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Abstract

Particularly in Taiwan, traffic congestion and the growing number of automobiles in
cities have become serious problems due to the quick expansion of transportation and
urbanization. As a result, there is a growing need for effective automated parking systems.

To solve these issues, this study proposes a mechanical parking system that allows a
double stack parking system that utilizes a hydraulic cylinder. By providing automated,
stacked parking solutions that effectively use limited space, the system seeks to enhance
current parking lots. Referencing current parking lots and determining areas for improvement
were part of the design process. Firstly, load analysis was carried out by hand calculation to
decide which type and size of hollow tube structural steel will be used as the structural
support for the overall frame of the mechanical parking system.

Secondly, with a new method devised to simulate the hydraulic system powering the
lift, MotionGen (a mechanism linkage design application) was also used to simulate the
movement of linkages and ensure the best fitted position of the hydraulic onto the platform.

The study also includes an analysis of the clevis-lug (by using ABOTT’s lug analysis
model) and pin design of the hydraulic system, as well as welding strength calculations,
demonstrating the feasibility of the proposed stacked parking system.

Lastly, Solidworks was used to model the entire mechanical parking system. This ensures
that proper materials can be selected and simulated to guarantee a safety and functional
mechanical system.

The mechanical double stacked parking system results attempts to enhance user
convenience and quality of parking experiences. It is anticipated that the project's
methodology can be further modified and aid in the development of smart cities and offer a
workable solution to the expanding urban parking issue.

Keyword: Double stack parking system, hydraulic cylinder, load analysis, lug analysis, pin
design, welding strength calculations
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Pacific Pipe PCL.

|—— 73mim ———‘
@ ¥ERZBXHA Carbon Steel Rectangular Tubes for General Structure JIS G3466

al Properties (Min)

| Yield Strength lfenmc xrml Elongation
|

125mm

LT

2 e emm —= ——

maz%iﬁ§#%%25éwﬁﬂ%ﬁﬁﬁﬁiwi ” - W 5.3¢ zE1E 5
3_ 3
Moment of Inertia, [ = % =463 x 10"°m*
(13)
Section Modulus, Z = é =741x%x10"°>m3
(14)
Cross Section Area, A = 2.26 X 10™3m?
(15)
Mmax'Ymax p 5 1
Omax = + + 7 Mo = —2.36 [(E) (Fra) + (E) (FRB)]
. . —2547.67
Omax = (—1271973 +741x10 ) + m = 172.78MPa
(16)

BRI E BT B R 5 2 304 2 Hhw o e o ¥ d N IER RS OER L RT R
A2ERRF MR - BFEL o 50 HE- TR APERT - BRI H

¥ #7 2 @ (Pacific Pip Co., Ltd. )7 125mm x 75mm 5 & 6mm ¢ 7z STKR400 #téw ¢ £

Eag ) 2 g e AT R R F ek ] I FRE £ ]

g
e
FERES TR RREEAL AL A ZNE T foT S hRE o ip- L
CES

!

Pl BF o B FR R B R K SLenii Rl o
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B 0B B (AR 5 2 A B
5.3 % * LAE@HIE X 2 thik
< Jo 3 STKR 490 s 4w crky PR3 & 5 320MPa (L @] 5-2) % & ch > ic® MRy

T 3 N2l E o
EO -

Oyon mises = \ 012 + 010, + 0,2 (Principal Plane Stress)

(17)
Oyon mises = v 34.392 + (34.39 x 172.78) + 172.782 = 192.3MPa
Safety Factor,n = GVO::)I:'IiseS = 1392;3 = 1.69
(18)
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% =2 & Clevis-Lug ## Pin &2 CAlirk: F:5H

)~

39837.2N
a P.i (P1)

Axial

W61 Banrsd afp it s Bl 6.2 Clevis kT &3 he 4 444
P1=39837.2N, P,= 23,000N
mA gt Ed o ARk Clevis 3 lug SR HFH L 07 &4 4 o g2 B lug 7 47

P e BRI PE RS R T S e T e e

6.1 Clevis & Lug 2 # #7

.

a | 7 -

—_— : b~(15~17)d
o| b 2R [w ax(03~05)b

| W=x(2~25)d
—— . 2 |~ (2.5)d - for steel
{ | /i |~ (3.5)d - for cast-iron
..9.
d

B 6.3 * 4z Clevis & Lug + & B (MITCalc, n.d.) [10]

F= 46,000N
4F(b+2
D=3/M = 34mm
Sy

a=21.44mm = 0.844in

(19)

b= 53.54mm = 2.108in
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ABBOTT ALK ¢ Author: R. Abbott Document Number: AA.SM-009-005
SPREAD TS Check: Revision Level : B
ADBOTYAEROUPACE.COM
PN Date: 20/10/2013 Page: 1of 1
B ~ S5 Title: STANDARD SPREADSHEET METHOD

LUG ANALYSIS - OBLIQUE STRENGTH
(Abbott, Richard. Analysis and Design of Compeosite and Metallic Flight Vehicle Structures 1st Edition, 2016)
(NASA T™M X-73305, 1975) i Applied Ultimate Axial Load

o 8 Soms ot oy Applied Ultimate Transverse Load
e Hole Diameter
/ Lug Thickness
Edge Distance

)

N

Material Ult strength  (490MPa)
Material transverse ult. strength

" ANAME?
" ENAME?

MS s

W 6.4 Bxcel 32 4 4 3 #ho f §54e4 @ § 447 LUG 4 17 (Abbott,Richard,2016) [11]

FEPI* B 6.2 ¢ fRfrenghe f ol e A 2 Lug P B AR Db A 2.108 &+ o
FLEEED S 3 ELR > APF A 1.339® 1 > A€ * Abbott Aerospace Lug 4
}rExcel 28 2P HEn N A w 2R (MS) o AN hA 4 A n o ARt e

*Hp R - 8.98 ¢

1
Margin of Safety, MS = —— Too0e;s 1
(Ra.u + Rtr.u) '
(20)
(% 2H58 257)
AR IR S fi\‘% Lde k3t E damE X 2R (MS)-
1 3
6.2 CRH&=15H
CRMNM (MA) W2 mm
-
No.(") & Pl b a & d2 m n
K200 d
Juisis o ks ¥ :{EE % 17
18 16 T 38 % 8| 17
79 17 3 38 2 19| 18
2 18 ] 39 N 20 | 19 o
—aL 12 o T e 138
24) 222 X [¥ 2 T % 24 29 | 5
25 232 ] [k £ 2% | 239 | _
(26) 20z | B =5 44 S 2% | 249 | 52
2 259 3 [ ) 28| %6
129) 269 X [y = 2 | 276
i 160 15 148 S 175
34) 315 [ i3 [ & 3 23|
35 22 | o0 4 54 % 35 £ Y
36 32 [ 54| a7 36 0|
138) 352 4 56 50 38| % ”
) 37 4 Y i T
T | s ] L T ¥ Eao e ] |
[ a3 | o ¥ ¥ s 6| @5 |
S - < L L1t

Bl 6.5 CA53k =~ 3l4r (JIS B 2804)
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PR D R A 4T

B 6.6 CA57k = 43

SRR AR B TRE T b aend 2 (D) 3 34 E A 0 F T v HREIEE
B o T TR 6.5 T i HhmeEE T 4 5 dl = 3 E
S0 Ty BB SR BT A R AR LR (V) AR ERT R M
P25 % 0 W=25%D. (21)
Voo SoMl B EED = M EFA S A AN FHHSERR (UF6.37 SN A )
W= 85 %4
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$- % ARERPY

Bl T.1¥w e Lug Fenfw &%

F:I LT ST S

p-\.'l.i-\.'l

W 7.2 8o fodod ) 47 Lug % 4 % 27 LW

Ptransverse My
Tl - ——— —

A I
(22)
- =Paxial
2 A
(23)
0.3S
T=y12+ 1,2 = nut,nzz
(24 )

199 (Shigley' s Mechanical Engineering Design) * #§f & & % dernt® o505 3%
G A e

Ao F
"~ 0.707hl

(25)
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23,000N (20 x 23,000)N - mm? _ 11.59N
3785.28mm? 83333.33mm* T mm?

T =

7, = 11.59MPa

Description and Applications: \ ‘

GP 6012 is 2 versatile, user friendly, G.P. electrode, suitable for
welding in all positions. GP 6012 has a unique fiux coating
that offers exceptional welder appeal and makes for easy
welding of the most difficult jobs.

Features include:

4 Quick freezing, self releasing slag for exceptional
control when welding in the verfical-down and other
difficult positions.

Excellent slag detachability under high heat build-up conditions.

Superb for welding joints with poor fit-up (gaps and misalignment etc).

Easy arc starting and stability on low voltage (greater than 45 0.C.V) AC current welding machines.

Medium penetrating arc, useful for welding thin and light gauge steels.

Impressive touch welding capabilities.

Due to GP 6012's host of versatile features it is suitable for a wide range of welding applications in the light to medium
structural steel industry including,

Wrought iron furniture,
Mild steel plate, sheet metal and galvanised iron sheet

Rolling stock and railway maintenance work,

Square or rectanqular hollow tube sections (RHS etc),
Pipes and low pressure pipelines,

Ducting, hoppers and tanks,

Plus a wide range of G.P. weldi ications such as, gates, security grills, barbecues, trolleys,
letter boxes, trestles, billy amﬁéﬁa storage units efc.

39,837.2N
T, = oo =10.52MPa
3785.28mm
£l 6P 6012
(=)
[@@ A General Purpose Versatile Electrode. APPROVALS:
E A High Operator Appeal! w"@égms"‘;ﬂ"s g'xg
o g N rican Bureau of Shipping rade 2.
o A Al Pofsmolr:al Wel.dmlg (apablll?::s. : Det Norske Vertzs Gradel.
| A deal for the Vertical-Down Welding o TYPICAL ALL WELD METAL MECHANICAL PROPERTIES:
= Thin Steel Sections. Vi Stess 0 WFs
i A Quite, Smooth Arc Action. Tensile Streng 400 MPa
(=8 A Excellent for welding joints with poor fit- Elongation 9%
; up. CVN Impact Values 80) av @ 0°C.
o) P
g ASINZS 1553.1: E4112:0. thogisi e £
= AWSIASMESFA AS.1:  E6013, Allosiional - wekdng
(=)
—
<
=
fre)
[rv}
—_
w
o
—
=

R S S

-

L 2

[ 7.3 Cigweld ¢ GP6012 ;g frés a5 T H&(Cigweld, 2008) [12]
AAERET Y 0 APERET Cigveld S GP6012 4 42T 18 (AWS st : E6013) - B+
foAfB B R Y e e b B i RS RRHEE R0 6 REr L
Boideho R TEA R 430MPa %% KRR (Sy) fr490MPa sddss B (S )
ST B SRR AT o 0 T PR Y NS A R R ¢
R EE? 2R kY

0.3(490MPq)
n

T =+/11.592 + 10.522 = 15.85MPa =
n=8.08>2

S G E 0 B X GRORFE TS 8.08 0 ALBA PAERPT > M2 o B
TR AR 2 B BT B R K

N
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>|-
18
i
H}
i

k& ePaper(2020 £F)



R
% ~ % SolidWorks &+ % 2R & ~iF& ~ AR

8.1 R 2L

W 8.1 419 4L

M2 MBS R P B RF R AT A AR & 4 5 DOUBL-
CROSS X o &t ffe t & > A oo €0 R 8 25000 N 4% v 9734 5
B LehE B S 5500mm 0 @ #F =45 w i B) 2506, 65mm 4o Bl R B AT 0 om R

T KE o F RS 385.34mm 0 Y A B R R )

b2E Sl 2506.65mm G

B 822 S d =&AL TRE

o Bl 355.34mm " o
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NUM NAME AMOUNT

| |Links 8

2 |plates 1

3 |Pin 6

4 |Pin 4

5 |Pin 5

6 |Pin 2

7 |plates_ground 1

8 |Hydraulic cylinder 2

9 |Cylinder 2

11 |Sheet metal 2

11 |roller 2
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8.2.1 i TR HF

W 8.5 & F 2 pINE AR

Bl 8.6 T &% 2 pINH AR

| "
b: I
b | ——
I ; ———————— =—
e

B 12 R R 2 L R B 8.8 P 2N4E i fiochl & 22
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MODEL_1 MODEL_t
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