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' T O I U U H O A N H O M B E M A T 

K H I T I E N T I N H L d N H O T R E N T H E P X 2 I O C R I 3 D f l T O I 

TOM TAT 

Gia cong cac 16 nho tren thep X210Cr13 
da toi co do cufng cao hon HRC 53 bang 
phi/ong phap mai thiicfng cho nang xuat va 
nham be mat sau gia cong rat thap. Phiidng 
phap tien tinh cufng (moc lo) trong dieu kien 
cat kho da diioc su" dung de thay the cho mai. 
Bai bao nay trinh bay mot nghien cuu thut 
nghiem nham toi uu hoa nham be mat theo 
cac thong so ve do ciing vat lieu gia cong va 
chieu sau cat. Phuong phap thiic nghiem "Be 
mat chi tieu"va phan tfch phuong sai da diioc 
sir dung de thiet ke va phan tfch so lieu thiic 
nghiem. Ket qua cho thay, co the tien ciing 
cac 16 nho, diidng kfnh 6-10 mm, dat do nham 
Ra den 0,6 micromet, trong dieu kien cat kho 
tren may tien van nang. Nghien cilu da dugc 
kiem chiing va trien khai thCf nghiem de san 
xuat cac khuon dap. 

I . D A T V A N D E 

Gia cong cat got khong su dung dung dich tron 
nguoi (DDTN) - con duoc gpi la qua trinh cat kho hay 
qua trinh cat than thien moi trudng (Green Machmmg) 
- nham dat muc tieu quan trpng trong nganh Che tao 
may la giam thieu tac dong xau den moi trudng va ha 
gia thanh san pham. Nhung uu diem cua qua trinh nay 
so vbi qua trinh cat udt (co su dung DDTN) bao gom 
[1,2. 3]: khong gay 6 nhiem khong khi va nubc; khong 
tao ra chat thai co hai trong phoi va do do se lam giam 

(*) Trudng Dai hoc Ky thuat Cong nghiep - Dai hoc Thai Nguyen 

(*) CAO THANH LONG 
NGUYEN VAN DlT 

chi phi lam sach moi truong va chi phi xu ly chat thai 
ran tiep theo; khong gay hai cho sire khoe, da va cac 
di ling khac cho nguoi van hanh; khong can chi phi 
mua sim cac trang thiet bi su dung DDTN: khong ton 
chi phi ve DDTN. Mat khic, viec su dung DDTN ngay 
cang doi hoi cac chi phi dat do hon trubc do phai dap 
ung cac tieu chuan ve moi trudng rat khat khe. Tat ca 
cac l i do nay da" va dang khien cho qua trinh cat kho tro 
len ngay cang pho bien tren pham vi toan the gidi. 

Tuy vay, qua trinh cat kho khdng chi lam ting ma 
sat v i su dinh giua dao voi phoi v i vat lieu gia cong. 
m i con lam tang lupng nhiet phat sinh khi cat. Do do, 
cat kho se cb the l im tang lupng mon, giam tuoi ben 
dao. giam dp chinh xic hinh dang, kich thudc v i cap dp 
nham be mat sau gia cong. Dong thoi, nhiet cat khi nay 
co the lam giam dp cung, thay doi cau tnic te vi lop be 
mat da gia cong. 

Mpt trong cac giai phap hien dang dupe nghien 
cuu v i trien khai ung dung rong rai trong cic qui trinh 
cit [4-6] v i dupe xem nhu cd the khac phuc nhupc 
diem cua ca qui trinh cat kho va qui trinh cat udt la su 
dung ki thuat boi tron toi thieu - MQL (The minimal 
quantity of lubricant technique). MQL co uu diem noi 
trpi so vbi ki thuat cat udt la no lam giam ding ke su 
tieu thu DDTN. Tuy nhien, ki thuat MQL van ton tai 
hai nhupc diem co ban khi so sanh vbi qui trinh cat 
udt: Thii nhat, kha nang din phoi khdi khu vuc cat 
kem; thir hai, van co mpt lupng DDTN nhat dinh bam 
dinh vao mi}" cong cu va hoa tan vao moi trudng xung 
quanh khu vuc gia cong, gi}" anh huong den sue khoe 
ngudi van harm. De giam thieu cac tic dong nay, moi 
mav cong cu cin lap them mpt may hut chan khong. 
Nhung ro ring, khi do. chi phi dau tu va tien dien tieu 
thu se phai tang len. 

Trong thuc te san xuat, de gia cong cac lo nho 
(duong kinh co 6 mm), ty so chieu dai tren dudng kinh 
l i Idn (cb 4 lan), l im bang vat lieu X210Crl3, dp cung 
sau ram HRC > 53: nguoi ta cd the su dung phuong 
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phap mai lo voi nhieu loai da mai khac nhau. Ket qua 
thuc te cho thay, nang suat gia cong rat thap (Chi dat 
tir 2 -3 16/01 ca may). Nguyen nhan chii yeu la do ham 
luong crome trong thep rat Idn (Den 13%) va dp cung 
cao (HRC den 62), nen he so tinh gia cong ciia no chi 
dat tir 0,3 - 0,4 [7]. Do 16 cd dudng kinh nho, kha nang 
lam nguoi khi nay kem, nen da thudng bi mon nhanh, 
giam kha nang cat got. Cac tac gia da de xuat sir dung 
phuong phap tien ciing (Hard Turning) va khong su 
dung DDTN vi cac 11 do da trinh bay b tren. 

Bai bao nay trinh bay mpt nghien cuu thuc nghiem 
nham toi uu hda thong so cong nghe tren may tien van 
nang de ket qua dupe ap dung ngay vao thuc tien san 
xuat. Cac thong so van toe cat V, lupng chay dao S mac 
du cd anh huong dang ke den nham be mat [8], nhung 
do chi cd the dupe thiet lap vbi cac cap co dinh tren may, 
nen khong thuan tien cho tien hanh tap cac thi nghiem 
khao sat. Gia t i i cua cac thong so nay dupe chpn theo 
kinh nghiem. Ket qua cat thir true tiep tren may cho 
thay cac gia tri V= 35 m/ph va S= 0.025 mm/vbng cho 
thay nham be mat gia cong kha on dinh va thba man 
yeu cau ki thuat dat ra (Ra < 1,4 micromet). 

Cac thong so dp cung be mat (HRC) va chieu sau 
cat t (mm) cd anh hudng quyet dinh den nham be mat. 
Hon nua, cac thong so nay cd the co the dieu khien 
dupe de dang. Vi cac ly do tren, bai toan quy hoach 
thuc nghiem dupe thiet lap nham danh gia va toi uu hoa 
nham be mat Ra (micromet) theo hai thong so la dp 
cung be mat HRC va chieu sau cat t (mm). 

Phuong phap be mat chi tieu la mpt trong cac cong 
cu huu dung nhat de mo hinh hda va phan tich cac bai 
toan cd cac ham muc tieu phu thuoc nhieu thong so dau 
vao va cd muc dich la toi uu hoa cac ham nay [9,10]. 
Bai toan toi uu hda nham be mat b day da dupe giai 
quyet bang phuong phap nay. 

II. THlfC NGHIEM TOI UtJ HOANHAM 
B E M A T 

2.1. Dieu kien thi nghiem 

- May tien: Takizawa; xuat xu: lapan; nam san xuat: 
1977; sd vdng quay true chinh max: 1650 vbng/ph. 

- Dao: Vat lieu manh dao K01; thong so hinh hpc: 
y = -100, a = 150; cp = 350. Hinh 1 trinh bay anh chup 
than dao va manh dao (chi rong 3,96 mm). 

- May do dp cung: Rockwell TK-14-250; xuat xii: 
Lien X6; nam san xuat: 1979. 

- May do dp nham: SJ - 2QP; xuat xii: Hang Mtutoyo 
Japan; nam san xuat: 2004. 

Hinh 1: Than dao va manh dao thi nghiem 

2.2. Cac bien thi nghiem va mien khao sat 

Pham vi khao sat ciia cac thong so nay dupe chpn 
gan nhu bao quat het pham vi cd the xay ra tren thuc 
te gia cong. Bang 1 trinh bay pham vi khao sat ciia cac 
bien thi nghiem nay. 

Bang 1: Pham vi khao sat cac bien thi nghiem 

^ ^ ^ ^ ^ ^ Mire 
Bien ^ ^ ^ ^ ^ ^ 

Thap 
nhat 

Trung 
binh 

Cao 
nhat 

Ma hda -1 0 +1 

Dp cung be mat (HRC) 53 57,5 62 

Chieu sau cat (mm) 0,05 0,15 0,25 

2.3. Ke hoach thi nghiem 

Phan mem Minitab® dupe chpn de xay dung ke 
hoach thi nghiem va phan tich so lieu. Cach thiic khai 
bao cac bien thi nghiem cho bubc khoi tao ke hoach thi 
nghiem dupe minh hpa tren hinh 2. Ket qua ma tran thi 
nghiem thu dupe dupe trinh bay trong bang 2. 

Create Response Surface Design - Factors 

Levels Define 
(• Cube points 
r Axial points 

l-_J 

Factor Name Low High 
A HRC 53 62 
B t(mm) 0,05 0,251 

Help OK Cancel 

Hinh 2: Khai bao bien thi nghiem cho thiet ke CCD 
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Response Surface Regression: Ra versus HRC; t(mm) 
The analysis was done using coded units. 
Estimated Regression Coefficients for Ra 
Term Coef SE Coef 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(adj) = 61,81% 
.Analysis of Variance for Ra 
Source DF Seq SS Adj SS Adj MS 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: Phan tich ket qua thi nghiem toi uu nham be mat 

Bang 2: Ke hoach thi nghiem t6i uu hoa nham be mat theo do 
cung va chieu sau cat 

Std 
Order 

Run 
Order PfType 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 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 
5 8 -1 1 51,1360 0,150000 
7 9 -1 1 57,5000 0,008579 
4 10 1 1 62,0000 0.250000 
8 11 -1 1 57,5000 0,291421 
11 12 0 1 57,5000 0,150000 
9 13 0 1 57,5000 0,150000 

Toan bp 13 thi nghiem dirpc thuc hien trong ciing 
mpt ca may, trong dieu kien gia cong nhu nhau. Bang 2 
co 13 hang, nic la ta can thuc hien it nhat 13 thi nghiem 
theo thir tu da liet ke trong cot RunOrder. Moi thi nghiem 
cd cac bien HRC, t dupe xac lap theo gia tri da ghi trong 
6 tuong img cua cac cot HRC va t trong bang. 

Lan luot tien hanh cac thi nghiem, thu thap ket qua 
va ghi lai gia tri vao cot bo sung cua bang thi nghiem da 
co, ta thu dupe ket qua nhu trinh bay trong bang 3. 

Bang 3: Ket qua thi nghiem nghiem toi uu hoa nham be mat 
StdOrder RunOrder PtT\pe Blocks HRC t(mm) Ra 

12 1 0 1 57.5000 0.150000 0,8 
2 1 1 53.0000 0.250000 1.5 

-) 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 1.1 
5 8 -1 1 51.1360 0.150000 1.1 
7 9 -1 1 57.5000 0.0085̂9 1.8 
4 10 1 1 62.0000 0.250000 1,5 
8 11 -1 1 57.5000 0.291421 1.1 
11 12 0 1 57.5000 0.150000 0,4 
9 13 0 1 57.5000 0.150000 0.5 

Trong bang 2, cot Ra thong ke cac gia tri nham 
be mat Ra do bang micromet; img vdi tirng thi nghiem 
da dupe thuc hien. Be giam bot sai so, toan bp 13 thi 
nghiem da dupe lap lai 2 lan. Sau khi thuc hien het 13 
thi nghiem va ghi lai ket qua Ra, 13 thi nghiem khac 
cung da dupe thuc hien lai. 

Ket qua Ra trong bang 3 la gia tri trung binh ciia 
hai lan lap da thuc hien. 

2.4. Xu ly kit qua 

Su dung chuc nang phan tich ket qua thi nghiem 
(Analyze Response Surface Design) cua phan mem 
thiet ke thi nghiem Mirhtab®, thu dupe ket qua nhu 
tren hinh 3. 

Quan sat ket qua phan tich phuong sai (Analysis of 
Variance), nhan thay thanh phan bac nhat (Linear) cua mo 
hinh hoi quy co it y nghia thong ke (gia tri p bang 0,86; 
lbn hon nhieu so vbi miic y nghia thong thuong la 0,05). 
Quan sat gia tri p cua phan tich mire dp khong phii hpp 
cua mo hinh (Lack-of-Fit), do gia tri p (bang 0,244) lbn 
hon nhieu so vdi mire thong thuong (0,05), do vay, cb the 
ket luan la dang mo hinh hoi quy kieu bac 2 la phii hpp. 

De tinh chinh mo hinh, quan sat bang liet ke cac 
he so hoi quy (Estimated Regression Coefficients for 
Ra) tren hinh 3, ta thay, he so hoi quy tuong img vbi so 
hang HRC*t cb gia tri p kha lbn (0,73). Tien hanh loai 
bo thanh phan nay ra khdi mo hinh hoi quy, thu dupe 
ket qua mod nhu tren liinh 4. 

Response Surface Regression: Ra versus HRC; t(mm) 
The analysis was done using coded units. 
Estimated Regression Coefficients for Ra 
Term Coef SE Coef T P 
Constant 0,56000 0,11771 4,757 0,001 
HRC 0,02500 0,09306 0,269 0,795 
tfmrn) -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 
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 Seq SS Adj SS Adj MS 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 0,327 
Pure Error 4 0.21200 0,21200 0,053000 

Total 12 2.44308 Hinh 4: Tinh chinh phan tich ket qua thi nghiem toi uu nham be mat 
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Tren hinh 4, nhan thay cac he so bac cao cua phuong 
trinh hoi quy (HRC*HRC) va (t*t) deu cb gia tri p rat 
nho (lan luot la 0,02 va 0,002). Dieu nay chung to cac 
thanh phan nay cb y nghTa thong ke lbn. Cac he so bac 
nhat (HRC va t) mac du cb y nghia thong ke thap (gia 
tri p lbn), nhung khong the loai bb chiing do cac thanh 
phan bac cao ciia chiing bat bubc phai cb mat [9,10]. 
Chap nhan ket qua nay, ta thu duoc phuong trinh hoi 
quy mo ta quan he giua ham muc tieu Ra va cac thong 
so dau vao HRC, t nhu sau (xem hinh 4): 
(l)Ra = 0,56000+ 0,02500/Yr?C-0,04874/+ 0,28875/ffiC2 +0,46375/2 

Phuong trinh hoi quy sir dung cac gia tri thuc 
(khong ma hoa - uncoded) la: (xem tren hinh 5). 
(2R = 48,5018-l,63426/YrcC-14? + 0,0142593//rtC2 + 46,375/2 

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: Cac he so hoi quy dang khong ma hoa 

III. KET QUA VA THAO LUAN 

Bieu dien cac ket qua thu duoc dubi dang "be mat chi 
tieu" (Response surface), thu duoc do thi nhu hen liinh 6. 
Xac lap cac miic (level) cho cap do nham dat duoc, thu 
dugc do thi cac duong mire (Contour plot) nhu hinh 7. 

Surface Plot of Ra vs t(mm); HRC 

Hinh 6: Do thi quan he nham be mat phu thuoc do ciing 
va chieu sau cat 

Contour Plot of Ra vs t(mm); HRC 

52 54 S6 58 60 62 
HRC Hinh 7: D6 thi cac duong mire Ra phu thuoc 

cac thong s6 dau vao 

Quan sat cac do thi tren hinh 6 va 7, nhan thay cap dd 
nham cb vung cue tieu cue bo trong pham vi da khao sat 

(liinh 6); dong thai, pham vi xac lap cac bien dau vao cung 
co the lua chon kha rong (hinh 7). Chang han, co the dat 
duoc Ra nho hon 0,6 vbi cac cap do cung HRC nam trong 
khoang 55-59; chieu sau cat t tir 0,12 den 0,18 mm. 

Ket qua nay phii hop vbi yeu cau thuc te ve dp cung 
be mat ciia san pham, dong thoi cho phep lira chpn cac 
thong so che dp cat tuong ung vbi kha nang gia cong cua 
may tien van nang hien cb ciia hau het cac co so san xuat. 

IV. KET LUAN 

Anh huong cua dp cung be mat va chieu sau cat den 
nham be mat khi tien ciing 16 nho (duong kinh co 6-10 
mm), lam bang vat lieu X210Crl3, trong dieu kien cat 
kho tren may tien van nang da dupe phan tich bang thuc 
nghiem. Ky thuat toi uu hda theo phuong phap be mat 
chi tieu da dupe ap dung de thiet ke ke hoach va phan 
tich so lieu thi nghiem. Ket qua cho thay, co the dat dupe 
nham be mat nho nhat (cb 0,6 micromet) vbi cac mau cb 
dp cung HRC nam trong khoang tir 55 den 59; khi dupe 
gia cong vbi chieu sau cat 0,12 den 0,18 mm. Dp cung 
HRC 55-59 cung la cac gia t i i yeu cau ciia hau het cac 
san pham lam tu thep hpp kim X210Crl3. Do vay, ket 
qua cb the ap dung cho cac qua trinh gia cong tuong tu. 

Nghien cuu dupe thuc hien trong khuon kho de tai 
NCKH cap Bp B2007-TN02-04. • 
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