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Traditional Improved Design M ethod of Manual Agricultural Tools
Based on Multi-attribute Decision-making M odel

LI Xue-rui, MING Yu—cheng*, YANG Wen-yuan, ZHANG Ye-hui, ZHAO Kun-rong
(Shandong University of Science and Technology, Shandong Qingdao 266590, China)

ABSTRACT: The work aims to propose a multi-attribute decision-making model to study the improvement design of tra-
ditional farm tools based on people, so as to improve farmers' experience in agricultural production, reduce their physical
burden and improve their work efficiency. First of all, with farmer users as the center, specific requirements were put
forward based on JACK man-machine simulation data. The analytic hierarchy process was adopted to calculate the weight
of demand, clear the design objectives and urgent design problems. Then, the object field model in the TRIZ tool was used
to analyze the problems. According to the corresponding standard solution, the design problems were solved. Based on
this, the improved design scheme was completed. Finally, the rationality of the method was verified with JACK simulation
software. A multi-attribute decision-making model integrating analytic hierarchy process (AHP), TRIZ theory and JACK
simulation evaluation is constructed to complete the research on the improvement method of traditional farm tools. The
design was verified with shovels as examples, providing an effective path and implementation strategy for the improve-
ment design of traditional farm tools.

KEY WORDS: multiple-attribute decision-making; analytic hierarchy process; TRIZ theory; JACK simulation evalua-

tion; improved design of farm tools
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Fig.1 Multi-attribute decision-making model for improvement design of traditional long handle farm tools
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Fig.2 Operation demonstration of traditional shovels
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2.1.2 MR R

B 1~9 fREEEGIA, W 1. 35 AHP PFN S
AL, KRR R AR TS ST s AR,
IR 80 1y, A LN 75 43, MRAETEM AL
I ) A U] )2 55 o D00 J22 1) BT I, R B A
Gigde
2.1.3 IEHEERGE

JUPE3593 . AR . ARAEm &L . Nk
SRS DT AR SR I O AR SR F LA
SR gk AT A R A

1) B AT hR B AR AT 2 HaRe AL, Wk (1) &

M, =T1b, Ci=1,2,~, m) (1)
j=l

Horpe M FORBATIRER, FoR by FoRH i
I8 jBIICER,, m FoR IR 8

2) SRR AT AR BB ILATF M, W
X (2),

a =M, (i=1,2,, m) (2)

Ho: o FoR BAThRBE BN LT T2 fH

3) FRAERE T A LA EEZ A, WA (3) .

N=Ya (i=1,2,~, m) (3)

i=1

Hrp, NFRIUEEE 2,

4) THEXTEEABR B T B T LA M a, SR AR
WE, = (4) .

w,=%(i:1,2,-~,m) (4)

Horpy w, NJUASEME a; BRI ACE .

SR 9 D0 2 A 6 AR S SR FH A 244
T F U JZ 25 B ACEAE, 1520 W) 2 5 F 1 JZ A
EEHEMFUENZAREERERE, W 1~2 K 5.

®1 1~9BREREX
Tab.1 Scale from 1to 9 and their meanings

BB HE i W FHE R

1 —FEEE

3 FHMEZ

5 B & E

7 oy

9 W
2, 4,6, 8 TR R <18 0 T v o ) 4
P B 4514 S 1w H

2.1.4 —EMERE

AR R ) — B E S T RE M, R H AT —
FERS

1) SRS PR R KRR Amax, WK (5) &

AW,

. ;’M (i=1,2,,m) (5)

Hor. [AwW], hmE AW ISR § N, n B
R R B 45

2) TR KT R ) — BT A I, WX (6) o

ICl:ﬂ‘max_n ( 6)

n-1

3) WA M AE e, #7 Icr=<0.1 MITERH—2

PR gE L, W (7) .

1
Iy =<

(7)
IRI

Hoe Ier AFHIBEHL—BESE bR, AR 2P
BEML— PR b ks, W3R 3.




118 fu, %%

T

2023 4F 11 H

*2 ENERFENENE
Tab.2 Weights of criterialayer and sub criteria layer

Hir 2 T2 S A FHENZ LEA IR
AN RIERY By, 0.051 9
PhXL AL B, MET L Bi 0.030 4
0.091 2 "
SR B 0.008 9
i H AT By 0.1285
A%ﬁﬁ?Bz W4T 5 BE By 0.204 0
et L LR A RIBATIER B2y 0.1619
&Iz By 0.1142
7 DI AELE By FrEULAN By, 0.057 1
02854 IRE BT Bss 0.1142
- ZER T B By, 0.0559
%ﬁﬁ?%84 A5 18 By, 0.060 2
129 YA By 0.013 0
KGR B
PAEH B,
LM BLB,,
YIfE R 4By
]]M jfﬁl&éml?zz
E Fi&T By
H—. ‘ﬁjﬂﬁﬁ&fha
JEFRETIE BE By,
EREEEB,
BEIEHB,;
BT 2B,
SMUETB, | |
0 0.05 0.10 0.15 0.20 0.25

EE

Bls  FHENREAE A EE

Fig.5 Histogram of comprehensive weight value of sub criteria layer

&3 FHEN—BEER
Tab.3 Average random consistency indexes
WMHRE 1 2 3 4 5 6 7 8 9 10
Icr 0 0 0.530.8821.111.251.341 1.404 1.45 1.49

REIHAEA N HRZE A 5468452 B By, Bs.
By M —EMER IR LS, Ier=<0.1 @it —EHEAG L W
#* 4.
x4 —HHEREER
Tab.4 Consistency test results
TREK A B, B, B; By
Amax 4.0710 3.0246 3.0536 3.0000 3.0055

Icr 0.0237 0.0123 0.026 8 0 0.002 8
Ip; 0.8820 0.5250 0.5250 0.5250 0.5250
Icr 0.026 8 0.0234 0.0511 0 0.005 3

2.1.5 Wi e
HE A8 7 8 D) J2 A0 T A H P o e Lk ik

o BT REEHE Y, Hrp AT I BEALE Y 0.204,
Sk ) J2 HASL R i e B — T R I AR AR L A A R
BT 22 2% 18 3 A K AR A HL XAk 55 211 35 IR 1)
P05, o MR AT 35 M 2 R i A R S N L A 4% 0
FRbRIEAT BT,

2.2 ETF TRIZ BiLRYi& i1 o] 75 g B 3R B

TRIZ FRiSfideln) SR i . TRIZ BRIGH & 563
(18 fife R [ Ry 3%, 308 e K A 4 I TR ) R A T R R )
REAI BT B =B A Wi - AT AT, o TRE )4 25
UK, F24 A — 1) R 107 F6 fige e [ By 32 047
H R ST E, & EE NS %, i
SRR ERyE P LA 6.
2.2.1 HA#HEIHR

W2 R A4S B 4518, R H s h—
FCE AT A N AR TR 4 10 BE 8% W 308 09 % fof ) o L5
I 55 FE AR H o AR SOKE DL A 913 3 TRIZ #E
WA T o AL 58 MRk AR R 254 15 1 i S A



844 5223

W, . JET ZEIEURRBI A S KR Bk R it Jr ik 119

FEUEHE DA G PR LSRG, ] 5955
VRSB 0T, AMAZ RN, i, R
2Tk A E5iE, 5 TRIZ BT, i
TERUCER BB APLEF G L, B R BT e R
ARG T R HT A H A R i el N 57 V7 4
25 R Of AR S 2 SR AR A 4 5 L LAMOR AR R Y
YR B iAfa R, DLIET 7,

: RO

P

|

i' FRINEE WA

| |

v )’ v v
| BAZE | | WEPE | [How ToRR | [ Wiz |:

2) MEAER T o AEAE 23 M m] LIRS 2% 20 1
Z IR AR LA RN R o G A L 1) A A
TR R A A Z MR AR oG &R, Hep o7
URMA N Z MIAAAER B OCR,  “x” R4
TFZ AR EAE SRR, WK 6.

*k6 HEMERSH

Tab.6 Interaction analysis

A A Bk A Rk b

B o o x x
RTOS o x o x
A o x o
YEMP X5 x o o
Hb i x x o) o)

B2 [ oeE| [PELE] | ORE | e
i | | T T :

K6 TRIZ HIE k) B e
Fig.6 Problem solving flow of TRIZ theory

&7 Bty B TARRE
Fig.7 Transformation of expected working
state in design scheme

222 RGEIIRENT YIRS AT

1) dEr#r . At TRIZ BIg b IRE
Prog 2oy, TR TRERS . TR REH
PEUL O R GEAFINAE ok . DLBRBRAE N TR R 4L,
Xt RGN LA St R AN FREAT I, R RGEA N5y
NIRRT BRECK B, AR G4 9 Hu
A BB 5 = FR 5, W3R 5.

=5 HHEHN
Tab.5 Component analysis
TRAS  FEHIGE REHIF ARG
1. 24F 1. A
BREK G NS 20 Rk 2. MRS
3. Mt

3) BRERINAE AT AY . DI RE M MR A BE 4k HH A
P Z 8020 J o AR 3 AR EL AR 20 B F)  2 k1 2 REASE
B, LR 8. DHRERAL AT LI ROR R GE b A AR
A FAE o RIEDIRE TR o] LIS M A, 7=k
PSR I NN SR AT Z MR R 7, AR
NS B S, AT LG i A SR B R AT T

me B }mnre (-,
X

iz —> (RIS <_z
8 SIS BT

Fig.8 Functional analysis model of shovels

BRIk

223 FJESTT Y — R

XTER AR B D) g 43 A A5 L 38 2k — I A R S 4R X
JF P 7 fife A Mo DR 3R 0 v A A 1) TR Ry e A A 2 [
B MG A PR UM R AR my . TR
RGP EETREMER, ol S FamPi, F R
NG o X AR SRR R 57 VERT , A ok B 25 il 5 2
B 7= A A O S 9% 5 SO — o A A ) — S B . F
MBI, S1 A, S2 & H., TRIZ B M) —I7ps i 2
BT SR AR, FROMARMEREENY, Sk 76 4N, 76
AR TR 4R 5 2K

OB A H AR R G (FEAY IR

QUAERS: (HEEYIAHHAL)

O ARG (A, ZREAGHMMH R Gk
k) ;
ORI ZR S (a5 )

Ot 78 (R 5UEE)

M ATEA AR B o5 E i B b & 7= AR 55 I8k, A
I, S2%F S1 A EAEM . RIS, A
JERNAEBLT , B KA B L ARTR,, TGk
ENF R BB ENE, WAl 76 NhrfEff
VeSS | bR P 026 3 MRl . “BINRSEAR



120 1 %

T

2023 4E 11 A

Hliis

@
B4
fici o)

K9 W1 i
Fig.9 Object field analysis model

RECRAE , (H AT LAFH 7K A B S B (4 43 Jin 40 o el 73
S1 5% S2 J&r iz iy, Wiinz., ” vl g AZE
TE ISR =R I S2 Ak A S2 A HLIAME |, LA 2% fift
S2 X S1 ™A MA EMEM, WK 9,

3 MRIEITAERHEHE JACK AL
HIWiE

3.1 MRIZITARKH

FEAE AHP P85 TRIZ BRiE 0T BAL S KA
A BRI ATVE R BRSO 2 F TRk B A st
B, MRYE AHP FRISHH A BB oK EE 2R HES i
FP, W R e B AT, N TRIZ HE Y —
Y3 W R EA T AR A B ik, B A9 Bk A
Jr%E, WL 10,

S

B10 BRaisett Ir 58 S kit Oy 58 S5 A GL kil it FH X e
Fig.10 Improvement plan of shovel and comparison between
improvement plan and traditional use of shovels

Wit AHP i85 TRIZ FSHHE &% &
PIHLERIE MR T2, 7857 VE BN A 3R X4k
BRI AT Ak o AR BRI AT _E BB AT Y =X
57 8 H ] L — FR AR G, 5 — TR R
U, (45 97 154 1T LA 30/ N B2 R AR AT 8% v LA
WA WA o B4R R e, S
AT LA 3l B v B BT 30 B AR 48 4 T 0 B DL S
PLIR B AT DL LA &7 38 RS 09 B o RSB
LR UE H, R A A R S 60T,
OIS S27nT LA . b /)Mol FH 2 A S 2 il
AT 98 At FH 2 7R s (1) 57 1 2o A v ) % 57 J%

3.2 JACK AN IRAE S HTEIE

Tl VE 187 2y R BR AR ek R 7 RAE L IF 247 (8 H #E
BN, W ETT i TR AR, LI 11, fif
R R B AR SIE S . B Rsh . Bik
AT . A S AR L 2R ITE . AR R
Sl FE A i R R A R, HL S il
&SGR I NIRRT T A7 X6 U o0 Br o AR BB vp
B 50% A A B AR B 1, B 167.8 cm, {RHE
59 kgo B SEM N R EERAK, HEEEN
4 kg, F3xH i AL SRR IR 5 A SO BT SRR PR
NWIEFRE4T Lower Back Analysis {/f ELor#H™, 15
B XSS5, IR 12,

HRARE 07 253 B B0 15 0 AE AR R 2R 5 VR Mk X 5
HiE R dkg MIEOLT , A& Geaksk ny At X0k IS 7~
A 1607 N WFERJ1, Tiifl AR S5 45 i Bk
BT EER = AR 1055 N BIAER 1, A3 uER T4
SCE R T R ABLETIE M RIS R T PR e
T Z8 A A AN 23 X6 LAt B AL 7 A i 7 far 1) R T
Xt el it 7 2 B NIRRT AT ForceSolver {5 .53
Mr, 75 H B AR LA AT 1 32 5 B O VA B % Al

(W 13) , WER TR R RE M.

)

o

W
L

BT R SRR A

Fig.11 Operation demonstration of improved prototype



B4t 22 WA, 5. BT ZREMEIOREAL L G AR Rl R I Jr ik 121
|| @
) e 5% | vnan framan =
e b = w5|3tm|§fnph|£&bdoqs
s | Bt | Graphs | Wb
. it Human Asributes
- rrgoe oo meigpn fhan Genden [male  Height fcm)k 16780 Weight flgl |55
L4LS Forces (N) low back spinal forces (L4/L5)
e I LAALS Forces (N)
e | Compression (—
= ] a0 w00 L AP Shear D
|_stsamn ey e Lateral shear |
- R e o ) i . . "
i o 2000 4000 6000
| low back compression force of 1607 is below the NIOSH Back Compression Action
of 1400 N rep nominal risk of iow back injury for most healthy workers.
i Usage  Watchdog Only Loads & Weights |  ACTIVE |  Dismiss
@
r -y r.1.1'." Human humand |
§'r' arine
P — o fhmn, Ebifves 5M'yl-!| Reports | Graphs | Wetchdogs
s | et | e | wonbinge
e Human Attributes
— o —
- Gender; masle Heght (cm): Weight (kg 5900
LALS Fosces (N) b T T
— low back spinal forces (L4/LS)
o FI | L4/L5 Forces (N)
— ] : > 0 - o : wn ; Compression :
T e S s G R ] s i]
T T N T Lateral shear |
e e : = = aE

P12 AR Geak K- ek Ja 0 B i RS 52 ) o B

1 low back compression force of 1055 is below the NIOSH Back Compression Action Li
of 3400 N ing 3 nominal risk of low back injury for most healthy workers.

Usage  Watchdog Only Loads & Weights |  ACTIVE Dismiss

Fig.12 Analysis of waist force of traditional shovels and improved shovels

¥l 13 ForceSolver i L4 AT 45 5%
Fig.13 ForceSolver simulation analysis results

A, ARG RN AR B BRI T — 2 A AR
TSI Tl S S
S 3k

4 #5iF
At 4E S AHP 5 TRIZ HE DL 451 Xt

N Y = NSl S 2 A i W) B TV = 10O Il v o 0 [
B 2 5 2R 2 AR S 3 [ 4T 40 45 BT R 1)
CRARCE, M E BTN EE A, XTI AT
VO R . 5IA TRIZ B¢, 52 RETH45E
AT, AT R S, Y- AL, X PR
AT B - S AT AT A B, 3 A o ER A
W) - B X N AR A, 3 3 S B SR IE BT H ek
RAZE, JFHiEid JACK 1 BLE T 5 YA HE:
ZE Lk, AR SCHE i 2 2E RN LS A A R GE L TR
A BRI R, PRl TR A, 22
fift 1 AV 55 59 35 DA IRk ) 45 2 ik DA = A L 308 sl
FEOWRANGE , FRART A0 55 ) 35 T 1) F8 s AR

S, 228 E. fla SET/AHP/TRIZ HYZAEH ST
L EQFBITBISET]. HL T, 2021, 38(S2): 113-
117.

TANG Xue-yan, LI Cui-yu. Research on Innovative De-
sign of an Elderly Electric Scooter with SET/AHP/TRIZ
[J]. Journal of Machine Design, 2021, 38(S2): 113-117.
SR, KRR, ERF, % 5T AHP 5 TRIZ 5%
B NS ARSI [T]. A3 TR, 2019, 40(24): 187-193.
GU Jun-li, SONG Duan-shu, CUI Tian-qi, et al. Design
of Wheelchair for the Disabled Based on AHP and TRIZ
[J]. Packaging Engineering, 2019, 40(24): 187-193.

(1]

(2]



122

il %

T 7

2023 4F 11 H

FHGeFT, VifF, g, 4. JET AHP 5 TRIZ #9183
BLA =i it [I]. Bdh 5P, 2021, 37(11): 81-86.
FU Xiao-li, XU Qiao, YANG Shu-feng, et al. Design of
Steamed Bread Machine Production Line Based on AHP
and TRIZ Theory[J]. Food & Machinery, 2021, 37(11):
81-86.

T, . £T AHP/QFD/TRIZ HIBBLALE KA
Bl MU, 2020, 37(8): 121-126

SU Jian-ning, WEI Jin. Design of Rose Buds Picking
Machine Based on AHP/QFD/TRIZ[J]. Journal of Ma-
chine Design, 2020, 37(8): 121-126.

W, Mk, 3L, % ST TRIZ BHE AT 2A A
R T[I]. El2EdR, 2021, 42(1): 158-164.

YANG Qin, LI Wei-lao, ZHOU A\, et al. Innovative De-
sign of Luggage Case Based on TRIZ Theory[J]. Journal
of Graphics, 2021, 42(1): 158-164.

FEFH, VPR T AHP 5RO A A
B 5EEMN[T]. % TR, 2022, 43(6): 213-219.
WANG Zi-xiang, XU Jia. Packaging Design and Evalu-
ation of Agricultural Specialty Products Based on AHP
and Fuzzy Mathematical Model[J].
neering, 2022, 43(6): 213-219.
Tk, A, BHH, 4. 5T AHP/QFD/TRIZ it
BT iR B ST T[], A TR, 2023, 44(2): 90-100.
WANG Nan-yi, SHI Chang, WEI Yang-yang, et al. De-
sign of Retractable Dining Table Based on AHP/QFD/TRIZ
Theory[J]. Packaging Engineering, 2023, 44(2): 90-100.
FE, KA, AR, 5. T IWAT MEIBH
B/AHP/FAST BB it I ikt s (], % T, 2022,
43(24): 144-152.

WANG Hui, ZHANG Shu-tao, ZOU lJian-qiang, et al.
Research on Innovative Design Method of B/AHP/FAST
Based on Animal Behavior Theory[J]. Packaging Engi-
neering, 2022, 43(24): 144-152.

UZOKA C, MISHRA R. Integration of TRIZ and CFD
to New Product Development Process[J]. International
Journal of Computational Fluid Dynamics, 2020, 34(6):
418-437.

Packaging Engi-

[10] WANG lJian-wei, ZHANG Jian-min. Research on Inno-

[11]

[12]

[13]

[14]

[15]

vative Design and Evaluation of Agricultural Machinery
Products[J].
2019, 11: 1-8.
VRakIE, TURZE. JET AHP-TRIZ (52 5 X BE 0]
W™ i cTE[I]. BLB BT, 2022, 39(9): 128-134.

XU Ji-feng, WANG Shu-yun. Design of Intelligent Re-
cycling Products for Household Kitchen Waste Based on
AHP-TRIZ[J]. Journal of Machine Design, 2022, 39(9):
128-134.

WIEEE, WK, T, 4F. R T TRIZ BIE R EH
BLas AR i AT 85 2540 BT [J]. MLb & 5 A sk,
2022, 51(5): 159-162, 166.

HU Hai-xia, CHANG Bo-bin, WANG Cheng-jun, et al.
Structural Design of End Effector of Milking Robot
Based on TRIZ Theory[J]. Machine Building & Auto-
mation, 2022, 51(5): 159-162, 166.

LRE, FFEW, EH, 45 5T TRIZ B rEIHE
N2 DIRE R B BT (], MU S ST, 2022,
38(4): 208-212, 218.

JIANG Min-zheng, YAN Chun-yu, DONG Kang-xing,
et al. Design of Multifunctional Coating Device in Pipe-
line Based on TRIZ Theory[J]. Machine Design & Re-
search, 2022, 38(4): 208-212, 218.

g, maEAR, 2280, 5. T WA & 5kt
AR A 1 B T BT A AL (D). PLAR T 5 W5, 2022,
38(1): 25-30, 50.

FU Min, HAO Yi-lin, LI Meng, et al. Innovative Design
Model Based on Su-Field Models Construction and
Evolutionary Transformation[J]. Machine Design &
Research, 2022, 38(1): 25-30, 50.

sKSCE, BHER, 2Rk, . RAIZIEHHE 5 JACK 4%
P B Al BT TR FGE (D], HLAR B 5 43, 2022(9):
32-36.

ZHANG Wen-yan, TAO Qing, LI Zhao-bo, et al. Re-
search on Sitting Posture Evaluation Method Using Mo-

Mathematical Problems in Engineering,

tion Capture and JACK Software[J]. Machinery Design
& Manufacture, 2022(9): 32-36.

TG BRfE



