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ABSTRACT

The objectives of this study were to analyze the load acting on the transmission when tractor performed rotary
operations in the poorly drained paddy fields and to compare its severeness with those obtained under different
operational conditions. The loads were measured at the input shaft of the transmission and the load spectrum was
constructed using the rain-flow cycle counting method. The severeness of the loads was represented by the partial
damage sum which was determined by using the modified Miner’s rule. In the field with a shallow hardpan PTO
speed affected severeness of the rotary operations greater than the forward speed did. In the field with deep hardpan,
on the other hand, the effect of the forward speed was greater. The severeness in the well drained fields did not
differ significantly from that in the field with a shallow hardpan. The severest load was recorded in the field with a

deep hardpan.

FQ f-o](Key Words): E & ¥4 7](Tractor transmission), ¥} % E 3 (Load spectrum), 7}3- T (Severe-
ness) 2 &) 28] < (Rotary operation)
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Fig. 1 Block diagram of data acquisition
system.

Table 2 Specifications of used tractor

288 08 AzY o AAFAT Model TA 4140
Rated power/speed 41 ps/2,600 rpm

Table 1 Soil conditions of test sites Weight 17.10 kN

N Cone index (kPa) f:‘:: Wheel base 1,900 mm

site type 10cm | 15¢cm | 20cm | 25cm I(\;S Tire 21;3-.168_248 };RP(;(::;)

Site I | sand | 280.0 | 738.1 { 1,112.6] — |44.64 Gears (forward /backward) | 16/16

Site I | sand | 104.0 | 109.5 | 175.9|535.9| 55.82 PTO gears 4
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Table 3 Forward and PTO speeds of used
tractor at selected gears

Gear Forward Gear PTO
Ml 293 km/h P1 588 rpm
M2 4.11 km/h P2 704 rpm
tt. 25t 24

EAE Y ¥&7) g0 AL ET s
9 200M 8 22 $AZ B4t BT HE)
2HE QlgEE 2B AojAY Az E EE A
2] o] 43t A7k ¥4 BEF A2 HEAA
t}. D/A AHEE o] &8l o2 AFE A
o golgz Wasty 922 (rainflow cycle
counting method)S & &3t Azt &9 23E ¥
39 A7)¢} W49 #A =2 A@sAY. F, §-3
2H9EHE AGeUT o] B3t AHEY] MY
FA &S st &Y 2 a9 A A

HEEg 235
1) got aBE

A A 3= d&(cycle counting method) o 2] 713
go] ALHm oy #dZE2 ¢ (rainflow
counting method)o] 7} §E Q) A o2 LA 9l
tHE A =, 1990).

Ha& AHEYL X zbo) what Hgle = BEho 3
NE WESY F42A ek ol & Al
e A Bee) 2e TS AU LS A8
o) Rate 39 WESY BAR Y
o W) $57k & W BFo] obd FpelE B
813 9] o %H(mean stress effect) m2istoiol e},
2 dFdME An)A - k& — E5(Smith-Watson-
Topper, 1970)4 & o] g3l B# 3159 FFe o
Bt on, AvA-tE-EH L Ogw gol
¥ ¢ ¥ c}(Bannantine %, 1990).

1o

W&y) Hah AZE] @ A7

Strain gage signal

I

Torgue signal

|

Cycle counting

!

Load Spectrum

l

Severity Calculation

Torque meter

Calibration result

Rainflow counting
method

Linear cumulative
damage rule

Fig. 2 Procedures for load analysis.

Se = A ﬂ'a(da+ tfm) ................................ (1)

o]7}1M, S, = equivalent stress
o, = amplitude of stress
o» = mean of stress

2) S-N =M

A5 Age SN FHE T817] I3 e gt
Rog 3AE Al P(rotating beam test)S =3 5}
HHFo] GHE o A vE FH] 779} wHE
TE E3slojof g}, oy 2 AE Ao 9
3 AR I8 F=E ol &te] vind FF
SN ZHE 458 4 Avkn 39 th(Shigley T,
1989). AutA o2 R 9 10° Abo|Z L 10° Abo] 2
XY L FEE ARt 23 FHE AN IF
gd SN ZFHE 78 4 Uk

AP & EFE Y 47 JE5S 94482 AE
o]7] JEo] Mg 239 ZE AF 60L& o] &3}
o & ZFEE At &, HA7lo]oj(Lingaiah,
1994)e] AE A+ F8 FEY BAE ALt
A F A5 53 Z=E 2,300 MPaz 23S
th =8, JES AHY 9B FEe A5Y FF
A7} 1,400 MPa o] Abo] 2.2 700 MPa2 274 519
tHShigley 5, 1989). 10°g} 10° Alo]FoA A E 2
L HJ72 Fee 4 QF oj83st Axtsdey,
4 AT He JAE A9 Fah 2A g 29
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Table 4 Fatigue strength of input shaft and
values of modifying factors

Material SCM420H
Hardness HRC 58~63
Ultimate strength of test specimen | 2,300 MPa
Fatigue strength of test specimen 700 MPa
Surface factor 0.580
Size factor 0.876
Load factor (10°/10° cycle) 0.72/0.577
Temperature factor 1.010
Miscellaneous-effects factor 0.840

st AT B 4= W) YHEY AW 7
9 7 A%9 e vepd o).

S, = kokpkk kS, eereerreenarrrecreisiieniinnn. @
o] 7] A, S, = strength of input shaft

S’

k, = surface factor

strength of test specimen

k, = size factor
k. load factor
k, = temperature factor

k. = miscellaneous-effects factor

AE B8 38 S S Z2+2; 714 MPa, 174
MPao)glon Mestel SN BUL 4 (3)3 go] &
CELS

3) JtEZ ALt

4% olo]y] A(modified Miner’s rule)g o] £t
&4 §H7(damage sum)E F3t1, I H](ratio)EH
A4 40d HEEE AU 8 5o A
299 &4 A7 Dol B 2 &4 847
ga 3, A A9 JIEEE 12 3PS W B
Zej9) FMEEE Dy/Dyt Eok B A= 2
A 22 43 BEao] WEY) YR By

2E 53 A 2 2 24 g 2

&

“,EE +—
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0.
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K Simas
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@ - .
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R
ol
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3 10 10 s 0] 10 10°
! Number of Cycles

Fig. 3 Application of modified Miner’s rule to
estimate partial damage sum.
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Table 5 Mean ane amplitude of torque loads

Table 6 Result of LSD test at shallow hard-

at shallow and deep hardpans pan
Mean (N-m) Amplitude (N-m) Gear Mean damage sum LSD
Gear
Shallow | Deep | Shallow | Deep MIP1 0.0170
M1P2 0.0770 0.0419

M1P1 88.84 59.04 17.50 63.77 M2P1 0.0495 .
M1P2 81.83 78.21 43.37 97.51 M2P2 0.1058
M2P1 106.79 83.71 20.70 85.95
M2P2 101.11 91.12 51.14 105.19

ESE Aol @2 2T AL FoA S E
3 Bato Hga 9715 Jebd Fojtt. BF Fat
L Aule] ¢ FojA A JEIEOn, Bale 3
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o7 937 dside Brt g2 §3 diojg st
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F9 9} PTO £59 4FE 1237 9t
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EA% 494 A% 2%E vehd Rolth A A
Fe 25 3004202 ARaon, el AHe
HBAAE &4 BAL 9oz aggne &

Table 7 Result of LSD test at deep hardpan

Gear Mean damage sum LSD
MI1P1 0.2260
M1P2 0.5240
M2P1 0.5763 03150
M2P2 0.6920

4o thet Aatol = o)z} Qith. o] Aol &3t
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Ch. gt X 2t9 v
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Table 8 Hard soil conditions (Kim, 1998)

BN W A&7 UG Fof FgahE B4 29
AHAEHS vetd Ro|n}. Fat AdEH|AM Ra}
9 A7l 718 3F B30 93 $3F 39 n)
(ratio)Z X JetUlod, 7|#9 A4 E3= 1108
N-mZ 8&}gic}.

S Yk FA) 9} Huko] ¢ 2(FA DY B
3 2HEYS A AFE Yehigled, 33
EJRY 73 B3t & F4Y HIEFE 10°~10°
Ato] & olsto|qitt. A 2 Aulo] ¢ E, g
A, Aol P& X £o7 Bal £55 Hoo,
T3 $59 PTO $57t T84S dgd gy
A9 ARto] &L o) U# e @AY Ha}
A2HEYLS Ao A¢E Yey

Zo) 2 RANE g £3 Yair) )@
9 34 Eauc At 79 59 PTO 57 5
g5 Rt 3719 Aol St FAER L,

Soil | Mean Cone Index (kPa) | pc
Surface o
tYPE | 0 cm | 5em | 10 em | (%)
Grass | sand | 423.3 | 593.7 | 8585 | 242
M1P1
2.5
2.0F
X]
S 154
o
3
o 1.0}
R
0.5F
00 1 1 i
1E+02 1E+03 1E+04 1E+05 1E+06
Cycles ’
—o— Hard Soil —e—Site] —4—Sitell

Fig. 4 Load spectra with gear M1P1 at
different soil conditions.
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Fig. 5 Load spectra with gear M1P2 at
different soil conditions.
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Fig. 6 Load spectra with gear M2P1 at
different soil conditions.
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Fig. 7 Load spectra with gear M2P2 at
different soil conditions.
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Table 9 Result of LSD test at different soil

conditions
Gear Soil Mean LSD
condition damage sum
deep hard pan 0.2260
MI1P1 hard soil 0.0868 0.1230
shallow hard pan 0.0170
deep hard pan 0.5240
M1P2 hard soil 0.2263 0.1773
shallow hard pan 0.0770
deep hard pan 0.5753
M2P1 hard soil 0.0540 0.3443
shallow hard pan 0.0495
deep hard pan 0.6920
M2P2 hard soil 0.1135 0.1538
shallow hard pan 0.1058
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