performance of grease influences the performance of the valve.

This paper presents the analysis result of friction coefficient between the MOV
actuator’s stem and stem nut, which transfers the motor torque to the valve stem
thrust, with the wvalve operation periods and stroke numbers in power plant. The
purpose of this study is to see the degradation of the grease in the stem and stem
nut. The data of torque and thrust at the torque switch trip point used in this study
are obtained from the static test. It is difficult to separate the effects of operation
period and stroke times, so the combined effects of lubration degradation is
considered to evaluate friction coefficient of MOV actuator’s stem and stem nut.
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2= wpZ Al 0169 FE7]e 59 Y 2E 10s VIFoREste] Y= v
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(Notes 1 and 2)
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d > [ (0.96815 x tan @) + x|
SF(Stem Factor) = 24 x [0.96815 — (x« x tan a) ] [ 1]

d = Pitch Diameter = Stem Dia. - 0.5 x Stem Pitch
(For General ACME Pitch)
= Stem Dia. - 0.3 x Stem Pitch (For Stub ACME Pitch)
a = Thread Lead Angle (degree) = Stem Lead /( © X d )
u = thread friction coefficient(dimensionless)

T
Th = “SF._ (bh) (4 2]

Th : 28 2E, Tq: B2
SFi5 © 2§l #¥ (u=0.15)

o AR WME Y AT T 9 shAN, wkeF dxolu 3
Azel HAsA B3 HBHE ASSAY, LBFG WASA 2ol uBA fAF 3
Bz 4 238y Asol Astd Kol o3 wpEeo] Frtste] A A
ho] 5

0, s E TE] S WH AL
Hie &850 Aoy, FAA A5 dHA

o 4= General Letter 89-10°] ¢]3] 9 REFe@BEe] HAAVE 53
AA & 9T FaAdo] AAHJL, o9k #IHF ] H& ol die vhdst At
T3 gtk 1% EPRI (Electric Power Research Institute)ol X =3 ¥ &l Fto] A=

s
TSEFo AMg o ~RIAEIE A3 JfdEe] A8 2y 2EVE FUhsitE A3 9B
o] & Ao wel HFe F&EF Algo] WH AT g FasitE AT AHRE
HolFa g

F&fe dibH o g2 7] f(base o9} o= HEo HEeo} nYPAL /1A

=
A (gelling agent)®} Z2}E H7MAIZ FAd =0 St} o|F oAl base oilel °F 80 — 95%

ApAlskaL Atk &2 S e AEE VIFo®2 ASTM A 7lEdl oa &stal
=] 'Sr_‘ ] P

=, 7HE FEHE Sw9 000014 b degt 559 67hA R o] o, 2l
2 SHol AFEEAAdY. HA o] AR)/AHHE §2F= bR
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w9k gRelA £4o] Hi Wpe A3 &B AeA woh AFsA duF Bast
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23 2"/2RHE §8 AlF &4
231 8] A+ A
2.3.1.1 Electric Power Research Institute(EPRD| A ] A3 HIlA] &4

(D) A1 Ns

B R8PS VIS EPRINA RETEUR Ase 93 FE Wssd g3
A7 TzaRFe] e P8 Ao mepEuUne sd/sduE §3ge vz

3} ovhw S4e BokE Aol
B AT AE Wn g

(2) A A3 4
O YA 3| o W wp@AF
Az PAANFANA A vEAFE 0.108(INEBULA EP)oll A 0.221(RF Graphite)
2 vEhgon, g Ad i §8571 34 357t Bold s s wEAA ek Ao}
Ao 2709 &8F F7F(SRI, MOLY 101)+= 3A 3| F7 Wold 5 np&dAF7 S0}
stk mek Hx AT 5008 AT wpAASTRe] WIS Ha 1%, A 8% E
L ERSE T
Q@ 2¥-YE nfx
MOBILUX EP, MULTIFAK EP, LUBRILATE 930AA, MULTIMOTIVE,
DARINA EP PLUS ADDITIVES, POLYUREA PLUS ADDITIVES: wx 7} #A el
= S22 H7HE Q. SRl NEVER-SEEZ 165, 160, RF GRAPHITE: wlR7F =17
HeluE 8342 Fr7E A
@ 2y 2Ed wg w4 W3l
2?2 ~AE 2000lbs o]l AE A How el AE ZFVHA ulZAFE ZFUhEE
Ao FE Yelytil, 2e]~E 2000lbs o]dtoll A= Al A o2 2 2E FIHA] mpEAlFE
ks Ao 2 e
T x7] FGolA wtEA G kel A UEsi o,
37 3ol wE wpEAAF Wse AA YElwa, ~FHES] ulE % graphite’} $-FF

2218 A3} bronze particles©]
AzZysk o] Az 4 gghA

2.3.1.2 Atomic Energy of Canada Limited(AECL)olA12] A3 H A 224

(D) A1 Nsa



1995 Ay} dae] 8302 MOVel AH8-5+= HAo &&FE A7 9
3t A7 AECLE] Chalk River Lab.ol A A]2He] =], ] A ANyt oAl AL
L5 e M gxAd &8F 6F(Nebula EP-1, Mobilux EP-1, Mobilux EP-2,
Unirex EP-1, Unirex EP-2, Cor-tek MOV+)ell tha] &d4 4 37 (thermal aging,
dust, radiation, moisture &)= &3t T B7F AP E TS

E 31 AR KBGO 54
B Oil NLGI NLGI
ase MVl Grade Estimated
Type : EP Grade .
Grease | Manufacturer ) ) .. (Grease Life
viscosity | Additives | (Unaged
. Aged 5 (Years.)
(at 40C) Grease)
Years)
Mobil
OBIX |\ ohil Oil | Mineral:170| Zn, P, CI| 1%, 15+ | 000 9
EP-1
Mobil
ObIUX | il Oil | Mineral:170| Zn, P, C1| 2%, 3w 0 4
EP-2
Nebul
chula Exxon Mineral:96 none 1, 1.5%x% 55 14
EP-1
Unirex .
Esso Mineral:220| Zn, P 1 0 5
EP-1
Unirex .
Esso Mineral:220| Zn, P 2 15 5
EP-2
~tek
Cor e Witco | Mineral:182| Zn, P 9 3 5
MOV +

* Manufacturer specifications
#% Test values on lots received

2 ANg 247 24 9 §2F 45 37t
O %357A &2(Unaged) &
@b Mobilux EP-1 A &4 3}
WME A YA e H R A E 0141 (test #1), 0.14(test #2)0] 3, AXEA] vz
Al 0126, 013301, sA 2704 A RGA] et v A= 0.141, 0.137¢] ).
@ Mobilux EP-2 A] &4 3}
Mobilux EP-1¢] Az} fAFSHA e
@ 59 :=3l¥l(Aged) &&F2 A 2
8F%<k 120C ¢ ovenollA H#E 1 10Mrade WAlsol
(o] &&F+= 40-60C AelolA 55t LA SdFe 5L
&5 AFESER o, Aged &7} unaged &R P
fo] B Ao g eyt
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¥ 3-2 w35 % & (Unaged) &89 A 84w
Mobilux | Mobilux | Nebula Unirex Unirex Cor—tek
EP-1 EP-2 | EP-1 EP-1 EP-2 MOV
Average
u(seating) over 8-%?1(1) 0139 | 0.140 8}?@ 0.145 8-}28
250 closures : : :
Average
0.141 0.138 0.134
%gﬁfc’ioggfers 0137 | O34 | 046 | 937 | 0142 0.141
Average
u(unseat.) over 8%@ 0138 | 0.120 8}%8 0.133 8‘1)82
250 openings ’ ’ '
Al due to
. 0.018 0.029 0.023
Vl;)&demcgy gl?r?g 0.022 0.027 0.043 0.030 0.023 0.027
ANl at unseating
over 250 8-8%‘51 0018 | 0.050 8-8}% 0.030 8-8‘112
openings ) ) )
AThrust at
reference. torque | 5.5% 4.8% 4.9%
of 180Nm over | 6.3% 6.6% 19% 2.9% 6.6% 3.8%
250 closures
¥ 3-3 549 =39 (Aged) &9 A E Ay}
Mobilux | Mobilux | Nebula Unirex Unirex Cor—tek
EP-1 EP-2 | EP-1 EP-1 EP-2 MOV
Average
. 0.143 0.136 0.148 0.155 0.149
”(ggagﬁl)%ﬁr‘ger 0130 | 0129 | OB | ¢gy53 | 0159 0.151
Average
0.138 0.140 0.151 0.156 0.148
“é(fgz)s‘ffrgg 0128 | 0136 | 919 | 353 | 0160 0.145
Average
0.139 0.136 0.142 0.144 0.125
“(gonf)eg‘etgmog"ser 0123 | 0137 | 908 | 0147 | 0144 0.133
Al due to
. 0.020 0.014 0.013 0.015 0.027
Vlgﬁvdemfy fﬁf L | 0015 | 0012 0.040 | g0 | 0024 0.030
Al at unseating | g 0.011 0.009 0.014 0.028
O%Ve(;rin%os 0005 | 0006 | 9920 1 9017 | 0005 0.016
AThrust at
reference. torque 3% 3.9% 6.3% 2.1% 3.5% 6.2%
of 180Nm over | 2.4% 31% 370 5% 49% 8.4%
50 closures
® A B A4S B4
A1 /R E KAHE 3REY, FY AW AL A
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E AFHAg A=)ste] opd o] #A& FdeAH
@p Dynamic mechanical analysis
5003 & AlES AHE AE #A 27 unaged Nebula EP-1, aged Nebula
EP-1, aged Cor-tek MOV &7 &A= hardening “JE|7} = Jqow, =] &



S-FEL softening AE7F ¥ Ak
D Deleterious particle test (ASTM D1404)

ME A)PE fHE F23F Al5d ds 2" 2 AdyEzREH Eojue
particle2 #2413 A3 RE Alg A SZFolA A4 Ao & particled 2AH

:
A gggkom, A/~ RE 4% npRyt DR A e FHoR2 YERT
© Microscopic evaluation of wear debris
Alm GAoll ik B8 A E F337] (atomic emission spectroscopy)E A}
A% Ay 25 Alg 3 S84 zine, copper, aluminium, iron®] 7%
A& C86300bronze® A|2t¥l ~®lHEC] mpio] o Aow FH ],

WAL AdAE 23

A EARE Bkl REHTEUEY AF/AFUE §3F9

¥ WBol §38-f= MOBILUX EPORA A& Ao %7 @ ~ely ~E
testE T3}

AR A e 7%= 34 ~ 44°C(93 - 112°F)ola, B web tief 2

= 143 A% &% o, WEY FE7]o] A ou e REAdE

S Ao A 2 A as found testE 33 Aapol vl wEA 3}

32 Al A¥ 24
321 Ald A

3211 WE A B FHxH

Ao ALgE wlB o] AP} G AdHolA WEFH] HFAL o9 (%
3-4)¢} Zow FE7)E RF Limitorquerle] SMBTE7]E A&ttt 410 Ag#
WBo 3t BAS YA v=d A XA Y 1ES Aol HES] Bttt

APARE AT A3 ge aFWAN AF A5 BohASE naAFy
[e)

= =
A %Y B IFdAME 24 357 B A 7]|7ke]

o AASE] ATt E AL % F 9

Ag7) <ol ANG Wue 28 Ay hAAFE 2AH5Y 109 Fopel
e askAm 2Agg] ol g5l e Wrel wstel WA EAFFe] e C
§9 WuE 29 AYs AAF} Fobse @Yoz ey



wo ] g [ A
L= [Rez] @‘E :,1E7] A A | A A %E % ~] L | AaELe | ZR2F %Zﬂﬂﬂ
=— O Z]Z,]'/\ €] =170 =170 (231W£7) T LoE | AT (7 OJ):I::I:
It | am |7 o) | ) e
Al | Westinghouse| SMBO00 12 11.25 GRS 34 10.026 7 14
A2 | Westinghouse| SMB1 10 2.00 CIRS 34 10.026 14 31
Bl | Westinghouse| SMBO00O 8 |1.25 95 36 10.017 2 16
B2 | AnchorDaring| SMBO00 10 |1.375 9] F 36 |0.0002 14 31
=]
Cl | Westinghouse|SMB000 | 3 [1.125 i};ﬂ ;u_: ) 42 10.13 5 31
=)
C2 | AnchorDaring | SMBO0 4 [1.25 219 ;; ol 42 10.13 5 31
D | Westinghouse| SMBO000 | 3 |1.125 - 44 10.0006 2 16

¥ 12F AlFAL9] as left A1EF 22 Al A9 as found Al @74 =% 314
wx 12} Al A9 as left Al 22 AJFA]9] as found A1 @7FA 2] B A A7 S
o3 257] oA AN = REANY] 7|1S £33 7)7HS ¢

322 A3 &4

EPRIS] 9ol At Aagel Wn eda4ee] oy 2% 2460 80F)A o
o NY WA SRR AR H5T BOlALEE wAASGE Aol Aow et
W, AECLOIA 9178 A E3 457 27hee] weh win sgs 29 e ua

Algko]l #HasteE Aoz yelyktl. AECLOl A= unaged &89 aged &&rol thdh
ATE TR oY, 5484 unaged FE7F aged &0 A A HlaL A= o
Fo] A 2] ekt

13 A9 23} A% ok 2 4

B3 (Y 2E|~EAE| B | 2Y2E |[~99E| 1% 23}

olN
iy

Al 110.13| 7068.0f 0.0156| 103.0 6715.0| 0.0153 0.142 0.136 -0.005

A2 295.00| 16113.0| 0.0183| 184.3| 12242.6| 0.0151 0.144 0.104 -0.040

Bl 3820 2489.0| 0.0153 38.0 2489.0| 0.0153 0.137 0.135 -0.002

B2 112.32| 6463.0| 0.0174| 111.2| 11429.3| 0.0097 0.261 0.119 -0.142

Cl 60.20| 4562.0| 0.0132 60.1 414441 0.0145 0.151 0.181 0.030

C2 111.30| 11998.01 0.0093| 109.3 9620.3| 0.0114| 0.134| 0.176 0.042

D 7156 6751.0[ 0.0115 71.0 7266.0| 0.0098 0.111 0.071 -0.040
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