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A study on the accelerated life test model for life prediction
of piston assemblies

Yong-bum Lee, Hyoung-eui Kim, Kyu—-joe Song and Tae-suk Kim
Mechanical Systems Reliability Research Center
Korea Institute of Machinery & Materials, Korea

Abstract

Piston assemblies, which are key components of hydraulic high pressure pumps &
motors, are major failure products operating at high pressure and high speed, and the
main failure mode is wearout of the shoe surface. To predict the actual life of piston
assemblies, we require to find out the most sensitive parameters and establish related
empirical formula. In this study, we analyzed the life of piston and shoe assemblies in
accordance with variation of speed, pressure, and temperature to reduce the life test
time, then analyzed the result of combined accelerated life test which is applied by high
speed, speed pressure, and high temperature simultaneously, and finally developed

combined accelerated life test model.

Key words : Hydraulic pump & motor, Accelerated life test, Force balanced
Wearout, Piston and shoe assembly
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Table 1 Specification of Piston Assembly

Fig. 1 Structure of Piston Assembly
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Items Specification
Power 15 [kw]
Displacement 0725 [cc/rev]
Tilting angle 0~ +£16.3 [deg.]
Piston diameter 14.5 [mm]
Shoe diameter 19.2 [mm]
Recess diameter 9.6 [mm]
Rated pressure 21 [MPa]
Casing pressure 0.1 max. [MPal
Rated speed 2000 [rpm]
Rated Temperature 50 [TC]
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Fig. 2 Photo of life test equipment
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Fig. 3 Force balanced type test jig

Table 2 Specifications of sensors

Sensor Item Specifications
Sensor type Gear type
Measuring range 0.01 " 16 /min

Flow -

sensor Measuring accuracy +0.3%

Linearity *1.5%
Max. Pressure 45 MPa
Measuring range -100" 100N+ m
Torque signal with 16 khz
limit frequency
Torque i
q Accura(fy in +0.5%

sensor | measuring
Non linearity 0.3% FS
Hysteresis 0.2% ES
Terminal resistance 350 Q@ +5%
Measuring range 0~ 70 MPa

Pressure| linearity 0.1% FS

sensor | Stability 0.2% FS max.
Hysteresis 0.1% FS
Measuring range -507200 C

Temp. Max. pressure 70 MPa

sensor Type Pt 100 @

Speed Measuring range 07 5000 rpm
Number of pulses/ 60 :

sensor revolutions
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Table 3 Test parameter & stress ratio

Test Test parameter Stress ratio Test time
no : Speed | Temperature (%) (hr)
1 ,=100, v,=200
2 4000 rpm 50 T P=150, =200 200
3 »,=175, v,=200
4 p,=200, v,=200
5 2500 rpm | 1,=125
6 21 MPa | 3000 rpm 50 C %,=150 200
(1 __ | 4000 rpm 1,=200
7 | 40 C t,=80, ©,=200
(1) 50 C t,=100, v,=200
3 21 MPa 4000 rpm 75 T 1.=150, ©.=200 200
9 87 T t,=175, v,=200
10 42 MPa 4000 rpm 87 T p,=200, v,=200, t,=175 200

*% P 21.0 MPa, Vg 2000 rpm, Ty 50 T, p, = jj X100 vs = I‘,’ X100, t, = ; % 100
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3.1 7} stetelEo] we d¥aH

ol o3 JtEFHAPL £5 4000 rpm, 2% 50 T 938 =A oA 21.0 MPa
RE 42.0 MPa7kd] S ZHEARA AN, FEE AEARE & A% nhE
& 2PNl Wk 37 Ao, Rake Aslel uhe BE 712717 0.0044 7 0.008152
Fig. 57 2ol Uehkeh 34 el 100%2 21.0 MPacld 492 @ A% #7 sjzae
150A17F ¢ F 0.69 mm, 200412+ 4% ¥ 0.88 mmol @, 31.5 MPas| 49| BF wh2a
< 150412 A4F F 0.95 mm, 200412 AF ¥ 1.03 mmo]Q2ov, 42 MPadl = B 7 nlx
ol 150417 A9 % 1.49 mm, 200712 A8 ¥ 1.63 mm °] Gt}
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Megtds £xs FAEAY 21.0 MPa, 50 C7F HES & ¥ £E& 2500, 3000, 4000
rpme 2 FFEA AN £ YL AAEgen, £E8 &AAR & AF ol gl A
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Fig. 65 7o) Uebwd, A2 &2 125%< 2500 rpmel A 4¥& 8 A3} 3@ vhEFe
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AxE B AL wEZe AFAZ vEsig d¥Foer s sgor, ¥t Arjd o
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B0 o e e L e 1.0 MPa P=21.0 MPa  —e— 3000 rpm
' | ] | 1 750 C st 2500 rpm
)}5 [ p—— . - " ; z e
i ] ! i 1 i
| o — e L
i
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= Time : !
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Fig. 5 Wearout amount of piston shoes 30 100 150 200 (hn)
due to pressure variations Fig. 6 Wearout amount of pxston shoes
due lo speed variations
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to pressure-speed-temperature variations

29 W7y A% Ao ASEEE 95 T o, A2 &4 5o 4% W 34 £
o] 175%9) 88 T7AN Adol Fhsaty] fEel EAH AL A AALEY 80%

-121 -



40 TAA F7 2EE sth 40 ColAM 48S & 29 H7 vlEFL 150A 48 &
0.43 mm, 200217t A& % 0.52 mmo| YL, 75 TAAM APL & 23 HF nf2FL 1504
A F 1.03 mm, 200A12F 48 & 1.10 mmol g2, 88 ColA AL 3 Ay HF
upR e 150412 48 ¥ 1.13 mm, 200812 A48 ¥ 1.25 mmolQth

7F4&E Sy A8 FHol Und 4, £ € 2EE FAd w4 Jtste ¥~
B2 2702 150415 APsgt. BgaEd A 2142 Ad4¥H £28 HZF9
200%%! 42 MPa%} 4000 rpmo.2 AN, &5 AAZRA 175%2 88 TZ A 1,
o} FE Fig. 79 Zo] ¥4 3 A3 50412 49 & HFulRgolE 1.245 mm °]i1, 100
At B3 7145 3AY & 3F vlRdolE 1.478 mmol L, 150417 44 % 1.735 mm ©]
Ak, EF2EH 2 27 stoA 4PL 3 AdE Fig. 83 2 50412 7ARE F&8HA
w27t F7b 8k Hd /1€ 717F 0.012459 28, 507 100417 AR = 7] €717} 0.00466 2.2
ARatA F7beEA a1, 100A1Zto] ERE & ntR 71€7]7F 0.005142 F71%0] Folxdh
AHH 02 42 MPaol 9% vlmzo] o= o 3% 7} F7H8¢ 3, 4000 rpmol 2§ v}
EZol o= & 221% 7} /et e, 88 Toll 9§ vledo] B}t o 135% 7} F7}st
.

3.2 #H4AY 43 24

Fig. 95 259 £=& AF274 2000 rpm 2 50 T9 Rz nYA 7|3, ¢
7tEe 99 FH-AEd A(life-stress relationship)& YEUE EA Anz A Az22L
THE YL, JIE2E5L A4ddd e Yehdg, g AH82A(12.6 MPa)d 71429 ¢
2§ 21.0 MPa, 31.5 MPa, 42.0 MPaZ 3l3 23§ do]geo BE¥XE A3 A1 JARSE=

2.99110]31, ds2de] B4= 0,97210] )

Fig. 102 ¢t 2 2% AAZ79 21 MPa 2 50 €Y E3AE2 nAAN L, &5
IS A4 FH-2Ed 28 JEE 24 A2 22 $9¢ Jeha, 7}
25 AFESEE Yehdg ASAESEE 2000, 3000, 4000 rpme 2 33 AE ©lo]E )
REE AT A3 PP 29911017, §5Ed F5E 2.22880 Yok

Fig. 115 ¢4 2 $5& HZAZAYU 21 MPa 2 2000 rpm9] E3IAEHZ 1A 71, &
Eg 7tE5% A9 FY-2EdA2E e 24 AHEZA A2EL 592 Uz,
TEES dPREE UgdY /IS AP LEE 50, 75, 87.5 TE 3t A9 dHolge BY
€ BAT A8 YARSFE 2.99110]3, olgly$2mde ma= 1014.04530] %},
ol EIV: Rl WA/ HA 2Ee Fdulolg ol 2 £29 17 uolEY

ARF7E FASTE AL PRI} AAAGE Ro2A oo He} ASBAN 4P @
9. Fig. 12& ZMEseulEHY, 4%, 25 2 BEsla)e wake we +34% 2
€ 248 FFY  YHERF(E=2.99D9 H5E2  m4(np:Alpha(2)=0.972,
nv:Alpha(3) =2.229) R ol#lU$22d" Yo m4(E, & : Alpha(l) = 1014.05)= ALTA
6.0 PROZ o] &3l £&% Aot}

S, 49, 2= 3 5F AEsgaddeved Sy uoelE 243516 Table 49 2L
ETE Toglon], ¥ AHEEAS AALHY 60 %9 126 MPa, FAEE, AFderz
33 537429 (multi variable relationship; General log- linear model: GLL model® '?)
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Table 4 Analysis of accelerated life data

Tes% p?{rar’}l)eter
» v, Life stress
Speed Temp. n g parameter AF
(rpm) )
12.6 2000 50 6063.39] 2.09 | Use Level | 100
3690.20 164
2000 50 2488.00| 2.9 ik 2.44
___________ 1881.09 3.22
2500 2244.16 2.70
21.0 3000 50 1494.76|  2.99 22288 4.06
_______ 4000 787.23 7.70
50 3690.20 1014.0453 |__ 1.64
21,0 2000 75 2945.11] 2.9 (Ea 2.06
87.5 2662.08 k 2.28
42.0 4000 87.5 289.49] 299 | Combined | 20.95

3.3 B3t Agrde AR
E3tE Agrdoe] 93 7t&EAFE AEslo, &g uEE 42.0 MPa, 4000 rpm
9 875 TE AA& I, ALEFF 12.6 MPa, 2000 rpm 2 50 Col tisle] AFs A} 2

(Mol 4522 24(n, =0.9721, n,=22288)5% ol 4229 245(24=10140453)

= Waste] A& SHEASFIE 20943782014

P

AF= T
Thest
E,
_ Pte.st np. I/te.zvt ™ [(—k-)(T;w_ T;eat)]
- Puse I/use "€
_( £ )0.9721 ( 4000 )2-2288 [(10140453) (323 361)5)]
128 "\ 2000 "€
=20.943782
g AMEEQ 12,6 MPa, 2000 rpm, 50 Coll it slAst A= w4 6063.399 B3
7V 2702 £ AYste AHEE HEES 280.48998 A4S 7M& A4 20.940830]%iTh

N e __6063.39
N ... 289.4899

=37HE APED I A A2AFE 20.9437820] 1 HERSE o] 43 7
T AEAIE 2094508322 A9 FUsle] B d7E Falo] Add Bgste Agw
AT 5 AU

AF= =20.945083

4. 2
1) HSTY F AFREL A2E 2YUA L, F IFESE 7+ B vlRoln, Fulo
P RS stE e £5, 48 2 Lx $old
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2) %%, 49 H4Ede 45Edoln, exo] 98 /S olue2ndel 21 o9
- A9 BYE olgstel @& £9 dolH: SolRRIE BEI FREF(HE
9 oleh,

3 ,Hp— A&stetl R st 200 %9 ¥3E ARE W SHEAFARE 3.2203, 4
299 By(pp)E 0.970)th £ & 7t&uetulga st 200 %9 #aE HRE |
7}£—ﬂlTe 770011, A5 RA BE(p)E 2.2300h B 22 & t&AvHZ &
1875 CE R& o olAUS2Edo) 43 AU (E)E 0.0874 ol 7H&EAFE

2. 28011:]'
D RYE FRARARE BAS, FEE), SRV L LD FRAERY 294
=2 ‘-TL??]'OQ‘:]’-
AF:( P )0'9721( Viest )Z'ZZSSEXP[O.osns( 11 )]
Pfield V}ield k Tfielll :rtest
5 EE2E A9 e A Agd 289 5 3, o 2089 JHE A¥o] Jhest
WEo) A wdol o5 Aguleg Az A2 4 Aok
6) ¥ 4TS Falo 47 nod % 9% U 29 ¥4I 1Y, 2F NAE YA
T HST, 4ol 2E8 =9 2He ugsl, u43 2 1 58355 A% Jdwog <
Fob W7 +9AUE 58 A4 $41 & Aok
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