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A Study on the Optimal Bearing Design of the
Main Shaft for Hydro Mechanical Transmission
Using KISSsoft

Moo-Jeong Ha

Department of Mechanical System Engineering
The Graduate School

Pukyong National University

Abstract

Hydro-mechanical transmission has the advantage of maximizing the
efficiency of power transfer by utilizing hydraulic power favorable to high
torque in the low speed area to increase mobility at low speed and by
using a lot of machine power in the high speed area. Hydro—-mechanical
transmission continuously combines the flow of mechanical and hydraulic
power, resulting in the synthesized power flowing out to the output shaft.
In this process, the main shaft is subjected to different directions and
force loads depending on the hydrostatic transmission operation, which
affects the life of the Dbearing supporting the load. Currently,
hydro-mechanical transmission is designed by applying the load on each
bearing at the maximum theoretical value per bearing, resulting in a

somewhat excessive bearing selection. Therefore, in this study, we will
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interpret the safety factor, rating life, shaft bending of the currently
manufactured hydro-mechanical transmission main shaft bearings as
KISSsoft, and then proceed with the optimal design. Summarizing the
results of the existing Hydro—-mechanical transmission simulation
conducted in this study, in all sections with Hydro-static unit exclusion
volumes of +50cc/rev to —50cc/rev, each bearing safety factor is 5.22 to
316.37, exceeding the target safety factor of 1.25 so it is considered that
the bearing of the Hydro—mechanical transmission is designed safely. The
rating life of the Dbearing also exceeded the Hydro—mechanical
transmission target rating life of 5,000 hours, and it is judged that the
rating life of the bearing also satisfies the target. However, the existing
safety factor and rating life expectancy are conservative and judged to be
somewhat excessively designed. Through KISSsoft simulation analysis, 11
of the 12 bearings were changed to bearings with a smaller size than
before, and the safety factor and rating life were also reduced, but it was
interpreted that the design reference safety factor was 1.25 or more and
the rating life was 5,000 hours or more. In addition, bending support
bearings were applied to the maximum shaft bending point to alleviate
the shaft bending of the existing Hydro—-mechanical transmission, reducing
the maximum shaft bending value by about 80% from 0.0891mm to
0.017lmm based on +50cc/rev - 2 stage through KISSsoft simulation
analysis. In this study, the main shaft bearing of the Hydro—mechanical
transmission for tractors was improved using KISSsoft. Using the
Hydro-mechanical transmission optimal design results derived in this
study, it will be applied to actual Hydro-mechanical transmission

products.
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Table 1 Condition of HMT clutching

mode C1l C2 FC RC
forward

O O
1% stage

forward

2% stage
reverse

1% stage
reverse

2% stage
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Fig. 2 Simulation model of HMT shaft
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Table 2 Parameter of HMT gears

t
No. gear name z D(mm) | b(mm) | material ©
shaft
1 Engine Input - 200 20 spline
2 HSU Motor 63 110 20 C
3 P1 Sun Power 63 110 20 D
4 P2 Carrier 105+63 140 19 spline
5 P2 Sun 63 110 36 E
SCM420
6 P3 Sun 66 75 30 F
7 P3 Carrier 66+106 160 35 G
8 FC - 160 30 I
9 RC - 160 30 ]
10 HSU Pump 78 145 18 spline
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Table 3 Parameter of HMT bearings

location part name bearing model dmm) | D(mm) | b(mm)
A Engine Bearing 6304 20 52 15
B Support A 6208 40 80 18
C HSU Motor 4516 45 52 16
D P1 Sun 4516 45 52 16
E P2 Sun RNAO 40x50x34 40 50 34
F P3 Sun NK 40/30 40 50 30
G P3 Carrier RNAO 40x50x34 40 50 34
H FC Support HK4016 40 47 16
I EC NK 40/30 40 50 30
J RE NK 40/30 40 50 30
K RC Support HK4016 40 47 16
L End Support 30207 35 72 18.25

HMTel #-&5 = Hlo’S FAA] HEA SHRE 9sto] Ayt AFTolA 4
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Table 4 HMT design parameter
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A a4

WA &4} A Akg
P2 Feolth. HMTE HSUS Abzt 91
Mol FRAL B doME H

Hjj A -8 % +50 cc/rev, 0 cc/rev,

A& 420 bar

&t HMTE siAe] A &%=
718 Q2 AFES Table 49 YEFATE Table 49] YeEbd HMTS 43 AL
Z38te] AR A

part name symbol spec unit
nput power P, 140 HP
input speed w; 2300 rpm
input torque T, 61 kgf.m
HSU volume Vi, 507-50 cc/rev
working pressure AP 420 bar
1°' planetary gear ratio R, 0.600 -
2" planetary gear ratio R, 0.600 -
3" planetary gear ratio R, 0.623 -
motor gear ratio R, 0.95 -
pump gear ratio R, 2.00 -
output gear ratio R, 1.00 -
HSU pump speed w, 4600 rpm
HSU motor speed w,, 4600 rpm
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Fig. 3 HMT output speed according to HSU volume



A 3 71 HMTY KISSsoft A/ E @ o)A &4

3.1 HSU a9 A &4 +50 cc/revd AL #4427

HSU wjA] &4 o] +50cc/revd 45, HMT 7|oJE@ e 7z} @49 £x U
®3 d4A3E Table 50 YeERATE
Table 5 HMT speed and torque (+50 cc/rev)
speed(rpm) torque(kgf.m)
1st sun 4370 36.6
1st ring 2300 61
1 Ist carrier 3076 976
stage 3rd sun 3076 97.6
3rd carrier 1180 254
output 1180 254
1st sun 4370 36.6
1st ring 2300 61.6
ond Ist carrier 3076 97.6
2nd sun 1006 139.4
stage 2nd ring 3076 232.4
2nd carrier 2300 61
output 1006 1394
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Table 6 Simulation result of HMT 1% stage

part Name safety factor rating life(hour)
Engine Bearing 9.47 61395 h
Support A 5.25 5242 h
FC Support 19.81 17164 h
RC Support 9999.99 > 1000000 h
End Support 11.32 35358 h
HSU Motor 48.23 149785 h
P1 Sun 43.45 105772 h
P2 Sun 28.05 63679 h
P3 Sun 28.17 27244 h
P3 Carrier 81.13 > 1000000 h
FC 27.86 68518 h
RC 27.86 68518 h
0.08 -
0.06 —
E 004
5 doo
E ]
g o
-0.02
—0.04 —|
-0.06 — T
R S

Axial drectionY [rmm]

Fig. 4 Bending of HMT shaft 1% stage
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3.1.2 HMT 2% 3|4
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Table 7 Simulation result of HMT 2" stage

part Name safety Factor rating Life(hour)

Engine Bearing 9.83 68318 h
Support A 5.45 5885 h
FC Support 20.46 19136 h

RC Support 1572.65 > 1000000 h
End Support 11.33 35473 h
HSU Motor 48.23 149781 h
P1 Sun 43.45 105769 h
P2 Sun 28.05 63678 h
P3 Sun 28.17 27243 h

P3 Carrier 81.13 > 1000000 h
FC 27.86 68518 h
RC 27.86 68518 h

,12,
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3.2 HSU 9 A €4 0 cc/revd AL9 A 2d7

HSU #jAl-& %} o] Occ/revd 74-¢-, HMT 7] E# <19 249 £& H
A 3|4 A2E Table 8o YElATE
Table 8 HMT speed and torque (0 cc/rev)
speed(rpm) torque(kgf.m)
1st sun 0 36.6
1st ring 2300 61.0
1 Ist carrier 1438 97.6
stage 3rd sun 1438 97.6
3rd carrier 552 254.3
output 552 254.3
1st sun 0 36.6
1st ring 2300 61.0
ond 1st carrier 1438 97.6
2nd sun 3738 375
stage 2nd ring 1433 62.6
2nd carrier 2300 61.0
output 3738 375
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Table 9 Simulation result of HMT 1% stage (0 cc/rev)

part Name safety factor rating life(hour)
Engine Bearing 9.4 60046 h
Support A 5.36 5583 h
FC Support 30.63 73441 h
RC Support 9999.99 > 1000000 h
End Support 316.37 > 1000000 h
HSU Motor 48.23 > 1000000 h
P1 Sun 43.45 > 1000000 h
P2 Sun 28.05 17138 h
P3 Sun 28.17 58277 h
P3 Carrier 81.13 > 1000000 h
FC 27.86 146473 h
RC 27.86 146473 h

0.08 —
0.06 —
0.04 —

0.02—

Displacement [mm]

=002

—0.04 —

—0.06 — :

[
Q o ) o
& & & &
Axial drection Y [mm]

Fig. 6 Bending of HMT shaft 1st stage

Fig. 6°] A#}Z5H, 1delAe] Ho W2 P2 Sun?t P3 Sun®| Ake] A H
A LAstHow, 1w WEFS 0.0950 mm=E LEFS
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3.2.2 HMT 2% 3|4

2 Table 89 #s #A&3te] HMT 2¢to] dig A Edo]lAdE T o

BA
Mojge] g o
IE Fig. 7° o

Table 10 Simulation result of HMT 2™ stage

part Name safety factor rating life(hour)
Engine Bearing 9.16 55595 h
Support A 5.22 5156 h
FC Support 29.8 66984 h
RC Support 9999.99 > 1000000 h
End Support 305.04 > 1000000 h
HSU Motor 48.23 > 1000000 h
P1 Sun 43.45 > 1000000 h
P2 Sun 28.05 17138 h
P3 Sun 28.17 58277 h
P3 Carrier 81.13 > 1000000 h
FC 27.86 21630 h
RC 27.86 21630 h

,16,
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3.3 HSU a9 A €4 -50 cc/revd AL #4427

HSU wjA] &4 o] -50cc/revd A%, HMT 7]o]E# <l
Y 3% Table 11 e

Table 11 HMT speed and torque (50 cc/rev)

7t Q49

Ib
M

speed (rpm) torque (kgf.m)
1st sun -4370 -36.6
1st ring 2300 61.0
1 Ist carrier -201 -97.6
stage 3rd sun =201 -97.6
3rd carrie =77 -254.3
output =77 -254.3
1st sun -4370 -36.6
Ist ring 2300 61.0
ond 1st carrier -201 -97.6
2nd sun -201 -36.1
stage 2nd ring 2300 610
2nd carrie 6469 21.7
output 6469 21.7

)

3.3.1 HMT 1% 3|4

HSU<S wjA|&2 o] -50cc/revd ®l, Fig. 19 Yeld 2yl d&3 sz
A 9 Table 119] #S A&3te] HMT 1ttol] tiat AlgdoldS 3t
o, Wojge] Stds B A 4 23S Table 1201 WebiaL, =

¥ Z3%=  Fig. 8 WetiTth
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Table 12 Simulation result of HMT 1% stage (-50 cc/rev)

Axial drection Y [rmm]

Fig. 8 Bending of HMT shaft 1% stage

part name safety factor rating life(hour)
Engine Bearing 9.47 61395 h
Support A 5.25 5242 h
FC Support 19.81 17164 h
RC Support 9999.99 > 1000000 h
End Support 11.32 35358 h
HSU Motor 48.23 149785 h
P1 Sun 43.45 105772 h
P2 Sun 28.05 318710 h
P3 Sun 28.17 416922 h
P3 Carrier 81.13 > 1000000 h
FC 27.86 > 1000000 h
RC 27.86 > 1000000 h
0.08
0.06 —
E o004
5 ".0.02 |
£ - :
B i-bret=REE ¥
2 /™ ol - 2
© 002 " a—am 38
-0.04 —
40-05 T | T ‘ T I T l T
< @Q ’S’Q @Q Co@
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3.3.2 HMT 2% &4
HSU9] wjA]|&5 o] -50cc/revd W, Fig. 1o yeld 2y} d&3t 4%
7 2 Table 119 <& A gste] HMT 2¢te] ths Al E#HolAS +333t9

o, Hojge hde % AAsE 4 AatE Table 130 et

Table 13 Simulation result of HMT 2" stage

part name safety factor rating life(hour)

Engine Bearing 9.83 68319 h
Support A 5.45 5885 h
FC Support 20.46 19136 h

RC Support 1572.73 > 1000000 h
End Support 11.33 35473 h
HSU Motor 48.23 149781 h
P1 Sun 43.45 105769 h
P2 Sun 28.05 318708 h
P3 Sun 28.17 416918 h

P3 Carrier 31.13 > 1000000 h
FC 2/1.86 12498 h
RC 2/1.86 12498 h

,20,
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3.4 7]& HMT9 A EFA 4 A&

Table 148} Table 1501 71& HMT Al E# o4 )4 47}

Rl

Table 14 Safety factor of bearing

g gelstel v

safety factor +50cc/rev Occ/rev -50cc/rev

of bearing 1 2" 1 2" 1 7*
stage stage stage stage stage stage

Engine Bearing 9.47 9.83 9.4 9.16 9.47 9.83
Support A 5.3, 5.45 0.36 5:.23 9.25 5.45
FC Support 19.81 20.46 30.63 29.8 19.81 20.46
RC Support 9999.99 | 1572.65 | 9999.99 | 9999.99 | 9999.99 | 1572.73
End Support 11.32 11.33 316.37 305.04 11.32 11.33
HSU Motor 48.23 48.23 48.23 48.23 48.23 48.23
P1 Sun 43.45 43.45 43.45 43.45 43.45 43.45
P2 Sun 28.05 28.05 28.05 28.05 28.05 28.05
P3 Sun 28.17 28.17 28.17 28.17 28.17 28.17
P3 Carrier 81.13 81.13 81.13 'y, % 81.13 81.13
FC 217.86 21.86 27.86 27.86 217.86 217.86

RC 27.86 217.86 27.86 217.86 27.86 27.86

Table 145 Ay =W,

of A G,

25 7]

MN

Hoj g o) &
#1258 =4 dE
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Table 15 Rating life of bearing

rating life of +50cc/rev Occ/rev -50cc/rev
b g . 1St 2nd 1St 2nd 1St 2nd
caring stage stage stage stage stage stage

Engine Bearing | 61395 h | 683818 h | 60046 h | 55595 h | 61395 h | 68319 h

Support A 0242 h | 5885 h | 5583 h | 5156 h | 5242 h | 5885 h

FC Support 17164 h | 19136 h | 73441 h | 66984 h | 17164 h | 19136 h

RC Support >10°h | >10°h | >10°h | >10°h | >10°h | >10%h

End Support | 35358 h | 35473 h | >10% | >10%h | 35358 h | 35473 h

149785 | 149781 149785 | 149781
HSU Motor >10% | >10°h
h h h h
bl S 105772 | 105769 ; ' 105772 | 105769
un ) £ >10°h | >10%h 5 )
318710 | 318708
P2 Sun 63679 h | 63678 h | 17138 h | 17138 h 1 N
416922 | 416918
P3 Sun 27244 h | 27243 h | 58277 h | 53277 h § -

P3 Carrier >10°h | >10°h | >10°h | >10°h | >10°h | >10°h

146473

FC 63518 h | 68518 h h 21630 h | >10°h | 12498 h
146473
RC 68518 h | 68518 h b 21630 h | >10° | 12498 h

Table 155 A EH, HMT AAsw T3 HSUS HiA-& 4 (+50, 0, -50
cc/rev) T 9F F#H3HA, HMTY & T 5,000/ 7HS A3steE Ao
2yt 2y debEgl kg 3 A A gE adskd, v
A HEAo R ArstA AAY Adow dAddn
Sun# P3 Sun®| Ale] A HoA W e] I3}

g R e Bgo]l BT Ao dAvkH,



Al 47 M HMTS KISSsoft 22y 2 A &8 o)A
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4.1 HMT H|o]¥g A3} (+50cc/rev, 29)

7% HMTe] 4450] Q= Wolde Table 39 B71soi3it 41614 AL
A9] Wolge WARAM KISSsoftd o183kl H4 WARS Rtk AL
W74 ks Wolgel v R4 B, A Welge ¥AsE AP g

wAE Avk 9@,

Table 16 HMT bearing parameter

No. bearing name d(mm) D(mm) b(mm) note
A FAG 16004 20 42 3 change
B 6208 40 30 18 stay
C HKA4512 45 52 12 change
D HKA4512 45 52 12 change
E NK 40/20 40 50 20 change
F BK 4020 40 47 20 change
G HK 4012 40 47 12 change
H HK 4012 40 47 12 change
I BK 4020 40 47 20 change
J BK 4020 40 47 20 change
K HK 4012 40 47 12 change
L SKF 32007 35 62 18 change

,25,



Table 162] Ho{=H &

445908 W, KISSsoftE ol gafel o413

2t wlof o] oF

A& AATEE Table 1791 7] HMT a4 239} Blaste] YepdTh

Table 17 Compare with before and after

before after reducing rate
+50cc/rev, . . :
2 stage safety ra.tmg safety ra.tmg safety ra.tmg
factor life factor life factor life
Engine Bearing 9.83 68818 h 5.17 5881 h 474 915
Support A 5.45 5885 h 5.45 5885 h - -
FC Support 20.46 19136 h 12.91 5828 h 36.9 69.5
RC Support | 157265 | >10°h | 99261 | >10°h 36.9 -
End Support 133 35473 h 1983 18873 h 3.5 46.8
HSU Motor 48.23 149781 h | 30.84 45514 -h 36.1 69.6
P1 Sun 43.45 105769 h bl 9 32140 h 36.0 69.6
P2 Sun 28.05 63678 h 14.03 10504 h 50.0 835
P3 Sun 28.17 27243 h 17.65 7207 h 37.3 735
P3 Carrier 381.13 >10%h 23.75 86571 h 70.7 -
FC 27.86 68518 h 12.92 8065 h 53.6 388.2
RC 27.86 68518 h I 8065 h 53.6 38.2

,26,



Displacement [mm]

Axial direction Y [mm]

Fig. 10 After HMT 2" stage bending of HMT shaft

Dieplacement [ mm)]
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Fig. 11 Before HMT 2™ stage bending of HMT shaft
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42 Wolg WA 2 Frlo & HMT A& A A4 (+50cc/rev, 2T

Aed wd AA wogdS Agstdle o, HSU wiAlg&-#o] +50cc/rev - 2

2 th KISSsoft Al&eolAl si4& it

Table 18 Safety factor - insert bending support bearing

part name before after rate
Engine Bearing 5.17 28.61 5.b
Support A 5.45 14.77 2.7
FC Support 2O 9999.99 -
RC Support 992.61 35.13 0.0
End Support 10.93 11.28 1.0
Bending Support = 9.27 -
HSU Motor 30.84 30.84 1.0
P1 Sun 27.79 21.79 1.0

P2 Sun 14.03 18.93 1.3

P3 Sun 17.65 17.65 1.0

P3 Carrier 23.75 23.75 1.0
FC 12.92 17.46 1.4

RC 12.92 17.46 1.4

Table 18 w3lA|# Hojge] F7F M5 hd&S wlulste] Ueiglrh

A WolgdS F718Fo 24, Engine Bearing, Support A, FC Support, End

Support®] StE&o] F5atgirhk RC Support®] &L Zastglov, 7% <k
& 1.25KY E7]d EAgleoR AdE)

ot
ol

,29,



Table 19 Rating life - insert bending support bearing

before after rate
Engine Bearing 5881 h 998232 h 169.7
Support A 5885 h 116880 h 19.9

FC Support 5828 h > 1000000 h -
RC Support >10°h 163688 h 0.2
End Support 18873 h 20941 h 1.1

Bending Support - 11136 h -
HSU Motor 45514 h 45515 h 1.0
P1 Sun 32140 h 32141 h 1.0

P2 Sun 10504 h 53993 h 5.1

P3 Sun "T80% th 7208 h 1.0

P3 Carrier 386571 h 86573 h 1.0
FC 8065 h 18127 h 2.2

RC 3065 h 18127 h 2.2

Table 199 =38 %~

Support®] AAFHo|

AA4H 5000hE T} =70

wojge] 71 19 4

,30,

ge Hlaste] Yehelth =3

A WolgS F7}sto g X, Engine Bearing, Support A, FC Support, End
. RC Support®] A4
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43 ¥y WA @ F7}lo] @& HMT A EH oA A (Occ/rev, 29

A4t Wo]dS Zgete], HSU Al &4 0] Occ/rev - 29 1Y w, KISSsoft

431 A& 3 AA1 a4

Table 207 Table 212 ¥4 wlold 5 w3d A wojgo] &+ HMT F5°
sl Artelth. Table 20 A HEW, wojd 7jds gdl Hd&E tha Hasial

d

o, ER7|E 1.26HT mong  FHASEHASS 1d 4 Atk Support Ae
wa AA Wy F7t2 kAEo] ta SRS o= W

3] 712 Support Aol 7} Bt £917] wEo g dukE)

Table 20 Safety factor - insert bending support bearing

part name before after rate
Engine Bearing 9.16 2472 2.7
Support A %% 13.19 2.5
FC Support 29.8 9999.99 -
RC Support 9999.99 9999.99 -

End Support 305.04 5403.12 17.7
Bending Support - 10.27 -
HSU Motor 48.23 30.85 0.6
P1 Sun 43.45 2719 0.6

P2 Sun 28.05 18.93 0.7

P3 Sun 28.17 17.65 0.6

P3 Carrier 81.13 23.75 0.3
FC 21.86 17.46 0.6

RC 21.86 17.46 0.6
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Table 215 HW, 7} wlojgle] FA5H E3 Hx FA5A 500047+ 278
7

L0004 PR 461

Table 21 Rating life - insert bending support bearing

before after rate

Engine Bearing 55595 h 643803 h 11.6

Support A 5156 h 83242 h 16.1
FC Support 66984 h > 1000000 h -
RC Support > 1000000 h > 1000000 h -
End Support > 1000000 h > 1000000 h -
Bending Support - 15116 h 0.0
HSU Motor > 1000000 h > 1000000 h -
P1 Sun > 1000000 h > 1000000 h -

P2 Sun 17138 h 14531 h 0.8

P3 Sun 58277 h 15418 h 0.3

P3 Carrier > 1000000 h 185075 h -
FC 21630 h 5722 h 0.3

RC 21630 h 5722 h 0.3
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0.020 —
0.015 —

0.010 —

]

0.005 —

—0.005 —

Displacement [

—0.010 —
—0.015

—0.020 —

| A" N |
&

Axial direction

|
@Q
Y

[rm]

&

Fig. 14 Shaft bending - insert bending support bearing

Fig. 145 HMT F&¢9 =

0.0971mmelA - 0.0146mm= ¢F 85% 7raxsf

2 Q% ANE sy,

_34_

A

o}, of



ATl A s HMT gatell oA, 71E 2% A7 2 AlZ" HMT 7|9 E
g1 KISSsoft ai4lS &3 =g AAFES stotetal, HMTO A4
SHE 9T HA AA A7E FIeAT. & Ao F3E V1S HMT
AEHolA AxE A std HSU HlAl 84 o] +50cc/rev -50cc/revd] A -

522 7 316.37= YEY Ex A& 1.25%
et HMTS wlojge StHstA AAd ez wodr) Hojy 4

el AASY wH BEE WXt Fow pudc a1t NE FAL
B AAFEE ¢ BEHew ta FraA AAE Ao WEHTho

&
oftt
i)
o
+
o
S
8
L
a
2
\©)
Fﬂ
f-lN
o

0891mmell A 0.0171lmm=E °F 80% F+4AA]
Atk B Aol = KISSsoftE ol&3ke] EUEE HMTO F= Hlojg
Mgtk 2 AFedA =F" HMT HAHAdA ZA3dE ol &3ste], A
HMT AlZol 283 oot}

,35,



Y
Kl
Hd
[.4 (

1) DS Jung and C.W. Park, 2014 “Power Flow Analysis for a
Hydro-Mechanical Transmission® The Korea Fluid Power Systems Society

pp.107-108

2) JSKim, W.Kim, Y.H.Chung, S.B.Chung, Y.D.Kim, H.S.Kim., 1995
“Power Circulation Characteristics of Hydro-Mechanical Transmission
System in Steering” The Korean Society Of Automotive Engineers

pp.308-315

3) Dong Soo Jung, Yong Bum Lee, Bo Sik Kang, Do Sik Kim, Gi Chun
Lee., 2019 “Study of Test for and Evaluation of HMT for a Tractor” The
Korean Reliability Society pp.275-283

4) S. P. Moon, T. H. Han, C. H. Choi, Y. J. Kim., 2019 “Strength
Analysis of Helical Gear Reducer Through KISSsoft” The Korea Fluid

Power Systems Society pp.210-211

5 S. H. Park, J. H. Shin, H. E. Yoon, D. W. Kim., 2001 “A Study on
Kinematic Characteristics of Planetary Gear Train” Korean Society for

Precision Engineering pp.643-646

6) Kyoungjin Lee, Jeongmin Kim., 2015 “Mathematical Modeling of
Planetary Gear Efficiency” The Korean Society of Mechanical Engineers

pp.3676-3677

7) H. Y. Jung, D. S. Jung, J. C. Kim, J. H. Mun., 2019 “A Study on the

Power Characteristics of Machine-Hydraulic Continuously Variable

,36,



Transmission with HSU® The Korea Fluid Power Systems Society
pp.383-387

8 H. S. Jeong, H. E. Kim, J. K. Kim., 2004 “Efficiency of a Hydraulic

Piston PumpMotor” The Korea Fluid Power Systems Society pp.39-46

9) Hyung-Joon Park, Tae-An Kim, Hye-Won Han, Seung-Ho Han., 2018
“Fatigue Life Estimation of Drive Shaft for Shape Optimal Design” The

Korean Society of Mechanical Engineers pp.2578-2579

10) S. M. Baek , S. U. Park, Y. J. Kim
., 2019 “Analysis of Endurance Life for Bearing of Agricultural Tractor
Transmission according to Pre-Load” The Korea Fluid Power Systems

Society pp.17-18

,37,



	제 1 장 서  론    
	제 2 장 기존 HMT의 KISSsoft 모델링 및 시뮬레이션   
	2.1  HMT 기어트레인의 구성   
	2.2  기존 HMT 기어트레인의 KISSsoft 모델링   
	2.3  기존 HMT 기어트레인의 시뮬레이션 해석   
	2.3.1 HMT 유성기어의 속도 및 토크 계산식   
	2.3.2 HSU 배제용적에 따른 HMT 출력속도 해석   


	제 3 장  기존 HMT의 KISSsoft 시뮬레이션 해석  
	3.1  HSU 용적 +50 cc/rev일 경우의 해석결과  
	3.1.1 HMT 1단 해석  
	3.1.2 HMT 2단 해석  

	3.2  HSU 용적 0 cc/rev일 경우의 해석결과  
	3.2.1 HMT 1단 해석  
	3.2.2 HMT 2단 해석  

	3.3  HSU 용적 -50 cc/rev일 경우의 해석결과  
	3.3.1 HMT 1단 해석  
	3.3.2 HMT 2단 해석  

	3.4  기존 HMT의 시뮬레이션 해석 결론  

	제 4 장  개선 HMT의 KISSsoft 모델링 및 시뮬레이션  
	4.1  HMT 베어링 최적화(+50cc/rev, 2단)  
	4.1.1 베어링 변경 및 해석  
	4.1.2 축 변형 해석 및 비교  
	4.1.3 축 변형 개선  

	4.2  베어링 변경 및 추가에 따른 HMT 시뮬레이션 해석(+50cc/rev, 2단)  
	4.3  베어링 변경 및 추가에 따른 HMT 시뮬레이션 해석(0cc/rev, 2단)  
	4.3.1 안전율 및 정격수명 해석  


	제 5 장 결  론   
	참고문헌   


<startpage>9
제 1 장 서  론     1
제 2 장 기존 HMT의 KISSsoft 모델링 및 시뮬레이션    2
   2.1  HMT 기어트레인의 구성    2
   2.2  기존 HMT 기어트레인의 KISSsoft 모델링    3
   2.3  기존 HMT 기어트레인의 시뮬레이션 해석    6
     2.3.1 HMT 유성기어의 속도 및 토크 계산식    7
     2.3.2 HSU 배제용적에 따른 HMT 출력속도 해석    9
제 3 장  기존 HMT의 KISSsoft 시뮬레이션 해석   10
   3.1  HSU 용적 +50 cc/rev일 경우의 해석결과   10
     3.1.1 HMT 1단 해석   10
     3.1.2 HMT 2단 해석   12
   3.2  HSU 용적 0 cc/rev일 경우의 해석결과   14
     3.2.1 HMT 1단 해석   14
     3.2.2 HMT 2단 해석   16
   3.3  HSU 용적 -50 cc/rev일 경우의 해석결과   18
     3.3.1 HMT 1단 해석   18
     3.3.2 HMT 2단 해석   20
   3.4  기존 HMT의 시뮬레이션 해석 결론   22
제 4 장  개선 HMT의 KISSsoft 모델링 및 시뮬레이션   24
   4.1  HMT 베어링 최적화(+50cc/rev, 2단)   25
     4.1.1 베어링 변경 및 해석   25
     4.1.2 축 변형 해석 및 비교   26
     4.1.3 축 변형 개선   28
   4.2  베어링 변경 및 추가에 따른 HMT 시뮬레이션 해석(+50cc/rev, 2단)   29
   4.3  베어링 변경 및 추가에 따른 HMT 시뮬레이션 해석(0cc/rev, 2단)   32
     4.3.1 안전율 및 정격수명 해석   32
제 5 장 결  론    35
참고문헌    36
</body>

