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Fig. 1 Schematic diagram of the flexspline structure
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Tab.1 Flexspline parameter names and their meanings
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Fig. 6 Local sensitivity analysis of the flexspline parameters

2 ANIHEMETHT

2.1 HixFEE

N T AR 20— M LR M & R G450 S
DiRe ey, SEE H TR e, AN Tz
W 2% 1) EEEE A 7 () iR, EEHBA)Z . B
)z A R A, W, BIME)ZANSHZA
PREETT, A0 5 48 0 22 ) U388 o A 3 (i
. Wil 2 SR AJZREE T A 14, M=
FIECR AR 14 S A JZ AR 20055 R SE A9
FRIEE e, i B2 R 2T B R B AR
e o X THAMZIT R, Sl S AR OCR AT
VLR 7(b)fipke, HatB o B RET IR R

y=¢(2xnw" +b) (2)
n=1

P, o WARNERE Rk, ERY H AR A2
LA BRITRE ST, AR A o) ST AT s B,
RVBAALRIERE R, B2, Fr A5 i 1R
N LR, HERBRIEAR, JoikA 3ot
SIS 2% PR S, o T RRURE)R B B R 2 B
O RAERARAN, BrLk, FERIRI 2RI 11
BRWIHRE P H SR, A R R ARG — MU Ak
R AR

AR [SYETR iz

(b) HAMPZTT
7 HENZEREN
Fig. 7 Basic structure of the neural network

2.2 BEEEMA

TGN TARZ 4 ST A A A R R RS A
25 5 WA Je B e/ ML TR L, L A T £
AR o T 2 90 245 PR 0 400 A T S ML L
30 I 5 O 20 0 24 ) WAL SR AF AR (9 BB .
B, A SCR 3 A S 0 A B T b 2 2 A T O
fb, DABERRNZ RIS HOIE I . Ak A f R 2
RS T TR B ST BLAY  7E A R 4
RICAEPIARIE, A58 G T A 5 (LB AS
T A A b 2 P 2 % 5 M LA S

A0 G R A R v, bR RO BE
RN A AL SR ISR BE | PR A
SR A 3 O P R 0 Bl 5 R HOR S X
[y, R R LA R

VERUDYCAESHN (3)

b, n WINGEARG v BARE s 5/ R BEAE
M P T7 FEAR DT A B R R, SR LA H
PRAE, ) A 5 (B AT A AL . it I i
Pz 2 S i R AN P 8 s . HERACE TR ANE

1) MRS PR DU A2 1 22 0 25 S5 48 TR REATLSS H
P HAFLER

2) DLACHIBEFIRE, XA R A R
Fratty, FEXEHPEATIE N B IH5

3) eI B AR BEALEE BC O 4% — E RO BER 2
FI 38 AN, R RS T MR B R R A T8
ittt .

4) TFRECH ARG N, AR R R A,
R DU B B A A [l b 22 ) 25 AT I 2, R



5930

AR TE, A FET MR/ NE I R A S EUi L 51

MRS PR A RARAE, HEWLIEN
JEEK

5) Rk 1 A 5 o A 5 10 2% A )AL 5 B (L

IS
B 5 B R

ML P 2%

B8 BEEREMUEHHERMKREE
Fig. 8 Flow chart of the neural network optimized by the genetic
algorithm
2.3 HEMBREET
Xt 64N E SIS RO T BRI S, A
DF ELA RN TR gepopLas -7~ , M F A [5) 2%
SEAF T AR NI S WIRE o
TERLER 7 AT T, 75 EXEUE AT UL B, A4
BHEIT AL A — e Ab B KR IT AL TR R &
WLz ALRE ST, lE S B AR B B DL s 0 — Ak
U EAR AL (0, D IXE], S AEAAT LA B
AT, i H AT LAOR B K Y S G 20 A
H—AE BT i ] AR

x/ — X = Xuin (4)
X - X

mir

b, W AE—ARE R N EIREEE; v, R
AT IR x,,, AR ERR . XTI 2645 21 Y me
SRR, T IR R ROR MR AR A PR RE .
L T HRARIE E e MIPE R B R B2 T
R BERIPPAN o S9TTARIRIE E e BN, BT 152 22 18
/AN, TEMEORT T . PR AR R U S e TR A UL S
DUBE, HAEMRIT 1, BRI Ay, T & 2.
HARIKAIT 00

Eknqsuz/[ j(%_}’i’)z]/n (5)

i=1

R=1-1 0=y P U 0i=5P 1 (6

i=1

A, 7 WEEACEEIE . W 2 M2 R BS80S,
B 5 B DI 22 O 2 5 K, 0 ol 22 ) 245 R AT N

K AFTR A R A b 247 DR 25 Fl Tk

EES
R4 FEBEBENRBE LHHFTRIRETMRE RE
Tab.4 E,. and R* of of different models on test data

S 4 P RE g PRI Wi
R 0.965 0.98 0.93 0.975

Epss 4.75 2.76 14. 83 4.4
BRI ARG RE YA FRIR Wl
R 0.99 0.99 0. 965 0.99
Epss 2.98 1.35 10. 82 2.375

HI 4 RIAL, DEAR i B0 22 10 265 AN (A Ak BHLAR
JEC N 7 33 il 52 2% ) A A U B A 3 B A A N, AR
FEAYIL 3 55 W BE ALY | A4 % 22 L LU A% 58 #2210 4%
AN, BARBORH R R P A A A B . 19,
P10 FT 7 73 30 A e A I A o 22 1 28 A 3 A 5
% LRRIL

HIE 9. B 10T, AR Lk W sR B i Ay
[ AR g A5 o TR SRR T AR SRR, A
BAIRERG AL B2 20, BARFFAE A IRl s s 1%
FR A R4, AR T B0 U A S B (X U5
RORBIR, 2 7 M an) R Iee s, i
PRI 2R S bR BB LS

o PNEERLTIIE
800 — Tl = H i gﬁg
£ 700
s
g
=600
R
500 |-
R*=0.99
Enusi=2.18
1 1 1 1
400 500 600 700 800
N} B ARE /MPa
(a) PIEER TG
o R PE 2
600 - — TG = HbrfE 535
£ 500
=
m
Z 400
=
el
300 |-
R=0.99
A Erus=1.26
1 1 1 1
200 300 400 500 600

N1 EARE /MPa
(h) HARI S PAE



52 Ak 1ERh 494
- : 600 —
o MRS TR 3 -o- HARMA
490 L— TE = B AR gﬁ(é - TRIAE
Ys 500 |
& 420 % ©
s , =
@ S 400 |9
= 350 *‘;‘ \
=Y o q
: 2 .
B 280 300 | . J\ Jg g8
[PV S ST RN Y
210 P RV 06 o]
, | | . ERMS[E:9< 12 200 \g Ewsf;?g:?g
210 280 350 420 490 0 5 10 15 20 25 30
N7 HARE /MPa FEAHY
(¢) MRIRRL SHLA (¢) PRI R 3 T &
S T P o R
— THMME = HbrfA 3200 - - FRIIE
~ 3000
E 2 2800}
Z £
< z
25001 <
: % 2400 | XA/X
i 2
= 2000F ki 2000
R=0.99 R ~0.99
& | | |EI{MS|- =2.08 1600 | ERM:E*2 67
1500 2000 2500 3000 3500 0 5 10 s 30
WIFE B FR{E /(N/mm) FEA S
(d) FRENIEMER (d) ZZ5 W T 1
B9 #WEMEINGEHBEEMUEGHLR B 10 H#HEMENRERNULR
Fig. 9 Fitting effect of the neural network on the training dataset Fig. 10 Prediction effect of the neural network on the test set
-o- A
200 1 < Fl 3 ERBBRESWH
3.1 tEERERE
£ A SRS HT J7 P RS T S W
2 LA 7 DX HH BB, B R
E / 4 SR R RE OB RE AT A4 R 3 Bl LT RN 4
@j WP . ST 2500 A B AR 0T T o W26 %
gon b ORI LT, T DL B B2 T
0 s m 5 20 25 30 I B AR RS S 28, IO 28 I 25 25~ 2 2 ) AN
FEAAR TR HAE R U P8 BE 2 R U (T R
(a) PRERE S TP TEET i B g il b, e R B2
ParTe AT A RRR NS, RN R R, fg
600 | - TE W2 2 AR A S, B E N o, il R F 1
- ‘\ J7 2 A A RS R SO 2 N T TR
2 j AR, ST
R o450} v a do Oh do 9S,. oh 98,
: \ Do B (2B R, 1)
B dx  oh ox S, oh " 0S, ox
= ok R £
/ ? / At S SO b 9 R
300 - / R?=0.99 \o aS
. . . Ense=1.43 C=w,, HIE Ko kA EEALE; ﬁ'ﬁf =
0 5 10 15 20 25 30 oh
FEA S oh
(S,), =, (S,), H ¥k 28 5T (8] 0 R
(b) HHHLR S O e as, o



5930

RS, 5. FETHZ MR/ NGRS AT SR

B S ROERE . P, 2R EUR R R T AT LA
eH

%:[gpg(so)ewl][QDL(Sh)@wz] (8)

K, O HFYEE MRz H
3.2 HRSW

B 11 s e S50 4 R SR . R 1]
H, ESERET, WAL REURE 5 R U
FEF AR, AR, DI EAE K e
TZRBERAIEAEOL, I, X P RER T A9 52 Rk .
MO RR AR, RS AT O S ) B I 4
BRI, O s X 2 AR T i ks A B R VR . BE R
FNh & B EARTEAR RN T B BURE R N EE,
A —E Az 0], HL 3 X e W i 4
FHERIAR . 25 E R, 7E2 R BURE S A dE =
T, ARG N R A L Y IR e R
JB . BWERFERERK SN G B DA LR 5
Ty, P /N I G s R P AR AN T 5 | A A
J7 3 55 0 Rk Y )

05 WP EER S
0.4 WA R
WA /)
0.3 QA RIE
0.2
o
#® 0.1
B
E 0
“ -0.1
-0.2
-03
—0.4
d , t L d, by
EMISHL

Bl RUSHHNERHRE

Fig. 11  Global sensitivity of optimized parameters
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Structural parameter optimization of micro harmonic flexspline based on

neural network
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Abstract: [Objective] Little research has been conducted on the rational parameter setting of micro harmonic reducers. To

improve the force condition and transmission performance of micro harmonic flexsplines, a neural network-based parameter

optimization method was proposed. [Methods] Firstly, a flexspline simulation model was established, and optimization

parameters were screened using local sensitivity analysis method. Then, the artificial neural network was optimized by the

genetic algorithm, and a mapping model between the optimization parameters and flexspline stress as well as flexspline stiffness

was constructed. Finally, through model analysis, the global sensitivity of the optimization parameters was obtained, and the

relation between the optimization parameters and flexspline stress as well as flexspline stiffness was revealed. [Results] The

calculation results show that the optimization of flexspline structural parameters based on neural network-based global

sensitivity analysis can effectively alleviate the stress concentration of the flexspline, the stiffness of the flexspline is improved,

and the transmission performance of the harmonic reducer is enhanced.
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