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Abstract

In this paper, according to the size of the underground parking lot in the city of National Olympic
Games, the design of a two-story four-row stereo garage, it is a kind of lifting and moving stereo ga-
rage, which can realize the lifting and moving of the car, so that the car can quickly enter the struc-
ture of the garage. First, the overall scheme of the garage is determined. Then, the transverse moving
system and lifting system are designed, the parts are checked, and the simulation is carried out on
SolidWorks to ensure that they can meet the use requirements. The stereo garage solves the prob-
lem of tight parking space and non-standard parking in the residential area, expands the types of
lifting and moving stereo garage, and provides relevant information for the follow-up production.
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FRMGE AL, EAMHI T &SP SAR AR, AR AR TP k. IR
FERE G EERLL, BAHERRE, &EZARIEX LRI 2 G, BefSTE— 8 25 ] P gk PR B b
1FIRZE, BT ZEME I i)

BEAE TR E R A R R, SRR ISP E MR Bk, S, JEARISOE2], HiRE
PERCRE , PEH RAHORE AR, R ORI R [3] . SARZE FEAS T BRI — HEN R A 1, T
FET . B Bl HE S SR R, K IhRREWE 2, wEZhRA. BahiER. B
BIAFELAE[4] [5] [6] [7] [8]. SARZEFErEFRE A itvll, (HAE(E AN i, FEMT T M.

[ B N X e — R B R R X A% — 84 x 89 x 6.2 m* # M5 4217, SCAEMIAEER Y 9100 x 11,000,
BEE NTESE KT 0SSR HIES, R Zh TGN, 7B OR PR B R A A 2 )
BINEA R, WASCERA . FERE S ASIAERRE, (ERE AR AR L, B =R
SARTERE R B A TR, X P B A AR R, HASMBON IR, RN R ZEE. Z)F
VB RALAR T PR 28— = v] DUS I =8RG, 28 = = o) DU U AR 4, B AR 45 #4914 8990 mm. % 5375
mm F1i5 4880 mm, ARFEHL FIEELHIR/N, TCLEE 72 &, #0216 MEEAL.

2. MRFERFFR

SAREERIFRZAE, WLARRR AN B AR BERE. SR REH T, wLE
A TR, s, EERAN. EEMEAK[2], AR TSI R VU SIS AR 2R () 454
NFBERERE S, A ORI B AR T, TTDURIE SERRE U E £ &, HINEA R, XA
VTt B I L SRAFT AR [9], 226 F LB RTE, S50 I 1 Fiow:

Figure 1. Schematic diagram of the two-storey four-row stereo garage structure
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THEERERE XSLARZE R G H TRk B BB ST BERE RS SR IEEAT ¥t A
e, BARENRENE, EEEMSWER. B, BRTHERS. HH RS Z e B A K.
ke 1 ZRNBIASIAR A ERE R DAL, - R =R A R TR B, SR RN AT
CAHHATTH PRI AZ 18 5)),  EAF TR 28— R U =N AL o LRSI A A e v i, 56— =Y
NELLH, oA R EE TR SEBUS 4, A=A FREE R — R AL, A T T R
%,

3. BiA R Rt

SEARZE ) T IR T AR SR A . HUBRERED . U BRE) AL B R . AR R Sh A Lok 5
B RV REARLE MR R RIS W BEURAIERESE, RAEFERIA] A Eh Al

HUBBA% B ) 2 2L HR A FE L% 3 R B AN D 36, Tl — R 51 AR ok S I EVAR T (1 Bl e A% i
TR BN PERELURAT R I & BEVE & RGBS IS MERE . Bt A&7 R Bt — €
BUEBRAERTI R WG ZA WL $ELs). hif[11]sh A 2~4 For:
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1-HUBIHL 2-3R T 3-fahih 4-f%3hs

Figure 2. Belt drive
E 2. wiRE

1-HEIHL 2-BREhas 3-IRM 4-0EAs S5-tLshik

Figure 3. Chain drive
B 3. &
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Figure 4. Spur gear transmission
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Figure 5. Single column steel structure
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Figure 6. Column section
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Figure 7. I-section of beam

B 7. #mRIFHEE
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Figure 8. Cross sections of diagonal rod and stiffened rib equilateral angle steel
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Figure 9. Schematic diagram of lifting drive
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FhB I FE R — AN PR, X LG 0.15 mifs, M3 F1 AV 5 R 1500 kg 24,
AR SEBR B GUE A 28 1700 kg, XA &4 300 kg [15].

THEPT R BT DR W F

P, = Mgv =2000 kgx9.8x0.15 w = 2.94 kw

HLUBLAR) 4 1 D T 50

PO = Pw/nw

Ty =1 X1y X113 X17,
b BB ECR, B1En, =09 n, NRANHARNE, B n, =099, F 2 Mk, RALES

1, =0.96x0.99" =0.94 , N4t AN Py =P, /n, =3.12kw .

3.1

3.2)

3.3)

LTI OE LN S E %%, BSH MLPK55370603, Th# P =3.7 kw, #i% 5 50 Hz, HJE

220V, )y 60, f3EFE Ay n =21r/min, AMEILIE 10:

A
P
Y T |
< g BE
o
I >~
£
5
D 4 x oH E
G K F
Figure 10. Outline drawing of motor
& 10. BHKIMNEE
R £ R F 4% 1 s
Table 1. Dimensions of lifting motor
2 1. FREBENHIRTR
Fh JESF(mm) Fht JSF(mm)
A 515 M 225
D 160 X 245
E 210 Y 170
F 265 Z 165
G 180 P 60
H 13 Q 50
L 24 T 43.5
J 42.2 W 10
K 90
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AR EAR d v 200 mm,  FR4E A THDE E 1 3ER 1) _EFHEEE 9 0.15 mis ] LA 5746 £ (1 4 i -
0.15x60x1000

= =14, i 34
) 2100 14.33 r/min (3.4)
BRI B
i 2l e (3.5)
n, 1433

RYE T HER e RN i =15,

1) EHEEER NI Z, . Z,, WRIFEsHi=15, &l PUETH) [12]BUMNEFevis Z, =18, W KHE
Buitiz, =27,

2) WhE R EET R L YIE T bR a=10p, JATER

L, _2% 4t +3(Zz_zlj —42.25 (3.6)
p 2 a, 2n
B, =44,
3) T HHEEE T RE R D% Py EETEE P, B AR AREK, =1
P., = K,P=3.7kw (3.7)
/MRS G EL R B K, =0.887 , HEK R K, =07, MHAXGEE, mZHERS K, =17 iHHHE
D
0 L75P  _ 175x37  _iaiw 39)

T K, xK,xK, 0887x1.7x0.7

4) RRIGHUE DR By ML n (AR THER 508 24a, BETTEE P =38.1mm, Frif#miaEsiric
24A—2 x 44 GB1243-1997,
5) BT HESEPR R L S0l a:
P

L=L,x——=44x0.0381=1.68m (3.9)
1000
2 2
a=E LF,—Zl+Zz + Lp—zl+zz —8x Z, =2, =381mm (3.10)
4 2 2 2n
6) THE A
VonxZx— 2DABx3BL_ o s (3.11)
60x1000 60x1000
7) YRR B AT) Q:
I 75 -
£ _1000P _1000x3.7 _ 00 (3.12)
\Y 0.25
LR AT B USRS B R EK, =1.15 A
Q=K xF =17020 N (3.13)

8) fumhaR AL EE S, HESKIR T MM EBISAT, HoREEAETH AN R OB, BRSO
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T A

FEH

n:LGp (3.14)
KR +F +F

Hofn AERRE 2 A R G K, A LOLRE UK, =1.05 Q Ak AR FR B, S FEHUE Q = 249.1kN ;

Eﬁﬁﬁﬂ%ﬁ,ﬁzm?P:m?;”:mgmm F MBSO BT, HHARNFE =qv®, Hih

q MR q=56kg/m, NEEEV<Am/sI, FATLIZNE F, 9REEIEE Y, A
T

(K, +sin#)qga
100

b K, MRKER K, =1, AFo0HE, a=0381m, 6 APAE TR LARACETIOBAH, 0=90",
M F, =041kN : n WYFFIZ4& R, n =4-8, RN n=16.3>n, HAR 50T LUE 5P
SIETRIEER.

HUAR BE S AIBE 150 P =38.0mm , 38 7 I F A T RO

e LI A T NS, AR TR0 BEAE R J, St R 11 T
Fﬁﬂ——\‘:

F, = (3.15)

Figure 11. Lifting shaft structure drawing
11. FHR&ihsEHE

IR T A8 P 45 49, 2R R AL FEAS [0, | = 640 MPa o ARAE BTt B (A KL, BUH B 10115 R % C =60,

s N EATHEA X Fros:
d zci/E=60x3/i=38.2 mm (3.16)
n 14.33

BRIBETHRE R BUNEARIERRAAS i, PRACETC A B, T LRSS IR 5% AT A2 SERR K, BT
A/ NEAR RS v d,y, =38.2x1.05=39.9 mm , Al (e B b 7 22525 fie /N AR i E 22 (1 10k il s S 30 4T
8o AUCEFENIPER SRS, BCR S L A B EUE Y 40 mm, MW LAE B4 d, =d,, =40 mm, KJE
AR P e 15 1Al 2 S5 U 83 mm, )€ S B EAR LA 2:

Table 2. Diameter of each section of lifting shaft

F2 FAEMERER
(VA RSB 1~2 HHB2~3  REERMB3~4 MM Bi4~5 HMB5~6  BEKHIRE 6~7
Hh3si/mm d, =40 d,, =46 d,, =50 d,; =60 dg, =46 d, =40

BE RSB, W 3:

R it 55 50l PO TC 45 R P PR B OE R 3, AR CWUBRGBETE ) [12] AR AR RS, e A g R
S Abxh 12 x 8, SEFEIIKEEDY 80 mm, SRABEHIIN T TZ, HAIRKAERC & K5 8 HT/K6. [AY
FEAEE R R PR ] 72 P 15 AL S SR RS 14 x 9, Rl ANEER Bl 25 50 & HOAX S5 9 HT/K6.
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Table 3. Length of each section of lifting shaft
3. AR RKE

fir'E SRR 1~2 HHB2~3 BEERHNE 3~4 HiMBL4~5 HHE5-6

HEIc s B 6~7

B fmm l,=83 l,, =35 l,, =82 I, =10 l,, =792

l, =83

78

b sZ J1 50 R & 12 B

v

|
A

F
Ft r

I8
sl
—

|
)—]

Figure 12. Axial stress analysis

E 12. 3ZF 94

R AL [ A% Bl (R 544 52 F3 0 M T LR 21, B OCHR 3 AR SZ IR F I 1R, B AR TF SR I {6k,

E B AR AT SRR, KL AT

T
r=—
WP
e s O LA
T 95507 = 9550x /=247 kN-m
n 14.33
b PR
HERe B D5

F =21 _2x2470_gggkN
‘ d, 005 '

¥ E Rt R /1 F =Ftana =3559kN ; a bVl ) FA:EIB—C:88.5kN ;

AC

F, = Ft:ﬁzlo.Z kN : a ZbHH%ET, =FATd12=1.77 kN-m; b AT, =EBTd67
AC
A 13 fioR:
T
A B C

Figure 13. Torque diagram
13. HiEREE

(3.16)

(3.17)

(3.18)

b 4k VI 7

=0.24kN-m, B3 &
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T A

WRYEZ TR BIEE W, 2RSS 1, Rt ER A, B AR AN
TR, A

Ty = 2 <[ 7] (3.19)

d? R
ARHT,, =9550° = 247kN-m; W, =T°1—6 =0.13x107 m*, FRAHHE TS
n

o =19 MPa <[] =90 MPa , BEPERF &K,

e TR RS, Hrh AP GRS A AR SN RST D9 12 x 8 x 80 mm, R RIEESETIE A T
14 x 9 x 80 mm. XA AIBEREATRERZ, U e BERE W LA 2R, B A SN

2T x10°
% =g L%

H t LB, T = FL =19.6x0.025 = 0.49 kN - m ; k Ayt 54 BUE M ) i i %, k =0.5h =4 mm,
h AR | AR TAEKE, Sk PRI=L-b; d AT ER: [o, | IHERFIERN:
[0,]=120~150 MPa ; kA% SHA & M%: d=40mm; I=L-b=68mm . A L& AXTH
0,=9007MPa<[o, |, B 5 MM &K HE: d=50mm ; I=L-b=66mm . A2 X4
o, =4242MPa <o, |, FTIEFEIIBEAENE L M ZR .

TRARENAE TAE R 77, PRl AR IR BR K, AL Sk PE 6238, MR4EFTILIRAR,
C=218KkN , FAZH Al AR fir 22 2Ll F

(3.20)

10° (CY’
L =—o/]—= 3.21
" GOn[PJ (3:21)

MESNHM NP =F/2=98KN . Xt TEREIK, =3, n=14.33r/min, {CNKHEH L, =1.28x10" h ,
PR ER . AUV HR RS TREIZAT, B USRS M BT
AN LA EAR AT

d=C\F,, (3.22)

Horprd ez 28 i i/ NEAS s R, NN AR KD C NIt R %0 0.104; d;, =1456 mm ; {§
P2 AR R RN 288, & A4S . HEAREWSH O d =16 mm; M,, =88.1kg/100 m ;
[0,]=1570 MPa ; f/Miiliftii /) F =133.0 kN .

W TR AR S M VER, SURAN L A S I TT IR, TR g R — R EL N,
EH S WIR IR, RAGEREM . WM RES GBI L AN ER, ERERNE
7R 225 mm, HEMTERME T AHER e B85, Arid y E16 x 225-55 JB/T9005.3-1999,

GEERRESEE KR, &8 a MEH, SEREKNEASEH,,, =25m, 20 #EE
P=12d=19.2mm, HREMEKESD=180.8mm.,

LETHER D, =200 mm . [E 24wz, =15 . HHE AT K L

L, = [HﬂJr zlj P =( 25280 + 2j><19.2 =115mm (3.23)

D, TX

TR R i R L =53.5mm , HEDEHE AR m =63 mm , B R
Ly =2(L,+L)+m=400mm .
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ERIA
3.2. BB RGWIT
1672 RS F LIRS, BEAL B B3 EAR N T R R 3 T12 3, —RBORRA Eahfe M BhEe
PR, LR Eahied T TE. M T T E 14 Fio:
1 2 3 4 5

DV
! P ! !
| B | {
| { <-4 | !
| V@ | |
V4 | !
,'./' ’ / . .'.

©9 ()

— >/

1-EZh%e 2-HE5e 3-sahbl 4-BEFR 5-3hit

Figure 14. Schematic diagram of transverse transmission
14, EBAEREE
AR B T ST FH A 28, BN B SR AR S BT R 2000 kg, 1A% 38 EEATS AR ¥ E 2 0.15 mfs,
FEERER IR =02, NWHHIEZ) TR BRI ET.
R, = FV = umgv =0.2x2000x9.8x0.15 = 0.588 kw (3.24)

it % Py =P, [0, » BRI, = nyxm, <y xn, FA BEAL B A g, =0.96 L B Rl KRR
n, =099, RAKHETn, =0.96x0.99° =0.94 , EFHLHIHHTHIZE NP, =P, /n, =0.594 kw .
MR EE T, BIRER R R LB, B LUK LIRS BRI, A T iR S5 Re e ik, T

DLH W% B T A FsOE LB, Sy MLPK40075803, #iE HiE 220V, Ih#E P=0.75W, #tt

30, BF|FEE n =18 r/min.
AN 15 Fias:

D
G

Figure 15. Motor structure dimensions
B 15. BHEHRRT
RLE) B2 BRI AN RS 42 4 s
B 58
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T A

Table 4. External dimensions of motor
% 4. BHIMERT

T} JsF(mm) F I} Jsf(mm)

A 356 M 165

D 90 X 175

E 140 Y 116

F 175 Z 125

G 120 P 45

H 1 Q 40

L 15 T 31

J 23.42 W 7

K 65

HATTE LR E, UL FIES d=160 mm, WFETE WM T:
n = 60x1000v  60x1000x0.15 —17.9 v/min (3.25)

2 2rR 2x3.14x80
MRAB TSR B v LR 2], AU L —80 B AEE L sl A& 3h LLEUE A 1.
1) IR, Wk Z, =19, MMhEER % Z, =19 .
2) METHINRP AN BEANTHAIERE PR, BT THRAHK, =10, i+H#E
P.=K,P,=0.75kw .
3) WL, e AR TR L Ve T g = 22P, IEETTEL

2
L =25 Bt +£(Zz —le e (3.26)
p 2 a\ 2n

WL, =42,
4) TSR L (LB AO )oK By B TTEE P, AEFIBERIOUTL RHK, =10, MHEEHIREE, KR
K, =098, fEEBIITIEN:
P 0.75

P, > = =0.77 kw (3.27)
K, xK; xK, 1x0.98x1

PR A E Th 2 R U PR FREMI LSO 123, EA3HETHE P=19.05mm, W&EbRidh 12A—62
GB/T1243-1997.
5) M BESLPRKEE L b fE @, L =L, x P/1000 = 42x19.05/1000 = 0.8 mm ,

2 2
a=Pl(L,—BtZ, [ At gfZ=4) |_4191mm (3.28)
4 2 2 2n

9 P ~18x19x19.05
60x1000 60x1000

7y LRI S g BIE A F = 1°°V°P° _ 100812-75 — 6818 N 35 TR 4 i BUR i 1 28

6) iHoaEH

V=nxZ

=0.11m/s (3.29)
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A

Ko =115, i AH5G:

Q =K, xF =1.15x6818 = 7840.7 N (3.30)

8) I IRIERANZ S, WITHEES B TIGEER, bl R F EREREZAE S, (HEARX
.

Q >n (3.31)

n=——————2n,
KR +F +F

Hepon NERERE RS K, N TR, WK, =10; Q NEEAMWIRFH#EM, Q=3L1kN; F X
HRAE T, F=68kN: F NE.LHSIRI, F =qv®, b q AEE%FE, Hq=15kg/m; %
v <4m/sif, FALIZES. FOARET), HHARXN:
(Kf +sin9)qga
100
Hrb K, NEREEL WK, =1, a AT0E, a=0419m, @ ATk P iBish, 6=90",
M F =013N . n NHHLZERE n =4~8, fAANHIERS:
n= Q -3 _4sen, (3.33)
K,F+F. +F,  68+0.13

e o R MR BER WIS AT DA S ik R (B 2%, 3 N T R AT

BERC I SE R I e B 7 BRI G b, ik #EMIM B0 45 4, 25k, ek EEBE T AP Je, A Tl A
[EREfE 1% F] 40~50 HRC, MIEEAC I REAE M40 R &l 16 Prs:

F, = (3.32)

8+0.021

-0.25
115.74
-0.25
54
+0.033

124
28

Y |~

103.83

/
v
/|

Figure 16. Transverse sprocket

16. H#EFEHER

BEAE AL Bl 2 — 2 40 P b A LB R AR PR — Nl A 32 R85 U T &1 17 Foss::

j; _______ i — B_I___-___ ___LT_\JI_

1 2 3 4 5 6 7 8 9

Figure 17. Transverse axis
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T A

SRR R 45 60, ZUHIALTE [0, ] = 640 MPa , i if) /N ELFREHLC =110, 4 A7
d> cif% —110x 3/% —26.13mm, PR RSB AN RS, BB R, R T
M, 22O AT IBCA 2%, Bt A7 B o Al B/ RO 7 2285 0 5%, 2 d = 26.13x1.05=27.44 mm .

Bl R~ T T T B 0 R, A Ve o PRI P TR 52, 0 A LR ELA2 5 28 mm,

KN 44 mm.
VIS B EA N T 5:

Table 5. Cross the diameter of each section of the shaft

F 5. HEBM I FERER

(DACS Hh#i/mm (AL Hh#i/mm
FRER B 1~2 d, =28 H 1% 5~6 dy, =34
H Hi B 2~3 d, =32 KB 6~7 dg; =32
BRI 3~4 d,, =45 E HiE 7~8 d,, =30
FhIFB 4~5 d, =50 RS B 8~9 dg =28

T € % B BE L R 4 6:

Table 6. Transverse axis | each section length

6. HEBM | FERKE

fir & HHBAC B /mm (A= HHBAC B /mm
B AL 1~2 l,, =38 H H1 B 5~6 l;; = 46
H H B 2~3 l,, =52 el AR B 6~7 l; =17
PRI B 3~4 l, =78 Bk 7~-8 | =22
FhIFB 4~5 l,, =10 PR B 8~9 Iy =41

TP 2 20U ) T & K FH R S e 7 2, ARAE KWLM T ) [12] LA B i RF, i BRsaAs i R
SFAbxh g8 x7, BN 30 mm, TAHBEHIINT T2, AFIBCHIER A RS HT/K6.  [FIN7E
AN ) [ 58 FL A AR R RSN 8 x 7, BEAEKCRESY 30 mm,  BANERANRAC & AR5 N HT/K6. %
BRI ) ] 58 P A AR PR RS 14 x 9, BEREKC SN 70 mm,  FRFNEAFAS IC A AR5 HT/K6 .

BRI AN

3
T :ZTdelO <[]
Horh T AL 4E, mIT =FL=0.028x3.92=0.11KN-m; k Jyf 5% Bk f i fnh i
k=05h=35mm, h ABEMFEE; | MM TEKE, FESCP#I=0-b; d ARINER: [0, | AHH
FRERT], [ o, | =120 ~150 MPa -
Beahes SH &8 d =28mm, 1=L-b=30-8=22mm, A LIRARKAT:
) x10° _ 2x0.11x10°
P kld 3.5x22x28

(3.34)

=102.04 MPa<| o, | (3.35)
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A

Bk SEIRC A8 d =45 mm, |=L-b=70-14=56 mm, fCARZ AR 1.

o - 2T x10° 3 2x0.11x10°
P kld 4.5x56x45

=194MPa<|o, | (3.36)

BRI R R,

RARZE TAER 32 ), SRR AR sk A, B5 k3N 6238, HIEArASE A, H
C=218kN, KZHMEHAFFam, BZAXN:

10 (CY
L= eo_n(Fj (3.37)

MBEFEA AP =F/2=392kN . 3t TEkHIK, =3, n=17.9r/min , RAHIEA L, =1.6x10°h,
HAFMAFEER,

FER R A G 2050, R AR RSN 160 mm, ZERGHIA R 45 4N, Pk ZEhric N
SL-160 x 48 JB/T6392.1, HIEA R~ 7, ARG WITIE 18:

D

1

D

2

]

A |
//II;

il
///I
- |
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D
Figure 18. Main wheel structure
18. FEEF TG
Table 7. The main dimensions of the wheel
F=7. ERHMEERT
F AR FImm Z% R~Fimm
D 160 d 45
D, 190 d; 70
B 90 D, 120
B, 80 S 20

FPUEFRRN, HRST IR 8 Fos, SR K 19:
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Figure 19. Guide
E 19. F31
Table 8. Main dimensions of guide rails
# 8. SFMMEER
A R mm
LN JETE k58 ke v JE [
A B Cc D E F t
107 107 75 27 60 20 16

HE OO RE, FEREHEMRE B BRI . TR R, (HARRN K
PRI A e 3, PEUSEWAE. 4572 R B DOMENL DA AR R R, fEXAMEAL T, SRS
PENGETIA, SEARG S TSk e, R IREERI A 1 3L =)

ARSCRE RS [ BN X3 TS A3 ML AN Z s et 7 R IUBINIAR AR, 058 T R A
Jig, MR ARG, THREARGRAT T, WNEEMFEHMT TR, (L SolidWorks EREAT TR, ARHE
WA 0 S TR T T LA 72 & KA A 288 ME AL T E 48 S NI4T 504 M=
AL 1 SRIEA, W T TS%INZEAL, R 1 B BEORGE AR EALIR 9%, AR KRR B 1R RS
EXE AL F RS @AY TS IR SRR R, DR SRR R AL T B
Bl MGG FEAEAR R AR KRR E, FERATI AT h & 320G, AR i v o 15 2 5
AT, AR K K R PR BRIV

SE K
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