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Fuzzy Evaluation of Key Hardware Design of Dishwasher
Based on FTA and FMEA

ZHANG Lili,CHEN Jin,ZHEN Wendong

(School of Mechanical Engineering, Jiangnan University , Wuxi, Jiangsu 214122 | China)

Abstract ; Research projects’ group took the evaluation of key hardware design of a commercial dishwasher as the
research object. Considering the shortcomings of poor accuracy and limited-application of product design evaluation
scope at present, a fuzzy evaluation model was put forward based on FTA and FMEA, and spray structure design
evaluation was taken as an example to verify. Due to the poor accuracy, lack of logical rules, low sensitivity and
repeatability of risk priority RPN ranking in FMEA | the evaluation method proposed in this paper used trapezoidal fuzzy
numbers S, O, D to define the rating standards, and matrix method was introduced to measure FMEA risk ranking, and
the associated potential failure modes were located to the key components of product design through data accumulation.
The evaluation result of the example is in accordance with the actual situation. Therefore, the evaluation model proposed
in this paper is accurate and effective for evaluating the key hardware design of commercial dishwashers, and can be
extended to other products to evaluate the quality of hardware design and help enterprises effectively complete product
design evaluation.

Keywords ; commercial dishwasher; quality control; FTA ( Fault Tree Analysis); FMEA ( Failure Mode and Effects

Analysis) ;fuzzy numbers ; matrix approach ;design evaluation
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Figure 1  Fuzzy Evaluation Modeling Process

Based on FTA and FMEA
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Table 2 Language description and fuzziness of risk factor rating standards
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Table 3 FTA-related information and data of

spray structure of dishwasher
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Figure 2 FTA of spray structure of dishwasher

MR 2 580 & RIS 4 Ais Bk (4) ~
(6) ,FBEMEE 132 A K5 S, 0 1 D (BRI %55
24 (0. 425,0. 525,0. 625,0. 725) ; (0. 317,0. 417,
0.517,0.617) F1(0.267,0.367,0.467,0.567) . H.rf
FHEFHAE R RBH AL (10) ~ (12) HHEF 3], ik
4 JlR o

WRYEE FKIForas Gia ik (4) ~ (6) , B FANE
IR AEL RN IH — 1 I 75 30 45 VS A I A A 7 14 JRURS: 8]
(S,0 F1 D) BoIEL, WS,

4 BT (S, 0 Fl D) FHE. 5 72 0] 5 O 1)
WM. KRS MR £, (i = 1,2, L,8) KUK A
F(S,0 F1 D) 43 HIARASERER AR v, = (1,1,1,1),
FIA A () SRA5 WA e KU B B, &2l A 5K
(7) EBIFHERT , TERS WL 6,



- 08 - B THI# Light Industry Machinery 2019 FF&E4 HA
A4 R THEMB R B T E X &
Table 4  Interrelation of risk factors based on fuzzy number
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Table 5 Fuzzy number of risk factor for failure mode of spray structures

JRE JEEERE S KAEF O PRMEE D
fi (0.610,0.746,0. 814 ,0. 881) (0.230,0. 350,0. 470,0. 590) (0.389,0.522,0.656,0.789)
f (0.534,0.644,0.737,0. 831) (0.120,0.220,0. 320,0. 460) (0.600,0.733,0. 867,1.000)
S (0.424,0.525,0.627,0.729) (0. 380,0.500,0. 620,0. 740) (0.122,0.244,0.367,0.511)
i (0.381,0.483,0.585,0. 686) (0. 660,0. 800,0. 900,1. 000) (0.144,0.244,0.344,0.511)
fs (0.788,0.983,0.992 1. 000) (0. 100,0. 200,0. 300 ,0. 440) (0.106,0.211,0. 317,0. 478)
Je (0.750,0.932,0.953,0.975) (0.280,0. 400,0. 520,0. 640) (0.078,0.156,0.233,0.422)
7 (0.597,0.729,0. 801,0. 873) (0. 150,0. 250,0. 350,0. 490) (0.189,0.322,0.456,0.589)
i (0.432,0.534,0. 636,0.737) (0.180,0. 300,0. 420,0. 540) (0.300,0. 433,0. 567,0.700)

& 6 FMEA B3 4% He fp B2
Table 6 FMEA fuzzy assessment ranking and suggestions
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