BKIRMIR | S5 445/59H9/2026 4F
Railway Logistics

NEHS: 2097-5899(2026)09-0043-09 FES%ES:
DOI: 10.16669/j.cnki.issn.2097-5899.202506260002

U2;TP391

MERRIREE: A

SRR, FEE. SBGEEHCERMRITARJ]. SREBYIR, 2026, 44(9): 43-51.
LI Zhuang, LI Jianguo. Optimal Design of Railway Maintenance Spare Parts Warehouse[J]. Railway Logistics, 2026, 44(9): 43-51.

XSGt

EHRILIRITE

i

F R, FRE?

(1. &+ EAHERARNE B ITHAAHARNE, TR T M
IARFR, HF 2N

510000; 2. ZMR@EKRF AFHLEELR
730070)

i E: URRBRESHIERCENMANR, SFNESHEARRK. fEAGE. FHAXREFHE, REE
TERA BN ZEENRER IR AR ERENERAROEIRT, MEoBERESHE. /OONEMRK
EREAF, YeETENAXSEVHRHITRARA . BINRCEDRMMNIRG EEMEN, BKEREIE
ITEERUSZSEENEAEERE, RLESMERH1288m E4EE1200m?, E4687 6.83%, ERIEFEHBER

RFS%HEHRT, EFHEEEGKE292E, EERATHFEBENT @A AZE,

HWERBZENREEHS

HEENTFR. MAGRANZIHCESREUMSRE T TITHIZ, BBREFIE 118,
K@i SREEWQE, EHCE, BN, FRERR, SREFE

0 5]

REFWOERHRUBLZEEMNEZELT,
ARFEROERRETEAENEZ, BRMR T
BRAZRY, ATRNXMERE, FEETARE
MHEHSS R E, LASERERREFRANEDE
HEAER RS, AT REZ R A F#EMIER
R, AT AR B AR A A A,
EReMEXBEEUTAR. OFZRBA L
TTEMBINE. HE. BREFHEME, AORERRT,
fiEESHANANEZSHEER" . ORARRICTES
XETHEEE, AMUBEZER. A, MEABEEE
FARE, H5SBELSNERY. OMZIRILHE
AR, MEEFEEERS%. VREERRS, SHE
HEHNERML. BahAKFREY., OBFEERE
B, AR, SHelEEIIZE, S 53N E
TN Z B BE EAXIIR, 52 MR SRR MR 1 .
X AR REZ, EReHEEE TN EERNE

WisHE: 2025-06-26 {EiTHER: 2026-08-26

G, DU IR IR R 2 P R SR,

HoIER O AGE —MER T RAHKARSIE
EEEIMCHIELEEMMERELEERNRSE.
CHEETHNMESNEEAMRS, B EEREMN
G, MU CHEEMNELREY, FMURS T Gk
WHIZE, BRTADRKR, RRATRSZRE, ~
CETL IR BEAT HEAY. @S Est
Baeot R s, Il alIEFMN S HaEl, wWe
BEREsk, TUBENHRS LR,

EANIMEE e MR mEBIES 2R, Gu
LR GEF T CERIT S&EIOTE AR, NiE
SRS TEICERSHEES. KNS IRETH
BRVENRFHXEA A, @i T =R AEIA
CERPNEEE., skem W MINEREMES AT, T
T Ha1E 5] /N E(Automated Guided Vehicle, AGV)H
H o1 1t 77 BX & %t (Automated Storage and Retrieval
System, AS/RSTERFACHEEAEIIEM. MK
LU — MR TEECEEDERSHERS, @id

BIEMEE: FRE74—), B BHRFPREA ZMNTBRF BN SBITRFRRIHR.
E2WH: PH%+BEABRA SRR LITLIIE (K2022-20C,K2023-21C)



% BBEREEHCERNRITHR

Zs
=

RAEE EARBIALRAZ SR FHE 30 . Sarker EHFR T
EH T UK AS/RS REMET LA FHERETE,
AESUZ R CERRESRITR A T &S Fs.

ETEazhemES, REMAFRAZK
ERAMUREEGCEMRESETENX. ZRARE
dsl Bz, BHeeRENG LA EERT,
BRURTT AR TR ES=EMAR, BN EAR
MIRIT %, RAWE THERITERNEHCER
BHEMEARGZE.

1 FIRCERKSH

RURBRERMHFCELSML1288m*, RGEEH
CEME MR, H8HIEEIZRMAL, H 640151,
&6AXE, BREM3O AT, RATHENR
40#/h, BEEMRBESHREN, FRAEREEN
B EAERTHEE, IFENHESTHE, BUE
Hizh: £ABEEREA SHEROEERT, LIHEFHE
HE=25008., FMHRE=958/h, BRFEEHE
1700 5t A,

y

XX
XX
XIX
XIX]
BON
RO
XTX
DXIXIX

2

DXDIXIXIA]

XXIXIXIX

DXDXIXIXIX
XIXIXIX]
XIXIXIX
DIXDIXI
DAXEXD

XEX

D
XD

X
<X
N}
za\

A

X
<D
X

XD

N]
N
DAXIX]
DAXIX]
DXT>

<D

X

Pa\

>
XX
2

XD
0
<D

X
X

< X
4

X

X]
X1
X
<X

Pal

XX
X
X
X

Y
<>
<>

XD

XD
<>

XX

RO
X
XX
XX
XX
XIX]
XX
AKX

<DIXIXD
X1
XIXIX]
KDXXIA]
<DIXIA]
XX

X

XXX
PIXTXIXIN

XIX]
XX
N
Za\

X
<X

X

XD

/01 R, [ 1/02

B1 EREE4eRE

Fig.1 Original maintenance spare parts warehouse

BREHEARZTEMIAE., HEMERFRE
FEMRBALTN, ZRARER. BIFHNLESFHEER
i, FAEMCRM. ZEHEXRSHRE. NERIEER
M, ARGSIAFRESRMINFHEI UKz RS,
REALHRITSM,. EEMNEFRES, BRERS
HREMBRERE; WAL, HESIENICR.
B, EERBHAHCERFENTK.

2 FRIAMVHFECHRS

RBEAMSHST
FRAZEREROHRS S BREFRE,. FRE

2.1

44

1 Hno

RE, BANE., FREFANZRZAAN KBRS, 2
—MENHATEFRAZAENEERZ TR, RIEA
FEREBREZENR, FRER U NMEITEFREM
P06 47 E AR ZE (Four-Way Shuttle, FWS),

NTARDPEEFRENNGE, BEFEREEM
RAN. FWSKESEEHBEN(LIIOSEEH, P
M AEESEDNFEER. XFHAEH AR
=TI, DR T RARNREE. FRAIK
ERGUHSZMEMEZR, o IRBLGFRFRKEITR
HEHEMEE. SERNESRAIKREMEL, FRA
SARERFEAARRES T 20%~30%, BRIMRS
CRESEPF AR,
2.2 RBIETHIEEY

FWSHizah IR E TR E & E i L& 8
ZOTE T HIBE s AR RSk 2 Fg & KEE .
HEBEBK, HzstG@3M®E., J8®. BE3 I
BMEH%), BEERE, REREIZREE,
M B IE S EE 2 M (= AR 2, RI\EFWS
EREBITERRNREE, AJ¥EshEAEE K1)
Ffr7
D—D,—D,

Do s Y (D, +D,)
all vaX a.\'
1= 1
2XD ><<1+a“) D<(Dl,+D_§)<>
au><(1+3“) S

AF: DAFWSEITER, m; v, JFWSEITRA
WE, m/s; a, MIIEERERIMEE, m/s*; a AEE
SRENMEE, m/s*; D, AIREHERS, m; D,
HEEIEHIER, m; tNRIBEE, s.

ZEFWS B MEizfT, FWS X Liftizz ik
B 2Fin~, B2c /B BITRERRNEEFSIEE
TREREZETEEIL, H2dlERREFBETEER
BRAEENETER. HA, ¢, AINEE R,
s; L ASRBAMHINE, s; ¢ AREEANOEE, s.
2.3 BENESSFITE

HEEERERWAY. BEEATFEHEEBRT,
BRI ITHRAERE, HEGKRERASEE
MERFRENBSREGERE, NEEEEMRKE
A, BENESEETEOT.

(1) BEKEITHE. IZFWSESLIRA Py,

~, WM.



F H%E HKBREEEGHCEMKRITIR

A A
a, @y
S
g =
=) 0 > >
= Ly Lutt, Lyt t = Ly Lyt t
GX ”””””””””””” aS ””””
a  IRF IR N A £ b RIKFI S R i 2
a  Acceleration curve when maximum speed is reached b Acceleration curve when maximum speed is not reac
A A
Vmax = mmim i Vmax | — e
s R 7 N
bl B Vhigh
® st
0 1, 1+, t ot t o 0 L+ .
o IRFIRRCHE I Y 2k d )KJi?'JijEJ_T“HTFI’JJET“ [ﬂJQJZ
¢ Velocity curve when maximum speed is reached d  Velocity curve when maximum speed is not reache

B2 FWSK Liftizzhihs
Fig.2 Motion curve of FWS and Lift

[Pos Py m=0  FWSHEAZZABEMEENNE, WR(7)—E6)
| Pu PI, PE, o, PL Py om0 Z
Hep, mAEEANE, A P PL PR Uy DDV DL U pi ()
)ﬁéJéﬁo NHFEITE, BEESRFUIrEFHZEE
izﬁ(s)ﬁﬁm; WEE R R LR SR T r'= (1+a:) D'<(D,+D)
iJr%%?Ef%iﬁﬁiﬁﬂéﬁ A1) —(6) T ! |
P (P, P{} m=0 )
{P(, P{, P}, -+, P, P, 1} m>0 (7)
=|P;—P{| m=0 £ m=0
PTIS =P w0 W " 'jz:t%ﬂxm m=>0 @
Doo ,,;:00 (3) BEFEIHE . FWS BEFE P & B BS TR Ik iE
D= '"ilD,. >0 (5) . SEiEs]. WREsEESMWE, tEEEd
0 (9)—(16)FF7~.
D= in:7nFWS><<af+g></l) 9)
7xl\><w+|y0*y1|><l m=0 6 El—F % D) )
milOl‘,-—.T,-Jrl‘Xw+|yi—yi+1‘><Z) m=>0 Fi=mpys X g X 1 (1)
i=0
A wHRELRTEE, m; [ ARELRKE, m; E=F.xD. .
DR FWS I S B 5 HIE T HERS, m: . v Ay Fi==meys X (af +g % p1) B
AFR; (AFWSIETEMRERFS; DRSNS E{=F/XD;XE, 1)
HAKRRPLFRKE, m, E'=E,+E/+E! (15
(2) BiTHERTE. BXE)S5RDEKITERE EEEREN

45



Zs

F B% KBREEEGCEMKRITIR

(16)

. Fi, F!, FISBIAFWSTESE i MEEZENE M ER
SR EE . WOE MR IRIT, T E, NHIshEEE B
BB g RENIERE, m/s*; p NEBEEERE, mews N
FWSG&E, kg; E'ADERBRENGEFR, I, E, D
BREMNEZNEERE, J; ELANBRBES RGN,
I, ELASBEERERIEEEERE, J; ERNREFEEEERE,
I, ET 8N BREEEREFEZA,

3 PHEFBISH

& F R A B 31 2 1K F IR % (Integrated
Shuttle-Based Automated Storage and Retrieval System,
ISB-AS/RS)¥ K% % & FWS X Lift £ 5828 R Gy Hh A i1
A, HRMEE A HEERMERLLE, SHFLK
REREZRGEFIz. ZEREFAEENISB-AS/RS £
ZNGFRE. BRAVNE BN ZEHITR A
SEEES LR, mrHERM AT EEITISB-AS/
RS Z & FERIEM —, @I HERD TR
THULER AR R R R TT ¥

PHER 2/ 26 A EFWS7E RN Sl 3R & 5
RELERBHE, TEHBHRMTSHEFWS EHEA—
, BWEHFWSEZHFWS ZRIE{TIERKEZE ., i
2B 2B U EFWSEREN T RSREZFBEL
AMHEHR, MEENRESEINEIZITH, A6
AR TREEFBREZ ELZLERYU. ARYERNEH
HEEN, /0O HS&R4E5M; BB FWS LM E

M, B E RERAE . Bk
BEEAFWS 2L EMERLHTEI, B2 A

FWS RIBERE— Lift th &£ EE 7 [~ A AR R,
3.1 KFEL@EEIFEMSHT

7RE WK SR BB M B 3R R, EEAA
ERAZE288 U EFWSER—MASE B2 A, 1
BETXAARELZE, WmRakh2EFWS B RIARRZ
TREE RN AT AT, WRbA2EFWS
EINENARFER TS AN RaEEEN AT, MR
N 2EFWS FERELAMET R Z2 M FWS # R 5450
BHITMWFWSHRARITE; WRdAH3EFWSFEE
KRR R M EEEBRITH.

B 3h, HEN2EFWSREIATH HAMFWS i
& vl KF A M FWS 3 E v2 B i& A Il FWS 17 3 52
PH, JMilse —HRiEESAM FWS iR sk 5 1L 17 R
—SSHHEBRELE; Hah2BFWSHER—F

46

O 10
Il
LK [
hod
SEila | i
’-i‘
SE4lb
5eh
RH 2
............. v1>v2
B3 KFEEEFHER

Fig.3 Horizontal blocking deadlock

BT, A TEEEPTIRENR S i R E R,
HHREBESZIEESEHMUBEMTIRINRG,; 5
ZEM, TP b AN2EFWSIER—T S THR T
mAEE R, SBTH R, HitERBEIERE
L, B2ABMEFWS XM EHBIMEAESS
7y, WFRBEEHFHFTEREML .

32 EHAFMQMEEEMOH

FWSEBRENRIEE, sTUHITESERER
fEdl, ¥FWS#{TEEENRES HIEEE MR
H4Fir., BdanERIERBEHRR, Z2EALER—Z
RN FWS RIEEKRE—& Lift R _EFAs T, %
VEERABEFWS BERNMIEZE, SHFWSER
A E 3G N M s e 32 ; B 4b AR FEE WS,
ZHEER—ERENFWS R ERRF—& Lift @8 _E
FE T, BicBrTRABEEREHRR, 264
EE—EREMFWS B/ IEKRFE—& Lift [ B [ AHE &
EEEMEL; H4dHREFWS REEZEMR, Likd
FhE B 75 M R R E T LB MUZ B 3 KT mIh R AE
FEHAGMAMNZ,

Kie NEEERSEE, MLt FWSEE
B2z 17, HLift FRIFWS K Lift 2555 — BN
ME_EEELATE LA AAAITE, RNGMUAES
“EMFWSEL R W G E LA RS BT Lift A
F_ERRE EEEEL, HIFATIRSIER, 5
B 3 KRB L 30 .

B BT, EAMRE T AKE K EE A AIHE
EWPE N, ELREZSHATEEF AT i L EKFE
KEHAAHAEGHHEZERDIERE, ISB-AS/RS Z1&%
HWEERNES.



F ¥ SKEREEHCERIRITHR
M I o == | == 2 &Iﬁl%&%l?l N == 62 || === 0z
o
—— I —— ()= == 52 == === 1 52 E=T==52
a4 == B 42 [ | 47 == 42 42
Lift Lift
4—-FWS
3 == == 32 =3k = D§§3E#!FE§§ZME
FWS FWS ST Lit
Gy ) L — & |, —smrwvs
= — = — [pJ=l— — CHMON — — [l =) —— *_Xl 2)= === )=
e Lift
| —T |, == = 12 I — 1 == | 12 | | 1 1)2
a [ 2 eh g DN GBI ERUEN e SRR e AR FRUIEN e AEFJEIEH

a  Same-direction b Same-direction

inter-layer conflict intra-layer conflict

¢ Opposite-direction
inter-layer conflict

d  Opposite-direction e Vertical-layer deadlock

intra-layer conflict

E4 TEHRRR
Fig.4 Vertical-layer conflict

4 ZRFREERE

ESRFERKS

HEITZRERERN, ESMERX DA NS
M N R EESHEATHF, @I R o "] BIE
—EREE ERRREAEERE, AESREDECR
H—E &AM, HXERER DAL G EEE.

(1) ESEEM. mfTRENEEE. B3
ANEESHBERNFREHE. RIANBFRER iz
EREPNTRERESHEREN BT,

(2) fRlPRERIKE. MFREMFIZLIRES
B/ BREERMEXRK, —REERSINELR;
RIMBFREEFTENTESHEREEZHMAERE
=RE.

(3) EEFHZERM. MFREMIN KRS
BREFLIUENESMAR, HRE EE RIHZERSR
kL, RIEBE. fEHAmE.

(4) BfEfElESE. WEEPEXEEYEA
FEREFRZ, MXMKEHPFRERT, RANME
Fem T HAMAMARX = X E AR .

DRI AR R E B, BATIES LS A 7o i
ZI&E|ISB-AS/RS SRR BRI A Kt B £ ZE F 2F
REMBETIR TR ED Rz FREERZEiz, W
AOMEANRERS: FREZH, ®BIN=H, F
REJE. RBITINEE. RIANBFRE, HERH
FFONE IR MRTI LB R S . SFREME. RBITL
B FREZ=H. BIAANZH. BESRFOT.
ORIMEHFRE: FREARRTHDMHEZEN
EENELRE., EEERZFRE, ZEMFLRKE
. "INBMERFREZEFTRKE, WREARS

4.1

47

X EEE. OFREHE:. W TEHKNFRE
ERMERIZHESMMBRIL SRR, FREER
PTHAT—BHESBRERE, REHAERE,
HIE A FANR T RANEFRE. ORFHH .
RANZTTFHREZAEZNBEE, RETIEVOE
BYNEHBMERULFREEZRIZ0EE, 8K
E S RAEAFXE, MREAERTERERK.
DFREZTH: YFRESHN NESESAIHEE,
BRNERENE, MRRAHSRFES, U
EREGFRIMENEGX, FILRERETHET
%. OEFNZH: BEAEHEELTEGRE,
RIBEERAE RS EEMRAERITS Wik EF
RESEY). TESELN, AT EFEGUT AR,

RN, BERAEFRIBEILITRRS.
WRMES BRI RMITHSRE., @A, 15
RNt EATZBHNEE, TEANEFEREENR
K, SRE M TSR, B KRR S A
RESHEEETR, RELERIEIFRESEAIN
i) 1 8 AR B S 1R A TR K
42 RMEEMRSHF

(1) SIABRENEERS, BdiTERSEER
KA S R B, SCEE AT 55 & AT B 9 A daf 5k
ik, WOBRRMREEENE. SYEERIERA
DUE IS AT S50 e BRI NI 45 & B (A1 8 77 vA b AT b E, D
ZHRERNHITEEIESH, HENMZEMELE
FETEEE, TEARWXA7)—CHFFR.

Ly =|Startp, — Stopy |

LR2 :| SZaVZPg - Sl‘()ppz |



% BBEREEHCERNRITHR

Zs
=

Ly =|Startp, — Ty |+ | Ty — Ty |+ -+
‘TM — Stopp ‘
Lyo=/|Startp, — Ty |+ | Toy — Ty |+ -+ +
‘Tzﬂ_S[Opm’
Lwa =ty T {twrn Tty + o+ Ly ) o
{

~
=

—

)
)

~
)

Ly = Ly + tWT?1+ZWT22+"'+tWT‘Z/?} ¢
3
[fwz’“fw»-z]:{[w& Lwrots Lwrzzs **ty Lwrop Zwsz} @4
A Ly JFWS1 M Startp, & Stopp, FIEEFE, Startp
N FWSI AN E, Stopp HFWSIHRIEIENL; L,
K EWS2 M Startp, & Stopp, BIFEFE, Startp, N FWS2 2
WRTE, Stopp 3 FWSZ I IR T,y T .
Ty o T, NFWSI BRIEMEL MR R AR, a
FWS1 BB E LN, 4 Ty, Ty -, Ty,
. Ty AFWS2 BEMAEITWHE S8R, g
FWS2 B2 PRI m N, A 1w WFWS1EEIE
205 twa RFWSIE S BEENERE, s, Ly, Ly,
. Lwris s Lwrie /9 FWST & 6 [q) (B A B E], s
lwe WFWS2Z S BAEBNENIE, S, tyms lpm,
Lypis fwnpy‘jFWSZ%ﬁ%rﬂ,‘f—i ﬁﬁﬁﬁﬂq lEﬂ , S,
[twi~twa ] A FWSTBSAIE ; [fwo~twe | I FWS2 BRI E .
ZREMRBEENRE~REENESFix, EH
Colp ZZX MR AL,
(2) HEFWSHLift fER A& &4 Mg EMAE,
F o= (tews/T ) > 100% 9
Loa=/(1,/T) > 100% )
KA Fu, L5810 FWS, Lift f93% & 5 B % ;
lrws, LLAIAFWS, Lift IHUTIESEK, s; TR

[fWPl‘W.\»l]: Lwis Lwris Lwrizs s LwTle ZW.(]}

~

PRAESS RIS, s,

43 RAERIERE A EERL
SIANRE#RENEFEAELZES, REETHE

B A AR B RSN A EM SN2 REHERE, B

fBRISB-AS/RS R HI Z i &HE R, 6 R

TAZWE 6 fx. BRSBTS,

FEL: R TLMES.

FB2: IF5 T REREES LN HE T
ESERRIXID .

FE3: DER=HEF AL FARFWS & Lift
HE,

H4: XA TR AR & B ARREE T
BT

S5, H— S EEAREESITINEE.

S, MERIREHS TS HIELAASE, 4
B, BmASs N—H, & LLESENRES
B3, B TIRE .

ST, WA IR A A % S LR B B2
BHIAE S B e ARSI IEEREERE S KA
fry B ] .

SIS, G E IR S A BURE S AT ST
W R B HAERENAESN T AMROER, EEE
MEMEAESERBOISERSE2, EFHTES
Sk, BB BRIRE R B EHITES.

5 {FRIEIE

DU 1 s A 1 5 1 G BEFH R BOE S BT 5
BE, WIREHE., BERER SR & ERIKIIT
L.

HHEHREENREES, RIERETHRE

a R RER
a  Multi-device conflict paths

—— S 4 —— L L.J2
T T T Stop,, Stop,, ITTTTT T i e
T . o 1 1 (W - T, EEEE L
f R T TR L[| FEE
— = Col, ES —
- —— — — by Ly
Fws1 H = =H rws2 = L Le |
= — = b =
T, = =] o7, 0
T — (== === T
Star?‘-h' EEEE e ITI ] 1] o 7 0  Start Stop Col Stop Start E
i HHH H |2|3 H I I | Bl 2 S 20Dy [ 0Pz ) L

b A h RN ) 07 5 AR A

b Positional relationship of multi-device conflict time window

5 ZREARBESHEOEREE
Fig.5 Multi-device conflict paths and time window

48



= s UBERESHCEREITHR
( i) ) 1 (FESH
¢ Tab.1 Simulation parameters
AT , )
| | | FWS &% Lift 2%
»”
F 2 IL, 2
| 12502 | a,/(m/s*) 0.5 a,/(m/s*) 0.3
» a"/(m/s?) 05 a-/(m/s?) 03
SEC A :
| i | vh . /(m/s) 15 vk /(m/s) 1.0
| kA AR LA I mpws/Kg 300 m/kg 300
v _ Crus/ FITE 200 C/RT 30.0
| PR |
yA
R IRIRS :5}’3‘ VSN RN KX (X
e 2 K KRR KX XK XN KK K
MR B AR S B & s & Sl &
NN MK XX XX MK XX K
XX (XX (XX XX X XX (X
XX XX (XX XX X XX X
EX (XX ‘ X XX X XIX| (X
XX XX XX XX X XX (X
XX (XX XX XX (X XIX| (X
X XX XX X XX (X XX X
XX X (XY XX XX X
XX XX (XX XX (X XX X
= =zl NN XN KN K
XX X XX X XX X

| FE55 T |

v
C 4k )
6 BERERE
Fig.6 Scheduling strategy process

ERHAE, SUEAREREASAKRTRSGHEANE
M, EEFEEEENMET 25008, ELRRAET
95#/h, HEREAFTT 1700757t
51 (FEES#5HFE

RIEMOEESR, A SGE AE . NEERITIES
WEM, ERRMAFWS 5Lt hRGSHEEEAR
22N, EAEEGHESAREET, T 3MEE S E,
BRERMNTESBUNER LR, EHFRONERE; 7
ZIRARREFREE, KE4EFWSHI2ZE LIt 75
R2RANREFHRITE, BOBERURTIEHER;
FEIESE2EM LM £rhE#aEE, FEEM
WI/OOME. BEFEIME 7R, BOEHFE2M
B SFx~, BUSHREIWME IR, BUEHREM SR
BREWNFR2M . HEF/, w, oA REENK. 5.
=i oa, v, m, CHRFRFWSHILift (IHIEE. HE.

FREMIEN; S EMEMSEIREN: KL=

L2m, BWwey=10m. Fhy=08m, BMERHL
JfU & msxu =500kg, 1/O &M Co=1.5T17C.

ARV R E AR R R B 45 /A L2k 3 Fr
. RMUWHERIEN, ARIGEEEEN24404,
BT ROERFE K AR2GFHEEEN3 0568, 1FlK

49

X

XD
<X
<D
<D

XN KX X EEX <
MK MK XX XX Fws4 XK (K
}v N N N

X
¥

<D

X

N
DXIXDIXIXIX]

X |X

VAN | ZaN
XX |

<D
X

X

/N
XXX

XD

X

DX
<D
[XIX

T

.

1
@x02 d &)

FWSLT

L,
M
&

1/01

7 BERR1
Transformation plan 1

S8

X
X

<X

N
X

<X
XIXIXIX

Za\
W

<D

X]
X

<DXIXIX]
XXX
XXX

X
X
X

XX
(50
X

XX
D

Pal

<=
=

X
XY

™

<D

XXX

VAN
XIXIXIX]
7]

00K

PaN

<X
N
X
X

P

<X
XIX
XX
VAN 7a\
XIX
XD
X
<D
>
XIXTX
X
XX

Y4

X
XIX]
XX
XX
X
X
X
/]

VAN

X
X
X

<IXDXDXIXIXIA]
X

(b=

) NN KRN KKK XX &KX
Fwst AR RXRN XXX MK XX
g NKIR BSNN MRS (KX XK
N RN MRIXX KIXIXIK (X X
R MK KRNN KRN (X X

X
X
a\
X
X
X

Y]

X X O
=

RIX

<D
X
X
X

X

<D
X

o XIXDx

XX
XX
XX

X
XD
X

X

X
<D

XD
<D

]

X
XD
XX
X
[ZaN]
DXIXDIXIXIXIX
XD
= XXX
/]
XX
X
X
X

XD

XX

X

X
020
]

XIX]
XX
ROX

X

XIXD>

PIXIXIX]
DXDXIXD

XX
XX

VAN

<X

X

X

X

X]

<D

XIXIX
XX
XD
4

XX
N7
2aN
N7

X
X

=
€
D
b |
X
X

X
X
XIX]

X

XD

<

X
X
EON

= XD
<>
N

02 W i -

E8 HMIEHE?2
Fig.8 Transformation plan 2

RF7190.51#/h, BERTEOEFNR; ARIMELHENR
105.37 #%/h, 1Ei 2 & S0E F Kk B E 2 A B
K. INHASHMEMH AEEENREARMNZSIEE
W E RS E, 3Ah S AR ER 43 51 109.20 £ /h.
96.637%/h. 124.32#%/h, FWSHFHZREF T 12.25%,
9.64%, 13.36%, Lift #|HZ&EF T 3.30%, 2.81%,
3.36%, ¥ERERERD T 11.47%, 10.87%, 6.96%, %
RWMEEA T 6.02%, 4.68%, 10.61%,



= HE $BEREEHEERNSTHAR
A %£3 (FEERL
oK BRE - Tab.3 Comparison of simulation results
O R < - = = = =
i X X RS MeEEAR RO AEL E2 E3
2 e R :
ooy =z ¢ X fEdb3ER/(#/h) 40 9684 9051 10537
)| | | | | | ||
O X X
§§ § § & s EWSHIAE/%  — 7713 7549 7927
Ol = > _ o
:ﬁ:x:: %: :g: 3:: etk Lift M/ % = 95.76 95.88  95.62
o K& — K56 e RE/ IR — 6742 9078 8437
XX (X X X XX
; | EETESTEm BRI — 83 171 66
/ FEZ IR
0 B B 7% ps fEVRGER/ (#/h) 40 10920 96.63 12432
B9 MEH=3 | FWSFIME/%  — 8658 8277 8986
Fig.9 Transformation plan 3 e LifRIFE/% . 9897 9857 9883
X2 HEHEREHSEREE HemE/ I — 5969 8091 7850
Tab.2 Structure and equipment configuration of B4 S L/ TR _ 78 163 59
Transformation plans
= = -
VoE Y a1 FROELFR) ARL AR2 #H=R3 6 £ETHE
FRZEHERL 8 16 20 20 o
— ) A A A BSgFRA AR CENABMAESEENGTRE
B ey = N s - N N
R 5, REMESH ABESNEEAORNZIZEE
Fws/a 0 S ‘ FEHRS, RET EROREELMRE, BEMRAEL
Lift/& 0 2 2 2 L@, BdNEREEHCERUIFINEGEEHE,
eI e S ENES 0 0 1 2 WIE TIRS T ISB-AS/RS ARG ML E 1AM E. &&
RERE/E 1 1 2 2 RENLZRGEEAENBXE. HEEREKP, %
ST 6 9 9 9 RIS B ER G B ARSEFMNER, NSRS
% EOBE A s 4E M P SHZ IR JRIXE LN
R/ 1341 R R p— h%ﬁa?@%%ﬁ%??ﬁ&&ﬁ%ﬁliﬁﬁéﬁ
oTT— o0 B S =, WERBFEUTAEANRAANL0 LT, BEFEE
T YE R AT AR 95% DA F; TESBHA 1700 H7T,
':' T N — AL N/ N — Sk N
BEAAT 100 1O 102 T1OE e mMEs NS0 A~100 AT, HASREE NN
. . 17~21 a, HWF5ERTIE SEys ZTHEE
GEBRARMRETRS: R RN T T ;@fjﬁ;;f:;ﬁfzgﬁig
B, FWSTEERTELBAOBE, SAFWSER—R oo =B RMEEmRKIHALE B

RNV BT B r=tE S IE N, TR 2E S 1 &R E3gm
2R VR FE D Bl BUE 1S FWS B9E L B 12 i3t — 2 3
b, ZFWSHTE A PG INE SR A REMR; 7
ZIMMUTREAFT., BEEE, EFEFLBLIRET
14#8E, HVOOMNBEREARE, NFWSERNE
WRHE T B2 KR, IR RBHZEL L I RER,
FAFEEMK. ZLd, FREIEAEMRKFIZE
BANRA ., (BN R R, S#fmEmARmED 2] 1 200m", i
HRRESE T 6.83%, AEESNESAmmM, WEDE K
EER, HABMRAEIEWSREF 17.98%, #EH
EERABEEBMEE TR, BILIZRZBHERE T &
AE. RERRENSRFAETENERE.

50

B ERE 4B RS, S F/NEE B, V4

SE 3k

FEEX ETYIRE SO 0 E B R E R SR [I/OL].
£ B& W1, 1-8[2026—07-09]. https://doi. org/10.16669/j. cnki. issn.
2097-5899.202507080002.

20 REHEAER TBMNEEAATDRBEIRFOEREEZE
BIRABERN (] EEBYT, 2026, 44(6): 72-76.

JIANG Shaokun. Analysis on Improvement Paths of Freight Safety

[1]

[2]

Management in Railway Logistics Centers of China Railway Zhengzhou
Group under Background of Freight Transport Transformation[J].
Railway Logistics, 2026, 44(6): 72—76.



F H%E HKBREEEGHCEMKRITIR

Bl REMH, BEE, BRE, . EEKREYIRSUSIEITREFENL 23R, 2022, 39(6): 862-874.
BWRWMRD]. 2BV, 2026, 44(4): 17-24. ZHU Lingyao, ZHOU Li. Study on Storage Layout Optimization of
WU Zhiwei, TENG Xue' ou, CHEN Liming, et al. Exploration Modern Warehouse Center[J]. Chinese Journal of Engineering
and Research on Audit Digitalization in Railway Logistics Field[J]. Mathematics, 2022, 39(6): 862—874.
Railway Logistics, 2026, 44(4): 17-24. [10] & &, £k, T80, %. CHEVRISARRINREZED].
[4] By HKREWGERBNUIERENTERERAN. BatS MARFNETE, 2021(12): 143-153.
ERNEE, 2017(4): 88-90. LEI Bin, JIN Yantong, WANG Zhicheng, et al. The Technology
MA Lihua. Requirement and Application of Automated Solid Base in Railway Statues and Trend of Warehouse Logistics Robot[J]. Modern
Vehicle Inspection and Repair[J]. Automation & Instrumentation, 2017(4): Manufacturing Engineering, 2021(12): 143-153.
88-90. [11] GUJ X, GOETSCHALCKX M, MCGINNIS L F. Research on Warehouse
[5] VE, FEX, XFLE. SREZMARYMEELERENSEFE]I] Design and Performance Evaluation: A Comprehensive Review[J].
HIBIEH SEY, 2010, 32(5): 71-73. European Journal of Operational Research, 2010, 203(3): 539-549.
SHA Yuehan, XU Shaoxing, LIU Xuefei. Research on Countermeasures [12] 3k ™, 2/ N WK CEREEYE S IREFEMEX RF AR
of Modem Logistics Development by Freight Yards[J]. Railway Transport 5RAU. FEYRESRE, 2024(20): 91-92.
and Economy, 2010, 32(5): 71-73. [13] sk%5R . e R B E R CEFNRNA SRR A TR
[o] SKiEsE, #eVE, R =, & BV ACEERBECHETH MEAE, 2024, 24(7): 186-188.
N ARSI RMERE, 2024, 32(1): 146-152. ZHANG Zhenggiang. Research on the Application of Intelligent
ZHANG Bogiang, YAN Jinhao, WU Lan, et al. Automated Three- Equipment in Three-Dimensional Warehouses and the Improvement of
Dimensional Warehouse in the Field of Grain Storage Application Storage Efficiency[J]. Die & Mould Manufacture, 2024, 24(7): 186-188.
Prospects[J]. Science and Technology of Cereals, Oils and Foods, [14] MK, SKELR, TXF, E. URTIERCEBREHE
2024, 32(1): 146-152. WD) RSN, 202409): 71-75.
[71 ZERF. BAUEE: RS K, SIFARIERD]. Rk SUN Qiutian, ZHANG Xiaoran, WANG Xuanping, et al. Research
AERH, 2015, 20(3): 51-53. on Automatic Distribution of Goods in Intelligent Warehouse of Logistics
[8] k=¥, DEE, BWE, F EHIRAFRCHEERBSMREE Industry[J]. Hoisting and Conveying Machinery, 2024(9): 71-75.
B)). FEAEIRER, 2022, 18(1): 26-36. [15] SARKER B R, MANN L J, LEAL DOS SANTOS J R G.
ZHANG Yunling, LUO Tingting, ZHAO Ruixue, et al. Research Evaluation of a Class-Based Storage Scheduling Technique Applied
on Integration of the International Open Access Repositories[J]. to Dual-Shuttle Automated Storage and Retrieval Systems[J].
Digital Library Forum, 2022, 18(1): 26-36. Production Planning & Control, 1994, 5(5): 442-449.
0] $EE, A W AREEPOEETBOREMED. TERE (FMEmiE: RXIB)

Optimal Design of Railway Maintenance Spare Parts Warehouse

LI Zhuang', LI Jianguo®

(1.Railway Transport Engineering Co., Ltd., China Railway 16th Bureau Group Corporation Limited, Guangzhou 510000, Guangdong,

China; 2. School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China)

Abstract: A certain three-dimensional warehouse for railway maintenance spare parts was taken as the research object. In
response to challenges such as excessive spatial occupation, irrational layout, and inefficient throughput, an optimal transformation
design scheme was proposed based on a shuttle-type automated three-dimensional warehouse. Without expanding the building
area, the warehouse space utilization and operational efficiency were systematically enhanced by optimizing the number and layout
of horizontal aisles, as well as the position of input/output (I/O) ports. Through the identification and reconfiguration of logistical
bottlenecks in the original warehouse, along with the optimization of equipment operation paths and the implementation of multi-
device collaborative scheduling strategies, the site area was ultimately reduced from 1 288 m” to 1 200 m?’, representing a 6.83%
decrease. While maintaining a throughput efficiency of no less than 95%, the storage capacity was increased to 2 992 trays,
significantly improving storage density and space utilization to meet the demands of efficient management of railway maintenance
spare parts. The research findings offer a viable approach for the intelligent transformation of outdated warehouses and
possess considerable potential for widespread application.

Keywords: Railway Vehicle Maintenance; Spare Parts Warehouse; Layout Optimization; Shuttle Vehicle System; Multi-
Device Scheduling
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