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TOM TAT 
Gia cflng cat got co su trg giiip ciia mng dong da dugc khang dinh cd nhilu uu dilm n6i troi so vdi 
gia cong trayen thdng. Mflt vin de ton tgi khi khai thac rung dong trg giiip gia c6ng tien 16 la kho 
bStri diu rung tr§n d^i dao may tien truyin thflng Bdo cao nay trinh bay mpt s6 kit qua thiit kl, 
che tao va thir nghi§m ddnh gia dau mng siSu am ho trg qua trinh tien 16. Mflt ddu rang sieu am 
mang dao ti6n Ifl c6 kit cau thuan dgn cho viec ga kep tren dai dao may tiSn da dugc thiit kh, chi 
tao va thir nghiem. Ket cau dugc ddnh gia kilm tra vl tSn s6 cflng huong, tro khang co va bien dp 
rung dflng tai vi trf dau dung cu. Gia cflng thu nghiem tien ciing 20 16 duong kinh 12 mm tren vat 
lieu thep lam khuon Crl2Mo co do ciing 60 - 62 HRC cho thiy, rang dflng trg giiip gia cong lam 
luc cat giam tir 20% din 30%, nham bl m2t Ra giam 40% din 71 % so vdi tien thudng. Cac kit 
qua thu dugc dong vai tro co sd quan trong cho viec phat trien nghien ciiu thiet ke, che tao hoan 
chinh dung cu cho gia cong tien Ifl co rang dpng trg giup. 
Tfr khoa: Ddu rung siiu dm, Tien cirng; Tien Id; Gia cong cd rung dgng trg giiip; Cgng hudng 

GIOI THIEU 

Gia cong cd rung dpng trg giiip la mdt ky 

thuat gia cdng mdi, bd sung mpt rung dpng 

cudng biic cd dieu khi ln vao qua trinh gia 

cdng cat gpt kim lo^i. Ban chat la khai thac 

nang lupng va dap nham thay ddi tuang tac 

giQa dung cu cat va phoi, dan din thay ddi 

theo hudng tich cue cac hien tugng vat ly 

trong viing cat qua dd lam giam luc cat, giam 

ma sat trong viing cat,v.v. Gia cdng cd rung 

ddng t rg giiip da dugc khang djnh la cd the 

nang cao nang suat, chat lugng be mat gia 

cong, tudi ben cua dung cy cat, dac biet rat 

huu dung de gia cong mot so vat lieu khd gia 

cong [1-3]. Nguon rung dpng cd bien dp nhd 

(khoang tii vai d in vai chuc micromet), cd tan 

so silu am (tir 15 d in 80 kHz) dupe bo sung 

cuong biic vao chuySn dpng tuang doi giua 

dung cy cat va chi tiet gia cdng. Gia cdng co 

rung dpng trg giiip cd th i ap dung cho ca gia 

cdng c5t gpt truyen thdng (chang han tien, 

khoan, phay, bao, cua) [4,5] va gia cong khong 

truyen thong (chang han gia cdng tia lira dien, 

cSt day, gia cong bang tia nude, hat mai). 

Trong gia cong tien, rung dpng cudng biic cd 

the dugc bo sung theo cac phuang khac nhau 

(Hinh 1): a) phuang hudng kinh, b) phuang 
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van tdc cat, c) phuang dpc true phdi, d) k i t 

hgp a) va b) d l t^o rung ellip. 

Cac phuong an bo tri rung ddng nhu trln chi 

cd th i ap dung cho t i ln ngoai. Bo sung rung 

dpng cho tien Id hien chi cd the thyc hien theo 

phuang dgc theo chuyen ddng chay dao nhu 

minh hpa t r ln hinh 1(e) [4,6]. So vdi nghien 

cii'u ling dung rung ddng trg giup gia cdng 

tien ndi chung, rung dpng trp giiip khi t i ln Id, 

dac biet la Id nhd van It duac cong bo. Ly do 

cd the la, cac dau phat rung thudng cd kich 

thudc, khdi lugng Idn, thudng dugc bd tri trln 

mdt do ga rilng. Do ga nay hoac dugc lap dat 

bo sung b in ngoai, hoac dugc lap the chd cho 

dai dao may tien. Vi^c loai bd dai dao hay ga 

dat them do ga phy ben ngoai lam giam di rat 

nhilu tinh linh hoat can thi^t khi gia cdng ti ln 

Id, dac biet khi tien Id cdn biing each bang 

each xoay xien ban trugt dpc phu trSn dai dao. 

Bao cao nay gidi thieu ki t qua nghiln cuu, thiet 

kl , chi tao va thir nghilm dau rung duoc ga trln 

dai dao ciia may tien d l gia cdng Id nhd. Ki t 

qua cho thay, nham b l mat chi tilt sau gia cdng 

tiln Id khi cd rung trg giiip cao hon so vdi tien 

truyen thdng It nhat 1 cap dp nham. 

CO S 6 THIET KE 

Sa do CO cSu rung sieu am trg giup gia cong 

dugc minh hpa tren Hinh 2. Bp chuyin ddi 

silu am (1) cd nhiem vy biin ngudn nang 
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lugng dien d dang xung thanh rung dpng si lu am. Dau khuich dai hiln dp rung (2) vira cd nhi^m t 

vu truyin song sieu am den dau dao (5), Vira'lam nhi lm vu ga da cho cum dSu rung. Dao tiln 16 

(5) dugc lap vdi dng ga (3) b ing vit (4). Phdi (6) ga trln mam c^p (7). Ca bd d3u rung dugc k?p 

tren dia (8), gan cung dai dao. 

^ ^ ^^' ^ ' - " ^ 

(b) (e) Md) 

Hinh 1. Cdc nguyin tdc bd sung rung dpng tra gidp tien [4,6] 

\ d^u \ dS^ c 

c^ dl^ S dx dx c 

Tren hinh 2, dudng net diit bieu diln b i in dp 
rung ddng sieu am tai cac mat cat ngang cua 
bd phan khuech dai va dao. Phuong trinh md ta quan h i chieu dai cac b3c 

dugc phat trien tir ( I ) cd dang: 

(2) i-m 

Hinh 2. Sadd kit cdu cum ddu rung khi gia cdng 
Dau phat rung, tuang ty nhu trong nhi lu 
nghien cuu v l rung ddng trg giup gia cdng 
khac, su dyng mpt dau phat rung thuang mai, 
thudng dimg trong cdng nghi han sieu am. 
Cac kich thudc cua dau khuech dsii (2) dugc 
lua chpn theo yeu cau khuech dgi bien dp 
rung, kha nang lap ghep vdi cac bp phlin kep 
dao va ndi vdi nguon tao rung (1), bo sung k i t 
cau cho phep ga dat bd dau rung tren dai ga 
dao. Sa do tinh toan cac kich thudc dau 
khuech dai dugc minh hpa tren hinh 3. 

trong dd, c la van tdc truyin sdng ciia vat lieu 
dau khuech dai (in/s), (o la van toe gdc ciia rung 
dpng, to = 27i/(rad/s) v d i / I a tan sd mng dpng 
(Hz); S], $2 la dien tich mat cat 2 bac tru. 
Bi in do dao dgng tai hai vi tri bat kj' tren 
doan try nhd (u,) va tren doan try Idn (Uh) 
dugc xac dinh nhu sau [7]: 

M|, = .^|,COS — - .COS(ttl() 

He so khuech dgi bien dp dupe tinh: 

(3) 

Hinh 3. Sadd tinh kich thudc ddu khuech dai 

Ca sa tinh toan dya t r ln phuang trinh truyin 
sdng tdng quat dpc theo phan tii cua mpt 
thanh cd dang sau [7]: 
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Chpn truac cac kich thudc dudng kinh ciia 

dau khugch dai Dj = 50, D; = 30. Kich thudc 

D[ I3y bang duong kinh dau ra ciia dau phat 

rung. Kich thuac D2 dugc chpn nham dam 

bao dudng kinh 16 kep dao va dp day can thiet 

d l tao ren cho vit k?p. Vai chinh lech dudng 

kinh nhu tren, hp so khuech dai biin dp thu 

dupe se vao khoang (Di/Dj) =(50/30)=2,78. . -

Dau phat rung dugc chpn cd tan sd lam vi^c f, 

= 20 kHz; bien do A| = 15 jxm. Chgn vat lieu 
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diu khuich dai rung la hgp kim nhdm A17075 

vdi cac thdng so: E=71,7 GPa; 

p = 2B00kg/m . V t n tdc truyin sdng am 

qua vat Ii$u diu kliulch dai 

c = ^JEJP = 5060m / s. Tii dd, chiiu dai 

ciia dau khuech dai tinh vdi chieu dai cdng 

hudng mia budc sdng X/2 c/4f 

=5060/(4*20000) =63,25 mm. Khi thiet k l 

chpn diem niit each dau phat rung m^t khoang 

x.= XhA = X/2+3,25= 66,5 mm (Vtyi 3.25mm Id 

chieu ddy cm tai kep). Sir dung ph^n m i m hd 

MAPLE 12 trg giai phuang trinh (2), xac dinh 

dupe: XtA = L, -1-L2 + L3 = 61,3 mm. Qk dam 

bao gia cdng hi t chieu dai Id va cd khdng gian 

kep vit cd dinh dao, cac kich thudc Li , Lj 

dupe lay Ll = 22 mm; L2 = 16,3 mm. Tu do 

tinh ra chieu dai bac nho L3 = 23 mm. Hinh 4 

md ta ket cau dau rung de xuat. 

Function generator diing d l tao xung tin hilu 
di?n truyin cho diu rung (cd trd khang Zx). 
Hai kenh do CHI va CH2 cua may hien sdng 
dugc sir dyng d l do dien ap hai d iu dien trd 
phu R„f. Dien trd K^e dugc co dinh d miic 10 
kO trong sudt qua trinh thi nghiem, tin hieu 
dugc hien thi trln mpt may hiln sdng Protek 
5100 - lOOOMHz, 500MSa/s. Ngudn dien ap 
6 vdn Vpp dugc cap cho mach do vdi cac gia 
tri tan so khac nhau n im trong dai tir 11 din 
40 kHz nhd may phat ham. Khi tdng trd ciia 
thiet bi dat cue dgi hoac cue tieu thi tai dd d iu 
rung se xay ra hiln tugng cong hudng hoac 
phan cgng hudng.Tdng khang ciia thiit bj can 
do dugc xac djnh theo cdng thiic: 

Trong do, 8 la gdc lech pha ciia VA2 so vdi 
VAI. Khi quan sat tren may hien song, thdi 
diem cpng hudng xay ra dugc phan anh qua 
dp lech pha giiia 2 kinh (bang khdng). 

Hinh 4. Kit cdu gd dau rung diing cho tien 16 

DANH GIA CAC THONG SO 

Dau rung sau khi dugc che tgo vdi cac thong 

so thiet ke nhu tr ln da dugc tien hanh danh 

gia truoc khi sir dung. Cd hai thong sd quan 

trpng can danh gia la tan sd cpng hudng va 

bien dp dao ddng tgi dau miit cua dao. Tan so 

cpng hudng rung dOng chiu su anh hudng bdi 

gi^ tri tdng trd ciia dau khuich dai. 

Tan so cong hudng cua ca he, bao gdm dau 

phat rung va dau khuech dai co gin dao, dugc 

do kiem bang phuang phap do tong trd 

khang. Chi tiet cua phuang phap nay da dugc 

trinh bay chi tiet trong [8]. 

Nguyen ly do kiem dupe minh hpa tren hinh 

5. May phat ham Protek GD-0005N DOS 

Hinh 5. Sa dd xdc dinh tdng trd vd idn sd cgng 
hudng cua ddu rung 

Ket qua khao sat thu duac tan so cpng hudng 

ciia dau rung la fr = 20,92kHZ; tan so phan 

cdng hudng fg = 21,87 kHz, gan vdi gia trj 

dung cho thiet ke ban dau. 

Biin do rung ddng thyc te Idn nhat dugc xac 

dinh bang phep do tmh, sii dyng mpt panme 

do ngoai 0,001 mm, mpt may phat nguon 

cong suat. Tinh trgng bat dau xay ra tiep xiic 

giij'a dau panme va dau rung dugc danh gia 

bang nhd ca cau tiep xiic dien. S a do do bien 

dp dugc md ta nhu hinh 5. Cum diu rung va 

panme dugc ndi vdri mpt ngudn diln 1 chieu 

6V. Khi quay tien Panme chgm vao diu dung 

cu lam mach dien se duoc ddng kin, tin hilu 

di?n dugc truyen den bo thu thap dir lieu 

DAQ kit ndi vdi phan mem LabView, hiln 
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thi xung tren giao dipn may tinh. De tien hanh 
xac dinh gia tri bien dp: trudc tien khi chua 
cap rung, tien dung cy Igi dau dao xac dinh va 
ghi nhd vach chi trudc (tin hieu xung diln 
bao thai diem cham). Sau do quay Iiii dau 
panme ra mdt khoang I mm (Idn han nhieu so 
vdi bien dd rung thdng thudng la vai chuc 
Jim). Kich thich dau rung vdi tan so can khao 
sat va van panme cho dau do tien ve phia dau 
dao. Thai diem tiep xiic giiia dau do ciia 
panme vdi dau rung dugc xac djnh nhd tin 
hieu diln hien thj tren man hinh may tinh. Ghi 
nhan gia tri vgch chi sau cua panme. Kit qua 
hiln dp thu dugc s€ bang op lech giiia chi so 
dau va chi so sau. 

Hinh 6. Sa do mgch do biin dd kieu tiep xuc 
Tren hinh 7 minh hga ket qua do biin dp rung 
ddng thu dugc d diu dao ling vdi mot so gia 
trj tan sd rung ddng khac nhau. Cd the thay, 
bien dp rung dgt gia tri lan nhat khi tan so cd 
gia trj 21,87 kHz, kha gan vai ket qua do 
kiem tinso da thu dugc. Ndi each khac, biin 
dp dao dpng Idn nhat khi cap cho dau rung 
mdt ngudn xung kich thich cd tan sd bang tan 
sd cpng hudng ciia he. Biin dp khoang 25 jim 
cung kha phii hgp vdi gia tri dy doan tir he so 
khuech dgi khi thiit ke dau khuech dai. Bien 
dp rung 25 p.m ciing du Idn dl thir nghiem 
danh gia anh hudng tich cue ciia rung dgng 
trg giiip gia cdng. 

KET QUA GIA CONG THLTNGHIEM 
Dl danh gia kha nang ling dung ciia bp dau 
rung dugc chi tgo, 20 thi nghiem tiln Id da 
dugc thuc hien. Cac phdi mau dCing vgt li?u 
lam khuon X12M, dugc tao 16 thd vdi dudng 
kinh ban dau 12 mm, nhilt luyen dat dp ciing 
60 -r 62 HRC. Cac phdi sau nhi?t luyen dupe 
mai trdn ngoai dat dudng kinh 23±0,01 va sau 
dd ti?n mdc 16 dgt dudng kinh 12,5±0,05. 

Chiiu dai mdi Id dugc gia cdng theo hai che 
dp: khong cd rung dpng trg giiip va cd rung 
dpng trg giiip. Thii ty cd hay khong cd rung 
trg giiip dugc thuc hien ngiu nhien. Chi dO 
cit dugc chgn theo khuyin nghj ciia nha cung 
cap dao. Nham bi mat Id dugc chpn lam tieu 
chi danh gia chit lugng be mat Id. 
Bang 1 trinh bay ket qua do nham ciia cac 
mSu. Ket qua cho thay trong dai thi nghiem 
do nham khi tiln co rung deu cao han it nhat 
mpt cip dp nham (Theo TCVN 2215-95) so 
vdi tien truyen thong. 

Thi> tv" phdi thf nfthlf It, i 

Hinh 8. Tuang quan dg nhdm khi liin cd rung H^ 
tra so vdi li^n Iruyin ihdng 

Ket qua trong bang I dugc minh hpa bang do 
thi trln Hinh 8. Cd thi thiy d tit ca cac 16 thi 
nghiem, be mat 16 khi tiln c6 rung dpng trg 
giup luon cd dp nham bl mat cao han it nhat 
mdt cap nham so vdi qua trinh tien truyen 
thdng. Vdi bp thi nghiem nay, chi dp cat rung 
cho phdi thii' 19 thu dugc dp nhan bdng be 
mat cao nhit, dat Ra = 0,089 nm. 
Sa d6 do lyc cit dugc md ta tren hinh 9. Dau 

-do lyc cit 3 thanh phan Kistler dupe ga tren 
ban dao ngang, dai dao phy diing de kep dau 
rung silu am ga tren be mat cam bien do luc. 
Thiit bi dugc kit noi true tiip vai may tinh, 
qua giao dien ciia phan mim NI 
SignalExpress20l4. 
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Bing 1. Kit qua thi nghiem do nhdm vdi cdc mdu nin Id khi cd rung hd tro so vdi tien truyen Ihdng 

STT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 

Toe dp 
quay n 

v/ph 

1750 
1750 
1750 
1750 
1750 
2000 
1750 
1500 
1500 
2000 
1500 
1750 
2000 
2000 
1750 
2000 
1750 
1750 
1500 
1500 

dao V 

mm/v 

0.085 
0.0675 
0.0675 
0.0675 
0.0675 
0.0675 

0.05 
0.085 
0.05 
0.085 
0 085 
0.0675 

0.05 
0 05 

0.0675 
0 085 

0.0675 
0.0675 

0 05 
0.0675 

Chieu 
sau cii 

t 

mm 

0.075 
0.1 

0.075 
0.075 
0.075 
0.075 
0.075 

0.1 
0 05 
0.1 
0 05 
0.075 

0.1 
0 05 
0.075 
0 05 
0.05 
0.075 

0.1 
0 075 

Nhim khi 
(ien thujmg 

Ra 
(|im) 

0.760 
0.708 
0.703 
0.716 
0.700 
0.654 
0.640 
0.827 
0.476 
0.587 
0.684 
0.509 
0 503 
0 645 
0 629 
0 694 
0 490 
0.358 
0.304 
0 351 

cip 
a. 

7 
7 
7 
7 
7 
7 
7 
7 
8 
7 
7 
8 
8 
7 
8 
7 
8 
8 
9 
8 

Nhim R, 
i(hi tien 

rune 

Ra 
(pm) 

0.319 
0.319 
0.311 
0.316 
0.313 
0.187 
0 204 
0 334 
0 137 
0.351 
0.164 
0.155 
0 144 
0 207 
0 178 
0 235 
0 189 
0.119 
0.089 
0 135 

Cap 
dS 

9 
9 
9 
9 
9 
9 
9 
8 
10 
8 
9 
10 
10 
9 
9 
9 
9 
10 
11 
10 

So cap do 
nham tang 

Tifn rung 
-Tien 
thuvug 

2 
2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
2 
2 
1 
2 
1 
2 
2 
2 

Mire d5 giam 
nham be mat 

% 
58 

54.9 
55.8 
55.9 
55.3 
71.4 
68.1 
59.6 
71.2 
40.2 
76 

69.5 
71 4 
67 9 
71.7 
66.1 
61.4 
66.8 
70.7 
61.5 

Hinh 9. Sa do gd thiit bi do luc cdt khi tiin 16 cd 
rung dgng sieu dm Irpgiup. 

Do thi the hien gia tri cac thanh phan lyc cat 
khi tien 16 trong hai trudng hgp c6 rung va 
khong cd rung, vdi che dp cat khao sat: toe dp 
quay tryc chinh n = 1500 v/ph; lugng chgy 
dao s = 0,065 mm/vong; chieu sau cat t = 0,1 
mm; dugc thi hiln tren hinh 10. Qua dd thi 
tren Hinh 10, de thay ti?n lo c6 rung dgng 
sieu Sm trg giiip cd cac thanh phan luc cat 
diu nhd han so vai ti?n khdng rung. 

Hinh 10. Tuang quan lire cdt khi liin cd rung hd 
tro so vdi lien Iruyen thong 

Thanh phan lyc dpc giam tdi 30 %, lyc hudng 
tam giam 25 % , lyc tiep tuyen giam 20 % so 
vai lyc cit khi tien khdng cd rung. Kit qua 
budc diu cho thay hilu qua cua thiet bi dau 
rung hd trg cho dao tien Id ve chat lugng bl 
mgt chi tilt sau gia cdng, kha nang giam lyc cat 
khi tien. Day la tien de de hieu chinh, phat trien 
mau dau rung cho tiln 16 try nhd va Id cdn. 
KET LUAN 

Mpt dau rung sieu am mang dao tien 16 vdi 
kit cau thuan tien cho vile ga dgt trln dai dao 
may tien, da dupe thiit kl, che tao va thii 
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nghilm. Gia tri bien dp rung dgng va cac tan 

so cpng hudng cho dau rung dupe thyc 

nghilm xac dinh, cho k i t qua phii hgp vdi ly 

thuyit tinh toan. K i t qua cat thu vai dau rung 

sieu am cho qua trinh tien tinh 16 cho thay be 

mat khi tien rung cd dp nham cao han so vdi 

qua trinh gia cdng truyen thdng it nhat mot 

cap nham. Cac ket qua thu dugc ddng vai trd 

ca sd quan trpng cho viec phat tr i ln nghien 

cii'u thiet k l , ch i tao hoan chinh dung cu cho 

gia cdng tien 16 cd rung ddng trg giup. 
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SUMMARY 
DESIGN, M A N U F A C T U R I N G U L T R A S O N I C V I B R A T O R Y T O O L ASSISTED 
H O L E TURNING 

Ngo Quoc Huy', Chu Ngoc Hung, Nguyen Van Du 
University ofTechnology - TNU 

Vibration - Assisted machining has been claimed to be superior to conventional machining. One 
problem that exists when using vibration assisted hole machining is that it is difficult to fix the 
ultrasonic vibration parts on the tool post of conventional lathes. This report presents some results 
of design calculations, manufacturing and verification of ultrasonic vibratory tool used in vibration 
assisted hole tuming, fitted with a cutting tool that facilitates the turning process. An ulUasonic 
vibrating jig combined with a small boring tool has been designed and tested. The structure was 
evaluated for electrical resonance irequency, mechanical impedance and vibration amplitude at the 
cutting edge. Experimental hard-boring tests have been done on 20 samples of holes with 12 mm 
diameter. The wokpieces were made from Crl2Mo steel with hardness of HRC 60-62. The results 
showed that, vibration assisted hole-turning can reducce cutting force by 20% to 30%. Surface 
roughness from the new technique have been also improved by 40% to 71 %, compared to 
traditional method. The results of this study would play an important role in development, design 
and manufacture of complete tools for vibration assisted machining. 
Keywords: Ultrasonic transducer; Hard turning. Hole turning, Ultrasonic Assistant Turning: 
Resonance 
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