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NGHIEN CU'U VE DO CHINH XAC TAO’H‘INH VA THO1 GIAN
GIA CONG KHI PHAY CNC BE MAT CAU TRUC TAM LOM

STUDY ON FORMING QUALITY AND MACHINING TIME WHEN CNC MILLING THE SURFACE

WITH LOCAL CONCAVE UMBILICAL STRUCTURE
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TOM TAT

Bai bdo trinh bay mot nghién ctiu thuc nghiém anh hudng clia mt s6 thong
56 cdng nghé (tdc do cdt, budc tién dao ring, kiéu dudng chay dao) dén dd chinh
xac tao hinh va thai gian gia cong khi phay tinh bé mat cdu tric tim [6m. M hinh
mau thuc nghiém ¢d bé mat cdu tric tim 16m dugc thiét ké trén co's6 quét bé mat
trong pha den pin. Thuc nghiém dugc tién hanh theo thiét ké ma trén truc giao
Taguchi 0Ay(3%) va phan tich phuong sai(ANOVA). Cac két qua nghién ctu cho thay
khi phay tinh bé mat ¢ cdu tric tam 16m, kiéu dudng chay dao va t6c do chay dao
rang c6 anh hudng rat16n dén do chinh xac tao hinh (lan lugt la 44,3% va 42%),
Anh huéing clia téc @0 cét anh huéng kha nhé (12,6%). Trong khi d6, anh huéng
clia téc do cat, t6c do chay dao rang va kiéu dudng chay dao dén thai gian gia cong
kha tuong dong (lan luot 1a 36,4%; 34,1% va 29,3%). Két qua nghién ciiu ciing
cho thdy khi gia cong bé mat dang nay nén chon ché do gia cdng nao la phu hgp
nhat tly theo chi tiéu dau ra la chat lugng tao hinh hay thai gian gia cong.

Tir khéa: Bé mdt c6 cdu tric tam I6m, téc do cdt, toc do chay dao réng, kiéu
duong chay dao, Taguchi, ANOVA, d6 chinh xdc tao hinh, thdi gian gia cong.

ABSTRACT

This article presents an experimental study on the effects of some technological
parameters (cutting speed, tooth feed, tool path type) on shaping accuracy and
machining time when finishing milling surfaces with concave center structure. The
experimental model has a concave center structure surface designed on the basis of
scanning the inner surface of the flashlight reflector. Experiments were conducted
according to Taguchi 0A(3%) orthogonal matrix design and analysis of variance
(ANOVA). Research results show that when finishing milling a surface with a concave
umbilical structure, the type of tool path and tooth feed speed have a greatinfluence
on shaping accuracy (44.3% and 42%, respectively). ), The influence of cutting speed
is quite small (12.6%). Meanwhile, the effects of cutting speed, feed per tooth and
tool path type on machining time are quite similar (36.4%, 34.1% and 29.3%
respectively). Research results also show that when machining this type of surface,
depending on the output criteria such as forming quality or machining time, it is
necessary to choose the most suitable set of machining parameters.

Keywords: Surface with concave umbilical structure, cutting speed, feed per
tooth, tool path type, Taguchi, ANOVA, forming quality, machining time.
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Bui Ngoc Tuyén'”

1.GIGI THIEU

B& mat tu do (Free form surface) dugc st dung rong rai
trong thiét k& co khi: khuén mau, cac bé phan khi déng
hoc,... Ching dugc cdu thanh tir mudi ving bé mat cuc bo.
Mét trong nhiing cdu tric cuc bd dién hinh la ciu trdc tam
I6m [1]. Cau trdc nay c6 dang mat tron xoay vdi dic diém
hinh hoc co ban la cac dé cong chinh bang nhau va am: ki,
= kop = kp < 0; do d6 dd cong trung binh sé am va d6 cong
Gauss duong: H= (K 4 p+K 0p)/2 < 0; K=k 5k 2p> 0.

Vi du tao moét viung bé mat cdu trdc tdm |6m bang cach
st dung phan mém NX12 mé hinh héa mét viing mat tron
xoay P(u,v) tao bdi mot parabol G(u) quay quanh truc Oz.

40u — 20

G(u) = [ 0

160u? — 160u + 40

Pudng cong nay c6 thé biéu dién dudi dang chinh tic
z2=0,1x2

Ban kinh cong clia dudng cong parabol trén c6 thé tinh
theo cong thuc:

[H[dzjz ]3/2
dx .
r—T *)
dx?
Phuaong trinh tham s6 ctia viing bé mat tao ra P (u,v):
(40u — 20).cos(v)
P(uv) = [ (40u — 20).sin(v)
160u? — 160u + 40
(0<su<1),(0<v<2m
Tai diém O(0;0;0) thudc mét P ta cé:

; (0<u<1

’

1
Kl.p = sz = Kp = _E = _0,2
Kl.p + Kz_p
L= —02<0

K =Ky p.Kzp = 0,04 >0

Day la vung bé mat cau tric tam 16m. Bé mat nay c6 do
cong I8n nhét, vdi ban kinh cong nhé nhat tai diém dinh la

Tap 60 - S0 4 (4/2024)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

Imin =5. Do vay dé& tao hinh chinh xac can chon dao phay
ngon dau cau co ban kinh nho hon 5mm [2].

Hinh 1. Vi du mé hinh bé mét cau tric tam [6m

Bé& mat cau trdc tam I6m dugc st dung nhiéu trong thiét
ké cac chi tiét ca khi, cling nhu cac san phadm gia dung. Dic
biét mot sé bé mat cau trdc tam 16m yéu cdu dé chinh xéac
tao hinh cao nhu cac bé mat pha dén, chéa dén pin, guong
parabol 16m, bé mat moét sé 1ong khudn, mau. Khi gia cong
cac bé mat cong I6m trong cac khoang, héc viéc lua chon
dung cu nhu cac théng s6 gia cong sé tac dong truc ti€p dén
d6 chinh xac tao hinh cling nhu thai gian gia cong. Nghién
ctu lya chon cac thong so6 gia cong khi phay CNC dén do
chinh xac tao hinh va thoi gian gia cong bé mat cau trdc tam
I6m la thuc su can thiét. Cac nghién ctiu ¢6 lién quan truc
tiép dén hudng nghién ctu nay chua nhiéu. Trong [3]
c6 trinh bay mét nghién ctu thuc nghiém bé mat parabol
y = 30 - 0,048x? khi tao hinh trén may phay CNC 3 truc bang
dao dau cau. Két qua ctia nghién cdru nay dua ra danh gia vé
d6é nham bé mat dat dugc véi ba loai dudng chay dao: spiral,
constant z level, lining. Bai bdo [4] trinh bay mot nghién ctu
thuc nghiém anh huéng cla ba yéu t6 dudng chay dao
(toolpath), budc dich dao (side step) va dusng kinh dao dén
d6 chinh xac hinh hoc ctia bé mat canh bom hudéng truc khi
gia cong trén may phay CNC 3 truc bing dao phay dau cau.
Nghién ctu cho thay anh hudng clia ki€u dudng chay dao la
I6n nhat (49,65%), tiép theo la budc dich dao ngang
(36,78%) va cudi cung la dudng kinh dao (10,60%). Mot
nghién cttu thuc nghiém khac vé anh hudng cta téc dé tién
dao, budc dich dao va kiéu dudng chay dao dén d6 chinh
xac hinh hoc clia bé mat cé cau tric cuc bd yén ngua [5].
Trong nghién ctiu nay, anh hudng cda kiéu dudng chay dao
cing 16n nhat vai gan 52%, ti€p theo la buéc dich dao
(31,8%) va cudi cling la tc do tién dao (10,1%). Anh huéng
cla dudng chay dao dén chat lugng bé mat va dé chinh xac
tao hinh khi phay CNC héc ciing dugc gi6i thiéu trong
nghién ctu [6]. Nghién ctu da dua ra cac két qua danh gia
vé d6 nham bé mat, dé chinh xac hinh hoc va cau trdc té vi
cla bé mat gia cong cho bén trudng hgp ding véi bén kiéu
chay dao (constant Z, circular pocket, constant stepover
pocket auto border, and spiral). Trong tai liéu tham khao [7],
cac tac gia da nghién clru vé chat lugng bé mat tu do gia
c6ng bdng phay CNC 3 truc va 5 truc véi 3 kiéu dudng chay
dao (linear, offset, and spiral). Cac két qua cong bé & day cho
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thay trong ca ba trudng hop chay dao gia cong 5 truc cho do
chinh xac tao hinh cao han hén so véi gia cong 3 truc. Chat
luong tao hinh bé mat tu do cling dugc nghién cuu trong [8].
Anh huéng ctia budc tién ngang, luong chay dao rang, sé
rang dao, hudng phay dén do nham bé mat gia céng dugc
trinh bay trong cong bé nay. Ngoai cac cdng bé cé lién quan
truc tiép dén hudng nghién cdu trong bai bao nay, con cé
cac nghién clu dua ra cac giai phap tao hinh, giai phap toi
uu héa cac théng sé gia cong cho cac bé mat tu do phic hop
g6ém nhiéu viing bé mat ciu tric cuc bd,... Chdng han nhu
giadi phap phan viing mét bé mat tu do co6 cdu tric phic tap
thanh cac viing bé mat cuc bd dé lua chon dung cu va dudng
dung cu thich hgp vai ting viing bé mat [9]. Giai phap nay
lam gidm dang ké thai gian gia cdng va nang cao do6 chinh
xac tao hinh. Nghién ctiu [10]cling dua ra gidi phap dua trén
ti€p xdc dudng bac hai clia bé mat dung cu va bé mat gia
cbng, théng qua gia cong thich nghi theo d6 cong d€ 1ap ké
hoach dudng chay dao khi gia céng bé mat tu do. Ngoai ra
con ¢ cac nghién clu t6i uu hda cac thong so6 gia cong khi
phay CNC bé mat tu do dua trén phuong phap Taguchi va
phan tich phuong sai hodc két hgp phuong phap nay vai
phan tich quan hé xam (GRA) cling da dugc céng bé trong
céc cong trinh [11-14]. Qua tim hiéu téng quan & trén, c6 thé
thay rang co rat it cac cong b6 cd lién quan truyc ti€p dén tao
hinh bé mat tu do c6 cau tric cuc bé tam [6m. Cha yéu la cac
nghién ctu lién quan dén tao hinh mét bé mat tu do cu thé
theo lua chon cta tac gid. Do vay cac nghién ciiu nay cé y
nghia khoa hoc nhiéu hon so véi y nghia thuc tién.

Bai bao nay trinh bay mét nghién ctu thuc nghiém vé
anh hudng cltia ba théng s6 cdng nghé (t6c d6 cat, téc do
chay dao rang va kiéu dudng chay dao) dén dé chinh xac tao
hinh va nang suat gia cong khi gia cong bé mat cau trac tam
I6m bang dao phay dau cau trén may CNC 3 truc. Mé hinh
bé& mat bén trong clia choa dén pin xay dung bang ky thuat
ngudc dugc sir dung dé thiét ké mau thi nghiém cé cau tric
cuc bo tdm 16m. Quy hoach thuc nghiém Taguchi 3 yéu t6,
3 muic OAo(3%) va phan tich phuang sai(ANOVA) [15] véi phan
mém théng ké Minitab [16] dugc st dung cho trién khai
nghién ctru nay. Cac két qua nghién ctiu & day cho phép lua
chon dugc céc bé thong s gia cdng phu hgp vdi ting chi
tiéu do chinh xac tao hinh hay thoi gia cong, du doan dugc
dd chinh xac tét nhat cing nhu thai gian gia cdng nhd nhat.
Muc d6 anh hudng clia cac théng sé gia cong dén cac chi
tiéu dau ra cling dugc xac dinh cu thé.

2. THUC NGHIEM VA THAO LUAN
2.1. Xay dung mé hinh thuc nghiém

Thiét bi gia cdng: May phay CNC DX-6080 cla hang
WANTAI (Dai Loan) véi mét sé dac tinh ky thuat co ban nhu
sau: kich thudc ban may 600 x 800 (mm), Cong suat déng co
truc chinh 5,5kW, t6¢ dé truc chinh 600 - 18000 vong/phut,
t6c do chay dao gia cong I6n nhat 6000 mm/phut, d6 dinh
vi chinh xac [3p lai: 0,005mm

Dung cu: Dao phay dau cau ®10 ky hiéu R5xD10x75Lx2F
cla hang G.T. cutting tools (Pai Loan) dung cho budc phay
tinh.
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Phéi: Hgp kim nhém A6061
Phan mém CAM: NX12

Thiét bi do: May quét laser SIMSCAN ctia SCANTECH
(HANGZHOU) CO., LTD vGi stt dung chum laze dnh sang xanh
véi d6 chinh xac 0,02mm, dé phan giai dé€n 0,025mm, viing
quét co thé tGi 410 x 400mm.

Mau thuc nghiém:

Hinh 2. M6 hinh 3D chéa deén pin

Z

@44 ,00

30,72

40,00

®350,00

Hinh 3. Ban vé va mé hinh 3D mau thuc nghiém

M6 hinh bé mat chéa dén pin dugc thiét ké lai trén co s&
s6 hdéa bé mdt mau bang cach st dung thiét bi quét laser
SIMSCAN. Dt lieu dam may diém bé mat clia chéa dén dugc
dua vao phan mém Geomagic dé tao ra mé hinh 3D cla
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chéa den (hinh 2). B& mat trong ctla mé hinh dugc xac dinh
la mét bé mat tron xoay cé dang cau tric tam [6m véi dudng
sinh tao hinh la dudng parabol c6 phuong trinh z = 0,0635x2
B& mat nay dugc dung thiét ké mau thuc nghiém co6 ban vé
ché tao va moé hinh 3D nhu trén hinh 3. B& mat nay c6 dé
cong I6n nhat tai dinh parabol véi ban kinh cong xac dinh
theo (¥): fmin = 7,87mm. D€ tao hinh bé mat khong bi ct lem
va lugng du dé lai it nhat, can chon dao phay ngén dau cau
véi ban kinh nhd hon rmin.

Qua trinh gia cong tao phoi mau thuc nghiém dugc tién
hanh nhu sau: Tién ngoai, xén mat dau phoi hgp kim nhém
A6061— Phay tho long mau bang dao cau ®14 — Phay ban
tinh bang dao ®12 dé lai lugng du bé mat 0,Tmm cho phay
tinh. Qua trinh thuc nghiém phay tinh dugc thuc hién bang
dao dau cau 10 theo ké hoach thuc nghiém thiét ké trén co
s& ma tran truc giao Taguchi OAy(3%) véi 3 yéu t6 la toc do
c4tV, lugng chay dao rang F; va kiéu dudng chay dao T,. Cac
yéu t6 va cac muic thyc nghiém dugc trinh bay trong bang 1.
Trén hinh 4 Ia ba kiéu dudng chay dao dugc st dung trong
nghién ctu nay. Cac diéu kién céng nghé con lai khong ddi
cho ca 9 mau: budc tién ngang (Side step) = 0,1mm, chiéu
sau cat t = 0,1mm, tudi dung dich tron ngudi. Cac chi tiéu
dau ra ctia quy hoach thuc nghiém nay la d6 chinh xac tao
hinh dugc danh gia bang sai s6 hinh hoc bé mat mau ché tao
so vGi bé mdt mau thiét ké va thai gian gia cong tinh.

Zigzag (parallel)

Concentric

Tap 60 - 56 4 (4/2024)
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Radial
Hinh 4. Ba ki€u dutng chay dao
Bang 1. Cac yéu td va cac muic
Cacyéu té Levels
1 2 3

Toc d0 cat V (m/phiit) 100 200 300
Toc d6 chay dao rang F, (mm/rdng) 0,02 0,04 0,06
Ki€u dudng chay dao T, Zigzag | Concentric | Radial

Gia cong thé, ban tinh va tinh mau dugc thuc hién trén
may phay CNC 3 truc DX-6080 (hinh 5), Cdc mau gia cong
xong (hinh 6) dugc s6 hoa bé mat long mau bang may quét
3D cam tay SIMSCAN (hinh 7). St dung 9 tép dit liéu dam
may diém nay dang nhap lan lugt vSi bé mat méd hinh CAD
thiét ké dé xac dinh sai s6 hinh hoc clia cdc mau théng qua
céng cu Geomagic Quality 2003. Tiéu chi danh gia sai s6 hinh
hoc la d6 léch trung binh dugc xac dinh theo céng thic: d6
léch trung binh = (dev trén - dev dudi)/2. Vi du nhu vai két
qua do sai s6 hinh hoc cilia mau 1 dugc trinh bay trén hinh 8.
Mau nay c6 gia tri sai Iéch trung binh muc cao la: dev trén
= +0,0149mm, gia tri sai Iéch trung binh muc thap la dev
duéi = -0,0104mm nén d6 léch trung binh bé mat sé la
(0,0149 4+ 0,0104)/2 =0,01265 (mm) =12,65 (um).

Hinh 5. Gia cong mau

Vol. 60 - No. 4 (Apr 2024)

Hinh 7. 56 hoa bé mat mau

Hinh 8. Sai s6 hinh hoc cia mau s 1
Cac s6 liéu t6ng hap vé thai gian gia cong va sai s6 hinh

hoc gia cong dugc trinh bay trong bang 2.

Bang 2. Két qua thuc nghiém thu dugc theo ma tran truc giao Taguchi 0As(3°)

Kiéu | Saiso Thoi
v fz chay gia gian gia
0 -
N (ﬂ ) (r?nm)/ dao | congA (S/N)y ng T (S/N)
p 9 T | (um) (phit)
11 100 0,02 Zigzag | 12,65 |-2,042| 177 -14,8073
2| 100 0,04 |Concentri| 1185 |-1,474 92 -15,9868
31 100 0,06 Radial 12,7 | -2,076 143 -22,9226
41 200 0,02 Concentri 10,45 | -0,214 89 -16,5215
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5] 200 0,04 Radial | 10,85 |-0,709 | 109 -19,3697 Tp 2 4,3671 43671 | 218357 | 37,53 | 0,026

6 | 200 0,06 Zigzag | 1515 |-3,608 | 33 -12,0412 Residual Error 2 0,1164 | 0,1164 | 0,05818

70300 | 002 | Radial | 116 |-1289| 145 | -19,3697 Total 8 | 98617

8 | 300 0,04 Zigzag 144 |-3,167 29 -10,8814 Béng 4, Anh hu6ng clia cécyé’u t0 dén d6 chinh xdc tao hinh

9 | 300 0,06 |Concentri| 14 |-2,923 19 -15,5630 N° Yéutd Muic d6 anh huéng, %
2.2. Phan tich danh gia vé dé chinh xac tao hinh 1 Toc do cit (5) 12,6

Do chinh xac tao hinh dugc danh gid thong qua chi tiéu 2 Toc do chay dao rang (Fz) 4
sai sO gia cong. Sai s6 gia cdng cang nho, dé chinh xac tao o
hinh cang cao. Theo lua chon dau ra cang nhd cang t6t 3 Kiéu duong chay dao (Tp) 443
(Smaller is Beter) xac dinh dugc ty s6 S/N cho tiing thi nghiém. 4 Nhiéu 1,1
Ty s6 S/N trung binh cho tiing yéu t6 & miic 1, 2 va 3 ¢6 thé
tinh dugc bang cach 1dy trung binh ty s6 S/N cho céac thi Main Effects Plot for SN ratios
nghiém tuong Ung. Anh hudng clia tiing yéu t6 dén sai s6 v Fz o
hinh hoc bé mét gia cong dugc xac dinh bang Minitab nhu o
trong hinh 9. Ty s6 S/N cao cho sai s6 hinh hoc nhé hon. Phan
tich phuang sai (bang 3) cho thay hé s6 quyét dinh kha cao i
(98,81% va 95,28%), cho thdy mé hinh phl hop véi di liéu. Z
Thong qua di liéu trong bang nay cling xac dinh duagc "g o

anh hudng cda ting yéu t6 dén do chinh xac gia cong. Kiéu =
duong chay dao Tp c6 anh hudng |6n nhat (44,3%), tiép theo s
la anh hudng clia téc dé chay dao rang Fz (42%), anh hudng
clia téc do cat V nhod nhat (12,6%) (bang 4). Qua day cé thé A T o e e

thdy ki€u dudng chay dao va t8c dd chay dao rang anh
hudng dén d6 chinh xac tao hinh rat I6n so véi anh hudng
cUa téc dé cat. Diéu nay hoan toan phu hop véi ly thuyét cat
got kim loai. Kiéu dudng chay dao va téc dé chay dao rang
la nhiing yéu t6 anh hudng hinh hoc ¢ anh hudng truc tiép
dén cac nhap nho hinh hoc dé lai (scallops). T6c dé cit cha
yéu tac déng dén sai s6 hinh hoc do cac co ché bién dang
vat ly (bién dang déo dan dén pha hay, bién dang dan hoi,
bién dang nhiét,...).

Véi gia tri S/N cang I6n cang tét ta c6 thé chon dugc bo
théng s6 t8i uu la VoFz,Tps. Cac théng sé cat téi uu dé c6 do
chinh xac hinh hoc t6t nhat ctia bé mat gia cong la téc do cat
V =200 m/pht, Téc d6 chay dao rang Fz=0,02 mm/rang va
ki€éu dudng chay dao Tp = Radial.

Sai s6 hinh hoc nhé nhat dat dugc trong trudng hop nay,
c6 thé du doan theo[15] nhu sau:

n
24

A =AMV, + AFzy) + A(Tpy) —2.45—
n

=12,15+11,57+11,72-2.113,65/9 = 10,2 (um)
K&t qua gia cong kiém nghiém lai v&i ché do gia cong toi
uu trén cho gia tri sai s6 bé mat mau la A = 10,38 (um). Sai s6
so v&i du doédn khoang 1,8%.
Béng 3. Phan tich phuang sai cho ty 5o (S/N)a

Model Summary R-Sq = 98,8%, R-Sq(adj) = 95,28%
Source DF | SeqSS | AdjSS | Adjms |F P
v 2 1,2413 | 1,2413 | 0,62063 | 10,67 | 0,086
Fz 2 | 41370 | 41370 | 2,06848 | 3555 | 0,027

76 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Cng nghiép Ha Noi

Hinh 9. Anh hudng chinh dén cac ty s6 (S/N)a

Main Effects Plot for SN ratios

Data Means

-32

v Sz
-34
-36
-38
-40
-42
150 200 250 0.02 0.04 0.0

Signal-to-noise: Smaller is better

Hinh 10. Anh huéng chinh dén cac ty 56 (S/N);
2.3. Phan tich danh gia vé théi gian gia céng

Cac yéu t6 dau vao (t6c do cat V, lugng chay dao rang Fz
va kiéu dudng chay dao Tp) clng la nhimng théng s6 cong
nghé chinh anh hudng dén thai gian gia céng tinh. Chiéu
sau cat trong gia cong tinh thudng chon rat nho nén tac
dong khong nhiéu dén thai gian gia cong. Lua chon cho dac
tinh chi tiéu dau ra & day cling gidng nhu trudng hop trén la
cang nho cang tét. Do vay cac tinh toan phan tich cling dugc
thuc hién tuong tu trén. Anh hudng clia tiing yéu t6 dén thoi
gian gia cong dugc trinh bay trong hinh 10. Théng qua phan
tich phuong sai bang 5 xac dinh dugc anh huéng cua ting
yéu t6 dén thai gian gia cdng. T6c dd cat V co anh hudng I6n
nhat (36,4%), ti€p theo la anh hudng cla téc dé chay dao
rang Fz (34,1%), dnh huéng cuia kiéu dudng chay dao Tp nhé

Mean of SN ratios

\,

6 ZigZag Concentric  Radial

Tap 60 - S0 4 (4/2024)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

nhat (29,3%) (bang 6). Tuy nhién muc d6 anh hudng cua 3
yéu té nay dén thai gian gia cong khéng khac nhau nhiéu.
Két qua nay cling c6 thé giai thich 1a do t6c d6 cat va téc do
chay dao la cac yéu t6 tac dong truc tiép dén téc d6 boc tach
vat liéu (thé tich vat liéu boc ra trong mét don vi thdi gian).
Kiéu dudng chay dao sé quyét dinh dén chiéu dai dudng
chay dao, ciing la yéu té tac dong truc ti€p dén t6c dd boc
tach kim loai.

Cac théng s6 cat téi uu dé c6 ndng suat gia cong Idn nhat
la téc dé cat V=300 m/phut, Téc d6 chay dao rang Fz= 0,06
mm/rang va kiéu dudng chay dao Tp = Concentric.

B6 théng s6 gia cong nay tuang Uing véi thi nghiém gia
cdng mau N°.9 sé cho thai gian gia cdng nhé nhat Ty, = 19
phut. Thoi gian gia cong cling la yéu té cg ban anh hudng
truc ti€p dén nang suat gia céng. Do vay c6 thé xem & ché
d6 gia cdng nay nang suat gia cong la I6n nhat.

Béng 5. Phan tich phuong sai cho ty s6 (S/N);

Model Summary R-Sq = 98,8%, R-Sq(adj) = 95,28%

Source DF | SeqSS | AdjSS | AdjMs F P
) 2 | 144,489 | 144,489 | 72,2447 | 266,67 | 0,004
Fz 2 | 135092 | 135,092 | 67,5458 | 249,33 | 0,004
Tp 2 | 116,367 | 116,367 | 58,1833 | 214,77 | 0,005
Residual Error 2 0,542 0,542 0,2709
Total 8 | 396,489

Bang 6. Anh huding clia cac yéu to dén thai gian gia cong

N° Yéu té Mitc dd anh huéng, %

1 Toc do cat () 36,4

2 Toc do chay dao rang (Fz) 34,1

3 Kiéu dutng chay dao (Tp) 293

4 Nhiéu 0,2

3. KET LUAN

Bai bdo trinh bay mét nghién ctu thuc nghiém vé anh
hudng clia cac théng s6 cdng nghé (téc do cat, téc do chay
dao rang va kiéu dudng chay dao dén dé chinh xac tao hinh
va nang sudt gia cong khi phay tinh bé mat tu do ¢é cdu tric
cuc bd tam 16m trén may phay CNC 3 truc. Mé hinh mau thuc
nghiém dugc thiét ké ngugc trén co s& quét mau choéa dén
pin. Dung cu tao hinh la dao phay ngén dau cau véi ban kinh
dugc xac dinh trén co s& xac dinh ban kinh cong nhé nhat
cla bé mat. Nghién ctu sir dung phuong phap Taguchi két
hgp phan tich phuong sai (ANOVA) cho phép danh gia muc
d6 anh hudng cla ting yéu té dén chi tiéu dau ra, ciing nhu
cho phép xac dinh dugc ché dé gia cong téi uu véi tling chi
tiéu dau ra. K&t qua cho thay khi gia cdng mau cé bé mat tu
do véi cau tric cuc bd tdm 16m, ki€u dudng chay dao va téc
d6 chay dao rang c6 anh hudng rat I6n dén dé chinh xac tao
hinh con téc d6 cat c6 anh hudng khé nho. Trong khi véi chi
tiéu dau ra la thoi gian gia cdng thi anh hudng clia ba théng
s6 gia cong nay la kha tuong déng. Nghién ciu cling xac
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dinh dugc cac bo théng sé t6i uu cho tiing chi tiéu dau ra,
cling nhu du doan dugc gia tri t6i uu dat dugc clha cac chi
tiéu dau ra nay.
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