5 46 4,50 7 ) T & % B N A Vol .46, No.7

68 2018 7 H ENGINEERING PLASTICS APPLICATION Jul. 2018

doi:10.3969/j.issn.1001-3539.2018.07.013

ERERE M BIEFIRE R E K ithE

ER,EW L REABES’

(1. FRIE AP EE AR B, TTARERIR 224005 5 2. VIR KA TR 2=BE , VEIR BT, 212013)

FIE . AREA R WA B M A S M s S Fe b4 T R R T RADE S R A AL B 0 AR M, SHET T ER R R
R R AT R e 0 R B R A B, i@ i AT AR E R A VB A R AR R R A XA IER] R & T
16 2B ) 64 25 638 . JEHR B A BRT BV 0 2 WAL LA A AT il it A A X I B BUE SR IS, AP T A RA
I LA $o ZAE AL IR IS AR A R HUAE , B T AR AR IR F5 AR 0 A A B SR b ey A T ¥ A s,
r}i)"g)ﬂ#%%#lii?f?é\ﬂ-ﬁ‘ﬁ%ﬁﬂ PR SR B AREEAL A B — B AR, FEATRALAT . A RE, BRAR A A
330°C . A AE A h 9 MPa. R A BT IE) 4 60 min.FHiBik % 6°C /min B, Bl b ig 2 A AR R 5 .

KERIA A B WA AR AL, TEARAL ; B S L2 AR

hES#ES . TQ325.4  XEEERIZFE: A XE4S:1001-3539(2018)07-0068-06

Press-sintering Forming and Properties of Metal Plastics Composites
Wang Bin', Cui Pei®, Dai Yachun’, Luo Zhigao®
(1. Yancheng Industrial Career Technical College, Yancheng 224005, China ;
2. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract : According to the structural characteristics and performance.requirements of metal plastics composites, the overall
structure of the press-sintering mold was-designed;-and an orthogonal test scheme was designed. Then the press-sintering molding
experiment of the product was conducted,and the molding temperature, pressure, time, and heating rate were determined. With the
control of the process parameters, 16 sets of metal plastics composites with different bond strength, friction coefficient, and wear
resistance were prepared. Through the tensile-test and friction-wear test, three performance evaluations under four molding process
parameters were studied. Three sets of process parameters were determined when the three performance evaluation indexes were
optimized. At last, the fuzzy mathematics comprehensive evaluation method was used to transform the three performance evaluation
goals into a single goal and carry out optimization research. The results show that when the molding temperature is 330°C , molding
pressure is 9 MPa, molding time is 60 min, and heating rate is 6°C /min, the overall performance of the product is the highest.

Keywords : metal plastics composite ; press-sintering ; process optimization ; comprehensive evaluation of fuzzy mathematics

RSy DR AVEORYASY 7 e oy 1R 1 =5 G e AN 1 1 N 00 DO 117 N N 2 Y 6 R O
ARG B ™= i TR H 2 3 M e gei ??E' e AR AS AR EEE R RE T 1T, [ N
S TAVREIRAY 1/ 3 th TEEEMBURESR, RAMT  Shrd BESE 22 AR v AE bR 45 5 U
80% MYMLARZHOF R FEIA R P SmMEE 7, 78U T 2058y s SR B A T
BAEHUE RIS SRR R AT, % SR TR, MR OTT R ) R L LA
HEMBANMERA LG G B Rk i B BAT RS a5 2 T S HOok s AR as &l
PN TR o 7R AR B LU B e R BRI M AR A T
(/WSS NTT) P2 A s i ot ] NN E = e IR T T SEFRIBTTE F A R —Rh &l 5 0 B vy B4

EEWA : Bl == H (1721110159)

BIEE : 100, BIEEE, FERF 5 m Bl E-mail: wh680318@126.com

We#m B # - 2018-04-25

SRR T, il BOEE, 5 SRR SRR HRe S O X PERE [3]. TARRSRH T, 2018, 46(7):68-73.
Wang Bin, Cui Pei, Dai Yachun, et al. Press-sintering forming and properties of metal plastics composites[J]. Engineering Plastics
Application,2018,46(7):68-73.



杨超


ok, 5 R IR SRR S i K LR

69

o

FBIR DL B i s e v 1) 4 R SR B A AR S A X
MR A T ST 5E , TR 225 5 Mg 5 BE 4%
RS RE EINOLERA R T 2, TSR TAEZE M
b B AT B ARG TR B = SR, 2
KSR T AR Z AR LS R) o BE 52 R BRI 3R
TUSR 0 (PTFE) MRR 32, IR OR ARt (PPS) 55
fit (I (PESU) A4 8E A4, I in /b 52 A8 8 Jin 58 —
B4 (MoS,). #it a4 & )2 EE R 2K - a
TRERAEA, XOZ TR TAEZ T i p R L
J& PTFE 5 4 J@ JL 1R B 4 e 0 (W 45 5 nm BEAIR
IR T 45 45 3 J3 25 1 PPS T PESU K 4 245 T ok
MR LR YR A MR E R Hr IR 25 5 2 AR, 1L 457
BB N 4 A, BT IE ARG 2, HEA T S A
JEELEs I SC 0, e 2 — P2 o B e EE 4R
FBAR LA B Tt P v 1) 4 YERL 2 A R B
1 SEIES
1.1 R##

PTFE . ki 10 pwm, % & 2.15 g/cm®, #i 7L
N7 REARHE A FRAF

PESU : FiJ¥ 30 pm, % 1.2 g/Zem’ A seth
BRI T AR BRA A 5

PPS : K& 30 wm, 1.5 g/ cm’, A5EliiE
IR TRRABR ]

MoS, : i 30 pm,%E 4.8 g/cm’, i,

FELEARIE] . R 30 wm, ¥ 4.8 g/cm’,
SUAFTL TABRA W ;

A DR TR I AL R W) . SRR I 75 2 10%,
INEFAL T A RAFL

45" 40 45 & K. ROSF 120 mm x 29.5 mm x
3 mm, VLI WEERIARRAF
1.2 BES5EE

BRIUBIFEENL : QM-3SP4 I, |73 45455 5286 1% 4%
FBRAFL

7 T VAL FRQ-1006HT %, B JH 12 22 4%
R R A PR

HoS BT L DZX-6050B &, |76 3158 1L 21
=

RGeS SF500 B, AR 49 B S0 A
FRANT]

M5 Rb ML BD-1312-12A &1, F5 M Tl bel [X. 1 18
SR AL BRA 5

2 ) B JEE 48 45 I 3K A UMT=2 A, 5
CETR A#l;

TR B WL—2 B, IR AR AR R e s
Wi

AL il H 7 BRI AL : UTMA4140 Y, PR
TSR A PR AW

JE il et AR A . [ .
1.3 RAEHE

BRI (A) BT A7 (B) R ASRSTE] (C) LA
K TR HCE (D) WA T 2S5 MR &R, 5
Mraz s iR T 2 A &5 2 MR R &,
2% T T2 S8 R (1) 28 HAE X R 25 SR 1) 5%
w1 IR R R A T8 S B K P
K S ARy i Sr T IR AR, R U
USRS ., H R 5K EINE 1R,

F1 ITZSHMWRE5KFEE

IR A/ C B/MPa C/min D/(°C - min™)
1 310 7 40 6
2 320 8 50 9
3 330 9 60 12
4 340 10 70 15

N T TR BLAi AL R P 4 5 vk 1A T e il
Be gl U IR H B A R R TR AR
KV 4 B E BT 2 AR 3 DR A R AL
ST TR SRS PERERYRE R o AR R
GEmF, R A\ AN I B Xt B A B 4 o) RS —
2, iR TR AR A R SRR AR I
VRARIXIRR o SR TNy 15 5 A G K R
BT AT EAR B, HA AR A R R
HER 5 PRIV ORI LA B B e L
HAMRBIEE 1R,

G JEYRNE S FORS Y R R o S DU AR,
I3 IR TAE 2RO | 5 Jm BEAA e T A B |
Hh B 255 2 e LA i ot S T et i 2

(1) SR T AR E A RAE B 1 5 R T AR
JERERE I A B T R AT HE AR B 4 TR
PTFE 55%, PPS 25%,PESU 15%, MoS, 5% FKE,
IFTE R A P A A TR A AL B 5 SRS FR U A A
THURHE AR BE 5 fe e el BB . Aokl e e
s ZARAIE— USSR, 77 )R] RELE F L BT 2
G TR TR AR i R, R T AR 24
B S AER R R RIS Gt s, AT A o
e LEHEAT ZOREIE , LU S E s Rk i 231 T
il R Je o SRR TARZ R 24 h ity DIME T
BB R A g

(2) 4B SRR AL PR . X 4 a8 1A 3 1H)


杨超


70 TAESR

2018 4F 45 46 45,55 7 11

9 11

8 NENEIMENENNIY L

~ N\ AN

T .

6 NN vl

5\\;ﬁ j/ﬂ % \% xi 16
7]

Py S\

3 19
S \ ﬂ
2\§ 117 7 21

HN w]::[‘k /22
|

A

1
1B RRAR 5 2—HEb 5 3—TEIE M 5 4—HEFT 5 5—InFAkE
6—PN ISR  T— BB ; 8—5 (bt O—FE AR A 5

10— SRR ; 11—E R ; 12— ; 13,19—54E ; 14, 20—

15— J S 16—V s 17—R0 5 18— 44 s 21—
22— FRAET
Bl 1 MRS KR
AE PR EERE N T ORI B S A5 SR S R
(10 2 PR A5V i, DR L7 I R i 2 o 457 4 S A
MbA R4 R 1T Ah B, 4 4 SEAAR R T 2 A - Ok
B S, &R AR LR AL 3RO - 4
R SR I 155 b P — R T M b S T A B — ]
AL P — 5

(3) TS AIZ WL . B ISk T T
Ab B, HYR 3% PPS 63%, PESU 35%, K 24 th ok 1k
LR Y 2% FREE IR G T B A R TR
LA THERAC B o 38 XTI R A FEL 3 L L
TR 7 UL K AR S 2 T A Sk s il 0, %
B IBTR TZESEERIT B 1 2 4 8 SR
B4 100 mm, HE# & Sk 200 g/ min, F L EL RN
50 kV, %Lk 10 0.3 MPa, fii % /1 0.4 MPa,
RN 15 WA, HE AR R AL R 1 0.1 MPa.
TH IR AL, e A A B B AR T 5 — )RR
20 1 mm RIS SRR,

(4) il i e A Y, R B AR R R
ghdp b R R CE BIBLE AR 20 min REEEE
(AL T 1) 80 CEA T FIIFAAL B 5 T £ kb B (1) ] s
XTAEREIE I 50 MPa 114 F 3 647 1 He A 3, 7F 7
o AR T R, SRS MBI ; £
M EEIA R 250°C E 1k E] 6 MPa ik THE b 3E,

HEUR NI, G HE AL B AT LR A
A — 287K 73 A5 R ) JR AR LA B A2y S 4
FEAEZE R R s i BRI A B JT S TR A R
T AR R R ) T e B CE A, O
PRt P M 2115 5 RS Ta) ) s AR L A R R 2 T A8
W 81 S R 5 i i BEAT 20 e B A5 Ak B 485 TR 4 )
R BB SRR v ENE 50 C A, HlA i <6
JEIRVE SRR A AP 2 7R o

Rl 2 &R R A Rk S

1.4 HEgkmgx

3 o 2 R I o A 25 R TR
a5 4 TR A3 TR R, WA AT ORARE R
S B FE R — 45 B4R L, DUBRIEZE A A T
FIE T3 1) [a]Cs , T LA S 6 35 3 K/ N R AH ] i 1
AT S50 5 3 AMERL M 5 B AR UE R 1977 1)
e TR RS A ST, DL G hir (e B e AR S ik
FEAEBTYIN 7, T LICR FH IR B AR AL 7. AR
it 3 P I R 5 FH PSR/ IR A [R] 1
BAAE, Ho A2l 25 mm, B 100 mm, B %G
K R 2000640 5 A ) A 9 st T Ak B, LR
XA 5 44 42 fioh 1 2E 4798 Ve AL BE, IR AL T
FE PO ATHET AR B, SR 5 X S A A AT
R 25 A0 B S5 e BoR B R CE A EIR A T
24 ho TR ER S AN SR LR B S5 S
SRIE . Sh AR EREIIA S 25 N 3 R

1—4 R s 2— VR TAEIR : 3— % 42
4RI ; 5— KL
B3 SEATRIERERBINA s b


杨超


ok, 5 R IR SRR S i K LR

71

o

T T 22 ) i JEE 48 0 000 3 S0 38 ) i B 48
JES 5L BB ST, 38 o X [R] — oA 22 Ab N | 7 B 42 s
PR A E 1155 0 BOT-BE 14 7 75 38 A5 e il o
RO, EAER 13 wm (1000 H ) Ah4EN R
TAEZF S ST B A B, U PR R P O 4 T
VB I (1) 2 T R A T T TR AL B, 5 ) R AKE T AR
PEATHE T A B 5 5 8 FH ERCDR XoF BE R A T4 S
N HEAT BRSBTS, FLH it N i 4 10 N JiE
KEOR S HL LAY 200 1/ min, FBE 182 B4 A )
60 min, 1 EE BRI RE IR ZE oS , KR
EZRIE T 24 h B4 TSR AT 2 5 S 2 1)
TR, SR F RO FR it ok T SR i s i i
H TR B 415 3 A I R 25 B, 28 3 LAMA [R)
V) 2B i LA B R 3T s i A/ N Sy i O i
EPERE RO PPN FE B o
2 HBERS5HW
2.1 I EAHTH SR N8R0 %oh

3 3 i R 5 AR S MR AR, £33 T F
VEERAG IO TS0 i G = PERE TR FR AR Y
ISR A 2 iR,

F2 EXHBERSEEESHER

% A/ B/ C/ D/ hGm B Zif

5 ¢ MPa min (°C-min™) & /MPa Z% f /mg . Fy

1 310 7 40 6 7.23 0125 135 37.24669
2 310 8 50 9 7.94 0.129. 11.0 42.49129
3 310 9 60 12 8.06 '~ 0.130 9.5 45.02731
4 310 10 70 15 7.13 0.135 10.0 39.59741
5 320 7 50 12 7.75 0132 103 42.16582
6 320 8 40 15 8.33 0.131 10.2 44.68973
7 320 9 70 6 8.55 0.117 104 48.54618
8 320 10 60 9 8.02 0.113 9.0 49.87765
9 330 7 60 15 8.45 0.128 9.4  47.05612
10 330 8 70 12 8.96 0.123 8.3 51.73851
11 330 9 40 9 9.28 0.115 8.6 54.29318
12 330 10 50 6 8.87 0.104 89 5543682
13 340 7 70 9 7.76 0.132 10.1 4251380
14 340 8 60 6 875 0.113 10.0 50.89369
15 340 9 50 5 8.67 0.125 8.7 49.64518
16 340 10 40 2 7.95 0.128 9.0 45.87158

X 2 4R A A SR B TP R PR 22
XN AREN T I B TSRO £ 5 T
I AEARA AL, AN 4 FT 7R o

MIEL 4 LU FE R ), IR BEah i T. 22
O il it 2545 58 P R S IR RN < SRR > B
J 3 > R ] > FHEGE A DRI, X il dh i 45
O L R A At ) RO I R I T ok
IR BB 5 A A G R B H Yo 8 A 25 2 A n]

9.0 [

8:2— /\ N e
7.8 |

74 ¢

GELRE / MPa

T A A A A BB BBCCCC.D DD D,
I Z K

B4 POAST 22800 i S A 3 B
PAAS 2 (il 4 VR ORE F W R G b RS A s Tk F
e KIS R 2 IKF- 2G4 AgBLCoDy , BT ALY I B2 Sy
330°C, WA S8 9 MPa, R E] A 60 min, F
TR 6°C / min,

Xf BRI R BT R IE M R E 22 0B, 15 8 T
VU A T A SO PR R B i PR R Bm (19 52 )
Fia:, infEl 5 e IR 5 nTiERE A Y TRl hest
BT EBHO R BE R B 52 KNy« TR
B> AR >RV Sy > AR E] . PR, X
] i ) FEE 8 22 K0, 30 LA VR TR S R 5 R
IR B AR i B R B B Y o @il
AT AT I 4 Jm SR A b RHEE I8 R Fl R/ M)
R IKF2H 50 AB,LCoD,, B BCALIRLE hy 330°C, i
AR J174 10 MPa, A [A] 4 60 min, FHELE K
6°C /min,

0.134 |

0.130 +

0.126 +
0.122
0.118 +

0.114 +
0.110

PESER L

A A A A BB B B.CCCCDD DD,
[RI 2 K-
IS PUAS TSRO0 B R B

XS B AN FE bRV 22 0 AT, A5 31 T IO A
BT 2S00 B R VA H8 A 0 2 i BLEE , 4nf&l 6
Jiirs. MIE 6 AT LAV R ML, Rl e b sl i 1.2
SO i B P A 5 R /INHE T Sy BB B >
PR > FHEER > s ], PR, X
FAY TR B 30 LA R i PR 3R 55 Y e ke s
T IR 22 53 M AT LAAS B 43 R SR S b R A
/N R R IKF-2H G AgBLCoD, BTS2 Sy
330°C, T f12 10 MPa, iR ] A 60 min, T
TR K 12°C / min,


杨超


72 AR 2018 4, 45 46 4,55 7 11
114 ¢ X = A PEREIEAN FR AR Y S B SR @ JE bRk
s 1(1)2 : SR T T SR e 25 Ao R R
£ o2l A B R BT I S8 (a1, ©) 43U A (0.465,
= 9 \ \V‘ \/ 7.13), (-32.26,0.104), (-0.1923,8.3), Jf R #i /4 =
B (1) 5 (2) I th B RO 5 2 TP A5 5 LI
S RANER 2 s, Xk 2 Z5 R il s 2s ST

A AJA /A B B B,B,C C,C,C,D D,D,D

%k
P8 PUAST RO i B ek R
2.2 #HRAE S AAFEMEBCT AN
STiB R D s T S s W SR P ey
BT 2200 i il B =S B PP bR A2 B
FA M, 332 T IE ARG 5 22 70 B 05 120
B— FARB LA BOR LB 2, (EE X T2 AR R
DAL LEEL RAE , - HAT— & BRI , DR R] DLRE
Z> A& B B2 22 G VP A B A i — 1
brv, FEHEFT T2 28k i Mo 3724 Bin
A g B — H s, 3t o 2R A 73 B 9 7 5K 23 #l
A T ESHOH ] A R A SRR L, I DAl 1.
Jude PERE A Beis A6 24 2 I8P, e E A5
SRR R AR SR P 3 S PERE T BrE A YA
{ELHR N 100 / 3, MIZR S MER T AN T

g 1
V=Yt hYet b= 2hy, O

3£¢:F—‘ﬁ%ﬁ%
bl5 bZ’ b3

ShAURIE BRI
HUER
Yi—55 ] MRS ER G EAME

feis FBSMIZE &V 7 ik AT 2 B ARt ALRT,
e BLia B SO S B, fris FZ B I T4k
B, A ST . = MIE LA KB IE 55 2 ARV SR s
PRIZICAT (L3 T, it e v S T R BB SR P A, BT
15 B 1 55 & B AR =, DT o] LA il 25 B P EA 1Y
CERFA T AR W, TS AR B R R R
JEPE =AM RE PN R AR 1 BN [R], Sl R S T
SR JE B BR BT LK =AM RE IS R bR (E ML 2 [0,
1] Xy py B i R B R A SRR

_ 1 2
Ef_l+ewmw) ()

A i PR AR, Jr 2 SR
RS ER R M0 1,2,3
Y55 | MPEREF R ASS § A
IR IO s 0,

X..

jis

FEVRE2E 23 H AR 5] T U T 22800 27
PR TEARATSZ MR, AN 7 i
52
50

48
ol //\ "\\
a4
a2
40

A A A ABB,BBCC,C,C,DD,D,D

3 4 1 2 3 4 1 2 3 4 1 2 3 4

HZEIKF
&7 DU TS 25 A T4 (e

L7 WL A 345 T2 S H00 R R 2R A
VEST RS2 KN« BRI > R g > TR
2R > RE], B, X R 2R A P R AR TR
T A R A IR R R R T ke i i o A 2 A
o AR 2243 AT T AR B 4 R YR A A R
ZEA TV e KB I R R K440 ABLC,Dy, Bl
AR I S 330 °C, R R 1 9 MPa, A L Ta]
9 60 min, FHE B ZE K 6°C /min, % 1A%
RIS 7 %, i i SLH W% A A T E AT IRAE, 15
gEA RN 9.35 MPa, EEHEE BN 0.106, B4
8.4 mg, KA RMRAAL (1) 5 Q) iHE LA
Jy 57.21433, it 53 2 S E AT T L
B, RZHE T RGBT BER S TR 2%
ILE AV EUE, T AT LIS Z T 228l &7
FAPTE S BUE T BRI E
3 it

(1) BT T BRI 5 T3S0 &, T T
Hlpealh AR, 15 T 16 AN IE B 4h A 5 AR
P BN R B Y 4 SRR A bR i A 22
M AR T A TS HOFG & = A ERE VRN F5
BRI sEma R, IEaf T 6 = A PERR TN P8 4543 1]
IRBRAERT R = T 228945 .

(2) 38 LB ECE L5 A PR 7 R A=A
PEREVEAN H AR FE 4k B — H bR, I 84T TR AL F
5T GEHLFRUA, Y R IR B R 330°C, L I
9 MPa, IRk 60 min, FHE %% 6°C /min,
il i 25 A R B R

LAY

.

I


杨超


ok, 5 BRI SRR RS i K R

73

=

[

[2]

&l

(4]

[l

(6]

[7]

(8l

S & 3k

A, XS, SR AL AL, A I A AR N Y 4 SR BT AR R 0],
rE R R , 2016, 35(9):666-673, 701.

Xiao Bolyu, Liu Zhenyu, Zhang Xingxing, et al. Metal matrix
composites for future applications[J]. Progress in China Materials,
2016,35(9):666-673, 701.

Fan G, Xu R, Tan Z, et al. Development of flake powder
metallurgy in fabricating metal matrix composites: A
review[J]. Acta Metallurgica Sinica, 2014,27(5):806-815.
WA AR, 953500 5 . BRI SRRk A T A A 1
W5 [3]. TRESERLN T, 2016, 44(10):67-71.

Dai Yachun, Cui Pei, Luo Zhigao, et al. Study on preparation
process and bonding force of metal matrix composites[J].
Engineering Plastics Application, 2016 ,44(10):67-71.

Dosta S, Bolelli G, Candeli A, et al. Plastic deformation
phenomena during cold spray impact of WC—Co particles onto metal
substrates[J]. Acta Materialia,2017,124:173-181.

DA Er R AN S 425 S L S S H I S W e 1 W R PR G A ) B
SR 54T, 2010, 27(9):52-55.

Liu Ruijiang, Zhang Yewang, Wen Chongwei, et al. Research
on orthogonal experimental design and analysis methods[J].
Experimental Technology and Management, 2010, 27(9):52=55.
Vild A, Teixeira S, Kihn K, etal. Orthogonal experimental design
of titanium dioxide——Poly(methyl’methacrylate) electrospun
nanocomposite membranes for photocatalytic applications[J].Journal
of Environmental Chemical Engineering,2016,4(3):3151-3 158.
skALAr . RALEMENG i B T S ) [3]. BEE T, 2010,
36(6):25-29.

Zhang Sheqi. Study and control of roundness of large hole circular
fine blanking parts[J]. Die & Mould Industry, 2010, 36(6):25-29.

TR . 25Cr2NidW il 30CrNi3 £ 4 48 i T i 22 W AL A 3R A

(EEE67M)

(8]

(9]

[10]

[11]

Tiwari S, Bijwe J, Panier S. Adhesive wear performance of
polyetherimide composites with plasma treated carbon fabric[J].
Tribology International ,2011,44(7-8):782-788.
Aleksendric D, Senatore A. Optimization of manufacturing process
effects on brake friction material wear[J]. Journal of Composite
Materials,2012,46(22):9-15.
SCHE AT, £ T K, AF TR A 2T 1 5 T £ A EE SR R
1 i A B BE SRS UM BE (3] B KR A RHRL A 5 TR, 2012,
17(5):675-680.
Wen Guofu, Lan Qi, Wang Xiufei, et al. Fabrication and wear
properties of hybrid short fibers reinforced asbestos-free friction
material[J]. Materials Science and Engineering of Powder
Metallurgy, 2012, 17(5):675-680.
Osterle W, Prietzel C, KloR H, et al. On the role of copper
in brake friction materials[J]. Tribology International, 2010,
43(12):2 317-2 326.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[12]

[13]

[14]

[15]

WF5E [D]. P« H PR, 2010.
Xie Liangbo. High-temperature manganese phosphating
treatment technology of 25Cr2Ni4W and 30CrNi3 alloy
steel[D]. Chongging:Chongging University, 2010.
Vaidya U K, Ochoa-Putman C. Mechanisms of interfacial
adhesion in metal polymer composites:Effect of chemical
treatment[J]. Composites:Part A,2011,42:906-915.
SR KA B R AR R R R SRR 2 R 4% 3],
B TR L, 2006, 30(4):41-43.
Xia Lu, Zhang Youshou, Huang Jin. Preparation of ultra high
molecular weight polyethylene coatings on metal surfaces[J].
Materials for Mechanical Engineering, 2006, 30(4):41-43.
Zhang W, Lu J, Zhang Y. Comprehensive evaluation index system
of low carbon road transport based on fuzzy evaluation method[J].
Procedia Engineering,2016,137:659-668.
BUEM . S VE BRI A O 5T [D). B AL R,
2005.
Duan Baobin. Research on fuzzy mathematics method for
comprehensive evaluation[D]. Nanjing:Hohai University, 2005.

Li- X, Chen D.S. Comprehensive evaluation of network
information security based on dynamic fuzzy mathematics[J].
Applied Mechanics & Materials, 2014 ,701-702:167-171.
U, XA . 3T CAE il DOE Ay 7K 1.2 2 H AR
WS [3]. 20K T 0k, 2012, 40(7):54-58.

Ding Qingguo, Liu Hongbin. Multi-objective optimization of
injection molding process based on CAE and DOE[J]. Plastics
Industry, 2012,40(7):54-58.

Yang X H, Zhang T. Port coastline value assessment on
the basis of fuzzy mathematics comprehensive evaluation
method[J]. Applied Mechanics & Materials,2012,204-
208:2293-2297.

Hu C, Bai M, Lv J, et al. Molecular dynamics investigation of the
effect of copper nanoparticle on the solid contact between friction
surfaces[J]. Applied Surface Science,2014,321:302-309.

W, R, ESHAE 5 BAN y —ALO, / HRETHEXT IR I = e
PEMP R BRI 52 W [J]. 4 KHF41E, 2010, 24(18):57-60.

Yao Wei, Wu Qisheng, Hou Guihua, et al. Influence of ultrafine
v -Al,O, / copper fiber content on tribological properties of resin
based friction materials[J]. Materials Review,2010,24(18):57-60.
Kumar M, Boidin X, Desplanques Y, et al. Influence of various
metallic fillers in friction materials on hot-spot appearance during
stop braking[J]. Wear,2011,270(5):371-381.

I JHIURR, B . SR AL X PR AR R A M
sz [J]. k480, 2015(5):81-84.

Wang Yue, Zhou Yuankang, Nie Huawei. Tribological
performance of semimetal friction material with different
functional constituents[J]. Non-Metallic Mines,2015(5):81-84.


杨超




