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TOM TAT

Bai bdo trinh by nghién ciru anh huong cia cdc thong sé cong nghé dén qud trinh khoan
ma sdt trén thép SS400 bang dung cu thép gio, sir dung phwong phdp thiét ké thuc nghiém Taguchi
nham xdc dinh t6 hop thong so toi wu. Ba yéu té chinh dwoc khao sdt gom: toc dé quay truc chinh,
g6c¢ con dung cu va chiéu day vit liéu. Thong qua phén tich phuong sai (ANOVA) va ty sé tin hiéu/
nhiéu (S/N ratio), cdc théng sé anh hwong dang ké dén chiéu dai va chiéu day thanh ong da dwoc
xdc dinh. Két qud thi nghiém cho thdy t6 hop thong sé ti wu cdi thién dang ké chdt lwong bién dang
16 sau khi khoan.

Tir khéa: Khoan ma sat; Phiwong phdp Taguchi; Téi wu héa; Thiét ké thi nghiém.
ABSTRACT

The main purpose of this paper is to present a study on the influence of process parameters
on the friction drilling process on SS400 steel using high-speed steel drilling tools, employing the
Taguchi experimental design method to determine the optimal parameter combination. The three
main factors investigated are: spindle rotation speed, tool taper angle, and material thickness.
Through analysis of variance (ANOVA) and signal-to-noise (S/N) ratio, the parameters significantly
affecting the length and wall thickness of the pipe were identified. The experimental results
demonstrating that the optimal parameter combination significantly improves the quality of the
hole profile post-drilling.

Keywords: Friction drilling; Tauguchi; Spindle speed; Cone angle.
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1. PAT VAN PE

Khoan ma sat (Friction Drilling) 1a mot
cong nghé gia cong khong phoi tién tién sir
dung nhiét sinh ra tr ma sat gitra dung cu va
vat liéu khoan lam bién dang déo vat li¢u tao
ra 16 khoan, déng thoi tao thanh mot bién dang
dng dé tao 15 taro ren [1]. Khac véi cac phuong
phap truyén thong, khoan ma sat dua trén co
ché ép dun nh1et - nhiét d6 cao khién vat liéu
0 vung khoan mém di va tao thanh bién dang
hinh ong [2].

Nguyén 1y cua qua trinh khoan ma sat
gom ba giai doan chinh: dau tién dung cu quay
tiép xtic voi bé mit vat lidu va tao ra ma sat 1on
sinh ra nhiét cuc bo. Sau do, kim loai da duoc
lam mém ¢ khu vyc mii khoan nhén xubng,
phan hinh tru cta dung cu ciing bat dau xam
nhap vao tam kim loai tao thanh luc ép hudng
dong kim loai huéng xudng. Cudi cung, bién
dang hinh 6ng dugc hinh thanh. Dong kim loai
chay dun theo hudng nguoc 18n bi nén boi phan
vai ciia dung cu dan dén hinh thanh go & phan
trén cung cua 16 [3].

Cong nghé khoan ma sat c6 nhiéu uu
diém ndi bat nhu: toc do gia cong nhanh, do
chinh xac cao, khong gdy nut hodc bién dang
dang ké va dic biét hiéu qua trén cac vat lidu
tAm mong ma cac phuong phap khoan truyen
thong khong tao duoc chiéu sdu 15 taro can
thlet nén phai han dai ¢ vao khi lap ghep Phan
6ng 16 duge tao thanh c6 thé c6 chiéu cao gip
2-3 lan chiéu day tdm. Dung cu khoan ma sat
thuong dugc ché tao tir thép gio hodc vat li¢u
cung chiu nhi¢t tbt, co hinh dang dau con duoc
thiét ké phu hop dé toi vu dong chay vat lidu.

Ung dung ctia khoan ma sat da dugc
trién khai va tmg dung rong rii trong nganh
cong nghiép 6 t6, co khi chinh xéc, ché tao
khung suon, gid do cong nghi¢p, ndi that va

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026
cokhivietnam.vn

nhidu linh vuc khac [1], [4]. Bén canh do,
phuong phéap nay ciing phu hop dé két hop véi
cac qua trinh ty dong hda va robot hoa trong
day chuyén san xuat hién dai.

2. THUC NGHIEM
2.1. M6 hinh thuc nghiém

Qué trinh khoan ma sat duoc tién hanh
thue nghiém trén may phay van nang HHM Han
Quéc, biéu dién trong hinh 2.1 . Dung cu duogc
lip trén truc chinh cua mday phay, co duong
kinh 5.2 mm, géc con lan luot 1a 30°, 45° va
60°. Toc d6 quay cua truc chinh la: 1200, 1500,
1800 (vong/phiit). Vat liéu khoan c6 chiéu day
la: 0.7 mm, 1.1mm va 1.5 mm.

Hinh 2.1. Ga dung cu va phoi
2.2. Vat liéu gia cong
Qua trinh khoan ma sat tién hanh trén

thép hop SS400 (hinh 2.2) vé6i thanh phan hoa
hoc nhu bang 2.1.

Hinh 2.2. Thép hop SS400
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Bdng 2.1. Thanh phan héa hoc ciia thép SS400

Bang 2.3. Bang 56 liéu thu dwoc

C Si Mn P S

<0.17-0.2]012-0.17 | £0.14 | <0.05 | <0.05

Sau khi tién hanh khoan, thu duoc chi
tiét c6 bién dang sau:

ke g

"

Hinh 2.3. Chi tiét sau khi khoan

2.3. Thiét ké thi nghiém
Phuong phap Taguchi voi ma tran
truc giao L9 (3%) dugc su dung de thiét ke thi

nghiém.

Bdng 2.2. Cdc théng so va mike thire nghiém

STT | Téc dd quay truc | Goc Do day
chinh n (vg/ph) | cone o | vitli¢ut
© (mm)
1 1200 30 0.7
2 1500 45 1.1
3 1800 60 1.5

Phuong phap Taguchi bao gdm 9 t6 hop
thong s0. Cac dau ra dugc quan sat l1a: chieéu dai
va chiéu day thanh 6ng tao thanh sau khi khoan
[6].

Toc do Do Chidu | Chid
a , N i i
Thi (::gz Gée | day @i da;u
nghiém | chinh cor:e Xat ong ong
n a(®) | lieut (h) )
(mm)

(vg/ph)
1 1200 30 0.7 | 445 | 0.63
2 1200 45 1.1 3.84 | 0.57
3 1200 60 1.5 | 487 | 0.54
4 1500 30 1.1 4.57 | 0.64
5 1500 45 1.5 | 430 | 047
6 1500 60 0.7 | 3.58 | 049
7 1800 30 1.5 | 535 | 0.64
8 1800 45 0.7 | 476 | 0.67
9 1800 60 1.1 325 | 0.54

3. KET QUA VA THAO LUAN

3.1. Phan tich két qua theo phwong phap
Taguchi

Phuong phap Taguchi 1a mot ky thuat
duogc su dung dé phén tich anh hudng cua sy
thay d6i trong mot quy trinh bang cach danh
gia ty 1¢ tin hiéu trén nhiéu (S/N) [5]. Ty 1 nay
phu thudc vao dac tinh chét luong cua san phém
cling nhu quy trinh can t6i wu. Muc tiéu chinh
ctia phuong phap nay 1a giam thiéu sai sot va
nang cao chat luong dau ra ctia san pham.

Trong phuong phap Taguchi, ba loai
ty 18 S/N phd bién thuong duge sir dung: Lon
hon cang t6t, Nho hon cang tot, Danh nghia
t6t nhat. Trong nghién ctru nay, tiéu chi Lén
hon di dugc sir dung dé toi uu hoa chiéu dai va
chiéu day khoan ma sat. Ty 1& S/N cho tiéu chi
nay duogc tinh theo cong thirc sau:

S/N=—10log1/n(}y2)
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Trong do:

S/N: Ty 1¢ tin hiéu/nhiéu;

n: S6 1an sao chép cho mdi to hop cip
do yéu td;

y: Gia tri phan hdi cho mdi ban sao.

Phan mém Minitab 18 dugc sir dung
dé thuc hién céc tinh toan va phan tich ty 1€
S/N, két qua duoc trinh bay trong Hinh 3.3,
Hinh 3.5, Hinh 3.7. Sau do, phan tich phuong
sai (ANOVA) duoc tién hanh duya trén két qua
phan tich Taguchi dé danh gia y nghia ciia ting
thong s6 dau vao dbi véi chidu dai va chiéu day
ctia chi tiét. Phan mém Minitab dugc str dung
dé tinh toan ty sé tin hiéu trén nhidu (S/N ratio)
theo tiéu chi “Ldn hon 1a t6t” (the larger-the-
better) cho ca chicu dai éng va chiéu day thanh
ong.

Tbc d6 quay truc chinh dong vai tro
quyét dinh dén luong nhiét sinh ra trong ving
tiép xtic gitra dung cu va phoi. Khi tc do quay
tang, nhiét o ma sat tang lam cho vat li¢u mém
hoa nhiéu hon, tir d6 gitp tang chiéu dai cua
bién dang 6ng do vat liéu dé bi day sang hai
bén tao thanh thanh 6ng mong va cao hon. Tuy
nhién, néu qua cao, c6 thé gdy mon dung cu
nhanh va giam d¢ on dinh. Géc cone cua dung
cu anh huong dén hudéng dong chay vat lidu.
Goc cone nho (nhon) thudng tao ra lyc day vat
lidu theo phuwong truc nhidu hon, gitp kéo dai
chiéu dai 6ng, nhung lai c6 thé 1am giam chiéu
day do vt liéu bi trdi mong. Nguoc lai, goc 16n
s& 1am vat liéu chay sang ngang nhiéu hon, tao
thanh dng day hon nhung ngin. Chiéu dai dung
cu anh huéng dén kha nang truyén tai nhiét va
lyc vao sau trong vat li¢u. Dung cu dai gitp
tao ma sat sau hon, kéo dai vung bién dang va
tao thanh 6ng dai hon. Tuy nhién, néu chiéu dai
dung cu qua 16n so voi do day vat liéu, co thé
gdy giy dung cu hodc xay ra bién dang khong
mong mudn.
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3.2. Chiéu dai éng

Anh hudng cua ting thong sé dén chiéu
dai bién dang chi tiét sau khi khoan ma sat da
dugc phan tich va dugc trinh bay trong Hinh
3.1. Dya trén tiéu chi t6i wu héa Lén hon cang
tt, tap hop cac thong s6 khoan ti wu cho
nghién ctru nay 1a: SO vong quay truc chinh: n
= 1800 (vg/ph); Goc cone dung cu: a =30 (°);
Chiéu day phdi: t = 1.5 (mm).

Mlsin (Mot Plgt for Wesss
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Hinh 3.1. Biéu do yéu t6 anh hwéng dén chiéu dai (h)

Hinh 3.2. Mirc do anh hwong cua cac thong so dau
vao voi chiéu dai ong

Hinh 3.2 minh hoa mtrc d¢ anh hudng
ctia cac thong s6 khoan ma sat dén chiéu dai
bién dang chi tiét. Két qua chi ra chiéu day vat
lidu 12 yéu té anh hudng nhat, dong gop 45%

vao chiéu dai 6ng, tiép theo la goc cone cia <~
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dung cu véi dong gop 44% va cudi cing 1a s6
vong quay truc chinh vdi 11%. Nhitng phat hién
nay phu hop véi vai tro chie nang cia tirng
thong s6 va anh huong tuong ddi cua chiing dbi
véi su sinh nhiét trong qua trinh khoan ma sat.
Trong s cac thong sb nay, chiéu day vat lidu 1a
yéu t6 chinh va c6 tac dong 16n nhat dén chiéu
dai 6ng trong qua trinh khoan ma sat.

Main Effects Plot for SN ratics
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Hinh 3.3. Biéu do ty sé tin hiéu trén nhiéu S/N dé
danh gia chat luong toi wu hoa chiéu dai ong

3.3. Chiéu day thanh ong

Anh huéng cta timg thong s dén chiéu
dai bién dang chi tiét sau khi khoan ma sat da
duogc phan tich va dugc trinh bay trong Hinh
3.4. Dya trén tiéu chi toi uu hoa Lén hon cang
tt, tap hop cac thong sé khoan t6i wu cho
nghién ctru nay 1a: S6 vong quay truc chinh: n
= 1800 (vg/ph); Goc cone dung cu: a = 30 (°);
Chiéu day phoi: t = 0.7 (mm).
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Hinh 3.4. Biéu do6 yéu to anh hiromg dén chiéu day (d)

Hinh 3.5. Mikc d anh hwéng ciia cdc thong sé dau
vdo véi chiéu day ong

Hinh 3.5 minh hga mtrc d§ anh hudng
clia cac thong sb khoan ma sat dén chiéu day
bién dang chi tiét. Két qua chi ra goc cone cua
dung cu yéu t6 anh huong nhat, dong gop 46%
vao chiéu dai 6ng, tiép theo 1a goc sb vong
quay truc chinh v&i dong gop 35% va cudi ciing
1a chidu day cua vat liéu v6i 19%. Nhimng phat
hién nay phu hop voi vai tro chitc nang cua tirng
thong sb va anh hudng tuong ddi cua ching dbi
v6i sy sinh nhiét trong qua trinh khoan ma sat.
Trong sb cac thong sd ndy, goc cone cua dung
cu la yéu t chinh va c6 tac dong 16n nhat dén
chiéu day 6ng trong qua trinh khoan ma sat.

Main Effects Plot for SN ratios
Data Means
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Hinh 3.6. Biéu do ty sé tin hiéu trén nhiéu S/N dé
danh gia chat luong toi wu hoa chiéu day
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Main Effeczs Flat for Means
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Hinh 3.7. Yéu t6 anh huong dén chiéu dai va chiéu
day bién dang ong
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Hinh 3.8. Biéu do ty sé tin hiéu trén nhiéu S/N dé
danh gia chat heong toi wu héa chiéu dai va chiéu
day bién dang ong

4. KET LUAN

Nghién ctru da khao sat anh hudng cua
ba thong s6 cong nghé chinh gom: toc do quay
truc chinh, goc con dung cu va chiéu day vat licu
dén bién dang dng trén thép SS400 trong qua
trinh khoan ma sat, st dung phuong phap quy
hoach thuc nghiém Taguchi va phan tich phuong
sai (ANOVA). Két qua thu dugc cho thiy:

+ Chiéu dai éng sau khoan chiu anh
hudng manh nhét bai chiéu day vat liéu (45%),
tiép theo 1a goc con dung cu (44%) va cudi
cung 13 toc do quay truc chinh (11%).

+ Chiéu day thanh 6ng chiu anh hudng

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026
cokhivietnam.vn

manh nhat boi goc con dung cu (46%), tiép
theo 1a tbc d6 quay truc chinh (35%) va chiéu
day vat liéu (19%).

+ T hop thong s6 tdi wu nham dat dugc
bién dang 16 khoan t6t nhét 1a: toc d quay 1800
vong/phut, gbc con dung cu 30 do, va chiéu day
vat liéu 1.5 mm.

Két qua nay cho théy viéc lua chon va
t6i wu thong sb cong nghé phu hop cai thién
dang ké chit luong bién dang 6ng trong qua
trinh khoan ma sat, dac biét véi vat li¢u thép
$S400. Nghién ctru ciing khang dinh hiéu qua
ctia phuong phap Taguchi trong viéc thiét ké
thi nghiém va phan tich cac yéu to anh huéng,
gilip Tt ngan thoi gian va chi phi trong qua
trinh khoan ma sat. %
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