= HUZSS|X| X 38 B X 85 pp. 589-594

August 2021 /589

< | ron

Korean Soc. Precis. Eng., Vol. 38, No. 8, pp. 589-594

'i) Check for updates

http://doi.org/10.7736/JKSPE.021.028
ISSN 1225-9071 (Print) / 2287-8769 (Online)

stay zavle] X3 2 23 U ;W

Measurement and Evaluation of Tooth Profiles of a Harmonic Drive

Z| o, ok E
Min Choi' and Hyeong-Joon Ahn'#
1 SAICHSHL 7|AIZSHE (School of Mechanical Engineering, Soongsil University)

# Corresponding Author / E-mail: ahj123@ssu.ac.kr, TEL: +82-2-820-0654
ORCID: 0000-0002-4947-2311

KEYWORDS: Harmonic drive (Gt=2<! =2}0]|&), Tooth profile (X|2d), Measurement (57), Evaluation (Z7})

Due to the recent 4" industrial revolution and explosive interest in smart factories, the demand for industrial robots and
related technologies is rapidly increasing. In order to develop a precision reducer for robots, a measurement technology of
the small teeth of a gear is very important. This paper developed a method to measure the tooth shape of a precision
harmonic reducer for robots and to evaluate the tooth shape measurement error quantitatively. The tooth shape of the
flexspline of a harmonic drive was measured using three instrumental devices: a stylus, a projector, and a laser line
scanner. A mathematical tool was also developed to evaluate the error by comparing the designed and measured teeth.
The measured tooth profile was quantitatively assessed with maximum, average, and root mean square error. The
measurement method using a stylus has disadvantages of careful measurement effort and a small measuring range.
However, it has better precision. On the other hand, the projection method shows a moderate performance without much

effort during measurement.

NOMENCLATURE

Dj; = Distance from the j*
to Line /;

E = Error of the Measured Tooth Profile

Z? = Line through the /" and (i + 1) Points of the Measured
Tooth Profile

O =Offset Value of the Measured Tooth Profile

P?; =The i" Point of the Designed Tooth Profile

P’ = Vector Set of the Designed Tooth Profile

P"; =The j™ Point of the Measured Tooth Profile

P" = Vector Set of the Measured Tooth Profile

4; =Distance from the i Point of the Measured Tooth
Profile to the Designed Tooth Profile

" Point of the Designed Tooth Profile
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(a) Gear tester

(b) Projector (c) Laser line scanner

Fig. 1 Various devices to measure the teeth of a harmonic reducer

g
11)11
%

e 2
=)

oz,
R
i m]o
4o
=
ok
N

ok oy
o o N b

rE o> oX

to 2
QL
.
=
2—1501:
i_u:::
N,

e 1o

=)
o
2

[
o
>
2
ot
1o
o

14
1B
N
=2
=
ol
O oL MW
~ — O
E
o

"
0o o
ox

r

O
S~
o
ot off

1w =
u
2
o
Ve i1
do
<t

7140l A, Qe Aol 5
& A3 ofgiet

o] RN 25e AU swy
I, 23 o= AR og Hrlsie
serelel s, £edy] 23 dlolA 2l
S olgsto] shmy Sefoln e

4
o
1B
N
10
o
filo
Ay
o

Ol
o,

r
ol
rE

¢

v 1=

i 2 o A
22523
LT
= o = o
ot J[N,Mm]o
do o}io?d_lml
_\9 EOX&O}.‘,
v} T =T}
oo gy 1058
o© LURN
moﬂ

= 2T N
) "H‘BTE
(g o
SaBh

and e
gn:o_ﬁoﬂj%mi‘
_I_nxdrlo[‘:lJrf:.‘
l_&é‘i)oﬁﬁl>>
=TI S

e
Shendd
5] ﬁﬁm
SUNC N
I Nz T
AN o w2 oh oh ki g

o
N
o
o)
)
=
g_EL
It
of
A
ox
ok
i3
rlo
rlu
"
)
£Q,
o
H
2o

2. 0IMl XY 538 U™

2.1 58 3|

nA] A% S e
I F£G7IU dlolA el 2AHE o]&5)
ATt Aol AREEE mAl A F A AHlE Fig. 19]
3L, 71 ARFE Table 1o A2]sgict. 7]0] HAEHE AE
£ ol&sto] AFE AFsH] FAsH FHE H
(Runout)o] 0.3 um ofste|n], £Q7]= 574 Al U
i, g AdstA 245k 0.1 pme] Hals-2 7t
A 2ol 2= S4 S0 249 oA E vlFo] A
S5t 2.5 um9| w52 7Tk

Figs. 2(a)o] 3t&Y Za}o]H(KSH25-50)2] Z| A
AR T AAREE 2(b)el] L}EMEP Bl 'S}E% EefolB

[
"
=
[>
il
o
5

3
l-l

>,

b
> ox AN

(ot o
Mo & o g ox
oo > ¥R o

o

Ri)
o

ol

?}Eﬂﬂo oF 21.5°, & ']J_§ Q. O77mm<>]1:}
Al AR ARIR A% e S48t 1 AXE Fig 300 FAIS)

Table 1 Specifications of various measuring devices'''* (Adapted
from Refs. 11 to 13 on the basis of OA)

(a) Gear tester''

Measuring range (X/Z) [mm] +50/250
Accuracy [pm] 1.6 +L/400
(Runoutgifgg}tl{c(r)l{cls[sp/lcm(}axiality) <03/04/12
(b) Projector'?
Measuring range (X/Y/Z) [mm] 650/650/25
XY accuracy [um] 2.8 +L/300
Z accuracy [um] 3.0+ L/100
Resolution [um]
(c) Laser line scanner'
Measuring range (X/Z) [mm] 7.5/20+£2.2
Accuracy (Z linearity) +0.05% of F.S.
Resolution [um] 2.5
32
2318
;%3 1.6
31.4
31.2
-0.5 0 0.5
X (mm)

(a) Flexspline

(b) Designed tooth profile

Fig. 2 Flexspline and its tooth profile
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Fig. 3 Teeth measurement results of the three devices
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Fig. 5 Preprocessing of the measured tooth profile
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(a) Comparison (b) RMS error

Fig. 6 RMS error of the measured tooth profile with the gear tester
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Fig. 7 Error with various number of the measured points

Table 2 Error before and after reducing the number of points

#ofpts. Max [um] Average [um] RMS [um]
557 11.441 3.4537 11.762
. 384 10.381 3.6714 11.508
Projector
192 10.520 3.8671 10.954
64 10.359 4.0517 10.365
400 15.808 6.7977 17.271
. 232 15.481 5.8897 16.810
Line scanner
148 15.361 5.9666 18.027
64 15.240 6.0325 16.750
0.04 0.04
— Sorted measurement data| — Measurement data
,‘;\0‘03 -- Interpolated to 64 points ,a()_():; |~ Downsampled to 64 points|
E0.0Z 50.02
g . | B
£0.01 W £0.01
53] ~ BN
0 " 0
-0.5 0 0.5 -0.5 0 0.5
X (mm) X (mm)

(a) Projector (b) Laser line scanner

Fig. 8 Error before and after reducing the number of points
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Fig. 9 Error of the three sections measured with the gear tester
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Fig. 10 Tooth profile measurement errors of the three devices
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Table 3 Error comparison of the three measurement devices

Device (64pts.) Max [um]  Average [um] RMS [um]
Gear tester 9.958 3.205 12.980
Projector 10.359 4.052 10.365
Laser line scanner 15.240 6.033 16.750
0.018 ,
Bl Gear tester
0.016 Il Projector
[ Laser Line scanner
0.014
0.012
g 0.01
§ 0.008
[45)
0.006
0.004
0.002

Max Average RMS

Fig. 11 Error comparison of the three measurement devices
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