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Tém tit:

Bai bdo ndy trinh bdy phirong phdp cue tiéu héa sai léch kich thude theo phiwong phép Taguchi khi
phay trén trung tam gia cong CNC lam giam s6 heong thue nghiém tgo ra san phdm chat liwong cao véi
chi phl thap cho cde nha san xudt. Két qua cho quan hé giita ché dg cdt gom toc dé quay, heong chay dao
va chiéu sau cdt véi cde twong tdce cdp, twong tdc ba giita chiing véi sai léch kich thude va xdc dinh dwgc
ché @b cdt toi wu cuc b (trong pham vi khdo sdt) ¢é sai léch kich thuede nhé nhdt khi phay trén mdy CNC.
Tir khéa: Cuec tiéu héa; Sai léch kich thude; Taguchi; Toc do quay, Liwong chay dao; Chiéu sdu cdt; Trung

tam gia cong CNC.

1. Dit van dé

Viéc nghién cuu cuc tiéu hoa sai léch kich
thuéce theo phuong phap Taguchi khi phay trén trung
tam gia cong CNC, lam giam sb lugng thyc nghiém,
nang cao d chinh xac gia cong va xay dung mbi
quan hé giita ché d6 cat gdm téc do quay, lugng
chay dao va chiéu sdu cit voi cac twong tic cip,
tuong tac ba gilra chung véi sai 1éch kich thude,
do d6 nang cao chét luong lam viéc cuia cac chi tiét
méy va ning cao ning suét gia cong. Py 1a vin dé
can dugc quan tm nghién ciru trong linh vie co khi
ché tao may.

2. Co sé phwong phap nghién ciru
2.1. Ham ton that Taguchi [1]

Muc tiéu cua phuong phép Taguchi 1a dé
glam chi phi cho nha san xuit va xi hoi tir thay
dbi trong qua trinh san xudt. Tién sy Taguchi (Nhat
Ban) xéc dinh sy khéc bi¢t gitra gia tri muc tiéu vé
cac dic tinh hidu sut cia mot qua trinh T va cac gia
tri do dugc y, nhu mot ham ton thét:

1(y)=k.(y-T) (1)

Trong d6: k. = % - Hang sd.

Néu ham muc tiéu 1a dé thuc hién cuc tiéu
hoéa gia tri dac trung, thi ham ton that duge xac dinh
nhu sau:

Iy) =k.y’ ()
Trong d6: T=0

Néu ham muc tiéu 1a dé thuc hién cue dai
héa gia tri dac trung, thi ham ton that dugc xac dinh
nhu sau:

_ ke
I(y)= 7 )
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2.2. Thiét ké thwe nghiém Taguchi [1]

Tién sy G.Taguchi (Nhat Ban) di phat trién
phuong phép thiét ké cac thuc nghiém, dé nghién
ctru bién phap xac dinh cac thong sé khac nhau anh
hudng dén gid tri trung binh va phwong sai (average
value and variances) cia dic tinh hiéu sudt qua
trinh, x4c dinh xem qua trinh nay hoat dong tt nhu
thé nao. Thiét ké thuc nghiém boi Taguchi dé xuat
lién quan dén viéc st dung cac ma trdn truc giao dé
t6 chirc cac thong sb anh hudng dén qua trinh va cac
mirc, ma tai d6 chung s& dugc thay d6i, né cho phép
dé thu thap cac dir lidu can thiét dé xac dinh cac yéu
t6 anh huong dén hau hét chat luong san pham vai
mot s6 lwong t6i thiéu cua thi nghiém, do do tiét
kiém thoi gian va ngudn lyc. Phan tich phuong sai
trén cac dir liéu thu thap duoc tir cac thiét ké thuc
nghiém Taguchi, c6 thé duoc st dung dé chon céac
gi4 tri théng s6 moi nham t6i wu hoa cac dic tinh
hiéu suét.

Viéc lya chon ma tran tryc giao dugc thyuc
hién theo phuong phap Taguchi, dugc Iya chon phu
thugc vao sb thong sé nghién ciru, cac muc anh
hudng cua ching va dugc trinh bay trong Bang 1.

T ham ton that Taguchi, dé cuc tiéu hoa
ham muc tiéu va xac dinh anh huéng cho timg bién
& dau ra, gia tri ty 18 tin hiéu nhiu S/N, can phai
tinh toan cho mdi thi nghiém theo biéu thirc (4).

U
1= SIN; = 101og(1;§;1y3) )
=
Trong do:

n-S6 lap lai thi nghiém.

y, - Gia trj ham muc tiéu ddi v6i mot thi
nghiém.
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Bang 1. Thiét ké Taguchi
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Trong Bang 1:

n - S6 thi nghiém;

k - SO thong s6 anh huong.

2,3, 4,5 (miu s6) - S6 mirc anh hudng cua
thong sd.

Chu y rang, trong ma tran dugc lya chon,
néu s6 thong sb anh hudng nho hon k, c6 thé bo bét
cac cdt trong ma tran do.

Trong thyc nghiém & ddy, gdbm co cac mic
anh huong dén nham bé mat I = 3; cac yéu té anh
hudng dén nham J = 3; s6 1an thir nghiém K = 3; )
lan lap cac diém thiét ké L= 3.

Suy ra, s@ dung ma trén tryc giao LT9’ do
chi c6 3 thong s6 cong nghé dugc khao sat, do do
c6 thé bo cot P4.

2.3. Phén tich phwong sai [1]

Phan tich phuong sai (analysis of variance
- ANOVA) 1a k¥ thuét théng ké dugc sir dung khi
mubn so sanh cac gié tri trung binh cua tir ba nhom
tro 1én, dugc dua trén cac gia tri trung binh cua cac
mau quan sat tir cac nhom nay va thong qua kiém
dinh gia thuyét dé két luan v& sy bang nhau cta cac
gia tri trung binh nay.

Trong nghién ctru, phan tich phuong sai duoc
ding nhu 1a mot cong cu dé xem xét anh hudng cia
mot hay mot sé yéu td nguyén nhén (dinh tinh) dén
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mot yéu t6 két qua (dinh lugng).

K¥ thuat nay chia phuong sai cua mdt quan
sat (observation) thanh hai phan:

Phuong sai gilra cac nhom (between groups);

Phuong sai noi nhom (within group).

Do phuong sai 1a d6 phéan tan twong ddi cua
cac quan sat so voi gia tri trung binh, nén viéc phan
tich phuong sai gitip so sanh céc gia tri trung binh
dé dang (bén canh viéc so sanh cdc phwong sai).

Dé phan tich phuong sai can xac dinh mot sb
céc thong s6 dudi day (cong thirc va két qua trong
Béng 5):

Téng céc sai léch binh phwong toan bo mau
- SST

Téng cac sai léch binh phuong giita cac
nhém - SSB

Téng céc sai léch binh phuong trong mdi
nhém - SSW

Sai 1é€ch binh phuong trung binh toan bo
méu - MST

Sai I¢ch binh phuong trung binh gitra cac
nhoém - MSB

Sai léch binh phuong trung binh trong tirng
nhoém - MSW

Kiém dinh F- test (F - Fisher):

MSB

F-test= MSW 6)
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3. Thye nghiém va phén tich két qua nghién ciru
3.1. Bai toan nghién ciru

Cuc tiéu hoa sai 1éch kich thuée theo phuong
phap Taguchi véi cac thong sb ché do cit gdbm tbe
d6 quay n, luong chay dao S va chidu sau cét ¢ khi
phay trén trung tim gia cong CNC. Sé liéu thuc
nghiém duoc tinh toan theo phan tich phuong sai.

3.2. Diéu kién thye nghiém

S dung trung tdm gia cong 3 truc V40-
Leadwell (Pai Loan), ga dao tiéu chuidn BT-40
(Hinh 1). Cac thong sb cong nghé gdm c6 3 mic
thip, trung binh va cao (Bang 2), dugc lwa chon phu
thuc vao thiét bi, dung cu cat, vat lidu gia cong
dugc tra ctru tir tai liéu [2], [3], [6] va [7]. Do do, ta
¢6 ma tran truc giao duoc thiét ké theo phuong phap
Taguchi (Bang 2).
Bang 2. Gid tri cdc thong sé cong nghé trong thuc

nghiém
i a Cac mirc
Cac thong so s?lt(l):égt T
ché dp cit £ A rung

{ ké Thap binh Cao
Téc dp quay P1 750 | 1000 | 1500
(vong/phut)
Lwong chay P2 10 15 20
dao (mm/vong)
Chiéu sdu cit P3 0,1 | 0,15 | 02
(mm)

3.3. Thuc nghiém theo phwong phap Taguchi
3.3.1. Ma tran truc giao theo phwong phap
Taguchi

Ma tran truc giao dugc thiét ké theo phuong

phap Taguchi (Bang 3).
Béang 3. Ma trdn thuc nghiém theo phwong phap
Taguchi
Thi nghiém P1 P2 P3

i} (vong/phut) | (mm/phut) | (mm)
1 750 10 0,1
2 750 15 0,15
3 750 20 0,2
4 1000 10 0,15
5 1000 15 0,2
6 1000 20 0,1
7 1500 10 0,2
8 1500 15 0,1
9 1500 20 0,15
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3.3.2. Lwa chon phwong phap va thiét bi do

Phuong phap do sai léch kich thudc theo
phuong phap so sanh voi cin mau; dong hd so
0,001 mm (Nhat Ban) va d6 ga do va ban chuén,
dinh vi 5 bac tu do.

Hinh 1. Trung tam gia cong 3 truc V40-Leadwell

Hinh 2. Mdu phay

3.3.3. Tinh toin két qua thwc nghiém theo
phwong phap Taguchi

Nhdn xét I: Theo phuong phap Taguchi dé
cuc tiéu hoa sai 1éch kich thudc khi phay trén trung
tam gia cong CNC, tir biéu thire (1) tinh dugc gia tri
ty 1& tin hiéu nhiéu 77 (Bang 4). Ta thay rang, trong
cudc thi nghiém thu 4, gia tri hiéu suat 77 bang ty
1¢ tin hiéu nhidu S/N nho nhit, suy ra tac dong cua
cac thong s6 ché do cat dén sai 1éch kich thudc la
16n nhét, dong thoi gia tri sai 1éch kich thudc ciing
nho nhat.
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S6 thi nghiém | P1 P2 P3 A A, Ay Am n:
1 750 10 0,1 133 138 127 132,6 -42.46
2 750 15 0,15 123 123 125 123,6 -41.85
3 750 20 0,2 131 114 131 125,3 -41,73
4 1000 10 0,15 138 090 129 119 -41,64
5 1000 15 0,2 172 135 169 158,6 -44.05
6 1000 20 0,1 129 132 144 135 -42.61
7 1500 10 0,2 149 135 232 172 -44.97
8 1500 15 0,1 177 131 355 221 -47.64
9 1500 20 0,15 150 135 267 184 -45.72
3.4. Phan tich phwong sai tich phuong sai nhu Bang 5:
Tu két qua thuc nghiém tinh toan dugc phan
Béng 5. Phdn tich phuong sai
Bién f SS MS F F,
thién
P1 J-1=2 = =
§S,,=220611,96 MSpy = .55:111 = 11030598 Fpi = ]\A{Ii}: - 38,08 F2;54;0,95 3,183
P2 1= = ; : =
K-1=2 S8, = 326595,63 M — Lj?pf - 163297.81 Fp = AA{;}: ~ 56,37 F, si005=3-183
P3 L-1=2 = -
557 = 60448678 MSps = 1S<SP ; = 302243,39 Fpy = Ajﬁf — 104 | Fassoos™183
Tu -D)(I-1 = e ‘ _
tél:o;llgy(PZ (:J4 e R YO -DU-D _Sf)}gf [ 468,95 (Frip = Aigfz =~ 16,04| Fastoss™27
Tu J-1)(K-1 = f A _
the P1eP3 (=4 NI | 855, =-40082052 1y, U _Sf)?[?‘_ o 106,13 P = M]\i};fs =- qg,71| Fasean37
T I-1)(K-1 = . A -
tél:O;lzgny3 (:4)( V| 85y = 40145337 MSpop3 = (]_ﬁi}zi% ) =100363,34 | Fpapz = M}\igz;s =0,34 Fysao572957
T J-H({I-1 = : _
tél:O’llg EK-I))(: 8) SSp1paps=580794.81 (MSp1pops = - lfip_li]:j(_ H =72599,35Fp1pops = 7M§Zg};2p3 =25 Fissgos213
P1xP2xP3
Lbi N-1JK=54 = - -
bi 55, = 156423 S = —SSE_  3896.72
N- LUK
Téng N-1 =80 1609745,22 - - -
cdng
Gia tri trong ct /', dugce tra tir bang gia tri 250 39
t61 han phan phoi F, véi mac y nghia 0,05 [4]. | _40
200 a1
3.5. Db thi thuc nghiém - / | 40 "‘g:‘;lt::‘"l‘gii
Tur cac gia tri trung binh cta cac thong so 1501 >( |43 kich thude
P1, P2 va P3; gia tri trung binh sai 1éch kich thudc 100 44 . ) ]
e Y . N £ ) - —#-Anh hudng ctia
An va gid tri trung binh hiéu suat 77; trong Bang 4, \ |45 gid tri trung binh
st dung phan mém Microsoft Excel xay dung duge 50 \ ty 18 n]_:ni%u S/N
biéu do biéu didn anh huéng cua gia trj trung binh (46 din sai lch kich
ty 18 tin hiéu nhidu S/N khi thay déi toc do quay, 0 Mo 1 Mae 2 M 3 47
luwong chay dao va chicu sau cat khi phay trén Trung N ¢ ¢

tam gia cong 3 truc V40-Leadwell dén sai 1éch kich
thudc (Hinh 3a, b va c).
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Hinh 3a. Anh hwéng ciia ty 1é S/N khi thay doi n dén
sai léch kich thuwoc
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170 A 42
165
160 // \\ 425 o
155+ .43 —+ Gia tri trung
\/ binh sai léch
iig A 435  kich thuéc
ol 4N/ 44 ~=-Anh huing cla
\ / gia tri trung binh
135 16 tin hié
)4 L-445  Wictnnicw
130 nhifu S/N dén
125 . ; 45 sai 1éch kich
thudc

Mic1 Mic2 Mic3

Hinh 3b. Anh huéng ciia ty 1é S/N khi thay doi S dén
sai léch kich thuoc

165 -42.4
160 \ -42.6

\ L -42.8
155 t-43  —— Gia tri trung
ol AU~

L-43.2 binh sai léch

X ><'7 -43.4  kich thuéc
145 / Y - -43.6 _g~ Anh huéng cia

140 --43.8 gia tri trung
135 / - -44 binh ty 1 tin
ol --44.2  higu nhifu S/N
130 : , -44.4  3én sailéch
Mittc1 Mic 2 Mic 3 kich thuéde

Hinh 3c. Anh huong cia ty 1é S/N khi thay doi t dén
sai léch kich thuoc

Nhan xét 2: Tu cac dd thi Hinh 3a, b va c suy
ra, tac dong dén sai 1&ch kich thude cua thong b
ché do cit 1on nhat & muc 1 khi thay ddi toc d6 quay
va lugng chay dao va & muc 2 khi thay déi chiéu sau
cit. Twong ing voi cic mirc nay, gid tri sai 1éch kich
thudc cuia chi tiét gia cong 1a nho nhat.

Nhdn xét 3: T Bang 5 thiy rang, luong chay
dao va toc do quay c6 gia tri F,, = 56,37 > F,
38,08 > F_ = 3,183, nghia 1a lan luot theo thu tu
luong chay dao va toc do quay déu anh huong dén
sai I¢ch kich thudc. Cac tuong tac cap gitra tdc do
quay va chiéu sdu cat; giita tbc do quay va lugng

Tai liéu tham khao

chay dao c6 gia tri I, . = [-42,71| > F/ “pip =1-16,04|
> F_ = 3,183, nghia la theo thu tu déu anh huorng
nguoc dén sai léch kich thude. Con chidu sau cit,
chc twong tac cap gitra lugng chay dao va chiéu sau
cét cling nhu twong tac ba giita cac thong sb ché do
cét co gia tri F < F,, nén khong dleu chinh dugc dé
dat sa1 léch kich thuoc mong mudn. Tl nhan xét 2
thdy rang, nén wu tién 1ay gi tri lugng chay dao &
muc 1.

4. Két luan

1. Trong bai bao nay trinh bay két qua
nghién ciru cuc tiéu hoa sai léch kich thude theo
phuong phép Taguchi lam giam dang ké sb luong
thyc nghiém véi do chinh xac va dg tin cay cao
(95%) cua két qua va sir dung phén tich phuong sai
ANOVA Vé6i ba théng sé, ba mike anh hwéng, ba
lan thir nghiém va ba lan lap cac diém thiét ké, cho
biét anh hudng dinh luong mot cach khoa hoc cua
ché @6 cit dén do chinh xac kich thudc khi phay
trén Trung tam gia cong 3 truc V40-Leadwell (Pai
Loan).

2. Cac yéu té ¢ g1a tri F > F_ theo thu tu
gom luong chay dao va toc d6 quay deu anh huorng
dén sai léch kich thucc Céc tuong tac cap giita toc
d6 quay va chiéu sau cit; gitra toc do quay va luorng
chay dao theo thir ty déu anh huong nguoc dén sai
léch kich thuéc. Con chiéu sdu cit, cac tuong tac
cap giita luong chay dao va chiéu sau cit, ciing nhu
tuong tac ba giita cac thong sb ché do cét co gia tri
F <F_, nén khong diéu chinh duogc dé dat sai 1éch
kich thuoc mong muon

3. Pé cyc ticu hoa sai léch kich thudc thong
s6 ché do cat duge chon theo thi nghiém sb 1: tbe
do quay n = 1000 (vong/phut); lwong chay dao S =
10 (mm/vong) va chiéu siu cat t = 0,15 (mm). Khi
do, gi tri ty 1¢ tin hiéu nhiéu 77 = -41,64 16n nht,
nghia 1a tac dong cta thi nghiém nay dén sai léch
kich thugc nhiéu nhat, dong thoi gi tri sai 1éch kich
thudc ciing nho nhit A, =119 pm.
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MINIMIZATION DEVIATION OF DIMENSIONS USING TAGUCHI’S METHOD
IN THE MILLING OPERATION ON THE MACHINING CENTER CNC

Abstract:

This paper presents the method of study minimization deviation of dimentions using Taguchi’s method
in milling operation on the machining center CNC, which reduces the number of experiments, produces
high quality products with low cost for manufacturers. Results for the relations between the cutting regime
include rotational speed, flow range and depth of cut with the pair interactions, three interactions between
them with the accuracy dimensions and determine the local optimum the cutting regime (within the survey)
with minimum deviation dimensions in the milling operation CNC.

Keywords: Minimization, Deviation of dimentions; Taguchi; Rotational speed; Flow range; Depth of cut;
The machining center CNC.
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