CONG NGHE

NGHIEN CU'U ANH HUONG CUA MOT SO THONG SO
CHE DO CAT DEN DO NHAM BE MAT KHI GIA CONG
THEP SKD61 TREN MAY PHAY CNC

INFLUENCE OF CUTTING PARAMETERS ON SURFACE ROUGHNESS OF WORKPIECE
WHEN CUTTING SKD61 STEEL USING CNC MILLING MACHINE

TOMTAT

Trong bai bdo nay, tién hanh nghién ciu thuc nghiém dé khdo sat anh hudng
clia mt s6 thdong so ché do cat dén do nhdm bé mét (R,) khi gia cing thép SKD61
trén mdy phay CNC. Hai thong s6 cla ché d6 cdt dugc dé cap dén trong nghién ciiu
nay la toc d0 quay cla dung cu cdt (n) va lugng chay dao (S). St dung qui hoach
thuc nghiém dang hén hop tam xoay (CCD - Central Composite Design) dé xay
dung ma tran thi nghiém gom 13 di€m thi nghiém cho hai thong s dau vao la (n)
va (5). Tién hanh thi nghiém va phén tich két qua bang phan mém Minitab 18 cho
théy: Anh huding ctia n, S va su tuong tac giifa chiing dén R, khé phiic tap, khi téing
gia tri clia cc thong s nay thi ¢6 khi lam tang, c6 khi lam giam R,. Trong d6, miic
@6 anh hudng clia n dén R, 16n hon so véi mic 46 anh hudng cda S. Sau d6 hudng
phat trién cho cac nghién ctiu tiép theo ciing duoc dé cap dén trong bai bo nay.

Tirkhéa: Ché d6 cdt; nhdm bé mdt; thép SKD61; mdy phay CNC.

ABSTRACT

In this paper, experimental process had done to get influence of cutting
parameters on surface roughness of workpiece when cutting SKD61 steel using CNC
milling machine, Two parameters of cutting parameters include speed of tool and feed
rate. Using Minitab 18 software to analyse results of experiment based on central
composite design matrix including 13 runs. The result is the influence of speed of tool,
feed rate and interaction between them are more complex. Influence of speed of tool
is larger than feed rate. Finally, suggestions for further research are given.

Keywords: Cutting parameters; surface roughness; SKD61 steel; (NC milling
machine.
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1. GIGI THIEU

Trong gia cong co khi, phay la phuong phap dugc si
dung phé bién dé gia cong nhiéu dang bé mat khac nhau.
Chat lugng bé mat chi tiét sau khi phay dugc danh gia qua
nhiéu théng s, trong d6 nham bé mét la mot trong nhing
théng s6 c6 anh hudng I6n dén kha nang lam viéc cla chi
ti€t may, thong s6 nay thudng dugc st dung dé danh gia
chét lugng san pham.

Khi gia cong bé mat bang phuong phap phay, cé nhiéu
yéu t6 anh hudng dén nham bé mat (ché do cat, vat liéu chi
tiét, vat liéu dao, céng nghé tron ngudi...), trong dé nhing
thong s6 vé ché dé cat c6 anh hudng I6n dén nham bé mat.

DPé nang cao nang sudt va dd chinh xac khi phay, viéc
Ung dung cédng nghé phay trén may CNC dang dugc phé
bién tai cac don vi san xuat. G Viét Nam, trong nhiing ndm
gan day, da c6 mot s6 nghién cu vé khao sat anh huéng
cla ché d6 cat dén dé nham bé mat khi phay trén may CNC
cho nhiing loai vat liéu gia cong khac nhau: gia cong thép
45 [1]; gia cong hgp kim nhém 6061 [2, 3]; gia cong thép
khong gi SUS201 [4];... Trong bai bdo nay, tién hanh khao
sat dnh hudng clla mét sd théng s6 ché do cat dén dé
nham bé mat khi gia cdng thép SKD61 trén may phay CNC.
Hai théng s6 cla ché d6 cat dugc dé cap dén trong nghién
clu nay la n va S. S dung qui hoach thuc nghiém dang
CCD dé xay dung ma tran thi nghiém gém 13 diém thi
nghiém cho hai théng s& dau vao la n va S. Tién hanh thi
nghiém va phan tich két qua bang phan mém Minitab 18
cho thdy: Anh hudng cla n, S va su tuong tac gilta chiing
dén R, kha phc tap, khi tadng gia tri clia cac thong sé nay
thi c6 khi lam tang, cé khi lam gidam R,. Trong d6, muc dé
anh hudng clia n dén R, I6n han so v&i muc d6 anh hudng
cla S. Sau d6 hudng phat trién cho cac nghién clu tiép
theo cling dugc dé cap dén trong bai bao nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Hé théng thi nghiém

2.1.1. Mdy thi nghiém

SU dung mdy phay CNC c6 ki hiéu DMC 835V (hinh 1).
May c6 mét s6 dac tinh ky thuat co ban nhu sau:
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- Hé diéu khién: SIEMENS.

- T6c d6 16n nhat ctia may: 10.000 v/ph.

- Téc d6 nhé nhat ctia may: 10 v/ph.

- Truc X: 850mm.

- Truc Y: 550mm.

- Truc Z: 550mm.

- Dai dao: 30 dao thay ty dong.
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Hinh 2. Dao phay ngdn

2.1.2. Dung cu cdt

Dao phay ngén lam tU vat liéu hgp kim cing (Hang
OKAZAKI - Nhat Ban) dugc st dung trong nghién ciu
nay (hinh 2). Bay la loai dung cu cat dang dugc st dung
phé bién trong cédng nghé phay cing néi chung va
phay vat liéu [am khudén SKD61 ndéi riéng. Mot sé thong
s6 hinh hoc co ban cta dao phay ngén dugc trinh bay
trong bang 1.

Bang 1. Thong s6 hinh hoc ctia dao phay ngon
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2.1.3. Mdu thi nghiém

Pé 6 thé tng dung truc tiép két qua nghién clu vao
thuc té sdn xuat, nham nang cao hiéu qua kinh té - ki thuat
clia qua trinh phay trén may phay CNC, thép SKD61 dugc
chon dé tién hanh thi nghiém, day la loai vat liéu dang
dugc st dung phé bién dé ché tao cac chi tiét bang
phuong phap phay. Mau thi nghiém dugc chon dé phay
héc hé ¢6 hinh dang, kich thudc nhu trong hinh 3.

2.1.4. Thiét bj do

Thiét bi do d6 nham dugc st dung la may do d6 nham
MITUTOYO Surftes SJ-201 (Nhat Ban) tai Khoa Co khi -
Trudng Pai hoc Cong nghiép Ha N&i (hinh 4). Mdy c6 mot
s6 dac tinh ky thuat co ban nhu sau:

- Hién thij LCD, tiéu chudn DIN, ISO, JIS, ANSI.

- Théng s6 do dugc: Ry, R, Ry, R, Ry, ...

- D6 phan gian: 0,02/360um; 0,006/100um; 0,002/25um.

- B6 chuyén d&i A/D: RS - 232 C.

- Phan mém diéu khién va xu ly s8 liéu MSTAT w 324.0
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Hinh 3. Kich thu6c méau thi nghiém

Hinh 4. Thiét bi do 49 nhdm $J-201

2.1.5. Quidao chay dao

Khi thyc hién gia cong trén may phay CNC thudng s
dung mét trong ba phuong phédp chay dao sau: High
Speed, Zigzag va Morph Spiral.

Cac két qua nghién ctu cta Lé Hoai Son [5] khi gia cdng
thép SKD61 trén may phay CNC da chira rang:

- budng chay Zigzag cho quy dao dao it vét nhat nén
nham bé mat 1a thap nhat.

- Dudng chay High speed cho quy dao dao tét thit hai.

- Dudng chay d&i Morph spriral cho nham kém nhat vi
dé lai nhiéu vét nhat trén bé mat san pham.

- Tuy nhién dudng chay High speed va dudng chay
Morph spiral lai cho thdi gian chay ngén han, gidm thiéu
dugc thoi gian nhac dao chay khong so véi dudng chay dao
ki€u Zigzag. Trong thuc té tly vao yéu cau san phadm ciing
nhu san lugng ma chon lya quy dao dao t6t nhat. Can dé
nhan bdng bé mat thi lya chon dudng chay Zigzag, can
nang cao nang suat thi lya chon dudng chay High speed
hoac dang Morph spiral.

VSi muc dich khdo sat anh hudng cta ché d6 cat dén
nham bé mat khi gia céng tinh loai vat liéu SKD61 trén may
CNC. Vi vay, trong qua trinh thi nghiém da Iua chon kiéu
chay dao Zigzag.

2.2. Thuc nghiém khao sat &nh huéng ctia n va S dén dé
nham bé thép SKD61 khi gia céng trén may phay CNC
2.2.1. Thinghiém bé mdt chi tiéu
Chon ké hoach thi nghiém

Dé khao sat anh hudng clia n, S dén R, khi gia cdng thép
SKD61, can md ta chinh xac quan hé gitta n, S véi R, thong
qua két qua nghién ctu thuc nghiém. Trong nghién ctu
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nay, k& hoach thi nghiém dang hén hgp tam xoay (CCD)
dugc chon dé thuc hién thi nghiém. Pay la dang thiét ké
dugc dung phé bién nhat trong chubi ké hoach thi nghiém téi
uu hoa [6].

PéE dat dugc tinh chat "tdm xoay" can chon khoang cach
a*, 13 khodng céach ti diém trung tdm dén diém doc truc
theo céng thic sau [6]:

a* =4 ()

Vi ne la s6 diém thi nghiém géc, nr= n*=22=4, Do do,
a*=1414
M6 hinh héi qui thuc nghiém
M6 hinh hoi qui mé ta su phu thudc ctia ham chi tiéu y
vao cac thong sé anh hudng x; dudi dang [6, 7, 81:
y=bg +b,X; +D,X; .. 4D, X, 0, XT; 4D, X5, + .. -

2
0,0 X5 F012 XX, 03X X5 e HD X X
Tuc la:

y=b, Jan:bixi +Zn:bnxi2+ZZbijxixj (3)
i=1 i=1

i<j
Trong doé:
bo - Hé s6 tu do.
bi - Cac hé s6 tuyén tinh.
bii - Cac hé s6 bac 2.
by (i # j) - Cac hé s6 tuong tac cdp.

n - S6 théng s6 dau vao (théng s6 anh huéng).

xi - Gia tri ma héa clia cac thong sé vao.

Ma trdn thi nghiém hén hop tdm xoay

VGi 2 théng s6 dau vao gém nva S (k = 2) ké hoach CCD
sé& c6: s6 diém thi nghiém gbc ng= n* = 22 = 4; 56 diém thi
nghiém trung tam chon bang 5 [6, 8]; s6 diém thi nghiém
doc truc 2k=2.2=4 vé&i khodng cach o* = 1,414 (Ung véi muc
-1,414 va +1,414). Nhu vay ké hoach thi nghiém CCD ¢6 s6
diém thi nghiém cho méi Ian 13p 1a N=13. Ma tran thi
nghiém dang CCD dugc thiét 1ap bang phan mém théng ké
Minitab 18 thé hién trong bang 2.

Bang 2. Ma tran thi nghiém CCD

L n S
1 +1 -1
2 0 1,414
3 -1 -1
4 0 -1414
5 0 0
6 0 0
7 0 0
8 1,414 0
9 0 0
10 -1,414 0
1l +1 +1
12 -1 +1
13 0 +1
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Gid tri tai cdc miic cba cdc théng s6 dau vao

Gia tri cac thong s6 dau vao (n va S) dugc chon theo |5
khuyén khi phay tinh trén mdy CNC theo cac nghién cdu [9,
10] va dugc trinh bay trong bang 3.

Bang 3. Gia tri clia céc thong s6 dau vao tai cic miic khi thi nghiém CCD

Thong 56 diu va Ky Gia tri tai cdc muc thi nghiém
OngsOqatvad | pisu 1414 a4 | o | 1 |+1414
Téc 46 (v/ph) n | 3858 | 3900 | 4000 | 4100 | 4142
Lugng chay dao sl | 4| 0| % | 07
(mm/ph)

2.2.2. Két qua thi nghiém

Tién hanh thi nghiém theo thi tu cac diém nhu trong
bang 2 véi gia tri cac théng sé dau vao tai cac muc nhu
trong bang 3. Tai mbi di€ém thi nghiém ti€n hanh vai 3 mau,
tai m&i mau tién hanh do d6 nham 3 lan lién tiép. Gia tri do
nham tai mbi diém thi nghiém la gié tri trung binh cla céc
lan do lién tiép, dugc trinh bay trong bang 4.

Phan tich két qua ctia ma tran thi nghiém & bang 4 bang
phan mém théng ké Minitab 18, két qud dugc thé hién
trong bang 5, 6 va hinh 5, 6.

Quan sét bang 5 cho thay:

- Cac thédng s6 n, S, S déu ¢ anh hudng dang ké dén R,
(vi déu c6 gia tri xac suat P nho hon rat nhiéu so véi muc y
nghia o, thudng a = 0,05 [6-8]).

- Téc d6 n c6 anh hudng dén R, 16n nhat, tiép theo la dén
muic dé anh hudng clia S va §?. Su tuong tac gilia n va S (dai
lugng n.S) c6 anh hudng it nhat dén R, (thdng qua cot hé sé héi
qui - Coef). Van dé nay cang thay ré nét hon khi quan sat do thi
Pareto vé muic d6 anh hudng cia nva S dén R, (hinh 5).

- Anh hudng ctia cac thong sé n, S va su tuong tac gidia
chiing dén R, kha phurc tap, khi tang gia tri clia cac thong sé
nay thi cé khi lam tang, cé khi lam gidm R.. Vi du S ¢6 dnh
hudng dén R, nhd hon so véi mic d6 anh hudng cla n,
nhung $? lai anh hudng dén R, nhiéu hon muc d6 anh
hudng cla n. Van dé nay clng sé dugc sang td han khi
quan sat hinh 6 biéu thi su anh hudng clia n va S dén R..

Bang 4. Két qua ma tran thi nghiém CCD

- Théng sd vao Théng sd ra
n S R, (Lum)

1 +1 -1 0,13

2 0 1,414 0,21

3 -1 -1 0,19
4 0 -1,414 0,12

5 0 0 0,20
6 0 0 0,21

7 0 0 0,20
8 1,414 0 0,17

9 0 0 0,22
10 -1,414 0 0,27
1 +1 +1 0,18
12 -1 +1 0,26
13 0 1 0,23
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Béng 5. Thong tin md hinh héi qui cho ham muc tiéu R,

Coded Coefficients

Term Coef SECoef T-Value P-value VIF
0.21200 0.00445 47.60 0.000

Constant

niv/ph) -0.03592 0.00352 -10.20 0.000 1.00
s(mmyvg) 0.03093 0.00352 879 0.000 1.00
niv/phyn{v/ph) 0.00391 0.00378 1.04 0334 1.02
S(mm/vg)*s(mm/vg) -0.02569 0.00378 -6.81 0.000 1.02
niv/phy*S(mm,/vg) -0.00500 0.00498 -1.00 0.34% 1.00

Regression Equation in Uncoded Units
Ra = 021200 - 0.03592 n(v/ph) + 0.03093 S(mmy/vg) + 0.00391 niv/ph)*n(v/ph)
- 0.02569 S(mmyvg)*S{mm/vg) - 0.00500 n{v/ph}*S{mm/vg)

Bang 6. Két qua phan tich phuang sai ham muc tiéu R, khithi nghiém CCD

Response Surface Regression: Ra versus n(v/ph), S(mm/vg)

Analysis of Variance

Source
Model

Adj 55 Adj MS F-Value  P-Value
0.023045 0.004600 4648 0.000
0.017979 0.008990 90.65 0.000

Linear

3
5
2
n{v/ph) 1 0010324 0010324 10411 0.000
S(mmy/vg) 1 0007655 0.007655 77.19 0.000
Square 2 0.004966 0.002483 25.04 0.001
nv/ph)*n(w/ph) 1 0000107 0.000107 1.07 0.334
S{mm/vg)*Smm/vg) 1 0.004593 0.004593 46.31 0.000
2-Way Interaction 1 0000100 0.000100 1.01 0.349
niv/ph)*S(mm/vg) 1 0.000100 0.000100 1.01 0.349
Error 7 0.000694 0.000099
Lack-of-Fit 3 0.000014 0.000005 0.03 0.993
Pure Error 4 0.000630 0.000170
Total 12 0.023739

Pareto Chart of the Standardized Effects
(response is Ra, Alpha = 0.05)

2.262

Bén canh d6, mac du n’va n*S anh hudng khéng nhiéu dén
Ra (Vi gid tri xac suat P-value I18n hon muc y nghia o). Tuy
nhién theo Pham Van Lang va Bach Quéc Khang [7] ta
khong nén loai bo hai thanh phan nay ra khéi mé hinh hoi
qui vi lam nhu vay sé lam yéu di d6 tuong thich cia mé
hinh cho du ¢6 tinh lai cac hé s6 héi qui khac. TU d6, ta cé
md hinh thé hién mé&i quan hé gilta R, v&in va S nhu sau:
R.=0,212-0,03952.n + 0,03093.S + 0,0039.n2

-0,02569.5% - 0,005.nS

Phuong trinh (4) thé hién su &nh hudng cla n va S dén
R., 1a cd s& cho viéc lua chon ché d6 cat t6i uu cho ham
muc tiéu R, khi gia cong vat liéu SKD61 trén may phay CNC.
3. KET LUAN

Tu nhing két qua dat dugc trong nghién ctu nay, rit ra
két luan nhu sau:

Cac théng s6 n va S déu cé anh huédng dang ké dén do
nham clia bé mét chi tiét gia cdng. Trong d6 n c6 anh hudng
dén R, I6n nhat, ti€p theo la dén mic d6 anh hudng ctia S va S
Su dnh hudng d6 dugc thé hién theo phuong trinh (4),
phuong trinh nay la co s& dé diéu khién hay t6i uu qua
trinh gia cong trén may phay CNC cho vat liéu SKD61 véi
nhing yéu cau cu thé vé dé nham bé mat.

Trén co s& nhiing két qua dat dugc trong bai bao nay,
viéc xac dinh gia tri t6i uu cha ché dé cat khi gia cdng thép
SKD61 trén may phay CNC sé dugc ching t6i thuc hién
trong cac nghién clu tiép theo.

4)

e |

AB

0 1 4 5

2 3
Standardized Effect

Hinh 5. D6 thi Pareto vé miic d anh hudng clanva S dénR,

Surface Plotof Ravsn, S

0.25

0.15

0.10

Hinh 6. D6 thi anh hugng clanva S dén R,

Nhu da phan tich & trén: tat ca cac théng sé n, S déu co
anh huéng dén nham bé mat. Mat khac quan sat bang 6
cho thay: gia tri xac suat tai muc Lack-of-Fit (dong thi 3 ti
dudi 1én) co gia tri bang 0,993 I&n hon nhiéu so v&i muc y
nghia a, nhu vdy mé hinh hoi qui ¢c6 dé tuong thich cao.
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