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ABSTRACT

With the wide application of CFRP (Carbon Fiber iercement Polymers), the related machining proegsdter

molding are required for the assembly object. Asdtiiferent limitations of the available CFRP mathg processes
make it hard to determine which one is better améitvprocess conditions should be used. So, a hibyafuzzy
comprehensive evaluation of CFRP machining procetssproposed in this paper based on the fuzzyssbtheory
and subjectivity control, in which the fuzzy tremmmation is applied to conduct the first level asatond-level initial
fuzzy evaluation to get the assessment level, nishipelegree and confidence coefficients of eaaluation object;

the “AND” operation of fuzzy soft sets is applied implement the second-level fine fuzzy evaluatioget the

superiority ordering of evaluation objects; the mdiivity check and control of expert opinions @nducted to
improve the reasonability of evaluation results. &mparing the evaluation results obtained from piesented
comprehensive evaluation approach undergoing thgestivity control with ones of no subjectivity tah and a

traditional approach, the effectiveness of the prdsd comprehensive evaluation approach for thré&Rki

machining processes such as Mechanical Machiniaget Cutting and Wet Cutting is validated.

Keywords: Comprehensive Evaluation, Fuzzy Soft Set, SubjiggtControl, CFRP, Machining Processes

INTRODUCTION

With the wide application of Carbon Fiber Reinfarent Polymers (CFRP) in the field of aircraft, anative and
civil engineering, its machining processes suctriasning and drilling after molding, have attractere and more
attentions in last decades [1]. At present, foresl@FRP parts, the available CFRP machining presesxlude
Milling [], drilling[3], Laser Cutting [4] and WeCutting, which is named after the integrated mactuféng process
proposed recently[5]. All of them have their inh#@rerawbacks. For instance, Milling and Drillingség lead to
machining defects such like delaminating, fiberflipg out and fracture, hole geometric deviatiord &ntry/Exit
Kerf Width[6], sharp tool wear[7], and so on; Iritepof the good adaptability and zero tool cossdraCutting tends
to cause serious heat damage so the mechanica&rpespf CFRP parts and the assembly reliabitiéyimpaired [8];
By contrast, Wet Cutting can largely overcome thevae mentioned defects and has a rather high ptioducbut it
requires a set of mould specially designed to edtcut CFRP materials and causes the resin gpdhid carbon fiber
chippings. Therefore, many researchers focus orC#RP machining process optimization to promoteGRRP
cross-section quality by qualitative comparisonf@ghe comprehensive evaluation of different niaicly processes
considering the combined impact of CFRP cross-@eauality, process cost and production period,piglished
results are still rare. This situation stops theetigment and application of novel CFRP machiningcpsses in a
large degree. For that reason, a hierarchy fuzeypcehensive evaluation approach based on the 8Bfrget theory
and subijectivity control proposed in this paperaidelpful attempt for synthetically evaluating was CFRP
machining processes.
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For the issue of CFRP machining processes evatyat®ofeatures can be summarized as (1) Using $orzy and

uncertain concepts like “good/bad”, “high/low”, fig/short” describe the CFRP cross-section qualitgcess cost
and production period; (2) As different applicadrmave their special performance requirements FREparts, it is
hard to try finding a proper function to precisalgscribe relationships between multi evaluatiortdfisc and

evaluation indicators; (3) For CFRP machining psses with different material removal mechanisris, itnpossible
to directly compare their severity of CFRP crosstiea defects, process cost and production pefiod.instance,
delaminating induced by mechanical machining issualifor Laser Cutting and Wet cutting that thet likeanage and
resin spilling are their main machining defectspetively. So the classic fuzzy mathematic thémnot enough to
evaluate synthetically various machining processadsss expert knowledge is adopted; (4) The detisgsult

strongly depends on if more attention is paid todpict performance, production cost or productionigge So the
synthetic evaluation should be conducted for variG&RP machining processes by considering the admapsive
effect of above various factors and their weightsdo get a more economical and reasonable maghinocess. In
conclusion, the CFRP machining processes evalu&i@ntypical fuzzy, uncertain and subjective coshensive
evaluation issue which is solved by combining #itedt fuzzy mathematic theory and expert systerat iBhalso a
helpful attempt to expand new application domain&izzy mathematics.

As an important branch of fuzzy mathematics, ttezyucomprehensive evaluation is widely used in watithg the
software quality [9], mine ventilation system [1@&]ater quality[11], work safety of hot and humidr@anments[12],
medical diagnosis[13], etc. The fuzzy evaluatioprapches commonly used can be divided into twogcaies, one
is realized by fuzzy logic, expert knowledge anf@ieance engine based on nature language [14]ttiee i3 realized
by fuzzy transformation based on fuzzy quantifmatjl5]. K. D. Liu, et al. [11] pointed out someubles the fuzzy
evaluation approaches based on nature languagacing and proposed a corresponding solution tduate the
reliability of inertia navigation system simulatiobo Y. Zhu and H. Y. Lei [16] thought that the mdbive weighing
methods based on expert knowledge are still prefedaecause it doesn’t require considering thectffef sample
random errors on evaluation result and also does@t plenty of sample data. So, at present, mifmyseare made
to solve some particular comprehensive evaluatioblpm in various domains by combining the fuzzgpimation
quantification and fuzzy transformation. For examplith the basis model of fuzzy comprehensive watan and
fuzzy quantification, L. Zhang, et al. [17] and TQ.Fang, et al. [18] respectively studied on thigakility of down
hole inflow control device in mining geological aition and sandstone reservoir, K. M. Han et af][&lso
attempted to assess the stability of strata ovieligituenced by construction loads. However, itidbide noticed that
the recognition criteria of maximum membership useabove researches is no longer available whatuation sets
are ordered, because the order of evaluation setaay likely to result in an unreasonable evatuatesult and a low
confidence coefficient[20]. B. S. Nie, et al. [alized the fuzzy comprehensive evaluation of coale safety
investment structure based on the M(1,2,3) modeéltha recognition criteria of confidence coeffidiewhere the
assessment level and membership degree and cardideefficient can be obtained but the superiaritjering of
evaluation objects cannot be got. In addition, Y. and M. J. Shi [21] conducted the fuzzy compretive
evaluation to beverage enterprise risks using neali fuzzy transformation from the viewpoint of teys
engineering; M. L. Zhang [22] also studied on thal restate investment risks by considering the yrodf weight
factor and degree of membership as score valuaillatitm method that is apparently irrational aslidgawith
problems with negative assessment. For instancerfavaluation indicator with negative assessnthet,larger
membership degree means the worse evaluation todisdose score got should be less rather thandagisién the
above mentioned work.

For that reason, considering the improper subjiggtof expert opinions and the ordering of evailoltsets, this
paper presents a new hierarchy fuzzy comprehemsiakiation approach that combines fuzzy transfaomawith
“AND” operation of fuzzy soft sets to evaluate dyetically the CFRP machining processes. Moreover, a
corresponding fuzzy evaluation model that consiideven evaluation factors, three first-levelleation indicators,

a second-level evaluation indicators and three uat@n objects is established. Using the hierarfimzy
comprehensive evaluation approach presented anelnbaodt, the second-level initial fuzzy evaluatiamd the
second-level fine fuzzy evaluation can be impleraértb reach assessment level, membership degnefidace
coefficient of each CFRP machining process and theieriority ordering, respectively. Above assessmesults
can provide a direct guidance for determine a pr@&RP machining process and organize efficienttglpction. By
simply expanding, this evaluation approach candapted to evaluate other machining processes.

The rest of this paper is organized as followsseantion 2, some definitions and necessary explamatire given; in
section 3, the basic idea of the presented evaluatiproach and its steps are described in detaé&ction 4, taking
three CFRP machining processes including MechaMeahining, Laser Cutting and Wet Cutting as exaspthe
comprehensive evaluation is conducted to verify ghesented evaluation approach, the evaluatiortsegat are
compared with that of other evaluation approacimesection 5, some conclusions drawn are summarized
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2. Preliminaries
2.1 Definition of expert evaluation fuzzy soft set§13]. Supposd) ={X,, X,,X;,X,, X5, X} be the initial
universe set where the evaluation facXrsx, , X5, X, , X5 andX; respectively denote typical CFRP cross-section

defects such as “Heat damage” , “Resin spillindo&tlaminating”, “Hole geometric deviation and Kerfdth”,
“Carbon fiber pulling out and fracturing”, “Carbdiber splitting”, etc. LetE ={q,e2,e3,e4,e5} be the parameter

set in which the evaluation leve}, &, , &;, €, and€; respectively describe the severity degree of CEfRBs-section
defects such as “Very severe”, “Severe”, “General'Slight” and “no defect”. Suppose the set
F(e)={e/u.e,/ t,,....6 11 ,i=12,..6}to represent the membership degree of the evatufidor

Xito the target optiore; is 4 ; (0< 44 ; 1), then the fair(F, E) is the expert evaluation fuzzy soft set of

CFRP machining cross-section quality. Then, theeeixpvaluation fuzzy soft sets of process cost @oduction
period can also be defined with similar method.
2.2 Definition of “AND” operation of fuzzy soft ses [9]. According to the definition in section 2.2, suppdke

fuzzy soft set(F, A), (G, B)and (H,C) respectively represent the expert evaluation fusafy sets of CFRP
machining cross-section quality and process ausipaoduction period, after “AND” operation, a néwzzy soft set
(F' EY=(F,A)C(G,B)C(H,C) called as the CFRP machining process evaluatizzyfsoft set can form,

where F andE' are respectively defined &'={e,/ 4, ,€, /,u'z,...,e;1p /,ur']p} and E'={ei,e'2,...,e;1p} , the
g. is merged bye, , €, andeéwhich respectively represents thdr , jthandkth parameter of the parameter
sets A, B and C, so it is formulated as €. =€, 0eldel) where
i'=(i-)x25+(j-)x5+kK, (i, j,k = 12..n), the membership degrel. takes the minimum among
Uy, 1) and 1§ which respectively represent the correspondingnbeeship degree of théh , jthandkth

parameter of the parameter set A, B, C and canxpeessed ag. = i, Ol Oug = min(u, pl, us) . The
p andn are the number of fuzzy soft sets attending thBIDA operation and that of the evaluation indicators
respectively.

3. Hierarchy fuzzy evaluation of CFRP machining pr@esses

3.1 Basic principle.For the presented hierarchy fuzzy comprehensivéuatian approach, its basic idea is to, as
shown in Fig. 1, describe expert opinions as expeatuation fuzzy soft sets, conduct the subjesgtigontrol for
expert opinions with inappropriate subjectivity imajority rule, build new weight factor vectors bgntracting the
distinguishing weigh factors with the initial weidghctors, implement the first-level fuzzy evaluatiand the
second-level initial fuzzy evaluation by fuzzy tséormation, and realize the second-level fine fuzzgiuation by the
“AND” operation of fuzzy soft sets and the scoréuakation approach designed specially. This evamaapproach
can provide more information about evaluation rssuicluding assessment level, membership degoedidence
coefficients and the superiority ordering of evéiluaobjects to guide process decision and orggmiaduction.

Expert evaluation
fuzzy soft sets

— “AND"  [Secondevel evaluatio
Subjectivity ~operation fuzzy soft set

control of fuzzy :
New expert soft set Calculating
evaluation fuzzy s Score and

* Ordering

oM. .

Distinguishing |:|Firstdevel fuzzyt r==-=----- ---
weigh factors ||| evaluation o Secondevel fing i
! vectors | ilevaluation resultg
1 1 1 1
1 1 1
: __ 1| Second-level Second-level |!
Firstdevel weig (| weigh factor |, %l jnjtia| evaluation|!
factor vector vector I | results '
1

___________ | e
Fuzzy transformation Evaluation results

Fig. 1 Diagram of the presented hierarchy fuzzy coprehensive evaluation approach
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3.2 Establishment of fuzzy evaluation modek-or three different CFRP machining processes réispécnamed as
Mechanical machining, Laser cutting and Wet cuttmierarchy fuzzy evaluation model is establisaeghown in
Table 1, where eleven evaluation factors, thnest-fevel evaluation indicators, a second-levelamesidered and the
corresponding weights are determined by the carttdh of each evaluation factor to the related@atéon indicator.

Table 1 Hierarchy fuzzy evaluation model of CFRP mehining processes

First-level evaluation Second-level evaluation
Factors(Weight) Indicator(Weight) Evaluation Indma
Heat Damage(0.3)
Resin Spilling(0.3)
Delaminating(0.15)
Hole geometric deviation and Kerf width(0.15)Cross-section quality (0.5)
Carbon fiber pulling out and fracturing(0.07) Process adaptability
Carbon fiber splitting(0.03)
Tool cost(0.3) Process cost(0.3)
Device cost(0.5)
Energy consumption(0.2)
Production preparation cycle(0.4) Production péfid?)
Actual machining time(0.6)

3.3 Hierarchy fuzzy evaluation of three CFRP machimg processesFor the given evaluation model of CFRP
machining processes in Table 1, the hierarchy atialu is implemented by the following steps:

Stepl: Collect expert opinions and form expert eatibn fuzzy soft sets. For an evaluation objegpasately invite

N experts to select a target option to each evalndtictor. And then, take the probability of eveagget option as
the membership degree of the first-level evaluatmticators to form the initial expert evaluatiomzty soft set

(Fo,E) ={F, (€),i =12,....,m} where F(€)is defined asF, (€) ={e /4;,,& /U ,,...6, [ 14} that

represents the initial membership degree vectthefth evaluation factor, andm, N are the number of evaluation
factors and target options, respectively.

Step 2: Subjectivity check and control of experin@ms. Supposd) be the number of non-zero elements in the
vector Fy; (€). If n, >(n+1)/2+1 is satisfied, then it means that the subjectigiiptrol is needed. To do that,

find the minimum element/, .., = Min(4; ;) from the vector;; (€) and calculat®, = £ .., X N wheren,
are the number of experts who selected the taggitrowith the minimum membership deggs,;, , and then invite

the othern, experts to assess once more to update and reheiltnew expert evaluation fuzzy soft set
(F,E) ={F (8),i =12,...,m} .

Step 3: Determine the weight vector. For the (BetE) , its weigh vectorW, ={W,,W,,... W} can be
determined by the equatid, =W° xW, where W.° is the initial weight factor of each evaluationtfar vectors

m
given in Table 1, and\ is determined by the equatio, =V, /Z:\/i where V, =1-1/(nxH,) and
i=1

Step 4 Fuzzy transformation. Conduct fuzzy, fransfrmation the,eavationE« (€) =W, « (F,E) and
C(e)=W,*(E,,E) to get the first-level fuzzy evaluation vectdr, (€) that can be described as

E.(e) ={e/y . .ell,,...e. .} and the first-level and second-level initial fuzzvaluation soft
sets(E,,E) ={E, (€),k = 1,2..p} and C(€) ={€,/ 14,,&, | i4,,....6, | {4,} , wherep is the number of the

first-level evaluation indicators. Then, the assemst levelC, and confidence coefficiet can be determined by
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min{14R=Zk:/,1j > N}

equationC, = , where 0.5 < A <1 is the critical value specified by the recognition

max{KR = Zk:,uj > 1}

criteria of confidence coefficient.

Step 5: Conduct the “AND” operation of fuzzy safts Take separately a target option from eachcrfoQE'l, E)
and merge them to form the second-level fine fuzzyevaluation soft set

(G,E") ={G(e)} ={e/u,,e,lu,,....eli} by the “AND" operation, where€ , f can be defined
respectively as € = ey Ues D,...,Dep’Sp and 4 = min{x M, ""’/Jp,sp} where €, and
,uk‘sk represent thes, th evaluation target option of tHeth row of the se(E'l, E) and their membership degree, so
s=n",

Step 6: Calculate score of each evaluation objegicanduct the superiority ordering. For the(€2tE") , the score

p
vectorS={S,S,,...,S;} can be calculated fy = Zs( . If the number of evaluation objects(fs then the
k=L

q
comparison tabl€C with g rows andq columns can be formed &, j) = Z S(K) . Where, if S, =S,
k=1

and Ly 2 M, of S < S, and i S 4, . then S(kK)=S, , or else S(k)=0 , and

verage

n
S = (z j)/n is the average score of target optior;s;yk and ,u'j’k denote the membership degree of the

average
j=1

K th target option of théth andj th evaluation object, respectively. If the scoréugd/; of the i th evaluation
object can be got b, = Sk =S¢, where Sk and S¢ are the sum of elements of theh row and j th column of
the comparison tabl€ , respectively, then the superiority ordering oleation objects is carried out by the score
value, that means the larger the score valueadéfiter the evaluation object is.

4 lllustration and Discussions
For samples obtained from Mechanical machiningeLawstting and Wet cutting, invite N experts toestlthe

evaluation levels from “More sever@()”, “Severe(€, )", “General(€,)”, “Less severe€, )” and “Not severe€;)” to
each cross-section quality evaluation factor giveiable 1 so as to form expert opinions and theesponding
initial expert evaluation fuzzy soft se(§, , ,E) . (F,_,E) and (F,¢,E) by stepl in section 3.3. They are given

as.
(6 & & & &] (& & & & & (6 & & & &|
0 02 03 04 01 03 04 02 01 0 0 0 01 09
0 0 0 0 1 ; 0 0 0 0 1 , 01 05 02 01 01|,
(Fu.E)=[02 05 02 01 0| ¢ ,E=0 0 0 0 1| F F=/0 0 0 0 1
01 04 02 02 01 0 02 03 02 03 0 0 0 0
02 03 03 01 01 0 0 0 02 08 0 0 0 01 09
0 0 0 0 1| L0 0 0 0 1| |0 03 04 03 O

Similarly, after being assessed by “High&, X', “High ( &,)", “General (&;)", “Low ( €,)", “Low ( &;)" to three
process cost evaluation factors , and by “Long&)”( “Long (&,)", “General (&;)", “Short (€,)" and “Shorter

(&;)” to two production period evaluation factors givie Table 1, the corresponding initial expert eradion fuzzy
soft sets(F,  ,E) . (F,.,E).(F,c,E) and(F;,,,E), (F;,E), (F;c,E) are gotas:
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& & & & & & & & & & & & & & &
03 04 02 01 O 0 0 0 0 1/ 02 05 03 0 O]
(F,u,E)=| 0 02 04 03 O01|'(F, ,E)=|03 04 02 01 0| (F,.,E)=| 0 O 04 05 01
02 03 03 02 O 02 04 02 01 01 0O 0 05 02 03
(& & & & & & & & & §& & & & & &
(FsmsE)=101 03 05 01 0|'(RBE)={03 04 03 0 0| (Rc:E)=104 04 02 0 O
|03 05 02 0 O 0 0 0 0 1 0 0 0 0 1

After subjectivity check and control, rebuild thrétial expert evaluation fuzzy soft sets that fdite pass so the sets

(F;M B (F;c ,E)and (F;,L ,E) updated by(F, , ,E). (F,c,E).(F,.,E) are presented as follow:
e & & & (6 & & & &

o o
0 02 03 04 0 0 0 01 09 e e e e o
0 0 o0 0 | 01 05 02 02 O o s 5 o o 1l
(F ,E)=|02 05 02 01 (F;C,E): 6 6 0 0 1| (,E=/03 04 02 01 O
01 04 03 02 ' 0 0 0 0 1 02 04 02 02 O

0O 0O O 01 09
10 03 04 03 O

02 03 03 02
0O 0O 0 O

o
HOOOI—‘i_\

Using the weigh factors given in Table 1, thre&ahiveight vectoréNlo, W2o WS0 and the weight vecto¥V, of
first-level evaluation targets can be respectivetiefined by step 4 in section 3.3. where,
W ={03,030.150.150.070.03}, W? ={0.3,0.5,0.3 , W? ={0.4,0.6}, W, ={0.5,0.3,0.3 .

After conducting the first-level and second-lewgt4y transformation, the second-level initial fuzaaluation soft
sets(C,,» E), (C_, E) and(C., E) can be obtained, by which the assessment levéheoMechanical

machining, Laser cutting and Wet cutting process lba determined by the recognition criteria of cberfice
coefficient at the critical confidence coefficiedt= 0.6 . They are respectively “General”, “General” asdiitable”
and the corresponding confidence coefficients atdass than 66.1%, 64.3% and 61.1%, respectively.

After the second-level fuzzy fine evaluation bypséeand step 7 in section 3.3, the score valudhret different
CFRP machining processes mentioned above respgdinee-512, 188 and 324 by which the superiorityesing of
evaluation objects from high to low can be realitecbe Wet cutting , Laser cutting, Mechanical niaicty in
sequence.

In order to verify the necessity of the subjectiviheck and control of expert opinions and thedigliof the hierarchy
fuzzy evaluation method presented in this work, @dahe hierarchy fuzzy evaluation method undergoamg not
undergoing subjectivity control of expert opinioas A1 and A2, respectively. And name the tradifidnazy

comprehensive evaluation approach as A3. The el@tugesults obtained from three different evaloatmethods
are listed in Table 2 where the notation M1, M2 MRirespectively stand for Mechanical machiningsér cutting
and Wet cutting process, the notation @k, No and S respectively refer to the assessmes, leonfidence
coefficient, order and score value of evaluatibjeots.

Table 2 Evaluation results of different evaluatiormethods

Process / Method Result vector Evaluation results
Cx a No. (S)
M1 A3 {0.0945,0.2381,0.2144,0.1373,0.3157} e5 31.6% /

A2 {0.0945,0.2381,0.2144,0.1373,0.3157} e3 66.7% -44f)
Al {0.0962,0.2428,0.2217,0.1402,0.2991} e3 66.1% -51%)
M2 A3 {0.1425,0.2144,0.1377,0.0621,0.4434} e5 44.3% |/
A2 {0.1425,0.2144,0.1377,0.0621,0.4434} e3 64.3% 258]
Al {0.1425,0.2144,0.1377,0.0694,0.4361} e3 64.3% 188]
M3 A3 {0.0668,0.1516,0.1722,0.0990,0.5104} e5 51.0% /
A2 {0.0668,0.1516,0.1722,0.0990,0.5104} e4 60.9% 188}
Al {0.0654,0.1514,0.1723,0.1113,0.4997} e4 61.1% 323]
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In Table 2, the notation €1, e2, 3, e4 and e odisely represent the evaluation result level“®fery Unsuitable”,
“Unsuitable”, “General”, “Suitable” and “More Sulike,. The symbol “/" in the last column implies ththe
corresponding evaluation method cannot implementtiore calculation. Moreover, the larger the sobree CFRP
machining process, the higher its superiority dragis and the better its process adaptability.

From the Table 2, it can be noticed that, compawniitg Approach A3, Approach Al and Approach A2 cext only
attain the assessment level of evaluation objettalso get the superiority ordering of multi exalan objects by the
“AND” operation of fuzzy soft sets and two-levelose calculation method. In addition, by using theagnition
criteria of confidence coefficient instead of thaximum membership degree criteria, Approach AlApproach A2
can obtain more reasonable evaluation results myidihconfidence coefficient than Approach A3. Erample, the
membership degree of evaluation results obtaineth fApproach A3 is 31.6%, 44.3%, 51.0% for Mechahnica
machining, Laser cutting, and Wet cutting, respetyi which is much lower than that of Approach 88(1%,
64.3%, 60.9%) and Approach A2 (66.7%, 64.3%, 60.%itally, the subjectivity control used in Apprbaal can
eliminate the bad effect caused by the strong stitay of expert opinions to promote the reasofigbof evaluation
results. For instance, in spite of the real sm#fitience of confidence coefficients and the sanelevel fuzzy initial
assessment result as Approach Al, which is “GelfeB)| “General’(e3), “Suitable”(e4) for Mechaniagalachining,
Laser cutting and Wet cutting, Approach A2 thatsabjectivity control is conducted get the supetjooirdering of
the three CFRP machining processes from high to ilWLaser cutting(e3)”,“Wet cutting(e4) , “Mechaai
machining(e3)” in sequence. That implies the “Laseiting” process whose assessment level is “G&n@d) is
better than the “Wet cutting” process whose assesttevel is “Suitable” (e4). Whereas, after unaéng the
subjectivity control, Approach Al gets the supdtjoordering is “Wet cutting (e4), “Laser cutting3)”, “Mechanical
machining (e3)” in sequence, which is consisterthwheir assessment levels and also verifies tlressity and
beneficial effect of subjectivity control on theasmnable evaluation results.

CONCLUSION

For three CFRP machining processes such as “Metddamachining”, “Laser cutting”, and “Wet cuttingg
hierarchy fuzzy evaluation approach is presebgesed on the “AND” operation of fuzzy soft sets anbjectivity
control. By considering synthetically some key @astlike CFRP cross-section quality, process codtgroduction
period, the corresponding fuzzy evaluation modelsigblished to evaluate their process adaptabilitg following
conclusions can be drawn:

(1) By using the subjectivity control of expert ojains, the recognition criteria of confidence cmidhts and fuzzy
transformation, the two-level initial fuzzy evaligat can be implemented to get the evaluation resdtering the
assessment level, membership degree and confideed&cients so that the evaluation results areemmeasonable
and creditable.

(2) The two-level fine fuzzy evaluation is carriedt by adopting the “AND” operation of fuzzy so#ts and the
two-level score calculation method to realize tiyessiority ordering of evaluation objects, whicimgaovide a direct
guidance for process optimization and producticrigien.

(3) The subjectivity check and control of experinigns based on majority rule can validly suppresbad effect
caused by a very few improper expert opinions so gsomote the reasonability of evaluation results

(4) the used two-level score calculation methodsatering the ordering of evaluation levels in éxpert evaluation
fuzzy soft sets, takes the average score of evafuafptions as the boundary value and works outstwe of

evaluation objects by a more reasonable rule, wisithan evaluation object has a larger (or smmpleore than the
boundary value and a larger (or smaller) memberdégree than others, then it is considered to tiertban others
so the corresponding score value should be addgdtse nothing be done. This score calculati@thod overcomes
the irrationality of conventional methods in whiatiding score is only conducted to the evaluatigaathwith larger

membership degree.
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