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DANH GIA ANH HUONG CUA RUNG PONG SIEU AM TiCH HOP
KHI TIEN CUNG PEN PO CHINH XAC HINH DANG HINH HOC CUA
CHI TIET

INVESTIGATE THE EFFECT OF ULTRASONIC VIBRATION PARAMETERS
ASSISTED HARD TURNING ON GEOMETRIC ACCURACY

Hoang Trung Kién
Truong Pai hoc Ky thudt Cong nghi¢p, Pai hoc Thai Nguyén

TOM TAT

Trong bai bdo nay, wu diém ciia qud trinh tién ciing c¢é hé tro ciia rung dong siéu am dwoc
khdo sdt, tdp trung vao anh hwéng ciia théng sé rung siéu dm dén dg tron, do tru cia chi tiét sau
gia cong. Cdc thi nghiém dwoc tién hanh cho cd qud trinh tién cirng théng thuong va tién cimg cé
tro gitip ciia rung siéu am véi thép 9CrSi da téi dat do ciing 58-60 HRC. Thiét bi tao rung cho dau
dao tién gcfn manh CBN la mét Piezo c¢6 tan s6 rung 28KHz, bién do 2-10 um. S6 liéu thuc nghiém
dwoc phan tich so sanh théng qua kiém nghiém so sanh t (2 sample t-test) trén 18 madu do. Két qua
cho thdy, tién cirng c6 suw tro givip ciia rung dong siéu am givp do tron, dé tru tang. Qud trinh gia
cong khong sir dung dung dich tron ngudi givip giam thiéu é nhiém méi trieong.

Tw khoa: Tién cung; Thép 9CrSi; Rung dong tro giup tién cung; Do tron; Do tru.
ABSTRACT

In this paper, the advantages of Ultrasonic assisted hard turning (UAHT) process have
been investigated, focusing on the impact of Ultrasonics vibration parameters on roundness and
cylindricity of machined component. Several experiments have been performed on 58-60HRC
hardened steel 9CrSi for both Conventional hard turning (CHT) and UAHT. Vibration source is an
Piezoelectric Tranducer at frequency 28KHz and amplitude 2-10um. Roundness and cylindricity
obtained from 18 samples were then analyzed and compared using the 2 sample t-test method. The
results obtained show that the ultrasonic vibration can improve the roundness and cylindricity. The
UAHT has been also carried out under dry conditions in order to meet the stringent environmental
obligations.

Keywords: Hard turning; 9CrSi steel; Ultrasonic assisted hard turning, Roundness;
Cylindricity.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IO TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. GIOI THIEU

Tién clng 1a qua trinh tién vat li¢u co
do cung tr 45-70 HRC [1, 2]. Tién cﬁ'ng tuy
¢6 uu diém vuot troi va co thé thay the mai
trong nhiéu tmong hop [3, 4] nhung van con
ton tai mot s6 tr(r ngai lon. Do ph01 c6 do cing
cao nén luc cit 16n, dung cu cit mon nhanh;
tai viing cat nhiét phat sinh cao lam giam chat
luong bé mit va do chinh xac hinh dang hinh
hoc cua chi tiét gia cong [5 - 8]. Pé khic phuc
nhitng nhugc diém néu trén cua tién cung, tién
cing coO trg giup cua rung dong siéu am la
phuong phéap thay thé phu hop [9,10]. Nguyén
tac chung ctia phuong phap nay 1a b6 sung mot
ngudn rung déng véi tan sb va bién do phu hop
1én dao tién theo phuong van toc cit, phuong
chay dao hodc phuong huéng kinh trong qua
trinh tién [11, 12] (Hinh 1); trong d6 rung dong
theo phuong van toc cit duoc chimg minh 1a
cho chat lwong bé mat chi tiét tot nhat [13, 14].
Rung dong dugc su dung thuong 1a rung siéu
am co tan sb cao (20-40 KHz) va bién d6 nho
(2-10pum).

Hinh 1. M6 hinh tién voi rung dpng tro giup

Céc nghién ciru da chi ra rang, khi tién
c6 tich hop rung siéu am, qua trinh cit lién tuc
dugc thay boi qua trinh cét gian doan [15], ty
1¢ tiép xuc gitra phoi va dung cu cat giam [16],
khong hinh thanh leo dao [17], diéu kién bé
phoi dugc cai thién, vi vay, luc cit giam, tudi
bén dung cu tang, chét luong bé mat [18, 19]

va d6 chinh x4c hinh déng hinh hoc chi tiét gia
cong duoc nang cao [20]. Tuy nhién, cac thiét
bi tao rung noi trén co két cdu cong kénh, phirc
tap va dit tién. Chinh vi vy, tng dung khai
thac wu diém cta rung dong tro gitip gia cong
tién van con han ché.

Bai bdo nay, gidi thi¢u mdt nghién ctru
thuc nghiém nham khai thac co ciu rung siéu
Am tan sb cao f=28 KHz, bién d¢ nho a = Sum,
cAp rung theo phuong cta van toc cit vao qua
trinh tién mac thép thong dung 9CrSi da t6i dat
d6 cimg 58 - 60 HRC. Céc thi nghiém duoc tién
hanh cho ca qué trinh tién cung thong thuong
va tién cung co tich hop rung siém am. Két
quéa dugc phan tich thong qua kiém nghiém so
sanh t cho thdy nham bé mit va do tron, do tru
khi tién cung c6 rung dugc cai thién rd rét so
vé6i tién cung truyén thong. Qua trinh cit ciing
khong st dung dung dich tron ngudi nén giam
chi phi gia cong, than thién v&i moi truong.

2.THIET KE VA TRIEN KHAI THi NGHIEM
2.1. H¢ thong cong nghé va dé ga tao rung
a) Hé thong cong nghé

Hé thdng cong nghé ctia phuong an tién
¢6 rung dong trg giip duogc thé hién trén Hinh 2.

Hinh 2. Hé thong cong nghé tién rung:
1) May tién,2) Dai ga dao,3) Dao tién, 4) Phoi;
5) Piezo, 6) Cap dir liéu, 7) May phat xung;
8) Bé chuyén doi;9) May tinh.
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b) Nguyén tic tao rung dong bd sung

Ngudn tao rung la cac PZT (Piezoelictric
Transducers) dya trén co sé cia hi€u Gng ap
dién. Khi dat 1én cac PZT nay mdt dién ap xoay
chiéu thi cac tinh thé bi bién dang tao ra chuyén
vi, tr d6 hinh thanh mdt rung dong siéu am.
Uu diém cua phuong phap nay la co thé tao
ra rung dong v6i cong sudt rat 10n, tan sd rung
cao, bién d6 nho, én dinh, rat phu hop véi qua
trinh tién cing dé ning cao chét luong bé mat
va do chinh x4c hinh déng hinh hoc chi tiét gia
cong.

¢) Thiét ké dd g4 tién khai thac rung

Duya trén nguyén tic tao rung da trinh
bay & trén, mo hinh g4 rung da duoc thiét ké va
ché tao hoan chinh. Hinh 3, trinh bay két cau
ctia hé thong ga dit tién rung nay.

By B SR [

Hinh 3. a) M6 hinh thiét ké va (b) thiét bi gd rung
thuc té

Trén Hinh 3 (a), Piezo dugc gin trén
phan dau cua dao tién dé tao ra mot rung dong
siu 4m cho manh dao theo phwong vin tdc
cit. O déy, sir dung 2 tim PZT loai PZT-4 dang
vanh khan, kich thuéc D x d x h =50 x 11x
5 mm, tan s6 rung 16n nhat 1a 28 KHz, bién
d6 2 + 10 um (Hinh 4). Dao tién (2) va Piezo
dugc ga céach di¢n trén dai dao (1) cua may
tién. Hai cuc cia Piezo duoc ndi voi may phat
dién ap xung tan sd cao (Hinh 5). May phat
dién ap xung tan sé cao duoc sir dung 1a may

Ultrasonic Generator do Beijing Ultrasonic san
xuat véi cong suat 1200W, tan sd phat dién ap
xung 16n nhét 13 40 KHz. May chay dién ap dau
vao 110-120V/60Hz, dong dinh muc 1a 4.5A.
Phéi s6 (3) duoc kep cach dién trén mam cap.
Anh chup d6 ga lap trén may dugc minh hoa
trén hinh 3(b).

_._'_'___,_.-—""'_'_.—._._.—. ]
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Hinh 4. Hinh dang va kich thuoc Piezo
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Hinh 5. May phat dién ap xung
2.2. Ké hoach thi nghi¢m

Muyc ti€u nghién ctru thuc nghiém la
nham so sanh do tron, do tru cta chi tiét sau
gia cong gitta 2 phuwong phép tién cling truyén
théng va tién cimg c6 rung dong tro gitp. Vi
vay, s6 mau thi nghiém can thiét duoc xéac dinh
theo 1y thuyét quy hoach thuc nghiém so sanh
[21]. Cac s6 liéu thi nghiém duoc xur 1y bang
phan mém thiét ké thi nghiém Minitab®.
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S6 mau thi nghiém can thiét duoc xac
dinh 12 18 mau cho mdi phuong phéap tién
(Hinh 6).

Power and Sample Size
Z=Sample t Test
Testing mean 1 = mean 2 (versus >}
Calculating power for meanl=mean? + difference
Alpha = 0.05 Assumed standard deviation = 1
Sample Target
Difference Size Powar Actual Power
1 18 0.9 0.902272
The szample sire i=s for each group.

Hinh 6. Tinh todn s6 lwong mau thi nghiém can thiét

2.3. Trién khai thi nghiém

Dua vao sd lugng mau can thiét da xéac
dinh, tién hanh thi nghiém tién ctg 18 bé mat
& ché d6 tién khong c6 rung trg gitp, 18 bé mit
khac duoc tién trong diéu kién c6 rung bd sung.
Céc mau phoi thép 9CrSi da toi co cung chidu
dai phan cit 40 mm, duong kinh 63 mm (Hinh
3b). Co tinh cua phoi duogc li¢t ké trong bang 1;
thanh phén hoa hoc cua vat liéu phoi dugce trinh
bay trong bang 2.

Bang 1. Co tinh cua phoi Thep 9CrSi do curng 58 - 60 HRC:

AL en A A Do din dai twong | Mo dun dan hoi
Miac vat li€u Do bén (MPa) b cirng (HRC) dbi (%) (GPa)
Thép 9CrSi 214 58 -60 5 70,3

Bdng 2. Thanh phan héa hoc ciia phéi Thép 9CrSi, @ cirng 58 - 60 HRC:

Nguyén té hoa hoc C Si P

Mn Ni Cr Mo

Ham lwong (%) 0,8623 1,2351

0,0241

0,58613 0,03216 1,113 0,01917

Ca 2 ché d tién thuong
va tién rung cung dugc thuc hién
trén may tién MAZAK. Dao tién
gan manh CBN c¢6 goc trudc 1a
15% goc sau 12°% gbéc nghiéng
chinh 15°% goc nghiéng phu 10°.

3. KET QUA VA THAO LUAN
3.1. Két qua thye nghiém

Bang 3. Sai léch do tron va do tru cua cac bé mdt tién:

Tét ca cac b;é mét,phéi’ duoc tién Sai Iéch d§ tron Sai léch dg try

véi cung ché do cat ¢ toc do qua P Tién N Tién -

cua trucgchinh n=1050v/p, llcllon}gl S0 phoi thu’("mg Tl('z;;:;ng thwi;’ng Tlg(ll;;:;ng
chay dao S =0.2 mm/vg; gia cong (mm) (mm)

khong tudi ngudi. Phoi sau khi 1 0,01 0,005 0,05 0,03
tién duoc do do tron bang Panme 2 0,01 0,010 0,04 0,03
Mitutoyo 293-342-30, do phan 3 0,04 0,005 0,05 0,03
gigi 0.001mm. Do tru duoc do 4 0,015 0,005 0,03 0,03
bang dong hd so Mitutoyo 543- 5 0,01 0,005 0,05 0,03
491B, d6 phan giai 0.00 lmm. 6 0,01 0,005 0,05 0,03
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7 0,01 0,005 0,03 0,03
8 0,01 0,010 0,06 0,03
9 0,01 0,005 0,05 0,02
10 0,02 0,005 0,04 0,02
11 0,02 0,005 0,04 0,03
12 0,01 0,005 0,05 0,02
13 0,02 0,005 0,05 0,02
14 0,01 0,005 0,04 0,02
15 0,01 0,005 0,04 0,03
16 0,01 0,005 0,06 0,02
17 0,01 0,005 0,05 0,02
18 0,01 0,005 0,05 0,03

Két qua thuc nghiém ching minh va chi
ra, d6 1a khi tién rung siéu am voi tan s cao va
bién do nho, do tron va dd tru dugc cai thién
dang ké (Bang 3).

3.2. Phan tich va danh gia

Dé danh gia do chinh xac vé hinh dang
hinh hoc cua chi tiét sau gia cong, do tron va do
tru dugc khao sat (Bang 3). St dung phép phan
tich thuc nghiém so sanh “2 samples t-test” ta
thu duoc két qua cua phép so sanh do tron va do
tru bé mat tién nhu sau:

I‘I‘v.ru-s.nm ple T-Test and Cl: Sai léch d§ tron tign thudng mm,
Sai lgch d6 trdn tign rung mim

Two-sa=ple T for Sal léeh 48 crxdn cide chubng ==
va 5al léch 49 trda tidn rung ==
H Hean StDev SE Msan
%81 léch 4% ecdn sidn sh 18 O.04341 O0.00TE3  O0.0d18
Sai léch 44 crdn ciden o 1B 0.0O0S5E 0.001E2 O.D0032
Difference = i (Sal léch &) toda tidn thudsg =) - ¢ (3al
1dch 4f crds cidn zung =)
Escisate for differense: O.00006
9% lower bomnd for difference: O0.00487
T=Tesr of diffezence = 0.00423 (va »): T-Valoe = 1.77
F-vadue = Q.047 LOF = 18

Hinh 7. Két qud so sanh sai léch do tron

Tir két qua thong ké trén Hinh 7, ¢6 the
thay sai 1éch do tron trung binh cua cac bé mat
tién thuong 1a 0,01361 mm; trong khi gid tri
nay ¢ tién rung la 0,00556 mm. Nghia la, sai
1éch d tron cua tién rung chi bang khoang gan

1/3 14n so véi sai léch do tron khi tién thuong.

L - Waralke

! \ — 5@ or 3 T Tl TrOmg v
I = = St &5 tru el reng e
m \
Wil g SalDew N
0 QOSSN QDCELSE IE
QEZeN DDISONE IE
= £
=1
= g
=

002 .03 ] oS 0L
Sai 1éch 46 tru (mm)

Hinh 8. Phén bé sai léch dd tron; nét lién cho bé

mdt tién thuwong, nét dirt cho bé mdt tién rung

Hinh 8 chi ra rﬁng sai léch do tron bé
mat tién rung so voi tién thuong khong nhirng
c6 gia tri trung binh nhd hon (0,00556 mm so
v61 0,01361 mm) ma con c¢6 pham vi phan tan
nho hon han (D6 1éch chuan chi 1a 0,0016 so
v6i 0,0076). Biéu nay khang dinh lai rang tap
cic bé mit tru ngoai cua tién rung co gia tri
4n dinh hon nhiéu so véi cac bé mat tru tién
thuong.
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I‘I‘wa-Snmplt T-Test and Cl: Sai léch 6 tru tign thudng mm,
Sal lech & tru tién rung mm

Two=pample T for Sai léch 45 ooy tidn thodng =
wa Sad 1dch &) toy tidn rung mm
] Mean SrDew SE Mesn
Sad ldch &) teu tido sha 18 O.04E11  0.00E50 00020
Sai ldch &4 tryp cidn Tun 18 Q.02E11 0.00502 2 O0.0012
Difference = U (Jal Lfch 48 ey rifs thismg ==) = g (Sal

l&ch 4% £y tidn musg mm)
Estimare for difference: 0.02000
5% lower bound fof diffecemce: 001604
I-Test of difference = 0.016 (va »): T-Value = 1.72
F=Valog = 0.042 OF = 37

Hinh 9. Két qua so sanh sai léch do tru

Vé do tru, két qua théng ké trén hinh 9
cho thdy sai léch d¢ try trung binh cta cic bé
mat tién thuong 1a 0,046 mm; trong khi gia tri
nay ¢ tién rung khoang 0,026 mm. Nghia Ia, sai
léch d6 tru cla tién rung chi bang khoang gan
1/2 1an so véi sai 1éch do tru khi tién thuong.

B2 -, et

oy —— s or B e T Purieng e
—_ = T ch A T e rang e
T

' 1 Mesn  SiDer N
& N b QOLEN QO00ELNE 18
, 1 QOTEN COOSME 18
p \
(=2 50 1
- 1
& 4 \
= )
30
20

1}

002 0.03 o4 o.0s nos
Sai l¢ch 44 try (mm)

Hinh 10. Phén bé sai léch do tru; nét lién cho bé
mdt tién thuwong, nét dut cho bé mat tién rung

Hinh 10 cho thiy rang, sai léch do tru
bé mit tién rung so véi tién thuong khong
nhiing c6 gia tri trung binh nho hon (0,026 mm
so v6i 0,046 mm) ma con ¢6 pham vi phan tan
nho hon hin (D¢ 1éch chuén chi 13 0,005 so voi
0,0085). Tir 46 gop phan khing dinh lai két
luan “tap cac bé mit tru ngoai cua tién rung co
gia tri 6n dinh hon nhiéu so véi cac bé mit tru
tién thuong”.

4. KET LUAN

Mot co cdu rung don gian, chi phi thap,
dé van hanh di duoc khai thac dé bd sung rung
dong si€éu am bién do nho, tan sd cao vao qua
trinh tién ctmg. Két qua phan tich cho thiy sir
dung rung dong tan sd cao tro gitp gia cong
tién cung da mang lai nhitng cai thién rd rét:
Tang do chinh xac hinh dang hinh hoc (d¢ tron,
d6 tru tang). Cac nghién ctu tiép theo s& phan
tich va danh gia vé luc cét, kha ning bé phoi,
mon dung cu cua tién clirng c6 rung so vdi tién
ctng truyén thong. <
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