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Tablel Steel milling experimental results

WAL

SR A il AR 5 i, VTH v
a. K 5mm, 3 PIHIE
& v(m/min ) B ELS E £( mm/z ),
DIHIREE a, (mm), BN F£H 4
IR, IR Bl 64, AN S5
W 1.

eI 7 I 5 R A Kistler 23 A

L /(m- rvnin") /(mrf' z") /r:lll;n /;Ifran
1 140 0.02 03 | 047
2 140 0.02 0.6 | 0.46
3 140 0.02 0.9 | 0.45
4 140 0.02 12 | 049
5 140 0.04 03 | 037
6 140 0.04 0.6 | 0.43
7 140 0.04 09 | 042
8 140 0.04 12 | 045
9 140 0.06 03 | 08
10 140 0.06 0.6 | 0.82
11 140 0.06 09 | 0.78
12 140 0.06 12 | 079
13 140 0.08 03 | 0.98
14 140 0.08 0.6 | 0.96
15 140 0.08 0.9 | 0.98
16 140 0.08 12 | 0.99
17 160 0.02 03 | 041
18 160 0.02 0.6 | 0.40
19 160 0.02 0.9 | 0.43
20 160 0.02 12 | 045
21 160 0.04 03 | 049
22 160 0.04 0.6 | 0.54
23 160 0.04 0.9 | 0.59
24 160 0.04 12 | 056
25 160 0.06 03 | 0.72
26 160 0.06 0.6 | 0.80
27 160 0.06 0.9 | 0.80
28 160 0.06 12 | 0.84
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S, Sy Fx Fy F. | oF, | oF,
jum | jym | N | N | N | N | N
085 | 1.02 | 362 | 62.1 | 117.9 | 178 | 31.0
0.85 | 1.10 | 45.6 | 114.1 | 123.9 | 269 | 55.5
0.81 | 092 | 48.1 | 1489|1233 | 313 | 584
093 | 1.10 | 494 | 1713 | 118.7 | 369 | 61.6
0.85 | 1.06 | 43.1 | 67.3 | 1235 11.0 | 40.0
091 | 091 | 62.8 | 1224 | 139.0 245 | 653
095 | 097 | 702 | 157.9 | 1372 267 | 69.3
0.80 | 091 | 854 | 1824 | 1252 | 31.0 | 68.8
095 | 120 | 625 | 1164 | 1155 | 237 | 57.6
100 | 129 | 78.5 | 169.5 | 109.6 | 29.5 | 66.6
091 | 1.17 | 87.5 | 1904 | 107.9 | 422 | 75.5
0.97 | 1.18 | 112.0 | 204.3 | 110.6 | 39.5 | 60.1
112 | 139 | 66.6 | 97.8 | 1395 | 172 | 552
107 | 1.32 | 88.7 | 165.5 | 1443 | 27.7 | 65.3
1.04 | 131 | 106.1 | 2009 | 1062 | 37.6 | 62.6
1.04 | 129 | 119.0 | 2104 | 869 | 458 | 61.2
0.80 | 098 | 336 | 763 | 998 | 13.1 | 4l.1
0.83 | 1.02 | 32.1 | 832 | 859 | 167 | 60.9
093 | 1.04 | 321 | 967 | 842 | 183 | 702
093 | 1.04 | 405 | 1156 | 843 | 20.1 | 68.6
103 | 1.16 | 464 | 765 | 1042 | 13.0 | 54.0
093 | 1.16 | 54.0 | 1403 | 1164 | 17.3 | 613
093 | 113 | 52.1 | 134.1 | 108.8 | 22.6 | 86.3
0.96 | 1.09 | 60.5 | 190.9 | 100.7 | 27.0 | 62.6
L1l | L1l | 589 | 110.8 | 115.1 | 20.7 | 60.0
110 | 124 | 711 | 170.0 | 121.8 | 25.7 | 66.6
097 | 1.19 | 77.3 |200.6 | 1254 305 | 61.3
109 | 117 | 947 | 2166 | 1193 | 359 | 56.5

oF, | OF, @ OF, SF, A
/N /N /N /N /10 'mm
338 | 403 | 694 | 1222 0.36
451 | 53.0 | 1269 | 138.1 0.46
372 | 574 | 159.9 | 1288 0.56
42.1 | 61.7 | 182.0 | 1259 0.61
30.5 | 444 | 783 127.2 0.38
389 | 674 | 1388 | 1443 0.53
382 | 75.1 | 1725 | 1424 0.68
457 | 909 | 195.0 | 1333 0.77
444 | 66.8 | 129.8 | 123.7 0.44
46.8 | 839 | 182.1 | 119.1 0.59
52.8 | 97.1 | 204.8 | 120.1 0.72
55.5 | 118.0 | 213.0 | 127.7 0.73
253 | 68.7 | 1123 | 141.8 0.42
36.8 | 929 | 1779 | 1489 0.64
45.8 | 112.5 | 210.4 115.7 0.84
36.8 | 127.5 | 219.1 94.3 0.89
334 | 36.1 | 86.6 | 1053 0.32
39.0 | 362 | 103.1 | 943 0.42
353 | 369 | 119.5| 913 0.50
304 | 452 | 1344 | 89.6 0.57
349 | 482 | 93.6 | 109.9 0.31
40.8 | 56.7 | 153.1 | 1234 0.43
399 | 56.8 | 159.5 | 1158 0.55
40.1 | 66.3 | 200.9 | 108.4 0.60
39.8 | 624 | 1260 | 121.7 0.37
444 | 756 | 1825 | 129.7 0.48
50.8 | 83.1 | 209.7 1353 0.59
574 | 101.3 | 223.8 | 1324 0.61
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322

37.0
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R T AR A A PR T
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FEf KA s ik, A A
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ik ATC o D] Y Sk g 4578
s LA A R AL, ATC MR
kA

AIC=2k+nln(ssr/n) (1)
Hrr, k2w SR n
SEFEARZS I 5 sstJRFR 2 Y- il

AIC fH 8 /)N, 3R T g 1 43 A1
PRI R VR A b A AR 2 R] A A
HXR. B RARN: R3.43,
TR Rk 2 iR, AR /)
AIC {B 5 B8 5t BT AR 19 53+ £
T, gk 2 R RIZ TR, B,
e 1 F. IR Weibull 23045 , 421 11
oF, ik A Weibull 73-A4ii , il 1 oF. ik
M Gamma 43 i, HoAl A & 3 g A
Normal 5345 , M A1 S5k 0, 1 6,
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e 3 s
J T AR E MR R ATC HEN]
FIT e B A B A A T R S il

A1, 81T Kolmgorov-Smirnov ( KS )
G U XA R T
R, KS A2 i FE AR S BR AT

R2 REBEESFHIAICE
Table 2 AIC values of different probability distribution

- ARSI AIC {5
Normal Exponential Gamma Weibull Cauchy
F. 42831 567.35 438.45 435.55 607.54
F, 522.95 654.44 530.67 531.61 886.84
F. 401.52 616.01 393.6 390.89 460.23
oF, 327.44 415.78 328.84 334.38 501.23
oF, 361.18 521.16 366.17 329.38 475.28
oF 327.95 513.70 330.62 331.43 587.81
oF, 438.02 532.08 444.74 447.04 746.12
oF, 536.03 610.90 543.67 542.29 626.05
oF, 402.40 604.89 398.53 417.89 672.87
R —126.29 —67.61 -112.13 —114.58 -13.65
S, =197.46 —28.56 —175.86 —173.04 —33.68
S, =179.01 54.82 -167.78 —-168.69 —86.63
A —194.19 -99.75 —-183.29 -192.41 —55.56
R3 RMAESHRBSHRKSKLE
Table 3 Parameters of optimal distribution function and KS test
5 e B AMSH KS faks:
2400, 24 6, D P
F. Normal 64.797 20.236 0.068 0.2
F, Normal 138.414 42.416 0.098 0.2
F. Weibull 9.150 124.238 0.078 0.803
oF, Normal 25.878 7.860 0.045 0.057
af, Weibull 6.647 65.148 0.126 0.238
oF, Normal 39.931 8.664 0.062 0.073
oF, Normal 69.961 21.061 0.075 0.2
oF, Normal 151.731 41.813 0.094 0.2
oF, Gamma 43.467 0.351 0.116 0.33
R, Normal 0.574 0.247 0.088 0.2
S, Normal 0.891 0.164 0.092 0.2
S, Normal 1.082 0.247 0.084 0.2
A Normal 0.496 0.150 0.085 0.2

T IEASM 6, FIME, 6, AHREZE ; Weibull 734 6, HTBRSHL, 6, L2400 Gamma

A 0, HIRZBHL, 0, IR ESH .
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L* B B f /NIRRT 8 R ok
Copula bR F1 5 Z X W A9 28 55
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Copula PRECTRINSEUAAETT
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Table 4 AIC and L’ values

Gaussian Copula t-Copula Gumbel Copula Clayton Copula
5 ft
& AIC & AIC & AIC d AIC

F—R 0.0890 | —46.17 | 0.0878 | —45.17 | 0.1245 | —44.8362 | 0.1592 | -25.50
FR 0.1081 | =22.18 | 0.1114 | —20.18 | 0.1328 -21.87 0.1095 | -12.02
F—R 0.1341 1.53 0.1356 3.53 0.1380 1.85 0.1278 0.94
OF —R, 0.0863 | —41.96 | 0.0850 | —40.94 | 0.1219 —40.43 0.1549 | -23.15
OF—R, 0.0876 | —22.19 | 0.0902 | —20.19 | 0.1088 —21.94 0.0898 | —11.94
O0F—R 0.1141 0.73 0.1147 2.73 0.1215 1.76 0.0992 -0.26
oF —R, 0.0792 —6.41 0.0784 | =7.40 | 0.0982 -7.13 0.0951 -1.16
of R 0.1791 -7.60 | 0.1795 | -5.46 | 0.1900 -2.83 0.1555 —8.88
oF R, 0.1124 | -18.97 | 0.1085 | —-14.61 | 0.1266 —-17.68 0.1230 | -16.24
A-R, 0.0721 | -13.96 | 0.0706 | —13.30 | 0.0877 -12.23 0.0698 | -14.50

HRAE AIC HEMITA AN L? B B f5e/ Nk
g E—80. F,.0F, 1R, Z
[ A AH HL G 22 ¥ Gaussian Copula
BRECRANIA ; oF, F1 R, HHE G R IEH
t-Copula PRECEAHIR ; F.. OF.. oF, Fll
R, MHKZEFE R Clayton Copula B
BORAIR ; Fo. OF, oF.. A Fl R AHIE
2EF43%E ] Frank Copula PRECK Z I,
HEHRSEINZE 4 Fis,

[ AE T DA 2 H 5 = 4R TDRL
BEEE S, S, ZalERAL Copula pR%L
JBH NS s,

PIH A 5RmERkEE
HXESH

1 EEEXHESH

H TP RS BRI s S
2% TATREL RS B (%) 2 AR DG, 1€ FH
Copula BRECF H ) Kendall BAHK
FEC A I 4R bR, Kendall
FRAH R A © 5 Copula BRELHT KRR
# [11-12]

z=4j;j(jC(u,v)d(u,v)—1 (3)
] PLTHREAS B R AR B AH 2 R AL 7y,
B, 3% 6 Fim.

Xt Kendall B2 250 « 171
BRI 1 R Hy: =0, H,: t#0, 11

Frank Copula Ak
& AIC Copula MEIZ4L
0.0793 —47.07 a=6.6701
0.1099 -20.89 p=0.5692
0.1322 1.85 a=0.1755
0.0783 —42.07 a=6.1319
0.0913 —21.02 p=0.5746
0.1126 0.83 a=0.2720
0.0826 —6.72 p=0.4153, v=4.67E+06
0.1783 -5.91 a=0.5839
0.0904 —19.91 a=4.2045
0.0694 —14.77 a=3.2288
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oy, (1) =2Q2n+5)/9n(n-1) (4)

Tobs/ T (T)~N(0, 1) (5)
Horp,n WA R

e 5 2 K 7 Ok 0.05 B, R R
B Hy(7=0) # i FIHN [05/ 010()[>
Lan=1.645, 11 A 15, 6,(7)=0.0856
XF I T one/ 0 o(7) (ELHNZR 7 JT 7R (L
H ORAT S A VR 7R IR H, 1
I S35, 41 4 J AR 152 T 4 27 & R M
B F ARG A7 * S, RZ IR
SR B AR W ARG ) o

2 6 n] 1, £ Y)E )
Fo EVIHI¥ 54 O F , Al Jibs
WEZE oF., SHURE BE (M RRAH OC R B0
KA AR AR S 5 Al 7 35948

x5 TEHS,. S,ZHEKCopulali B K SH
Table S Copula function and parameter
between variables and S, S,

SREL

- Copula K%L S8
F.=S, Frank Copula 0=3.2594
FS, Clayton Copula a=0.3435
F-S, Frank Copula 0=-0.2932
OF S, Frank Copula 0=2.9978
oF S, Clayton Copula a=0.3534
OF.-S, Clayton Copula o=1.15E-06
oF =S, | Gaussian Copula p=0.1497
oF S, | Clayton Copula 0a=0.2565
oF =S, Clayton Copula a=0.5169
A-S, Clayton a=0.5089
FS, Frank Copula a=3.3885
F=S, Frank Copula a=2.2049
F—S, Frank Copula a=—0.2165
oF =S, Frank Copula 0a=4.1568
oF,-S, Frank Copula a=2.2880
O0F-S, | Clayton Copula | a=1.45E-06
oF =S, | Gumbel Copula 0o=1.1564
oF~S, | Clayton Copula a=0.1777
oF S, Frank Copula 0=2.6253
A4-S, Frank Copula a=2.2934
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F. Bl 3B oF, SRURS EE i Bk
AR R BAR/N AR N s 4210 77
Y, FA T S35 OF, 9 RA
RARBALI A — 7 BASAE, 1 3
DI I bR 22 o F, Rl ) g bR o 22
oF , BRAH G RBAEIT , He A 1 A5 v
% oF . INBANR R BUN, A —E 1A
FKbko SLMRRLRE B2 A4 R R — D T ok
H T JLAar 5 T, 40 T HAf ik 2
55 IR A TUIHIE R Y
PyA AR SIS D7 T[]t 5
Wi 5 VI 7o VT 7 AR 2 Xt
[l — VIl AR A R A B Rk IR
P 22 ) A AR S A S

BEH 7 #2023 A S A5 P
I AR, VI A A B A E 4
PRI 2E (LA B S ST 47, 7 AR AEL I
BTSSR SLES . BEHII
SOy A1) Sy Rk gy U3 A4S
AR, Herp Ty FiA ) g 32
SRR BT OIS E R BRI,
ERPEARTE R, Hedfie i Wi 2R s (o AR
PBER , S 5k B o B AN [ RS
MR, Herp EUTHI ok AR
DRI b S ) g B {EL AL 32 14 4 5
PR T AR e . Bl 3948
XA B A AR R 0 DN A S A
Bk

%6 Kendall#kt8 % & ¥z, &

Kendall rank correlation coefficient 7,

s, s,
0.3295 0.3402
0.1466 0.234

~0.0326 ~0.024

03071 0.4208
0.1502 0.242

7.25E-07 6.37E-07
0.0957 0.1352
0.1137 0.0816
0.2054 0.2737
0.3028 0.3487

RT talon(0)LE

Table 6
28 R,
Fu 0.5473
F, 0.3855
F. 0.0807
OF, 0.521
JF, 0.3897
OF. 0.119
oF, 0.2759
oF, 0.226
oF. 0.4031
A 0.4275
Table 7
E R,
Fx 6.3924
F, 4.5026
F- 0.9426*
OF, 6.0852
JF, 45517
OF. 1.3899*
oF, 3.2225
oF, 2.6397
oF. 47082
A 4.9932

Tons/ O, (T) Value

s, S,
3.8485 3.9735
1.7123 2.7331

~0.3808* ~0.2803*
3.5869 4.9149
1.7543 2.8265

8.47E-06* 7.44E-06*
1.1178* 1.5791*
1.3280* 0.9531*
2.3991 3.1968
3.5367 4.0728
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SR B 1 2T T RS U ), B
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oL, T 3R B T 45 U T AR ], e AR
2 2 A 25 S8R, PRI T AR BURE TR
55 = 2 RS 2 [R) B AH S PR/ T
MR

BEHI ) 5 R O S, 1Y
FRAH G RBOEA KT S, 19, 0t
J PRI AT RESR: S, A2 TAF iR B
A T HRAE, B RELZE G e DT I 1 /4
Ak, HAR SR

F bR B 5 3 T OR RS BE
Kendall BAHIC R L, NF 6 Al N, IR

& A5 R, AHMER K, 5 S, A
2,5 S, M ER /N BEHI W
SEYTH, BEE 0% b RS bl A T
F b2l i A R 5 R A 3 Rk
BIARXTESIN, DR =i 3l 5 3R
BEJE ARG E R = UTH| ) F, 53810
FEAE 2 A AH DG A — 2
2 EEMEXES

Copula bR BUA L RE 6% M e (K
48 R 7R 2 1E] R OC S5, [R]
B} Gumbel Copula %A1 Clayton
Copula PREUARE /3 487878 F 2Z 8]
1) E RN RAYA DGR/, TR
AR Tt e, i T ) By
FEAGURN LA B R )N 18 5 S5 AN AT 4
FRESIVEA I AR 3ok I BRI i)
B R (AR 2 H IR o 100 o

R T IR A e e 2 (]
A AR DCYERT, A2k TR A Copula B
b G 3= W |

M uy,uy, e w3 0) =

iwici(ul’ub".’un;gi) (o)

i1
X, 0,20,i=1,2, ,d, £

d
FHEEL HY o, =1, C, %% Copula
i

PR

#8 BACopulalB N ERMMBERSH

# Gumbel Copula F11 Clayton
Copula PRELE PR A W —NRG
Copula REF SIS IS HERIFEA
S8 AR R3.4.3 P 4 AR 15 FR
H BRI Copula BREUIAE &
BORERRISEL, i3k 8 iR, Rl
KMk R BTSSR ARG
B

Ay = lim POY > By (@)X > F (@)

PN

= lim C(l_qal_q)

] (7)
g1 l1-q
TR AL
i = lim P(Y < F @)X <F (@)
q—>
= fim £ (8)
0" ¢

K, g FoRDEG FOO RLFC)
FORMEMLASBE X Y 4347 BRER 3 5
o A, FA FEIX[E] (0,17 N, HAH
I 0 B, FoRAS X, Y B K
FEEEAR/Ne F ks 2% A, A4, BUE
KT 0B, FoRA X, Y BB

IHEAARAE R Z EM LR
RBAMEZRE, F 9 R, £9g
FRINAEAFIMER 5T 115 R
2 RZBUOR /N, ¢ BL0.01 1 0.02 %
AR R A R B, ¢ HL0.98 i

Table 8 Weight coefficient and modeling parameters of mixed-Copula

REHRERE | A F. F,
o, 0.28 0.308
0, 14925 | 0.6144
R,
@, 0.72 0.692
0, 23092 | 1.7809
o, 0.344 0.402
0, 07252 | 0.0939
Sa
w, 0.656 0.598
0, 14136 | 1338
o, 0.336 0.42
0, 12046 | 0.526
Sq
@, 0.664 0.58
0, 14326 | 13942

F- OF, OF, OF,
0.992 0309 0.269 0.996
0.174 12796 | 05983 0.2683
0.008 0.691 0.731 0.004

1 2.0053 | 15117 1
0.889 0318 037 0.78
02148 | 0.5558 | 0.0452 0.3589
0.111 0.682 0.63 0.22
1.0121 | 13878 | 1.3956 1.0893
0.878 0.297 0.399 0.846
0.1037 | 09175 | 0.0873 0.3873
0.122 0.703 0.601 0.154
1.0757 1.402 1.4883 1.1246

oF, of, oF A
0.307 0.357 0.572 0.348
0.4212 0.595 0.5601 0.9908
0.693 0.643 0.428 0.652
1.2364 1.3187 1.0844 1.5488

0.42 0.491 0.732 0.451
0.0278 0.2318 0.5856 0.5024

0.58 0.509 0.268 0.549
1.1298 1.3389 1.1445 1.5488
0.404 0.468 0.921 0.413
0.0223 0.0082 0.2692 0.5376
0.596 0.532 0.079 0.587
1.1678 1.41 61.191 1.3242
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Table 9 Tail-dependence coefficient of resultant cutting force and surface roughness

LTHLRERE q MF) AF,)
0.01 0.18 0.0945
0.02 0.175 0.097
R,
0.98 0.7175 0.6551
0.99 0.7149 0.6586
0.01 0.1364 0.0225
0.02 0.1386 0.0231
Sa
0.98 0.6477 0.5899
0.99 0.6518 0.5912
0.01 0.1893 0.0103
0.02 0.1897 0.0164
Sq
0.98 0.6557 0.5725
0.99 0.6599 0.5763
0.99 158 [ EAICREL

M9 Rl LU Y, BEHI A7 4R
By 02 TADRLAE B2 19 R B AR S 2854 O
AEXIFRA, H BT AR R B
/0N, RIS BEE T s PRl R A E /)
I, BT AR A X 2% AR JEE 5
BN R E R RBUIRT
0.5, B4 BEHI 1 71wl P 3 S
R Mok 3 TRPRELRE J3E 0 2 AH 1 i
A, L HADDTEI 2 AR L, Bl
0] 3 F. A APHLAE E 49~ A R
FROC R EHREL/ N, BV 1] T A IR TER)
R W /N A LT o 2 TR 2
IR N TR, = UTHI) F, A
FHHLRE P B ARG R AT
FABOTEN 73 T3 2R, X5 B A
KRB — . YRS RS B
1~ ARG R BN, M5 R, 19 E
FRARRBERK, 5 S, 1 ERAXR
Bokz, 5 S, 1 E RS RN

ik

(1) EVIEII P EEF, FITAR
OF  FN%h [ IR UEZE oF., SIS
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MF2) MOF) AF,) MOFY)
0.0795 0.1571 0.0891 0.1349
0.0988 0.1573 0.0917 0.154
0.0078 0.6858 0.6241 0.0039
0.0079 0.6884 0.6276 0.004
0.0919 0.0981 0.008 0.1497
0.1094 0.1015 0.013 0.1629
0.1088 0.6731 0.6219 0.2126
0.1099 0.6776 0.6259 0.218
0.0394 0.1406 0.0151 0.1772
0.0547 0.1417 0.0217 0.1908
0.1198 0.694 0.5933 0.1514
0.1209 0.6985 0.5972 0.1527

FEE YN S SR Y A B
HF, XITTH OF,, SHIBEE A —E
AR M

(2) EVIEI S bR fE 25 oF, F1 %
] JIbRiEZE oF ,, SRR FEAH DG HEAIR
i IMEE. IR OF ., S HLkE
FE LA

(3) BEHIJ1 3405 —4E 4k
FUREE R, A AH DG 5 1 — 4k AL
FE . o, 5 = g R mHURE FE S,
FA M= T S, 1.

(4)BEHI ) =AM —4E ) =
Y MUK B2 19 1 RS A SC AR 3 3 v
FrREM. H, EUIH D F,
FEAR G R B K, Bl Fo ) e
FIF RAH AR N

(5) P= 3l 5 2 THTHFU R J3E ) A4
H BB AR O, R VI L F, 53R
TAREDRS B2 (R AH DG P R A3k

& % X w
(1] XUkl , x5, ERE, 4. U1Hl
TR AR RE R AR D], AU T AR, 2018,
54(16): 45-61.

MoF) AoF,) M(oF) A(A)
0.0599 0.1155 0.1336 | 0.1738
0.0623 0.1247 0.1336 | 0.1747
0.5822 0.542 02185 | 0.6446
0.5876 0.5427 02233 | 0.6483
0.0081 0.0557 02376 | 0.1256
0.0141 0.0653 02449 | 0.1312
0.5702 0.5021 02635 | 0.5428
0.5751 0.5055 02658 | 0.5459
0.0062 0.0055 0.1254 | 0.1232
0.0111 0.0106 0.143 0.1279
0.5863 0.5252 0.079 0.5789
0.5912 0.5286 0.079 0.583
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Correlation Between Milling Force, Vibration and Surface Roughness
Based on Copula Function

PEI Hongjie, CHEN Yuying, LI Gongan, LIU Chengshi, WANG Guicheng
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

[ABSTRACT]

to predict surface roughness. In this paper, the 64 all-factor experiments of milling 45 steel were conducted with the control

To explore the relationship between cutting force, vibration and surface roughness is of great significance

variable method of three factors and four levels of cutting speed v, feed per tooth f, and cutting depth a,. The main cutting
force, axial force, radial force and vibration were measured on line, and the corresponding average value, standard
deviation and RMS values of cutting force were obtained. At the same time, the two-dimensional surface roughness R,,
three-dimensional roughness average S, and RMS S, were measured off-line. Then five distribution functions such as
Normal distribution, Exponential distribution, Gamma distribution, Weibull distribution and Cauchy distribution were used
to fit the sample data. The optimal distribution function was determined by AIC criteria, and the unknown parameters were
estimated by maximum likelihood method. The five Copula functions such as Gaussian Copula, ~-Copula, Frank Copula,
Gumbel Copula, and Clayton Copula were used to fit the related structural forms between milling force, vibration, and
roughness, and the optimal Copula function was selected according to the AIC criteria and the parameters are determined.
Deriving from the optimal Copula function, the Kendall rank correlation coefficient r was chosen as the evaluation index
to analyze and compared the overall relativity between milling force and surface roughness. A mixed Copula function was
constructed to analyze the tail correlation between milling force and surface roughness.

Keywords: Copula function; Milling force; Vibration; Surface roughness; Precision machining; Relevance; Minimum

quantity lubrication
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