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SCIENCE - TECHNOLOGY

ANH HUONG CUA MOT SO THONG SO CHE DO CAT
DEN DO CHINH XAC KiCH THUOC KHI PHAY BE MAT
CHOM CAU TREN MAY PHAY CNC 3 TRUC

THE INFLUENCE OF SOME CUTTING PARAMETERS ON THE DIMENSIONAL ACCURACY
OF THE HEMISPHERICAL SURFACE WHEN 3 AXES-CNC MILLING

TOM TAT

B& mat chém cau la mat trong nhitng dac trung hinh hoc thuwdng gép cla cac
cAu trdc khudn, mAu thiét k&, ... Dé gia cong tao hinh chinh xéc bé mat chom cau
thuong phai stta dung phuong phap phay CNC nhiéu truc (it nhét la 3 tryc). Bai
béo nay trinh bay mét nghién ctu anh hdng clia mot s6 thong s ché do cat (tdc
0 cat, tdc do chay dao, budc tién ngang) dén do chinh xéc kich thirée khi phay
CNC 3 truc b& mat chom cAu béng dao phay ng6n dau cau. Dua trén phuong phéap
quy hoach thyc nghiém toan phan, véi viéc st dung phan mém Minitab, cac tac
gia dé xay dung duoc cong thiic hoi quy thuc nghiém quan hé sai s6 duang kinh
bé mt chdm cAu voi céc thong so toc do cat, tc do chay dao, bude tién ngang
khi phay c4c mau bang nhom hop kim 6061 trén may phay CNC 3 truc. Nghién
clru cling x4c dinh duoc mic dd anh hudng clia cac thong s6 nay va treng tac clia
chiing dén do chinh xac duong kinh bé mat chdm cau va dy doan dugc sai s
duong kinh bé mét chdm cau trong mién thuc nghiém tao hinh.

Tlr khoa: B& mét chom cau, phay CNC 3 truc, téc do cat, toc do chay dao, budc
tién ngang, do chinh xac kich thud.

ABSTRACT

Hemispherical surface is one of the comon geometrical features that is used
in designing tools, paterns,... In oder to exactly machine the surfaces, we must
use multi axes CNC milling (3 axes, at least). The paper presents a study of the
influence of cutting parameters (cutting speed, feed rate; side step) on the
dimensional accuracy of the hemispherical surface when 3 axes CNC milling by
ball endmill. Based on the general full factorial design of experiments with using
Minitab software, the authors have established an experimental regression
model of the relation between deviations of diameter of the hemispherical
surfaces and cutting parameters including cutting speed, feed rate, side step
when 3 axes CNC milling speciments made by 6061 aluminum alloy. The study
has defined the level of impact of the cutting parameters and their interactions
to the machining accuracy as well as predicted the deviation of hemispherical
surfaces when machining them under the experimental conditions

Keywords: Hemispherical surface, 3 axes CNC milling, cutting speed, feed
rate; side step, dimensional accuracy.
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1.DAT VAN BE

Hién nay, viéc &ng dung cdng nghé CAD/CAM/CNC
trong san xuét rat phé bién khong chi trén thé gidi maca o
Viét Nam. Do nhi*tng vu diém ma c6ng nghé nay mang lai
nén cac nghién ctu vé CAD/CAM/CNC lubn lubn duoc
nhiéu nha khoa hoc quan tam. Hién nay cac nghién ctu lién
quan dén Iinh vuc CAD/CAM/CNC & Viét Nam con kha han
ché. Trén thé gigi cling c6 nhiéu nghién ctru nham cai thién
nang suat, chat lwvgng san pham khi gia cong tao hinh trén
may CNC. Tuy nhién nhitrng van dé lién quan dén tao hinh
bé mét cling it khi duoc dé cap trong cac nghién clru nay.
Bé& mat chdm cau la mot trong cac dang bé mét co ban
thuong dwgc s dung trong thi€t ké cac chi ti€t may,
khuén, mau,.... D& gia cong tao hinh bé mat chém cau
thuwdng phai st dung phrong phap phay CNC 3 truc hodc 5
truc. Phay CNC 5 truc bé mat chdm cau cho chat lvgng tao
hinh t6t hon nhung doi héi may phay CNC 5 truc, phan
mém CAM gia cong 5 truc. Trong diéu kién Viét Nam
thuong phai st dung phay CNC 3 truc véi chat lugng tao
hinh chua cao do phu thudc nhiéu vao kinh nghiém. Do vay
viéc nghién ctru danh gia &nh huéng clia cac théng sé ché
do cat dén do chinh xac dudng kinh bé mit chém cau c
gia tri thyc tién cao, ¢d y nghia vé kinh té va ky thuat.
2.NGHIEN CUU CO LIEN QUAN

Céc nghién clru c0 lién quan trong nwéc cling nhu nuéc
ngoai chil yéu dé cap dén tao hinh cac bé mat tv do
(freeform surface). Trong [1] dd nghién ctu van dé tinh
toan duong dung cu trong tao hinh bé mat, cting nhu van
d& mai mon dung cu cét (cho tredng hop dao phay dau
bang) khi gia cong khudn mau trén may phay CNC. Trong
[2] d& nghién cliu cac yéu td anh hwdng dén chat lvgng tao
hinh bé mat tv do cdu trac elip I16m khi gia cong trén may
CNC. Trong bai bao [3] cac tac gia da st dung phuong phap
Taguchi trong nghién ctru danh gia anh hwang cla kiéu
dudng chay dao, tc do cat, brdc tién ngang dén dd chinh
xac tao hinh khi phay bé mat dang yén nguva trén may phay
CNC 3 truc. Trong cdng trinh [6] cac tac gid da dwa ra ly
thuyét tao hinh cac bé mat va (rng dung trong k¥ thuéat co
khi. Trong ndi dung nghién ctru nay, cac tac gia trinh bay vé
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(*rng dung clia méat ty do va tao hinh mot sé bé mat chi tiét
co khi théng dung nhu tao hinh bé mat bang dung cu dang
dfa, tao hinh bé mat bang thanh rang dung cu, tao hinh bé
mit bang dung cu dang truc vit va cac ndi dung lién quan
dén tao hinh bé mat.
3.NOI DUNG NGHIEN CUU
3.1. biéu kién thuc nghiém

a) Vat ligu giacong

Mau thi nghiém la nhém hop kim A6061 véi thanh phan
hoa hco trinh bay trong bang 1. Phdi mau cé dang hinh tru
kich thuéce la; $50x50 (mm)

Bang 1. Thanh phan héa hoc nhém AB061[8]

Mac Thanh phan héa hoc %

nhdm| Si | Fe | Cu | Mn | Mg | Cr | Zn |Ti| Al

08-1004-| 0- |0-
12 1035 | 0,25 ]0,15

6061 10,4-0,8 0-0,70,15-0,4| 0-0,15

Con lai

b) May thuc nghiém

May phay CNC 3 truc TC500R cua hdng WANTAI (WT),
ché tao tai Pai Loan. Cac dac tinh k§ thuat chinh ctia may
nhu sau:

- T6c do truc chinh MAX: 20000 vong/phut

- Cong suat truc chinh: 3,7kW

- Kich thuéc ban may (WxL): 650mm x 400mm

- Hanh trinh truc X: 500mm

- Hanh trinh truc Y: 400mm

- Hanh trinh truc Z: 300mm

- Téc do chay dao Max theo truc X, truc Y, truc Z: 40m/phut
- P06 chinh xac vi tri: 0,0lmm

- Sai s6 1dp: 0,008 mm

- BO diéu khién: FANUC 0i-MF

Hinh 1. Méy phay CNC TC500R

¢) Phan mém: Solidwwork, MasterCAM

d) Dung cu cat:

Dao phay ngén dau cau bang hop kim cirng khéng phu
cla hang HGT: ¢6 c6 ma DB0606 va ¢4 c6 ma DB0404

) Thiét bi do: May do toa do 3 chiéu (CMM) (hinh 2) véi
cac dac tinh k¥ thuat chinh dugc trinh bay trong bang 2.
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Hinh 2. M&y CMM (Mitutoyo)
Bang 2. Thdng s6 k§ thuat may do toa do 3 chiéu

Model Crysta - Plus M443
Kiéu Bridge - Type
Phamvido: Truc X 400mm

TrucY 400mm

TrucZ 300mm
Do phan gidi do 0,0005mm
Kich thuéc ban may 624 x 805 (mm)
Khdi lrong vat do MAX 180kg
Kich thuéc may (mm) 981 x 1047 x1967

3.2. K€ hoach thyc nghiém
- Thiét k€ mau bang phan mém Solidwork véi bé mat
gia cong hinh chém cau dwdng kinh 40mm (hinh 3).

Hinh 3. Mu ché tao

- Gia cong thé 11 mau tao hinh bé mit chom cau dé lai
lvgng dv 1mm véi cung mot ché do gia cong: Dao phay
ngon dau cau bang hop kim ciing khéng phd cla hang
HGT ¢6, 3 me cat, kiu chay dao rought contou, téc do cét
v = 188m/p, t6c dd tién dao F = 1500mm/p, buéc ti€n
ngang S = 0,5mm.

- M6 phoéng bang phan mém MasterCAM Iya chon kiéu
duwong chay dao phu hgp cho gia cong tinh. Qua mé phéng
vGi cling dao phay ngon dau cau ¢4, cung ché do cét (tdc
do cat v =188m/p, tdc do tién dao F = 880mm/p, budc tién
ngang S = 0,1mm) nhan thay rang trong 3 kiéu dwdng chay
dao surface hight speed: scalop, hybrid, raster thi ki€u dudng
chay dao surface hight speed (scalop) c6 thoi gian gia cong
Ia nhé nhat — Iya chon kiéu dwdng chay dao nay cho thuc
nghiém tiép theo.

- Thiét ké thuc nghiém gia cong tinh tao hinh bé mat
chédm cau theo quy hoach thyc nghiém toan phan voi 3
yéu t6 dau vao la tdc do cét v, tdc do tién dao F va budc
tién dao ngang S, méi yéu t6 2 mirc.
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Khi dé, s6 diém (N) thi nghiém N = 2° = 8 (diém), bo
sung thém 3 diém thi nghiém trung tam ta co téng s6 1an
tién hanh thi nghiém la: 11 diém.

Lwa chon dao phay ngén dau cau bang hop kim ciing
khong phl cla hdng HGT ¢4, 2 me cat, ki€u chay dao
surface hight speed ( scalop).

Duva trén déc tinh k§y thuat cla may phay va catalog
cla hang san xudt dao, khi phay nhém lya chon mién
thyc nghiém nhu sau:

Viin = 100m/ph; v,,., = 200m/ph; F;,= 880mm/ph;

Fma= 1800mm/ph; S;,= 0,1mm; S, = 0,2mm

Duva vao ma tran thyc nghiém xay dung (bang 3), ti€én
hanh thuc nghiém gia cong 11 mau. Cac mau duoc kiém tra
sai s6 duong kinh so véi mau thiét ké bang CMM 3 lan. Két
qua do sai s6 trung binh ctia duong kinh mau duoc ghi vao
cot cubi clia bang.

Bang 3. Bang dit liéu quy hoach thuc nghiém

Thong s6 vao Sai s0 trung

Thi | Dangmahoa Gi tri thuc b"”h,d”(‘mg
nghiém kinh
Vel s v F S e (um)

(m/phut) | (mm/phut) | (mm)

1 -1l 100 880 0,1 3,051
2 +1]-1]-1 200 880 0,2 7,504
3 L+ AL 100 880 0,1 2,926
4 +1|+1] -1 200 600 0,2 6,932
5 -]+l 100 1800 0,1 6,754
6 +1|-1|+1| 200 1800 0,2 9,219
7 1+ +L 100 1800 0,1 9,034
8 +1|+1|+1| 200 1800 0,2 5,147
9 01010 150 1340 0,15 6,427
10 01010 150 1340 0,15 7,134
1 01010 150 1340 0,15 6,082

3.3.Kétquavathao luan

- Xt Iy s8 liéu thye nghiém bang phan mém Minitab ta
thu dugc cac két qua vé md hinh hodi quy va phan tich
phuong sai. K&t qua cho thdy mé hinh la phu hgp voi di¥
liéu va ddm bao do tin cay cao (cac hé sd quyét dinh R-Sq
va R-Sq (adj) déu Ién hon 90% (theo bang 4).

Cac két qua tinh toan trén phan mém Minitab dwgc
trinh bay trong bang 4.

Bang 4. M6 hinh hdi quy quan hé gilta sai sd e véiv, Fva S

Regression Equation in Uncoded Units

e = 061 +0,0122v —0,00868F —22,6S +0,000059vF + 0,366vS
+0,0903FS - 0,000642vFS *
Model Summary
S R-sq R- R-sq(pred)
0,478683 | 98,36% | 94,54% 3541%
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Bang 5. Phan tich phuong sai

Analysis of Variance
Source DF Adj SS AdjMS | F-Value | P-Value
Model 7 41,3163 5,9023 25,76 0,011
Linear 3 18,8252 6,2751 27,39 0,011
v 1 6,1899 6,1899 27,01 0,014
F 1 0,7744 0,7744 3,38 0,163
S 1 11,8609 11,8609 51,76 0,006
2-Way 3 18,1324 6,0441 26,38 0,012
Interactions
V*F 1 5,7783 5,7783 25,22 0,015
V*S 1 12,2043 12,2043 53,26 0,005
F*S 1 0,1499 0,1499 0,65 0,478
3-Way 1 4,3586 4,3586 19,02 0,022
Interactions
V*F*S 1 4,3586 4,3586 19,02 0,022
Error 3 0,6874 0,2291
Lack-of-Fit 1 0,1122 0,1122 0,39 0,596
Pure Error 2 0,5752 0,2876
Total 10 42,0037

Qua phuong trinh héi quy (*), phan tich phuong sai
(bang 5) va db thi Pareto clia cac anh hudng (hinh 4) c6 thé
rat ra cac nhan xét nhv sau:

- Cac thong s ché do cét: téc do cat, téc do chay dao,
buoc ti€n dao ngang, cling nhu tuvong tac cap, tvong tac ba
déu anh hudng dén do chinh xac duwdng kinh bé mat chém
cau nhung & cac mic do khac nhau. Twong tac cap toc do
cat - budc tién dao ngang (v*S) anh hudng lén nhat, tiép
theo lan lwgt la &nh hwéng clia buéc ti€én dao ngang (S),
anh hudng cla téc do cat (v), anh hudng clia twong tac cip
tdc do cét - tée do tién dao (v*F), anh hudng clia tvong tac
ba (V*F*S ). T6c do ti€én dao (F) cling nhv trong tac cap toc
do tién dao - buéc ti€n ngang cé mirc d6 &nh huéng khdng
dang keé.

Pareto Chart of the Standardized Effects
(response is e, a = 0.05)

Term 3.182

A v
B F
‘ C s

Factor Name
AC ’

AB ‘

ABC ‘

B
BC

0 1 2 3 4 5 6 7 8
Standardized Effect

Hinh 4. D6 thi Pareto clia céc anh hudng

St dung phan mém Minitab cling xay dung duwgc cac do
thi bi€u dién cac quan hé: sai s6 duong kinh bé mat gia
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cdng (e) vai tée do cét (v) va brdc tién ngang (S) nhu hinh
5, sai s6 duong kinh (e) bé mat gia cdng véi toc do tién dao
(F) vatéc dd cat (v) va nhu hinh 6, sai s& dudng kinh () bé
mat gia cdng voi téc do ti€én dao (F) va buéc ti€n ngang (S)
nhv hinh 7.

Céc dd thi nay cho thdy rang anh hudng cla budc tién
dao ngang dén sai s6 dwdng kinh mau ché tao la theo quy
luat déng bién, tic la khi tang buéc ti€n dao ngang trong
mién thyc nghiém thi sai s6 duong kinh bé mat chém cau
ting Ién. Trong khi d6 anh hudng cuia téc do cét va téc do
tién dao dén sai s6 duwong kinh bé mat chédm cau trong
mién thiyc nghiém la khong c6 quy luat ro rét.

1500 100
1750

0.10

S 0.20

Hinh 7. Quan hé sai s6 durong kinh v6i budc tién ngang va tdc do tién dao
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4. KET LUAN

Bai bado trinh bay mét nghién cru thic nghiém xay
dwng mo hinh quan hé hoi quy gilta dd xac duwong kinh bé
m&t chdm cau vai cac thong s6 ché do cat: tc do cat, téc
do tién dao va buéc tién dao ngang khi phay bé méat chém
cau trén may phay CNC 3 truc. M6 hinh hoi quy nay cho
phép danh gia mirc dé anh hwéng cla tirng théng so, sw
tvong tac clia chung dén dd chinh xac dwong kinh bé mat
chém cau khi phay CNC 3 truc, cling nhv cho phép du doan
duwoc sai s6 dwong kinh bé mat chém cau sau khi phay CNC
3 truc trong mién thyc nghiém. Pay la co s dé thuc hién
t6i vu hda ché do cat khi phay CNC 3 truc bé mat chom cau.
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