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TOIMTAT 

Bii bio niy trinh biy cdch thiic ddnh gid dnh hudng cua phUdng phap gia cdng khoan cd rung 
ddng trd giup trenmdt loai vdt lieu khd gia cdng li thep khdng gi SUS304. Cdc Id cd ty le chieu dii tren 
dUdngkinh li 11 (35/3.0) da dUdckhoan thitnghiem bingcd hai phUdng phdp: khoan truyen thongva 
khoan cd bS sung rung ddng LUc dgc true dUdc thu dUdc trong qud trinh Khoan dUdc phdn ttch bang 
phep so sanh trung hinh (2-sample t-test) vd so sinh theo clip (paired-t). Kit qui cho thay lUc doctrifc 
khi khoan cd rung trd giup gidm tdi 60% so vdi khoan truyln thdng Cac chi tilu vi do lay ring lo,kha 
ndng thodt phoi cung duoc cdi thien ding kl Giai phip mdi ddn gian, chi phi thdp cho phep Ung dung 
rung ddng trd giup dl cdi thien dilu kien gia cdng vd ndng cao ehdt lUOng kht khoan thep khong gi. 

TU khda: Khoan Id sdu; Thip khdng gi SUS304; Rung dong trd giup gia <:6ng khoan. 

ABSTRACT 

This paper introduces a method to evaluate the influence of low-frequency vibration assisted 

deep drilling for difficult-to-cut materials such as austenitic stainless steel SUS304. Holes with LID 

ratio of 11 (35/3.0) have been machined in both methods of conventional and vibration assisted drilling 

Data of thrust force and hole oversize were then analyzed and compared both by 2-sample t-test and 

paired-t methods. The results showed that, thrust force in vibration assisted drilling can be reduced hy 

60% compared to conventional drilling Other advantages of vibration assisted drilling such as hole 

oversize reduction and chip formation improvement were also observed This low-cost and simple solution 

was verifted to improve machining condition as well as hole quality of stainless steel deep drilling 

Keywords: Deep drilling; Stainless Steel; Vibration Assisted Drilling. 
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1. GIOI THIEU 

Thep khong gi co vai tro quan trpng va 
dupc ling dung rai trong cac nganh eong nghiep 
hang khong, thiet bi y te, thiet hi che bien thUc 
pham ciing nhU xay diing va do dan dung. Do 
dac thih CO dp ben nhiet cao, tUpng tac v6i hau 
het cac loai vat heu dung cu eat, nen thep khong 
gi dupc xep vao mpt trong nhiing vat lieu kho 
gia cong. Trong hp thep khong gi, SUS304 la mot 
trong nhUng mac thep kho gia cong nhat, v6i he 
so tinh nang cat chi khoang 50% [1], Cac ton tai 
khi gia cong thep khong gi, dac biet la khi khoan 
thep SUS304, bao gom: Dung cu mon nhanh, 
nang suat cat thap, lUc eat va cong suat cat ldn... 
da va dang nhan dupc sU quan tam tim hUcfng 
giai quyet cua cac chuyen gia nghien cUu [2-5], 
Ky thuat rung dpng trp giiip gia cong (Vibration 
Assisted Machining - VAM) da dUpc nhieu 
nghien ciiu khang dinh la khac phuc dupc cac 
ton tai tren day [6-14]. Cac ket qua eho thay, gia 
cong bang khoan co rung dpng trp giup cai thien 
dieu kien thoat phoi, giam lUc cat, tang tuoi ben 
miii khoan, giam dp meo 16 khoan. Tuy vay, cac 
thiet bi tao rung da va dang dUpc sU dungdeu 
hoac CO ket cau cong kenh, phUc tap, hoac dat 
tien, dac biet la cac thiet bi tao rung sieu am. Giai 
phap khai thae cd cau tao rung dpng tan so thap, 
gia thanh re de trp giiip gia cong khoan da dupe 
trien khai va cho ket qua tot tren hpp kim nhom 
[11-12]. Du vay, Uu viet eua viec ling dung cP 
cau nay trong khoan thep khong gi, dac biet d 
goc dp lam giam lUc cat, nang cao chat lUpng 16 
khoan vSn chUa dUpc khang dinh. Bai bao nay 
gicfi thieu cac ket qua giai dap cac van de noi 
tren. 

2. M O T A THIET BI THf NGHIEM 

Nguyen tac va ket cau do ga rung cho giai 
phap stf dung cP cau rung khi nen dUpc trinh 
bay tren hinh 1, [12]. 

Hinh 1. Anh chup ket cdu gd rung 

Tren hinh 1, dau rung khi nen 3 dUpc 
treo tren tam ga 2 nhd vit kep 1. Vit kep nay dong 
thdi dupc tan dung de kep phoi vdi tam ga. Bien 
dang dan hoi cua tam ga dUpe khai thae nhU mpt 
16 xo dd phoi. Tam ga mang phoi va dau rung 
dupc kep tren than do ga 4. Do ga dUpc dat tren 
bonloadcelldo lUc 5, modelYZC-lB. Cac loadcell 
nay co cimg kich thUdc, dUpe bo tri tren mpt 
tam thep va dUpc kep chat vdi ban may nhd cac 
bulong6. Bp xU ly tin hieu KM-04 dUpc sii dung 
de cap nguon nuoi loadcell.Dau rung khi nen 
kieu Findeva ky hieu FP-35-M cd khoi lUpng 
1,14 kg; lam viec vdi ap suat khi nen tU 2 den 
6 bar, tao ra tan so rung dpng tU tU 3.000 den 
4.600 lan tren phiit (tUong Ung tU 50 den 76 Hz), 
luc rung til 248 den 1080 N. Tam ga dUpc ch^ 
tao bang nhom, cd kich thUdc dai x rpng x day 
la 150x150x3 mm. Thiic nghiem dUpc tien hanh 
vdi 11 15 gia cong bing khoan thudng (khdng 
cd rung dpng bo sung) va 1116 dUpc khoan cd 
rung. Che dp rung dupe tao nhd nguon khi nen 
CO dinh d ap suat 4 bar. Bien dp rung dpng ldn 
nhat do dupe khoang 0,1 mm (do bang Vibrometer 
BRZFY cd dp phan giai l[jm, pham vi do den 1 
mm). Phoi SUS304 co kich thUdc 60x60x35 mm. 
Cac 16 khoan thdng (chieu dai 35 mm) dUpc 
khoan bang mui khoan HSS cd dUdng kinh 3.0 
mm tren may phay KNUTH-VHF3. Toe dp quay'^ 
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cua mui khoan dUdc chpn l i 1130 vdng/phut, 
lUdng chay dao (tU ddng) Mn luot dUOc chpnli 
0,08 v i 0,15 mm/vdng. DUdng kinh cac 15 khoan 
v i phoi duoc chup bing kmh hien vi dien td, 
TM-1000 Hitachi, Nhi t Ban, cd do phdng dai 
10.000 lan. 

3. KET QUA VA THAO L U A N 

Do khudn khd cd ban cila bai bio, cic ket 
qua cii thien ve kh i nang thoit phoi, do ben mui 
khoan, dang phoi,.. .tuong tU nhu thi nghiem vdi 
khoan hpp kim nhdm [12] se khdng dupc trinh 
bay Dudi day, hai chi tieu dinh gia chinh yeu se 
dupc phin tich ky, bao gdm: LUc dpc true khi 
khoan v i mUc dp bien ddng cua dudng kinb Id 
khoan. Day l i cic tieu chi chinh yen quyet dinh 
tudi ben dung cu va chit lupng gia cdng 16 nhd. 

3.1. SU giam lUc dpc true 

TrUdc hft, lUc dpc true khi khoan dupc 
thu thip va luu trU, xU ly bing miy tmh cho tdng 
16 khoan. Hinh 2, mmh hpa do thi lUc dpc true 
(Thrust Force) bien ddi theo thdi gian khoan cua 
2 che dp: Khoan thudng v i khoan rung. 

Qua hinh 2 cd the thay, gia tri lUc dpc trijc 
d mdi chd dp khoan Men ddng trong mdt gig J 
nhit dinh. Chang han che dd khoan khdng rung, • 
luc dpc true bidn ddng td khoang 450 N ddn t t a ^ 
550 N; cdn lUc dpc true khi khoan cd rung doiJ|; 
trp giup bien ddng td gii tri min khoang 200N 
den dudi 400N. Do viy, tien hanh thdng ke mdta. 
dti lieu luc trong khoang til giiy thd hai ddn giiy 
thd t im de phan tich so sanh. Thdi gian 06 giiy 
td giiy thd hai den giiy thd t im l i d i dai dS t h * 
bien thdng ke gia tri lUc trung btah cung nh i 
khoing bien ddng cua lUc dpc true. TU sd Ueu 
trung bmh cua 11 cap lUc dpc true khi khoan 11 
cap 15, tien b inh so sinh thdng ke cho 2 t ip toan 
bd luc dpc true khi khoan cd rung v i khdng co 
rung ddng trp giup. Gpi trung binh lUc dpc true 
cua tat ci cic 15 khoan khdng rung l i p i , trung 
binh lUc dpc true cua tat ci cic 16 khoan cd rung 
l i p2, gii thuyet thdng ke duoc phat bieu tdm tat 
nhu sau: 

Hinh 3, minh hpa ket qui so sinh suy 

dien thdng ke. 

n»-5anipl> T-T«tt and Ck No vlbnrtlon. WW vlbnOon 
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Hinh 2. LUc dgc true khi khoan thUdng (hinh a) 
vd khoan rung (hinh b) LUdng chay dao 0,08 mm/v; 

cap 15 khoan thd nhdt 

Hinh 3. So sdnh thdng ke bien dong lUc dgc true 

Ket qua tren hinh 3 cho thay, vdi dp chac 
chan 95%, cd the khang dinh rang, trung binh 
lUc dpc true khi khoan khdng cd rung dpng tr? 
giiip ldn hPn trung binh lUc dpc true khi khoan 
cd rung dpng trp giiip khoang 198.09 N. Gia tri 
nay xap xi 40% liic trung binh khi khoan kh6ng 
cd rung (498,6 N). Tiic la, rung dpng bo sung co 
the lam giam dUdc liic dpc true den 60%. 
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De danh gia anh hUdng cua sU mdn 

miii khoan den lUc dpc true, eac gia tri liic dpc 

true tUPng Ung cua 2 che dp cho tCing 16 khoan 

dupc dem so sanh theo cap: LUc dpc true trung 

bmh khi khoan kh6ng cd rung trp giiip cho 16 

thli nhat (miii khoan mdi) dUpc so sanh vdi lUc 

dpc true trung binh khi khoan cd rung trp giiip 

ciing cho 16 thii nhat (miii khoan mdi); TUPng 

tu cho 16 thli 2, thli 3 . . . Ket qua so sanh theo cap 

(paired-t) cua 11 cap mau dUpc suy dien th6ng 

k^ so sanh lUc trung binh cho hai che dp khoan 

nhu minh hpa tren hinh 4. 

Ket qua hinh 4 cho t h % vdi dp chac 

chan den 95%, co the ket luan lUc trung binh cua 

khoan khdng rung ldn hon cua khoan rung it 

nhat 198,53N. 

ThUc hien tUPng tU 2 phep so sanh nhU 

tren doi vdi che dp chay dao 0,15 mm/vdng, ket 

qua ciing cho thay, vdi dp chac chan den 95%, cd 

the ket luan rang, lUc dpc true khi khoan khong 

rung ldn hdn khi khoan cd rung d che dp chay 

dao nay lan lUpt la 314,5 N (so sanh trung binh) 

va 320,IN (so sanh theo cap). 

«UM t finlo 

MdUiioviDnBoti,WHhvl>rAMi 

•iHncUtt - ntb Titatiun 
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U.T9 
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21.U 

Hinh 4. So sdnh thong ke theo cap lUc dgc true 

3.2. Hien tUcmg lay rang 15 

Cac 16 khoan thu dUpc d tUng che dp 

khoan cd va khong cd rung dpng trp giiip dUpc 

chup anh phdng dai tren may SEM TM - 1000, 

cho ket qua do nhU minh hpa tren bang 1. Dp lay 

rpng 16 dupc tinh bang hieu so giUa dUdng kinh 

thiic cua lo khoan va dUdng kinh danh nghia cua 

miii khoan. 

•^ 1. Dudng kinh cdc 16 khoan, lUdng chay dao 0,08 mm/vdng: 

TT IS khoan 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Dijcmgkiiih 
khoan khong 
rung (mm) 

3.49 

3.19 

3.505 

3.09 

3.09 

3.46 

3.15 

3.145 

3.185 

3.09 

3.185 

Do lay rong 
khoan khong 

rung (mm) 

0.49 

0.19 

0.505 

0.09 

0.09 

0.46 

0.15 

0.145 

0.185 

0.09 

0.185 

Dudng kinh Id 
khoan cd rung 

(nun) 

3.045 

3.06 

3.065 

3.065 

3.085 

3.025 

3.025 

3.045 

3.055 

3.065 

3.065 

Dp lay rong 16 
khoan cd rung 

(mm) 

0.045 

0.06 

0.065 

0.065 

0.085 

0.025 

0.025 

0.045 

0.055 

0.065 

0.065 
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sa dung bd da lieu 11 miu trong bing, 
phan tich so sinh thdng ke cho thiy, vdi mdc 
tin ciy 95%, cd the khing dinh dUdng kmh Id 
khi khoan khdng cd rung dpng trp giup ldn hdn 
dudng kinh 16 khoan cd rung ddng trp giup 0,09 
mm, tuong duong 3% gia tri dudng kinh. Phin 
tich da heu khi khoan vdi lupng tien dao 0,15 
mm/vdng cung cho ket qui tuong tU. 

4. KET L U A N 

ThUc nghiem d i cho thiy, rung ddng 
t in sd thap khi khoan 15 siu tren thep khdng gi 
SUS304 cung mang lai cic hieu qui cao.Rung 
ddng l im giim lUc dpc true khi khoan den 60%, 
l im giim mdc dp lay rdng 16 den 3%. Cic tieu 
chi niy cho thiy, khai thic rung ddng trp giup 
gia cdng khoan cic vat lieu khd gia cdng, trong 
dd cd thep khdng gi, l i kh i thi v i hieu qui*:-
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