%36 K% 5 M A A
Vol.36 No.5

¥ XK ¥ F R
Journal of Hubei University of Technology

2021 % 10 A
Oct.2021

[XEHS] 1003—4684(2021)05-0008-06

A e TOAT AL TR AL B DO B I &

REH, £2RIR, |

>, £ £, A

(BT KFHARTAZFR, H KX 430068)

LHE ] BExd v %8 LOAFHLAS Y AT AT 353 BT 00, 8 mT S 9198 5 QT creator R4S & FF & — Rk B HLEH B 3¢ 1
B X4 L BN B 2 2 800 48 AT HUA B9 20 32 0 3R BEAT A SR B 0y SCANIE . T S R T ) )t ik g
FEOLAR EAT AT Sk BG4 5 SR 5 L AU QT creator P45 A LT, BE3H 16 48 TOAF AU A B B H a1 . @ Sl 5400
S R B B S AR LS B 20 52 R B oy SCAE R XA I Sl R A 23 ST 3 S 1R AR A S PR A% Sl e e 0 AR R R AT
SYSCANIE . BRJE IR FE IO HLA X 23 3 00 S TR A B R 4 S A IE HEAT SRR R . A5 R R WL BT OT R B A
B FLAT LA Sl B s T AT 5 B B M R AT HUAG T AT S A7, 42 v T AL TR

[XREIA] WA TATHU s SHEHURBI BT 232 aliE s A 3Rl

[hPES%ES] THI22  [XEAFIEE] A

Vi %8 HFF LA 22 4% 2 L 9 T ML FE 1% 3
LA 14 5 ILAS 20 B, 2 — FloRT 8 & T iz A S L
¥, R SC LA Bl 52 2% 1032 3y, JL 3 i il o &
HUA B T F 5 2R AR AT DL R Bl 1 1 AT
B AL B Bl 300 BR A7 A R BB AL, 4 S
P A EREE AT LA B AT Bl M TR A AR AR R
HEEA PR T RS A A 4. Sandor 481 435I R
FAS TR 032 3l 43 A 5 3260 U7 56 ZEFTF WL R 4T 132 3
LA 5 0. kAR SEY R CAD ik, 57 T
ML) A T HLR AR L L I AR A 2k B TR
T HLA B8 s 4 E . Wang S0 #2858 T —FhiE 1
TAT AT 5 [ F - T R K TEOBUEA I AT HILAL Y A S A
1A B i #5125 (] W 1R O i ZE WLR R T 2R
SUR L SR LSV WX (B vl oF [ L A S L i
1z Bl b JF R S AT AL AT T 8RR, SR
RIS AU 2R G ) R v A5 21 5 R a8 i LA I8
WAAFHEAT AT SR I . Gregoriol V4R T £ | i i
BRTE WAL AT S0 43T O s s A AL T R DU A
HLAG Je JLTE JLAT A 85 b i AR G2 Jk )L 4 T —
BT 2TIR FRBRHLA 5% 3h 8 1 BT Bl B B IR 0 7
2 0 T B e shie g1 ot sk fa i pLES N SR F Gt
Y0 TR A R 2 M A A AT R AT R S T
X R Sl RE S BT GG B R .

H AT, % T 145 58 IO HLAG 09 7T 3 Pk i 3l o B 2
S AR 5 T RS, I W L O T e % S Ta) B A S
VA RINBUNE | W=/ g N 11RO 8 S S

[k EHE] 2020—11—25

XX — 0] B, AR S5 S QT creator 34 5 # g J7
25 38k — P S B B B 1 S ORI
SR ANZIRAT AT X H A 3 R0 4y Sk AT A 3R
S AE s IXT B W56 B 4 S BRI L. A S
Joiz Sk BE I 53 3, 1T e AR 2 SR AR
A 1z BB Y 43 32, AT AR R 45 R R IR B R L T
B N AL s b o FIRITA £ B 2 IE 43 52,

1 ERATVAAIES T

1.1 R AFHNEIRE

Vi 56 FATHLA AT AE — A = [ BB AT AL 5
— DRSS . RV T AT IR —
AN E H B A R B TR LR AR B Rl RE BLER
LA N 1 R s as LA, T 3h g 1 R
kA A4 300 B4 T AT A ABDE I, %
FE5 o Bl TE J7 0] B 2 £ DL BB ) R 0E

K1 ST
BN WL a2 201 [ 6 35 2 0 B B 119 3 2l 261

AReHATRECAZ 3, AT KEN o G=1.2,

[E—1EE] REMA995—) 2 ALV F A BHL Tolk K28 W58 A TR 5807 1) LR 2% BUBR R 1
(EFEMEE] ZRARA73—), B Wb #Hi & A, Tz e Tl K232 BT 5 [l S ML %, BLARBE T



REHE  H AAFHM T S AL BT A 0 TT R 9

o 5) ATEXT BB BEN 0, (i =1.2.++.5),
WA 2R — R h
0 —a=n(0,—p)
Horboa B A R AR 1 AR 4 RIAF s R
BAES .
A TOAF UL A T AR AL B (BT o = 0) i, U
Vi FE HUAL B R AIE i 6 PT 3R7R
0, =0,/n+p (D
TLAFALRG I 3505 5k
are” +ase™” —a; —ae’ —aze” =0
S3E) e Ay J7 R R A T M RTE £
05 A A5 AT LR B i A —Hi it 2 56 R
ai +ai —ai+ai+ai—2a1ascos0, —
2a,ascosl, +2a,ascosf, +
2a,a,cos(0, —0,) —2a,a,cos(8d, —0,) —

2a,ascos(l, —0,) =0 (2
HRAEALANX L 2, =tan(0,/2) W EXATHE Ny

Ayxs+Bia, +C, =0 (3)
Hrp:

Ay =al +a} —a} +al +al+20a;+
2Casa, +asas)cosl; —
2a,a,sinf;sinf, —
2(aia cosl, +aia, —ajas)cost s

Bl = 4a1a25i1’1(91 *4a2a15in61 ’

C, :u%+a§ 7a§+a%+
ai —2aza; +2(aja; —asa;)cosf, —

2a,a,sin@,sin@, —

2(a1a,cosly —aia; +aias)cosl,

A E ) A IR L

A, = B —4A,C, =0 )
I B 5 B A A

_ =B+ /A

ety 2A, ’ (5a)

02117 = 2arctan (x217)

—B, — VA,
Xop) = ————— 5 Oy27 = 2arctan(x 2
= 2A, - Ceam) 5y,

x5 0 N ——XF L 5E R A AP ALY A B B A ok —
Pho A > 0w, G BEA 2 DAF AR R
TAFHLA Y 2 P RL, 24 A, =0 W), J7 B2 A B,
Xf 1B ALY A 1 Ao B L AT AL AL T A
FE, A <O W, T, RITER S ECT
PG ok i 2eis g
W 2 (OB, 7T 15 2
A = —45,S, =0 (6)

Horr,

Si = (a5 +a,cos0, —a,cosf)* —

(ay; +a3)* + (aysind, —a,sinf,)* (7a)

S, = (as +a,cos0, —a,cos0,)* +

(a,sinf, —a,sind)? — (a, —a;)’ (7b)
S1=0H1S, =0 K K7 e 5 =5 8 i 5L Whk ok
P B e s A S e S B R Y AR OR
FEHLAG AL T 87 S 0 8, OG99 e % 25 ) N | s D) S 7
TATHLA R IZ 3l 3 e .
1.2 ERAFNASSZRIRF

BUAE B —A A B, W R S A
Al B R ALY B AT AT . H S SR AR S Bl
P A AR — Be A B X ) vp A AT AT M, HLIG 48 TOAF
BURE 4 3 S s T 25 #8 HLAS 0 R AR it 2 5 AT LAY
18 5719 T e % 1] 300 B 0 58 A

BLUORABAME SiPHE 0,8 20 =
tan(0,/2) 0] 135

Asxt+Box, +C, =0 (8

HAHA A A, =B —4A,C, . Hd,A, B, .C, LK
A, KT n KWMLK RA,

DA, =0 W, 5 B WA [ 1 i -

_ —B,+ /A,

] = 42[42 s

0117 = 2arctan(a17) (9a)
=B, — VA,

Ti[2] = 72/\2 ’

01127 = 2arctan(a27) (9b)

F G A HLAL R AE i 28 5 FFFHLA A 3 Al 4k S,
FETE TGS ZE 5 53 3 R AILAG 53 3 a5 01000 F Oy s

)M A, =0 W, 52— BIHLE R —
AIr SR

M A, <0, TG, BN PR 5 i
M4k S, Ioag s, BIHLA A AETE 43 38

A2 DA A S, 25 0, . 1RAE
A 2 =tan(6,/2) ,W[153|

Asxi+Bya, +Cs =0 ao

HAF AR A, =B —4A,Cy, [RFETT 155 3 F A
FIAILAE 53 32 4
1.3 HRAMNHEIZRFHZIRHN

X T 145§ FFF LA 0 200 [R] B A2 145 F6 AL A
HAFOLI iz 3l 55 F , A RBiE Sz 3 .

ALSE g DA J7 2ok SRR B8 TR AILAG 19 43 SR
T3

D 220D MR R R AL BEIE SLiz 3 s 1

. O

XA 23 e T HILA A e P Az B
2) 3 (1) 7R 15 5 WL 1o g A il £ i 5
(4) 78 TR HLKG B S e 5% 25 1a) . W 5 T AT AL
4 73 32 A e LA B4 A A B S T 2k S AT BILA A G
WA 23 6] G A SRR Y A — R T — S
3073 32 R VR R LR 4 i Al £k 5 AT AL



10 b I |

I ¥ kK % F K

2021 % 54

A ) 61 e 2 5 e) i S 4R A 52 . 15 A LA B
K i 26 0T H A S (B R A3 S 50 43 U TR
a3 A 2 2 () B FB 43 S AR 3 R 1 R R
BURE Y 43 32

)38 3 20 ) WU 6 HAF P T 4> . &
AT AAA 0, BT REXT R & 1 ANEL 2 A 0, BIFE RS
Gy B A AT BEXT I 1 Fhak 2 Fh LA
B 1 AN B2 A4S, 4 3T i R (Ba)
M GO IREL, 2 A, =0, F— AR — 0,
{8, WL RAEAE 1 AR R B R 1 AT 305 A,
>0, —AHAXN 2 A4 0. H. LEAE 2 AF
53,
1.4 EREFNESZYE

LA UG 40 T FT DL AL 5 4 50 3K P 1Y 3 AT il
2, MUK 2003 252 V- AR 0 B 2y RO 0 O FE HILAG 19 43
SR SE A TR TR = D IO ML fig 4
Sriz g s 2) W LA 5 HATALA 21 B il 2k 658 055 3)
VSR AL JIF 78 07 8 58 42 4b F FOAF HLAL 561 JiE 7 2
E] P .

AN HLAT 58 4 TEFG R 1 oy 02 B A A s B 1
23 B HLAL 1) 3% 2242 2y, B 24 11740 34 IF L 38 fo iz
BbE . BT AEAL R T Rl 2R Gt B rh o A
= 0.4, <0 R A, <O0VENAFREZEM, /B 1k5 L
SUBYAEAE b2 B B

24 AT LA B0 i i, AT A5 ) ST e s
6] Je 87 S i 2k . DA, AT 0o AR 15 A LA 19 4% 3
ten WIHI A B RAMIES .

2 IEHHEBIEITREESR

SR N S IR N 7 AN s i A = 20 | U I = N
[ SR A RCRAR . S T WAk W] R L X
W7 A 1.2 J 1.3 49 AU ik B 5 o 15 LG
B R S, it QT creator FMF 4 A1, %
TE—3KAT DL A iR 50 e AT ALR 23 SR SR
AL B BT L X 45 R S 800 I TR LAY
O3S S AT R AE L TR AT R B 4] 1E S B 58
AT M 1 S L FT AILAS 43 3, S ML 52 T 4 K
RS (1N I N B e o 1 S L e
ot

D #s s AR R 1 05 68 P AR 48 TR ALY
18 54T T 2 2 T B Rk 4 1 4 32 4 e s LA 1) S
B B RO0E 32 AT, P AT B G I LR S 8
A 1E 43 32, HOFF WA Y 35 AF S 8008 B UE 9
S

) EIBLH R % s L WA B RN
F L HBR KA R R AL I H S RIE 3

(Ot
1] ¥
X D EHIE
] ]
100 A 00 A
¥ ]

¥

| | | |
| || |
| wwmsgmA | [ sosemssemEg |
| || |
| || |

K b B A5 R 22 1R )2 22 il 1 1%
] i
EEESIISEE MRAERI L R, P85 R 2 X ]
] ]
I PRI HRAE BRI,
etk 7R 45 X 1) A AL
] ]
g, IfF Iy S HAT 58 e
IERT % et A, SR B R

f
IR T

gk
B 2 FRIFIEAT AR

BB 2, L PANTONE @k RFZ& R, R T BR

X 3k 1 B R R A RGBH.

AR TR
A,=0KA =07

R A
A=07?

3 WA AT LI AR T 2 K B A
3) /R BB L AR T BT A PR AR  T DL R TR (R
F8 S 7S DX, AR AR 9 oK T A S B T s 4 B AT PIL
FY BT AT 43 32, JF HOAT 45 31 T iz 3l Bk B 1A fe 10 AT AL
A PR A5 R A0 AR A1 19 4L+ o J #5232 3 B9
HE . J7 {8 1 P AR/ A I

3 FFEIRFIERR

3.1 X miRFEE

Oy SR PR AT R S L B A A
RFT A HLAE I ZAF 44 BCD &b F i fh M 4k (S,
=) HESLL S, =0 nRE. Hig LKL N



RESLF 5 AT T S AR B R SR R TR 11

SE AL R 1 AE 52 B 22 ORGSR Rl 2 2k i A5 T
ENOE A IS a1 B (o A o S T
WA it e SERT P AAT IR . O TR
2 BT O LA LR B L A8 R A R i
YBUTR oAR i 5 a3 e 3T ) R B
3.2 RER¥IEFHIRA TR

e BRAD AR £ 418 B9 2 0 B HILFG BT 7 2R 45 0% 1Y g
s M BN (S 5 S, HA — A 38 s k45 5
(0 A8 1 o B0 SR AE — A 00 SCRUI A DL T 1 1
ORI . S AT HLE 2 8, AT AR 3 AT AL
B 5G9 e i 2 18], P 7 AR 40 O 1 e 2 2 1) 1Y
FE R 5 T A O A% Bl EE L T O i A s
A CA, = 0) BEMS AR R B 55 5 39 Jie % = i) 141 5 iih
(S 8 S) R — I A AL IR 3% HA W
v AECEE L B 15 A8 HLA A IR0 AH f (. i T )
11 FR A BRAEL 27 K 400 AR A1 1 AL DX TR] 2 75 50 35 S
[ L, PP A48 R AT T IBORE A5 2 A BR{EL R REAT:
S ¥ DX 8] B 3 A

4 BEFmEiZT
41 EREiH

BT AL AR BRI R R X 2 P T g
DXL &5 58 R IR BAL SXAE 5 AN X E 4)

gggggg

SOWMRE®: Textlobel  Textlabel  Textlabel  Textlabel  Textlabel  TextLubel
x Toxtlabel  Tetlabel  Textlabel

K4 FHm

v, T4k B IX A A5 14 88 B X 8] 5 0% FF S 5
BCE X, PR R X E R IA O 360°, I P AT AR 45 7
B ORI X HY B R R S A GE AT
ST BRI 0, F0 0, 14 5T T i 25 1)

PG R 7R X AT 2 7R 16 58 T AT HLA Fag A #R 0, Al
fa 0, oy SCUHUN IR, 20 B 2SRRI R LAY
F8 g A B o b 2, TR 0 B (8 i 2 2 1) Y K 8 IX
SRR 0, R0, B ST R s ) 200 H S Rl
2 O RIS S I SR

2RI RE DX O F P B AR DX o i 2 A AR sy
ZREE , T AF RS P A B R S B ) IO
BUR B SE T e % == 18] . P Al A PRUHIAE Hh g AL 30
LU BRI AR 00 (R IR 50 S e 3 3. AT LIRS

5 2 A 5G9 8 B = 1) B9 R AR B A O B 1R B R
RIS B A FRIBC(EL 388 o 278 4 A £ ok & G
PURI A 23 52, ol 07 22 o RGBT ARG o 147 58
PR T 75 B4R JB 4 A A e AL 2 50, U 43 S 0
I ST

SRR XAEEBR T T . BB B RE
oSt ARK P AR B, B — 518 XY A br
XFRL— A3 3 s AR X RoREA 0, (E.Y &
A 0 B AR TG0 SRS R R AR T B L B
HE LB 7R JE 3 3 i
42 ZHHREUHA

e 3 5w A AT SRR R S ] 5 B
NI RSO . P AT R A GE AT S T
RF R LA 1Y S e e s 1) 9 i SR £ 2 5, I fE B
R M2k R 73 S Y R 28 B A b R 2
o VA1 B T o AR MR 22

&7 Form - o X

K5 JEAS U A S
75 32 BTk R R X B 5 A 6
AR RN XK E A E . B 0,5 0, RS
Kt 0,5 0, W&t BRIALL 0,15 0, By G A
FRIT UG 9 360° 9 — A~ DXTa] , FH 7 n] AR 415 75 22 3 5 74
0,5 0, B R (EDR R R R Y W X T
i’ Form - O X

81 o] |

84 0 |

ISYREEEDN, MiEoFiarisen” BEZA

HAE

K6 A EER R X A

5 JHEHUEEELE T4 SL I

5.1 £ B3NRRILH
WG 2 Birs BB s A7 i R R AT 1A 8 AT AL
I 53 SC



12 b I |

I ¥ kK % F K

2021 % 54

AW HATYA S8 (a1 =Ta, =4.a; =6,
a,=8,a;=8.,n=—1,8=0),LL 0, W¥ A .0, Nk
WL AR 7 BT R EAR, A1 3] 4 S 1.
(—141°,141°),2.(—35°,35°), 3. (35, — 35°) . 4.
(141°, —141%) . AN oR By EHG L 8 7T LLAS BB
A 8o S [ — 35, 357 DL Je W AN 3 4 1 4 2
[—180°, —141°JA1[141°,180°],

7 AL BRI

5.2 BN XYY IELH

A A PR ) R S 80, vl 45 80 A AL Y
KA A5 1], M40 0 FF HILAE OG5 T i 2 R Y OB
AR A G IS A AR LA AL 3 L S R AR A B IR
REL{EL o A48 B B 40 AH A T 1145 2 0 AH AR 1 R0
D[] 7E DX ) N IE R 38 1Y 51, AT 45 31 BoA 58 2 e
FEVE R 43 32 BVALFY TCAZ Bl ik B

RGP B0 A AT E A 28 (e =9,
ar=4,a,=6,a,=9,a;=3), 5 FE 8 Fr/n K 1
FEEE I ST e i 2 [ L, v A OB IR B 4y
= J7 o) S AT, PR O 7 A A U LE i A RE TP g A
“17 SR g EE T AR B R 9, v LIS B B ik B
5 —45°, —33°, —6°,6°,33°,45°, M & Al 75 3
WIFH A B B B B (— 67,67, (337, 45%),
(—45°,—33%) . MIUA X 8] Py 4F 2 38 B — A, an
W B=40°, WIS B 0 &8 10 Frs 45 5, 1T LU 75 5]
(53 3 BLA o8 T

- o x

e
EHENRR
sEnTEA

]

[ aemass |
#re
[EET)

o8
a0

EU7EE

ASLS

P8 AT 6 ST e 5% A ]

...........

SORREE: ~5 = - . B
x Text

(IR R IS

E ]
SHEnGE
wEnTEA

nEe
EERET

EEVER
R [1
ECTEE

ASCS
I

K10 TRV B A IES R

6 #it
1 F R 43 B T 04 i R BLRGD 19 0 S0
G332 B4y S R

2454 QT creator A4, I & T —Fh ik & AT
BURG TS B 5 T 30 78 R0 S 1 v B4 %
) 43 3 AL bR B B A0 AH AR (R, 87 BE TR S b S B
T L FFBLAG 199 3 S A B oy S A Bl

3) G54 Ve e AT HLA 2R 47 5561 23 BT, B0 E T %
ARl R R L S e SR AR B A
Xt HLA 12 2l i B 0 15 AR LA E AT 2 S A sh A
1E 1B HA 58 S e e e R 16 58 AT HLA . AR T
— AT R T AL A B T R R 4y S K
5 By ] 1 43 S H 0 7 o PREE BB 4 S T LR
TROR,

[ & % x # ]

(1] JLAR e Bk 5 58 7 AR HLA 92 3L 8" 52 JE Bk
WL ] MU B35 i . 2008(7) - 115-116.

(2] ZAE BT A BRI T A f B 1AL 9 7T 3)
AT AL 58 5 AT . 2002(3) :5-7.

(3] 24k, #HE M, BEDLIT. TOAT 5 E by BE LA AT 2l P i 78
o 2L ] DU G B2 41, 1998 (03) 35,

[4] SANDOR G N,ERDMAN A G. Advanced mechanism
design: analysis and synthesis[J]. Mechanism & Ma-
chine Theory, 1985, 20(1):81-81.

(5] Z=#, FRhAh, EbE k. 0 56— 0 AT WL RS B 0 19 25



% 36 K% 54 RESLF 5 AT T S AR B R SR R TR 13

A LT 5 Bl 2 AR 22 B 224l . 2009(5) - 85-87. Robotics,2015,7(3) :31-38.
(6] wtrle, 2=, T ahdh. 45 % —TICATHLAG T L9000 i 25 [12] 4 B AT 3 e 31 i B B SRR 2 15 18 52 O i B %
A 00] BHEME B, 2010(26) :84-85. (DA - L7 B K57, 2015,
(7] Ffh me . 28 N R — T AT HLH BR 5 2e & A [13] SUN Y X, HUANG R, ZHENG ], et al. Design and
(TR & B $5 AR 24 B 27 4 ,2010,27(1) . 46-47, speed-adaptive control of a powered geared five-bar
(8] ZEMZs, HHERR, #4216 5 IAT LM B3l 25 & 1) % prosthetic knee using BP neural network gait recogni-
L[] V0% 3 TR 24, 1999(4) + 3-5. tion[]]. Sensors,2019,19(21); 316-321.
(9] sk#ate, it 75 45, WK ST T B BLIL A B SR it 57 i [14] TING K L,XUE C Y,WANG J,et al.Stretch rotation
LA 3l F1 24 00 L) ] WLBR AL 3, 2010, 34(4) :57-60. and complete mobility identification of Watt six-bar
[10] WANG J, TING K-L, XUE C Y. Discriminant method linkages[ J]. Mechanism and Machine Theory,2009,44
for the mobility identification of single degree-of-free- (10) :1877-1886.doi: 10.1016/j. mechmachtheory. 2009.
dom double-loop linkages[J]. JournalofMechanical De- 03.011.
sign, Transactions of the ASME 2009, 45(5) :740-755. [15] TING K L.WANG J.XUE C Y.et al. Full rotatability
[11] GREGORIO R D. Analytic and geometric technique for and singularity of Stephenson six-bar linkages[ J].Jour-
the singularity analysis of multi-degree-of-freedom nal of Mechanisms and Robotics,2010,2(1) :298-320.

spherical mechanisms[ J]. Journal of Mechanisms and

Development of Computer Aided Design Software

for Geared Five-Bar Mechanism
ZHANG Huimin, JIANG Rongjun, TAO Fen, WANG Jun,REN Qiancheng
(School of Mechanical Engin., Hubei Univ. of Tech.,Wuhan 430068 ,China)

Abstract; Aiming at the problem of mobility domain analysis of geared five-bar linkage, combining its
mobility theory with “QT creator” software, a computer-aided design software is designed. This software
can automatically identify correct the branches and branch points of the multi-parameter geared five-bar
linkage under the standard position. Firstly, the mobility of the geared five-bar linkage is analyzed by the
discriminant formula. Then, using QT creator software to build the interface, the geared five-bar linkage
auxiliary design software is designed. Through the feature recognition process, the software automatically
obtains the results of the branch points and branch of the linkage. and branches with motion defects can be
corrected by adjusting the geared chain transmission ratio n and the initial phase angle 3. Finally, the
branch point, branch identification process and branch correction of the geared five-bar linkage is verified
by instance. The results show that the computer-aided design software designed can easily and quickly ana-
lyze the feasible region of geared five-bar linkage and improve the efficiency of mechanical design.

Keywords: geared five-bar linkage; computer-aided design; branch correction; automatic identification
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