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Performance Review of a Cycloid Speed Reducer for Ship
Transport Vehicles using FEM
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Abstract A cycloid speed reducer is one of the rotational speed regulation devices of the machinery. A cycloid
speed reducer has an advantage of transmitting high torque, but is known to be unsuitable for high speed
rotation. However, it is almost impossible in an analytical method to find a use limit speed when installing
such a speed reducer in a 200ton loading transporter. In this research the cycloid reducer was simulated to get
its  performance depending on friction energy loss in time domain by using by LS-DYNA. The maximum
torque of the cycloid speed reducer is 3.5ton-m, so the comparison of analysis results between a case of 60rpm
rotation and a case of 162rpm rotation with such a torque showed the following results. In the case of 60rpm
rotation, the maximum stress appearing in the RV gear and the pin gear was 463MPa and 507MPa. Lost power
due to friction was 50kW; In the case of 162rpm rotation, the maximum stress appearing in the RV gear and
the pin gear was 550MPa and 538MPa. Lost power due to friction was 175kW, which was shown to be almost
impossible to use.

Key Words : Academia-Industrial

1. A& ARgE ol gtk Abe]FRolE &)= Ao FRO|E

IX g zb= F7]o](Plate-Gear)9t 7] o] (Roller-Gear)

245 NAAA ] YL gRE wEoly A b wEdl Folle TE2E Hof Au1]. wekd A%

A5 EaE A7) Y #E0)7F Argdolxth o & EAE a8t AueEAEY Eie &8

% Aol ERolE Ve nAE, 71 9, "ok dhe 457 Bk @3 o]# @ Ale]E R0 E 3T

HRshsE, Wee A7keE s A wie] g o] Aes AMALRE dFste A F8 Yol oY
"WAA AL ;738 M (hskang@cst.ac kr)

A 11d 039 08l Aol (12 119 049 02¢, 22 119 059 1Y) AAAEL 119 05¢9 129

2061



Bl Akel ) 42 ehs] = A A|1238 Al5%, 2011

ol
-
N,

th23). dhkshe AEuel Weke 485 o
44 @) Wl 55 1

@7lojsh Mot AESWA WA T
o A%l (E H97 @A Q] Wl
e AEdThs Ae A B

N

N
B e
N

Ot o

ofr 1 x i N

Y

N
N
I
N
lo
oty
2
B
N
of\
N
ob
ft 2
i)
2
°
Ry

o
e i

ox Hl 9

o

L
o
o — ox 4o
oy o2 o 2 3
o o2 0y
ED 5
=

o R &N E g
to
0%
o

Hop ¥o o bt A

by
£l
iy
o
32
oo

ft
to
o
_}l_‘ .

rlr
_>;1_4
ol
o
o ofr
4
N
rir N
e

3.5ton-m, =t Q
Atk 27 o] #4715 162rpm2] &3
7] {14l Aol 8% ?E TE A 71 ALzt
x| zpe] 7]o1u] & A F3te] A EP&

As AE 317] 3 okt e
Stk & A AFH Nz AF] A

H Zo= 7&#714 3] d47F 60rpm<]

162rpme] -5 H]wg Aot}

I 60rpmol| %

II.?_,('

ol

ol
Ho o2 F
o Db Ip it 2
R
NI E

i,

Kl

rf
l=0
by
:(I){é

B e x Jf % Hf
fo do o ot ox O

)

)

O

(% 1] Afel2zol= ga]e] Al

Spec. 162rpm 60rpm

Tooth no. of sun gear 23 18

Tooth no. of planetary gear |37 42
Tooth no. of RV gear 23 23

Tooth no. of pin 24 24
Total reduced speed ratio 38.6 56
Max. rev. of motor 6,250 2,800
161.92 rpm

Max. rev. of reducer 60rpm
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Mechanical properties
Tensile Strength, Ultimate 635 MPa
Tensile Strength, Yield 515 MPa
Elongation at Break 282 %
Modulus of Elasticity 200 GPa
Poisson’s Ratio 0.290
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Max. von Mises Stress : 463 MPa

[23 6] RV7Z]91Z 60rpm(1.2sec)©l A1 2] von Mises
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Max. von Mises Stress : 512 MPa
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Max. von Mises Stress : 549 MPa

[Z28 11] RV7]oI= (162rpm, 1.2sec)®l <] von Mises
Stress

2064



FHLLHNNE ol§8 HUFEAFE Aol o= 44719 s AE
M,
Nmm K, 10 mm )
(a) (b)y () |r
0.6 30+ - ¢ = ,’
r / /
£ M/I M/I
Odr 2= = M=z s=ie “+- -+ -
1 /
' BK
! 1K ;
Max. von Mises Stress : 538 MPa 021 10F 7 B ,/ B ,l
/ / 1 K
P / !
[29 12] A= (162rpm, 1.2sec)°l 41 2] von Mises Stress 0 24148 1/ (24, 148 |/ 124, |48
0 20 40 600 20 40 600 20 40 60
d., mm d., mm d., mm

Z7]9l= RV7]91 ¢} Pino] HZ3)
22 oy QS mad

F&ol 60rppme] 7F-¢-Hrtk 24 o

03 RV GEAR TO PIN (CONTACT)

Al
B

T
RV GEAR (FRONT]
RV GEAR (REAR)

°
9

e
]

°

Resultant Force N (E+6)

e
>
3

04 0.6 0.8

Time (SEC)

(223 13] B7lolsh Dxfo] ol <] e
(2271 3.5ton-m torque, 162rpm)

Aatalr] A E opEAF e
F ah=dl 2 AlxkE RVZIo] 9} W 7)o
] 500MPa A== vj$ 7] wliol Ho]

o

A v 1Ry
2~
T

2065

[ 14] A4 Wstel] tigk E2jo] wpatAl

| Product
A 60 rpom
012+ . - B 162 rpm
0.
L3
L3 . .
£ %o torque constant velocity region
P | I e el
B oosl acceleration region_|
)
§ 0.04
H
A
0.02 . 4 ! T
»
A s — - -
02 04 05 08 1 1.2 14
Time(sec)
[2% 15] w115 o t1=1(60rpm, 162rpm)
025 " component
-A_SLIDING ENERGY (BEFORE]
o _B_SLIDING ENERGY (AFTER)
| PRSPPI
5 O o
[ A
E
E 0.
5 e
2 e
20 8
@ ) > il /L//
Bz
o - -
0.2 04 0.6 0.8 1 1.2 14

Time (sec)

(23] 16] m12dd oy &

it

I 162 788 v1deyA & Atoz n it
GAAITTD v 4 dFS HRlAloR, THE
T3 2% FoE @AE ARFE YAt
ARG Foz FAPS B 5 glom, oy 60rpme
74§+ 0.05x109N-mm/Sec?] YA 7} 2EEE & &
Ao, 162rpme A$E 0.175%109N-mm/Sec®]
A7 2REE & 4 ST o] Ay AREE oY



Sh=rabelr) s eha] =] A28 A5, 2011

A7y ERel Ad¥dew  wdeA  Fa(E
162/60=2.68, AR AH] 0.175/0.05=3.5)% =57}l
e v dHer JSeds BT v 45
S @] AR GE SdEEE
60rpm<] 7
0.05x109N-mm/s = 5.0x104N-m/s
= 50,000W=50Kw

(
=

do o |

162rpm2] 7 $-+=
0.175x109N-mm/s=1.75%x105N-m/s

= 175,000W= 175Kw
gol HAHES & g AATE
S AlAks] 28 60rpmoll A A
AE 4 glomg

2 o 2 e
719 FEAY
2.3 3.5ton-m7}

f b

2
F
il

vy
I

34,300N-m x 60 x 21 + 60(rad/s)
215,400w = 215Kw

2 gFo] of 215kW AER o=
‘71 PRl A & 7 9% e] 60rpmell A o] =4
2 oF 50kWE 1/4 ol 161rpmo. 2 3] A 3} 7
EAEHo] [75kWE 3/4 F50] HdojA A3
=t

2= S A3

4. 4 &

1. Aol FRo|= 7h&:7]9] 9 A Z(60rpm o] )l
M 45 o0] 25% vt 2 JEhgoy aid
(162rpm)°l| A= 75% ool &4 FEo] wAs)
Pk webd A Eedm AdskE A9
162rpme] A 27 o]3fe] Mz o] upghz
Aoz HekE AT

[1] AFs, Aew deF, 4538 454, 2 At
AelERo|= 7)o 4 Al e A g
= JE-3ers] s3] #], 389-390, 2006.

2066

[2] Kim, K. H., Lee, C. S., Ahn and H. J., Kim, 2008,
"Torsional stiffness of a cycloid gear considering
bearing and Hertz contact", Proceeding of the

Koreansociety of Precision, pp.61~62.

Shin, J. H., Kwon, S. M., Kim, B. J., Kim, J. C.

and Kim, M. S., 2006, " A Study on Epitrochoidal

Tooth Profile in A Two Teeth Difference Cycloidal

ftheKorean

3

—_—

Reducer", Proceeding o
fPrecision, pp.389~390.

[4] Lee, S. Y., Park, J. S., Ahn, H. J. and Han, D. C,,
2006, " Torsional Stiffness Analysis of a Cycloid

Reducer using Hertz Contact Theory", Proceeding of

society o

the Korean society of Precision, pp.816~821.

[5] Chang, .S W., Hong, J. P., Shin, J. H and Kwon, S.
M., 2005, “A Study on Contact Force Analysis of
Fixed Outer-Ring Type Epicycloid Plate Gear for
Cycloidal Speed Reducer with Friction Effect",
Proceeding of the Korean society of Precision, pp.
1652~1655.

[6] Shin, J. H., Yoon, H. E. and Kang, D. W., 2001,

“Study on Shape Design Method of Cycloidal Plate

Gear", Transaction of the Korean Society of
Mechanical Engineers, Vol. 25, No. 1, pp. 816~821

[71 V.EPini,, 2008, Roller
Bearings", Russian Engineering Research, Vol. 28,

No. 1, pp. 1~4

“Fiction in Cylindrical

4 & /d(Hyung-Sun Kang) EER

e 1995 29 ;. FAOStw sk
71AE 83 (F3HAD

® 2005 24 : st ikl

71 A g8} (3L

19913 104 ~ 20004 79 : 3}

A7 3AE AQdAT4

| o 2008 39 ~ A

8} 3o Bl ACAD/CAM} i<

ZA o]éol

1
ANANZ=EEAA FEM( A%, 58)



