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THIET KE, CHE TAO PAU RUNG SIEU AM TRQ GIUP TIEN LO

TOM TAT
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Truong Pai hoc Kj thugt Céng nghiép - PH Thai Nguyén

Gia cong cit got co sur tro gitp ctia rung dong da duoc khang dinh c6 nhidu wu diém nbi troi so véi
gia cong truyén thong. Mot van dé ton tai khi khai thac rung dong tro gitp gia cong tién 16 1a kho
bb tri dau rung trén dai dao mdy tién truyén thong. Béo cdo nay trinh bay mot sb két qua thiét ké,
ché tao va thur nghiém danh gia dau rung siéu 4m hd tro qua trinh tién 15. Mot dau rung siéu 4m
mang dao tién 18 c6 két cau thuén tién cho viéc ga kep trén dai dao may tién da dugc thiét ké, ché
tao va thu nghlem Két cdu dugc danh gia kiém tra vé tin sd cong huong, tré khang co va bién do
rung dong tai vi tri ddu dung cu. Gia cong thir nghiém tién ctng 20 18 duong kinh 12 mm trén vat
lidu thép 1am khudn Cr12Mo c6 dé cimg 60 - 62 HRC cho thiy, rung dong tro giup gia cong lam
luc cat giam tir 20% dén 30%, nham bé mit Ra giam 40% dén 71 % so véi tién thudng. Cac két
qua thu duge dong vai tro co so' quan trong cho viée phat trién nghién ctru thiét ké, ché tao hoan
chinh dung cu cho gia cong tién 16 c6 rung dong tro giup.

Tir khéa: Pdu rung siéu am, Tién cung, Tién 16; Gia cong co rung dong tro giup, Cong huong

GIOI THIEU

Gia cong c6 rung dong tro gitp 1la mét ky
thudt gia cong méi, bd sung mot rung dong
cudng birc ¢6 didu khién vao qua trinh gia
cong cat got kim loai. Ban chét 1a khai thac
nang luong va dap nham thay doi twong tac
gitta dung cu cét va phoi, din dén thay do6i
theo hudng tich cuc cac hién tuwong vat ly
trong viing cit qua d6 lam giam luc cat, giam
ma sat trong vung cit,v.v. Gia cdng c6 rung
dong tro giup dd duoc khing dinh 1a ¢6 thé
ning cao ning suat, chit luong bé mit gia
cong, tudi bén cua dung cu cit, dic biét rat
hitu dung dé gia cong mot s6 vat liéu kho gia
cdng [1-3]. Ngudn rung dong c6 bién do nhod
(khoang tir vai dén vai chuc micromet), c6 tin
sd siéu am (tir 15 dén 80 kHz) dugc bd sung
cudng birc vao chuyén dong tuong dbi giita
dung cu cit va chi tiét gia cong. Gia céng c6
rung dong tro gitip c6 thé ap dung cho ca gia
cong cit got truyén théng (chang han tién,
khoan, phay, bao, cua) [4,5] va gia cong khong
truyén thong (ching han gia cong tia ltra dién,
cit day, gia cong bang tia nudc, hat mai).
Trong gia cong ti¢n, rung dong cudng buc cod
thé dugc bo sung theo cac phuong khac nhau
(Hinh 1): a) phuong huéng kinh, b) phuong
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van tdc cit, ¢) phuong doc truc phdi, d) két
hop a) va b) dé tao rung ellip.

Céc phuong 4n bd tri rung dong nhu trén chi
¢6 thé ap dung cho tién ngoai. B6 sung rung
dong cho tién 16 hién chi co thé thuc hién theo
phuong doc theo chuyén dong chay dao nhu
minh hoa trén hinh 1(e) [4,6]. So v&i nghién
ciu ing dung rung ddng trg giup gia cong
tién noi chung, rung dong tro giup khi tién 19,
dic biét 1 16 nho van it duoc cong bd. Ly do
c6 thé 13, cac dau phat rung thudng co kich
thude, khdi lugng 16n, thuong dugc b trf trén
mot dd ga riéng. PO ga nay hodc dugc lp dat
bd sung bén ngoai, hodc dugc lap thé chd cho
dai dao may tién. Viéc loai bo dai dao hay ga
dat thém d6 ga phu bén ngoai lam giam di rat
nhiéu tinh linh hoat can thiét khi gia cong tién
16, ddc biét khi tién 15 con bang cach bang
cach xoay xién ban trugt doc phu trén dai dao.
Béo co nay gidi thiéu két qua nghién ctru, thiét
ké, ché tao va thir nghiém dau rung duoc g trén
dai dao cia may tién dé gia cong 16 nho. Két
qua cho thiy, nham bé mit chi tiét sau gia cong
tién 16 khi c6 rung trg giup cao hon so véi tién
truyén thong it nhit 1 cip d6 nham.

CO SO THIET KE

So d6 co cAu rung siéu 4m tro gitp gia cong
duwgc minh hoa trén Hinh 2. Bo chuyén doi
siéu am (1) c6 nhiém vu bién ngudn ning
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lwong dién & dang xung thanh rung dong siéu am. Pau khuéch dai bién d6 rung (2) vira ¢6 nhiém
vu truyén song siéu am dén dau dao (5), vura [am nhiém vu ga d& cho cum dau rung. Dao tién 15
(5) duoc lap v6i dng ga (3) bang vit (4). Phoi (6) ga trén mam cap (7). Ca bd dau rung duge kep

trén dia (8), gin cung dai dao.

(@) (b)

(© (d) ()

Hinh 1. Cdc nguyén tic bé sung rung dong tro giip tién [4,6]

Trén hinh 2, dudng nét dut biéu dién bién do
rung dong si€u am tai cdc mdt cat ngang cua
bd phén khuéch dai va dao.
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Hinh 2. So do két cau cum dau rung khi gia cong
Pau phat rung, twong tu nhu trong nhiéu
nghién ctru vé rung dong trg gitp gia cong
khéc, str dung mot dau phat rung thuong mai,
thuong dung trong cong nghé han siéu am.
Céc kich thudc cia dau khuéch dai (2) dugc
lwa chon theo yéu cdu khuéch dai bién do
rung, kha ning lap ghép véi cac bd phan kep
dao va ndi v6i nguodn tao rung (1), bd sung két
ciu cho phép ga dat bo dau rung trén dai ga
dao. So dd tinh toan cac kich thudc dau
khuéch dai duge minh hoa trén hinh 3.

Nutkep M A

Dy

Xn

Xn4 Xia

Hinh 3. So dé tinh kich thuéc dau khuéch dai

Co s6 tinh toan dya trén phuong trinh truyén
song tong quat doc theo phan tir ciia mot
thanh c6 dang sau [7]:
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Phuong trinh md ta quan hé chiéu dai cac bac

dugc phat trién tr (1) c6 dang:
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trong do, ¢ la van tbc truyén song cua vat liéu
dAu khuéch dai (m/s), o 14 vén toc goc cua rung
dong, o = 2n.f (rad/s) voi f 1a tan s6 rung dong
(Hz); Sy, S, 1a dién tich mét cit 2 bac tru.

Bién d6 dao dong tai hai vi tri bat ky trén
doan tru nho (uy) va trén doan tru 16n (uy)
duoc xac dinh nhu sau [7]:

- %
u, = Az.cos( c j.cos(wt) 3)

u, = Ai.cos(%xhj.cos(a)t)

Heé s6 khuéch dai bién do duoc tinh:

OXpp

ons %) @
A S, cos(%j
C

Chon trude cac kich thudc duong kinh cua
dAu khuéch dai Dy = 50, D, = 30. Kich thuéc
D, lay bang duong kinh dau ra ciia dau phat
rung. Kich thudc D, dugc chon nhdam dam
bao dudng kinh 15 kep dao va d¢ day can thiét
dé tao ren cho vit kep. Véi chénh léch duong
kinh nhu trén, hé sé khuéch dai bién do thu

dugc sé€ vao khoang (D,/D;) =(50/30)=2,78.
Pau phéat rung duogc chon co tan sd lam viéc f,
= 20 kHz; bién do A; = 15 um. Chon vt liéu
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dau khuéch dai rung 14 hop kim nhém A17075
véi  cic  thong s6:  E=71,7 GPa;
p=2800kg/m*. Van tdc truyén song 4m
qua vat liéu dau khuéch dai
c=+E/p=5060m/s. Tur d6, chiéu dai
cia dau khuéch dai tinh v6i chiéu dai cong
huéng nira budc song A2 = c/if
=5060/(4*20000) =63,25 mm. Khi thiét ké
chon diém nut cach dau phat rung mot khoang
Xn= Xpa = M2+3,25= 66,5 mm (Voi 3,25mm la
chiéu day cua tai kep). Str dung phan mém hd
MAPLE 12 trg gidi phuong trinh (2), xac dinh
dugc: x = Ly +Lp + Ly = 61,3 mm. Dé dam
bao gia cong hét chiéu dai 16 va c6 khong gian
kep vit ¢6 dinh dao, cac kich thuéc L, , L,
duogc lay Ly, = 22 mm; L, = 16,3 mm. Tir d6
tinh ra chiéu dai bac nho Ls = 23 mm. Hinh 4
md ta két ciu dau rung d& xuat.

Vit day kep

5 Bo phatrung
Gia kep dau rung

Daigadao

Pau dao : .

Hinh 4. Két cdu ga dau rung ding cho tién 16
DANH GIA CAC THONG SO
Pau rung sau khi dugc ché tao voi cac thong
s thiét ké nhu trén dd dugc tién hanh dénh
gia trude khi st dung. C6 hai thong sd quan
trong can danh gia 1a tin sd cong hudng va
bién d6 dao dong tai ddu mut cua dao. Tan sd
cong huong rung dong chiu sy anh hudng bdi
gia tri téng tré ctia dau khuéeh dai.
Tén sb cong huong cua co hé, bao gdm dau
phat rung va dau khuéch dai co gén dao, duogc
do kiém bang phuong phip do tong trd
khang. Chi tiét cua phuong phép nay di dugc
trinh bay chi tiét trong [8].
Nguyén 1y do kiém dugc minh hoa trén hinh
5. Méay phat ham Protek GD-0005N DOS

Function generator ding dé tao xung tin hi¢u
dién truyén cho dau rung (co trd khang Zx).
Hai kénh do CH1 va CH2 cua may hién séng
dugc s dung dé do dién ap hai dau dién tro
phu Ryer. Dién tré Ryer duoc ¢b dinh ¢ mirc 10
kQ trong subt qua trinh thi nghiém, tin hiéu
duogc hién thi trén mot may hién song Protek
5100 - 1000MHz, 500MSa/s. Ngudn dién ap
6 von Vpp duoc cip cho mach do véi cac gia
tri tan s6 khac nhau nim trong dai tir 11 dén
40 kHz nho may phat ham. Khi tong tré cia
thiét bi dat cuc dai hodc cuc tiéu thi tai d6 dau
rung s€ xdy ra hién tuong cong hudng hodc
phan cong huong. Tong khang cua thiét bi can
do dugc xéac dinh theo cong thure:
V,,R

7 A2 “ref

<=
\A/Ai —2V,V,,C080+V2 (5)

Trong d6, 0 1a goc 1éch pha ctia Va, so voi
Vai. Khi quan sat trén may hién song, thoi
diém cong huong xay ra dugc phan anh qua
d6 1éch pha giita 2 kénh (bang khong).

(a) Mach do tong tré (b) Giao dién thiét bi do

Hinh 5. So d6 xdc dinh téqg tré va tan sé cong
huong cua dau rung

Két qua khao sat thu dugc tin s6 cong hudng
cua dau rung la f, = 20,92kHZ; tan sb phan
cong huong f, = 21,87 kHz, gan voi gia tri
dung cho thiét ké ban dau.

Bién d6 rung dong thuc té 16n nhit dugc xac
dinh bang phép do tinh, sit dung mot panme
do ngoai 0,001 mm, mdt may phat ngudn
cong suit. Tinh trang bit dau xay ra tiép xtic
giita ddu panme va dau rung duoc danh gia
bang nho co ciu tiép xuc dién. So do do bién
dd duge md ta nhu hinh 5. Cum dau rung va
panme dugc ndi v&i mot nguén dién 1 chiéu
6V. Khi quay tién Panme cham vao dau dung
cu lam mach dién s€ dugc dong kin, tin hiéu
dién dugc truyén dén bd thu thap dir lidu
DAQ két ndi v6i phan mém LabView, hién
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thi xung trén giao dién méy tinh. Dé tién hanh
xac dinh gid tri bién do: trudc tién khi chua
cép rung, tién dung cu lai dau dao xac dinh va
ghi nhé vach chi trude (tin  hiéu xung dién
bao thdi diém cham). Sau d6 quay Iui dau
panme ra mot khoang 1 mm (16n hon nhiéu so
v6i bién d6 rung thong thuong la vai chuc
um). Kich thich dau rung véi tan sd can khao
sat va vin panme cho dau do tién vé phia dau
dao. Thoi diém tiép xtc giita dau do cua
panme v6i dau rung duoc xic dinh nhd tin
hiéu dién hién thi trén man hinh may tinh. Ghi
nhan gia tri vach chi sau ciia panme. Két qua
bién do thu duogc sé bﬁng d6 1éch gitra chi sb
dau va chi s sau.

Chiéu xoay

af‘-vé

Fq

COMPUTER

Hinh 6. So @6 mach do bién dg kiéu tiép xiic
Trén hinh 7 minh hoa két qua do bién do rung
dong thu dugc ¢ dau dao Gmg véi mot s gia
tri tn s rung dong khac nhau. C6 thé thiy,
bién d6 rung dat gia tri 16n nhét khi tin s c6
gia tri 21,87 kHz, kha gan voi két qua do
kiém tansd da thu dugce. No6i cach khac, bién
d6 dao dong 16n nhat khi cap cho dau rung
mot ngudn xung kich thich c6 tan s6 bang tin
s6 cong huong cua hé. Bién d6 khoang 25 um
ciing kha phi hop véi gia tri dy doan tir hé s6
khuéch dai khi thiét ké dau khuéch dai. Bién
d6 rung 25 pum ciing du 16n dé thir nghiém
danh gia anh hudng tich cuc cua rung dong
tro gitp gia cong.

KET QUA GIA CONG THU NGHIEM

Dé danh gia kha nang tmg dung cta bo dau
rung dugc ché tao, 20 thi nghiém tién 15 da
duoc thyc hién. Cac phdi mau dung vat lidu
lam khudén X12M, duoc tao 16 tho voi duong
kinh ban diu 12 mm, nhiét luyén dat do cing
60 + 62 HRC. Cac phoi sau nhiét luyén duogc
mai tron ngoai dat duong kinh 23+0,01 va sau
d6 tién moéc 16 dat duong kinh 12,5+0,05.
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Chiéu dai mdi 16 dugc gia cong theo hai ché
do: khong co rung dong tro gilip va cd rung
dong tro giup. Thu tu c6 hay khong cd rung
trg gitip dugc thuc hién ngﬁu nhién. Ché do
cit duoc chon theo khuyén nghi ciia nha cung
cép dao. Nham bé mit 16 duoc chon lam tiéu
chi dénh gia chat luong bé mat 1.

Bang 1 trinh bay két qua do nham cua cac
méiu. Két qua cho thdy trong dai thi nghiém
d6 nham khi tién c6 rung déu cao hon it nhat
mot cap do nham (Theo TCVN 2215-95) so
Vv6i tién truyén thong.

30
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Hinh 7. Két khdo sat bién dg véi cée tan sé khdc nhau
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Hinh 8. Tuwong quan dé nham khi tién c6 rung hé

tro' so voi tién truyen thong
Két qua trong bang 1 duoc minh hoa bang do
thi trén Hinh 8. C6 thé thiy & tt ca cac 16 thi
nghiém, bé mit 15 khi tién c6 rung dong tro
gitp ludn c6 d nham bé mit cao hon it nhat
mdt cap nhdm so v&i qua trinh tién truyen
thong. V&i b thi nghiém nay, ché d¢ cit rung
cho phoi thir 19 thu dugc do nhin bong be
mat cao nhat, dat Ra = 0,089 um.
So do do luc cit duge mé ta trén hinh 9. Pau
do lyc cit 3 thanh phan Kistler dugc ga trén
ban dao ngang, dai dao phu dung dé kep dau
rung siéu 4m g trén bé mat cam bién do lyc.
Thiét bj duoc két ndi truc tiép v6i may tinh,
gqua giao dién cia phin mém NI
SignalExpress 2014.
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Bang 1. Két qua thi nghiém do nhdm véi cdc mau tién 16 khi c¢6 rung ho tro' so Vi tién truyén thong

Téc d9 | Lwong chay ?hle}l Nham khi Nhe.lana S6 cAp d9 | Mirc do giam
STT sau cat | .. | khi tién L . A<
quay n daov t tién thuong runt_:i nham ting | nham bé mat
A A Tién rung
v/ph mm/v mm (5;) Cd? (Er?]) (f%p — Tién %
j * thuwdng

1 1750 0.085 0.075 | 0.760 7 10319 | 9 2 58
2 1750 0.0675 0.1 0.708 7 10319 | 9 2 54.9
3 1750 0.0675 0.075 | 0.703 7 10311 | 9 2 55.8
4 1750 0.0675 0.075 | 0.716 7 10316 | 9 2 55.9
5 1750 0.0675 0.075 | 0.700 7 10313 | 9 2 55.3
6 2000 0.0675 0.075 | 0.654 7 10187 | 9 2 71.4
7 1750 0.05 0.075 | 0.640 7 10204 | 9 2 68.1
8 1500 0.085 0.1 0.827 7 10334 | 8 1 59.6
9 1500 0.05 0.05 0.476 8 |0.137| 10 2 71.2
10 2000 0.085 0.1 0.587 7 10351 | 8 1 40.2

11 1500 0.085 0.05 0.684 7 10164 | 9 2 76
12 1750 0.0675 0.075 | 0.509 8 | 0.155 | 10 2 69.5
13 2000 0.05 0.1 0.503 8 10144 | 10 2 71.4
14 2000 0.05 0.05 0.645 7 10207 | 9 2 67.9
15 1750 0.0675 0.075 | 0.629 8 (0178 | 9 1 71.7
16 2000 0.085 0.05 0.694 7 1023 | 9 2 66.1
17 1750 0.0675 0.05 0.490 8 (0189 | 9 1 61.4
18 1750 0.0675 0.075 | 0.358 8 |0.119 | 10 2 66.8
19 1500 0.05 0.1 0.304 9 10.089 | 11 2 70.7
20 1500 0.0675 0.075 | 0.351 8 |0.135| 10 2 61.5

Co rung Khéng rung
o ¢ Cam bién Luc doc Fx \
KI':'C'GCF;IO Lic tiep tuyen Fy
100 4 Luc huong tam Fz
~

Hinh 10. Twong quan lyc cdt khi tién cé rung hé
tro so voi tién truyen thong

Hinh 9. So' d6 gd thiét bi do luc cdt khi tién 16 c6
rung dong siéu dm trg giup.

D) thi thé hién gia tri cac thanh phan luc cit
khi tién 16 trong hai truong hop c6 rung va
khong c6 rung, voi ché do cit khao sat: tbe dd
quay truc chinh n = 1500 v/ph; lugng chay
dao s = 0,065 mm/vong; chiéu sau cit t = 0,1
mm; dugc thé hién trén hinh 10. Qua dd thi
trén Hinh 10, d& thiy tién 16 co rung dong
siéu 4m trg gitp 6 cac thanh phan luc cét
déu nho hon so véi tién khong rung.

Thanh phan luc doc giam t6i 30 %, luc hudng
tam giam 25 % , luc tiép tuyén giam 20 % so
v6i Iyc cat khi tién khong co rung. Két qua
budc dau cho thiy hiéu qua cua thiét bi dau
rung hd trg cho dao tién 10 vé chét luong bé
mdt chi tiét sau gia cong, kha ning giam lyuc cit
khi tién. Pay 14 tién dé dé hiéu chinh, phat trién
mau dau rung cho tién 15 tru nhé va 16 con.

KET LUAN

Mot dau rung siéu 4m mang dao tién 16 véi
két cau thudn tién cho viéc ga dat trén dai dao
méay tién, di duoc thiét ké, ché tao va thir
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nghiém. Gia tri bién do rung dong va cac tin
s6 cong huong cho dau rung duoc thuc
nghiém xéc dinh, cho két qua phu hop voi ly
thuyét tinh toan. Két qua cat thir v6i dau rung
siéu am cho qua trinh tién tinh 18 cho thay bé
mat khi ti€n rung c6 d6 nham cao hon so voi
qué trinh gia cong truyén thong it nhit mot
cap nham. Céc két qua thu dugc dong vai tro
co sO quan trong cho viéc phét trién nghién
ctru thiét k&, ché tao hoan chinh dung cu cho
gia cong tién 16 c6 rung dong tro givp.
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DESIGN, MANUFACTURING ULTRASONIC VIBRATORY TOOL ASSISTED

HOLE TURNING

Ngo Quoc Huy", Chu Ngoc Hung, Nguyen Van Du

University of Technology - 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 turning, fitted with a cutting tool that facilitates the turning process. An ultrasonic
vibrating jig combined with a small boring tool has been designed and tested. The structure was
evaluated for electrical resonance frequency, 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 Cr12Mo 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.
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