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Modeling Design of Cleaning Oper ation Vehicle of Aviation
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ABSTRACT: The work aims to study the human-machine design of cleaning vehicles for the aviation fuel supply system
to solve the problem that the muscul oskeletal diseases of vehicle operators are increasing year by year due to the heavy
workload and frequent repetition of bad working posture of vehicle operators. The comprehensive weight values of the
uncomfortable behaviors of the operators during the operation were calculated and ranked through the analytic hierarchy
process. After field investigation and analysis, the existing problems of the vehicle and the physical load of the operators
were obtained, and the authenticity of the problems was verified through the virtual simulation software. According to the
verification results, the vehicle modeling design was optimized, and the rationality of the design scheme was verified. The
operating comfort of operators was significantly improved when they were working in the optimized vehicle. The use
mode of vehicles and the layout of work space are optimized, and the work space is divided into three levels: the first
level space is 790-1 090 mm from the ground, the second level space is 1 090-1 490 mm from the ground, and the third
level spaceis 1 490 mm-1 830 mm from the ground, in which the best operation area for operatorsis located in the second
level space. In addition, combining the storage space with the fan box and opening the storage space horizontally through
the slide rail structure can effectively reduce the workload of operators.
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Fig.3 Hierarchical analysis of various factors
*x1 BnBHHEFITEER *x6 BEFIMERFITELER
Tab.1 Calculation results of target layer judgment matrix Tab.6 Calculation results of Bs layer judgment matrix
I)ﬁ E Bl Bz B3 B4 Bs *1%: IJﬁ: E BSl BSZ BS3 1:1%:
B, 1 1/2 3 1/3 3 01738 Bs; 1 3 3 0.057 6
B, 2 1 5 3 4 04124 Bs, 1/3 1/2 0.0152
Bs 1/3 1/5 1 1/3 1/3  0.0591 Bss /3 2 1 0.024 2
By 1/3 3 3 1 3 02577
Bs U3 14 3 13 1 00970 3) EMMEA T ARG, b N HERKIE

*2 BEFMEFITELER
Tab.2 Calculation results of B, layer judgment matrixs

i H Bu Bz Bis L
B 1 7 6 0.1304
B 17 1 1/3 0.013 6
Bis 1/6 3 1 0.029 8

®3 BEFIEEMITEER

Tab.3 Calculation results of B, layer judgment matrix

i H B2 B2z Bas i
B>, 1 3 7 0.267 7
B, 1/3 1 5 0.1150
Bos 1/7 1/5 1 0.029 7

*4 BEFEEMEITHEER

Tab.4 Calculation results of B3 layer judgment matrix

i H Bs1 Bs2 Bas Bsa B
Ba; 1 1/5 1/3 3 0.007 7
B, 5 1 2 5 0.029 9
Bas 3 1/2 1 4 0.0174
Bz 1/3 1/5 1/4 1 0.004 1

*5 BEFHEFITELER
Tab.5 Calculation results of B4 layer judgment matrix

Ijﬁ\ E B41 B42 B43 1:1$
Ban 1 2 1 0.099 8
Bu 1/2 1 1/3 0.043 6
Bus 1 3 1 0.114 3

SR T MRS AR, AR, (R
SR TS . R RSRAG FRL.

PRI, 405U Al 2 A 3E— 5 ) ABLY
B AL -

23 AEHEEXRFBERKIE

R ORI S5 B B A AR B AT 2RI R IR, BEHER
30 FATHVEVEML ZEAE L N B3 AE S Bl N 53 4 7 2504
i, OIS B B 4 ELSOIR G, BRI B B
A AL, BTN B R R R s B R A
BRI, DA EAL A B iR R,
% 8, L B & 1 760mm ., [ 268 mm R 256 mm,
KHBE 454 mm, /IR 512 mm, JE BRI LA 1 490 mm
Y E R EA T BRI ST

FIH Siemens Jack i 405 EAK A, XIS VRAEL %
PR N B3 A Ml i 2 2 47 05 B 4L, i Ovako
Working Posture Analysis 4341 . ForceSolver 32 1173 Ht
5 A5 B O 0T, v AR A B ST IR
17 S KB B R R — ISR A T &
THIR” =AML AT AR EAL A G 7AE T B RO RIS 1)
s, o YR NG AT IR ] X —1E %
e, RN AR PR B i B B far FR AR K, (HAE
A B K A S R R T EE, SEML A B Bk
WA B 8% 18 B — e R 5 ELA5 R LI 4—7,

1) “PEl N EEATIFHERLT ] (MR & — ),
PRV BB 22 T TF- W5 53 e 1B KA, AT B I 1)
Z I, Ve A ] K AR fR e S Bt AT
AT (N A R YA (0 A N = 2% N IR = g8



424 %% T 20234F 3 H

R7T BERNEE

Tab.7 Weight value of each element

TN R B R KA IIREER FLFERE LEAME 2 HEA
N YL NGV AT IFREALTT (By) 0.1304 0.060 8 6
@mﬁiﬁi(&) ML A R T EBUN 2 XL (Byp) 0.0136 0.0375 9
' FEv A B B BURE = 2R (Bys) 0.029 8 0.040 7 8
R = PBRAE O BT AR (Byy) 0.267 7 0.136 0 1
Eg%ff;&) I 2 KA BT IR ( By, ) 0.1150 0.1055 2
' T B B S (Byg) 0.029 7 0.088 4 3
E AR EFEVE L T R P B (Bay) 0.007 7 0.013 4 15
IRER K (Bs) g 2 B PR (Bap) 0.029 9 0.017 8 1
0.059 1 Rt = MR8 R (Bas) 0.017 4 0.015 3 13
R KA 5 R SCRE R (Bag) 0.004 1 0.012 6 16
- KA AL E HEATAEME (Bag) 0.099 8 0.0715 4
ﬁéf‘; <784 ) REPEVEFTE (Bgz) 0.0436 0.060 3 7
' R IRE S BB (Bys) 0.114 3 0.074 4 5
N YEME A B ARV I 3245 (Bsy ) 0.057 6 0.0309 10
UAﬁﬁﬁf?(%) PNV A G AR A A B A B 8 (B ) 0.0152 0.014 6 14
' P N B A 3 A B B 8 ( Bsg) 0.024 2 0.016 4 12
;E 8 W;@JAE %Bﬁ%{zkﬁﬂ-i\iﬁ OWAS Posture Evaluation %&#—
Tab.8 Body size of operators ]
’_‘?‘% %% 'ﬁgﬁi L%ﬁ T%ﬁ j(H]‘Et/( /J\H]‘Et/( ' - OWAS Postjre Evaluation §;: '
/mm  /kg /mm /mm /mm /mm I
1 1760 68 280 270 530 500 ; : T - .
2 1 720 75 250 260 400 490 OWAS Posture Evaluation 23 =
3 1750 80 290 250 450 510 [ |
4 1800 103 260 260 400 550 0 ! 2 3 4
5 1750 73 260 240 490 510 Kl 4 OWASEMLZE ST R

Fig.4 Analysis results of OWAS operation posture

x
BB

nnnnnnnnnnnnn

5 ForceSolver 5% 11434
Fig.5 Force analysis of ForceSolver
Strength Capability Summary Strength Capability Summary Strength Capability Summary

Percent Capable Summary Percent Capable Summary Percent Capable Summary

Wrist - Wrist Wrist -

Elbow Elbow Elbow

Shoulder o Shoulder Shoulder o

Torso - Torso Torso -

Hip Hip | Hip
Kanee - Knee - Kanee -
Ankle - Ankle - Ankle -
r T T r T T r T T
0 50 100 0 50 100 0 50 100
Percent Capables (%) Percent Capables (%) Percent Capables (%)

K6 iAo B F o s R —
Fig.6 Static strength prediction analysis result |



Maats 46N

Wrist flex/ext i

Wrist rad'uln dc'\ eft
orearm sup/pro i
Forearm sup/pro

w right

Shoulder abd 1
Shoulder ]
Sgrfulc er for'back right

WILAR, S FETRZW T B A BRI R eI TR 42 i AL AT 425
Percent Capables Angle Values Torque Values Mean Strengths
/rist rad ke it
a b
" Ehon
uld, abdﬁ
ck
H al
alﬂ Jett
T
- Totat
Mgyt
%&Iﬁﬁﬁx-‘emﬂ
e flex/ext
fix/ext right
Ankle fix/ext feft
Lf 1 T L T ¥ T ¥ T ¥ 1
5 100 180 90 0 90 180 -100 0 100 0 100 200 300 400
% (Deg) Torque values (Nm) Nm
Percent Capables Angle Values Torque Values Mean Strengths

Wirist flex/ext right
Wrist flex/ext feft
Wrist rad'uln dev tht
Wrist rad'uln dev Jeft
Forearm sup/pro 1i
Forearm sup/pro
Elbow nﬁht
W
Shoulder abg d%ﬁ?
Shoulder abd Jeft
Shoulder forback right
houlder for/back |
Humeral rot right
ng\meral rot left
T il
ter
T Totaty
) flex/ext n&?
flex/ext feft
e ﬁax-‘:xt 1
e flex/ext
e fix/ext right
A.nkl: fix/ext feft

%

-

_E

50 100 -180 %0 0
% (Deg)

Percent Capables

Wrist flex/ext tht
Wrist flex/ext Jeft
Wrist rad'uln dev right
Wrist ra

orearm 0
Forearms‘;\%pprpro et
it it

Shoulder abg 1y

Shoulder abd et
Sgouk ler for back ﬂ%

'-lumeral rot night

Humeral rot [eft
Tl o

Ti otation
ex/ext right

Hlﬁp flex/ext feft
Kﬁeﬂe flex/ext
é;x ext |

cle fix/ext right

ext feft

FI'

T r
90 180 -100 0 100

Angle Values

it X

T I S s [t e |

0 100 200 300 400
Torque values (Nm) Nm
Torque Values Mean Strengths

=

100 180 90 0
“,'o (Deg)

K7

I ¥ 1
90 180 -100 0 100

T T
0 100 200 300 400
Torque vales (Nm) Nm

A B N [ R A R —

Fig.7 Static strength prediction chart result |

0 ff 5 MR BE AR, X — Al 23T LIS ) N ECE
S . AN 7 B AT R R, Angle Values ()
FEAH, ZEEFR) FEIEFEREIRN; Torque Values (%
MiE, BEKIER) FEIEH W HIN; Mean Strengths (~F
YR ) R KM R T (A, #ik 200N, {H
AT 250 N, 3 B B ARV 7E 3 2 34T Ak A
ft R AR S

2)° r”%ﬂmfﬁﬂmﬁk 7 (PRl ), e
BT AT VR ML X PE D A B3 B A 7= AR i R R
M), R ) B R A2 0L 2 XL AL B2 LA
BT B R A, RIS IR G A e EE A B o PR
o X— 1A ST LIS A B 43 U AR, B
KA. AT Az . R 7 TR,

Angle Values ( ffiJE{H ) 7EIE® JE N ; Torque Values
(RE3EME ) Won KT ih & fE i 100 N; Mean
Strengths (“F-¥75R ) sk 25 i(E 5 98 1 55 J1{E
it 250 N, R W] B AR ALTE X T L 34T b T —Fh A fit

FEREs
3) “BdE S BIARAE AL AR (R 2=,
TR ZEHT AT XA N 5% B A A 7 72 A

R FZME , A PR AR S A Ml 2 XA N B 3 il ™
fad . DL T REME A A ECH 4 LE AR . aniEl 7 i
A, TEZVE ST, Angle Values ( fiE(E ) R
JRFES 1) 22 A A7 () )38 #1200 N Torque Values (%%
FMH ) WosiR 25 i £ {5k 100 N; Mean Strengths
Py ps ) iR T2 M & 400 N, KRB B AR



426 fu, %%

T 7

20234F 3 H

PEAE XS AL T — Bl BEAEREIR S
BRSO R HZAE Y, #E MRl A E
SEATIFHERLT]” “ RL R XHUAE TR L B R~ Btz =1
ZRAF A B AR” 4o B 7 ZE AR B &R

3 FRMELESEMEMLIZIT

3.1 FERAAXMANRIHRUL

NEML NV E AR ] X ARk 3 2
FAEAE N Gy ) EATIT G A7 as RIHERL T ], 4= A
Pl FT IS R B i 1 875 mm, Rk A BUH
B4R A AR 140° A 40 o AR AHL T AR 2 h i 20T
e R 27 5 730 1 3 B bR vfE RT A, R ARG T
HERAE IS ST N 40°~90°1 81 L3 8, FIH A 1A%
%uﬁfﬁﬁ%%mﬁ M) — o7 B A AR

NGB PG 46 T BE X R, A5 R AR

X =Y —(Zxcos40° [ Z x cos90°) D)

Arf, XOEM A B P E s Fm B (mm),
Y KB EBE M AR RS (mm), Z AR A B R T
K (mm),

Y 5 Z i 3 9 Rk A B B AR R Bl )
FEE, MHEEL AR RERFEERN 1090~
1 490 mm, ZEAAVEMV A A7 23 ] 1T HE T B 2 1T 7 7%
BE DI o SEE AL TR i shVE 205 R0, AEAE
b T ) K SRS Sl RS S AR i R T, R
b H R S, I ER S RIN T VR ML B3 R 9% T
S, B T HRAERCRI ) I, SHE VAL 4R b i
fr2s [l 1 O KA T8 el , RANE LA H b Tk
VI 7E G FEURAE A7 23 (B PO B2 B 0, AL A BL 3
Tk PN T T i A7 2 R o i 5 ¥ gl i o] LAs b
WA I EERE R B, T/ IME ML N 53 B K SF-r T 1E
[ FE A AR A E T, W as A W Y R R
REML, WA AR SR EWHES A E
EERIER.

RO BEEXTRAENECESFEENLE

Tab.9 maximum range of motion and comfortable range of motion of important joints

B A ESl & zh BRAEI() TARILHI(C) A3 VR T (°)
ANE, 180, -30 210 0

R JEET (BE) i, T 180, —45 225 (15~35)
AR, EE 140, —40 180 40~90

AT ke AR N B3 AE N, 2 RUHIL I e A A RN E R EE, R RKHE2aN T RS, 7

oA A SR B R H 78 R 2 XML i 25 (R 45 A 1
DX 8 5 W S B, KPR RS KL R T — IRk ik
T, VR N GUFEFT i A7 235 (B A R, ] DL B 2
RHL— TR AT P A B3 A E R o et
IR A S VEEA . AN, BRREnT Be R B k17
FIVEML SIFEREAT A 3, ASUAT DA/ MEME A B i B iR
Mg, MREAE— R 3R SRR . X TR Uk
YR, FHEAEA N R B ST, A RERHs R S XL
AR 2S A R o AR shPEFRREERT Kl 7~9's,
O 5 AR 2 R T, AR L sh AR R 22t Ry
2-3s, YRR A AT .
PEME % = ChntHEAE LIS 8] + SEBRAE MV [] ) x 1009% (2)
Ao, BRAEVEAL I R IR ELE , K bR iR
BHI A X, JRE4 U R 2 XL PR R
14X%~11X% , #C i S5 0935 Ve VR M 224 b 308
50X%~33X%, HAEMBCREET T 36%~22%,

3.2 Rz | /A AL

X i BE A 4 Rt — A ZR A A7 25 R) BE B b
T s BE A T i, 455 8 320 mm., Ry ikE A A
“ROE — R L AR R EUE AL SRR
EYUR T AT, WO B T VR M A A A M 23 [E) A
Jai AT e AL o

WV VEVEML T SR R, 25— 1k

%ﬁi%ﬁ%%m%ﬂﬁ?%%&ﬂz'hﬁﬁfﬁ
HOl P B T 790~1 090 mm; 45 AR 23 R) ik
mmﬁﬁzﬁ_ﬁ Yk 23 [ Ah F VR ML N 538 38 K 15
KT BT AR X8, ‘ﬁﬁfﬁﬁﬁﬁ%ﬂﬁ
1%&1@mm1”*¢& < [A] AN H O HAARR
AN TREEINTEUE T B, DI E A G 7E S U %)

Sk ity F R BRI O R B i 1 490~
1830 mm; HUIH 5 DU fif A7 25 (], 56 DO VR 25 (8] A9 0
AFFE NHL TR 2A B EER 76 e 2s [ AT b & X HE
b N B B A R A PR A g, AR b S 8] A R A A DL
A 8,
B=1MlkaE 1830
1490 )|
Bk aEE
1090_}/ Y
Ejam
R e |
FA7 /mm

Pl 8 WA A2 ] 43 A1 15
Fig.8 Tank storage space distribution



Maats 46N

RITAE, S5 FETIZ UM BT 2 BRI LI 2R SEIE UE ARk 42 38 BB 427

3.3 CF5063TQX iz Rkl N REF kel EFE
BUIZ TSR
FETHISCHIAFE, *F CF5063TQX i 23 Bk i it i

ARGHE AR FE Ak 1, LA 9. CF5063TQX

A 23 KT AR O 2R R T VR L 5 2 R L R S

FhisE 2578 BR 2N RIS T 7= 0 L Ve 2, ekl

PeAE Y 4 R S BEGH I AR R I i A9 vk, LA RO i

Vo5 i | n R AT 1 ) B B TR] RS A AT

DUHERR HuoH 9 9 1 AUk
1) &FEMER AN BT o T VAR L 42 3R T

VETHA XA, ROFRF ARl A 51 3k BB F IR G 4% 3

£ B A B A L o DA A B3 PR S G ok T LA

BRI EIE, PO el A 01 i 355 9% 57

[ B ARl A B3 4 SO R R s U T HL .
2) MBS B AN BETT o P MR T 1 3

BETHHE I T 77 A SE AR B, e G Tk T LA
TR 1 250 mm &b, JFIIEFHRTH0E RS
FEME B TR A SR T I B3R T f A B, LR B b
T B R 1 090 mim, & 4 i v 0o 1 B 5 b T
[ RE S 1 800 mm, AEARHRE AR Y K x e x 8 RS 2
450 mmx2 100 mmx1 300 mm, AH# T IR (R AR K
FEWD T 250 mm, £FGAEAL A G B E RSP T
o 1) B RS BB, 4 e R AR 1) RUSH oA R 1 42 4
) R TEE

3) AT AR AN BT, BEPR I A B 4
SEMPBRER S R, W T TEMAR,

4) 23 R B AL AR BE T o PO A% G T VAR
v B VE ML 7S [ A ey, AN KA RCE T 43—, A5
SR BN IR FEIZ T R4S (B A R ik
Thef, K FERTFR 53 A0 78 A it A 2 Tl i A, 14 m
B A T B A v ) S A E

Ko fifbiitirs
Fig.9 Optimized design scheme

3.4 MUMBELERXTLL

BT REFAA Jack B 4bHhiEFT OWAS,
ForceSolver 5 #2558 JE T 4341 , DLW s i &
A B

OWAS 73 #1453« MR A B3 (AR I 28 34 3 2
10 fFron, EML A B 3 —PEN AR | AR
W EH RN G R 2 8E R 1. MR B =R
B 3MEN L,

ForceSolver 7 Hr &8 2 : /E M N AV 23537 T 53
Mranf 11 frR, SEsCEdRMH R, KK
Tf R FE A AR R BE A AR, I rp ARk S 34 = el st i
LT

TS o B U 43 245 SR LI 12—13:

1) VR B2 R R . YR 2

OWAS Posture Evaluation 2%—

T T 1
0 1 2 3 4
OWAS Posture Evaluation %% =

OWAS Posture Evaluation 23 =
T T T T 1
0 1 2 3 4

K110 OWAS 1R B Hr et R
Fig.10 analysis results of OWAS operation posture

St B4, WiE 13 frs . Angle Values ( fFE{H )
IR TIE# G N ; Torque Values (B4R {1 ) $414bT
ERJEHEN; Mean Strengths ( SEX5@AEE ) kT 1F




428 fu, B TR

202343 A

| @ rorcasaluer X | 8 rorcesoher

T Ergonomic Aralsis P Exgononic Ansyis

Forces Sty [0t 1| Aol convation:[Jock. — Forces Sty Jeit 1| e

X @ rorcesoher

e rgonoric Anssi

]

conventiors [ Jack =

Forces Sorty: Jit 1| Angle comentr: nck —
8 eithand i B ushhord rongh gt | | @ Lefthand ]
ey ign | % o Momer s i [Pt Sierah i e [ Lo Frormepret g it
i pimpsimcarer 1 S copuie 't () |Efec (deg) | Moo SO e /A copale % () e (dog) | Moo 4D/ she | pampaincenter — O A ot e i) e [(dog) | Moo SO
¥ ooz v 0z v i 6 [oon sz e 2 W aagv odz R O T A oogv egzl ool R a0 000
s P o1 4 Uit a1 28 | as 000
8 Rt hand R it ooy a2 o 23 o s @ righhnd R st e 2w un s es 28 @ righband ® o a
e pompalmcenter — JEWt ey o3 & e pompaimcerter Wi Gy oy &l e pompaimcerter — 2og = 20
R o a7 |ap asa s s RS 05 o a5 s a8 S ar s =
x 04z Lwirsupe o1 - e - X ool v 104z e s o |- L2 - X oodfv 0yz ood[e 00 |- s -
= Z4_ o0y _s0s a0 7 REbow 252 o s n6 76 o o s 7
Clar s e londs Lebou w2 [Nz 0 160 Clar ol gureloads Lebon 95 [N 56 @1 e Clsr e onds a0 N 750 o5 165
RhAbid 75 B sa e 150 103 173 Rshabhd 1o @ @7 (@0 (so s s 61 e 150 s a1
support LshAbad 00 &0 150 75 [io1 Support Ush Abad 7 heb 150 _sis a1 support 176 _heb 150 o5 166
R — RShrusic 44 o 00 955 aet i = Rsh Rk 126 Wb 00 a0 207 i — 45 o 00 s a0
o derttos sexman firs L pwak 33 w0 0 s ore dbaber shtoat | s st Ush sk @ bw 0 e @ oxsstEhakon e opt o nd 51 W0 o0 7 2
R sh bt o ar 00 [m1 7 Rsh e 25 T 0 e 10s 27wt oo a7 es
Supperting Hord: nane — P R T T Supporting Hands none — LI i £ Supporting Hand none — LT e
e o e s o0y 37 s e e Tk e so7 N 25 a7 768 it i s o (7 aws s
| o B s e o2 e £ B T P e CH ] e e
| ey i Tt 8 jcow 25 es sz Froguency and Duration T Frequency and urstion T
; 3 o = e e ) o . Tk ot @ cow (6 e mn ) T mmeion o - o -
| 0 s requencyduration compensatir pe DL s o 0 Uk requencydurstion cmpensasin et T ) Use requency/drstion compensatir e s
Freqvencr10 ] Oy time (00 3 fimee e o e FrequencylT0 3] Oy time e Lo 7 Bon sz wse s requencr 16 3 e e ecH00 3 T4 BN 5160787
= D o ) Rioes 54 N 62 298 181 N ez 52 98
Freapminfi0 . Qe =] e e 2 Feafmiali0 Dursto e =] | Came 40 oW [i4s a4 a2 Freapminfi o 28 36 s 405
| Larde 23 N s1 52 08 Ranke ;5 BN 60 1417 das s oan 9s w2 556
Foree imis Uande w2 o s s s @0 o 89 o2 533
Sercrt capatle thretod] 7508 secem cpabetreinaal 7503 Pecert capabe threshold] 75
L Compression it (N 340008 LR Compression it (4340002 L4DS Compresio it (Y3400
Seve ] Staring Lowd (100§ M Lod (4955000 3 2[5k stacing Losd 100 & Maimum Load (43000 3 Staring Lood (95100 ] Masimum Load (953000 3
L1549 shur st 00100062 J ovfioo o oviieon o 41549 shose i 0 1000 2 oviioo o oo o L1349 shose i 0 085 oofioo e ovina g
La1tSLaterl shear it 100002 5 = = L4 Lt sheor it 9100002 e} ot [ ol L4 el shear it 9100002 e N et (0 i
Strength Capability Summary Strength Capability Summary Strength Capability Summary
Percent Capable Summary Percent Capable Summary Percent Capable Summary
iy Vst bey _
Elbow Elbow - Elbow
Shoulder - Shoulder Shoulder -
Torso Torso - Torso -
Knee - Kaee - Knee -
Ankle - Ankle - Ankle -
T T T r T T T T T
0 50 100 0 50 100 0 50 100
Percent Capables (%) Percent Capables (%) Percent Capables (%)

12 #2850 B S0 43 B g R —
Fig.12 Static strength prediction analysis result 11

Percent Capables

Angle Values

£

Torque Values Mean Strengths

:

T T T T 1
100 -180 90 0 90 180
(Deg)

Percent Capables Angle Values

Wrist flex/ext right

nist flex/ext feft

T T
-100 o

Torque valies (Nm)

T
100 200 300 400
Nm

1
100 0

Torque Values
|

Mean Strengths

1
I:\

ﬂﬂ

L

Knee flex/ext |
Agkle fiyext riht 3
Ankde fix, eft 5
T T T r T T 1
0 50 100 -180 -90 0 90 180
% Deg)

Percent Capables Angle Values

*

T T T T 1
0 100 200 300 400

Nm

r
-100 o
Torque vahies (Nm)

100

Torque Values Mean Strengths

]

r T 1
90 180

T T
100 -180 -90

S

50

LY

0
(Deg)

&l 13
Fig.13 Static strength predicti

-100

o
Torque values (Nm)

1
100

T T T 1
100 200 300 400
Nm

0

e A i R N [ R A R

on chart result 11



Maats 46N

RITAE, S5 FETIZ UM BT 2 BRI LI 2R SEIE UE ARk 42 38 BB 429

B TR X R AT B AR A T A £
KA

2) RN RS R IR KR ERMYR A %
it g . WiE 13 ras : Angle Values (( F BE{H )
PR FIE R JEF N 5 Torque Values (7% {H ) 4bFIiE
HWILHE N ; Mean Strengths ( SEHI50E ) 4 FI1E# 75
FlN o RUIFEX PR LT BRI T B EFRIRE

3) VBB =R B BT . TR .
BRCTH Rz Jigm . Kl 13 ffisn: Angle Values
(FEEAE ) Ab T IEH L N 5 Torque Values ( #Hi{H )
A FIEHJEE N ; Mean Strengths ( SFX58 ) 4b T
IEH TN . RIALEXFE AT B ARERALAL T3 fi
A

Pl Has R 8518 - Yol BT verE b 458
K2t Jack (T ELAE, SRRV, Wit
YEME N B FEL i ter . VEAL 2 BPE 1 . PEME AR A5 3
W ok o A e S R ANE RS S GB
1589-2016 f{ %K .

4 £5iF

AR SRR A TS, RIE YRR ZE B AT
oAb o AE Mk A B3 f A 45 AR DX 38 B b T 1Y) o5 B o
1 090~1 490 mm, fifi f7 %5 [0 5 XBLFAHZE &, (R
SR FT IF A8 A7 2 0] AT LAAT 8% B AR A b N B R D
Ffir o T4 R RRE, ARRFFAFIEEZ AL
ZAb, WA R B B B R RRRS . R
2T EHRNE,

S 23k

[1] RokA, WA, FRRRIE H AR Z LA &80 F

5O R 7144 [J). Nephron Clinical Practice,
2017, 5(1): 3-87.
WU Shui-pi, U Ben-zhong,Musculoskeletal Injury and
Human Factors Risk Assessment of Environmental
Waste Cleaners[J]. Nephron Clinical Practice, 2017,
5(1): 3-87.

[2] fEFH, M. EEX IR ERRE R IT

[J]. 15 BT 2 Bg 2 4l (A SR BF27 i), 2018, 31(4):
657-660.
REN Zai-qing, ZHANG Wei. Design of Cleaning Vehi-
clefor Aircraft Hydraulic System([J]. Journal of Xinyang
Normal University (Natural Science Edition), 2018,
31(4): 657-660.

[3] T ERAME R, W2 R R 505 v Rk %
MH/T 6122—2020[S]. Jbxt: R Hfi% R, 2020.
Civil Aviation Administration of China Cleaning vehicle
for aviation fuel supply system: MH/T 6122-2020 [S]
Beijing: Civil Aviation Administration of China, 2020.

[4] BREL, MW, BRE. BT AV TN ATM HL5
Br& st Lolkikit, 2022(8): 32-34.

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

CHEN Guo-fei, XIAO Meng, HUANG Liang-jun. Atm
Analysis and re-Design Based on Ergonomics[J]. Indus-
trial Design, 2022(8): 32-34.
skERRK, A, E A LD A XU PR AL O v
BHEWEIE[). A TR, 2020, 41(14): 49-60
ZHANG Rui-qiu, LI Ze, LI Yu-qi. Trends of Risk As-
sessment Methods for Musculoskeletal Diseases[J].
Packaging Engineering, 2020, 41(14): 49-60.
ANANDAKUMAR R, BALASUBRAMANIAN K R,
SIVAPIRAKASAM S P, et a. Postural Discomfort
Analysis of EOT Crane Operators[J]. |IOP Conference
Series: Materials Science and Engineering, 2020,
912(6): 062019.
SHAFTI A, LAZPITA B U, ELHAGE O, et a. Analysis
of Comfort and Ergonomics for Clinical Work Envi-
ronments[C]//2016 38th Annua International Confer-
ence of the IEEE Engineering in Medicine and Biology
Society (EMBC). Orlando, FL, USA. |IEEE, 2016: 1894-
1897.
XUBE, MR, RN Z20 . 20 38 wIAILIIL PR B i 4 0 XU
B TR T[] Tolk TR S48, 2012, 17(2): 118-
122.
LIU Qin, SUN Lin-yan, LIU Jun-feng. Human Factor
Analysis on the Musculoskeletal Disorders of Bus
Drivers[J]. Industrial Engineering and Management,
2012, 17(2): 118-122.
XNE, T/, IEEE, . BT AN TR =8 H
Bii 4 4% b A AR AL BT F ST (). B2 4, 2012,
33(5): 109-113.
LIU Xiao-xia, WANG Xiao-ping, YANG Yan-pu, et al.
Optimization and Research of Fire Fighting Truck’
Layout Design Based on Ergonomics[J]. Journal of
Graphics, 2012, 33(5): 109-113.
SKENES, AR, R, . T LA A AT b
JHCEESARETIE LN A ). Tl TR 55, 2017
22(5): 88-93, 101.
ZHANG Li-zhen, SHAO Qi, YANG Jia-qing, et al. Up-
per Limb Posture Discomfort Assessment Method Based
on Musculoskeletal Loads[J]. Industrial Engineering and
Management, 2017, 22(5): 88-93, 101.
LA, SR, A, BT E R R B E T AR
BT R, R FM(AAFFRR), 2019,
59(11): 873-879.
GUO Hong-ling, ZHANG Zzhi-tian, YU Run. Assessing
Construction Workers' Unsafe Behavior Using a Danger
Coefficient[J]. Journal of Tsinghua University (Science
and Technology), 2019, 59(11): 873-879.
A, miEW, KEIF, . MR R T ILA
P05 TR A BESE ], 2 R oA i, 1996,
6(4): 16-18, 12.
JN Shu-xiang, HUANG Hai-chao, ZHANG Xiu-fen,
et al. The Ergonomic Investigation of the Sorter’s Per-
formance in the Post Office[J]. China Safety Science
Journal, 1996, 6(4): 16-18, 12.

( %55 440 11 )



