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Development of a Load Spectrum of Tractor Transmission

4o & 43 s* o] F 2+

D. C. Kim K. U. Kim J. W. Lee

ABSTRACT

This study was intended to develop a load spectrum acting on a transmission of agricultural tractors.
Transmission loads were measured at the input shaft of the transmission and final drive shaft of the tractors. The
measurement were conducted in five field conditions at two speed levels under plowing operations in Korea.

Two torque transducers were developed for the respective load measurements and other necessary
instrumentations were made to collect the data and store them in a data logger. The time-histories of the torque
loads were analyzed and transformed into the load spectra using the rainflow counting and Smith-Watson-Topper
methods. Comparisons of the load spectra developed under different conditions were made to investigate their
characteristics. The effects on the load levels of soil and plowing speeds were also investigated. Finally, a load
spectrum combining the results of the spectrum analysis was developed and proposed as a load source for the
reliability test of transmissions.
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Table 1 Soil and surface conditions of field where load measurement was made

Mean cone index at depth of, kPa
Region Surface type Soil type MC. %
Ocm S5cm 10cm
Yongin ] | Dry Field Sand 735 931 - 23.2
Yongin [T | Dry Field with grass Sand 46 600 846 253
Suwon III | Paddy field with stubble | Loamy sand 407 584 600 30.5
Suwon IV | Dry Field with grass Sand 423 593 858 24.2
Chulwon V | Paddy field with stubble | Sandy loam 692 907 - 35.6
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39 o} Fig. 5 Time histories of torques measured at
Ay £5 -‘;— JdAE JiH &5, 5 AF A transmission input and drive shafts.
2,600 pm& A& AdefolA, 7.6 km/h(M4!&):q-
103 km/h(HI®) 25202 Qo goloje] 371 & HEY £ § Falojof gt
gte AHL 140 kPa, T HL 110 kPaZ {33+ B oM 7139 A £57t 2,600 rpm o
22 A7) WMol MEY &£EE 346 Hzzl 9ok o] A F

5. S5 AHEY Xy

JhE3-AZHAME

SRV EESEE DR EETE FLEL
%% 4Rl TPAh o) 13T Jre YA
Fof we} 7@ 59 200, 4, 84, o] HIHE
Zasolth. metA, Fak 299 Fo4 94
£ Haw 7)B £59 47 TN A8A
& Yrl2ENyquis) FH5E 7E SR 4z

g &5 22oA A8 £ FH o /HF TS A
T3 &£T e 3333 Hz o]t} welM, Al -E3
HAES MEY &5 3333 Hz2 31gith 139 o
oJE ZAXNL AR FAFNY 71 §F) AP
#4522 A0, 4 APYR oA A &7
o 1 F JEFHQ dolg 2~4718 A3 £
A 3t4it

a9 5 g7 YEES AE FEEY E R
38 3333 Hz2 AEYPT Y9 123 AR-ES
AEE veRd Zojtt

-542—



EAH

L} B8t ABEHY

A2z Rt a7 &
LEMEIEE %L%%A B3 A
239 AUgrog 34 Eq o A3
7t #2817 Qo) B3t A7) FF EFA A
3% 24 £39 v2A Jehysich W& 495
of g 43 E3E 7189 34 E3E AHEEA
on, 75% 0 U 44 E3E 75EY F
g o] 7% EAE ARt &, & A7
AL g3 EFE Y AF &9, 34 45, TEFEI W
A, F5 80 Z&3E +3 5o 44 P=4lps,
N, = 2,600 rpm, r = 0.626m, W = 8,550No| 17| W&
o] 7189 A4 B3, I.94 +38Y A ol& +
F B3, Te o0 o] AXE A

o Ut

¢

. 736 x 60P _ 736 x 60 x 40
ot 27N, 27 x 2,600
= 110.8Nm

T =CW,=08 x 8,550 x 0.626
=4,282Nm

o714, FEEY A AF Cx 082 AAH
t}.

23 539 W55 E ¢ Z2-9(rainflow count-
ing) 7HeW WY g ol &3l AASALH, AHE
HolMe o4 Ad = %5'—?‘5}04 Z+ 73t

9 24 ehige =
24 2§39 3
]31(Sm1th Watson
Tapper) %3 -& 2 g8t

2" EYN nFa JEE AAsI] A3 o]
Z HEyozx &4 EAE HEsH(smoothing) &
Atk EZ dolel g & Fojr FEIE AT BF
2 ug Aoz AN

W47 9 Bat 29EY A%

Xgon-ty - T X2y T Xopy T X

x; =

h

A7\ n = FEE wolE &
x = 39 57 vlole 9 &
=39 BT &

B dAgojs FF3d dolel9 & nd 7% 3
A471 2,000 rpm o] 4 wf, mF Tt 4d &0} 67Hz o]
D, Az Fu4 3333 HeE 672 L}o] A
T g 52 Ak n ol B2 Fat AHEYY
s 28y g8t 18 6olX g} 2ol n e
242 59} 1002 o] §8F AHEHS 731 ol E
v natglt. B3 dolHE B3 s9E W o
A ke W] Rt AFEYe s F Aol7t vt
wou, BRsE gl wE oj= vehdA kgt
. ot BESE £5 52 SR nFS 4E
L AA}E doje 23 202 gPegth
By Q8 B30 nFES 48 1 377t
A7 £39 20% o3tz 31, F7]F0]7] i
Bt AAEYAM I JFE AASFAT o] E ol &
8%y HAG WA Agols Z 3% A
2 okg Aoz WAk upehA, W& A F
B3 ~rdEHS PYHFd vole 5 52 &o] F
235 A -E3 Ax2RY Faged, HAF T
529 Bt AHEYL, 1F FHNA nFH A4

0.8 —r I Y
- 07 —&— no-average
. — -
£ oot i
= ] —X— average poin
% 0.5 4 S .
=] ] T »,
<
‘9" 0.4 0\ ol
g 0.3 )\ .
2 0.2 1 Ti : Input shaft torque
£ Tir : Rated input shaft torque \

0.1 X

, x o &
0.0 s ———rrr v -
10° 10! 102 10°

Number of cycles
Fig. 6 Effects of averaging of input shaft
torque.

—543—




@Ed7IAL A A3 W A6z 1998d 129

2ol AARCZ 27| Ao AR FF & A
-E3 YE2¥E 47 Fad.

Ch S0 X2 18582 #5t 2HEH

a9 7& A7) AN 2uE Us AgRoz 7
Ae B 1023k HF FEE0] U B AAE
Y€ Yehd Zojth 229 A4S A4 &Yo] ua
o ®a9 Ve Zangoy, sy FE &
Abshgith. oldl @ Rol= IA @m WA 2 A
F @e Azl ARa. gety Bat AqEdo
N &) gBe neisn IR

323 $& TFHo) g $8 A4EYL 47
a9 83} 9ol g} o] Ho] B Al BF 7
29 Ral7h 27 vehtod, $20] ¢ Aol
22 7529 ¥} 3A Jedg. ols A7)
Agats B B Sue YRo] Hdole] F¢
At $302, 209 A9l AZ02 244
o 2zt H&3} £ PEE R&E FAA 1
£9 oz wET. 2et 1 Aol 13% ol
olgon, NS gt Batg A7)k Be FTE
JehIih $ak 2dEHo) 25E B3 P8
392 752 53 a9 go2A Yehjth

6. 25t AHEY 24

1.6
14 N |
5 —e— Norma
=12
he} ] —e— Start
:” 1.0
& Td : Drive shaft torque
s 08 Tor . Rated drive sheft torque [ |
< 0.6 A

.\

% \O\D\q‘\’\n
2 04 S
5 D\u\q .

0.2 X

0.0 t

10° 10! 10? 10°

Number of cycles

Fig. 7 Load spectra of drive shaft torque at
starting and normal plowing operation.

7t E2 529 g%

a9 10~132 EF s V &, 38 Ryt 3¢
BFEQd 9% FE Favh tF 2 ARdelM 3
+ 9 Wzt e A&7 Y534 755
HEYE Uehd ol o)A FL ¥
BE HEY 9T HEHoE BI] A%

2

&=
3 2
uhE

R

1.0 ——r e

0.8 gunmee e e

sol |

—o— Left
—e— Right

0.4

0.2

Drive shaft torque (Td/Tdr)

Td : Drive shaft torque \%:J
Tor : Rated drive shaft torque \-\m

0.0

10° 10’ 10?
Number of cycles

Fig. 8 Load spectra of left and right drive

shaft torques when furrow was
opened to left side by reversible plow
with H1 gear.

1.0
p
I\

0.8 . —o— Left |
s 1\ —e— Right

N 9
0.6 kL !
NS

Drive shaft torque (Td/ Tdr)

Td : Drive shaft torque

Tdr : Rated drive shaft torque \
L]

0.0 —rrri- vt
10° 10' 102
Number of cycles
Fig. 9 Load spectra of left and right drive
shaft torques when furrow was
opened to right side by reversible plow

with H1 gear.

—544—



EdQE W4r)9 i 2dEY Ad

1.2 T T — —r
.\\.\
- 10
g ﬁ'\,\
£ o8 —a —
g
o {
8 06 = ;
G 04 L :
k=] Ti : Input shaft torque
o Tir : Rated input shaft torque :
= 02
0.0 4+ S L S—

102 10% 104 105
Number of cycles

Fig. 10 Load spectra of input shaft at plot III.

1.0 e e

0.8 | T B
R N
06— o= N

N Uia\n\n‘\\\:\\d ::— M4
Td : Drive shaft torque \q

Tdr : Rated drive shaft torque

Drive shaft torque (Td Tdr)

10 10° 10* 10°
Number of cycles

Fig. 11 Load spectra of drive shaft at plot III.

2 3¢ 57 37498 $89 /1% 3749
FolM AE ST} HEFS F
I Z799% S8, WESFTL $e nd
S$U5+E ¥59 37} Fol o A AL $E9 9
Fe FEFUCHE W57 AGFeIH o 3 vt
Hor] E#, 3¢ ¥at 2 AEGIMNRTE &
g o 2A deren £3), AEgA 753
9 A% 59 GPol F&W 1 AUL FFF
AU £ Fa7t A7) A2 S5 Fohstel
£ #37k 371804 7] o2 wadch

32

£ lo
L

atd

rlo

3

t

L. EY F&

1% 14"'17% Z}'Z" /\]@ E_ool: _Az_z.‘]oﬂ)\,] _;g_é:, 4‘.‘;1_

1.8y ——rrrr — S —
. 1.6

B 14

5 7 S

=12 .‘\\ —e—H1

= 0

g \D\u\.\q

§-04' Ti : Input shaft torque

: Tir : Rated input shaft torque
02 W
0.0L~ — —ENd
10° 10° 10* 10°
Number of cycles

Fig. 12 Load spectra of input shaft at plot V.

]
1

-
N

/;7‘77
/

o
™

o
[+

'
1

Td : Drive shaft tarque =
Tdr : Rated drive shaft torque

Drive shaft torque (Td/Tdr)

o o
N

o
o

Y R R
Number of cycles
Fig. 13 Load spectra of drive shaft at plot V.

M4 24 IGHNo R Gl 4 ¥&7] ¢
¥&3% 7559 ¥ 2HEYS vebd Ao
Eq 2o we tokdt g9 Bat AdEF o]
vebt o, oAtd uiel 2ol B9 ZEst 57
o] gt Y59 IVE FIHHA e, Bt £
FE NESE ZAHAT 53], EY Z2d VA
9 Ba AHEYL A & R§E e
o]|RL B} JF B ol thE EYde 2
ZEe] & ¢8 AU AL TR TEHA A

. F% Aol W& JYF K3 Eas A
A EFY 06~1.0 HYolgou, 1% IgdAE
0.7~1502 Zs59cth &8, 7529 Ba B2
E 5% 49U 0 05~1.0 oA 1 19 H&
05~-112 &7}

F

o flo

N

—545—



FXEA7IAGEA A23A A63 1998 129

1.2 T ——— ~
'
1.0 e
4 NT —T
—o—TII

"l 1]

//
)/

Input shaft torque (Ti/ Tir)
[=) o
[+ [o]
p.

© ¢
N
NP

H Ti : input shaft torque = s
Tr : Rated input shat torque \
T ; R
0.0 —r T T ———rrrrr

102 100 10 10°
Number of cycles

Fig. 14 Load spectra of input shaft under five

soil conditions with M4 gear.

1.2 -
\4
=10 I b
s ‘\,\\ ——1
g o8 wk < ——Mf |
° " \\ — W
3 —‘°—V
go6l o -
! S
5 04 H— \‘\\
2
0.24-1 7d : Drive shat torque ™ N
Ter : Rated drive shaft torque '\K
0.0 — .' ~
102 10° 10* 108

Number of cycles
Fig. 15 Load spectra of drive shaft under five
soil conditions with M4 gear.

H&71 A% HF 752 H3 EIE v
3, |47 dEF Rate AF FFHAMR
th, £ 4do]ME A 20%, 24 1= )
18%7} 7 5 Ak o) ®¥&y] oJdZoA HE
TES 7HAY 58 &4, B4 AF Tl 98 Ao
2 g

ct.

Ra AHEY

O

FRo 299 94 5,
$31 @ Ratel 1 0ESE &

187 —— — S—
164~
= _— ——
- 14
; 1 \ —1
% 12 P \.\ il
v e
ERT I e v
8 "\Q\k ——V
E 0.8 p
206 e Nl
g . \
£ 0444 N
Ti : Input shaft torque
0.2 4| Tir: Rated input shaft torque &
Yy i I R B ..
10? 10° 10* 10°
Number of cycles

Fig. 16 Load spectra of input shaft under five
soil conditions with H1 gear.

1.4 - —
1
5 —1
S0 —
[ " \\ e [V
0.8 e .
é_ “\‘_’E l\\ \Y%
g 067 ]
—
A\
.?2_, 04 —d .\
aQ 0.2 Td : Drive shaft torque \ 3
' Tdr : Rated drive shaft torque “
0.0 ! —r ! v v
102 10° 10* 10°
Number of cycles

Fig. 17 Load spectra of drive shaft under five
soil conditions with H1 gear.

Rolth. webd, YA Akl H3F 249 279
WEFE 94 APss NESR eyl
Pt %8 ~9Ede Taivl 98 =aHY
+92 10422 7hgatgion, & A A
BE FY AIHE 300Ato.2 &to] 30004 o2
CELT-LY

R 2AEYL F¢ Rotrk 3T AR 44

o

9 w3 %, F B 22 W3} IV, 3¢ Past 2
249 = & EF 23 VY 249¢ oz 2
it

4 AL AR YR 4 It 2Ae2 7}

~546—



EdE ¥57

1o

AHA D, 3% 43} 1E 199 AL H g AT
219 Aol wel 20:800. 8 519100, =3} e
H&E AE =3 29 A3 ugQl 65:352 &G
th.

734_% G Me 47 FY Fa7t 27] d &
& 439 A ggo] woin BaHo F& 4y
1o H]&& 40:600 2 31glow, =29 o]
A RAg neiste] Eof it F55 AHE
23
AAGH HAALY Ra AHAEHE 60:40
9 HE&R o] Fuo] ALY F Qe AT F
dol st Fat AHEYE A o] F3
A2FEYE FU9 dutEd A Y 23R
F o 7tES 24E MR E Folth. a9 18- 19%
Zz} olg} & WPoR T W& dPEH
F F52 g 43 24EYHE e Ao
t}.

FRe 2HEYM FAARY 4AG 4 2
ARdE EF n e F+9 Aol A JEA
gkgton}, Basl 231 NESFst 2L Feoe F
AAG Y Bt FAAA NG A et o=
FYAGY FE Fart 4 ARt} 27 o
o Ho Fate 947 JE R A 34 ET9
L1~16ujolm, AFE LF 2] A 09~124) A
o|t}.

©
S w b

ot

A

=10 s B A
£ TR
E 4
o —0-—Suwon
a' —A-—Cheolwon
£ —e—Total
=
©
L
[7]
3 %
£ 0.1 \

1 Ti : Input shaft torque

: Tr: Rated input shaft torque

1 'Y
10° 10° 107 10°

Number of cycles

Fig. 18 Total load spectrum of input shaft.

S 3¢ Aol U FH5 29EYY 13
fEe £aXd9 2AA ) 33 A2 e
on], o] Renius(1976)9} Gerlach(1966)7} 73+
2o AHERD NlmHA 1Y 2004 9 Fo] Z&
REFoA By 2717 2 Aoz yetgo
o}& Reniusy} EFE ] £3& 10,0007 %078 7}
Aot £8 £ TS FUng E0) 4E
Ql Ao pordd)

1.0 AW i
e~ by :
S | \
= p |
< ——e— Total '\\
E. —®— Renius .
g —x— Gerlach \
& ;
2 :
7] | ] ;
301 Ao
[~ ] H
- Ti © Input shaft torque !

1 Tir: Rated input shaft torque \
T ! 'r!Tm;

T
Number of cycles

Fig. 19 Total load spectrum of drive shaft.

1.0 "“é“a;‘;:
] D.\‘%
— .
©
.y
3> —0——Suwon
Lo —aA—Cheolwon
g ~—e—Total
=4 |
S \
8
% 0.1
-
[7:3
] -
2 1 Td : Drive shaft torque
o 1 Tdr: Rated drive shaft torque
1

108 108 107 108
Number of cycles
Fig. 20 Comparison of total load spectrum of
input shafts of tractor with those
developed by Renius and Gerlach.

~547~



R EA7IAEHA A23F A 635 1998d 124

2 a7 SUY 42 AY 2N ELEHY
A&7 s FFF F8s Fa A9ER
< WEaty] gte] A==l

U A FA AHE 2, 2 Ado) o
2t #3 54 S AL A 2dE AL
o, 947 Y453 435 7559 £2 Rete A
ARoz A ARE 2zte) B3 ABIE W4y
A2 HF FERo) Aol 2HAUG. A2
F3he £ 2 24, 99 =3 T F A,
A4 = 1AM A4S zoz &
ZR&A ZJE AN -E A2 RH HA &
Z 2(Rainflow) 7% w9 al Smith-Watson-Topper
B g 0] 83t 27 A =AM B3 AHE
e F4st

Rat AHEYY B4 Azo] g3td, FEY)
ofd B2AA 22Y A, ¥3 AHEYLS B
A ZE A vlmste Fate A7 2L w
2AEY FAL & Aol7t deH, #, ¢ 755
of & Fat AHAEY M FAFo] 2ol Rt
A ek AL 50 9—]?} Rat ~AHEYS Ao
T AE TEHRAA B HE7] g FolA A
Gehted 455} m:¢% 2L NESoN 2 8
& E28 JehY. 2o B¢ 2300 gety
t #89 7w otde AHEY Y FYAME

2 o) 7} ekt
2 A7old AR Fot A=Y L FE o)
& Foetn, torg ZdoA Bo AHEYY
S-S AYste o 7148 & UAe Aol 1
o AdfA4ol & B 2HAEHS AEs
A & B ohz g dE & E
A gtojof 3, Tho AAelA BTk HE
Ao2 AL AL HeE ER 8 FAFL

A 2
£ 8 2%

_Y_'.o}.o?f.l'
L °

s

T
K

e
i

10.

—548 -

- o) BF

. Glinka, G. and J.

. Renius, K. Th.

2 $43jofo} & ol

S|

AW 1998 =4 FERAY Rah A9EY

4. BN HYER. ALUSE
(1995, RE 49 o] £ 3. 42T
S 7\ A4 A A28 3% pp. 311,

. Anderson, G., E. Rowe and H. Spencer. 1974. A

tractor rear wheel torque meter. Journal of

Agricultural Engineering Research 19:365-369.

. Bannantine. J. A., J. J. Comer and J. L. Handrock.

1990. Fundamentals of metal fatigue analysis.
Prentice Hall. Englewood Cliffs, New Jersey, USA.

. Gerlach, A. 1966. Field measurement of tractor

transmission forces. Transactions of the ASAE 9
(5):707-712.

C. P. Kam. 1987. Rainflow
counting algorithm for very long stress histories.
International Journal of Fatigue 9(3):223-228.

. Grubisic, V. 1994. Determination of load spectra

for design and test. International Journal of
Vehicle Design 15(1/2):8-25.
. Jenane, C. and L. L. Bashford. 1992. Field

evaluation of tractive efficiency using a wireless
torque meter. Applied Engineering in Agriculture 8
(2):141-145.

1976. Lastund Fahrgeschwindig-
keitskollektive als Dimensionierungsgrundlagen fiir
die Fahrgetriebe von Ackerschleppern. Fortschr.-
Ber. VDI-Z, Reihe 1, Nr. 49. Diisseldorf, VDI-
Verlag 1976.
Renius, K. Th.
damage theory to agricultural tractor design ele-
ments. KONSTRUKTION 29(3):85-93.

1977. Application of cumulative



