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Development of Harmonic Drive Using Cycloide Tooth Profile
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Abstract

Due to progress in manufacturing techniques, the performance of the harmonic drive has been
improved but not sufficiently. One of the important problems which the current harmonic drive
has is that while there is the potential for having a wider tooth contact area, the total number of
teeth engaged simultaneously is still small. This is mainly due to the involute tooth profile. Hence,
in this study, the cycloid-type tooth profile is developed to improve this problem. This paper
represents the design methodology and performance evaluation of the cycloid-type harmonic
drive. Cycloide tooth profile was derived by analyzing geometry of the tooth engagement and the
contact mechanisms of the tooth which were examined and analyzed by load analysis. The stress
due to elastic deformation of a flexspline was also obtained by approximate formula and
computer analysis. Finally, the cycloid-type harmonic drive with 1:100 speed ratio was

manufactured and the performance of the harmonic drive was evaluated.

LA 2
19504 FdF Musserol] & slod sHubxl sy
AEE 4y AieluAMe AYE A 3o an
n7tEe]E g 4 glewd, wa4 (backlash) 7}
3 A sAHE} 48 S0z 9ol 4t
dE 2%, NCZa7A = Adetzbza, wkzA A
=Aa § ue Algifofel] Abgs T Qo 0P o
B sRd AL Al Aldeld AA, A
2y s2e zhErlobe wel s A sdel 4]
54, Fodstm AgE
3, Fdgn ey
rq), AFTANrEATY

o} ##le] Shuvalov® >} 03—7—6]—05[:} Musser2] <l
:[l

% €2 (non-deviated tooth engage-

ment) # Al Eetlabs gF2 e bl
Shuvalove duba ez sj4d &+ e $43 =
Aag T, 2o olE wol Flxut A

e %*71«1 A58 E S
53593, Shen®x} Brlghton“"’ —‘S—Oﬂ o8 44
1E7FE AYF o83 sty 779 A
% Fo} choksbA] o] ol H x| uk of A3 w



1167

OROR LR T R EYCHE= = o« R N O®s =@ wf&iar.n_am.%w PR oW
so o BE ,, B — 22 g = o B - - ® L R g M W OB m O}
T PgEE Naos T X FEEEE oy T — g
P ETE T T g T S - S -
Towes gt Co®w P E c Rl R R T
TERE _ g T ﬂoi.m <o .wd]Fﬂu mElonwrmﬂﬂﬂow_,ﬁlHn_.ﬁT
= T T i 2T e ROy S LGS MR o o MW RCH )
® B oA o L U g T4 He o T oW Do
Fo o PN 8k o 2 o A i S _ = 5 F
I SO IR = B B o< CEY _RHE 55 R g o
\.C e N ¥ voas RO ! o B \;._ =y o oF = B o 0wy ~H o .i = |_.uw
~ n e ST~ -z —_ G - 8 gy X x <8 00 NTRO Lo = .
N o o 2 mo N R = NS 3 A Y| Mo — N E o
ARy g ] fo 5 o CGEc T8 LT T B o W
TR Ly AT R o o - o NE S o e o Hok g o
—_ xMi,mHH H ok = BoX S + e N wo i o m [}
Hoo__i%a‘laﬂrmﬂ oA 5o AR SIS =X+ o nnw%ﬂn_hi%
Ua‘momaota\_)_wmvﬂ.d dnLooLtL,T Of.:ﬂwa_ Jm,.J‘m olfzﬁwoﬂ dl‘,tﬂ].xln_/n
nwgo_aﬂruTm.m\m.\_W ﬂwd1r‘,ma \eu/o /Zﬂ%m% << ﬂw_mmwcovaﬂ%ﬂhid oﬂMZO_a
— el -, 8 _ H o =S 3y T e TW 2 B do ol oA A aw
T om0 B e W o i o N ~ 8 R AL — AN
~F P L SW o X 1 SR T — 4 ofp oo B olo
T N LT e T Mﬁ WO = o + Y ol ok + Xg 8 uuiﬂ: F _._,ﬂa o .#w!.LmM»r ﬂrlﬁu
LT e D Sk < 50 BN T g T N N ek P
a- 2w N = H i e N on S ! o W o — s T e o n| oK i
R S o 2 | T R o = A . G B S

-~ T = — ! ° > — —_— =
%Mt gaw PR o~ ozHATL oL & Tgdksiaeasy’ | Fad
"FE L xm R S TH FoodMTREIT R
L O B ol B oo oo g ToAEE o RO TN ] T o od o=
o TR PN e KT T I o< Hu R F W T T RFTIYMET v
%o oy = — P e — = .
Ry o T oo Tl of B B aah%“mjiqumﬁwff HPFT ghew . §FR T
< /\/;oo_x,mamﬂui o &m&ﬂraaoﬂ]ﬂﬁo RO — & . L#L&o]oTﬂq =
DU T o w T R of T L w3 dww B W
S = X op o gp T ol N _ o m»m o W T o o+ — B o 0 R E
o Hpo @ wng AReITTR oo ar Podamee LSy o
X T o T o ME _ % = M E a2 T S
fo KR G oo ~ do 10 ;oEJ.L o ot K g - N - o o 5 o i
o o R + o m 5 F o - 2 o ~ T — Fr e RN S A
FomEETIN g by Tl T T g T _Thne_wE2X g
) _ S M o%r mo - = T ome = = = o ar o M S T hoR e X o K —
< MBS = np [ 7w o = < o= x = X

- ,wwgaw,i ..m.‘_ﬂi - T ) Xﬂ\ﬂ_dr. o =0 Eﬂﬁlw%l,, ordlﬁli._o_._ﬂz._ s

o = = e N x N A — 52 A £ o i £
Ay R 9 E.W © Jof N 3oy o 90 Ul ® e ur o L A <N ey ]
= ‘ziiﬁaagi%ﬂ mﬂ%ﬂxnwlwtﬂ&ﬁﬂq ,mwmw .n_.0|.ﬂ= Eo‘%mxcv n#a%fﬂ,otm“ﬂi Kk
N , — —_ - o = 3 I~

EotﬂoLLﬂom‘_tav__ 7u]o I TR - o ioM o_v_ﬂwm.ﬂ‘wrdﬂeﬂzltdn%7
T kg T EEE T TR oantailewg 8 S o T D R
H o= W T oW \oﬂ.iﬂotbr.&oimm%M#aoﬂaﬁu ul ® Wﬂﬂuuwlwogﬂ_,uwuﬂw;ﬂloﬂzﬂdo
dr — —_— —_ e o — =T~ it — - [ _op N~ 2
L @ 22Ps oz Peg T E® om% O oo _ Tk g g T EER
N L ACENE o= W 5 o WY % N ] by — 4r ~ w4 2

T T Ty i el "EN T aw T I S R A T R
_ . o= 9 g = U o SoAromoo N2 N - ™ o T
T o T LR EVYdhr T gdl SN aw s M I B S N e =
El = A = K a ok o oF = B 5% o T o 7o = oy o Su e Mﬁ T T . a KW Wu
S t ﬂ/awlu_-.mﬂ mm W R T O+ w W os gy B ar _ el il M,»ﬂW o Mo~ ﬂldﬂ mM w o e
e PLHmE _Fewiiliwwo ATy < B I G
o L - = Z 5 me e ) . o =0 X oy o o

o RO Z, — —_ - 5 " — ~ N —~ o

R B A e A i B SE T AW e T 28 e
T T oW FTRTR T E T BT do W B T W uf T g

Aot

dete] %4 ol ch,



L
N
e
=3
ofN
r_]k_).

5
> 1
LI
Slly
3 2y
o
re
o

2k
2
o 02
J
s
1>
0
H

flo e
oft
A
mjo
&5
i
>

o
¥

& o] AA=ojoF g}, Fig. 1o 4
9] 7]%F 3]z =A (standard pitch
Ay =Fepelel 71F AYE et
X 4" Am
X1~ W, xz‘yz“ft 7—117-}' %aﬂ—’—k—%‘a}o\_ A%
z—li] 2] _1,_,_]_},_0]1:}
%9 AAL F3}7] Ysto] dH AZel L 1

, SEHAYIE gubE SAATH el 4
Zesgebel Aol e Peld Az o
ol AYel HEE FEz epie o

al

R
:

2
I
e
i)
o
R i 2 e

o]

=

5]

<

LS

tjo
oo

4 50]e],
o ool =

i ,1 Ao

dfo + de

5 cos(2¢9) (5)

rc¢=/ rdﬁ—rf,,ﬁ-l——%sm(Zﬁ) (6)
o] 5v], o|E ol & =23 ofFE A& F

ek,

a9 _ d (7)
dp ™~ 1+ (de/ds,)cos(26)

PHel 2EE AEA (n, w2 epd Fol ol

5 A T=0—¢-—pitE A Q2§ HAIBA
(x2, y2) & velled ohg-3} e}
xe=xcos (¥) —ysin (¥) (8)
va=x18in (¥) + yicos (¥) (9

/ £\ X \
: /f A\
o Rd
; I N L
d.+d, i v \‘ i
o o I/
i " \\ a II//
i \
AN \7
W\ //,//\o
\\ /
~, ~ e
i \E:‘\ e -

Fig. 1 Standard pitch curve and standard pitch circle

9 Ale WAL 0oz AHNT @) AHolm
& =l

0} WA rokd

Tpf;;
Xe=X2 = (10)
Ve=y2t As (11)
4, s o

Aol we UL

Fagdel 1A% olof v, B %)
£ Zuaszeele] Bl¥Aoz BgUYs WA
Q@ aZeals 1 ol 4o As} BAlel REelod
FEenz ofe} el Aol sFe] FuislA ek,
£8 Afojazols AHoldE WL AE
A U AT @, 3 A £3
Ao dg wich webd oled SEAUE o
Al lAAE WA HERHEAE T Fol Y
of ez Weize) BALL FeE, HF
s} odslokel AL Sl AWHAL A4
shot geh,

Fig. 2014 A2l yoio 7]t e ohg A4

< g

_ rsin(8)
yd_sin(c9+;z) (12)
_ —x3
tan(6+ p) =Tt (13)
apehd, ZalaZeele] Aol HF A
Vi
Y2
P, u
(28} A X,
¢
(x3,¥3) B P Ya
x!
fi 6+ r
L, o
12

Fig. 2 Working point and moment arm distance



1169
(20)
(21)

1))
LK.C.

= o] 2 (Hertzian contact theory)ol ¢}
A £-2-# (maximum contact stress) 7}

b ko3t 7o) vpehybo), -

(Uc> max=0.798

6=0.798
2 Aol A p& Folg 2] u](Poissons ratio), E

g A= Abolell dofube Aoz shsadch

Z
24

(14)
_CH
(16)

=]
-

\=1

Apo] 22 0|
Feol aleh, el A%

—EPiLt'

resin ()

M=

L;
o Hla wl Horwz BAGAR 3

29 Az2let 2ele B (moment arm)

3} 7ol vpehl,

olct,

= 8} 4 (geometric compati-

o
a

Fo] Uojuh7] ul

S|
(3]

LS

o] 234

|
al
5ol

1
i

3

b Rk 2% 7o
2223 yshabelol

ol wheba

S|

A

qes
)
<

=]
AR e,

=
=

Al A7E
Aol of

1.
o

X

MCIEE)

7)o} F
ol 7

s}
Y EEE
A
L.

Q)

=

|

o)
LuS

gehbe £8e ol$ 24dA 5oz FEM

o s slof ¢ ol &
2}

o) A
37}

2}

(19)

L=]

3 %)

3

T

2

|

gt 3Fo] ula
A s A sFa

1
=]

2 54
=]

o]

2
[=]

E

73 A ol et wheka

Ze o 4oz vehae,

ML/3L?

7
KL:66
x:"‘ -

A
L

7] &}
=]

K
of X
27 o] AA Al A

Si:Lié\e
3714 K

P
hvd
L

Floka Zhdglawl A &3 ol A 2
P;

5

]

d
2

Z
gt

ool
* T
w
o

o
A X
\.,m|.A
\\MJJI
i
B —

n

oM
ol LS
N
o X
- T
= 4
o
S
X~
-
W £3
oH o
T
OL wir
Mr
o
]
% e
Ca
o M
ok

}&}od

jus

z}-o

PE o] 93

oy



1170 o] &3 . 2 4lE .

(2) Wae o4 FYLHo afaint o] o] A

el ARl AR AR e ol U

U /”“’Mzdx M2 * dy

9El h T (22)

A7) 4, Azl gl b, HFo| b wie] A
& BARANE Lv chgat Zol vebyke

ueta FAlaFelgle] BN YH-S At AR
WE Loln, HFol kel A¥ Yo wyoz o
Aol mlEe} $He ob& Aoz Ao
M(8)=M,— kK EL (25)
o=z M (6) (26)
Mo=LEI 27)
rfo

4714, Mee H44EE A" dYEA~
2l JH S EREelm, ke 252k
5 g

j=4
NE AU 5

IZana=
b= A+B
<C+D)3/2
o 7] 4,
A—8< cé:;) 51n220+5<%5)2c0520

o4 o (%)

+
C= 4(512—) sin®26+ ( >2C0825

D:2< dr, >(22]3>c052¢9+< ds, )2 (

3. 7|~_/_b|.7| X-”X

[ ]

3.1 Aloj|320I=EE 3
273l A oA &4
Mas 7122 & AA
Agolry 3lny T

2} Table 20 }e}r}

‘_‘

ance) 9} % % (module),
modification coefficient),

A5g chopsiAl W
A3, oAz FYAE

aA & Fe el Fa,

& o] Fejek of wole) Aol dbvlH
#f} A sted o]l FAEL %
of 8l 7% 7} FolAlch e}

a}om mga EEREEEREL

G
2
[o}
rTU
I~
firor
o
e
tjo
i
et
o

r\r
[o}
ol
]
L L
N
L
B
N

kS
o

ey

>

o

>
L)
£

OL? q
o
¥
Y
ps
r
)
lo
fru
2

-0,
X
do
ot
ey
o
B
o
oY
ook
ox
o
Y
l
e
I

5
o,
2

oo

28)

Zelaole e 28
A g Astsl Aol
A

719] AA AU Table 1

Ak, Flefdl 4 (clear-
% 2] Al 9~ (Addendum

& 9
o

Ay

2 -

2

S

e g

rjy

vl

2
o (O w

N
‘3’.1_,
-Qrz
[ohd
2
DA
3 nr[in B _?L o
o > (m
2l
i @2loojo oo
P omo o [ ol o nfu

o oox 1o L ?G d
o
off

)
(s}
o S RSN -}

rlo oX 5
WL o e
N
a0

£ o o o

fr

H o
ﬁ
1o

a0

N

N,
i
N
rir
B=H
of
o
ok
N
2

O

FE2LH

\‘Uio oftt
[>
et
s
o

«
o
o
ofk o,

Table 1 Variation of maximum stress by various design values

AHAF ol A
7w A L5

2

L)
o J]m
2

rO

ot

fr
2 r
it
[
N
<k
i
2
>
e

Module | Deviation coefficient Addendum r'nf)cification Clearance Max equiv. stress
coefficient (N/mm?)
0.500 1.001 —0.08 0.05 186.4
0.500 1.001 —0.08 0.05 170.1
0.504 1.000 —0.08 0.05 264.3
0.504 1.000 —0.08 0.05 260.2
0.504 1.001 —0.08 0.05 273.0




Apelz el AFL o £33 e FLrle AW 1171

Table 2 Dimensions of cycloid harmonic drive

Items Values
Deviation coeff. 0.9925
Addendum modification coeff. —0.08
Clearance 0.1
No. of circular spline teeth 100
Pin dia. of circular spline $2.2 mm
Pitch circle of circular pin $104.363 mm
No. of flexspline teeth 98
Deflection of flexspline 1.284 mm
Pitch circle of flexspline 101.2 mm
Equation of flexsplne curve r—-—%%—%’-cosZ&
Inner dia. of flexspline 98.2H7
Standard dia. of wave generator ¢71.0
Deflection of wave generator v

dp , d

Eq. of wave generator curve
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