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Optimization of Cutting Parameters of Ductile Iron by Response Surface Methodology
CAI Fei', HE Qiang', FENG Feng’, WANG Wei®, CAO Liping’
(1. Institute of Advanced Manufacturing Technology, Jiangsu University of Science and Technology, Zhenjiang
212003, China; 2. Shanxi Diesel Engine Heavy Industry, Co., Ltd., Xingping 713105, China)
Abstract : A simplified model for boring nodular cast iron QT700 is established by using finite element method, which is used to pro-

vide the experimental data for response surface methodology. The central combination design method is adopted. Multiple regression

analysis is carried out on the test data, and the prediction models of main cutting force and cutting temperature related to the cutting
speed, feed rate and cutting depth are established. By analyzing the response surface model, the influence of cutting parameters on
the main cutting force and the cutting temperature is determined. Then, the comprehensive evaluation function of the main cutting
force, cutting temperature and dandruff rate is established by multiplication and removal, and the optimal cutting parameters are ob-

tained on the plemise of guaranteeing the processing quality and efficiency.

Keywords ; nodular cast iron QT700; response surface methodology; cutting parameters; optimization

0 3|5

BREREY QT700 HA Jy2- M Re i B (T BE | it =5 7L |
INT ARG, FE MR T o 5 A S s, A
HoAE R AR B A 5 T B B )02 B T A St
ML FEM Hl kb, SR, 76 45 05 ZE RS FLIS, i T P01 &
BAE B BRRE 2 T BT EI 15 K DT EIR B e Al
G ZEM TARTE G A, se g TAEERE . BRI Ib, %) ok 86 45 4k
QT700 YIHISEEA T T S A i T B

TE4 B YTE AR AR 0 5 BT R R S5 e in T AR
T m LI A i 2 R R o 2 D0 T 5 B0
RN, BHEEE AP Deform—3D X8R 5L 5 1R &
ST TR RE S BGTE, KRz E AN 2 H
AdvantEdgeff BHAF 48T T Y180 25T 54D & & Wit
FEAGFZI DAL AR ZE A4S 200 10 2 8061 ) o b
I RBOZ W, FH A 15 BRI R BINARL @A BRI
TR LAY 2 S A R A0 AR (A S8 A AT R OGoRe 3K
AT 3 RT3 8 W0 28 Rt T U M S 8 B
— A SRR 7 gt i PR AR AR Sy | T
PERE BT 0 T 7 L2 SRR e e T

SR RRIRAL' AR SCR AT BROG58 A T
AR5 A BRIT T B e B, S T YT
ALY H I BE 5 DT B HE 25 Tz ) R A DG A P A
B IFERIE— 2 2 8 R AT T 0 DI S 80T 118
b, HBFTOBCRXTER S 778k QT700 1 ZE T HI 2 40 7 1
EPEHAR R,

1 RKEFER

1.1 I8

FELAERRFFE A BRTTARADLR A 1 F ok 43 A A4
FDTEIN T R O BRA R R T AR SR
Deform—3D {2 7 33K A8 55 4 1 2 5 7L 48 1 19 A FROTAR
B IFHEAR L UTHI 7 AU ERBE , R e T ARGy iR
DI S HFEm A A = R R

TAFRPRHEE Deform—3D #4281 B 47 79 QT700, JJ
AR BRI RS 4, 2 7] Bk AfasE UIHPIRZS e, VI
FIFNTER RE B AR —(H T e sl 54 T ]
A SR FL Y — /B, QB 1 i, BRADUSEAY 1Y 5 B
10 mm, JEEH 6 mm, [FHR4E 4 100 mm, JEE A 10°, #]

TEH BT 2K5E (1993—) , 2 LM WA 584 9805 T R B Ak i 5 007

.75 .



- HUHIE - B, % -

vy W B AL 2R B Ak B R R BT R

B 1A% S 3R PRSI 2 s, IV G IS BRI 4 %
H . BE TI RIS KO 30000, T4 19 WA Kt
60000,

E1 EETLAEEIER
1.2 KIEigit

T W ER B Rk QT700 L YT HI 2 oY1l 1 #n
DI B A2 M AU, AR SCR RO S A B0 7k LAY
W v BER B f W ] o, FZS SR BOTREAY, ARRE
COTHIFH ) ) 3 7 R R Ak X T 4 A
660mm/s < V < 1320mm/s, 0. 3mm/r < f < lmm/r,
0.8 mm<a,<2.5mm, L\ 1,0 Fl-1FmR&BIHZEM
[T AN S O UES W

ERLAEGRITT, o BU L, Hu0 8 n B3, AR
T T AR A FROTER AR B TR EAC AR
Ak B L 3 AU B I 2, SRAS RS E R A B K
BUIRARANE 2 FR, I3 2 ATLAE 2,y J5 [l 69 DI HI
R T I3 PIATT I 8973 71, 8O EVTHI 1, IR SO T
FE AT FUIH) S AT B oA

F1 HEETEHRAE

. 7k
IS
-1 0 1
VIHIEEE V/ (mm/s) 700 1 000 1 300
HEghE 7/ (mm/r) 0.3 0.6 0.9
PIHIREE a,/mm 1.00 1.75 2.50

2 R

TS B 5T B B A IR

1t Design—FExpert 10 XHRE I 3R15 1 Sl 617 £ o0
[0 0BT, DTSt i) 57728 B = DT g Fy FIUTEDREE T
X5V fa, B9 R 2T 75 AR, sl (1) 22) Br
Ro

Fy=-96.65+0.05xV+311.19%/+97.86xa,—0.08xVxf-

0.02xVxa, +374.85%fxa,~1.31x10°xV* = 168.62x/* -

2.1

0.20xa, (1)
T=218.85+0.41xV+156.55%(+107.64xa,+0.17x
VXf~4.24x107 XVxa,~5.21%fXa,~1.57x 107 x V-
138.53xf°~21.00xa; (2)

XIS R R AT 0 35 M, S 2R R 3 B
Forb F ARSI SALN T B LA, P ARSI F AT 1Y

76 -

WS FORBAI 1 8 25 E . Nl LUE F Fy T ([0
JAREHIY P {H#R<0.000 1, Fe BRI 7 fiil 2% . BbAh,
KR Z AU R AR 5309010 0.9999 F10.996 0, BERH fir i
SERY A AR S BRI G R AT, BRI, SR FH g i i T
LA Fy AT () RE AR B B e TR B2, AT LUk

PEAT AT AT

F2 AWigitR

S MR &
gpe  HEE  #4E  BEIE (FEN ) FEN HEH THEE
V/(mw/s)  f/(mmt)  a/mm FyN RN RN T/(X)
1 0 1 0 3414 73967 16653 75540
2 -1 -1 -1 400 19434 6565 5825
3 1 1 -1 7908 41021 8828 797.90
4 0 -1 0 6446 32684 10105 677.60
5 0 0 0 10159 54629 140.11  729.65
6 -1 1 -1 8174 4590 10120 64508
7 1 -1 -1 806 17567 5586 663.63
8 -1 0 0 10491 56203 14637 658.27
9 -1 -1 1 9780 47847 14965 61936
10 0 0 0 10159 54629 140.11 72965
11 1 -1 1 10313 45134 14589 70615
1 -1 | | 19735 107854 23821 686.73
13 0 0 0 10159 54629 14011 729.65
14 1 1 1 17270 101200 22178 826.24
15 0 0 | 14626 7727 19213 74278
16 1 0 0 7920 5248 13932 71147
17 0 0 -1 5935 31937 8036 69152

*3 EEEE FRIEE

S kR FHM BME ¥HE FE PE  BEH
BEL 9.932x10° 9 1.104x10° 5967.87 <0.0001 &

Fy  BE 1294 7 18.49 — -

BRI 9.933x10° 16 - — —
BRL 64 320.21 9 714669 19348 <0.0001 B

T K% 25856 7 36.94 — —

BRI 6457877 16 — — —

2.2 MRz E 53

AR v 57 i AT R A IO 9 5 (LR AT, AT LB b
B R R 0T IR 7 A 52 e B PSS A, BT 2 R
3 535 UTHIZH00 Fy FT A0 )3 T B A e 424

MNIE 2 AT AR R f L o, BHEINAR 22850 Py BOHE,
TV ASEAIRT LU Fy iz, D] 2a) AT LLA B, PSS it
HOTEOU T, DTEIELE XS DT 1 o/ M PSS, AR A
P&l 2 ) ML IS THT EE RIS T LA HH 5z T % 1T
palibEl AP iR s IPANIbECYII 2T



- HLARFIE - BREF - mpl @ xR EFSE N AHGHR

900
800 Vi(mm/s)

) VRl %8 Fy I 1 2 S5

a/mm

E 0.
103

) /Rl X Fy LI K 55 P4
2 UIEIB X EYIAEIS Fy BM R E R & & E

M3 sl DUE B, DVEIE B v, dhah i f iz )
o, RIS 2SR DIHIRE T 9 BT, MR 3 iy
45 W [ AL P9 35 32 1 A8 A 4 T LK I 1 7 02 0] U 1 L
JE B TR RN G A - VI Vs> BES i f>T15 02 7]

— 5 900 5
) 0. 800 Vi(mm/s) 300 Vi(mm/s)

) VRl S THRR S B

4
0.3 700

a) VIR T W ThT % 2 ¢ P

4" fmm/r)

0.
103

<) f X TV WL T 2 25 7 22
3 VIBISEXUIBIRE THRMEARESELE

AR LA L0 AT il AR R AT e/ N i E VT O, A2
FEAF DI EE V S fs KA, B4 i f RIFFIZ T HE o, /)N
L 5 T 22 ARE AT fo R 169 ) 5L 38 O 222 () BB 47 ) e
V g f RS T o, B BR/IME X P TR —E
B2 B, 3088 N T A v A o 2 0 2 A R AR
I 280 T R — 5 A TR

2.3 SHRESMRL

T BRI TARAS 2 /N EUTHI 7, B AR B U
il BE R R BB R BR AR (25 3, Herb 25 R R A
TR (3) Bros, Al LUA X =& A —E i

J& AT RE RIS AU — g 1k AR
R ISR BR VAL 15 V- R K0 H 45 22 F AR A 1] 8757 A 1
B EBROE AR AL, B L 2% 8 2 2B EDTEI I 5 DT
BERRBN 731, WX (4) PR, 258 RIS T RER,
FUTHN 5 VIR B wT BE /N, RS s H B9
RUATRE/NEIHT

0=a,x/xV (3)
H=FyxT/Q
s.t.
1<a,<2.5 (4)
0.3<f<0.9

700<V=<1 300

AL T AT AT A 1 B DD S B B V=
1300 mm/s \f=0.9 mm/r,a,=1mm, Kl 4 BT HEReA
VG R REE SER R a5 AN f o <L (=
AT o AT L7 3 38 ek 3fe B v A 36 14 T R O AT I 1k
AT LA BT 0 = U0 3 R0 2K % iU i 4 O A
BRI BRI, R, 78 52 Br A 77 rp 75 SEAR 4 52 B
LG 38 M O A 5 2%, ARG 2 L 2% 14 1y B AR
VIHIZ%,

1200 -
1100 L
1000 L
900 +
800 -
700 -

z

E\ 600 +
500 -
400 F
300
200 I I
100

0 1 23456 78 91011121314151617 18
o o

a) VIHI
850 -
800 [
750
< 700
g
650
600 -
550 {
0123 4567 89 1011121314151617 18
WIS
b) VIHIEEE
3200 [
2800 |-
2400 [~
2000 [~
Z 1600
g
S 1200 |
800
400 -
or ]| |
0 1234567891011 121314151617 18
By
¢) L

B4 HIrR#EMWRECERSKEERILE
(T#E 81 ;W)

« 77 -



