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TOI WU HOA THONG SO CONG NGHE CUA QUA TRINH LAN EP
XEM XET DEN CHAT LUQNG BE MAT

OPTIMIZATION OF ROLLER BURNISHING PARAMETERS IN TERMS OF
PRODUCT QUALITY
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TOM TAT

Trong nghién cu*u nay, cdc thong sé céng nghé ciia qud trinh phay lan ép dwoc toi uu hoa
dé ndng cao do cing té vi (MH) va gzam gia tri do nham (R Z) Cdc thong so cong nghé bao gom toc
do truc chinh khi phay (Sp) toc do tién dao khi phay (FP) toc dg truc chinh khi lan ép (S) toc dg
tién dao khi lan ép (F ) va chiéu sdu lan ép (D). Quy hoach Taguchi L16 dwoc sw dung dé thiee hién
cac thi nghiém. Phwong phdp phan tich thanh phan chinh (PCA) dwoc dp dung dé tinh todn trong
SO trong khi phwong phap phdan tich quan hé xam (¢ GRA) dwoc sir dung dé xdc dinh gid tri toi wu
16t nhdt. Két qua nghién ciru chi ra rang gid tri toi wu lan leot ciia Sf F,S, F,vaD,la400 vong/
phut, 200 mm/phut, 950 vong/phut, 110 mm/phut va 0,035 mm. Tai gidi phap toz wu dwoc chon do
cieng 1é vi tiang 6,0% va dg nham giam 118,3% so véi gidi phdp kém nhdt. P cing té vi chii yéu bi
anh huong boi D, F,F,S vas, trong khi do nham bi anh huong boi F,F,D,S va s, Két qua
16i wu ¢6 thé dI/fO’C su’ dung hleu qua dé nang cao chat lwong gia cong.

Tir khéa: Tich hop phay-lin ép; P6 cimg té vi; Bé nhdm; Phdn tich quan hé xdm; Téi wu
hoa.

ABSTRACT

In this study, the process parameters of the hybrid milling-burnishing process are optimized
to maximize the micro-hardness (MH) and minimize the mean roughness (R ). The optimizing inputs
are the milling spindle speed (S). milling feed rate (Fp), burnishing spindle speed (S), burnishing
feedrate (F), and depth of penetration (D). The Taguchi L16 is used to perform a set of experiments.
The principal component analysis (PCA) is applied to compute the weights, while the grey relation
analysis (GRA) is utilized to select the best optimality. As a result, the optimal S, F,S, F, and
D, were 400 rpm, 200 mm/min, 950 rpm, 110 mm/min, and 0.035 mm, respectively. The MH was
improved by 6.0% and the Rz was decreased by 118.3%, as compared to the worst solution. The MH
was primarily affected by D, F,F,S, and S, respectively, while Rz was influenced by the F o F,
D,S, and S, respectively. The optimal results could be effectively used to enhance the machined
quality. The proposed optimizing technique could be used to determine the optimality for other
machining operations in terms of saving costs, time, and human efforts.

Keywords: Milling-Burnishing Process; Micro-hardness, Mean roughness, Grey relation
analysis; Optimization.
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1. TONG QUAN

Lan ép st dung con lan la mot k¥ thuat
gia cong ngudi hiéu qua dé xur 1y bé mat da
duoc gia cong trude, gitp cai thién cac tinh
chat bé mat, co hoc va luyén kim. Loi ich cua
phuong phap nay 1a chi phi thip, don gian va
dang tin cdy trong viéc dat duoc chit lugng bé
mit t6i wu. Lan ép st dung con lan dugc Gmg
dung rong rai trong cac nganh cong nghiép nhu
6 t6, hang khong, y té va san xuét.

Dé cai thién hiéu qua k¥ thuat, cac qua
trinh 1an ép st dung con 1n khac nhau da dugc
xem xét va toi wu hoa. Phuo’ng phap bé mat dap
tmg (RSM) duoc st dung dé phat trién cac mo
hinh du doan (46 nham bé mat va do ctng bé
mat) va téi uu hoa cac thong sO qua trinh (luc
¢ép bi lan, buoc tién dao, chiéu rong tiép xuc cua
bi lan va s luot gia cong) cho thép EN-9 da
gia cong trude [1]. RSM ciing duge st dung dé
chon cac yéu t6 tbi wu (téc dd, budce tién dao, va
d6 an dao) nham cai thién chat lugng 16 khoan
cua gang da gia cong [2]. Két qua cho thay kich
thudc 16 ti wu, d6 nham bé mat, va do tron lan
luot 1a 31,74 mm, 0,3757 pum, va 0,012 mm.
Céc m6 hinh RSM vé d6 nham bé mat, do cung
bé mit, va do sau cimg cta thép carbon duoc
phat trién dua trén toc do, budc tién dao, va do
an dao [3]. Két qua chi ra rang budc tién dao
anh huong chinh dén cac dap Gmg gia cong, tiép
theo 1a toc d6 va do an dao. M6 hinh Kriging

duogc str dung dé dé xuat mdi quan hé giira cac
thong s6 qua trinh (téc do, bude tién dao, va do
an dao) v6i cac dau ra (46 nham trung binh, do
nham chiéu cao tdi da, va do cting bé mit) [4].
Céc tac gia cho biét d6 nham trung binh va do
nham chiéu cao tbi da giam lan luot 95,80% va
91,98%, trong khi do ctiing bé mat tang 45,44%
s0 voi bé mat chua gia cong. Nguyén va cong
su dé xuat mot hé thong minimum quantity
lubrication (MQL) hiéu qua dé cai thién hiéu
qua lam mat va bodi tron trong qua trinh gia
cong bi lan bén trong [5]. Két qua cho thiy do
nham va do tron cua 16 khoan gia cong giam
1an luot 48,2% va 46,2% véi hé thdng MQL so
v6i diéu kién kho. Co thé nhan théy, da s6 cac
nghién ctru hién tai tap trung vao tdi wu hoa quy
trinh gia cong bi lan don 1¢, trong khi quy trinh
két hop glua phay va bi lan chua dugc xem xét.
Céc yéu tb t6i uu ctia quy trinh phay-bi lan dbi
v6i thép cting van chua duoc xac dinh dé cai
thién cac chi sé chit luong.

2. TO CHUC THUC NGHIEM

Céc thong sd cong nghé duoc xem xét
duoc thé hién trong Bang 1. Céc dac tinh cua
may cong cu dugc st dung dé xac dinh tdc
d6 truc chinh khi phay va muc budc tién dao.
Huéng din cta nha san xuat dung cu lin ép
duoc tuan theo khi lwa chon tdc do truc chinh
lan ép, toc do budc tién khi 1an ép va chiéu sau
lan ép.

Bdng 1. Cdc thong sé quy trinh cho hoat déng phay-lin ép

Ky hi¢u Cic tham s Mibcl | Mibkc2 | Mirc3 | Mirc 4
Sp Téc d6 truc chinh khi phay (rpm) 3000 4000 5000 6000
FP Budc tién dao khi phay (mm/min) 200 300 400 500
S, Toc d6 truc chinh khi 1an ép (rpm) 800 950 1100 1250
F, Budc tién dao lan ép (mm/min) 50 80 110 140
D, Chiéu sdu lan ép (mm) 0.01 0.02 0.025 0.035
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Thép 4OKH mot loai thép cing duoc st dung rf)ng rai trong cac nganh hang hai va 6 to,
duoc chon lam mau gia cong. Mdi phoi g1a cong co chiéu dai 50,0 mm, duong kinh trong 12,0 mm
va duong kinh ngoai 25,0 mm. D6 cung té vi va d6 nham trung binh cta bé mat gia cong trudc lan
lugt1a 317 HV va 12,6 um. Qua trinh khoan, phay va lan ép dugc thyc hi¢n tuan tu trong mot lan ga
dat (Hinh 1 a, b va ¢), trong d6 cac yéu té ctia phay-lin ép duoc xem xét. TAt ca cac thi nghiém déu
su dung may phay CNC. May do d6 nham Mitutoyo Surftest-SJ 500 duogc st dung dé do d6 nham
ctia bé mit gia cong tai ba vi tri khac nhau tuan theo tiéu chuan ISO 4287. May kiém tra d6 cting
FM-800 duoc str dung dé do do cung té vi tai ba vi tri khac nhau trén bé mat da qua lan ép.

(a) Qua trinh khoan  (b) Qua trinh phay (¢) Quda trinh lan ép
Hinh 1. Qua trinh phay-lan ép ket hop.

Bdng 2. Dir liéu thi nghiém cho qua trinh phay-lan ép.

No. S,(rpm) | F, (mm/min) S,(rpm) | F,(mm/min) | D, (mm) | MH (HV) | Rz (um)
1 3000 200 800 50 0.01 387.7 2.79
2 3000 300 950 80 0.02 386.6 2.61
3 3000 400 1100 110 0.025 382.1 2.96
4 3000 500 1250 140 0.035 378.8 3.32
5 4000 200 950 110 0.035 402.9 1.53
6 4000 300 800 140 0.025 376.5 2.72
7 4000 400 1250 50 0.02 389.2 1.65
8 4000 500 1100 80 0.01 375.2 291
9 5000 200 1100 140 0.02 389.2 2.39
10 5000 300 1250 110 0.01 366.7 3.27
11 5000 400 800 80 0.035 388.5 2.92
12 5000 500 950 50 0.025 388.2 2.13
13 6000 200 1250 80 0.025 377.2 1.67
14 6000 300 1100 50 0.035 388.1 0.76
15 6000 400 950 140 0.01 368.3 2.96
16 6000 500 800 110 0.02 375.6 3.53
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3. KET QUA VA THAO LUAN

Két qua thi nghiém ctia qua trinh phay-
lan ép dugc trinh bay trong Bang 2.

3.1. Anh huéng ciia cic thong s6 qua trinh
deén cac chi so

Hinh 2 trinh bay anh huodng cia cac
thong s6 qua trinh dén do cimg té vi (MH). Két
qua cho thay xu hudng tuong tu ddi véi tbe do
phay va téc do lan ép. Toc do phay va lan ép
cao hon dan dén muc d6 tuong tac gia cong cao
hon, tao ra nhiét d§ cao hon tai vung gia cong.
Diéu nay gay ra mirc do bién dang déo 16n hon,
lam vat liéu dé& nén hon; do d6, do cing té vi
tang 1én. Tuy nhién, toc d6 phay va lin ép ting
thém s€ lam nhiét do gia cong tang qua muec,
dan dén giam Gng sudt du; vi vay, do climg té vi
giam. Xu huéng twong tu ciing duoc tim thay
v6i bude tién dao phay va lan ép. Tang budc
tién dao 1am ting khoang cach giita cac duong
gia cong lién tiép, dan dén muc do nén vat lidu
thép hon; vi vay, d§ cliing té vi giam. Ngoai ra,
budec tién cao hon lam giam thoi gian phay va/
hodc lan ép trén mau, din dén giam do cung
té vi. PO cting té vi cao hon dugc tim thay khi
tang chidu sau lan ép. Tang chiéu sau lin ép
gay ap luc bi lan cao hon 1én bé mat phoi, dan
dén nén vat liéu tot hon. Muc d6 bién dang déo
cao hon dat duoc; do do, do ciing té vi tang.

Main Effects Plot for Means
Data Means
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Hinh 2. Tac dong chinh cua cdc thong so quy trinh
léen MH

Anh huéng cua cac thong sé qua trinh
dén do nham trung binh (Rz) duogc trinh bay
trong Hinh 3. D¢ cimg va d6 bén ctia phoi giam
khi nhi¢t d6 tai khu vuc bi lan tang 1én cung voi
tdc do phay va lan ép ting. PO nham giam dang
ké va vat liéu d& dang bi nén. Tuy nhién, bé mat
dd qua lan ép c6 thé bicu hién hién twong hoa
cting do tadc dong cua nhi¢t do gia cong cao khi
tang toc d6 phay va lan ép. P nham cao hon c6
thé duoc nhan thdy khi budc tién dao phay va
lan ép ting. Budc tién cao hon lam ting luong
vat lidu du giita hai dudng gia cong lién tiép;
do @6, 46 nham ting. Ngoai ra, bé mit gia cong
hiém khi duoc bi lan khi budc tién tang, dan dén
do nhdm cao hon. B§ sau lan ép 16n hon dan dén
d6 nham trung binh thip hon. Ap suét gia cong
cao hon tir viéc bi 1an sau hon lam tang mirc do
bién dang déo. Nhiéu vat liéu duogc ldn ép hon,
dan dén d6 nham trung binh thap hon.

Main Effects Plot for Means
Data Means
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Hinh 3. Tac dong chinh cua cdc thong so quy trinh
lén Rz

3.2. Két qua t6i wu

Béang 3 trinh bay céc gia tri cua Ai(k),
GRC va GRG. C6 thé néi rang cac gia tri GRG
cao nhat va thap nhit c6 thé thu duoc ¢ lan
lugt s6 thur nghiém 5 va 10. Keét qua 13, S , F,,
S, F, va D, t6i uu lan luot 1a 400 vong/phut,
200 mm/phut, 950 vong/phut, 110 mm/phut
va 0,035 mm. MH duoc cai thién 9,0% va Rz

giam 113,7% so vé6i giai phap té nhat (Bang 4). &
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Bang 3. Cac gia tri Ai(k), GRC va GRG

No. A, (MH) A, (Rz) GRC (MH) | GRC (Rz) GRG Rank
1 0.41989 0.76316 0.54354 0.39583 0.46969 8
2 0.45028 0.69549 0.52616 0.41824 0.47220 7
3 0.57459 0.82707 0.46530 0.37677 0.42103 10
4 0.66575 0.96241 0.42891 0.34190 0.38541 13
5 0.00000 0.28947 1.00000 0.63333 0.81667 1
6 0.72928 0.73684 0.40674 0.40426 0.40550 11
7 0.37845 0.33459 0.56918 0.59910 0.58414 3
8 0.76519 0.80827 0.39520 0.38218 0.38869 12
9 0.37845 0.61278 0.56918 0.44932 0.50925 5
10 1.00000 0.94361 0.33333 0.34635 0.33984 16
11 0.39779 0.81203 0.55692 0.38109 0.46901 9
12 0.40608 0.51504 0.55183 0.49259 0.52221 4
13 0.70994 0.34211 0.41324 0.59375 0.50350 6
14 0.40884 0.00000 0.55015 1.00000 0.77508 2
15 0.95580 0.82707 0.34345 0.37677 0.36011 15
16 0.75414 1.04135 0.39868 0.32439 0.36153 14

Bdng 4. Két qua toi wu héa dieoe tao ra boi Taguchi-GRA
: F, .

Phuwong phap S, (rpm) (mm/min) S, (rpm) | F, (mm/min) | D, (mm) | MH (HV) | Rz (um)
Giai phap té nhat 5000 300 1250 110 366.7 3.27
Giai phap tot nhat 4000 200 950 110 0.035 402.9 1.53

Cai thién (%) 9.0 -113.7
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4. KET LUAN

Trong nghién ctru nay, cac thong 5O
quy trinh cua hoat dong phay-lin ép két hop
da duoc toi wu hoa dé cai thién do cung té vi
va giam d6 nham trung binh. Céc yéu t6 duoc
xem xét 14 tbc do truc chinh phay, budc tién dao
phay, tdc do truc chinh 13n ép, budce tién dao lan
ép va chiéu sau lan ép. Phuong phap PCA duoc
ap dung dé tinh trong s, trong khi GRA duoc
su dung dé tao ra murc tdi wu t6t nhat. Dua trén
cac két qua thu duogc, cac két luan sau day da
duoc rat ra:

1) C6 thé st dung S, S, F vaF thap
hon dé cai thién MH. C6 the ap dung D cao
hon dé ting cuong MH. Khuyén nghl su dung
S,» S, va D, cao hon dé tang Rz. C6 thé st dung
F vaF, thap hon dé dat duoc Rz cao hon.

2) Pbi v6i MH, chiéu sau lan ép duoc
phat hién 13 yéu t6 hiéu qua nhat, tiép theo 1a
bude tién dao phay, budc tién dao lan ép, toc do
truc chinh khi phay va toc d6 truc chinh khi lin
ép.

3) Dbi voi Rz, te d6 cap liéu danh bong
dugc phat hién 1a yéu t6 hiéu qua nhat, tiép theo
1a budc tién dao khi phay, chiéu sau lan ép, toc
d6 truc chinh khi phay va tdc do truc chinh khi
lan ép.

4)S,F .S, F vaD, toi uu lan luot Ia
400 vong/phut, 200 mm/phut, 950 vong/phut,
110 mm/phut va 0,035 mm. MH dugc cai thién
9,0% va Rz giam 113,7% so v&i gidi phap té
nhét.

5) Phuong phap tdi uu hoa bao gém
Taguchi, PCA va GRA c6 thé duoc ap dung hi¢u
qua dé giai quyét cac van dé phirc tap nham tiét
ki€m chi phi va cong stric cua con nguoi.

6) Tac dong cia cac thong sd quy trinh
d6i v6i luong khi thai carbon, hiéu qua ning
luong va ning suat s& dugc kham pha trong cac
cong trinh trong tuong lai.
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