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ABSTRACT

Since the 2000s, mechanical parking lots have become an increasingly common solution to serious parking
difficulties in urban areas. While safety regulations are in place, they can avert or minimize accidents only
when drivers understand and comply with them, and so do not always prevent drivers from making mistakes.
As a result, the number of serious accidents caused by driver errors continues to increase in proportion to
the rapid increase in vehicles. Most of these accidents are caused by abnormal vehicle entry, despite the
safeguards already in place. Therefore, in this thesis, we will study the vehicle entry prevention system and

suggest how it can be made more effective in stopping or minimizing accidents.
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Fig. 1 Mechanical parking station
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Table 1 Precision safety inspection regulation for mechanical parking station

Index

Regular inspection (Previous)

Precision safety inspection (New)

Inspector

2 mechanician or electrician

2 mechanician or electrician

Inspection cycle

Inspection after 3 years since initial
inspection, then every 2 years

Inspection after 10 years since initial
inspection, then every 4 years

Inspection range

Sampling

Total inspection

Inspection equipment

5 legal equipments

23 legal equipments

Inspection process

Visual inspection

Test by technical equipment

Control program inspection None Test for program error etc.
Level of safety None Decision by observation data analysis
Table 2 Yearly accidents record Table 3 Statistics of mechanical parking station
13| 14| “15| ‘16 | ‘17 | 189 | Total accident cause
Accident | 2 | 5 | 10| 9 | 20| 6 52 Cause No. of Portion
Fatal | - | 7| 5| 3| 9| 4 | 28 accidents %)
Manager mistake 19 24.7
CLAAILE PgHAHo 7 S £ Q= 2R Y Human User mistake 12 15.6
WA A 28 A 9 o mie A=Azl B3k factor Engineer mistake 10 13.0
AFE o]Fo] AA &3 Y= AAHo|t o= ¢l Sub total 41 53.2
3 Z)AAFxAe] eFHALTE Table 29 Zo] A Defect Mechanical 23 29.9
&208 FIheh FACl ol: JIA Ay Environmental 7 9.1
o] §4% Z7bss wd Qou, 1 e AR Other 6 78
BAge] AEAo] Aefro] 9 HolETh Total 71 100
3. 2™ A8 #Hgk A QA (Human Error)oll gk HdALIL9]
WA o] A FEITH
3.1 AlTSiol s YUY BAHFS AE FE71BAA
AA AmAY RS mAsmE AAa mm L Sles, ool 23 dHAAel o EulE
4] AN Table 39 o] Am gele] o BEIF FAAL Fol ek B AToME WY
% we A6 Uiy Gtk Ao jmed ol AEHTE L S GE A HAZ AV 1A
NA F4 Fekaae] A% ARGl ohy ) 188 FHALS UAL T e AT
g edvl%, Bws £x, £Fedow Agel o =W ATANT ATeK @ Fie 2
AR FARoR B At waw Ay o oo I FAY AnulE SHs S
7} ol o old AR QF wAame U =(Fishbone Diagram) &47]WE o] 5}
Ao o] Eepmel 2 sielo] Hu glegs n  STh AL EFE DelAA, ol8A A, »
0 el AL solreiele nm oy A AL AARA 2HA AR, Sz v
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[ Cause of Mechanical Parking Station Accidents ]
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Careless environmental
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Fig. 2 Fishbone diagram for the accidents root cause
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[ Component of Parking station safety system ]

Parking station pallet

Hydraulic type g sta ;
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Interface

Power unit

Parking station
door operation
information

Electrical type

Other stopper | Contact sensor
_ Block

Blocker Sensot

Roller SERsar

UV & infrared rays sensor

Installation space

Installation

Blocker space | Control panel

base

Fig. 3 Fishbone diagram for safety system of the
mechanical parking station
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Table 4 Safety system hazard scan & evaluation
1st step 2nd step 3rd step
|confirm risk factor] [risk evaluation] [counter measure]
- D M pound hardn
Machine base (D Base damage (D Base damage:1 @ (Ssﬁ; hr;n(:nu:r) ardness
(D Braking fail (D Braking fail:6 (D Braking Simulation qualification
Braking device | @ Device damage @ Device damage:4 (@ Braking device structural analysis
@ 1P @ 1P:3 @ IP test
(D Short circuit D Short circuit :3 (D Insulation test
Power unit @ Leakage @ Leakage:3 @ Field test
@ 1P @ 1P:3 @ IP test
D Control fail D Control fail:4 D Control test
Control @ Short circuit @ Short circuit:3 (@ Insulation test
@ IP @ 1P:3 @ IP test
@ Sensing fail @ Sensing fail:5 @D Sensing test
S (2 Transmission (@ Transmission :4 (@ Wire condition test
ensor @ Short circuit @ Short circuit:3 (@ Insulation test
@ 1P @ 1P:3 @ TP test
@ Interface fail D Interface fail:4 D Interface test
Interf (2 Transmission (@ Transmission:4 (@ Wire condition test
ntertace @ Short circuit @ Short circuit:3 @ Insulation test
@ 1P @ 1P:3 @ TP test
A-rd, dedzes BEAHAT. oAEA, Al Table 5 Risk evaluation matrix
AR Eagle AATAA, AsHFH, Light | Normal | Serious | Fatal
A A ezl og BAE T injury injury injury injury
npz el oAU A QAEFHo|2HE fFade < Very low 1 2 3 4
Hoolz Auf, NsHFAS, v, g Low 2 3 4 5
ez THHAS Middle 3 4 5 6
4 ¥gad AFgA HrrE e 4t High 4 5 6 7
AL RA NN A|F3k= Table 594 o] |
_ - _ Measure Risk Desc
H4 Bt fEY2E o] &3tHT 91 a<0d value :
APAR HIHEA S B3 Ades SR E A 12 Low Acceptable risk
IR, 98 24 gAE =259 Consid i
_ - - 3-4 Need to reduce risk
YA W MEYLE BH AR NES Y erable
BA Aro 23 HIIE B xEA S0} 5.7 High Immediately pt;(ed to reduce
A9 APess WHAL, A AR A =
A A, Aojds, Ae H o] élJH MaHE A
S o wHZ WAHAT. ARAAsle Aze] Dok
GE gAe 7 Y acEe B4 sy Sutel Aloj s, QeI o)z Ase] HSE ol
A9n guese FIAE sl Ao v AN Aol R AEHo|2 ABADE A
A AAxpFo]  thE xpFE QAR A 2 Akl @2abs 9 gl ThedS AR el Al
Simulation HAE< T3 AFAET AW 7S ES ok I gtel fdesal] dAd-FA e
AAER BTk A4 BA de A= s A Se ARAAE Bohel W@ 4x % Ay
SAEL B3 BT AARE QRS A 7b AREA @FAAE T LA S Sle 9
AZse AR 245 eA e MAlsn  BLLE e AAES B,
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Hazard

List

1 : Verification of vehicle braking simulation
2 : Structural Analysis of Braking System

3 : Sensing performance test

4 : Wiring condition inspection

5: Interface performance test

6: Control performance test

7 : IP Test

8: Insulation test

Fig. 4 Solution method category
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1) Simulation qualification

1.Vehicle braking Simulation

i

2.Braking system structural analysis

Y-

2) Performance test
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¥
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3) Field test

‘ 5.Wire condition ‘

i

‘ 6.Interface test ‘
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‘ 7.Control test ‘

!

‘ 8.Insulation test ‘

Fig. 5 Qualification procedure for mechanical
parking station safety system
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