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Accelerated Life Test and Analysis of Track Drive Unit
for an Excavator
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Abstract: For the reliability evaluation of the track drive unit(TDU), firstly, we analyzed the major failure
modes through FMEA(failure mode & effects analysis), FTA(failure tree analysis), and 2-stage QFD(quality
function deployment), and then quantitatively determined the priority order of test items. The Minitab ahalysis
was also performed for prediction of life distribution and parameters of TDU by use of field failure data
collected from 430 excavators for two years. In addition, we converted the fluctuation load in field conditions
into the equivalent load, and for evaluation of the accelerated life by the cumulative fatigues, the equivalent
load is again divided into the fluctuation load by reference of test time. And then, by use of the test method in
this paper, the acceleration factor(AF) of needle bearing inside planetary gear which is the most weakly
designed part of TDU is achieved as 5.3. This paper presents the quantitative selection method of test items for
reliability evaluation, the determination method of the accelerated life test time, and the method of non-failure
test time based on a few of samples. And, we proved the propriety of the proposed methods by experiments
using a TDU for a 30 ton excavator.
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Fig. 2 Hydraulic Circuit of TDU

Table 1 Specification of TDU

Compo-
0 erE)t Item Spec.
Volumetric Displacement [cc/rev] 95.3/176
] Pressure max. [MPa] 350
Hydraulic | "jow Rate max. [LPM] 212
Ration Speed max. [rpm] 2136/1180
2-Speed Control Pr. [MPal 2~7
Parking | Parking Torque [N. m] 2,022
Break Release Pressure [MPa] 09
Gear Ratio 43
Gear | Output Torque [N. m] 20258/37413
Qutput Speed [1pm] 445/246
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Table 2 Analysis of failure mode and failure
mechanism
Compo— Failure Failure Failure mechanism
nents Mode Effects and Causes
Volumetric
Leakage efficiency Scratch
occurrence degradation
Piston . Mechanical
& Shoe Friction efficiency Orifice choking
ncrease degradation
Shoe damage| Life reduction| Solid contact
Volumetric
Leaﬁ;%?lce efficiency Scratch
oce degradation
Friction cumetric | Damage of bearing 1. TDU Failure 15. V. Efficiency
Cylinder | ncrease degradation | TatO 2. Motor Failure 17. Gear Damage
Barrel ! I
External o B
Leakage leakage Scratch 9. Orifice Failure 19. Gear Chipping
occurrence 10. Shoe Scratch 20. Gear Bending
Spline No torque Shortage of 11. Shoe Plate Scratch 21. Bearing Wears
damage delivery material stiffness
No torque Shortage of Fig. 3 Fault Tree Analysis (FTA)
Axle damage delivery material stiffness
Shaft "
. . 11e . . .
Vibration degradation | Deformation Table 4 Quality function deployment level 1
Life High speed, Failure
Seal Leakage . 2 :
degradation deficiency e | {eak | Friction | wear | — seal | Bearing
' Perfo o i funch damage | damage
Bearing wear| o graldlanaltioln Over speed load Main_function
Bearing Rotation ©) @) O |- O O
Bearing Life Horizontal load, -
damage degradation impact Starting torque | © © o |- o ©
Pressure
Spool Life . (@) A A — 0
adhesion degradation Heat load, poliution ;c;r;tergl
Performance | Badness of surface o © Al = & ©
Valve Spool wear degradation treatment ci)ntrol 1 ! 1 1 1
Spool Function External force
deformation | degradation occurrence 2-Speed o o A N A o
1-Speed
Wear in gear| Performance
part & degradation Overspeed load Score 88 69 68 — 62 61
%%ir Elefgo;rnaggg ggg(ira dation gzgg%zzt(’f surface Most important ©(9), Important O(5), commonA(3)
Bearing Life ) Horizontal load,
damage degradation impact occurrerice Table 5 Quality function deployment level 2
Test item| 2 Speed Over | Total |Over| ..
R . . Fail ration | peed | efficie. | Load Life
Table 3 Criticality matrix analysis alure type operatio speed | enae.
Leakage 88 A —| © @) Q] O
] 272 1-3 1-1 Friction 69 A - © © 0|0
High | ?:3 I Zj I ;:? Piston wear | 68 A -1 O © O | O
J J J 1 oLl
. e 2-4 2 Speed
severity | Midium | V| 6-3 | IO =1 | I 6-1 control % o |=]| a o o] o
Device
damage
Brake
Low V| 53 || 31 m| 3-2 damage 34 - O A o
Score 1071 — | 2181 | 2269 | 2557 | 2865
Low Midium High Ranking 9 |-]a] 3 |2a]1

failure frequency

Most important ©(9), Important O(5), commonA(3)
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Fig. 6 Application duty cycle of TDU

Table 6 Equivalence load conversion table of TDU

Item Torque| Speed | Ratio

' (%) | (pm) | (%)
Max. Load .
(start, stop etc.) 100 10 5
Heavy Load (climbing) 60 16.7 15
Light Load (ground) 20 333 80
Total 100
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Table 7 Equivalence load conversion and life test

Flow | Press. Test | Cumulative

Test item Direc. Speed Ratio | ratio t(irg;: lif? t}ilr)ne
o CW |1 Speed| 55% | 70% | 30 30
Climbing

CCW |1 Speed| 55% | 70% | 30 60

Max. driving | CW_|2 Speed [ 100% | 40% | 55 115
Speed | OCW | 2 Speed | 100% | 40% | 55 170
1 & 2 Speed CW 1->2

0% | 80% | 75 245

Direction 2->1

toaseed foow | 222 | 50 |80 | 5 | 30
Forward CW

& inverse ., |1 Speed 20% |100% | 230 550

Direction CCW (6 SCC)
Continuity load | CW |1 Speed| 15% | 100% [ 40 590

Continuity load | CCW |1 Speed| 159 | 100% | 40 630
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1 Hydraulic Power

2 : Flow Control Valve

3a, 3b : Directional Control Valve
4a, 4b, 4c, 4d, 4e : Temp. Sensor
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Fig. 8 Hydraulic Test circuit of TDU
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Table 8 Performance test result at intervals of TDU

Test Point

measure. /P 7 45 Nee0 | 75100

period i
1 st Up 83.81 8400 | 8431 | 83.95
(New) Down | 83.94 3423 | 84.37 | 8417
2 nd Up 82.72 8357 | 83.83 | 8353
(158 h) Down | 83.02 8336 | 8359 [ 83.60
3 rd Up 83.11 83834 | 8.7 | 8317
(316 h) Down | 83.06 8383 | 8334 [ 83.00
4 th Up 82.28 83.00 | 8348 | 83.4
(474 h) Down | 8221 8312 | 83.08 | 8313
5th Up 82.08 8252 | 83.04 | 82.91
(630 h) Down | 81.98 8256 | 8316 | 834

Table 9 Performance degradation analysis of TDU

Efficiency Volumetric |Mechanical| Total
meast(lf/e). Efficiency | Efficiency [Efficiency
period /) 7 m 7
12} (1 h) (HAE AH) 97.88 86.47 84.64
22} (158 h) 97,61 86.38 84.32
32} (316 h) 97.24 86.27 83.88
42} (474 h) 9%6.71 85.81 82.98
52} (630 h) 96.07 86.05 82.71
Performance
(%)
st 2nd 3rd 4th 5th
90 /@5_6.43/‘:)_,- A84. §2°_/°) _/(83.88%) __/(82. 9_’8_"/3)1(32 71%)
; DA

Py AP S S PN S 73 .
t 1
, /o

Qualification
L 7

'
'

o ) Loy Life
0 158 316 474 630 (hr)

Fig. 10 Performance degradation analysis of TDU
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