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The Transmission Development with P.T.O Axle Design
for Work Vehicle Including Multi-faculty

Lee-Ku Kwac" and Jae-Yeol Kim*

ABSTRACT

A transmission designed with P.T.O(Power Take-Off) axle for agricultural work vehicles including multi-purpose
vehicles has been developed. It is focused on the 4-wheel drive transmission of synchronous contact type for practical
use in fruit tree households which is required for a large-sized agricultural vehicle. Concerning to the specification
performed, the load capacity is from 500kg to 1,000kg and the safety should be secured for passengers. In addition, the
driving condition should also be secured under bad situations of the topographic slope, swampy land and the rest. In
order to carry out above tests, a prototype vehicle through strength analysis of transmission design has been
manufactured. Consequently, optimal design conditions on the power transmission with multi-purpose vehicle for
various jobs are proposed such as an indication of optimal RPM and torque at a certain work situation. The performance
test through the prototype of multi-purpose work vehicle is performed and the related data base is achieved. Finally, it is
improved on troubles by the analysis of the results of R&D and provided the solutions on problems occurring to mass
production in the future.
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Table | Demand speed for work vehicle including multi-

faculty
A& &

o &= |25 £
A 19|{1.5725Kmh  [A- 183.074.0Kmh
A7 29 25740Kmh AR 22(5.076.0Kmh
A7 39407 70Kmh AR 398.079.0 Kmv/h
AW 421607 10.0Knvh (AZ 4127 13 Km/h
FA191.0720Kmh  |[F3 192.073.0Kmh

=77:><DxN><3,600 )
60x1,000x i
o= px gt @
pl 3
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2471 2 H&VE 9 ¥ RS9

(Differential gear)ol]l AG g} olwf, HF WEnE
AES7) HalXE AB7999 Z45u7t nEHAo
Ao g}k, wetd, £ tirls FAabe] AlgEH=
A&7t 5375 4 A€ AMEE A&
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o] Z&u, ™M 9 ¥&y 2 duPAE s #
£u]E§ 18 s AYAe HFHEHE o
< Table2 9} o] AARET).

7% APate diezRE HAd FHY
Aedd & AFHoz Yeiolid Fig. 1 I Z
o] Uetd £ glon, ¥4 i EPATIMAAY
71912% A& Table3 3 Zo] AAR3AT}

drozfe HHE YL F&E7E F39
Ed2gide dAgg) old, AZE 3,000rpm ol
A1 20PS o] FEE& LA TEIE T
g% dAdse 745719 24y 4988 & F439
600rpm 22 Z&HET wetA g Fo FEHE
AYL A3)F Zol Aidr.

T=716,200x%[kg-mm] 3)
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Table 2 Final shaft ratio of transmission

T o TM W] | HFH4|
Forward 1st 5361 14373
Forward 2nd 3.185 85.391
Low Speed Stage [ Forward 3rd 1981 53.112
Forward 4th 1345 36.060
Backward 1st 7.147 191615
Forward 1st 3986 106.867
High Forward 2nd 2368 63487
Forward 3rd 1473 39492
Speed Siage Forward 4th 1.000 263811
Backward 1st 5315 142.498

RPN
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Fig. 1Power transmission diagram of work vehicle
including multi-faculty
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Table 3 The Power transmission process of gears
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Table 4 Basic data for gears design —
3= 7)Zdjo)e} g = 7)zdlolE] CHEEREESEL RLEN Y ERCEEEREE
h
SEauasa e plee [200MPa O
FE LA A60kpm]__[71o1e) H00MF2 ' s
7)ot AU 80°C WAL b EAEY 200,000NMPa EEEAT]
372 Yl 2=40T 7je}A1 49| 028 AEEg Ay
=49 FAHE (71 AFe] WX [785e6 ke/mr No 9009 Top 1ang
#3te R AE [FURE  |7]oe EUAE |Held 40 N good € %00
—— FHE
71ol Al 5550 A7 |BHEERE 50 pinch 36500
U}jé'?:“ff— 0.05 [ X E0l. contactcla  TIF dia A& |

Table 5 Gear shaping data for gears design

" T A3z |a| 0| 2% a9 2o
= & Z(deg)| (deg) | (N) {(mm)| A5 FF
(mm)
O] 35 200 30 | 22 | 23 | +2 | Helical
® | 35 200 30 | 30 | 20 | +2 | Helical
@ | 35 200 30 | 25 | 20 | +2 | Helical
©) 35 200 30 19 ¢+ 19 | +2 | Helical
@ | 35 200 0 | 1326 [ +2] spur
® 35 200 30 27 | 195 | +2 | Helical
® 35 200 30 33 | 195 +2 | Helical
@ | 35 200 0 | 3812 | +2] spur
35 200 0 I5 | 17 | +2{ Spur
©) 35 200 0 20 | 18 | +2| Spur
35 200 30 29 | 20 | +2 | Helical
@ | 35 200 30 | 33 | 20 | +2 ] Helical
@ 35 200 30 23 | 20 | +2 | Helical
@ 35 200 30 29 | 20 | +2 | Helical
@ 35 200 30 39 | 20 | +2 | Helical
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Fig. 2 Flow chart for transmission gear design

Table 6 Main design result of gear
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88.91

8197 045 12.660.91 2.79

1,25

0.59/345 10.73

12124

111.77 047 (266091 2.79

125

0.58/330 10.76

101.04

93.15 |046 |2.67(0.89 13.17

1,17

0.62{306 |0.82

76.79

70.79 044 [2.65/0.86 [2.41

1,41

0.521427 0.59

45.50

4277 (044 |24 100 143

2,43

0.3 {861 (0.29

109.12

100.59 1046 [2.67|0.89 |3.17

1,17

0.61{306 (0.82

13337

12295 {047 [2.65{0.36 {241

141

0.52|400 (0.63

1330

12498 047 2.86/00 (165

2,17

0.34(743 10.34

52.50

4934 044 [2.86/0.0 |1.65

2,17
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70.00

6578 (047 24 00 |143
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0.75{253 10.99
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o] -r-rM]"i #Hd A3 (Maximum shear
stress)ol A A Ho, 7104 do3 E}w‘—"—"l

< 356 kg2 YEIROH, AHUYARE o

‘1‘,"3}.1_.'.21- Maximum shear stress Criterion Theory g
Hgstd Qs 2ok webd, HAl o8 7]
oo WAEE Y F(7.12 kg/mm?)o] AHEE 7)o
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Fig. 4 Deformation of gear
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Fig. § Shear stress distribution of gear
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Fig. 6 Diameter and length of stepped P.T.O axle
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Qe K5 wet pTO F9 ¢4HAAE 2
Egtojof gt olg @ Fo AA AEd 9lof
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ot}

wetA BHoh o Adsda JFE FAstazt
E BAAEPTO £9 tAddAd F#Ha43)
A9 e HE3gnt Azt AdEHE AEdHF
o 98 PTO Fol FHFo] LAY} oleldt
B3 AHFE Al gl st 2y, 7l
o] FPTOEE Al 32 249 3.

Azle] &o] gl E E3lo] PTO Fo| A
g A4 PTO & AV} Hao] A9 4 JEAE
gtetst Al Fig. 73 £ol 31 a4y g A3
gt} 7)o Alegd Ede g dA 3-D Solid &4
3,996 71 6,635 /M9 BHo FAH JoH,
PTO %9 49 TAsT AR FEAA T4
o Az ELAE AET A$ PTO %o A
£ 5753 (Von-Mises Stress)& 4o A& 33
ZEe HUFOEN PTO 29 £4 oJBE B4
3] PTO & AAld Z83=E g}

PTO %3 £4972 Xz 49 3 2 FL
23 e FLZ2 I8 MARC & o] &3lgod,
HAYHOZE PTO £ $24¢, & FYH3rt
AdE £dg 1PZA £ PTO & AZAA
3] 2 ¥ (Torque) 28,644kg - mm & 7}813c}, olwf %
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e PTO %€ FALE 0.0013rad TF 3AET
A By A §88 AEH. e FAAA A
719) @43t PTO Fo g FaaLMHE HA
& Z3E Fig8 ol Ul M FIAE= A
FESHANA APEE FHotslr] Hatd FHPYF
4 9 38378 A¥EY, PTO £9 1AW
A A A3 8 (Maximum equivalent stress)o] HA3
glo}, o7lol X foi ADFHEAL 7612 kg/m'E
Uepde]  wa  I@dYAqRE opstuz
Maximum shear stress Criterion Theory & & 83}4t}.
wekA Ao o8] PTO Zo] LAHE Y &
(15.224kg/mm*)0]  AHEE 7]0) A8 FEAE
(6,=30kg/mm*)BEct A Jepgoz hadicn &
T ey, ojuff 7jojo] FHEL ¥ 2ol

Fig. 7 FE Analysis of PT.O axle

Shew Strems 1

(a) Gear
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(b) Shaft
Fig. 8 Shear stress distribution of P.T.O axle
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(a) Modeling
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Table 8 dump ascent and descent test (P.T.O)

APzA (NFAAZE 1200kg 57385 1200 3)

FAAR 120%5 FHAsI 200 3] d& 47
Algds Mg 2 S4EA A 2 Zd9,
&5 ol dele

Table 9 Continuous operation test
=9 B R, AZHAF 1200k,

ANgzgd | FREELF 18T

AFAIZE 16 AIRE (8 AIE x23] )
Zt FYAFE FAIZ ARSAN HEFZE
NEds (M E AFEVIES 300 3] BHEEA A4
AEE A o e

(c) Photograph of the engine room Pd ; R S,
Fig. 9 Modeling and prototype of transmission I R e e SR LR LR TR

Table 7 Trial running test result var

ANgzd| AlExd : o}2BE, AEFFH : 2T

Fig. 10 Performance test table of chassis dynamometer
for manufactured work vehicle including multi-

845 (Km/h) faculty
AR ©§-220,2 ©—3.25,3 §>7.70,4 151
HO=YPLT - 15.1Kmh FPAGA M= AR 1A 2.20 lm/h, 2 Gl

A 325 km/h, 3 @A 7.70 lm/h, 4 Sl A 15.1 km/h
R = 10_4%—91291, HaFgPLEE 151 kmmh fQoh

T H2HsmAE e AH8A 2700mm, $H3]A]
2700mm Ath @E A9 o) FH& [ 1@

# 24 897334 3 12700mm, ($-33]) 2700mm

@3 A8 A 22 F) ol A 12.2(PS), 2 ol A 14.0(PS), 3 Tl A 14.7(PS)
3701 B o 1SN 12N ) > ’ PTL ) ’
o 1_“_ fzzz 140,3 €147, 4 8161 4 2alA 161 PORLH, & AF 282 AR
@3 A5 =9 @) 1 ol 11.0(S), 2 @olM 122(PS), 3 BolA
A1 E—11.0,2 B—122,3 §—112,4 F—62 11.2(PS), 4 Dol A 6.2(PS) St}

HAsAANEAME HAFF 1208 A7
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3tod 200 3 A& 7 ANEE A3 FEFA B
B R ZH Y, AFRA ol Fol UM,
AETANFAME & FYPLFE FA= @
FstEA HEFERA MY UAF E71EE 300
3 SHEEA A5 H AP A ool AN

Table 11 Characteristic of developed work vehicle

including multi-faculty

o},

Table 10 Performance comparison of existing product and

development product

T B e 573
BT [EAREEY)  |[Ranas 345
£ % |1,000kg SRHAAA] st
A E T [100hg HE, wws A9
PTO S8 | aogy- | oo [45 271 48715

3 ©=2,500 ~ 3,000rpm WA e

T & AR E NEAE

A FF | 1004kg 1084kg

A A &3 | 1000Kg 650Kg

AL B | gAdy gAY

WX HAF | 1000Kg g &

BT ERANZF| 600Kg e =

i 1 ©=100 ~ 800 RPM .

PTO %  |9l&pg=g00"1,500RPM | & &

1 ©=2,500 ~ 3,000 RPM

Yz ezER

4 FLHZAPTO £ R &

g & FH4&7): B89y A g3
&) JAEY 4 AEEY4
FAL7LA4G F19 (W49, F1d

Hé g
L E A 28

HAnF YL T [15.1Kmh 12.1Kmh

HE gy |59 3 us A2 F 9%

HH4AHE |94 2 PTO HH3 7=
AN ERAEIH

AYEgHoz

FF A |HgeE 57 FIP4

AMERE B
i3]
Rl bl
1= ] S e N N
3o
F 44 [PTO ¥ W, xE9
A4 9 845
Hgoz A4 st i #
¢S
NG A |2y oolsAR AMFsl A

PTO RPM |L,000 ~ 3,000
Faad 3200 HEF g
AL & B4 (|B7] Y4 A el P
H g o] 3 A4 tj23aHgol3|-
&£ = o iﬁi"ﬁ&%’d%
Yubs2g]
5. 28

€ @79A Aestn s orls AR
T AAZ 5007 1000kg, 5&, HAY LI 5 &
ol ¥ £ F FAAML W, FAAYL B
€ AAY AZE )5S o&¥ Ad H3}, A

A9, FEAY, BRI GAE TP ¥Ee P

A 715, JtE ZAARAY 1 € 2HA 5
gz 3N FIPH AL AT 4 & FEE
Edx QA AEe BEEE QT =8, 583
EFXNE o83t HAAA, FF, BA, AE, 2
grg, dz, 25 2 27A #4715 £354
o}

D % APGake w43 PO E AAES 9
M HAAEE Ea € oY, 28 P4,
H&H, EdanA AE3L, 89y, 88
FF5F, 7144 2 dAa, 71ojuiAl, elo]o
ZF 2 73 5& 7122 39 EWAX QM
AHEEE XA Al F8 UARY B2E, 3T
g8z, Agel, AXNAFE, AYF, FAAL,
HEHZ, 71A4, 7ojdXxe] WUy 58 2
Ao, olgt BL Fa AHAUAE #
g olEHoE T3 F 7o) & F9 FAAA,
AR 2 Aol HA F& EF Trial and



Fol T FAY : AFALIHAA A2 B A4E

error WAoE HAH g F3l HA Az
dolon, BEEUF Hee FAsA

2) 71019 Z=FHoA dHAZE Hetsly] std
FeaL8ME FPsded, gud € 7)o
o] o]zl HoM Hu Hu-§E(Maximum
shear stress)©] 2SS, AGSH gL 3.56 ke/me?
2 vl EF sldgel] os) slojo] 24

T Y #(7.12 kg/mm2)o] A}g® 7)o} 89
FEAE oY =30kg/mm2 B¢} HA vEltod,
71018 AAEL 42 oju,

3) PTO &9 ZESHAA AAEE Fgosl7] ¢
gtod FEo LA E Fygsigen, HAIFHE
4 9 $¥A7|E HuRd PTO £ 134
A A AggYol LAsn, AGIYgpe
7612 kg2 YEPRTE EF AFH 9
3 PTO Fo LAHE Y H(15.224kg/mm?)0]
Atg" 710l A8 87 E(0,<30kg/mm?)E.T}
HA vetgen, &L < 290t}

4) Azt H5B7t 23 g3 go] Ko FHG,

- FYPAY

F 845 (Km/h) :

A1 ©-2.20,2 ©—3.25,3 ©—-7.70,4 ©—15.1

AnFYPEE 1151

A3 W7 (B4 3))2700mm, (34 3)) 2700mm

9 AR Hof &8 (PS):

AR ©—-12.2,29—14.0,3 ©—14.7, 4 B> 16.1

9y A% &9 (pS):

AR E>11.0,2 ©—>122,3 G112, 4 B§—>62

- AA A E

HAZF 120%E HAES 200 3 A& 57 A

¢ 234 43I A54H 2z, AR

ol4o] iRt
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