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Optimized Spatial Layout Design of Tower Crane Cab Based on WSR

LI Juan, ZHOU Hui-min, LIU Tao, LI Pei-yun, YUAN Guang-yu, HU Die
(School of Art and Design, Xihua University, Chengdu 610039, China)

ABSTRACT: The work aims to improve the efficiency and comfort of the existing tower crane cab layout, and propose an
optimal design scheme of tower crane cab layout. WSR method was adopted to systematically comb the correlation be-
tween various elements from the three dimensions of matter, practical and people. On the matter level, the cab was divided
into operating vision area, control area and living area. On the practical level, the driver's behavior process was divided
into working behavior and living behavior. On the human level, the driver's needs were divided into physiological needs
and psychological needs. The problems at each level were analyzed. The design key points were put forward. The tower
crane cab spatial layout optimization design scheme was established. Finally, JACK man-machine simulation method was
adopted to verify the rationality of man-machine factors in three aspects: the visibility of driving view field, the accessi-
bility of the upper limbs of the driver's sitting position and the comfort of the driver's control posture. The satisfaction
evaluation of cab spatial layout design scheme was investigated with scale scoring. Through detailed and comprehensive
analysis of the three levels of matter, practical and people, the main points of the optimized layout design of tower crane
cab are obtained, and the spatial layout elements of the existing tower crane cab are reasonably divided and optimized, so
as to make effective use of its space and further improve the operator's ease of operation, comfort and fluency. It is veri-
fied that WSR method is an effective analysis method for the spatial layout design of tower crane cab, which provides a
certain reference for relevant design analysis.

KEY WORDS: tower crane cab; ergonomics; layout design; WSR methodol ogy

s BHEE: 2022-08-22

EE£WB: wil 4Y Fiasi3E 508 A& S LR+ (MD22E032)
fEZ® N F48 (1985—), %, HWL, 307, TR T AR ELERTRANIAES,
BIS1EE: AEH& (1997—), %, Mt4d, TH I LEHAR.,



70 (S

T 7

20234F 1 H

Hur, @5 T, BA0RENL (RFREL)
R—E R ER S B I 2B BN s
ek dl, Wi i e fE i Ty, FEpNEREs [ Bk
N, DIREARIRZ . HOM AR IE RS AR X B AR
e 5MEY, A ThaeBc R aede e T N E M ad s 47
B, AR AR A R, B, k= & BT,
P B REAR IR AL . 2SR AL . SR FRAC . &
WL R 6 25 46 ) 81, 25 3ih 2= 23 () A Jmy 1 5 BRAR BT
Xt TARRCR . 2500 51 (&7 iE PR g E g 1L
200 R T2 Ve, HEOUETF XA [ T Al LA 2 3
%, PR, IFHREAZETEREES, 2
O 53 TAERT ) A4S, B I A 75 740 7% 182 3 53 i) A1
B ONPLEERE A

T #H M58 17 DEMATEL ¥: 05T, IF45 415
SR, ST AT X i LA 2 e d U A
FHATHISE ; Bt St sl IS HL 2 A B ik A T
TR, JREEH BIM Fl CV i ARAMRE IS L4 4
EHHESE; WD S g b e SR LA = 28I A
Rz iR, BT Maple Bz B4 Hr
HEAT A EAR RS S HLAE AR Y iB B 2k AN
AL o I A T AL 2 B % B R
ML E R R AT, Sy R A i A R Ak s
FF; k2O RIS AL A R H bR ARE,
BT H ST, g6 20Xk, X
I ETIE AT AL BT . AREAR SE SCHK, S RTER XS
PR IEE B2 E FHOR)Zm, BiFEelER
gi. LR RO, PR RIS . EEE
MLFZE T D, 1% AL 2 B 2= () BT F S A7 4 — E
ZSh, HENESEAA R DR E 5 AL R &
R IR 5 ) 25 ()R 236 L B AR R M ) DG A
K, ASCKERETENE M E B4 Rt
HTF WSR HEIE ARG T, A BHLE 3=
B R T s, X R TP LR AT A R A A
i, JFRAH JACK AWMU EHIEMN RE AT
IIE

1 WSRGZEIERERTHENERENE
R

1.1 WSR &gl

“YF-FIE-AH Rk, DU ERK
WSR Jrikie, se—RARTr RGTrkie, NS
SN WML A B A B T SR MR Y
JRHEME . U R BT ST WSR i i IR
A7k RGP R Ak, W 1, B
I H AT SAE R SRR WAL, 4y B i
AR S BT FE RS LU B
RS RO R, B XA [R] B [R) R B R 2 A
B IR AR BIRER BB R , 75 RGeS A i

CNE TS BT TP/ NPT TR
R ORVIRLAL, 2 RSB S AT =
ESTES

BN Fit 5

B 1 WSRJTiE
Fig.1 WSR methodology

WSR Fikignyie i, 7EEMNIMBER] TR KR
R, HIFARBE TR 48, fihn. 2 EEEe
FF WSR J7 18898 & A Ml B UR 1 e 2% A 55 1A 56
PR, AR TS SOk, IR E L RS .
FH P = A 2 1004 S A ) 3 AT il R AR T 36 Al 55
Ry e S DN 8 s e I NI OL) Wy aa o 1 e
A WSR J5ik, MWy —g5 5 — A FH =>4k R P st
5T, BEAL ST S 4Ed AR Bk WSR TE
BTN AR A Ledse b, (EE X v F o i 4R H
1M 5 WL, 0T LUK 5 2% 1 2R B [0y it i T 2R
/NIRRT HEA T 4 T AR B
1.2 WSR FiEitATFENBR ZiZITHERES

BB E A RO RN ERRS, HE
FERIMAE, BB BARR, NG
LR IR . TEML RN 2, BEZE0 AR 28 0 B3 A
A YRR, LR IR B B AT R i
XFIENLZE B L, B = B — A TAEREE,
AT B | KB ETR T, O B
LB = iR 2 () 2 07 PR, DUGRIE 2 3 5 1E R
B TAEFIAG . WSR RS T e st 25 % i = 4]
052 2 5 2R T 2t SR A Bl ik I i S L 2 e
FEARBTX—E AR RGN F] WSR (4 H -5
NHL) AN ZTHEAT A0, P LA EE G st T JH o i) S
PR, VSRR A R G rh 45 SR 2 A Y G A
A XM, WE 2,



adk A2 B, A T WSR RSB HL Bl g = w4 R A AL it k5 71

smTTSS

! SERY e

1 \
1 1
1 )
|} 1
\ !
\ 7/

.....

e

\
\

BT
Tiean |

Se—-"

EH1ET
BERIT

——————

7w

\
BERS )
]
/

1
I
1

Se=="

Kl 2 BB EA RS ERILR

Fig.2 Relationship between the elements of tower crane cab layout design
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Fig.7 Analysis of tower crane cab living area
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Fig.16 Optimized spatial layout design of tower crane cab
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Fig.21 View from the front cab window
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Fig.22 Range of visual field of general
working posture in cab

Kl 23 O I E A s LT

Fig.23 Visual field of left and right
display in tower crane cab
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Fig.25 Analysis of general postural comfort level of drivers
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Fig.26 Questionnaire survey scenario
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Tab.5 Analysis of the results of questionnaire survey

A i b S Ay R
SAEEME 4R 33— 2-AWE 1-RAWE
HH 4.45 0.74 60 25 15 0 0
i g 4.40 0.58 45 50 5 0 0
b7 A 455 0.67 65 25 10 0 0
T HA 4.35 0.73 50 35 15 0 0
Y RREK [ 4.30 0.71 45 40 15 0 0
R 415 0.79 40 35 25 0 0
A WEH: 4.40 0.66 50 40 10 0 0
JHED S 4.25 0.70 40 45 15 0 0
b T A 2R 4.50 0.74 65 20 15 0 0
A Bt A SR 4.40 0.58 45 50 5 0 0
HE O TAEREA)R 4.45 0.67 55 35 10 0 0
R AT A > AT 4.30 0.78 50 30 20 0 0
NZEHi@ 4.75 0.54 80 15 5 0 0
ANBE =BG R 4.75 0.43 75 25 0 0 0
EEQUNTOR ey 4.60 0.58 65 30 5 0 0
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Fig.27 Mean radar diagram of WSR
three-factor subjective score
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