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Design of Double-sided Parking Device for Bicycles
YANG Lixin",JIA Ruyuan®, LI Hong", WEN Zongming”
(a. School of Mechanical and Automotive Engineering, Guangzhou 510640, China and b. Guangzhou college,

South China University of Technology, Guangzhou 510800, China)
Abstract; The shared bicycles are in urgent need of developing a parking device, which is used to solve the traffic disorder problem
caused by difficulties in parking shared bicycles. This paper designs a double-sided Ferris wheel type bicycle parking device. It mainly
consisting of mechanical actuator and control system. Through a large torque stepping motor and worm reduction gearbox, the mechanical
actuator drives the disc to rotate, thus providing six bicycle parking spaces. A 32-bit flash microcontroller STM32 is used in the control
system to process data generated during the operation of the parking device, and also to realize the smooth switching and accurate
positioning of the six bicycle parking spaces. The device is characteristic of high space utilization, convenient access, beauty, and anti—
theft, etc. A solution is provided for the parking management of the shared bicycles.

Keywords : bicycle parking device; mechanical structure; control module

LSBT T SR B 1 S T BB

0 355

B S22 3 2 0 5 2 A S B 3 85530
R 37,2017 4ERS BREN R A = T B
SR R L) T, T 305
R WAL SSmIZ A e AR AR 5 5, 5
TR IR R R A A 00 4
VRSB SR T, KL T 4 LA T B S BT
SRR 1Y TS T 0
B A SO T L bR ] R
AU BT i B R BB S 7
R,

1 B2EFRET

ASCRAEBOT— NI 428/ X A 3L P, 1

SR PRI B DRAR S & (97 3, SE B AT AR ORRG Y
SO ESEl TIPS o 2 St Ray I AIDEE R I /s o Lk sy 1 )
IR, 7 SRBE 2 P I T AU ES it
IR

AN 1R 8 DRTIE A AR 45 b i B2 FAR 2 M 1 i 4
T PR BE 3 ME AL, S iy B R A X
B TR ROl TR B 6 A A AT AR A0, AT ARl
FpUR e 55 I 7 7 [ 5% 3 5 A R AL 9E L ML AT 93 4
P A 7 20 5 B 3 AR5 200 AL AT 4 e sh B B
B AT AT

gm0 A — e =it 1) FHREERE
WS ] 2) ORI 3) BiA ., ARSI A
AT A5 A i 4 A B SR D 32 2 DN A7 A i % STM32
FIV AL RO i R b BT RFID O S A
WI-RAFEC R AT R BIE E L, IR 42 L 7 il B
REJI5i , R IE B 45 4T R ABLAS LA AT

EEWE MR B AH 2L BT H (2019KC221) 5 )7 AR B AR R B AU QLT H (2019) ; #E BLT R 2" SRR #ee i H

(201703)

E—EFE N ABIH (1986—) , %, YHIT LI I, 1, 05005 1) U et ALas A3 1%,

.60 -



- HUHIE -

WA, F - — AL A AT A R E 69t

(a) Fhrfi'E

(OFvie

(c) FEBL
E1 WhBITEEERE

2 AEBENST

AR TR, BALE R 3h TR s E e s e
WERE R 3N 1l L Zh S B A AT E TR, T B A
MR SR AT R AL B AR, T
BT R AT RR A LS 1), BRI 43 B 45 2228 1 BN 4 32 07 1 100
Ry,

A% BRI AL E S R e LE A 174
FNG ZILE AT R E R 3.5kg, WK 2 FioR, ek
MUFG e [ 5 Z AR R e R m 2 Rl 4.5kg, )
BLA0.6m, IWHMISKRE, 53 i 12 .3 Wi a
R 3 FMEEMEH, WK 3 s, BERAERT H
TR TR T, BOM LR AR AT ES
PLETERE B, Z WG SR i B B F AT % Je Rl
¥ R R 5 2 A R R — AR, HR R
mo BRSO AE 5% B AT AR o, U BRI  1 .23 W E AT
22wt 32 15 BT Rl oy BVEEST A AT 45 4 26 B I 1
T R

™
T, = X X—— | XL 1
1=m g C05(0 180) (1)

™ m
T,=-m,gXcos| (60-6) X@ XL+m,gXcos OX@ XL

(2)

T,= —mngcos( (60+6) X%) XL-m,gX
(3)

T T
cos( (60-0) Xﬁ) XL+m3g><(:os(0><@) xL

Hordv.0 I ATTERER MAE smy omy Fomy 43005 158 2
S 3 W BAT A eI R 5 M i
Mz e NEIREBGL N IE,

(2) (b)
(©) (d)

1—F Bl 2— M Bhlh ; 3—Je K EbLA
A—i Y 5— A AT F ; 6—EE BT,
B2 BEEH

7\ mg mg
i i
\| o
1208y i’ Dy
H20 07 26
mg ng g jzg

(a) 1% (b) 2% (c) 3%

3 BMEHARBEBITERNZNERS T

(1) -30(3) T Bas R A B, M0 1 #ZEnT,
HEEE T B R K 48 N - m(0=90°T% 270°) ;24
P2 TR A B s I i B KR 48 N - m( 6=
30°8F 210°) ; 245 fik 3 L0}, i B RN, LR
AT LAZBEANTE . R, BRSO LT, B AL Bt Bl 1
K 2 90 EUAT AEAE A A0 B B Ry e LA BRI Y R K
B, T RAM RSB, SGA AR LT, AL
PRI ) B K R R B A 2 %5, B 96N - m,

AT E AT B4 %% 3 R 6061 &
& W 4 Frn, N ShihE F i, BE AR A2 8 A SOK
ZEAE A, E N EEA M, 12 H SolidWorks Simula-
tion 1 BB AE A BRIG /0Ar %o il gt AT 8 BE A A, B RE S 4L
mE1,

- 61 -



- P HIE -

WA, E - — AR AT EAS £ R ikt

E 50 E 50 - 0.01
-0 -50 001
0 100 200 300 0 100 200 300 0 100 200 300
TERE 1 EE/(°) THER 1 EE/(°) THER Ff1 /()
(a) (b) (c)
B4 ZHhHWER
r1 MRSERE
e SHE E4 SHE
Fite/ kg 0.14 W/ (ke/m’) 2700
KBV m?® 5.03x10° H#/kg 100
JRMRMEE/(N/m?)  5.51x107 TKIHEE/(N/m?)  1.240 84x10°
PR/ (N/m?)  6.9%10" HEL/NE 0.33
PO/ (N/m?)  2.6x10" AR ZBL /Kelvin - 2.4x107°
PR/ (N/m*)  2.05x10° || ZHifE iR E/ (N/m*)  5.52x107
AR/ (N/m?)  2.28x10°

DFEA5 RN 5 3% 2 PR, e K1 0 7.08% 107
N/m?* e RAEAS S 0.10 mm,, Al 3= 2R A2 A8 1 R 7, 25 il
AR Hed R FI3t /) 25 Al R 5 38 o ) 5 R it

x2 HELER

&R xE =ME ®MEME RAXE SXELKE

BE A3 von Mises 7.99 N/m*> 12475 7.08x107 N/m® 8 264 15

RS SR 4.60x107° 2554 BT 7.68x107 3 004 BT

x4 At 0 mm 197 45 0.10 mm 3

BAIBAFR: AL
PBIEFR: HRIHHTL (-BRIN-)

VERRASAL: N AT R A1
LA 150.619

von Mises (N/m"2)

7.083¢+007
. 6.493¢+007

- 5.902¢+007
—F 53124007
- 472264007
_ 4.132¢+007
- 3.541¢+007
- 2.951+007
- 23614007
- 177164007

1.180e+007
. 5.902e+006

7.986e+000
JERT: 5.515e+007
(a) N354T

B (il
S
—— ESTRN

7.676¢-004
P 7036004
_ 6.397¢-004
~5.757e-004

_ 5.117¢-004

_ 4.478¢-:004

_ 3.838¢-004
_3.198¢-004

| 2.559¢-004

_ 1.919¢-004
1.279¢-004

. 6.397¢-005
4.601e-010

(b) RIAZ I ¥

.62 -

AR
FBIATR: BT (BA-)

PERBEAL: FRRALRS RIRS1
AIREHH: 150,619 URES(mm)
1.028e-001
' 9.427¢-002
- 8.570e-002
- 7.713¢-002
- 6.856¢-002
- 5.999¢-002
- 5.142¢-002
- 4.285¢-002
- 3.428¢-002
- 2.571e-002

1.714¢-002
8.570e-003
1.000e-030

() KL B a3 HT

5 BEANNH
3 R REERIZIT

P RGP R XA AT A5 T4 B A 04
BT R T P R G B P AR AR B B AT 2R 5
TR 6 AN AL G VI LA K E 57, 3 55 FFLP R 4 A
F5 4 o 07 -4 bk o S BRAR S Bh A . AR SCATBETT R E AT
T 2 B R GMEHOR FH 32 i N il & STM32
R MR AN B 22 B A T ad AR e = A A B SR
RFID-RC522 SR o A5 He A kg FH P 5 26 8 2 IR (19 38 AL
WA 4R AR ICA R ) SRR TRT SR 5 1, STM32
BAREE 5 Bt e 2 D L A T, e i S I R A ik o
F5 BB d L TA/EFTH, STM32 5 RC522 Jo4k S0
ML T SPL 38 MM A B (5, SE B E i R 8K
i I A 5 e 3, SR PR AR S . MR TR
A, STM32 R 515 7 LR R H B 1 T 3 8 AR
P, RFID-RC522 S #5045 B 7T 3 3o TC 2 v A5 5 1R 31
P BRI RS MBI, T IR B RS SR HiR
(RS MU B G 3 i, 2 — P g A T fF B

e RGN RE 7 0 5 B AESR A& 6 Fim, B
Sext B B HLIES T R GV R AL, S EORE R T 15 | A
H RCS22 IR L SE UG , R Bl & TAE T 458
Be SEREH RS D ASHRLFIE R0 R R TR R,
IR EhETE BT 26 45 A sh W5 B S5 5%
LI 8 AT A, e Bl FH P 3 ] AR T A7 R I BN 1,
FRF PR R 58 U, F P B0 IR i R 2 o 243 2
P, FERE P i AE I B AT R B A 8, 1R
ek, W F P RESRS LR ERE— B, 5ER
— BB E,

4 #HiE

ARSI T UM B A i A Rl AR it 17—
P EER e OB RGN L AT AAF 2 A X A
BUBREAA T HILAL 12 ) 28 8 P RIS 2L, MU T AL A 3
T R R AP 1 HR AL 99 4 % AT Dl S A 1 50 680 288 7 30
JREFERATHLHE , AT HAE 6 4> A AT 42420 ; Pl RGEAIH 32
PEINFFRCE il & STM32 ZR 51 7 HLAR AL BN AR A7 i e
A RO, S P TEAE IR A AT A B R 6 A AR
W M 45 LA RS A, 2 A 2 (AR g A MR A
PREE LB H A4 kL, AT IR =S MNP S 2 AL AT 42



- HUHIE -

MW, E - — AL BATRAS R E kit

KT
e
[ romem |
i | %U%F%%fjﬂﬂﬁ %
SR |
g,
—

6 TIEREHE

U T FAT RS R ELIE RS | o T AR R A AT A )

B W] SR 2R T /N N AAT A B R L — R R %

MR IT R .

SEZ 0k

[1] “+=H"MRLEESRB YR E AL [ EB/DL]. (2017
~02-03) . http ://www. china. com. en/ guoqing/shisanwu/2017 -
02-01-03/01/content_40381181.htm.

[2] SRR, FETF LRI SR T 0 2448 5 [ R 2 A el 20 25 0 7 L
R [ D] M BB T R 2, 2016.

[3] Wi, T a5 B A W 3T oo K s e se [ D).
W IR ; W R Tl K2, 2016.

[4] FEH. AfTESWNTATHEsCH I (B+R) REMZS BT
WFFE[D]. dbat. AL Rt R, 2013,

[5] EX. Wi K878 R AT D] . dbat. dbaiscim R

2%, 2011.
[6] 2545, BFAIAMR AAT 22l Bk [ 1], dbat BRI # 5, 2004
(2) :46-51.

(7] 20, X HHE. FET 056 W LRI AL Bl A 47 25 I 55 R o8
[J]. £ TH,2015(12) ;37-40.
[8] 22, BRTFEHE, skt , 45, MLk 5 R M A 47T 4558
2R SBRME T ——LARFARMS A B[] . BARIRTT 5T,
2012(9) ;7-16.
[9] B3 ik, kR, 4. AT 445508 & 0 I & N SR 2
R[], UMLK, 2009(5) :82-84.
[10] RBE, WRLL, B8, 45, FT LI logit BB A A3 A 174
PSR AL R [ J]. 3% 3830 K224, 2013 (1) + 19-
24.

(1] R, 250 7 dkRARAE. ST Bl X A 47 445 4 5 oK 0
BRI T]. SeIRAGE R4 ,2007(2) :52-54.

[12] TR, BENI. 5 R HLIN R BRI 25 5 B[ ] ] LR
x5 A 3h1k ,2018,47(5) :130-133.

[13] ¥FJ0 AL BRméig. “ U&B” BT [ 47 4205 42 7 R 7000 4 52
[J]. i #&3CHH 54 42 ,2009(5) :37-40.

s HHA.2018 — 12 - 07

J\WAVAVIVIVAVIVIVAVAVIVAVAVAVIVIVIVAVAVAVIVIVAVIVIVIVIVAVAVAVIVIVIVAVIVIVIVAVAVIVIVIVIVAVIVIVIVAVAVAVIVIVIVAVAVIVIVIVAVAVIVIVIVAVAVIVIVIVIVAVIVIVIVAVAVIVIVIVIVAVIVIVIV AV VAV IV AV VY

(E#EE 21 W)
2) ST A R AT T AT 2 [ AT ) 2k R S A
Xof B S I A B | SRATH AT TR 48T 0 A 1542 Al o ¥
PISRPEARTE | 25 ) T 6 T KR OTANZ AR R e A8HAT T 145
& R I RE A 7 1
3) i HEGEH) Hertz Hfil BVS THE 1032 filh 17
BEFTXE LG, A5 3 1R 22 B 1E 8% LI TIEW] T A S5 ik 1Y
ARE
AR SO AR T AT 8 1A T 4 Al ) AR M T — R AT 2 A
RO s g T —Rh S ARHAT T 147 A R G- B EE
AR R AR T A e 1 3 rh B i BE A o BT AR AL T —E Y
PG HEA
SE Lk
(1] 8%, IEAC I 56 1% Mo B 5 3 0 22 R A A5 [ D]
R AL RS ARG, 2012,
[2] LITVIN. F. L, EGELJA.A, TAN.J, et al. Handbook on face gear
drives with a spur involute pinion[ M]. USA. HASA, 2000.
[3] LITVIN F. L, FUENTES. A. Face—gear drive with spur involute
pinion: geometry, generation by a worm, stress analysis [ J].
Computer Methods in Applied Mechanics and Engineering, 2002,
191 (25/26) . 2785-2813.
(4] L, Jrostl T, 55, RHR T 56 145 58t (0], i
B )17 4% , 2008 (4) ;754-758.
(5] BT, B Wed, S0, 45, AHA I 16 48 14 1 0y 20 K 040 16 2 fih

L] Mz S 1247, 2008 (10) :1927-1932.

(6] Jr o, Fhik e v i S BEAR M ST A BROTTHHRE 0] iz
Bl 12554, 1994(3) 1 242-244.

[7] WU S H, TSAI S J. Contact stress analysis of skew conical invo-
lute gear drives in approximate line contact[ J]. Mechanism and
Machine Theory,2009,44(9) :1658-1676.

[8] YE.S.Y, TSALS.J. Loaded tooth contact analysis of power—split
gear drives considering shaft deformation and assembly errors
[C]. ASME 2015 International Design Engineering Technical
Conferences and Computers and Information in Engineering Con-
ference, 2015.

[9] SHUTING. L. I. Gear contact model and loaded tooth contact
analysis of a three—dimensional, thin—rimmed gear[ J]. Journal
of Mechanical Design, 2002,124(3) .511-517.

[10] 245 W0, FHA BROT -4t Ao vk e i Ak [ LT ] WL i3

11,1983(1) :1-11.

[11] T. F. Conry, A. Seireg. A mathematical programming method for
design of elastic bodies in contact[ J]. Journal of Applied Me-
chanics, 1971,38(2) :387-392.

[12] FEAE. S A fh ] 50 ) et ML R A v [0 ] BRI R4
2002(3) :6-11.

[13] FEHEIC, WP, BT BROCIE i MR e stk 16 46 0 5 I BE 1153
[J]. HUbR T4 ,2011,47(11) :23-29.

i B HE 2018 - 12 - 20

- 63 -



