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Abstract: The reliability of hydraulic equipment used in power plants is especially important because failures that
occur in the power plant can have a great ripple effect on human lives and financial losses. In this study, specimens
using the materials used in the spool and sleeve of hydraulic valves of power plants have been produced, heat-treated,
and tested under the precipitation conditions of phosphate ester hydraulic fluid with a variety of conditions. 23 full
factorial designs have been applied to evaluate the significance of factors that affect the wear loss of the specimen,
specifically, the load, velocity, and temperature. The significance evaluation was performed on the main effects and
two-way interactions for wear loss based on the experiment results, and the mathematical equations between the wear
loss and the three factors were derived from the analysis results.

ester) Al€ 9 Fyrquel EHC < AF§-gtc} 12} <l

M =
LM E Ko B 2AA] FAERT - HolA] 2
A 9 sERH A e 220 A"HEHA gl fFate] o ®m 7FHAS wW 54S
Aol et HAAA T flt] v JoHE Wazstar ok wepbA dxsEddA s 28 2
S ARE3al QT) Fig. 13 o] A8 Aojwy A (EcoSafe oil)S 73] AR Fol Uty 19
T Aot MR AFoolH R FEEY adk (1800~ W =lle] dF 2Hak IdAFedE FdHtE
3600 rpm) 2.2 3| F = E{Rlolu W AlFe o f AE HAEIFYATN Fu47)7)e wmags
ol HAGS we HYY #}E WAE $sho Tt Ak a4 Fake Aot
Enlell THsE 298 54 Adsior st sl A T0E Fok AaE fLo) gage] A
2 w$ = APl ey oM AL EEE SACMe4s AlE TFE WHoR dA e
L= 71712 SALAE st QlstH o] 3 F Aot g 2 a2 §EAEH @A
2 9AA FEAE el Qlakell 2B 2 (phosphate R 548 AFssich AR 500§ #
§ o wEE Ik AEgRE 200 dE eAsteds oo U 58 @8R fAs] B $ael PvD
(2013.3.27.29,, AT WIE=E-. dpeko] gk GRS Frhekdt ol 0L
+ Corresponding Author, lyb662@kimm.re.kr oF FJx 4 mE o AHAdWoH LAE A|HE A
© 2013 The Korean Society of Mechanical Engineers ZAato] AA @ HAA wpE A npR ks H)




1184 o]-&-1

H{HFCD) : 0~3.5bar

Hydraulic servo actuator

i s o

Fig. 1 Flow diagram of turbine power control device

Wik Aol o] g0 {4 F2Z
¢l AISI 4340 o Eeb=rt dste] HAxds #
Al 7F2n], 2%, Pulse 39 AAE 1] E AT
W3l EHA(Electro-Hydrostatic actuator)-8- %+ 3
o] CiN utehe] &5 FFAA717] 98 Si g
of e wE 548 A0

= AFelAE Al@AZEY B8-S Folal, vt
o] s g5yl & HHAE Fod
F(spool)?} &3] H(sleeve) AAE AFE3Fe] AlH
A Zbgtrt. o] % Al|ES EA g F ik 2]
AL FHAs AT A AFgrt wepA
2 AT mRg Adae g9 13 U A9
Al@Adet vlask=d oA 7ol |
of wg mEwe zolE FAT F S

agla Ao mpREre JES F= QA
o1& A7kl qls) 2° ehd 29 4
= A&silen, 1dd A= o)
Lolth. AAANERY nfRH )
2 1A weAgoel gk o BrtE A
R ISR A RES EEshaat

gkt

!

)
o
_(‘){_ll
i N
>, fol
_\'1_1‘

2. U717 EAM 2 AlE R

o =x [= =}
21 7Y71712 §4

71719 Ase €988 7[AagY wo
2 gAE = ZIAEEASHe] dEEe vpEl
o WAE A, vpFo] AW v Frbste] H
oil film)e | gozH &HEHE A
el "k wek 471719 et o
AL Fol7] AsiME HA ] At wol" A
Av &&4AE i, wWolga59] Abgolt

Col1A - ATA

A 28 % dAE 8n, 53] e
gdet A7HAE et a8s JiAdskaL 9l
22 A" M2
& WAool mhEe] WA 28171

[e)

T pid
SCM 415 2 EZ(block) Al HS A2}, ¥HH
<8} 5Us AF<Q SUS 410 o2 F

HE Fig. 2 9F 2ol A#etgion, E5 Alde] A
7]+ 16W-10L-5H °]i, ¥ A|HAL X|& 40mm-F
Al 6mm ©] T}

ANEgEfre HAT v=olA A8 ed= N
wh¥l EcoSafe EHC 46 & AMg3dtglon, B84 &
e Table 1 ¥ i 2wzl g Hr W3l

= Fig. 4 o &t}

23 Al

vh R Al YH]) = Figo 3 3 o] -t
(pin on disc) A¥, E5-%(block on ring) A %
9} 5 (reciprocating) Al g o] 7lEslH, 114 A]E
Al ed Aol 7hsdk E5-" EES AFESh



WHAE FYI79 TR EHAT 1185
Table 1 Physical properties of the test fluid Table 1 2° full factorial design
o @ 100 °F, SUS 220 No Load Speed | Temperature | Sample

Viscosity @210 °F, SUS 533 N) (rpm) (C) Size
Viscosity Index 185 ! 20 300 60 3
Pour Point, °F - 55 2 150 300 60 3
Density (Ibs./gal) @ 60 °C 8.2 3 90 400 60 3
Flash Point, °F, COC 525 4 150 400 60 3

5 90 300 90 3

6 150 300 90 3
10000

7 90 400 90 3
1000 & 8 150 400 90 3

90°C

Viscosity (cSt)
»

-18 2 22 42 62 82

Temperature (°C)

Fig. 4 Viscosity index of the test fluid
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Table 2 Wear of each test condition

Test condition Wear (mm)

1 0.0212/0.0193/0.0233
0.0517/0.053/0.0513
0.0294 /0.0342 / 0.045
0.0554 /0.0578 / 0.0554
0.0609 / 0.0678 / 0.0575
0.0785/0.079/0.0861
0.0699 /0.0721 /0.074
0.0914 /0.0969 / 0.0914
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Table 3 Estimated effect and coefficients for Wear

Term Effect Coefficient T P
value
Constant 0.058721 89.84 | 0.000
A 0.023875 | 0.011937 18.26 0.000
B 0.009175 | 0.004587 7.02 0.000
C 0.036808 | 0.018404 28.16 0.000

A*B -0.00106
A*C -0.00369
B*C 0.001808

-0.00053 -0.81 0.431
-0.00185 -2.82 | 0.013
0.000904 1.38 0.187

O BEe] b P9) AR Fig. 5 S 2L,

Hzx 4L F 24 79 ol daiA 2
on, BAAHERE 1 o] olHAG W =

ahlom], ¥4
A7t gelse] Agd F e o dAsg
om, B AT Table 3 3 2tk o] 7] A, Table 3

=
] AE B}FBE FE,CE 258 9ndth

5

TEEE BT

Test condition 7 Test condition 8

Fig. 5 Wear surface of each test condition

Pareto Chart of the Standardized Effects
(response is Or2 &, Alpha = 0.05)

213
T

Factor  Name

A SHE(N)

B HE(rpm)
C 2E(C)

ACH

Term

ABCH

BCH

AB

0 5 10 15 20 25 30
Standardized Effect

A*B*C | 0.002108 | 0.001054 1.61 0.128

Fig. 6 Pareto chart of effects for wear
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Table 4 Estimated effect and coefficients after pooling

for Wear
Term Effect Coefficient T P value
Constant 0.058685 | 84.66 | 0.000
A 0.023946 | 0.011973 | 17.27 | 0.000
B 0.009104 | 0.004552 6.57 0.000
C 0.036880 | 0.018440 | 26.60 | 0.000
A*C -0.003763 | -0.001882 | -2.71 0.014
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Fig. 7 Main effects plot for wear
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Fig. 8 Interaction plot for wear
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