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Abstract

The goal of this study was to develop an accelerated life test for an implement working
pump for an agricultural tractor. The field experiments were conducted to measure the
load of an implement working pump during major agricultural operations such as plow
tillage, rotary tillage, baler operations, and wrapping operations. The measurement system
for an implement working pump load was constructed using a pressure sensor, the engine
rotational speed, and the hitch pump displacement. The measured implement working pump
load was calculated as an equivalent load for each agricultural operation using the Palmgren-
Miner rule, which is a cumulative damage method. The equivalent load was calculated
using the total load data and peak load data when the total data included the operation
of an implement working. The annual usage time of the agricultural tractor was applied to
develop two integrated equivalent loads. The acceleration factor was calculated to develop
an accelerated life test and was calculated from the two integrated equivalent loads, the
maximum pressure, and the flow rate conditions of the hitch pump. In Korea, the warranty
life of a tractor is 2,736 hours, and the time required for the test to guarantee the operational
life of tractors was calculated as 7,561 hours. The acceleration factors were calculated as 453.6
and 38.3, respectively, from the total load data and peak load data. The fatigue test time can
be shortened by 16.7 and 197.4 hours according to the result of the acceleration factors.

Keywords: accelerated life test, agricultural operation, equivalent load, implement
working pump, tractor

Korean Journal of Agricultural Science 47(4) December 2020 1123

PISSN : 2466-2402
eISSN © 24662410


https://doi.org/10.7744/kjoas.20200094
https://doi.org/10.7744/kjoas.20200094

Development of an accelerated life test procedure considering the integrated equivalent load of an implement working pump for an agricultural tractor

Introduction
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Development of an accelerated life test procedure considering the integrated equivalent load of an implement working pump for an agricultural tractor

Materials and Methods
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Development of an accelerated life test procedure considering the integrated equivalent load of an implement working pump for an agricultural tractor

Table 1. Experiment conditions of field operations for measuring hydraulic pressure and flow rate.

Operation Gear stage (travelling speed) PTO speed Tillage depth
Plow tillage M3 low (6.75 kmh™) - 15cm
Rotary tillage L3 low (2.22 kimvh™) PTO 1 (540 rpm) 15cm
Baler operation M2 low (4.72 kmvh'™) PTO 1 (540 rpm) -
‘Wrapping operation M4 low (8.56 kmh'™) - -

PTO, power-take-off.
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Fig. 1. Palmgren-Miner method for determination of equivalent load using the cumulative-damage
rule. (A) Total damage calculation of Palmgren-Miner diagram, (B) calculation of equivalent load
using load-cycle diagram. P, hydraulic pressure (ba?; L, the number of cycle; K, area of total
damage by load; n, rotations spéed at the i load level (rpm); t, time at the i load level (s).
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P, (T P ()

Where, P; = Equivalent pressure of each agricultural operation (bar)
= Ratio (number of frequencies of the hydraulic pressure at the i* load levelfotal number of frequencies of the hydraulic
pressure)
P, = Pressure at the " load level (bar)
A = Fatigue damage exponent (constant, 8)

()AX() @

Where, Q,; = Equivalent flow rate of each agricultural operation (L-min’")
Q = Implement working pump displacement (cc-rev’)
n= Equivalent rotation speed (rpm)
h;=Ratio (number of frequencies of otation speed at the i" load level/total number of frequencies of rotation speed)
n; = Engine rotation speed at the i" load level (tpm)
A = Fatigue damage exponent (constant, 8)
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Fig. 2. Survey results of annual usage time of tractor by field operation (Lee, 2011).
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Where, P= Integrated equivalent pressure (bar)
t; = Annual use time of each agricultural operation (hour)

A = Fatigue damage exponent (constant, 8)
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Where, Q.= Integrated equivalent flow rate (L-min™)
n, =Integrated equivalent rotation speed (rpm)
t,= Annual use time of agricultural operation (hour)
A = Fatigue damage exponent (constant, 8)
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% TH(Nelson, 1990).
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Where, T = Zero failure test time (hour)

B, = Qualification life (hour)

CL = Confidence level

N =Number of test sample (constant, 2)

R, = Reliability

3 = Shape parameter (constant, 2)

N
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Where, T,= Acceleration test time (hour)
T = Zero failure test time (hour)

AF = Acceleration factor (constant)

AF = G X () ™

Where, AF = Acceleration factor (constant)
P,=Hydraulic pressure test condition (bar)
P, =Hydraulic pressure use condition (bar)
A = Fatigue damage exponent (constant, 8)
Q,=Flow rate test condition (L-min™)

Q. =Flow rate use condition (L-min")
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Fig. 5. Selected hydraulic pressure and flow rate during baler operation. (A) Total measured data, (B)
selection of pump operated period, (C) result of data selection. PTO, power-take-off.
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Table 2. Result of integrated equivalent load for agricultural operation.

Operation Equivalent load of agricultural work load Equivalent load when implement working pump was operated
Hydraulic pressure (bar) ~ Flow rate (L-min’) Hydraulic pressure (bar) Flow rate (L'min”)

Plow tillage 101.2 4238 133.7 50.5

Rotary tillage 39.6 570 69.8 535

Baler operation 112.3 50.8 1623 555

‘Wrapping operation 115.6 21.6 1425 214

Integrated load 106.1 327 140.6 43.7
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Table 3. Result of accelerated factor and test hours according to developed use condition and test condition.

ltems Integrated equivalent using Integrated equivalent load when
agricultural operation data implement working pump was operated

Accelerated factor 453.6 334

Test hours (h) 16.7 226.7

Korean Journal of Agricultural Science 47(4) December 2020 1132



Development of an accelerated life test procedure considering the integrated equivalent load of an implement working pump for an agricultural tractor

Conclusion
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