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Abstract

Agricultural tractors are designed using the empirical method due to the difficulty of measuring
precise load cycles under various working conditions and soil types. Especially, directly drives
various tractor implements, the power take off (PTO) gear. Therefore, alternative design
methods using gear design software are needed for the optimal design of tractors. The
objective of this study is to simulate fatigue life of the PTO gear according to the operating
point of the tractor engine. The PTO gear was made with SCr415 alloy steel with carburizing
and quenching treatments. The fatigue life of the PTO gear was simulated by using bending
and contact stress according to the torque of the load levels. The PTO gear simulation was
conducted by the KISSsoft commercial software for gear analysis. Bending and contact stress
were calculated by the 1ISO 6336:2006 Method A and B. The simulation of fatigue life was
calculated by the Miner's cumulative damage law. The total fatigue life of tractors can be
estimated to 3,420 hours; thus, 3,420 hours of fatigue life were used in the simulation of the
PTO gear of tractors. The main simulation results showed that the maximum fatigue life of the
PTO gear was infinite fatigue life at maximum engine power. Minimum fatigue life of the PTO
gear was 19.61 hours at 70% of the maximum engine power. Fatigue life of the PTO gear
changed according to load of tractor. Therefore, tractor work data is needed for optimal design
of the PTO gear.

Keywords: bending stress, contact stress, fatigue life, gear design software, 1SO
6336, PTO gears
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Materials and Methods
AlE20]d 2 EQ)0f
2 Ao A PTO 710] A & s A& 4-38517] 915t ARG 7]o] s A AZ E Qoj= A-Eaf B oheet Fofo
7]0] A of] AF&-E]= KISSsoft (Version 03/2014, KISSsoft AG, Switzerland) S AF&5H2ITH KISSsoft= 7107, &, H]
Oia T 71A8AE B9 (modeling)stal ARt e of whet AlgE|o]do] e ALE 24 1SO, AGMA,
S ot A-E o8t 7] A A 2 oA & S Al o] Sl

PTO 7|0

2 A7 AAZE 71 kWF EHE A ALGEE PTO 7]0] 35+ Al Belo] 4 519,01, 7L AF9FE Table 1
ot Aok FE|elol M1} AIE B ol Jiefe] AR2 Yol AFHE JATLS I Scudls
(16MnCr5)0] o, et g3 2 27 A5}t 7]0] FHE BE A5 7lojo]n], F2Zh2 20°, 0]0] Z& 75
71019} 15710} BLE 18,0 mmo|t}. 75 % 5 57]01e] w29 xl%%au 84.0,178.5 mm 0], 7]0] Sl 2k2}
24, 517jo|tt.
Table 1. Specification of a PTO gear-train.

ltem Driving gear Driven gear

Gear type Spur gear

Material SCr 415 (16MnCr5)

Module (mm) 35

Pressure angle (°) 20

Center distance (mm) 132.00

Pitch diameter (mm) 84.0 178.5

Base diameter (mm) 78.934 167.735

Face width (mm) 18.0 18.0

Number of teeth 24T 51 T
AlE2o]d =

2 AP 7o) £9S FF ST HE S22 o] g5te] ABHo]H slglon, o) i F3l S M= 2
AAF21SO 6336 (Standard ISO 6336-1, 2006; Standard 6336-2, 2006; Standard ISO 6336-3,2006) 114 2.2 4385}

o} ISO 3-8 Lewis2l, Niemann?!, Hertz2] 5 7| % o] 22] 7|4t 0 2 LA E]0] 9] 01, o] |3l 7] % o| = Alof 7] 0]
o) 7E 2, 12 %, 51% 27 Sof that £ AS-2 A2519r} o] nf, 24 A= 1S0 6336 : 2006 Method A,
B (Standard ISO 6336-1, 2006; Standard 6336-2, 2006; Standard ISO 6336-3,2006) THAAE Zaste] AA5T

1) 28 2%

0 $HL 710 5 A o]ie] Bol A WASHE $3.0 24 o]o] B, w ol WAISH: Yglolth, 34
S 7P 2 G T AL oA 0] o] 0] 2|50l n], B oA A (1)7H L Lewis AT 45 A
5 KE olgste] 34 S8 ATt
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£

Where 6, = Bending stress (N/mm?)
K = Correction factor
F, =Nominal tangential load (N)

b = Face-width (mm)

M, =Normal module (mm)

A2 7101 75 A oo A AYSHE S . 2M, 1/ (pitting) o] BAYSH= AQloltt. = 532 7[99
=, AL F 5 B A, 710] AR AIRE S 2R o] 9lem, & AFelME A ()2 22

P -

Where 6, = Contact stress (N/mm?)
Z = Correction factor
F, =Nominal tangential load (N)
d, =Pinion diameter (mm)
b = Face-width (mm)

u = Gear ratio

3) 710 =8

2 AT A=PTO 710] A &2] -§8-45(S-N) A2 Miner®] A1q 24 o] 2-& 2851, 7]01] A 4
7} 8] ST Miner&] A Y 72 o] 22 2 711 F-E-] 1 2wt E o S5l=t| vl A Thestal Aokl
ATE A& 5 o] 2G| AFEE I 9l o] 2ot} Minerd] A F2 A} o] 28 g 58 ool A nhaof =g
She & Aol 2 ot A 218 5= Aol 2 2] HI7F A g2 S 2 Bt Z1oH, Miner 0] 29] 1] 2 uta| = 4
()3 ol shgol wet =2 d &40 F H(D,,,) 0l 1.0 Bt 27t g2 wff AR PTO 7]0] ] o] ftfef o H
o4 9] -§H-5(S-N) A= Fig. 13} 2k ofw], PTO 7] 0] 9] o] % 2]} o F 3Lof| A oF 700 N/mm*9] -&-2] K T}
212 o] 2-gold 7ot 8= 27 Fot. I, PTO 7]01 9] A 72 EH O] Bt ARG A 525k 7}
g5ttt ESE] Hal ARG AT AR A= oF 71.8U/, AFGAITE6.241Y Y, ESE ot Q1 7] 22 AL
25t 3,420A17E 22 ARISHHTHRDA, 2006). kA PTO 7015 AlEdo]d & o PTO 7]019] A +82
3,420A|7F 0.2 A7 514
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ng Ny n;

total ZW: W+ N + N

> 1.0 3)

Where, n, =Number of cycles at the i" stress level

N, =Number of cycles to failure corresponding to the i stress level

2500 ..cceunnrnnenn, = Sepatilens

......... =+« Gear Flank
1000——\ ...................

Stress amplitude [N/mm?]

Number of load changes

Fig. 1. S-N curves of PTO gear root and flank.
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EE diz19] 257 0] PTO 7]o] = el v A= G2 AlEdlo] A o171 $l6ta, Fig. 29t 2ol Izl &3 44
Ao At E2(57.3 kW @ 2,150 rpm)& 7|50 2 EH-2 10%4 THAA71H, olnf o] ET ¥iste] o2 g 59,
%3S AXtete] 7]0] £18-& A8 o)A 5ttt o]n] PTO 757101 2-8-5h= BT 133 PTO 0] 1:
° 5]

|
ol AR QR EFE Otj& ALstgom, PTO 1% 7|0]e] EIL PTO 7]o] v 3 thof| olste] 7]ojH]
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Fig. 2. Engine performance curve of 71 kW tractor.
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Results and Discussion

17 & Wt et w3 S22 AlEY ol ?F Y= Fig. 33 Zth 5 7]0]¢} o570 o] Ao 9 58
L A7 o) Z3 2] 70%0014 ZH2} 746.84,434.59 N/mm* &2 LFEF o m| o] = allzl 2o &3 2] 70%0]1 4] <17 B3
7} 7P =A A5kl wiEelth ETlolet wE 7101 XA JYl S X Ao S oA 242} 535.87,
311.82 Nmm’2 71 W7 Yepton, o= Algd o] gt qlizl o] B4 F4lo] 2o S oA 7 ¥2 EA9)

1:1

800

738.84 746.84

600 -

429.93 434.59 41207

393.62 5 388.66
400 -
311.82

200 -

Bending stress (N/mm?)

—+—Driving Gear (Nm)
~#-Driven Gear (Nm)

100% 90% 80% 70% 60% 50%
Ratio of engine power (%)

Fig. 3. Simulation results of bending stress at gear root.

Hatol| wet 71o] = -SH-S AlEd oA g Ail= Fig. 49+ At} 15
s3yo OJZJ Z|o] =3 9] 70%011 4] ZF2} 1261.64, 1228.39 N/mm*& LFEE oo o] = ol Al X
A EF7} 7V =A A7) wiZelth ETolet 5E o] A HE S <l
1071.85,1043.61 N/mm°2 7H @A Yebt oo, o= Al o4 gt qlzl o] 4 2410
2 EF9 45& 27 "ol

1500

1254.96 1261.64
1201.63 122901 419416
1200 -

1071.8 1221.89 1228.39 1196.63

1169.97 1162.7

1043.61
900 |

600 -

Contact stress (N/mm?)

300 -
—o—Driving Gear (Nm)

—@-Driven Gear (Nm)

100% 90% 80% 70% 60% 50%

Ratio of engine power (%)

Fig. 4. Simulation results of contact stress at gear flank.
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3) 70| =B
A7 = Hstol| whg 7)o £ o] AlEe|old Ao, 7]0] 2] =2 PTO 4571014 ol Fjof| A o3l o H
71 A= Table 29 At} AyFA 0 2 7]ol =57 g8 of| &Jsto] o]#e] BE 9| njdo] Yojubm, 5 g2 o] 2|5
A oH o] npr 7} BRI E]A] Hth(Jeong, 2013). & Ao A A8 PTO 71014 g Algeold At M Fof
S-S A QA MK ) £ 9] 50 - 90%N A= BF F-57]0] o] oA mpo] WAt oM, M EATL S
7¥elol we} PTO 7]0] 1-2 2 5] Atk ohabA] PTO 7o) 32 =2 13 EX Xl A A7l Hof 229
70%01 4] AFHEE 739 19.6 AIZE S 2 FA S| Fo] B A& & 4= St} T3, i 7]of =2 M7 2o &2 100%
oA Bt S Z=A OiUrE}”OD# ol = AlEHo] A gzl o] B4 o] Ao & Eﬂﬂoﬂﬁ I ES
U o0 2 A7 X|of EAAFE|(full throttle)ol| A EE S 551

o dse A7 e bl J

s, dxle] = %Eﬁ@‘l %2,150 rpmi‘:‘r W2 A ESE 21E RsHA 5 PTO 71019 82 =
As| garlZle Ae & 4 At 2 7olde EEE A9 2-530] PTO 7] 0] 7ol m| A= G2 Al2de]
A stEe™, PTO 71019 A AAE flsiA= 7101 B, 7ot fiE 5ol tiet A 24 Hloly Sol Zagd Ao
= ekt

Table 2. Simulation results of service life of PTO driving gear.

MaXlet('f;ve"rf - 100% 90% 80% 70% 60% 50%
Service life (hour) oo 317 217 19.6 37.8 189.9
Conclusion
2 A= EE AR 9 H4 AAIE 913 712 AFEM, 2 Al Q17 S tF-E ARE-SH= PTO 7]
o}E EHE <3 £ §igle] wpet A Eefo] A shlch. EHE Q13 &8 Msh= 71 kWH EZE] 2] Q7] 7514
T HASVIEo 2 R oH, ojnf o] EF o thE 3l -3, HE &S Aot PTO 7]0] AA| -2 A&
o] 3ttt PTO 7101 2] A -2 EE] B AL AI7EO 2 2859 oo, Al B o] 42 A48 7] o] AlE o]
A &I E Q)01 Q1 KISSsoftE AH8-oFSAT. o|uf 53] -3 7 3= -8-2-2 ISO 6336:2006 (Standard ISO 6336-1, 2006;
Standard 6336-2, 2006; Standard ISO 6336-3,2006) 7122 ©]-85to] A[Ed|o]A 5t PTO 7] £ 58 - 5

(S - N) A=} Miner®] Ag F2&4 o] 25 o]-8-sto] Altstal o, 1 8 Avbe b33 Zrh
1) EZE Q%1 9] 2F 3o mhE PTO 57019} 157|101 o] Zof wel -§3-2 M3 o 239 70%°4 22
746.84, 434.59 N/mm* 2.2 et o]= oA Ao &3 2] 70%0 4 92 E } 7V =7 vhAsEed 7] w o)k,
E2HPTO 571010t mF 7|0l 9] 24 # -$82 A7l 2o 2ol Al 242} 535.87, 311.82 N/mm’ 2 WERTh.
ol AlE oA gt MK B4 Aol Ao 2P A 7HY B2 EF 9] 5 7] wiEolth
2)wd ST FUT I oR S AlEeo] A st o™, PTO 7571012} 1F57]019] Ztf = -89
2 A7 ) 223 9] 70%14 22 1261.64, 1228.39 N/mm? ©.2 LrERstt), o]= ol o &2 0] 70%14 a4 E
A7} 7V = W8S 7] wiZolth TR PTO 571019t 1E7]01 9] F4 5 322 A7 2t S840l 2t
75 1071.85, 1043.61 N/mm* 2 & UElTh o]= AlEg o)A g X1 o] B4 FA4o] At E oA 7P E2 ET
O 52 217) wi ol
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Z29] 70%°14 19.6A17F 2. &2 7 YA LrerstT

qo 2 A= X EAFEH(full throttle)oll A EFEE F55HA Bl=d], M%1e] Mo =24
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