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ABSTRACT

The agricultural tractor is a multi-purpose vehicle, which is frequently used in the agricultural field. It
must be highly reliable in terms of human safety. Design and analysis of agricultural tractors must be
performed using actual agricultural workload to maintain high reliability. Additionally, the frequency with
which various components and systems are used must also be taken into consideration. In this study, a
tractor is built to measure its workload in the actual field. Further, the measured load was analyzed for
various farming tasks. The range of ratios of consumed power to engine power was measured to be 42.6%—
87.2%, 75.1%-97%, 26.5%—-59.2% for a plow, rotary, and harvest tasks, respectively. The results were fed
into a transmission simulation model to analyze the strength and life of the transmission components. We
conclude that a more reliable product can be constructed by incorporating the transmission analyses using the
actual load.

Key Words : Life Prediction(=% 0i%), Load Spectrum(F35tAZ E&) Safety Factor(2H 7|==), Transmission
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Table 1 Specifications of tractor and implements

Item Specification

-Model/Company/Nation

: C320/Tongyang Moolsan/Korea
-LengthxWidthxHeight

: 3,010%1,390%2,560 mm
Tractor |-Weight : 1,445 kg
-Rated engine power@Speed

: 23.7 kW@2,600 rpm
~Transmission

: Main 4-speed, Sub 3-speed, F/R

-Model/Company/Nation

: YP3-75H-C/YoungjinMachinery/Korea
Plow |-LengthxWidthxHeight

: 1,780%1,000%1,220 mm
-Weight : 227 kg

-Model/Company/Nation

: YJ140NS/Youngjin Machinery/Korea
Rotavator |-Lengthx WidthxHeight

: 755%1,650x930 mm
-Weight : 280 kg

-Model/Company/Nation
: GWN-1400/Gangwon Agricultural
Machinery/Korea
-LengthxWidthxHeight
: 1,900%1,670%1,150 mm
-Weight : 540 kg

Harvester
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Fig. 1 Measuring equipments of the tractor
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Fig. 2 A view of actual field experiment
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Fig. 3 Measured engine torque during rotary tillage
operation at transmission gear stage M1 and
PTO stage 1
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Fig. 4 Load analysis result according to farm work
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Fig. 6 Position and numbering of transmission
components

Uehd Zolth o714, S1~7e =, zI1~18& =
== dgZ 7)o, bel-2+ HHr]o], Bl~16
olg <& ougith Litte] ¥ 552 <137(Input)
Al HAEE FHol S1F9] 7)o, S3%9 z107]

2 = & o

o], 26710, S4Z9] z117]9], z127]9], S5%9] z157]
o], bel7]o], S6=2] be27]0l, z177]9], S7%2] z18
7191& &3l vlF (Outpu) 2 AEH T}

w
mﬂ“

> oy 1T e

R
N
H1
a2

A
02

2 e I
9#
M
1%
i)
o
S
x

)~0‘:or>~
%r&r@)}

W <> @ oy off

o g

=ik
a4 =712 Table 20 YERNSITE ®47]
IR) Z=oAe] Fahs 2y Al (dx =4)
bl wlel Fizoz za, ARE HIEE o
X

o

o
Y
re
:oé
12
>
°
rr
o
>
B
a
rlo
=
)
P,l‘.
N
&'1-'

> @ o o o i o O ox
R

)

[0

(B [d

I o
N

=R glskgoh
A Rz sHe #E 74L& &3}
o 23 7]oje} dEA 7]oj& 1SO 63362 Method
B, ¥ r]oj= 1SO 103009] Method B, =2 DIN
743, Wlo]FB-S [SO/TS 162819 wat A= 2 49
A FPsEHATH B

W47 74 BE9) 84 Z3}= Tables 3 - 590
Uepldth 710l 333 = WA Ed g
kA AGFE bel-be2(HE 7]0] B4 HAFL
o, 271 27 1459, 0.867°]th 2] ¥ Zv}y] 9}
Al Ui XA Alees 2HEHA S7AA Ha
Qon, F71= 22 2011, 1.6620]th E3F- Hjo|
o 97 $oe BWEZ S50 X BllolA

>

ARom, IA7|E 1,75841Ztelt}. 7]ole] HAHA=
o i A ¢k A7 10Xt 2oy A g5
Z7& aEHon, Azgd wElds AA 7

Table 2 Analysis load conditions of transmission

Input torque, | Input speed, | Frequency, Gear
Nm RPM % stage
6.98 3,000 153 L1
14.7 3,000 21.9 L2
253 3,000 27.5 L3
354 3,000 23.7 H1
62.5 3,000 7.5 H2
62.5 3,000 4.1 H3
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Table 3 Safety factor of gears

. Safety factor
Position
Root Flank
72-78 2.719 1.315
73-79 3.006 1.551
74-710 3.300 1.375
76-z11 3.255 1.321
z12-z15 6.613 1.715
z13-z16 2.364 0.980
bel-be2 1.459 0.867
z17-z18 3.082 0.891

Table 4 Safety factor of shafts

.\ Safety factor
Position

Fatigue Static
S1 10.402 7.938
S3 4.484 4.752
S4 5.801 5.242
S5 2.412 3.429
S6 3.637 4.707
S7 2.011 1.662

Table 5 Fatigue life of bearings

Position Fatigue life, hrs
Before After

S1 Bl 248,426 234,560
B2 26,242 26,458
3 B5 9,147 9,147
S B6 41,062 41,060
B7 20,591 20,593
S4 B8 33,501 33,500
B9 27,584 27,585
B10 80,798 274,202
S5 Bl11 1,758 1,000,000
B12 130,742 11,470
36 B13 3,646 3,625
B14 13,105 13,150
57 B15 215,949 215,949
B16 24,631 24,631
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