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Trong qua trinh cét got, rung déng &nh hwéng Ién dén chat lwong bé mat chi tiét, nhanh
chéng 1am mon va pha héng dung cu cat cling nhu may méc. Bai bao nay phan tich dé rung
cla dung cu (Vj,) va mon dao (V,) trong qua trinh tién truc dai thép cwdng lwc AISI 4340
(34CrNiMo6) bang phwong phap Taguchi va phan tich phwong sai ANOVA. Trong qué trinh
thi nghiém, tién hanh gia cdng v&i cac ché do cat khac nhau sau dé6 do mon dao va bién do
rung ttr dung cu cat dwoc truy&n vé may tinh dé tién hanh phan tich. Két qua da chi ra bo
thong s6 cong nghé téi wu khi tién cho gia tri Vi, va V,, 1a nhé nhét, déng thoi cho thay mire
dd &nh hwéng cda tirng tham sb gia cong dén rung dong va mon dao. So sanh két qua
thwe nghiém va du doan da cho thay gia tri bién do rung dong va dé mon mat sau 1a kha
twong déng.

Rung dong, Taguchi, ANOVA, mon dung cu cét, may tién.

During the cutting process, vibration greatly affects the surface quality of parts, quickly
wearing out and damaging cutting tools and machinery. This paper analyzes tool vibration
(Vip) and tool wear (V) during turning of AISI 4340 (34CrNiMo6) tempered steel using the
Taguchi method and ANOVA analysis of variance. During the experiment, machining was
carried out with different cutting modes, then measuring tool wear and vibration amplitude
from the cutting tool was transmitted to the computer for analysis. The results showed the
optimal set of technological parameters when turning for the smallest V;, and V,, values, and
also showed the influence of each machining parameter on vibration and tool wear.
Comparing the experimental and predicted results has shown that the values of vibration
amplitude and back surface wear are quite similar.

Vibration, Taguchi, ANOVA, cutting tool wear, lathe.

1. GIOI THIEU

Rung dong trong qua trinh gia cong la mat
trong nhitng nguyén nhan chinh lam giam
hiéu suat trong qua trinh gia cong ché tao. Cac
rung dong xay ra trong qua trinh gia cong tai
cac ban may gay ra anh huong xau déi véi
chat lugng bé mat, do chinh xac kich thuéc,
nhanh chéng lam mon va pha hong dung cu
cét cling nhu may cong cu. Do d6, viéc nghién

ctiu cuc tiéu hoéa rung dong st dung phuong
phap Taguchi va phan tich phuong sai
(ANOVA) dé danh gia cac anh huong coa
tham s6 gia cong d6i véi rung dong va mon
dao khi gia cong la rat can thiét. Pay 1a van dé
can dwoc quan tdm nghién ctru trong linh vuc
ky thuat gia cong ché tao.

Thép cuong luc AISI 4340 (34CrNiMo6) la
vat liéu khé dé gia cong vi chiing co do cang
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cao. Kha ning gia céng duoc thyc hién tét
nhat cua thép 12 ¢ diéu kién thuong hda va
ram. Nhitng vat liéu nay 1a thép ky thuat tong
hop c¢6 d6 bén kéo cao dung cho san xuat va
cac bo phan 6 t6. Thép cuong luc duoc sir
dung khi ché tao cac bo phan nhu truc khép
ndi din dong va truc quay. Thép nay thudng
duoc gia cong bang quy trinh mai do cac tinh
chét co hoc cua né. Viéc gia cong tién cac vat
liéu thép di duoc nung di thay thé mot phan
quy trinh mai trong cac tng dung nhu vay. Dé
dat dwoc chat luong bé mat mong mudn twong
duong v6i quy trinh mai can c6 mot quy trinh
cdng nghé cai tién, lya chon téi wu dugc cac
tham sé gia cong.

2. PHWONG PHAP LUAN

2.1. Ham tén théat Taguchi

Phuong phap Taguchi cho phép xac dinh mdi
quan hé giira gia tri muc tiéu vé cac dic tinh
hiéu suat ciia qua trinh T va cac gia tri do duoc
y, nhu mot ham t6n that [1]:

Iy) = ke. (y —1)° 1)
Trong d6: ke = C/A% — hing sb.

Néu ham muc tiéu 1a dé thuc hién cuc tiéu hoa
gia tri dic trung, thi ham ton that duoc xac
dinh nhu sau:

Iy)= ke. y? )
Trong do: 1 = 0.

2.3. Thiét ké thwe nghiém

Phuong phap Taguchi dé xac dinh anh huong
cua thdng s6 cdng nghé dén gia tri trung binh
va phuong sai ciia dic tinh hiéu suat qua trinh,
xem qud trinh nay hoat dong tét nhu thé nao,
bang céach str dung cac ma tran truc giao.

Ma tran truc giao 3 mac va c¢6 3 théng sé anh
hudng: Lo/3 (xem bang 1) [3].

Bang 1. Ma tran truc giao
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V: van tbc cat;
f: lugng chay dao;
t: chiéu sau cit.

Str dung cho céc thir nghiém va phan tich di
liu thu dugc. S/N (Tin hiéu/Nhiéu) dugc su
dung dé phan tich két qua thuc nghiém. Yéu
t6 S nay chi ra gia tri thuc té cua hé théng va
yéu t& N nay chi ra mot yéu té khong duoc
bao gom trong thiét ké thi nghiém, "nho hon
la tot hon" duoc st dung. Cong thuc ty 18 tin
hiéu nhidu S/N duoc thé hién trong phuong
trinh (3) [21.

S 1Q
== = _10log| =) 2 3
=N g(n;lylj (3)

n : s6 thi nghiém lap lai (n=3);
yi: gia tri rung dong d6i voi mot thi nghigm.
2.4. Phan tich phwong sai

Bai céo sir dung phuwong phap phan tich
ANOVA dé xac dinh anh huong cua cac thong
s6 gia cong dén Vi va V. Tir cac sb liu thuc
nghiém duoc tién hanh trong cac thi nghiém,
tién hanh di phéan tich phuong sai dé chi ra
yéu t6 tac dong I6n nhat dén rung dong Vi, va
mon dao Vy. Qua dé co6 diéu chinh thich hop
khi gia cong dé giam dugc rung dong Vip va
mon dao V;, khi gia cong.
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3. THUC NGHIEM VA PHAN TiCH KET QUA
NGHIEN clU

3.1. Bai toan nghién ciu

Viéc danh gia anh huong rung dong dén mon
dao dugc thyc hién theo phuong phap Taguchi
va céc sb lieu thuc nghiém duoc xir 1y theo
phuong phéap phan tich phuong sai ANOVA.

3.2. Bai toan nghién cwu

3.2.1. Lwa chon gia tri cac théng sé cong
nghé

= May tién: CLK6140D/2.

Bang 2. Thong sé ky thuat chinh cta may

STT Thoéng ) Pon vi| CLK6140D/2
ky thuat

1 | Hanhtrinhtruc X | mm 230

2 | HanhtrinhtrucZ | mm 550

3 | Tbc dod quay truc | vong/ 2000

chinh phut

4 | Técdochaydao | m/ 6
nhanh truc X phat

5 | Técdochaydao | m/ 8
nhanh truc Z phut

6 S6 dao Vi tri 4

7 | Khoang cachtam | mm 750

8 | Congsuitdong | kw 5,5
co truc chinh

Hinh 1. May tién CNC

= Dao

Ludi cit duoc sir dung 1a manh dao hop kim
ky hiéu DNMG150408PQ CAL25 Kyocera —
Nhat. Than dao MTJNL 2525 M1604. Céac
thdng s dao duoc ghi trong hinh 3.

= Vit liéu thi nghiém

Mau phéi dung trong thi nghiém (hinh 2)
dang hinh tru dac c6 duong kinh 33 mm va
chiéu dai L = 250 mm, d3 duoc khoan 15
chdng tam. Vat licu mau l1a thép AISI 4340
(34CrNiMo6) c6 thanh phan nhu trong bang 3.
Cac mau nay da dugc ap dung qua trinh xu ly
nhiét tién nhiét & nhiét do 800°C trong khoang
3 dén 4 gio, sau do tai 880°C (nhiét do
austenit) trong 2 gio va duoc 1am mat bing
diu ¢ 70°C. Sau d6, qua trinh t6i lam duoc &p
dung tai 200°C trong 2 gio theo sau béi qua
trinh 1am lanh dé dat dwgc mot cau trac ddng
nhat va loai bo 4p luc con lai. B cang cua
mau kiém tra (53 HRc) di dugc do sau qua
trinh t6i va lam mém. Sau d6, qua trinh ti 1an
thir hai duoc ap dung & nhiét do 200°C trong 2
gio va thu duoc cac mau kiém tra (46 HRc).

Hinh 3. Than dao va hat dao dung thi nghiém
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Bang 3. Thanh phan hoa hoc ctia vat liéu

Méc thép C Mn P S

Si Ni Cr Mo

4340 | 0.38-0.43 | 0.60-0.80 | 0.035

0.040

0.15-0.35 | 1.65-2.00 | 0.70-0.90 | 0.20-0.30

Cian cir vao catalog va théng sb cong nghé
trén hop dao ma hang ché tao dao khuyén céo
nguoi dung st dung khi gia cong nén céac thuc
nghiém & day dua ra cac thdng sé cong nghé
duoc chi dan trong bang 4.

Bang 4. Gia tri théng sé céng nghé

Cacmic | v(m/ph) | f(mm/vg) | t (mm)
Thap 180 0,08 0,5
Trung binh 220 0,14 1
Cao 260 0,2 2

3.2.2. Thuc nghiém theo phwong phap
Taguchi

» Ma tran trgc giao theo phuong phap
Taguchi

Tir bang 1, suy ra ma tran truc giao duoc thiét
ké theo phuong phap Taguchi (bang 5).

Bang 5. Ma tran thwc nghiém
theo phwong phap Taguchi

ngh-:-éhnI1 s6 | v (M/ph) (mn]:/vg) t(mm)
1 180 0,08 0,5
2 180 0,14 1
3 180 0,2 2
4 220 0,08 1
5 220 0,14 2
6 220 0,2 0,5
7 260 0,08 2
8 260 0,14 0,5
9 260 0,2 1

Phan mém Minitab 16 da duoc sir dung dé
phan tich cac tham sé gia cong tdi uu.

* Do do rung cua dung cu (Vi) va do do
mon dao (V).

Hinh 4. Phwong an ga dat gia cong trén may

Két qua do hién
trén may tinh

Thiét bi thu nhan tin
hiéu rung

Cam bién do rung

gén trén dao
Tin hiéu do tir may
tién CNC

Hinh 5. So d6 hé théng va phan tich do rung dong

- D6 rung cua cac dung cu cit & ba hudng
dugc do bang c&c cam bién gia toc co do nhay
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la 100 mV/g va dai tan s6 1én dén 10 kHz. Cac
cam bién gia téc duoc gan trén bo gitr dung cu
(hinh 4).

- Po mon dao dugc do trén kinh hién vi
VHX-7000 cua hdng Keyence, Nhat Ban.

So d6 hé thdng va phan tich do rung dong khi
tién dugc trinh bay trén hinh (5).

3.2.3. Tinh toan két qua thuc nghiém theo
phwong phap Taguchi

Pé xac dinh mirc 46 anh hudng cua cac yéu th
can phai tinh gia trj ty 1& tin hiéu nhiu n bang
ty 1€ S/N dugc tinh toan theo cong thirc (3) va
duogc ghi vao bang 6.

Bang 6. Gia tri ty |é tin hiéu nhiéu n

TT| Técddp | Bwéc | Chieu | Rung | Tyl¢ | MondungcuVb | Tylé | Dwdodn
cat tiendao | sGucat | dong | S/Ncho (mm) S/N cho
v f t(mm) Vib Vib Thuc Du | Vb (mm) Vib
(m/phat) | (mm/vg) (gRMYS) nghiém | doan (gRMS)
1 180 0,08 0,5 0,0022 | 53,151 0,10 0,098 20,000 0,0021
2 180 0,14 1 0,0030 | 50,457 | 0,13 0,122 17,721 0,0025
3 180 0,20 2 0,0033 | 49,629 | 0,16 0,168 15,917 0,0039
4 220 0,08 1 0,0029 | 50,752 | 0,19 0,172 14,425 0,0027
5 220 0,14 2 0,0034 | 49,370 0,23 0,225 12,765 0,0036
6 220 0,20 0,5 0,0047 | 46,558 0,25 0,233 12,041 0,0047
7 260 0,08 2 0,0025 | 52,041 | 0,27 0,262 11,373 0,0027
8 260 0,14 0,5 0,0028 | 51,056 | 0,32 0,303 9,897 0,0031
9 260 0,20 1 0,0050 | 46,020 0,35 0,350 9,118 0,0044
Bang 7. Bang phan héi S/N cho Vib va Vb
Vib (gRMS) Vb (mm)
Cép do v(mm/phat) f (mm/vg) t(mm) v(mm/pht) f(mm/vg) t (mm
1 51.08 51.98 50.26 17.88 15.27 13.98
2 48.89 50.29 49.08 13.08 13.46 13.76
3 49.71 47.4 50.35 10.13 12.6 13.35
Téng 2.19 458 1.27 7.75 2.67 0.63
Th hang 2 1 3 1 2 3
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Rung d6ng va mon dao nhé nhét dat duoc khi
gi4 tri cuia cac bién & mac ¢ S/N nho nhit.
Tir bang s6 7 cho thay yéu té cua toc do tién
dao anh huéng nhiéu nhat dén rung dong, sau
d6 1a van téc cét, chiéu sau cit anh huong it
nhat dén rung dong, thong sb cdng nghé téi uu
cho rung déng nho nhat 1a v2f3t2 véi van téc
v = 220 m/phat, luong chay dao f = 0,2
mm/vg va chiéu sau cat t = 1 mm. Yéu t6
van téc cit anh huong nhidu nhat ¢én mon
dao (Vb), sau d6 dén lugng chay dao, chiéu
sau cit s& tac dong it nhat dén rung dong,
thong s6 cong nghé t6i wu cho mon dao nho
nhat 12 v3f3t3 véi van téc v = 260 m/phut,
luong dua phoi f = 0,2 mm/vg va chiéu sau
cit t = 2 mm. Ap dung phan tich S/N trén
phan mém Minitab cho biéu dd hiéu ung
chinh cua ty 1€ S/N cho rung déng (Vib) va
mon dao (Vb) (hinh 6).

-33.6

-34.4

Gia tri trung binh cia ty 1& S/N

-34.4

-33.8
-34.0

-34.2

-33.6
-33.8
-34.0

-34.2

Biéu do hiéu trng chinh cho ty 1é SN

Rung ddng Vi

b

v{mjphut)

f{mm/vg)

/\_‘““1

-~

/

T T
180 220

T
260

t{mm)

T T
0.5 Lo

T
2.0

a.Vib

T T T
0.08 0.14 0.30

Biéu @6 hiéu iing chinh cho ty 1é S/N

Mon dao Vb

w{m/phut)

F(mmjvg)

224

24

/

—

T T
180 220

T
260

t{mm)

224

Gia tri trung binh cho ty 1§ /N

24

0.5 1.0

2.0

b.vVb

T T
0.08 0.14

Hinh 6. Biéu dd hiéu rng chinh cho ty 1é SIN (a);

Vib (b)
Bang 8. Bang ANOVA
Ngudén | Bactw | Téngbinh Binh phwong | GiatriF | Giatri P | Su déng gép (%)
do (DF) | phwong (SS) | trung binh (MS)
Vib
v 2 0.0000011 0.0000006 2.40 0.294 15.08
f 2 0.0000051 0.0000026 11.10 0.083 70.83
t 2 0.0000005 0.0000003 1.10 0.476 6.94
L6i 2 0.0000005 0.0000002 6.94
Tong 8 0.0000072 100
S =0.000480740 R-Sq = 93.59% R-Sq(adj) = 74.35%
Vb
\ 2 0.0504222 0.0252111 324.14 0.003 87.91
f 2 0.0067556 0.0033778 43.43 0.023 11.78
t 2 0.0000222 0.0000111 0.14 0.875 0.04
L6i 2 0.0001556 0.0000778 0.27
Téng 8 0.0573556 100
S =0.00881917 R-Sq =99.73% R-Sq(adj) = 98.92%
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Tir bang ANOVA cho thiy téc do chay dao (f)
la théng sb tac dong Ion nhét dén rung dong,
Vi ty 18 tac dong la 70,83%, tiép sau do 1a
van toc cat (v) 1a 15.08 %, thong sé kém hiéu
qua nhat 1 chiéu sau cit (t) voi 6,94%. Véi
gia tri mon dao Vb, thong sé tac dong 16n nhét
1a tc @6 cit (v) & mic 87,91%. Tiép sau do 1a
toc do tién dao véi muc 11,78 % va thdng sé
c6 it anh huong nhat dén Vb 1a chiéu sau cit
(t) v6i 0,04%. Mébi quan hé rung dong va mon
dao thé hién trong hinh 7. Nghién ctu chi ra
c6 thé sir dung dir liéu tir cac tin hiéu rung dé
du doan d6 mon cua dung cu thdng qua bién
d6 rung dong. Hinh 8 cho thay biéu d6 so
sénh céc gia tri thuc nghiém va gia tri du doan
quan sat dwgc trong nghién ctu. Cac két qua
da chuang minh c6 thé du doan cac gia tri cia
bién d6 rung dong va dé mon mat sau gan véi

thong s thuc nghiém véi khoang tin cay 95%.

Do vay, phuong phap du doan dugc lya chon
I hoan toan phu hop.

0.006 1 0.4
0.35
0.005
03
go_om -
) 0.25 g
2 :
o
800.003 0z ¥
5} g
oa
g 015 &
& 0.002 :
0.1
0.001 1
0.05
0 0
1 2 3 4 5 6 7 8 9

Hinh 7: Biéu dé méi quan hé rung ddéng va mon dao

60 -
40 -

20 o L

Du dodan bién d6 rung dong (um)

T T 1
20 40 60

Bién do rung dong (um)
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0.3 4

024

0.1 4

Du doan mon dung cu cat VB (mm)

00
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T
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T
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T
04

Mon dung cu cat VB(mm)

T
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Hinh 8. Biéu dd méi quan hé bién dd rung déng,
mon dao thwe nghiém véi dw doan

4. KET LUAN

Nghién cttu cho thdy mtc d6 anh huong cua
cua téc do tién dao, tdc do cat, chiéu sau cit
dén rung dong Vi, va mon dao Vy. Thong sb
chinh anh huéng dén rung dong Vi 1a toc do
tién dao, con van toc cat la théng sb gia cong
chinh anh huong dén gié tri Vp. Vb ting thi
van toc cit tang, con Vi, ting 1én khi tang toc
dd tién dao.

Két qua ANOVA cho thay toc do chay dao (f)
la thong sé tac dong I6n nhat dén rung dong,
Véi ty 18 tac dong 1a 70,83%, théng sé kém
hiéu qua nhat 1a chiéu sau cat (t) voi 6,94%.
Véi gia tri mon dao Vy, théng sé hiéu qua

~vhaddd toe do cat (V) & muc 87,91%, thdng sd
T8t anh hudng nhat dén V, 13 chidu sau cét

(t) Vi 0,04%.

V6i rung dong, yéu té tac dong quan trong
nhit theo tha tyu lan luot 13 toc d6 tién dao F,
téc do quay truc chinh, chiéu sau cat, thong sb
cdng nghé t6i wu cho rung dong la nho nhat
Vofaty VOi van toe v = 220 m/phut, lugng dua
phdi f = 0,2 mm/vg va chiéu sau catt = 1 mm.
Véi mon dao, yéu té tac dong quan trong nhat
theo thtr ty lan luot 1 téc do quay truc chinh
V, téc d6 tién dao F, chiéu sau cat t, thong sé
cdng nghé téi uu cho mon dao 1a nho nhét
vafsts Vai van tde v = 260 m/phit, lvong dua
phdi f = 0,2 mm/vg va chiéu sau cat t = 2 mm.
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Céac két qua so sanh giira két qua du doan  khoang tin cay 95%. Nghién ctu ndy cho
va két qua thuc nghiém thu duoc di chung  thay khi gia cong tién truc dai két qua thuc
minh kha nang dy doan cac gia tri cua bién  nghiém va dy doan trén day la hoan toan
d6 rung dong va d6 mon mit sau gan véi  tuong dong.

thong s6 thu duoc boi thuc nghiém véi
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