J. Korea Saf. Manag. Sci. Vol. 24 No. 1 March 2022
http://dx.doi.org/10.12812/ksms.2022.24.1.001

ISSN 1229-6783(Print) 1
ISSN 2288-1484(Online)

FEFTHE &85 SAETF A|AHS kA S S35
Z2d7dl 24

w A w7 F= .71 o u

"HEA T ed T VAT ERATE AEETALEATA

Model—based Analysis to Improve the Safety of Urban Logistics

System Using Vacant Space
Jae—Min Park® - Joo—Uk Kim"™ - Young—Min Kim"
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*Advanced Logistics System Department, Korea Railroad Research Institute

Abstract

The growth of the online market is accelerating due to the development of technology and the pandemic
era. The delivery service through the courier must be used to deliver the ordered goods to the customer
through the online market. With the growth of the online market, the logistics market for delivery is also
growing. The traffic and environmental problems are emerging as social issues. Urban logistics technology
using underground space based on the urban railway developed to improve logistics efficiency in a
metropolitan area and a new alternative to environmental problems. This study proposed a plan to secure
system safety through safety analysis based on operational concept definition and scenario analysis by

applying model—based perspective analysis to the system under development.
Keywords : Model—based Systems Engineering, Safety Analysis, Urban Logistics, Underground Logistics
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[Figure 1] 2016 National Logistics Expense Survey
Calculation (Korea Transport Institute, 2019)
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[Figure 2] Urban logistics system composition
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Division Function
Urban logistics using
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System Cargo transfer

Cargo loading &

Urban railway logistics .
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. . Vertical cargo
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<Table 2> Model—based system' s scenario

Level No Scenario Location
. . . - L . Upbound vehicle
1. Cargo in 1-1 | Arrive at the vehicle base of cargo classified by destination. (Preparation of system) hase
9-1 Work performed by the operator at the vehicle base to load in the cargo transport| Vehicle base
container after the cargo scan work. (System Start) logistics space
. The cargo transport container transfers through the horizontal transfer unit called| Vehicle base
2. Cargo loading | 2—2 | . . ) .. .
with operator to the cargo train boarding position. logistics space
9_3 A horizontal transfer unit and a cargo transport container are on board the designated| Vehicle base
cargo train. (The cargo train operates separately from the passenger train) logistics space

3. Cargo transfer | 3—1

The cargo train departs and moves to the destination station after the horizontal
transfer unit completes boarding.

Cargo train

4-1

After arriving at the destination station, the cargo transport container and the
horizontal transfer unit begin to get off to the station platform.

Cargo train

4. Cargo )

The cargo transport container and horizontal transfer unit move to the vertical | Station logistics
unloading transfer unit for the inter—layer transfer after getting off the cargo train. space

4-3

The cargo transport container and horizontal transfer unit are transfer through the | Station logistics
vertical transfer unit to the logistics space of the top inter—layer. space

space arrival.

The horizontal transfer unit moves to the designated location after the logistics | Station logistics

space

of the system)

5. Cargo storage After the designated location arrival, the cargo transport container is loaded and
5—2 | the horizontal transfer unit is moved by the system to the next working place. (End

Station logistics
space

6. Cargo 6-1

The loaded cargo is shipped by the last—mile delivery operator after classification | Station logistics
shipment and scan according to the destination location. space
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<Table 3> Evaluation Criteria [19]
Criteria Severity Probability
. A. Frequent
Catastroph
atastrophie B. Probable
Critical .
Level . C. Occasional
Marginal
Negligible D. Remote
gle E. Improbable
<{Table 4> Safety analysis result and suggestion
Protcaesiure Hazardous condition Cause Effect Severity | Probability | Recommendation | Item
Separation of the horizontal| No connecting Cargo crash Design and
transfer unit and cargo device for and unit Critical | Frequent application of 1
Cargo transport container horizontal transfer| separation connection unit
transfer Opening of the cargo The door lock Automatic door
transport container door omission of Cargo fall |Marginal | Frequent lock design 2
during transportation operator application
No connection . .
Inter\{al between the cargo between train and Unit and cargo Cata;tro Probable Trgun only. gap 3
train and the platform damage phic filler design
. platform
Cargo train The collision of
boarding | The operation of the train Door detection
. . No door safety door and ..
door in horizontal transfer . Critical | Probable Sensor 4
unit up and down SEnsors horlzontal. application
transfer unit
. No bmdlng devices Collision or Application of
Cargo train The movement of the for trains and .. S . .
. ; . damage to the| Critical | Frequent |binding devices in| 5
transfer horizontal transfer unit |horizontal transfer| . ;
. unit and cargo train
unit
Collision between horizontal No detection Collision or a liSce;;iS(())rZ for
. sensors between |damage to the| Critical | Probable pp’ 6
transfer units . . interval
units unit and cargo .
recognition
Collision between the No collision Worker injury Agg rllfsﬁl(:rll dOf
horizontal transfer unit and |prevention unit and| caused by Critical | Occasional ACCEsS 7
. operator no access fence collision e
Horizontal prohibition pence
transfer Horlzqntal Fransfer unit ;tate No external display Unit state Marginal | Probable State.dls.play 3
confirmation not possible uncheckable application
.Horlzontal transfer unit No external control .Uncontrollable Critical | Probable Contl.”ol gmt 9
direct control uncontrollable inot of operator application
Guideline damage | The movement Guide line
Floor guide line damage . due to mabthy of the Critical | Occasional access 10
environmental and| horizontal prohibition
external factors | transfer unit application
Cargo movement.and 1mp act No unit binding Cargo damage Catastro Binding unit
due to malfunction during . and container . Probable Lo 11
. device phic application
vertical transfer damage
The occurrence of a vertical .. . De§1gq and
. . Boarding interval |Unit and Cargo .. application of
unit on board interval of a Critical | Probable | . 12
. . uncontrollable Damage interval control
horizontal transfer unit .
. units
Vertical Vertical transfer unit state Unit state Unit state displa;
transfer . oo .+ |No external display Critical | Probable te aspiayl 3
confirmation is not possible uncheckable application
Vertical transfer unit direct No external control Ul_qcontrollable Critical | Probable Contljol gnlt 14
uncontrollable unit of operator application
Sequence System
Sequence error on board the difference Cragh and. Catastro interlocking
. . crash risk while . Probable 15
unit generation phic control
. on board .
between units application
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<Table 5> Design reflection

. . Design
Object Recommendation g Item
reflection
Design and Unit—to—unit
Application of coupling 1
Connection Device application
.. Recognition
Hord | Sensor application sefsor
orlzofnta for interval aplication 6
trans. er recognition bp .
unit between units
State display Unit display 8
application application
Control unit Uniy stop button 9
application application
Cargo Automatic door | Automatic door
transport lock design locking device 2
container application application
Design and
. application of
Train—only gap bp .
. . gap filler for 3
filler design .
interval
Cargo train connection
Door detection
Door detection sensor A
sensor application | application to
cargo train

. . Design
Object Recommendation g Item
reflection
Application of Application of
binding devices in | binding system 5
train In cargo train
Horizontal
transfer Application of Sensor and
unit & sensor and access pence 7
logistics prohibition pence application
space
Urban . . .
Failwa Guide line access | Path protection
vay prohibition fence 10
logistics . L
application application
space
C . Application of a
Binding device I?p . .
. binding device
design and ) . 11
aoplication during vertical
pp transfer
Design and interval
application of minimization 12
_ interval control design
Vertical units application
transfer -
. . . Unit state
unit Unit state display .
. display 13
application L
application
Control unit Unit stop button 14
application application
System Control system
interlocking control design 15
application application
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