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Comprehensive evaluation of wheel train transmission schemes
based on interval type-2 fuzzy sets

LIU Hao, ZHAO Yongsheng, MA Yali, YAN Lishan, DONG Haotian
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: There are some problems in traditional scheme evaluation, such as lack of reasonable method guidance and strong subjectivity. At
the same time, the evaluation indexes of gear train transmission scheme are complex and diverse, so it is difficult to convert scheme
evaluation from qualitative evaluation to quantitative evaluation. Aiming at the problem of comprehensive evaluation and optimal selection of
the wheel train transmission schemes, a comprehensive evaluation method based on interval type-2 fuzzy sets (IT2FSs) was proposed,and the
comprehensive evaluation mathematical model was established. Firstly, a multi-level and multi-source heterogeneity comprehensive evaluation
index system was constructed considering the static characteristics, dynamic characteristics, and structural features of the various wheel train
transmission schemes. Then, a fuzzy analytic hierarchy process ( FAHP) method based on IT2FSs combined with the interval type-2
dependent ordered weighted average (IT2DOWA ) operator was proposed to assign index weights. The method of constructing evaluation
functions was used to complete the pre-processing of index data to solve the problem of unquantifiable data of the complex evaluation indexes.

To address the problem that indexes of different data types could not be measured uniformly, the probabilistic statistics method combined with
fuzzy comprehensive evaluation (FCE) method was used to achieve a quantitative comprehensive evaluation of the wheel train transmission
schemes. Finally, the feasibility of the evaluation method was illustrated based on the simulation analysis and theoretical derivation of a wheel

train transmission scheme, and the effectiveness of the comprehensive evaluation method based on IT2FSs was verified by using robustness
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analysis. The research results show that the quantified comprehensive evaluation score of this scheme is 62.53, which is good and basically

meets the requirements of use, and all the schemes maintain their original rankings in the robustness analysis, which indicates that this

method has certain anti-interference capability.

Key words: mechanical transmission; wheel train transmission schemes; interval type-2 fuzzy sets (IT2FSs); fuzzy analytic hierarchy

process( FAHP) ; interval type-2 dependent ordered weighted average (IT2DOWA ) ; evaluation functions; fuzzy comprehensive evaluation
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U, [9%.2,9.7] [95.9,9.2] [95.3,95.9] [94.7,95.3] [94.594.7] [93.8,94.5] [93.4,93.8] [92.9,93.4] [92.5,92.9] [%2.1,92.5]
Uy [108.9-293.4] [93.2-204.1] [63.8-138.9] [55.8-105.7] [39.6-85.5] [35.9-73.4] [20.1-62.2] [27.6-53.2] [25.9-47.3] [21.344.6]
U, 11124 1.1217 1.1246 1.1364 1.1431 1.1496 1.1573 1.221 1.2466 1.2531
Uy [26.4-76.1] [28.5-79.3] [30.8-80.1] [32.2-82.9] [34.6-83.5] [36.7-85.9] [37.2-96.3] [39.3-89.5] [41.2-92.2] [42.2-93.8]
Uy,  0.4756 0.6452 0.7594 0.8169 0.9293 1.0678 1.2013 1.2972 1.3126 1.3487
U, 13735 1.4963 1.5928 1.6867 1.7632 1.8912 1.985 6 2.093 2.1654 2.2167
U, 21315 2.1912 2.2156 2.3439 2.4663 2.6324 2.746 2.845 2.9546 3.0826
Uy, 4326 4.6474 5.4654 5.562 1 5.6963 5.7181 5.9546 6.0784 6.1679 6.2929

T Uy, Uy, IR T b 25750 5 U, Uy, AR e 55 32 5 Uy Uy, i B2 55 5 58 5 U, O BlRF IR IE 5 U, Sl R A7

13 Uy, ARSI Uy, AR iR 2% 5 Uy, RSN U, s
LREIIOEFEINER 10 B,

K10 FEHEREKEE

Ull UlZ U]3 UM UZI U22 U23 U24 U3] U32 U33 U34 U4l U42 U43
A 0.4 03 03 04 02 06 02 02 04 03 02 0.2 0 0 0
B 0.1 0.1 0.1 0.2 0.2 02 01 02 01 02 02 0 0 1 1
C 0.2 0.2 0.1 0.2 0.2 0.1 0 0.2 0.1 0.1 0.1 0.1 0 0 0
D 0.2 0.2 0.1 0.1 0.2 0 0.3 0.2 0.2 0.2 0.2 0.3 1 0 0
E 0.1 0.2 0.4 0.1 0.2 0.1 0.4 0.2 02 02 03 0.4 0 0 0

AN R (26) X FHabr 2 i ) i S5 4E AT 28 PR AR TR A T AN R R .
WA TROE . A3 BISE TP S R B IFARTE 2.2 S=lwy,},

WRE TN A ECRIE LS P = 1100,80,60,40,20 | X
AT AR E SN ECRES P TRtz
AP AN LR BTN BN 62.53,

RS R % RN A TR A R R AT (R
SRR ARG

4 SEETFMEENERESN

SR £ 5 PPN L AT SR, S AR
BRI A RERAZ AR DL, W AT B o b, PPAl
R 2 5Um R TR AR A RS B HE P PERE R T3l

1) TEREAT & BRI A A, B4 E 20 B A BURR XY
P (e Jath Jrirk) o IR BILEE PR )z
B RTEII T B JZ UCES R R DS B R ) 4
SR AL, PRI, ST AAS B 70 e by 2 4 JRy 19

2) 5 SN TG B B X BN T A7 2 B 46 . S
(BRI AT e B B AR A ) (B R i i
FErP AL RIA AL ) | U (B AR IE 0 B o A rh A AZ Y AL
HAR) , EH IR A SR, I, A S
R s— AU, B BOE W R B4R s 0 T30, X
TAARMRCELE , HALE AR 25 RS AR
BEAMEHEIE . BREAL 2 AU AR Z A1 A A U 2 il
(e:DE & e S

I={w, s Wy, Wy , Wy ""34’("42"”43} ,
U= {w“ s Wip , W3 ,Wy ,Wr) , W33, Wy, |

3) BesE B R A, R 5 B i B4R bR A AR
ARAEAT S B H A A R 28 R R A M

B VOE BB ERCE A R B o, s e S BIE N

LR MR E B A R o, ,u e U BIE N 05 R AT LE

BTSN E R o, i e 1 R RN AR LA E 4

TR RAR AR AMES R AT

o, = a)?/ 2 w?

iel

A o] T3 B A ) A R

4 TELL IS B0, ARG A 5 B AS 591k R 8K,
X AT A E AR BT St 9 AR A Axe A 5T LU
B g

(29)

—w'<Ax<min(w)/a,),Viel

! AT E RS HT R S A (R

S)YEH A B ARG R 530 19 4y, LAt

B R PRI E RSO R ARGE, B
RESHHEITENT

0
o, =0, +alAx",seS

(30)

(31)

0 .
w, =0, —a,Ax" j1el

_ 0 ’
w, =0, —o,Ax" uel
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T i %40 5

P o) N TUEAE AT B AR E PEA AR 1 Ax’
AR Ax 19K

Bara(29) ~ 3 (31) , 58] 19 4 H TEHEES
MrEHA R, iR 11 Fis

®11 FiERNE

S1 S2 S3 4 S5 S6 S7 S8 S9

S10 st S12 S13 S14 0 S15 S16 S17 S18  S19

U, 0.189 0.179 0.169 0.16 0.15 0.14 0.129 0.119
Uy 0.05 0.048 0.045 0.04 0.04 0.04 0.034 0.032
Uy, 0.096 0.091 0.086 0.08 0.08 0.07 0.066 0.061
U;  0.09 0.085 0.081 0.08 0.07 0.07 0.062 0.057
Uy 0.045 0.09 0.134 0.18 0.22 0.27 0.313 0.358
Uy 0.17 0.16 0.156 0.146 0.137 0.128 0.11890.1098 0.1
U, 0.18 0.171 0.161 0.15 0.14 0.13 0.123 0.114 0.1
U

s 0.072 0.068 0.064 0.06 0.06 0.05 0.049 0.045 0.042 0.038

0.109 0.099
0.029 0.026
0.056 0.051
0.052 0.047
0.403 0.448

0.09
0.02
0.05

0.08 0.07
0.02 0.02
0.04 0.04
0.04 0.04 0.03
0.49 0.54 0.58
0.09 0.1 0.1 0.1
0.1 0.1 0.1 0.1
0.03 0.03 0.03

0.06 0.05
0.016 0.013
0.03 0.025
0.028 0.024
0.627 0.671
0.055 0.046
0.057 0.047
0.023 0.019

0.04 0.03 0.02 0.01
0.011 0.008 0.005 0.003
0.02 0.015 0.01 0.005
0.019 0.014 0.01 0.005
0.716 0.761 0.806 0.85
0.037 0.027 0.018 0.009
0.038 0.03 0.02 0

0.015 0.01 0.01 0

6) PR R £ 5 DM 20 B 2 A R AR 3R 19 A X
Gy i LU —N 5 R IC AR B REE

h T X T IT2FSs W5 R AL 8h I BB VR Jr
A ROEVEA TR0 UE | T A B 4 47 AR 43 B0

B30T o 254 R rand BEHLECPRECAE L 0 21 1 11
BEAILSEEL, LAAG B BEALAE R 15 2 53 46 2 NG Ui di
P B LA R R

XFHRZH 1 N 12 s,

F12 FMHEA1

Ul 1 UlZ U]3 UM U2l U22 U23 U24 U}] U32 U33 U34 U4I U42 UM
A 0.5 0.4 0.4 0.5 0.3 0.6 0.3 0.3 0.5 0.4 0.3 0.3 0 0 0
B 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0.1 0 1 1
C 0.1 0.2 0.2 0.1 0.2 0 0.1 0.2 0.1 0.1 0.1 0.1 1 0 0
D 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0 0 0
E 0.1 0.1 0.1 0 0.1 0 0.2 0.1 0.1 0.1 0.1 0.3 0 0 0

XFRELL 2 W3 13 Frs,
F13 XHEA2

Ull U12 U13 U14 U21 U22 U23 U24 U31 U32 U33 U34 U41 U42 UM
A 0.3 0.2 0.1 0.2 0.1 0.5 0.1 0.1 0.3 0.2 0.1 0.1 0 0 0
B 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0
C 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.2 0 0.2 0.3 0.1 0 1 1
D 0.1 0.3 0.3 0.3 0.2 0 0.3 0.2 0.3 0.1 0.1 0.3 0 0 0
E 0.5 0.3 0.4 0.3 0.3 0.2 0.4 0.3 0.3 0.4 0.4 0.5 1 0 0

7)RIEZ 11 H 19 AR R 8, £ I

S HZ T S5 WA X B2 R HE Y A2k, Inigl 3 TR

S1 —=— Zf
S19 S2

—e— XHEAH 1
S3 —a— XFHEZH 2
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S14

S12 S9
S11 S10

B3 HFMENEREIN
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WRAL 2 ML i A L3 5 X IRl 1 ML,
B EEEAR

T E RIS 32 BT AR (R R 55
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SR B SRR 0 R ZH 1 > 3R > IR 2, X T
XTRRAH 2, 7 B4 i ey, T AR A D SR A e, B
SR YA R 5 4 o 1A AR 25 o 57 SR T B vE
PR AR By 5 Bl il v T2 4%

g5 LR Y ACE RBUR BB SR AR 4 E
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T R HEFE I AS 2 B 7E
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