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Bai bao nay dé cap anh huong cua ché do cit va g6c d6 dao dén luc
cit trong qua trinh phay sir dung dao phay ngén lién khoi gia cong
bién dang. N&i dung bai bao trinh bay nghién ctru, thuc nghiém va xur
Iy sb lidu dé dua ra quan h¢ toan hoc anh huong cua ché do cit dén
lyc cat trong qué trinh gia cong va tmg dung phuong phéap phan tich
phuong sai (ANOVA) xéy dung mdi quan hé phu thu¢c rung dong
v6i ché do cat va goc dao trong qua trinh phay bang dao phay ngon.
Qua md hinh toan hoc ¢6 thé dy doan dugc luc cat xay ra trong qua
trinh gia cong. Va phan tich mirc d6 anh huong cua cac thong so ché
d6 cat dén luc cat trong qua trinh gia cong. Nghién ciru nay ciing 1a
co sO nghién ciru cdc mo hinh khac trong qua trinh gia cong
phay.Trén co s& phuong trinh md hinh héa anh huéng do giap nha
thiét ké va ché tao dao phay ngén lién khoi.
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This article refers to the influence of cutting parameters and helix angle
to cutting force when milling by solid end mill. The contents of the
article presentthe research, experiments and data processing to
demonstrate the mathematical influential relationship between cutting
parameters and cutting force in milling, and the application of ANOVA
(Analysis Of Variance) in building the vibration dependent
relationships between cutting parameter and helix angle in milling by
solid end-mill tool. Through the mathematical model,we can predict the
cutting force generated in the machining process and analyze the
impact of cutting parameters and helix angle to the cutting force of the
machining process. This study also serves as the basis for studying
other models in the milling process, as the modeling equation of this
influence assists the design and manufacture of solidend mills.
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1. PAT VAN PE

Trong qua trinh gia cong cdt got c6 rat nhiéu hién twong xay ra, anh huong dén chat luzorng
gia cong va hiéu qua kinh té. Hién tuong do sinh ra dai lugng trung gian trong qua trinh gia
cong: luc cat, rung dong, nhiét cit, _mon dao.. £)01 véi cac doanh nghiép che tao chi tiét van dé
lién quan den hiéu qua kinh té 13 can thiét va cap thiét phai nghién ciru. Pé dap g dugc dleu
kién phat trién va nhu cu cla cac cong ty ché tao chi tiét may cc cong ty che tao dung cu cit
nghién clru thlet ké dung cu cit ¢& dam bao qua trinh gia cong ting ning sudt va ting tudi bén
cta dyung cu cit.

Cong ngh¢ che tao dung cu cit dong vai tro quan trong vi khong c¢6 dung cu cét tt vé& chat
lugng, nhiéu vé so lugng thi khong thé ché tao dugc nhu:ng may moc véi chit luzong cao, khong
thé tang ning suat lao dong, ha gia thanh san pham va cai thién diéu kién lam viéc [1]. Thong s6
dao phay ngén bao gdm thong s hinh hoc ludi cat, goc trude, goc sau, ban kinh miii dao va goc
nghiéng. Goc nghiéng tuong g véi goc xodn ctia dao phay ngén hinh 1

Hinh 1. Géc xoan dao phay ngén lién khoi

Ngoai ra trong qua trinh gia cong cac thong s6 ché do cit anh hudéng dén chat luong, ning
suét va gia thanh san pham.

Qua trinh gia cong va murc d phue tap cua cong ngh¢ ngay nay doi hoi hé thong diéu
khién thuc hién xir 1y chinh xic bang cac phuong phap khac nhau nhim muyc dich ting chat
luong va hiéu qua. Nghién ctru nay xay dung ham toan hoc d9 tin cdy cao va cac hién tuong Xuat
hién trong qua trinh gia cong tot nhat c6 thé. —
K¥ thuat gia cong chinh xac khong chi dua e

vatligu | Thongsé vathieu |thengss chéds | oidukién
trén co s¢ kinh nghiém va sy tinh thong ma hinh hoc ahes g | i

con phai hiéu nguyén 1y gia cong va mbi

Piuvao

quan h¢ todn hoc cac thong sd6 anh hudng
trong qua trinh gia cong. Qua trinh gia cong ”
dugc xac dinh bdi moi quan hé cua céac gia { I

Chi tiétgia cong Dung cu cit

tri dau vao va hiéu qua do dugc qua gia tri

dau ra. Hinh 2 m6 hinh qué trinh gia cong e
o A 4 N r Y - D& nham bg mat - M&men xodn va
dugc st dung nghién ctru trong bai bado nay " <t st

voi thong so dau vao va danh gid dau ra.
Muc dich cta nghién cuu nay la tim mod
hinh toan hoc lién quan dén do nham bé mat

Hinh 2. So @ m hinh nghién ciru
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v6i bén thong sd ché do cit: tbe do cat(v), luong chay dao (f), chidu sau cit theo phuong hudng
kinh (a,) va gbc xodn (B) cua dao khi gia cong bién dang bang dao phay ngon

Nghi€n ctru nay tiép can véi phuong phap phén tich phuong sai (ANOVA) va cac phan
mém ung dung thong ké trong quy hoach thyc nghiém dé xay dung md hinh toan hoc moi
quan hé thong s ché do cit va goc xodn cua dao phay ngon dén do nham bé mat chi tiét sau
khi gia cong.

2. PHAN TICH HIEN TUQNG CO BAN TRONG QUA TRINH GIA CONG

Trong qua trinh gia cong c6 nhiéu hién twong xay ra anh hudng téi chat lugng va ning suat
gia cong. Mot trong nhiing hién tugng quan trong xay ra trong qué trinh gia cong nhu chat lwong
bé mit, lyc cit... Mo hinh hoa hién twong trong qua trinh gia cong thong s cat can thiét dé cung
cap thong tin quan trong trong lap quy trinh cong nghé gia cong chi tiét va tdi wu hda qua trinh
gia cong. Co ché hinh thanh bé mat trong qua trinh dong luc hoc phay dugc xac dinh 1a lwc cit.
Kiém soat sy thay doi qua trinh gia cong 1a luc cdt, n6 phan anh rd nét nhat gia cong khong binh
thuong nhu v& dung cu cét va rung dong va anh huong tdi chat lugng bé mit gia cong. Qua do
phan tich mdi lién hé gitra lyc cit thay d6i voi dd nham, lugng mon dao (Hinh 3)[10], [11].

Diic tinh dumg cu cit Thing sé gia cing Dic tinh dung cu cit Thing s6 gia cing

Vit ligu dung cu cit B o Dung dich tron ngugi Vit ligu dung cu cit
D0 dao cla dung cu cat Ding hoe gia cdng Thing s hinh hoe dung cu cid Dung dich tudi ngudi

Chieu séu cit

e

Hinh dang cia dung cu cit Luong chay dzo Chéng mon Luwoug chay dao

Bin kinh mif dzo Td do cit

Chiu nhiét Tée d6 cit

| D§nhim bé mit
(RaRg)

Mon dao
™w

Giatée

Kich thudc phoi D0 déo dai cda vt litn

Rung dong Nhiét d6 thay dot

D6 cimg 'thay 361

St hinh thanh phoi Thanh phin héa hoe Ma it trong vilng cit

Hifn nepng rong qud Hifn tiegng cit go
trink cat got

Hinh 3. Biéu d6 swong ca anh huéng thong s t6i 6 nham bé mit va mon dao

Do cime cia phoi
Vit liu phoi

Ma sit trong vimg cit Rung déng

Biic tinh cia phii Phdi gia cing

Trong qua trinh gia cong s dung dao phay ngén luc ct thay doi lién tuc trong sudt qua
trinh gia cong. Cac thanh phan luc cat te thoi duoc tinh toan dya trén sy thay d6i cua dién tich
cit. Trong qua trinh gia cong c6 rat nhidu thong sé anh huong t6i luc cit duge trinh biéu do
suong ca (Hznh 4)[10], [11].

Luc cat 1a mot trong thong sb vat 1y danh g1a qua trinh gia céng nhu hién tuong mon v
dung cu cit, rung dong cua may, do chinh xac gia cong va chat lrong bé mat. Luc cat 1a mot
trong thong s6 trung gia trong qua trinh gia cong dé thuc hién téi uu hoa thich nghi.

Dia c6 nhidu nha nghién cru da nghién ctru, khao sat cac yéu t& anh huong toi luc cat va
nham bé mit trong qua trinh gia cong.

Trong bai bao ndy téc gia gidi han nghién ctru anh huong cua ché do cat (Toc do cdt (v),
luong chay dao (%), chiéu sau theo phuong huong kinh(a;) va goc xoan t61 do nham bé mit chi
tiét khi phay tinh bién dang bang dao phay ngon lién khéi.
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Théng s gia céng

Vi tri va phuong phap lam mat

Théng s6 hinh hoc cia dung cu cit

Dung dich tron ngugi
Hinh 4. Biéu d6 xwong c4 yéu t anh huong luc cit trong qua trinh gia cong

3. KHAO SAT PQ NHAM BE MAT CHI TIET KHI PHAY BIEN DANG BANG DAO
PHAY NGON LIEN KHOI

3.1. Diéu kién khao sat

Trung tam gia cong CNC 5 truc dong thoi |
(DMUS50) hé diéu khién Siemens 840D: Hanh trinh &
truc X/Y/Z =500/450/400; hanh trinh truc B: -5 do
dén +110 d6; hanh trinh truc C: 360 do; Pong co
truc chinh: tdc¢ d0 truc chinh tr 20 dén
14.000(vong/phut), cong suat dong co truc chinh:
20,3 KW, con truc chinh SK40 tiéu chuan
DIN69871. Ban lam viéc: toc do quay tryc B va C
max: 20(vong/phuat); dai dao: sd dao: 16 vi tri;
chleu dai dao t6i da: 300; trong lwong dao t6i da: 6
kg; tbe do di chuyén céc truc; toe do gia cong tbi da
theo céc truc X/Y/Z: 30.000mm/pht; tbc do chay
dao nhanh theo céc truc X/Y/Z: 30.000mm/phit

Dung cu cat: St dung dung cu cét dao phay
ngon khdi gia cong bién dang, vat li€u hop kim
ciing KF440. Duong kinh dao (D) = duong kinh
chudi = 8 mm. Sé ludi cit: 4. Chiéu dai doan lam
viéc: 26,5 mm. Téng chiéu dai: 82 mm. Goc
nghiéng Helix: 15, 30, 45 d9.

Chi tiét gia céng: Vit lidu gia cong thép C45
kich thuéc miu thi nghiém L x W x H=70 x 70 x
40(mm).

Thiét bi do d nham: Thiét bi do d6 nham  Hinh 6. Hinh énh dung cu cit thuc nghiém
SJ-210 cam tay ctia Mitutoyo théng s6 ky thuat:

Khoang do: Truc X: 17,5mm (chiéu dai mau kiém tra lon nhit); Truc Z (ddu do): 360um
(-200um toi 160pm) (Chiéu cao d0 nham 16n nhét); Tbc d6 do: 0,25mm/s, 0,5mm/s, 0,75mm/s,
Tbc do tra vé: 1mm/s; Luc do/Hinh dang miii do: 0,75mN/60°/ 2umR; Ti€u chuén do: JIS1982/
JIS1994/ JIS2001/ 1SO1997/ ANSI/ VDA; Thang do: Ra, Rq, Rz, Ry, Rv, Rt, R3z, Rsk, Rku,
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Rc, RPc, RSm, Rmax*1 Rzlmax, S, HSC, RzJIS*2,
Rppi, RAa, RAq, Rlr, Rmr, Rmr(c ), Rc, Rk, Rpk,
Rvk, Mrl, Mr2, Al, A2, Vo, Rpm, tp, Htp, R, Rx,
AR; Phan tich biéu d6: BAC va ADC; Gia tri 16p
cit: Ac: 0,08, 0,25, 0,8, 2,5mm, As: 2,5, 8 um; Man
Hinh LCD kich thudc: 36,7x48,9mm; Ngon ngit hd
trg: 16 ngdn nglr (Japanese, English, German, French,
Italian, Spanish, Portuguese, Dutch, Polish,
Hungarian, Swedish, Czech, Simplified Chinese,
Traditional Chinese, Korean, Turkish); Ngu@)n dién:
Pin xac, AC adapter; Kich thudc B hién thi:
52,1x65,8x160mm; B dan dong: 115x23x26mm;
Trong luwong: 0,5Kg

Do gi

Gia toc ké 3
chiéu

Hinh 7. Hinh anh thiét bi do d6 nham SJ-210

Dung cu cit

Phoi thi
nghiém(Thép
C45)

Luc ké

= =
% DAYSILAR <

Bé khuéch dai
wa card A'D

Hinh 8. So @ va mé hinh thyc nghiém

3.2. Két qua va thao luin

Qua md hinh nghién ctru tién hanh thi nghiém véi v, f, a, va goc p thay doi, chidu sau cit

doc truc a, =10(mm) khong thay doi.

M6 hinh toan hoc lyc cat khi gia cong dao phay ngon lién khdi khi gia cong trong gidi han
ctia cac thong s ciing nhu cac phuong phép gia cong truyén thong dwoc miéu ta chung nhu sau:

k1l Al 1
R.=C.v" .fl.a™. B

nl

Trong d6: R,: d6 nham bé mit chi tiét gia cong; v: téc do cit (m/p), £ luwong chay dao
(mm/p), a.: chiéu sdu cit theo phuwong hudng kinh (mm), B: goc xodn cia dao. Cy, ki, 1y, my, n;: hé
s6 duoc xéc dinh trong qua trinh thyc nghiém. Dé xac dinh hé“mg s6 va sd mil cua phuong trinh, mo
hinh toan hoc niy dugc tuyén tinh hoa bang ham logarit va phuong trinh dugc viét lai nhu sau:

InR, =InC, +k.Inv+/Inf+m.lna +n.lnpS

Va mo hinh tuyén tinh ctia phwong trinh ¢6 dang nhu sau:

Y= bo + b1.X1 + bz.Xz + b3.X3 + b4.X4
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Bai todn tr¢ thanh xdc dinh ham hdi quy thyc nghiém thyc hién 16 thi nghiém, 3 thi
nghiém tai diém tam dugc két qua nhu trong bang 1.

Bang 1. Két qua do d6 nham bé mit chi tiét sau khi gia cong

Thi Bién mirc ma héa T(")c, do Lwong |Chiéu siu cét, theo G(:;c D(}‘nhz:im
tuw cat chay dao phwong huwdéng xoan bé mat
X1 X2 X3 X4 | v,(m/min) | f(mm/r) kinh a,(mm) B°) Ra(um)
1 -1 -1 -1 -1 60 0,01 0,1 15 0,623
2 1 -1 -1 -1 200 0,01 0,1 15 0,553
3 -1 1 -1 -1 60 0,15 0,1 15 0,878
4 1 1 -1 -1 200 0,15 0,1 15 0,795
5 -1 -1 1 -1 60 0,01 0,5 15 0,566
6 1 -1 1 -1 200 0,01 0,5 15 0,559
7 -1 1 1 -1 60 0,15 0,5 15 1,220
8 1 1 1 -1 200 0,15 0,5 15 1,045
9 -1 -1 -1 1 60 0,01 0,1 45 0,322
10 1 -1 -1 1 200 0,01 0,1 45 0,210
11 -1 1 -1 1 60 0,15 0,1 45 0,480
12 1 1 -1 1 200 0,15 0,1 45 0,461
13 -1 -1 1 1 60 0,01 0,5 45 0,623
14 1 -1 1 1 200 0,01 0,5 45 0,571
15 -1 1 1 1 60 0,15 0,5 45 0,895
16 1 1 1 1 200 0,15 0,5 45 0,781
17 0 0 0 0 130 0,08 0,3 30 0,624
18 0 0 0 0 130 0,08 0,3 30 0,647
19 0 0 0 0 130 0,08 0,3 30 0,618

Ung dung Matlab va Excel st dung phwong phap phan tich phuong sai (ANOVA) tinh
toan va danh gia ham hoi quy thuc nghiém[8].

Bang 2. Tom tat két qua tmg dung phan mérp Matlab va Excel bang phuong phap ANOVA anh hudng
cuav, f, a, va goc xoan cua dao dén d6 nham bé mat (R,)

Regression Statistics
Multiple R 0,908261282
R Square 0,824938557
Adjusted R Square 0,774921001
Standard Error 0,190237253
Observations 19
ANOVA
df SS MS F Significance F
Regression 4 2,38753785 | 0,596884 16,49298 3,41E-05
Residual 14 0,506662974 |  0,03619

Theo phén tich phuong sai significane F = 3,41E-14 < 0,05 phuong trinh hdi quy thu duoc
tuong hop voi thyce .
Ham hoi quy thuc nghiém nhu sau:

y=2232-0,119x;+ 0,177.x2+ 0,252.x3- 0,378.x4
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Ham d6 nham bé mit (R,) phu thudc vao v, f, a;, B.
R,=9317 v_0’119f0’177 2.0252 ﬁ-0,378
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Hinh 9. D6 thi biéu dién mdi quan hé cac thong sb v, f, a, va B voi d6 nham bé mit R,

4. KET LUAN

Qua phan tich, khao sat anh huong thong s6 ché do cit va gbc x04n (v, f, a, B) t61 40 nham
bé mit khi phay tinh bién dang chi tiét vat liéu thép C45 bang dao phay ngén lién khéi. Két qua
do va phan tich mirc d6 anh huong d6 nham bé mit khi phay bién dang v6i ché do cit va goc
xo4n khéc nhau. Qua thuc nghi¢m va ham toan hoc cho théy d6 nham bé mat ti 16 nghich véi géc
xodn (P) va toc do cit (v). Bai bao nay co thé sir dung lam co s& dé phan tich, tinh toan trong
thiét ké va ché tao dao phay ngén lién khdi. Ngoai ra c6 thé sir dung nha cong nghé du doan
duoc d6 nham bé mat chi tiét khi thiét ké quy trinh cong nghé gia cong.

TAI LIEU THAM KHAO

[1]. M.M.Palei (2007), Cong nghé ché tao dung cu cat, NXB Khoa hoc va k¥ thuat, Ha
Noi.

[2]. Tran Vin Dich (2006), Cong nghé ché tao may, NXB Khoa hoc va k§ thuat, Ha Noi.

[3].Tr§n Van Dich (2003), Nghién cuu do chinh xdc gia cong bc%ng thuc nghiém, NXB
Khoa hoc va ky thuat, Ha Noi.

[4]. Banh Tién Long (2001), Nguyén Iy gia céng vit liéu, NXB Khoa hoc va k¥ thuat, Ha
Noi.

[6]. Pham Thi Ngoc Yén (2009), Co s¢ Matlab va ung dung, NXB Khoa hoc va k¥ thuat,
Ha Noi.

[7]. YUSUF ALTINTAS (2012), Manufacturing Automation, Cambridge University Press:
32 Avenue of the Americas, New York, NY 10013-2473, USA.

[8]. W.A. Kline, R.E. DeVor, and W.J. Zdeblick (1980), A mechanistic model for the
force system in end milling with application to machining airframe structures, In: North
American Manufacturing Research Conference Proceedings, Dearborn, MI, page 297. Society of
Manufacturing Engineers, Vol. XVIII.

[9]. Wen-Hsiang Lai, Modeling of Cutting Forces in End Milling Operations, Tamkang
Journal of Science and Engineering, Vol. 3, No. 1, pp. 15-22 (2000).

[10]. B. C. Routara & A. Bandyopadhyay & P. Sahoo, Roughness modeling and
optimization in CNC end milling using response surface method: effect of workpiece material
variation, Int J Adv Manuf Technol (2009) 40:1166—1180.

[11]. Benardos PG, Vosniakos GC (2003), Predicting surface roughness in machining, Int
J Mach Tools Manuf 43:833—844.



