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Safety Factor Analysis of Range-Shift on Multi-Purpose
Agricultural Implement Machinery
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Abstract: The aim of this study was to analyze the safety factor of range-shift gear pairs on multi-purpose
agricultural implement machinery for an optimal design of a transmission system. Gear-strengths such as bending
and contact stress and safety factors were analyzed under three load conditions: an equivalent engine torque at
plow tillage, a rated engine torque, and the maximum engine torque. Root and contact safety factor were calculated
to be 3.88, 5.14, 2.24, 2.11, 2.21, 0.99 and 0.78, 0.94, 0.65, 0.68, 0.84, 0.85, respectively, under equivalent engine
torque condition at the plow tillage. The root and contact safety factor were calculated to be 1.91, 2.53, 1.10, 1.04,
1.07, 0.48 and 0.55, 0.66, 0.46, 0.48, 0.59, 0.59, respectively, under rated engine torque condition. The root and
contact safety factor were calculated to be 1.60, 2.11, 0.92, 0.87, 0.90, 0.40 and 0.51, 0.61, 0.42, 0.44, 0.54, 0.54,
respectively, under the maximum engine torque condition. The multi-purpose agricultural implement machinery
could be conducted under plow tillage operation. However, gear specifications for tooth surface need modification

because the gear surface would be broken at all driving conditions as safety factors are lower than 1.

715 MH f; : ratio (number of frequencies of the engine torque

at the i'" load level/total number of frequencies of
b : face width (mm) the engine torque)

d, , : reference diameter of pinion (or wheel) (mm) n h

: number of frequencies of rotation speed at the i’

load level/total number of frequencies of rotation
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m,, : normal module (mm)

n

n.:

. © engine rotation speed at the i'" load level (rpm)

F, : transverse tangential load at reference cylinder per

K, : application factor
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Ky,  transverse load factor (contact stress)

Ky - face load factor (contact stress)

K, : dynamic factor

P,; : equivalent engine torque according to plow tillage

operation (Nm)

P, : engine torque at the i'" load level (Nm)

?

Sy . safety factor for tooth breakage

Sy @ safety factor for pitting

7, , : nominal torque at the pinion(or wheel) (Nm)
Y @ rim thickness factor

Yy o deep tooth factor

Y, : tooth form factor

Yy o life factor for tooth root stress

Yo r ¢ relative roughness factor
Y : stress correction factor

Yy : size factor

Y, : helix angle factor (tooth root)
Yse1 7 ¢ relative notch sensitivity factor

Zp : single pair tooth contact factor for driving gear
Zp : single pair tooth contact factor for driven gear
Z,, : elasticity factor (N/mm)"?)

Z, + zone factor

Z, : lubricant factor

Zyr o life factor for contact stress for reference test
Zp @ roughness factor affecting surface durability
Zy : size factor (pitting)

Z\,  velocity factor

Zy, + work hardening factor

Zs : helix angle factor

Z,

" contact ratio factor

A : fatigue damage exponent

o : tooth root stress (Mpa)

o © nominal tooth root stress (Mpa)
opp - allowable stress number (Mpa)

o pe - tooth root stress limit (Mpa)

oy : contact stress (Mpa)

oo © nominal contact stress (Mpa)

o - contact stress of driving gear (Mpa)
oo - contact stress of driven gear (Mpa)
O pitting stress limit (Mpa)

O mim - allowable stress number (Mpa) conditions
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Fig. 1 A photo of multi-purpose agricultural
Implement machinery

Table 1 Specification of multi-purpose agricultural
implement machinery

Item Specifications
Length > width > height | - 00 2345 x 2,810
(mm)
Engine | Rated power(kW) 95.6 @ 2,250 rpm
PTO | Rated power(kW) 822 @ 2,250 rpm
Weight (kg) 4,790
Transmission Mechanical

AE2E, AY olF 59 Fdo] 7ttt oEA
A Z1A1el Z71E 4,080(L) x 2,345(W) x 2,810(H)
mm °]H A 4,790 kg o B=3Z 2 Z1ART
135, Dachov Co. Ltd., Korea)E AR&3l¥ T th&3
A 71A9] X BAH EHL 2,250 pmoll Al 95.6
kweol™, o] w] PTO &8 822 kW |t}

22 OIS A A WHY| Y Busy

22 2249 7|4 M47)E Fig 29} 2o 74

A ME7PF ARSET, FRE 3L ERE PTO, MR}
= B $AFoR g 74 WETs vEE
A ZIACNA ARG FYE FHSEE, FHSE
& 5l Axs g sAFow Adste 4%E F
YAk B AFolA g BA e FHET A5
Agsts Ferh 2 Fusie] dis) saEgon,
AR MER, AL AEE HF SRR 74
do A3 wERe] ARE 26T-28T=2 744
7102 FEE 109822 A&dhs 4TS 59
ate, 7 WEEE 4T-20T-14T2 7489 7|0
2 7o) A7l WskekA] dal sHuegs qAst
£ 98s FA%th A s WEEe] AL wEy
T 4T37T 2 749 7] T8s 1:038=
g&ehs 9ge sd6H, 1E WEF= 1133 o
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Fig. 2 Transmission  system  of  multi-purpose
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Fig. 4 Plow tillage of multi-purpose agricultural
implement machinery
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Fig. 8 The result of engine torgque and rotation
speed during plow tillage

Table 2 Engine load to analyze safety factor on
simulation model

Item Engine load S.imulation I.H.Odel

input condition
Equivalent torque 197.9 Nm 333.9 Nm
of plow tillage 2,092 rpm 1,234 rpm
Rated engine 405.7 Nm 687.6 Nm
torque 2,250 rpm 1,328 rpm
Maximum engine 486.8 Nm 825.2 Nm
torque 2,250 rpm 1,328 rpm

3339 Nm, 1,234 rpm, 687.6 Nm, 1,328 rpm 825.15
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Fig. 9 Results of tooth root and contact stresses
to range shift during plow tillage
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Fig. 11 Results of tooth root and contact stresses
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