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Analysis of Equivalent Torque of 78 kW Agricultural Tractor
during Rotary Tillage

Seung-Min Baek, Wan-Soo Kim, Seong-Un Park, Yong-Joo Kim*
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2 &/JHQ Palmgren-Miner 402 2] gl Asj77tol| disto] A= oH, 242 229.2, 136.7 NmZ UEHTE 2
el ZgziollA ) d W B3 247 336.0, 234.4 NmZ YEREon, Xglzte] o) 9 ¥ E3= 288.0,
134.6 NmZ Yepgdth. Zel] Zd77olxe] 7 B3 PTOE B9l EXE 20l ] Asl7zhect A et
Wk XY Hd ¥ g4 Ede 27 387.0, 323.0 Nmz, =] Z 9 Aslrte] 571 EFET 27 183%,
136% =7 detdth =4 EFE sike dHbEoR AXle] A EIE 7IEeE WSS AASH] el A4 A
ES9} o Aol7h e IEs XA AE s dA A EIE sk o] 28 Aew ddEn:

Abstract This paper is a basic study for the performance evaluation, durability improvement and
optimal design of tractor transmission. The engine torque of the 78 kW agricultural tractor during
rotary tillage was measured using CAN communication. It was calculated with equivalent torque and
then analyzed. In order to develop a reliable tractor, it is important to convert measured torque in
various agricultural operations into equivalent torque and analyze it. The equivalent torque was
calculated using Palmgren-Miner's rule, which is a representative cumulative damage law. The
equivalent torque of rotary tillage period and steering period are 229.2 and 136.7 Nm, respectively.
The maximum and average torque during rotary tillage period are 336.0 and 234.4 Nm, respectively.
The maximum and average torque of the steering period are 288.0 and 134.6 Nm, respectively. The
engine torque in rotary tillage period is higher than in the steering period because of cultivation of
soil through PTO. The maximum and rated torque of engine are 387.0 and 323.0 Nm, respectively,
which are 183% and 136% higher than the equivalent torque during rotary tillage and of steering
section. Because transmission of agricultural tractor in Korea companies is generally designed by the
rated torque of engine, there is a difference from measured torque during agricultural operations.
Therefore, it is necessary to consider it for optimal design.
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Fig. 1. A photo of agricultural tractor for load
measurement used in this study
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Table 1. Specifications of agricultural tractor used i

=]

this study
[tem Specifications
Length x Width x Height 4,225 x 2,140 x
(mm) 2,830
Weight (kg) 3,985
Rated power
78 @2,300
Engine (kw) P
Max. torque (Nm) 387 @1,400 rpm
Traps Forward /Reverse 32/32
mission
Max. power
PTO (kW) 69 @2,300 rpm

Max. torque (Nm)

360.7 @1,400 rpm
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Fig. 2. Engine torque monitoring system in the tractor
used in this study
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Fig. 3. Analysis of soil environment(Soil texture, Water
content, Cone index)
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Fig. 4. A photo of rotary attached in the tractor used in
this study
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Fig. 5. A photo of load measurement during rotary tillage
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Fig. 6. C-type working pattern of rotary tillage used
in this study
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Where,

T, = Equivalent torque (Nm)

f; = Ratio of Z,/L

L = Number of cycle for total range
L; = Number of cycle for each range
T, = Torque of each range (Nm)

A = Fatigue damage exponent

1
Ne = F Ehini T; )

Where,

n, = Bquivalent rotational speed (rpm)

n; = Rotational speed of each range (rpm)
h; = Ratio of interaction time

g & A As 55 A, 714 Sl o=t
o2, o5 9 7 a9lo wet g3RS vk
(Ashmore, et al., 1992). ¥ dFoJAE A& IS
06336-1°1A41 AARE 7101 A Mgt #3 92
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Fig. 7. Representative measured engine torque and
rotational speed during rotary tillage
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Table 2. Statistical analysis

Max. Min. Avg.+S.D.

Torque 234.4

Rotary (Nm) 3360 400 +59.3
tillage Rotational

. 2,387

period speed 2,505 2,256 +202

(rpm)

Torque 134.6

. (Nm) 2880 1120 +93.7
Steering Rotational

Perod opeed 2477 2,367 2;‘11622

(rpm) _
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