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NGHIEN CUU SU THAY POI LUC CAT Fx TREN PUONG CHUYEN TIEP CUA
QUI PAO GIA CONG ZIGZAG

STUDYING THE Fx CUTTING FORCE’S CHANGINGON TRANSIT LINE OF
ZIGZAG TRAJECTORY

Vo Pinh Trung', Lé Minh Son?, Tran Xuan Tay!

LTriong Pai hoc Bach khoa — Dai hoc Pa Ndng; vdtrung@dut.udn.vn
2Trirong Cao dang Giao thong Vén tai Trung Uong V, Pa Nang

Tém tat - Nghién ctru lwa chon qui dao gia cong zigzag dé phay tho
mét phang hdc va ding thiét bi do FKM2010 — TeLC dé xac dinh lwc
cat Fx theo thoi gian thue khi phay. Trong qua trinh gla cong, lyc cat
Fx trén duong chuyén tlep sang Iop cét tiép theo cé sw chénh léch
I&n so véi phan con lai cua qui dao zigzag. Nghién ctru nhéan thay,
chiéu sau phay (xét dén dién tich cat khi phay) trén duong chuyén
tiép lon hon so véi cac I6p cét con lai va gid tri cla lwe cét phu thudc
vao chiéu phay thuan, nghich clia qui dao zigzag. St dung phuong
phap thong ké, nghlen ctu xay dwng db thi luc cét Fy trén dwong
chuyén tiép sang cac lop cét clia qui dao zigzag khi thay doi chidu
sau phay. Tw db thi, xac dinh dwoc chiéu sau phay hiéu qué sao cho
lwc cét khong thay ddi Ién va nang cao tudi tho ctia dao phay.

T khoa - Luc cat phay; quy dao zigzag; chiéu sau phay; ving
chuyén tiép; phay héc

1. Pit vin dé

Theo cac nghién cau ly thuyet thanh phan luc tac dung
I&n dao phay tru ring xodn gébm: Luc vong (P2), lyc huong
kinh (P;) va luc doc truc (Po), huc tiép tuyén doc theo ludi
cét (Ps) [1]. Trong qua trinh cét, lyc tac dung Ién ting rang
dao ludn thay ddi phu thugc vao su thay ddi cua cac yeu t6
chiéu sau cit huong ‘kmh (to), s6 rang (z), lugng tién dao
(s), chiéu su cat, chiéu sau phay (t), duong kinh dao (D)...

P;=C,.B.Z.5,".t*.D% (N) (1)
Trong d6, P;: luc vong; C,: h¢ s6 phu thugc vat lidu gia
cong; B: chiéu rong phay; Z: s6 ring dao; s lugng chay
dao rang; yp = m+1; xp = (M+2)/2; t: chieu sau phay;
D: duong kinh dao; gy = -(m+2)2; m: s6 mi (m<0).

Cac nghién ciu thyc nghiém da xac dinh chiéu sau ct
huéng kinh (ap) 1a yeu to anh huong chinh dén lyc cat tong
Fc (2) va bien dang dung cu cat khi dung dao phay ngon
phay duong bao chi tiet [2].

F, = 535,25 — 88,42d; — 1314,48f, — 14,40q,
—172,49a, + 1,20 d;a, + 10,00 d;a, + 168,22f,a,
+1736,93f,a, + 9,89a,a, + 3,87d? 2)

_ Nghién ctru tim phuong 4n chay dao f(x,y) sao cho luc
cat trung binh, chiéu cao nhap nhd, thoi gian gia cong la

nho [3] theo phuong trinh (3).
X%+ y?
64

+axy/(x? +y*) €)

Str dung phuong phap chuyén dong x6a vét vt liéu dé
xac dinh chiéu sau phay tai vi tri chuyén tlep qui dao gia
cong hdc tai gpc 909, dong thoi xac dinh luc cat anh huong
I1én dung cu cat khi gia cdng tai goc cua bé mat hoc (Hinh

f(x,y) = 2,5 cos(x) sin(x) exp (

Abstract - The study selects the zigzag trajectory to roughly mill
the cavity surface and uses the FKM2010 — TeLC measurer to
gather the Fx cutting force in real time. On machining, the Fx cutting
force’s value on transit line is greatly different from the zigzag
trajectory’s machining line. Research shows that, the transit line’s
radial cutting depth is larger than machining line’s radial cutting
depth and the cutting force depends on climb or conversal
direction. The authors use the statistic method to make the
Fxcutting force graph on the transit line of zigzag trajectory by
changing the radial cutting depth. From the cutting force graph, the
authors select the efficiency radial cutting depth to decrease the
the cutting force difference and improve end mill tool’s life time
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1) Gng véi hai truong hop: Qui dao gia cong vudng goc
(Hlnh 1a) va qui dao gia cong tron (Hinh 1b) [4]. Két qua,
luc cét tmg véi qui dao chuyén tiép cung tron thay ddi on
dinh tai vang chuyén tiép (Hinh 2).

2) H b)
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Hinh 1. Qui dao gia céng géc bé mat hoc kiéu:
(a) vubng goc (b) cung tron [4]
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Hinh 2. Két qua do lyc cdt tai goc bé mat héc khi:
(a) qui dao dao vuéng géc (b) qui dao dao cung tron [4]

Nghién ciru anh hudng cua luc cit dén do léch tam cua
dung cu cit khi phay giup tinh toan dwoc luc kep phoi cua
dd ga dé nang cao do chinh xac gia cong va nang cao tudi
tho cua dung cu cat [5].

Nghién ciru nhan thdy, luc cét tai ving chuyén tiép gia
cong cia qui dao zigzag khong 6n dinh so véi vang gia
cong con lai. Vi vay, nghién cau tap trung xac dinh sy thay
d6i luc cat Fx theo chiéu sau phay tai viing chuyén tiép cua
qui dao gia cong zigzag (Hinh 3). Thuc nghiém trén may
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phay CNC va thiét bi do lyc cat FKM2010-TeLC dé thu
thap gia tri luc cat Fx.

Hinh 3. Cdc thanh phan Iy cat Fx, Fy, Fz va qui dao gia cong
phay kiéu zigzag khi gia cong bé mat hoc trén may phay CNC
2. Xéc dinh sy thay déi lwc cit Fx
Vit liéu gia cong: Thép CT38, kich thugc 70x70x70 mm
Thong s6 dao: Dao Dueci D8, ché do cat ddi voi thép
CT38 theo khuyén nghi nha san xuat: van toc cat vc = 60 —
100 m/phat; lugng tién dao rang: 0,03 — 0,06 mm/rang.
Bing 1. Théng s6 dao phay ngén mdt dau phang (End mill)

Vit ligu| Puong kinh | Géc nang | Goc  [Géc sau| SO ludi
dao |dao (D, mm) |ludi cat (V)|trude (y)| (o) | cét (2)

WC 8,0 300 15° 80 4
Bing 2. Ché dj cdt khi phay thé bé mdt héc

Chiéu sau | Téc do cat F | Chiéu sau [S6 vong quaylKiéu vao dao
cat to(mm)| (m//phat) |phay t (mm)n (vong/phat)nghiéng, (d0),
1 0,3 3-7 2000 15
2.1. Ldp dat thiét bj do FKM2010-TeLC trén may phay CNC

Thong sb thiét bi do:

+ Céc lyc do: Fx, Fy, Fz, F*_Luc cét tong;
+ Gia tri lyc do: £ 3000 N;

+ Tdc d6 truyén dir liéu do: 9600 bit/giay;

+ Pinh vi va kep chat phoi: Dung vit diéu chinh van
thay luc va ren vit.

[ | A/D

Hinh 4. (@) Thiét bj do luc cat FKM2010;
(b) so' do nguyén Iy do luc cat khi phay

1. Thiét bi do FKM2010; 2. Dao phay ngén D8; 3 Phdi thép
CT38; 4 Cap ket noi RSZ:?Z; 5. Bo chuyén doi tin hiéu tuwong tu/
50 (A/D); 6. May tinh xuat dir liéu do

Thiét bi sir dung cam bién dién tro thay ddi theo bién
dang cuia két cau chiu lyc gén trong thiét bi do dé /xac dinh
su thay ddi cua 4 thanh phan luc cit Fx, Fy, Fz va luc cit
téng F~ duoc xac dinh theo 3 lyc cit thanh phan Fx, Fy, Fz.

Thyc nghiém tién hanh trén méy phay CNC, st dung
dao phay ngén vt liéu Cacbit vonfram phay thé bé mat hoc
(Hinh 5). M&i phuong an chay dao dwoc do 13p lai 5 lan dé
danh gia do tin cdy cua gia tri do [6]. Trong do, chiéu sau
phay t dugc thay ddi véi ché do cat khong doi. Tin hiéu do
dugc truyen thong qua cap RS232 dén mdy tinh va duoc
chuyén ddi sang tin hiéu sé dui dang biéu dd, bang biéu,

Véi tryc dung thé hién do Ion cua gid tri luc cit thanh phan
Fx va truc ngang thé hi¢n so diem thu nhan gia tri do. Trong
thuc nghiém nay, ta chon tan s6 lay mau la 10Hz.

—

May phay CNC

N

-
N\

4 Qui 620 zigza
Hinh 5. Hinh dnh thyc nghiém do luc cdt khi
gia cong bé mdt hoc trén may phay CNC

2.2. Xdc dinh lyc cit thanh phdn Fx tai viing chuyén tiép
qui dao gia cdng zigzag

Trong 3 thanh phan lyc cat duoc thu thap tu thiét bj do
FKM2010-TeLC, luc cat Fx thay doi I6n nhat so vei cac
th@nh phan luc catFy, Fz. Vi vay, nghién cau gi’('yi han tim
hiéu su thay doi luc cat Fx tai vung chuyén tiép qui dao
zigzag (Hinh 6, 8, 11, 12)
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Hinh 6. Két qua do 3 luc cat thanh phan Fx, Fy, Fz
theo qui dao gia cong zigzag, voi t = 4 mm
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Hinh 7. Chiéu séu phay tai ving chuyén tiép cia qui dao zigzag
- Khi chiéu sau phay t = 3 mm
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Hinh 8. Su thay doi luc cdt Fx tai ving chuyén tiép qui dao zigzag
khit=3 mm; I: Ving chuyen tiép tir phay nghich sang phay
thudn; 2: Ving chuyén tiép tir phay thudn sang phay nghich
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Tir s6 lidu do Hinh 8, Gia tri luc cit Fx tai vang 1 16n
hon nhiéu so véi ving 2. Vi vay, nghién cau tap trung Xac

Bing 4. Gid tri luc cdt Fx theo chiéu sau phay tai vimg chuyén
tiep phay nghich sang phay thudn khi t = 5,5 mm

dinh gia tri luc cét tai ving chuyén tiép tir phay nghich sang Thoi gian do | Luc Fx Chidu siu
phay thuan theo chiéu sau phay khi dao chuyén huéng sang [giay] [N] phay tai viing chuyén tiép[mm]
duong cat tiép theo cua qui dao zigzag. 647 127 551
o 64,8 129 5,56
n
i s 64,9 127 5,66
3 65,0 129 5,82
s EECEEE 65,1 128 6,01
65,2 130 6,24
) ‘ b 65,3 133 6,49
Hinh 9. Chiéu sdu phay tai ving chuyén tiép t =3 mm 65.4 134 6.75
Bing 3. Gia tri luc cdt Fx theo chiéu sau phay tai ving chuyén 65,5 137 5’94
tiep phay nghich sang phay thudn khi t = 3 mm d J
o . 65,6 134 6,65
Thoi gian do Luc Fx Chiéu siu phay tai vung
[gidy] [N] chuyén tiép[mm] 65,7 131 7,12
55,7 87 3,02 65,8 134 7,46
55,8 87 3,10 65,9 138 7,71
55,9 89 3,27 66,0 142 7,87
56,0 89 3,52 66,1 144 7,97
56,1 91 3,88 66,2 146 8,00
56,2 93 4,34 - Khi chiéu sau phay t = 6,5 mm
56,3 98 4,89 E 1
56,4 98 5,50 i A |
56,5 98 5,94 % I =
56,6 103 6,65 23 ‘
56,7 108 712 s h o e
56,8 111 7,46 3 G/ : L
56,9 115 7,71 2
57,0 115 7,87 N ,‘ ‘
- Khi chidu sau phay t= 5,5 mm s 0 15 2 25 w0 T;t:,‘ g‘;‘:‘do‘s'[osl %5 60 65 70 75 80 85
i Hinh 12. Su thay d6i liec cdt Fx tai viing chuyén tiép qui dao
- zigzag khit=6,5 mm
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Hinh 10. Su thay déi chiéu sdu phay tai ving chuyén tiép
khit=5,5mm
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Hinh 11. Sy thay déi luc cdt Fx tai viing chuyén tiép
qui dao zigzag khit = 5,5 mm

[1.]
663

Hinh 13. S thay d"o;i chiéu sdu phay tai

vung chuyén tiép khit = 6,5 mm

Phan tich sé liéu do trong Bang 3 va Bang 4, nghién
cttu nhan thay gid tri luc cit Fx tai chiéu sau t = 5,5 mm
(150 N) chénh léch 16n so vai t =3 mm (115 N). Tuy nhién,
khi chiéu sau phay t = 6,5 mm, luc cit Fx giam so véi
t=5,5mm (Hinh 11, 12).

Nghién ciru tong hop s liéu do Iuc cit tai ving chuyén
tiép tir phay nghich sang phay thuan cua qui dao zigzag
theo chiéu sau phay t (t=3; 4; 4,5; 5; 5,5; 6; 6,5; 7 mm). Két
qua, nghién ciru lap duoc bidu dd thé hién sy thay doi luc
céit Fx theo chiéu sau phay (Hinh 14).
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Hinh 14. Si thay d6i luc cdt Fx theo chiéu sdu phay tai ving chuyén tiép phay nghich sang phay thudn qui dao zigzag

3. Panh gia va binh luan

Tt Hinh 14 nhan thiy, chénh léch gié tri luc cit Fx tai
diém dau va diém cudi cua ving chuyén tiép gia cong khac
nhau, phu thudc vao chiéu sau phay cua qui dao zigzag.
Trong d6, d6 léch 16n nhét khi chiéu sau phay t = 3 mm va
nho nhat khi chiéu sau phay t = 7 mm (Bang 5). Bong thoi,
luc cit Fx lon nhét tai ving chuyén tiép 1a 152 N khi
t=5mm.

Bing 5. Tong hop d¢ léch gid tri hyc cdt Fx tai
vung chuyen tzep phay nghich sang phay thudn qui dao zizag

Chiéu sau phay theo qui | Chénh lqéch gié tri lug cit Fx tai
dao zigzag (mm) diém dau va cudi (N)
3,0 28
4,0 21
4,5 19
5,0 24
5,5 23
6,0 22
6,5 19
7,0 15

Téng hop két qua do nhan thiy, khi chiéu sau phay
t = 5mm lyc cit Fx tai viing chuyén tiép qui dao zigzag dat
gia tri I6n nhét va chénh léch gia tri lyc ciing 16n. Vi vay,
khi gia cong phay theo qui dao zigzag han ché sur dung
chiéu sau phay t =3 va 5 mm dé nang cao tudi tho ciia dao
phay ngén. Nén sir dung chiéu sau phay t = 4,5 hoic
t=7mm

4. Két luan

Nghién ctru da xac dinh dugc pham vi thay doi gia tri
luc cit Fy tai ving chuyén tiép cua qui dao gia cong zigzag
Vi ché d6 cat xac dinh trude va chi thay déi chidu sau phay
t (Hinh 14, Bang 5). Két qua trén, gip cho viéc xac dinh
chiéu sau phay dam bao nang cao tudi tho dao phay khi
phay bé mat héc phang theo qui dao zigzag nhanh chong.

Nghién ctru 1am co sé xac dinh dwdng chuyén tiép tdi
wu sao cho giam thiéu t6i da do léch gia tri luc cat va giam
gia tri luc cat 16n nhat d6i voi qui dao ziazag va cac qui dao
gia cbng khac.
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