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A STUDY ON DETERMINING THE FEEDRATE INFLUENCE ON CUTTING FORCE

ON TURNING C45 STEEL USING CACBIT VONFRAM CUTTER PIECE
ON CNC EMCO CONCEPT TURN 250
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T6m tat - Bai bao  gioi thiéu phwong phap xac dinh anh huéng cla
lwgng tién dao dén cac lwc cat thanh phan khi gia cong tién thép
C45 trén may tién CNC Emco Concept Turn 250 bang dung cu do
lwc c&t DKM 2010 —TeLC. Tin hiéu do sw thay ddi clia cac lyc cét
thanh phan dwoc chuyen dbi thanh tin hiéu s6 va xuét ra két qua
dwéi dang @b thi bang phan mém XKM. St dung phuong phép qui
hoach thirc nghiém dwa trén tiéu chuan Cochran va cong cu Fitting
Curve cia phan mém Matlab 2014a dé xay dung cong thire thue
nghiém ddi vai lwc cat chinh (P,) theo lwong tién dao doc (s). T
cong thire thye nghiém vé db thi &nh hwéng cla lugng tién dao s
dén lwc cét chinh khi tién thép C45 diing manh dao Cacbit Vonfram
va kiém nghiém do tin cay cla gia tri lwc cét chinh.

T khoa - tién; phwong trinh luc cat; lyc cat; lwong tién dao; may
CNC

1. Pit véan dé

Anh huéng caa ché do cét dén luc cit da duoc nhiéu tac
gia nghién ctu bang nhiéu phuong phap khic nhau:
phuong phap 1y thuyét, phuong phap do truc tiép, phuong
phap toan thong ké xéc suét [1].

Céc phuong phap nghién ciru trén da dat duoc két qua
dang ghi nhan: Lyc cat ¢6 gia tri nho nhat khi tién thép c6
d6 cing khoang 50 HRC, gid tri luc cit khi tién thép X12M
Ién hon nhiéu so véi tién thép 9XC ¢ cung diéu kién gia
cdng va viéc tbi uu ché do cat khi tién thép 9XC bang dung
cu cat dung vat lidu lap phuong da tinh thé (PCBN) phu
thuoc nhiéu vao van téc cat & gia tri khoang 100m/phdt,
dong thoi nghién ciru da xdc dinh dwoc mo hinh hoi qui
biéu dién gia tri luc cat theo van toc cat “v” va luong tién
dao “s” nhu sau [2]:

P, = 3,719 » 10~ 4p33090351497Inv-6,6020 (1)

PX =0 0837U2’1426lnv_3'6504 (2)

Trong mot két qua nghién ctu khac khi tién thép

Cachon thap dung manh dao TiC loai CNMG 12 04 08 TiN

bang thuat toan Taguchi va mé hinh du doan Logic mo c6

St du’ng thiét bi do luc ké di xac dinh dugc cdng thuc tinh

lyc cat (3) va so sanh dugc su khac nhau gitra cac phuong
phap x4c dinh lyc cat (Hinh 1) [8]:

R =707+ 0,23v + 1125 + 13,4t (3)

Trong do, tbc do cit va luong tién dao anh hudéng dén

95% luc cat.

Xac dinh sy thay doi luc ct khi gia cong thuc té kha kho

khan do diéu kién thiét bj do, phu thudc vao tirng loai vat

liéu, phuong an chay dao, vat liéu lam dao, théng s6 hinh

Abstract - The article describes the method of determining the feedrate
influence on cutting force on using turning material on CNC Emco Concept
Tumn 250 by cutting force measurement equipment named DKM 2010-
TeLC. Measurement signal of changing part cutting forces will be
transmitted to digital signals, and export result under graph by XKM
software, thereby appreciating the changing part cutting forces. Use the
experimental planning method relying on Cochran standard and the Fitting
curve toolbox of Matlab 2014 a software to establish experimental formula
for the main cutting force (Pz) upon the axial feedrate (s) parameter. From
experimental formula, draw graph of the influence of axial federate on the
main cutting force on turning C45 steel by Cachit Vonfram cutter piece,
and test the reliability of the main cutting force value.

Key words - turning process; cutting force equation; cutting force;
CNC machine

hoc dao, d6 cting virng cua thiét bi, db g4, ... cing mot ché
do cat. Bang phuong phap do thuc nghiém va phuong phap
toan théng ké, bai béo tap trung nghién ciru xac dinh sy thay
dbi lyc cit dua trén sy thay dbi luong tién dao khi tién thép
C45 bang manh dao hop kim Cachit Vonfram WC. Céc thi
nghiém duoc thuc hién trén may CNC vi n6 cho phép thay
dbi vo cip céac thdng s6 ché do cit mot cach chinh xac trong
pham vi rong. Tir d6 xay dung cong thirc thyc nghiém dé xac
dinh gié trj luc cat theo luong chay doa trong cting mot diéu
kién cét vai cac chi tiét khac nhau 1am bang vat liéu thép
C45, cong thirc nay c6 thé dugc &p dung khi gia cong trén
may CNC va c4c loai may tién thong thuong.

Cac thi nghiém duoc thuc hién trén may tién CNC 3
truc Emco Concept Turn 250 va dung cu do lyc cit DKM
2010 —TeLC tai Vién Cong nghé Co khi va Ty dong hoa,
Truong Dai hoc Bach khoa - Pai hoc Da Nang.
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2. Xac dinh anh hwéng cia lwgng tién dao “s” dén luc
cat chinh Pz

i Xay dung c6ng thirc thuc nghiém luc cét dua trén sy thay
d6i lwgng tién dao (s) khi tién thép C45 va sir dung dao tién
manh hop kim Atorn CCMT 09T304-WP HC6620.

2.1. Thong sé hinh hec va vt liégu manh dao tign

Théng sb hinh hoc cua dung cu cit tao nén boi manh
dao va than dao nhu sau:

- Géc truée y = 0°, gbe sau a = 7%

- G6c nghiéng chinh (géc tién dao) ¢ = 90%

- Goc dinh dao: 80% Ban kinh miii dao R = 0,4 mm;

- Chiéu dai canh cét: | =9,52 mm; chiéu day t = 3,97 mm.
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Hinh 2. Miii dao Atorn CCMT 09T304-WP HC6620

Vit liéu 1am manh dao gom hop kim cing Vonfram va
Coban, c¢6 thém TiC va TaC dé ting thém d6 bén nhiét va
chéng mai mon.

2.2. Ldp ddt thiét bj do DKM 2010 —TeLC trén may tién
CNC Emco Concept Turn 250

Xac dinh lyc cit bang thiét bi do DKM 2010 ~TeLC
(Hinh 3) véi 5 thanh phan: Lyc cét chinh — Pz; Luc chay
dao hudng kinh phai/ traii-Pyri; Luc tiép tuyén —Px..
(huéng vao/ ra mam cap). Luc cét tdi da 2000N (d6 phéan
giai 1N).

e

TPZ

A/D

Hinh 4. So d6 két nofi dung cu do va xir Iy sé liéu do
1: th)j thép C45; 2:‘7Thiejt bi do DKM 2010 c6 ga dat dung cu
cat; 3: Bg chuyén doi twong tulso (AID); 4: May tinh

Thiét bi do DKM 2010-TeLC sir dung cam bién dién
tro (Hinh 3) thay doi theo bién dang cua két cdu chiu luc
gan trong thiét bi do do luc cit gay ra, tin hiéu do ciia cam
bién dwoc chuyén thanh tin hiéu sé théng qua bo chuyén
d6i A/D. Tin hiéu sb sau d6 duoc chuyén qua may tinh qua
cdng COM va duoc xir Iy bang phan mém XKM dé xuét ra
két qua dudi dang d thi hoic bang (Hinh 4).

Khi tién trén may CNC Emco Concept Turn 250, thiét

bi do DKM 2010 —TeLC dwoc gén cb dinh vao u gé dao
tién va dao tién dugc gén ¢ dinh vei thiét bi do (Hinh 5).
Giira thiét bi do va may tinh dugc két ndi bang cap tin hiéu
sir dung cong COM. Thiét bi do tac dong doc lap khong
anh huong dén hé diéu khién may CNC.

5 4 3 2 1

Hinh 5. Ga ldp dung cu do luc cidt DKM 2010 —TeLC trén may
tign CNC Concept Turn 250
1. U ga dao; 2. Manh dao; 3. Phdi thép C45; 4. Thiét bi do;
5. May tinh ghi nhgn gié tri do

2.3. Xay dung cong thikc theee nghigm déi véi “Pz”

Hinh 6. Cac thanh phdan lyc cat khi tién
P, (Fc): Luc chay dao; Py(Ff): Lirc hudng kinh;
Py (Fp): Luc tiep tuyen

Cong thue xac dinh luc cat tong quat khi tién [1], [4]:

R= /P?+P?+P} 4)

Trong do:

+P, = Cp,.t P25 Pz y P2k, [N] (5)
X Y N

+ PY = CPy't PY.S PY.V PYKPY [N] (6)

+ Py = Cp,.t PX.s Pxy PXK, [N] @

2.3.1. Ché dg cat khi tién

-Chiéusaucat: t=05+1 mm;

-Vantéccit:  ve =120+ 240 m/ph;

- Luong tién dao:s= 0,12 + 0,4 mm/vong;

- Tién doc theo phuong Z mot khoang 15 mm;

- Piéu kién cit kho, khong boi tron 1am ngudi.
2.3.2. Xdc dinh lyc cat bang thyc nghiém

Dé dam bao d¢ tin cay s6 ligu do thyc nghiém, ta tién
hanh 5 lan do 14p lai khi thay d6i lugng tién dao s.

Két qua do duoc ghi nhan va hién thi dudi dang do thi,
v6i truc dang the hién do lon cua ’giévtrj luc cat thanh phan
Pz, Py, Px va truc ngang thé hién s6 diém thu nhan gia tri do.
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Trong Ian thyc nghigm nay, ta chon tan s6 lay mau la

10Hz, tac la trong 1 gidy, thiét bi s& do dugc 10 gid tri.
‘Thié;t 1ap bo loc Filter, khi gia tri luc I6n hon 30N, thi
phan mém méi thu nhan gia tri do.

Ta tién hanh do lién tuc véi 5 gia tri luong tién dao s:
0,12; 0,19, 0,26; 0,33; 0,4 mm/vg trén 5 phoi thép C45
trong 1 lan do thuc nghiém, 1ap lai 5 lan. Ket qua la do thi
the hién 5 duong gia tri luc cat ing voi 5 gia tri lugng tien
dao tao thanh mot chuoi lién tuc. Két qua do va xir ly so
liéu luc cat thuc nghiém nhu sau:

- Khi luong tién dao “s” thay ddi, cd dinh ve = 170
m/ph, t=0,5 mm

Pzxy so0
N)
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Thic e dlém do

Hinh 7: Bé thi két qud do e cdt
1: P6 thi Pz; 2: D6 thi Py, 3: D6 thi Px
Piém 1 d@én 37:s = 0,12 mm/ivg;
Piém 52 dén 76: s = 0,19 mmivg;
Piém 82 dén 100: s = 0,26 mmivg;
Piém 106 dén 119: s = 0,33 mmivg;
Piém 125 dén 136: s = 0,4 mmivg;

Trong lan do thir 1, khi lugng tién dao thay doi tir
0,12 — 0,4 mm/vong thi gia tri lyc cat chinh Pz thay doi tur
207 — 407 N. D6 thi ket qua ¢ Hinh 7 cho thay gia tri luc
cat do dqu hau nhu on dinh trén suot chiéu dai duong cat
wng vai moi lugng t[én dao, va th(‘zi gign thu nﬂhan dix liéu
do giam khi lugng tien dao tang, dan dén s6 diém do duoc
cling giam dan.

Sau khi thuc hién 5 lan do, ldy trung binh cia cac gia
tri do duoc, ta c6 bang két qua sau:

Bdng 1. Két qua do khi s = 0,12+0,4 mmivg;
vc =170 m/ph; t=0,5mm

t=0,5mm; vc = 170 m/ph

Lén 1 Lén2 Léan 3 Lén 4 Lan 5

Pz | Pv | Pz | Py | Pz | Py | Pz | Py | Pz | Py
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Hinh 8. Két qua do
Diém2 - 75: s = 0,12; Diém 80 — 95: s = 0,26;
Diem 99 - 107:s=0,4

Bdng 2. Két qud do khi thay déi s = 0,12+0,4 mmivg;
ve =170 m/ph; t=1,0 mm

t=1mm; vc =170 mm/ivg
s (mm/vg) 0,12 0,26 0,4
Pz (N) 325 585 807
Px (N) 169 227 276
Py (N) 71 109 174

- Khi thay d6i van toc cat “vc”:

Pzxy 700

o~ ([©)
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Hinh 9. Két qud do luc cdt khi thay déi vc (m/ph)
Diém 2 - 10: Ve = 240; Diém 15 - 25: ve = 210;
Diém 30 — 42: ve = 180; Diém 47 — 61: ve = 150;

Diém 67 — 84: ve = 120

Bdng 3. Két qua do khi thay déi ve = 120 =240 m/ph va
s=0,3mm/vg; t=1mm

t=1mm;s=0,3mm/vg
Ve 240 210 180 150 120
Pz 675 614 661 635 624
Px 271 246 286 282 289
Py 152 147 158 166 173

012|207 | 84 | 214 | 99 | 159 | 61 | 172 | 64 | 163 | 61

0,19| 263 | 90 | 266 | 107 | 226 | 92 | 236 | 92 | 226 | 88
0,26 324 | 96 | 341 | 126 | 309 | 108 | 292 | 118 | 281 | 112

0,33 | 368 | 113 | 367 | 139 | 337 | 156 | 345 | 142 | 331 | 135

0,4 | 407 | 126 | 467 | 179 | 377 | 153 | 394 | 165 | 378 | 157

- Khi lugng tién dao “s” thay doi, vc = 170 m/ph, t =1 mm

Két qua do thyc nghiém tai Bang 1, 2 va 3 cho thay su
thay d6i cua thanh phan lyc cit chinh Pz 12 16n nhat va lyc
cit phu thuoc luong tién dao, van tbc cét, chiéu sau cit.
Ngoai ra, tir biéu do luc cit khoang thoi gian thay doi dot
ngot luc cit 1a rat ngat, nén du gié tri lyc cit co thé chua da
I6n nhung luc dong do luc cit gay ra dén két cdu than dao,
miii dao va chi tiét 1a dang phai quan tam.

Bang sé liéu do luc cat cho thdy, gia tri luc cét chinh Pz
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chénh léch 16n so vai luc cat huéng kinh Py va Px. Viéc
xac dinh su thay d6i lyc cét chinh dua vao 3 tham sé: s, t
va v la rat kho khan. Vi vay, bai bao tap trung vao viéc xac
dinh sy thay doi cia luc cat chinh Pz khi thay doi lugng
tién dao doc truc s thdng qua Bang 1 va xay dung cdng thirc
thuc nghiém luc cit chinh Px.

2.3.3. Xdc dinh phwong trinh Iyc cat chinh Pz [1] va [4]

Bdng 4. Bang tinh phirong sai gid tri luc cdt chinh Pz

S P, P—Z Zlg_j)zzi' o
0,12 | 207 | 214 | 159 | 172 | 163 | 183,00 | 2634,00 | 658,50
0,19 | 263 | 266 | 226 | 236 | 226 | 243,40 | 1555,20 | 388,80
0,26 | 324 | 341 | 309 | 292 | 281 | 309,40 | 2321,20 | 580,30
0,33 | 368 | 367 | 337 | 345 | 331 | 349,60 | 1167,20 | 291,80
0,4 | 407 | 467 | 377 | 394 | 378 | 404,60 | 5481,20 {1370,30

Téng 3289,70

Kiém tra céc gié tri luc cét thuc nghiém bang phuong
phap quy hoach thuc nghiém theo tiéu chuan Cochran [3]:
+ Kiém tra tinh dong nhat caa phuong sai, hay tinh 6n
dinh gitra céc lan thi nghiém, vai cong thie tinh phuong sai:

(Pzi—Pz)*
r—1

2 _ \'Tr
0; = Lij=1

(r 12 s6 1an lap lai: 5) (8)

+ Tinh hé s phan phdi xac suat G, theo tiéu chuin
Cochran:

Ohax __1370,30
o?+o2++0f 328970

Gtt = = 0,4165 (9)

+ Kiém dinh hé sb theo tiéu chuan Cochran:
Tra bang phan phéi Cochran:
Go(n,f,p) = Gu(5,4,0.05) = 0,5441

+ S0 sénh, ta c: Gu< Gp

+ Két luan: tinh ddng nhat cua phuong sai dwoc chap nhan.

Tir phuong trinh lyc cat tong quat va thanh phan (4, 5,
6, 7). \/é dua trén viéc thuc nghiém chon che d¢ cat chi cod
mot yeu to thay doi la lugngqcha,y dao s, nén phuong trinh
tong quét luc cat chinh c6 thé viét la:

P,=ax*s’ (10)

Xac dinh ham hdi quy cho lyc cit chinh Pzbang phuong
phap binh phuong bé nhat thong qua thuat toan “least
square curve fitting” cua phian mém Matlab 2014a, véi
dang ham mil (Power) bac 1:

Thuat toan “least square curve fitting”

clc

close all

clear all

Value_sheet 1 = xlsread('file_excel.xlIsx’);
% doc so lieu tu file excel

S = Value_sheet_1(:,1)

Pz =(Value_sheet 1(:,2) + Value sheet 1(;,4) +
Value_sheet_1(:,6)+
Value_sheet 1(;,8)+Value_sheet 1(:,10))/5

figure(2);

plot(S,Pz,".")

% Ve do thi quan he Pzva S
[aa,bb,xData_1,yData_1] = Fitting(S,Pz);
disp(‘'Value of sheet 1")

disp(['Value of R"2 =",num2str(bb.rsquare)])

disp(['General model Powerl: y(X) =
,num2str(aa.a), *x"',num2str(aa.b)]);

% Tim phuong trinh quan he bang ham Fitting Curve
figure(3)

plot(aa,'b"),hold all

plot(cc,'r")

plot(xData_1,yData_1,"")
plot(xData_2,yData_2,"."

legend('Luc cat chinh Pz','Luc huong kinh Py")
grid on

xlim([0.115 0.41])

Két qua tinh toan xac dinh dwoc hé sé a, b:
a=736,2678; b = 0,65844

Hé sé hdi quy: R2 = 0,9974

Vay phuong trinh lyc cat thyc nghiém:

P, = 736,2678 * 565844

450 ' ' T ! ! 5
— Luc cat chinh Pz ' ' ' '
400 =-meoe Luc huong kinh Py

Luc cat (N)

200

150

100

50 | 1 1 |
0.15 0.2 0.25 0.3 0.35 04

Luong tien dao s(mm/vg)

Hinh 10. D6 thi ham luc cdt P, = 736,2678 * 5065844

3. Panh gia va binh luan

Ta nhan thiy luc cat chinh Pz thay d6i I6n hon nhiéu so
V6i cac luc cat thanh phan Py, Py khi thay doi s. Tir do thi
lyc cit chinh thuc nghiém, ta thiy Pz gan tuyén tinh véi
tham s6 lugng tién dao doc truc s (Hinh 10).

Kiém nghiém gié tri luc cit tinh bang cong thirc thuc
nghiém va do bang dung cu do 1a gan bang nhau va sai s6
nam trong giéi han cho phép (<= 5%): Bang 5 va Hinh 11

Baing 5. So sanh két qua do huc cdt chinh Pz bang thyc nghiém va
cong theic khi thay doi s ngau nhién trong khoang 0,12 + 0,4 mm/vong

t=0,5 mm; vc =170 m/ph; s = 0,15 mm/vg

Tinh theo cong | P, = 736,2678 % s%0584* = 211 (N)
thie (sai 6 4,46%)

Do thuc nghiém | Pz =202 (N)
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Hinh 11. Két qud do thirc nghiém Pz khit = 0,5 mm;
ve = 170 m/ph; s = 0,15 mm/vg

Déi chiéu cac cong thuc thuc nghiém (1), (2), (3) va gia
tri do thyc nghiém, ta nhan thay luc cit chinh phu thuoc
nhiéu vao luong tién dao s cho du vat liéu gia cong khac
nhau. V&i ché d6 cit dugc xac dinh ban dau, ta nhan thay
gié tri luc cit thay doi nhung dam bao trong giGi han cho
phép do luc cit gay ra dbi véi dung cu cit.

4. Két luan

Bang phuong phap do thuc nghiém, phuong phéap kiémtra
tinh dong nhat ctia phuong sai theo tiéu chuan Cochran va Xur
ly két qua thdng qua cong cu Fitting Curve cia phan mém
Matlab 2014a, két qua la da xay dung duoc cong thic thuc
nghiém quan hé gitra luc cit Pz va lugng tién dao doc s (11)
khi tién vt liéu thép C45 sir dung manh dao hop kim Vonfram
— Coban (CCMT 09T304-WP HC6620), véi ché do cit: van
tdc cit v = 170 m/ph, chiéu sau cit t = 0,5 mm va luong chay
dao s = 0,12+0,4 mm/vg, khong boi tron lam ngudi la:

P, = 736,2678 * 5065844

Ddng thoi, tir phwong trinh lec cit chinh Pz, xay dung

dugc d6 thi thé hign anh huong cua lugng tién dao s dén Pz
khi tién thép C45 bang manh dao hop kim Cacbit Volfram
dbi vai céc chi tiét trong cung diéu kign gia cong vai do tin
cay cao.

Két qua trén 1am co sé tinh toén luc cit dé khai thac
cdng suat may nhiam nang cao ning suat cit, dam bao do
cting virng cua hé thong, do bén cua co cau chay dao cua
may CNC va d6 bén ciia manh dao. Pong thoi, ¢ thé tham
khao dé xac dinh luc cat dya trén nhiéu tham sb khac nhau:
luong tién dao va chiéu sau cit hoac van téc cat va chiéu
SAu cét,... Xac dinh mdi lién hé giita luc cit va nhiét cat
biang cong thirc thuc nghiém.
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