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A Study on Life Prediction of Hydraulic Piston Pump
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ABSTRACT

Hydraulic systems are widely used in the field of defense, construction machinery, agricultural machinery, and
general industries, due to various advantages such as quick response speed and precision control. The defense
equipments such as light rescue vehicle is operated in very harsh environments, so hydraulic components used in
defense equipment are required to have very high reliability. In particular, hydraulic piston pump is very important
component in a hydraulic systems, so life prediction of pump is essential. Therefore, in this study, we analyze the
potential failure and the main failure mode of the hydraulic piston pump for the light rescue vehicle through the

FMEA analysis, and predict the life of the pump by the accelerated life test considering the usage conditions.
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Table 1. FMEA of hydraulic piston pump
FilinEy Failure Mode Failure Effect
components
abrasion inner leakage
Cylinder impossible operation,
block fracture, crack increase noise,
decline of effiiency
iston adhesive impossible operation,
P decline of effiiency
Piston ) . .
abrasion decline of effiiency
fracture impossible operation
shoe adhesive impossible operation
Shoe abrasion decline of effiiency
fracture impossible operation
abrasion shoe peel off
Retainer
fracture impossible operation
strain decline of effiiency
Swash plate
abrasion inner leakage
abrasion increase load

Valve plate

strain, fracture

decrease flow

adhesive degradation
Servo piston

abrasion inner leakage

abrasion inner leakage
Spool adhesive impossible directional

control

leakage inner leakage

Spring strain, fracture switching failure
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Table 2. Usage conditions of hydraulic piston pump

Usage conditions
Time Usage
Load | Pressure Rsotzggn r(a};u)) t|(rrr11)e
condition | (MPa) pee °
(r/min)

32 1,840 1 100

Winch
26 1,840 4 400
29 1,840 1 100

Crane
26 1,840 4 400
Non load 3.5 1,840 90 9,000
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Fig. 2. Stress-life distribution by usage condition
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Table 3. ALT time calculation of hydraulic piston pump

Usage conditions| ALT conditions | Non

, — failure ALT

Pressure ngzggn Pressure Rs;zggn tT_eSt AF tm)c-;
ime
) (r/min) (MP) (t/min) | (n)

29 1,840 35 2200 | 225 | 336 | 60

23 1,840 33 2,200 | 900 | 10.02 | 90

35 1,840 6 2,200 |10,125| 89.18 | 150

32 1,840 33 2200 | 225 | 245 | 90

26 1,840 30 2,200 900 | 1528 | 60
35 1,840 6 2,200 | 10,125 | 89.18 | 150
Total 22500 | - 600
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Fig. 3. Duty cycle of ALT
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Table 4. Test items and procedures

No. | Test items

Procedure

1 Displacement
test

*load pressure : non load
* rotation speed : 1100 r/min
* Measure discharge flow for 1 minute
and calculate
V,= ]—% %1000
where V: displacement, @ : flowrate

) Efficiency

*load pressure : 35 MPa
* rotation speed : 2200 r/min

pressure test

test * Measure discharge flow, pressure for
1 minute and calculate
* load pressure : non load
3 Minimum | * rotation speed : 500 r/min
speed test | « Measure rotation speed, pressure for
1 minute
* load pressure : 35 MPa
4 Maximum | * rotation speed : 2200 r/min
speed test | * Measure rotation speed, pressure for
1 minute
*load pressure : 35.3 MPa
5 Maximum | ¢ rotation speed : 2200 r/min

* Measure discharge flow for 1 minute
and calculate

6 Rated torque
test

*load pressure : 10 MPa
* rotation speed : 1100 r/min
* Measure inlet torque for 1 minute

7 Accelerated
life test

*load pressure : follow the duty cycle
* rotation speed : 2200 r/min

s repeat 300 times and perform to
displacement test every 60 cycles
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Fig. 4. ALT circuit of hydraulic piston pump




Fig. 5. ALT test equipment of hydraulic piston pump
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Fig. 6. Duty cycle of ALT graph
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Fig. 7. Displacement test graph

Table 5. Performance test result

#1 #2

Test items
before | after | before | after

Displacement test
(mLr) 110.06 | 110.17 | 1109 | 111.39

Efﬁd‘z%y test | o411 | 9532 | 92.89 | 9629

Minimum speed
test 486.44 | 493.28 | 487.34 | 493.13
(r/min)

Maximum speed
test 2213.49 | 2216.38 | 2210.75 | 2213.62
(r/min)

Maximum
pressure test 35.33 | 35329 | 35.33 35.29
(MPa)

Rated torque test
(Nm)

182.12 | 177.93 | 181.12 | 180.11

Table 6. Displacement test result

cycles #1 #2
60 108.33 110.07
120 108.40 110.17
180 108.40 109.57
240 108.33 109.36
300 107.20 109.32
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Model MSE AlE 1 Al=2
1 Linear .0.6489939303 0.5472560256 0.101737904
2 Exponential | 0.6502028878 0.5485095865 0.101693301
3 Fower 0.8934625605 0.7470651132 0.146397447
4 Logarithmic | 0.8922437903 0.7462615824 0.145982207
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Fig. 8. ALT test equipment of hydraulic piston pump
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Table 7. Parameter of degradation curve

Sample No. a b

#1 -3.88E-03 108.83

#2 -3.85E-03 110.39
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Fig. 10. Weibull probability analysis result graph
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R
Table 8. Life prediction result

Percent | Percentile Error Lower Upper
5 410.97 116.24 236.08 715.43
10 548.10 155.03 314.85 954.14
20 739.98 209.30 425.07 1288.18
30 892.68 252.49 512.79 1554.00
40 1030.61 291.50 592.02 1794.12
50 1164.44 329.35 668.89 2027.09
60 1301.97 368.25 747.90 2266.50
70 1452.22 410.75 834.21 2528.07
80 1631.01 461.32 936.91 2839.30
90 1882.23 532.38 1081.23 | 3276.64
95 2091.16 591.47 1201.24 3640.35
99 2483.62 702.47 1426.69 | 4323.55
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