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~ “TOI UU HOA NHAM BE MAT )
KHI TIEN TINH LO NHO TREN THEP X2I0CRI3 PA TOI

TOM TAT

Gia cdng cac 16 nhé trén thép X210Cr13
da tdi c6 do cing cao hon HRC 53 bang
phuong phap mai thudng cho nang xuét va
nham bé mét sau gia cédng rat thap. Phuong
phap tién tinh cling (mdc 16) trong diéu kién
cat khé da dugc st dung dé thay thé cho mai.
Bai bdo nay trinh bay mét nghién ciu thuc
nghiém nham t8i uu héa nham bé mat theo
cac théng s6 vé do cling vat liéu gia cong va
chiéu sau cat. Phuong phap thuc nghiém “Bé
mat chi tiéu” va phan tich phuong sai da dugc
st dung dé thiét k& va phan tich sé liéu thuc
nghiém. K&t qua cho thdy, c6 thé tién ciing
cac 16 nho, duong kinh 6-10 mm, dat d6 nham
Ra dén 0,6 micromet, trong diéu kién cat kho
trén may tién van nang. Nghién ciu da duoc
kiém ching va trién khai thir nghiém dé san
xuat cac khuon dap.

L. PAT VAN PE

Gia cong cit got khong st dung dung dich tron
ngudi (DDTN) - con duge goi la qua trinh cat kho hay
qua trinh cat than thién méi truong (Green Machining)
- nhdm dat muc tiéu quan trong trong nganh Ché tao
may la giam thidu tac dong xAu dén mdi truong va ha
gi4 thanh san pham. Nhimg wu diém cia qua trinh nay
S0 vol qua trinh cat udt (co st dung DDTN) bao gbm
[1,2, 3]: khong gay 6 nhiém khdng khi va nuoc; khong
tao ra chét thai ¢ hai trong phoi va do d6 sé lam giam
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chi phi lam sach méi truong va chi phi xi ly chét thai
ran tiép theo; khéng gay hai cho sirc khoe, da va cac
di tmg khac cho ngudi van hanh; khong can chi phi
mua sim cac trang thiét bi s dung DDTN; khong ton
chi phi vé DDTN. Mat khac, viéc su dung DDTN ngay
cang doi hoi cac chi phi dat d6 hon trude do phai dap
{mg cac tiéu chuin vé mdi truong rat khat khe. Tat ca
cac li do nay da va dang khién cho qua trinh cat kho tro
1én ngay cang phd bién trén pham vi toan thé giéi.

Tuy vay, qua trinh cit khé khong chi lam ting ma
sat va su dinh gitta dao vdi phoi va vét li€u gia cong,
ma con lam ting luong nhiét phat sinh khi cit. Do do,
cat kho s& co thé lam tang luong mon, gidm tudi bén
dao, giam d6 chinh xac hinh dang, kich thudc va cap 46
nham bé mat sau gia cong. Ddng thoi, nhiét cat khi nay
c6 thé 1am giam d6 cung, thay ddi cau tric t vi 16p bé
mit di gia cong.

M@t trong cac giai phap hién dang duoc nghién
ctru va trién khai ung dung réng rai trong cac qua trinh
Ccat [4-6] va dugc xem nhu co thé khac phuc nhuge
diém cua ca qua trinh cit kho va qua trinh cat uét la st
dung ki thuat béi tron tbi thiéu - MQL (The minimal
quantity of lubricant technique). MQL ¢6 wu diém ndi
tr61 so véi ki thudt cit w6t 1a nd lam giam dang ké su
tiéu thu DDTN. Tuy nhién, ki thuit MQL vin tén tai
hai nhuoc diém co ban khi so sanh véi qua trinh cét
uét: Thir nhat, kha ning din phoi khoi khu vic ct
kém: thr hai, van c¢6 mot lugng DDTN nhat dinh bam
dinh vao may ¢6ng cu va hoa tan vao moi trudng xung
quanh khu vuc gia céng, gdy anh huéng dén stc khoe
nguoi vin hanh. D& giam thiéu cac tac dong nay, moi
may ¢dng cu cin lip thém mot may hut chén khong.
Nhung 16 rang, khi d6, chi phi d4u tw va tién dién tiéu
thu sé phai ting 1€n.

Trong thuc t& san xuét, d¢ gia céng cac 16 nho
(duong kinh ¢& 6 mm), ty s chiéu dai trén duong kinh
14 16n (c& 4 Ian), lam bang vét 1iéu X210Crl3, d6 cimg
sau ram HRC > 53; nguoi ta co thé st dung phuong
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phap mai 16 véi nhiéu loai d4 mai khac nhau. Két qua
thuc té cho thdy, ning suat gia cdng rat thap (Chi dat
tir 2 -3 16/01 ca may). Nguyén nhan chu yéu la do ham
lhrong crome trong thép rat 16n (Pén 13%) va do cimg
cao (HRC dén 62), nén hé sb tinh gia cdng clia no chi
dat tr 0,3 — 0,4 [7]. Do 16 ¢6 dwong kinh nho, kha nang
Jam ngudi khi nay kém, nén da thuong bi mon nhanh,
giam kha ning cat got. Cac tac gia da d xuat sir dung
phuong phap tién cung (Hard Tuming) va khéng su
dung DDTN vi cac li do da trinh bay & trén.

Bai bao nay trinh bay mot nghién ctru thue nghiém
nhim tdi wu hoa théng s6 cong nghé trén may tién van
ning dé két qua dwoc ap dung ngay vao thuc tién san
xuat. Cac thong sb van tdc cit V, lugng chay dao S mic
du ¢ anh hudng dang ké dén nham bé mit [8], nhung
do chi c6 thé duoc thiét 1ap vai cac cép ¢6 dinh trén may,
nén khéng thuan tién cho tién hanh tip cac thi nghiém
khao sat. Gia tri cua cac thong sb nay duoc chon theo
kinh nghiém. Két qua cat thir true tiép trén may cho
thay cac gia tri V=35 m/ph va S= 0.025 mm/vong cho
thdy nham bé mat gia céng kha én dinh va thda man
yéu cAu ki thuat dat ra (Ra < 1,4 micromet).

Cac thong s6 do cimg bé mat (HRC) va chiéu sau
cat t (mm) c6 anh huéng quyét dinh dén nham bé mat.
Hon nita, cac thong s6 nay co thé c6 thé diéu khién
duge dé dang. Vi cac Iy do trén, bai toan quy hoach
thuc nghiém duogc thiét 14p nham danh gia va tdi vu hoa
nham bé mit Ra (micromet) theo hai théng s 1a dé
cimg bé mit HRC va chiéu sdu cit t (mm).

Phuong phap bé mit chi tidu 1a mét trong cac cong
cu hiru dung nhat ¢ md hinh hoa va phan tich cac bai
toan ¢6 cac ham muc tiéu phu thudc nhiéu théng sb dau
vao va c6 muc dich 1a t6i wu héa cac ham nay [9,10].
Bai toan t6i wu hoa nham bé mat & day di dwoc giai
quyét bang phwong phap nay.

IL THUCNGHIEM TOIUUHOANHAM
BE MAT
2.1. Diéu kién thi nghiém

- May tién: Takizawa; xudt xir: Japan; nim san xuét:
1977, 56 vong quay truc chinh max: 1650 vong/ph.

- Dao: Vit liéu manh dao K01; thong sb hinh hoc:
¥ =-100, o = 150; ¢ = 350. Hinh 1 trinh bay anh chup
thén dao va méanh dao (chi rdng 3,96 mm).

- May do d6 cimg: Rockwell TK-14-250; xuit xu:
Lién X&; nam san xuat: 1979.
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- Méy do dd nham: SJ - 2QP; xuét xir; Hang Mitutoyo
Japan; niam san xuat: 2004,

Hinh 1: Thén dao va manh dao thi nghiém
2.2. Cdc bién thi nghigm va mién khao sdt
Pham vi khao sat cua cac thong sb nay dugc chon
gn nhu bao quat hét pham vi ¢6 thé xay ra trén thuc
t¢ gia cong. Bang 1 trinh bay pham vi khao st ciia cac
bién thi nghiém nay.

Bang 1: Pham vi khdo sat cac bién thi nghiém

Muc Theflp Trung | Cao
Bién nhat binh nhat
Mi hoa -1 0 +1
D6 cimg bé mat (HRC) 53 57,5 62
Chiéu sau cét (mm) 0,05 0,15 0,25

2.3. Ké hoach thi nghiém

Phin mém Minitab® duoc chon dé xay dung ké
hoach thi nghi€ém va phéan tich sb liéu. Cach thue khai
bao cac bién thi nghiém cho budc khai tao ké hoach thi
nghi€ém dwrgce minh hoa trén hinh 2. Két qua ma tran thi
nghiém thu dugce duge trinh bay trong bang 2.

Create Response Surface Design - Factors

Levels Define
¢ Cube points
" Axial points
Factor =~ Name Low High
A HRC 53 62
B t(mm) 0,05 0,25
{
Help | oK l Cancel |

Hinh 2: Khai b4o bién thi nghiém cho thiét ké CCD

&
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Bang 27 K& hoach thi nghiém o1 wu hoa nham bé mat theo do
clmg va chiéu su cat

(S)tfder g‘r‘ger PtTyp‘e!‘ Blocks | HRC t (mm)
12 1 0 1 57,5000 | 0,150000
3 2 1 1 53,0000 | ,250000
2 3 1 1 62,0000 | 0,05 000
1 | 4 1 ] 53,0000 | 0,050000

|13 5 0 1 57,5000 | 0,150000

[ 10 6 0 1 57,5000 | 0,150000
6 7 -1 1 63,8640 | 0,150000

B 8 -1 1 51,1360 | 0,150000

[ 7 9 -1 1 57,5000 | 0,008579
4 10 1 1 62,0000 | 0,250000

BB 11 -1 1 57,5000 | 0,291421

L1l 12 0 1 57,5000 | 0,150000

L9 13 0 1 57,5000 | 0,150000

Toan bé 13 thi nghiém duoc thuc hién trong cung
maot ca may, trong diéu kién gia cong nhu nhau. Bang 2
¢6 13 hang, tirc 1a ta can thuc hién it nhat 13 thi nghiém
theo thir tu d4 liét ké trong ¢6t RunOrder. MB&i thi nghiém
¢6 cac bién HRC, t duoc xac lap theo gid tri d4 ghi trong
6 trong ung cua cac c6t HRC va t trong bang.

Lan luot tién hanh cac thi nghiém, thu thap két qua
va ghi lai gia tr1 vao c6t bo sung cua bang thi nghiém da
¢6, ta thu duoc két qua nhu trinh bay trong bang 3.

Béng 3: Két qua thi nghiém nghiém tdi ru héa nham bé mat

'StdOrder [ RunOrder | PtType | Blocks | HRC t(mm) | Ra |

[ 12 i 0 1 | 57,5000 | 0,150000 | 0.8 |
3 2 i 1 53,0000 | 0.250000 | 1.5
2 3 1 1 62,0000 | 0,050000 | 1,3
1 4 1 1 53,0000 | 0.050000 | 1,1
13 5 0 1 57,5000 | 0.150000 | 0,8
10 6 0 1 57,5000 | 0,150000 | 0.3
6 7 -1 1 63,8640 | 0.150000 | I,1
3 8 -1 1 51,1360 | 0,150000 | 1,1
7 9 -1 1 57,5000 | 0,008579 | 1,8
4 10 |1 1 62,0000 | 0,250000 | 1,5
8 11 [ -1 1 57.5000 | 0291421 | 1.1
11 12 [ o 1 57,5000 | 0,150000 | 0.4 |
9 13 | 0 1 57,5000 | 0,150000 | 0,5 |

Trong bang 2, ¢t Ra théng ké cac gia tri nham
bé mit Ra do bang micromet; tmg v6i timg thi nghiém
da duoc thuc hién. P& giam bot sai sd, toan b 13 thi
nghiém di duoc lap lai 2 lan. Sau khi thic hién hét 13
thi nghiém va ghi lai két qua Ra, 13 thi nghiém khac
cling da duoce thuc hién lai.

Két qua Ra trong bang 3 la gia tri trung binh cta
hai lan lap d4 thuc hién.

2.4. X Iy két qua

St dung chirc nang phan tich két qua thi nghiém
(Analvze Response Surface Design) cua phian mém
thiét ké thi nghiém Minitab®, thu dwoc két qua nhu
trén hinh 3.

Response Surface Regression: Ra versus HRC; t(mm)
The analysis was done using coded units.
Estimated Regression Coefficients for Ra

Term Coef SECoef T P
Constant  0,56000 0,12470 4,491 0,003
HRC 0,02500 0,09858 0,254 0,807
t(mm) -0,04874 0,09858 -0,494 0.636
HRC*HRC  0,28875 0,10572 2,731 0,029

t(mm)*t(mm) 0,46375 0,10572 4,387 0,003
HRC*t((mm) -0,05000 0,13942 -0,359 0,730

S =0,278835 PRESS =2,69386

R-Sq =77,72% R-Sq(pred) = 0,00% R-Sq(ad)) = 61,81%
Analysis of Varance for Ra

Source DF SeqSS AdjSS AdMS F P
Regression 5 1,89883 1,89883 0,37977 4,88 0,030
Linear 2 0,02401 0,02401 0,01200 0,15 0.860
Square 2 1,86483 1,86483 0,93241 11,99 0,005
Interaction 1 0,01000 0,01000 0,01000 0,13 0,730
Residual Error 7 0,54424 0,54424 0,07775

Lack-of-Fit 3 0,33224 0,33224 0,11075 2,09 0.244
Pure Error 4 0,21200 0,21200 0,05300
Total 12 2,44308

Hinh 3: Phén tich két qua thi nghiém téi wu nham bé mat

Quan sat két qua phan tich phuong sai (Analysis of
Variance), nhan thay thanh phén bac nhét (Linear) ctia mé
hinh héi quy ¢6 it y nghia théng ké (gia tri p bang 0,86,
16n hon nhiéu so véi muc Y nghia théng thuong 1a 0,05).
Quan sat gia tn p cia phan tich mirc d6 khéng phu hop
cua md hinh (Lack-of-Fit), do gia tri p (bang 0,244) lén
hon nhiéu so voi mire théng thuong (0,05), do vay, cb thé
két ludn 12 dang mé hinh héi quy kiéu bac 2 1a phu hop.

Dé tinh chinh mé hinh, quan sat bang liét ké cac
hé s hoéi quy (Estimated Regression Coefficients for
Ra) trén hinh 3, ta thay, hé sé hdi quy tuong (g véi s6
hang HRC*t c6 gia tr p kha 16n (0,73). Tién hanh loai
bo thanh phan nay ra khoi mé hinh héi quy, thu duoc
két qua mdi nhu trén hinh 4.

Response Surface Regression: Ra versus HRC; t(mm)
The analysis was done using coded units.
Estimated Regression Coefficients for Ra

Coef SECoef T P
0,56000 0,11771 4,757 0,001
HRC 0,02500 0,09306 0,269 0,795
t(mm) -0,04874 0,09306 -0,524 0,615
HRC*HRC 0,28875 0,09980 2,893 0,020
t(mm)*t(mm) 0,46375 0,09980 4.647 0,002

Term
Constant

S$=0,263212 PRESS =1,96343
R-Sq =77,31% R-Sq(pred) = 19,63% R-Sq(adj) = 65,97%
Analysis of Variance for Ra

Source DF SeqSS AdjSS AdjMS F P
Regression 4 1,88883 1,88883 0,472209 6,82 0,011
Linear .2 0,02401 0,02401 0,012004 0,17 0,844
Square 2 1,86483 1,86483 0,932413 13.46 0,003

Residual Error 8 0,55424 0,55424 0,069280
Lack-of-Fit 4 0,34224 0,34224 0,085561 1,61 0327
Pure Error 4 0,21200 0,21200 0,053000

Total 12 2,44308

Hinh 4: Tinh chinh phén tich két qué thi nghiém t6i wu nhém bé mat
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Trén hinh 4, nhan théy caché sb bac cao cua phuong
trinh hdi quy (HRC*HRC) va (t*t) déu co gia tri p rat
nhé (l4n luot 13 0,02 va 0,002). Dicu nay chimg t0 cac
thanh phan nay c6 y nghia théng ké 1on. Cac hé s6 bac
nhit (HRC va t) mic du c6 ¥ nghia thong ké thap (gia
tri p 16m), nhung khéng thé loai bd ching do cac thanh
phén béc cao cua chung bit budc phai c6 mit [9,10].
Chip nhén két qua nay, ta thu dugc phuong trinh héi
quy md ta quan h¢ gifra ham muc ti€u Ra va cac thong
s6 dau vao HRC, t nhu sau (xem hinh 4):

(I)R,, =0,56000+0,02500HRC - 0,04874¢ + 0,28875HRC? +0,46375¢*

Phuong trinh hdi quy st dung cac gia tri thuc
(kh6éng m4 hoa — uncoded) la: (xem trén hinh 5).
(2)R, = 48,5018 - 1,63426 HRC 141 + 0,0142593HRC” +46,375¢

Estimated Regression Coefficients for Ra using data in uncoded units

Term Coef
Constant 48,5018
HRC -1,63426
t(mm) -14,3999
HRC*HRC  0,0142593

t(mm)*t(mm) 46,3750
Hinh 5: Céac hé sb hdi quy dang khong ma hoa

I KET QUA VA THAO LUAN

Biéu dién cac két qua thu dwoc dudi dang “bé mit chi
tiéu” (Response surface), thu dugc do thi nhu trén hinh 6.
Xéc 1ap cac muc (level) cho cap d6 nham dat dugc, thu
duoc db thi cac duong mize (Contour plot) nhu hinh 7.

Surface Plot of Ra vs t(mm); HRC

Hinh 6: D5 thj quan hé nham bé mit phu thude do cimg
va chiéu sau cat
Contour Plot of Ra vs t{{mm); HRC
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Hinh 7: D4 thi cac dudng mirc Ra phu thude
cac théng sé dau vao
Quan sat cac do thi trén hinh 6 va 7, nhén thy cép do
nham c6 vung cuc ti€u cuc bd trong pham vi da khao sat

(hinh 6); dong thoi, pham vi xac 1ap cac bién dau vao ciing
c6 thé lua chon kha rong (hinh 7). Ching han, ¢6 thé dat
dugc Ranhé hon 0,6 véi cac cap d6 cimg HRC nam trong
khoang 55-59; chiéu sau cit t tir 0,12 d&én 0,18 mm.

K&t qua nay phu hop véi yéu cau thuc té vé do cimg
bé mit ciia san pham, ddng thoi cho phép lua chon cac
théng sb ché d6 cit twong img véi kha ning gia céng cua
may tién van nang hién co6 cua hau hét cAc co s& sdn xuat,

IV. KET.LUAN

‘Anh hudng ciia d6 cimg bé mit va chiéu siu cit dén
nham bé mit khi tién cimg 18 nho (duong kinh ¢& 6-10
mm), lam bang vat liéu X210Cr13, trong diéu kién cit
khb trén may tién van nang di duoc phan tich bang thuc
nghiém. K§ thuit t6i wu hoa theo phuong phap bé mit
chi tiéu d4 dwoc ap dung dé thiét ké ké hoach va phén
tich s6 lidu thi nghiém. Két qua cho théy, c6 thé dat duoc
nham bé mit nho nhat (¢& 0,6 micromet) véi cac mau co
d6 cimg HRC nim trong khoang tir 55 dén 59; khi dugc
gia cong véi chiéu siu cit 0,12 dén 0,18 mm. Do cung
HRC 55-59 cfing 1a cac gia tri yéu cu cia hiu hét cac
san pham lam tir thép hop kim X210Cr13. Do vay, két
qua c6 thé ap dung cho cac qua trinh gia céng teong t.

Nghién ctru dugc thuc hién trong khudn khé dé tai
NCKH c4p B4 B2007-TN02-04. «
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