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Abstract: Surface roughness of part is an important parameter to measure surface quality of work-
piece. In actual processing, impact factor of surface roughness is complex and uncertain, but in many
factors, cutting parameter has obvious effect on surface roughness, and it can be controlled manually
in processing. Therefore, selecting proper cutting parameter and improving surface quality of work-
piece are a very important tasks. Uniform design method is adopted in this paper to perform cutting
experiment of titanium alloy TC4. Measure surface roughness of workpiece with Marl MarSurf M
300C precise surface roughness tester of Germany, and then employ nonlinear regression solution

technology to establish prediction model of surface roughness. Inspect fitting degree of prediction
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model and significance of each independent input parameter by adopting analysis of variance. Perform

contrastive analysis of prediction error. Experimental result shows that prediction error of regression

prediction model established is as low as 0. 019% with feature of high precision and strong reliability

etc. Finally it puts forward to take the minimum surface roughness as target, use genetic algorithm to

optimize solution technology and establish optimization model of cutting parameter. The research re-

sult provides theoretical basis for prediction of surface roughness processing and provides reasonable

choice of cutting parameter to improve surface quality of processing.

Key words: surface roughness; TC4; prediction; nonlinear regression; genetic algorithm

1 3 7

3 THTREURE B AR Ay A7 15 2 o T 3 T T R Y O
S B, R T A 0 5 5 R O L R ok
e THAEEAA B EENERY W EEE ] —
HMFRE SN, BRiHEE rik E8a w2,
3 A S A LA U T2 R 2R T T A 1
M RV AE A AR R BK A 4 TCA 1 e 2 4% I
STl e WA JE AL 21, 4R S A 0
T EK A 4 TCA M 3h 245 R4l i Ak VB T A AU
T U A U Ak R B AR R, R T ) A i
By o DT fef 75 35 TR0 AR A 8 Bt 22 34 K, O L3 T R K
JIE Bt 5 g O 0 2 O ORI S R B K. Mu-
guthu & A H] PCD & RIA JT H R 2 MR R 2
) CBN J1 H.53 5 U) Hl 4 J& 52 & A1 kE Al2124SiCp
(45% wt) LI 5 R W fEHELS 5 8. 3 mm/
min Y1 HI % 44 F . PCD JJ B iy BE 4 % 1t CBN
H/N,PCD JJ H N T 5 3R 18 BT 2 R )2 CBN
JIE T AR MR B CBN J1E N T (1 2 1 &
He 2. SR, 3K R O 1k S RE G 34 2% 1 T 5 U
TESHZEMEE LR,

T R S N S S 3R TR R 1 9
MR R 5K 52 & S N R R A 4 TIAIN %R
JZ T Hm BBk A 4 TCA 38 i B 1) 2 i ML RS
JEE (1003 25 SR, 0 ) S T T AR THDRELRE BE A T Sl
VSR e 25 ) 4 R 4 A [ 0 45 T e 0 000 A R 28 3o
TR 5 25 ) LG AL A3 BT L AR )T SO LA R ) 4%
EERITRIERE S (3 = e B & 1 S N | D N7 B
T %6 J1 %R ELAY NAKSO HEAT T /5 o 4 ) i 56
iz BP PR Mg H AR, dE Ny 7 DL 5k % ol ik 4
SR EE UVEIGRBE U EIAT B T 5L A Ok ALY A
FEURE JBE Sk i 0 1 A 00 T 3% T T A AL, Br-

ezocnik % A i G R4S A 4 6061, BF5E T
F S VD R B L 3 4 e I TR 3 ) 2% TR RS
JERYSZ Ll ik GA SR GP 533 X B i m T
3 HFEURE FE 43 ) EAT T B0 L 4 M 45 R R H
HLBE 2 i % o s MEE . Tugral 48 A3 2
CBN JJ B AEIEM T8 AIST 52100 B F1 AISI
H-13 ), 76 7% JE ik 45 1 VDA B D) K B2 A9 1
BRI P28 IR 28 RN P T U3 43 B 5 i s S T
3 T REURE AN 0 L B ) TR AR A L A Sk i A
o5 i AT 3 TRDRELRS B2 oK s/ o (0 & PR T 2L 1)
451 T U0 0 S O 8, T L B R 3 ok
{8 3 T KL R JEOKF 98 /), Sudhansu 25 AN A H
PVD-TiN &2 7] Y1) AISI 4140 £, #5774
IR B HES I ) MM EAEHCR D
[l IS ASE R, P oA 000 o T 3 T Y 6 TR R L 4R
MitAE R MR E MR EERNR, T
W7, 7] H X R B Y 52 A/, AT DL 2, Ashok
e NNl Gt TIN R RV ZICN R E U R R G ER
5T & 4 1 243 YT HI ATST 4340 8, #F 58 1 )
ELJ5 T R L T3 MRS B R D) RO A g
SET QT U I B ] A 2R TR RS B S0 45E A,
HH R 2 0 Lo 2 TR R 0 AT AR (0 R BE 2L
FHEWRZ JTH L TiN Uk JZ 71 Hoim TR RDRS B 19 7
N ASE 0 KG BE 35 E5 T ZrCN, B3R BFSE T 4E &
FEAHE R TORLRE B 5 U1 T2 S 802 8 it
U AL A SR WA — 0 % IR 3R TE BT
il k.

ARSCiE Y ST i kA 4 TC4 1Y)
H S 56 8 T A I i T A A RERS L BT SR
AT LR B %) 22 0 Al £ T 0 9 300 A8 AR, S T
FE TR B BE 09 o8 B R AR . Ol T 4R R SR T R
i, DR /N R IEHDRS B2 O H AR M @ VT H S 801
AR R H 3 A% B ISR R R



5 10

iz L A E VI BR A 4 TCA (432 DHURE B 700 -5 45 i 5 vk 545

2 SIS X,

2.1 WiKAR

VERMLAS ALK L T80 12 1 % 5 22 4
RELEKA 4 TCA HAg oo B HAGH BE & B ol
PO RAFEN T RS S M B R IR
N R AR A O SR R S At 4 R A R
Xt e R 4 R BRSSP ECH I Tk RE 2 L
I, S2 8 R KA 4 TCA 1 R U0 T8 44 kL
Bekh, THFK B 375 mm. 2K 45 mm,

PEScmkgE . &4 TiC M TaC 43 YT,
YW B G 4 T ARTE GO kG 4 . A
[ B0 450 L YT YW, YG 26 7] B4
A4 TCA, &AW 3 BT Ul gk & 4,
Y W2 JJEf i R B i, YGS ) B i A R TR
2 YTIS J1H (i R e 2000 i S B AR 7= 4
JEH YGS JI BAIEIN T4k &4 IE e N W B % &
FTJEPWITR S TP Ti e R SR T A
et ik (I NTIR A DAY R iR 1| IDARSE
BEAR . DR A 50 R R A 4 YG8 JT AL,
JIFFRS y 90° 20W3K13, JI F W LT S 50k
A 7%=12°, )5/ «=8", JIfifi ,=—3°, £
1 =90, B A & =30, aF PEHL %E 0. 2 mm, FE
JEHETEE N 0.5 mm, WA 1 iR,

T

1 SEE ] R R IR
Fig. 1 Cutting tool

SR T TDHLRE 2 B R AR 2, I 2 %
H I8 ERAE T o B £ IZ ) o LRI HI
KB L oxk 2 TOHLURS B2 B9 52 W, D) ) 592 36 70 4008 4

K CAKG6150 Egkf7,4ni&l 2 fion, B (% 3

.

2 JIn T ek S TR

Fig. 2 Measurement of surface roughness in uanu-

facturing work bench
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Tab.1 Experiment scheme

F%5 N (r/min)f (mm/r) a,(mm) L(mm) Ra(pm)

1 200 0. 24 0. 46 750 3. 158
2 220 0.17 0. 38 650 1.725
3 240 0. 27 0.32 550 4. 416
4 260 0.2 0.28 450 2.285
5 280 0.3 0.21 350 5.471
6 300 0.23 0.5 250 2. 948
7 320 0.16 0. 44 150 1. 416
8 340 0. 26 0. 36 50 4.092
9 360 0.19 0.3 800 2. 440
10 380 0.29 0.25 700 5.273
11 400 0.22 0.2 600 2.789
12 420 0.15 0.48 500 1.461
13 440 0. 25 0.42 400 3.053
14 460 0.18 0. 34 300 2.096
15 480 0. 28 0.29 200 4. 786
16 500 0.21 0.23 100 2.575
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Fig. 3 Effect of machining parameters on surface

roughness
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10 1 (| Sy =T

VIR NS

K7 26 43 B XF B A () 306 BE SR AT R O, A
WX BRI T F R0, R 3 AT ENIE. A F
>F.(py n— p— 1) BIUCH FHE BRI AT{E o p
- p-1 43500 8 11 SF- 5 #5525 58 5 ALY H
E.XHE =16, p=2, —BIREBZFMWHKFEN o=
0.05, 1 F Foos (2, 13) = 3.81,. A F=
283.328>>F, o5 » AI UL L iR SR A5 B [0l 13 7 F2 A5 3
SCLBN O RRAE BEE 0,05 E B E . BUHSE AN
25.236,5% 227 F1° 0. 579, [8] I35 7 Fil K F
B 22707 I, U B L 1 1 Y A R TR O A Y
Y Ry, LG ROR BT

x3I AESWE
Tab. 3

HENRE M ABE ¥ F Fo.os  Sig
| 25.236 2 12.618283.328 3.81 0.00

2% 0.579 13 0.045 — — —
M 25.815 15 — - _ _

Variance analysis

LA REHRE TR AL EKT o« F,
AR R 28 6 (B ) 8RS8 s i (B B 22, O HL X
B ¢ fH AL N 0 S AT T BEAL S B, 2 H o=
0.05,0F, t,,1 =t G FAE 1 (0. 05)=1.7709, ¢
R TR N % F R x5 fo A 3 oT ik, 75 )
ForARE, KW £l f ZREW BRH,
Hoe 4R 23,179 5 —2. 334, 4% «a=0. 05 /K
WA REMBEE R 5 £ a, f ALRMERIEX
o bR R B A0 (B O L U YRR . 1Y B AR
Xof PR A% i (VR I ROR

x4 EHERHSFE

Tab. 4 Regression coefficient analysis
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Tab.5 Comparison of predicted results with experimen-
tal data
FF5 1 2 3 4 5 6

n(r/min) 240 280 300 340 380 420
f (mm/r) 0.19 0.25 0.30 0.17 0.21 0.27
a(mm)  0.30 0.41 0.28 0.37 0.25 0.33
L(mm) 720 600 480 360 240 120
STERME (pm) 2.085 3.57 5.378 1.761 2.551 4.637
WML (pm) 2,203 3.56 5.379 1.720 2.727 4.287
HIXFIR2E 5.66%0.28%0.019%2.33% 6.9% 7.55%
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Fig. 4 Flowchart of genetic algorithm
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Fig.5 Optimization of machining parameters
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