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ABSTRACT

A ftractor is an agricultural machine that performs farm work, such as cultivation, soil preparation, loading, bailing,
and transporting, through attached working implements. Farm work must be carried out on time per the growing
season of crops. As a result, the reliability of a tractor’s transmission is vital. Ideally, the transmission’s design
should reflect the actual load during agricultural work; however, configuring such a measurement system is time- and
cost-intensive. The design and analysis of a transmission are, therefore, mainly performed by empirical methods. In
this study, a tractor with a measurement system was used to measure the actual working load in the field. Its
hydro-mechanical transmission was then analyzed using the measured load. It was found that the velocity factor, load
distribution factor, lubrication factor, roughness factor, relative notch sensitivity factor, and life factor affect the gear
strength of the transmission. Also, loading conditions have a significant influence on the reliability of the
transmission. It is believed that transmission reliability can be enhanced by analyzing the actual load on the
transmission, as performed in this study.

Key Words : Field Load(Z2E F3l), Rated Load(dZ 3}, Safety Factor(2Hd H|5), Hydro Mechanical
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Table 1 Specifications of measuring sensors

Item Specification
- Model/Company/Nation
: MW _20kNm Fu PCM16/MANNER
Wheel - -~
toraue Sensortelemetrie/Germany
‘i ~ Nominal load: 20 kN'm
foeter 1 Measuring range: -20 ~ 20 kN'm
- Accuracy: 0.1%
Proxim |~ Model/Company/Nation
i : PRDCML30-25DN/Autonics/Korea
Yo Response frequency: 100 Hz
sensor

- Sensing distance: 25 mm

- Model/Company/Nation

: MW_B_5kNm PCM16/MANNER
PTO Sensortelemetrie/Germany

torque |- Nominal load: 5kN-m

meter |- Measuring range: -5~5 kN'm

- Maximum speed: 2,000 rpm

- Accuracy: 0.1%

Engine CAN

@;“ ﬁ Whieel Torque meter
Wheel Proximity sensor

DAQ
( Speed  |GPS

PTO Torque meter
hitch

Fig. 1 Field load measurement system

6-component
loadcell

&-component loadesll l

Fig. 2 6-component loadcell mounted on the tractor
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Table 2 Specifications of tillage implements

Item

Specification

Plow

Model/Company/Nation

: WJSP-8/Woongjin Agriculture
Machinery/Korea
LengthxWidthxHeight

: 2,180%2,800%1,285 mm
Weight : 495 kg

Applicable power : 110~150 hp
Working width : 2,800 mm

Rotavator

Model/Company/Nation

: E260/Celli/Italy
LengthxWidthxHeight

: 860%2,760x700 mm

Weight : 715 kg

Applicable power : 95~120 hp
Working width : 2,580 m

Actual Engine Torque Nm
Torque PTO Nm

Engine Speed 1pm
RPM_PTO rpm

Speed km/h

2500

nute, RPFM

2000

1500 =
1000 =

Torque F_L Nm
Torque R L Nm
—RPM F Lmpm
—RPM R Lrpm

Fig. 4 Measurement data during rotary tillage
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Table 3 Field load measurement result

S_ S C_ C_
Plow |Rotary| Plow |Rotary

Torque, | 308,11 275.8| 249.6 2816
m

Engine |q 004 RPM| 1679.4] 2202.5] 1915.9] 2148.4
Power, kW 542 63.6/ 50.1] 634

Torque,

. N'm 3625.3| 1817.1]2188.0( 1807.8
ront

axle |Speed, RPM| 21.7| 10.6/ 23.3] 10.2

Power, kW 16.4 4.0/ 10.7 39

Toraue. | 6808.3| 2483.5 5964.1| 2549.9
m
Rear

axle |Speed, RPM| 154 7.5 16.8] 16.1

Power, kW 22.0 39/ 209 43
Torque, 941.7

N'm - - 950.3
PTO
shaft |Speed, RPM - 517.4| - 475.4
Power, kW - 51.0 - 473
Load, kgf | 1294.1 - 1615.1 -
Traction| speed, km/h 3.6 2.2 3.9 2.0
Power, kW 12.8| - 17.4| -
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Fig. 5 Configuration of hydro-mechanical transmission

Pump Motor

A /

Pump-Motor part

Planetary geartrain part

lutput

=

Sub. Shift(F/R) part Rear axle part

Fig. 6 Power flow of hydro-mechanical transmission

Motor
nput
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Fig. 7 Structure of planetary geartrain (PGT)
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Table 4 Analysis conditions reflecting field load and
design life (Case 1)

Input speed, | Input torque, | Test time,

Stage RPM Nm hrs
1-1 37.2 1,639.3
1-2 57.9 2,102.4

— 1,905

2 100.8 905.8

3 100.8 3525
Sum 5,000

Table 5 Analysis conditions reflecting rated load and
acceleration factor (Case 2)

St Input speed, | Input torque, | Test time,
age RPM Nm hrs
1-1 65 100.4
1-2 101 128.8

—_— 2,200

2 176 55.5
3 176 21.6
Sum 306.3
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Table 6 Analysis results reflecting field load and zp3 713 co co
design life (Case 1) 783 _7p3 00 00
- Safety factor 723 724 3.396 1.134
Stage Position Root Flank 25 7226 2.686 1.351
zpl_zrl 6.974 1.965 z19 716 co o
zsl zpl 6.773 1.480 z1 73 - -
2p2 zp2i 6.044 1.305 2222,21 187 - <2>07 - 1 207 -
zp3 713 9.794 2.400 72 z . .
783_7p3 co o z5 718 2.902 1.205
223 724 1.935 0.905 bgl_bg2 2.299 1.990
1-1 225 726 1.534 1.056
z19_z16 3.637 1.454 Table 7 Analysis results reflecting rated load and
zl 23 3152 1.683 acceleration factor (Case 2)
722 z17 00 oo
2 718 4.957 1.720 Stage Position Roiifety factFC;;nk
z5 718 0 oo
= zpl zrl 5.291 2.010
bgl bg2 1.566 1.358 2517 1 YR 50
zpl_zrl 7.625 2.024 272132. e i
zs1_zpl 7.196 1.505 Zp3,2p31 7.117 2.688
zp2 zp2i 6.703 1.352 ZP3 Jr3 — =
3 10.586 2.445 285_7p
2)33 ’ZZ;3 o o 223 724 1.572 0.962
223 724 | 2.098 0.872 - 253,2?2 ;3;; i;g
1-2 225 726 1.552 1.021 z 1723 3-725 1-838
z19 z16 3.735 1.464 ;27217 — =
z1 73 5.236 1.644 Zec Z
222 7217 > = z?ziz 3.683 1.735
2 718 5.301 1.764 2> Zz 0 o
25*;8 o - bgl bg2 1.181 1.316
= zpl zrl 5.935 2.091
bgl bg2 1.660 1.394 sz : o 510
zpl_zrl 4.821 1715 272132. .t 3
o 2 ) o2 | 7810 2728
zp2 zp2i 3.799 1.066 ZP3 Jr3 — =
783_7p
3 z13 |
2)3 *ZZ;3 3 2068 I ::)9 223 724 1.636 0.943
23 24 | 2274 0.917 1-2 ZTg,zfg ézgg igfz
2 225 726 1.703 1.075 z 1723 3-685 1-737
z19 z16 oo o ;2,217 o 7
Z. VA
z1 73 - - =
22 7217 | 2.820 1270 z2 718 3.982 1.762
2 718 3213 1.414 z5_z18 o0 eo
Z5 718 o o bgl bg2 1.240 1.306
bgl bg2 1.745 1.481 zpll,zri 3.642 1.806
zsl _zp - -
1 zrl 4912 1.768 =
P 2 zp2_zp2i 2977 1.105
3 zsl_zpl - -
zp2_zp2i oo co zp3_zr3 oo co
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783 _7p3 5.665 1.494
723 724 1.807 0.996
725 726 1.505 1.151
z19 z16 00 00
zl 73 - -
722 717 2.331 1.356
72 718 2.684 1.513
z5 718 00 00
bgl bg2 1.327 1.377
zpl zrl 3.711 1.976
zsl zpl - -
zp2_zp2i ©0 ©0
zp3_zr3 00 ©0
zs3_7p3 ©0 ©0
723 724 2.984 1.284
3 725 726 2.566 1.507
z19 z16 00 00
z1 73 - -
722 z17 00 oo
72 718 2.823 1.649
z5 718 2.527 1.364
bgl bg2 1.898 1.899

Table 8 Factors affecting the gear safety factor in
1-2 stage conditions

Factor | Case 1| Case 2 | Factor | Case 1| Case 2

Krp 1.113 | 1.067 | Kup 1.150 | 1.088
Kra 1.109 | 1.001 Kria 1.109 | 1.001
Yur 0.966 | 1.113 Znr 1.087 | 1.328
Yser | 0.994 | 0973 Z 0943 | 0.972
Yrear | 0.957 | 0.962 Zy 0.955 | 0.979
Zp 0.966 | 0.983
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