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Tom tit. Cit 1a mot qua trinh ting wng sudt va bién dang déo trén bé mat phdi. Qua trinh nay tao nén
{rng suit nén cao va ma sat tiép xtc 16n trén bé mit dung cu dé tao mot luc cit R. Lyc cit 1a thanh phan
quan trong anh huong 16n dén cong suat cit, sy bién dang cua phoi, 6 chinh xéac, sy hinh thanh phoi va
6n dinh hé thdng. Trong bai bao xay dung mé hinh thuc nghiém khao séat anh huong cua ché d6 cit gom
c6 budc tién f, chiéu sau cit t, van téc v toi luc cat tiép tuyén Pz trén vat liéu thép két cau C45. Két qua
thu duoc sai sb giita ly thuyét tinh toan va thuc nghiém 12 5% - 9%.

Tir khoa. Luc cit, van téc cit, bo thu thap dir liéu (DAQ), labview

Abstract. Cutting is a process of extensive stresses and plastic deformations. The high compressive and
frictional contact stresses on the tool face result in a substantial cutting force R. Cutting forces are the
factors for the evaluation of the cutting power in machining and influence the deformation of the
workpiece, accuracy, chip formation and machinery system stability. This paper built an experiment
system to investigate the influence of cutting parameters including feed f, depth of cut t, feed rate v to a
tangential cutting force Pz on structural steel materials C45. The final results confirmed tolerance
between theory and experiments 5% - 9%.

Key words. Cutting force, speed cutting, data acquisiton (DAQ), labview

1. TONG QUAN

Qua trinh cit got kim loai 1a mot qué trinh phuc tap, hiéu suat phu thudc vao sé lan cat va diéu kién
dung cu. Lyc cat anh huong 16n dén qué trinh cat vi luc sinh ra trong qué trinh cat kim loai cho biét cong
suat ciia may, lya chon diing qua trinh cat va téi uu hda cac théng sb cong nghé gidp tiét kiém ning luong
trong qué trinh gia cong, diéu khién qué trinh cat, lyc cit ¢d vai trd quan trong trong viéc xac dinh cac
gidi han pham vi téi vu héa [1].

Ky thuat do lu’ong va didu khién bing may tinh d3 duoc (ng dung, phat trién trong nghién cuu, qua
trinh san xuat gidp cho viéc thu thap di liéu, theo di, xir ly tin hiéu nham diéu khién, t6i wu hoa van
hanh, qua trinh cdng ngh¢ doi haoi d¢ tin cay cao.

B¢ thu thap dix liéu (DAQ) la qua trinh ma tin higu vat Iy te thiét bi thuc dugc chuyen thanh tin hiéu
dién dé do luong va chuyen sang tin hi¢u s6 cho qua trinh xtr 1y, phan tich va luu trit bing may tinh. Bo
thu thap dir liéu dugc thiét ké khong nhirng chi dé thu thap dir liéu ma con ca chirc nang diéu khién. He
thong (DAQ) gom céc bo cam bién, cac thiét bi phan cling dung dé do luong va may tinh két hop phan
mem 1ap trinh LabVIEW la mot ngon ngit 14p trinh d6 hoa ma str dung c4c biéu tuong. LabVIEW st dung
lap trinh luu dd, cac dir liéu duoc thu thap, kiém tra, phan tich, b4o céo, dit liéu dugc truyén dan qua cong
giao tiép vai may tinh thuc hién ménh lénh va cac ham chirc ning [7].

Nghién ctru nay tién hanh xay dyng hé thong thi nghiém danh gia anh huong tham sé van téc v, budc
tién dao f, chiéu sau cit t dbi vai luc cét tiép tuyén Pz trong qua trinh gia cong tién. Thiét bi la su két hop
phan ctng card thu thap dir liégu DAQ, phan mém lap trinh trong méi trudng Labview [2] va may tinh
gilp tinh toan, phan tich, xir ly dir liéu nhanh va chinh xac. Két qua danh gia mac anh huong cia ché do
cit dén hc cit tiép tuyén Pz.
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2. GIA CONG TIEN VA LUC CAT KHI TIEN
2.1 Gia cong tién
Tién 12 qué trinh gia cong co khi tao ra cac chi tict c6 dang hinh try. Lyc cat sinh ra trong qué trinh
tién la mot hién tuong dong luc hoc, tic Ia lyc cat thay doi theo thoi gian. ’ ’
Muon tach phoi ra khoi vét liéu can gia cong phai tac dung vao phoi mot luc thang dugc luc lién ket
kim loai. Lyuc cat co vai t[(‘) quan trong vi biét [uc cat ta s& tinh toan cong suat tiéu thu cia may... Luc cat
I16n hay nhé anh hudng dén tudi bén dao va chat lvong bé mat gia cong.

2.2 Luc cat khi tién

Luc cit dwoc bién ddi doc theo chiéu dai quang duong gia cong chi tiét cua dung cu cit. Gia tri luc
cét dat cyc dai tai thoi diém tach phoi ra khoi chi tiét gia cong sau do luc cat giam dan song khong tién vé
gia tri bang khong vi trudc khi két thic qua trinh dich chuyén phan tir phoi cét thi da bat dau bién dang
phan tir phoi khac [3], [4].

0

R
Hinh 1. Thanh phan lyc cat

Trong khong gian 3 chiéu, luc Py lai dwoc hop thanh tir 2 hrc thanh phan luc doc truc Py va lre huéng
Kinh Py. Trong do:

- Luc P, 12 luc cit chinh. Gi4 tri cia né can thiét dé tinh toan cong suat cua chuyén dong chinh, tinh
d6 bén dao, cac chi tiét co cau chuyén dong chinh va céc chi tiét khac cua may cong cuy, tring voi phuong
van téc v.

- Luc hudng kinh Py c6 xu huéng lam cong chi tiét, anh huong dén do chinh xéac gia cong, do cing
virng cua may va céc chi tiét gia cong, c6 phuong tring v6i phuong cua chiéu sau cit t. Luc nay gay rung
dong trong mat phang ngang.

- Lwc doc truc Py tAc dung nguoc hudng chay dao dwoc ding dé tinh d6 bén dao cit, chi tiét trong
chuyén dong phu..., c6 phuong tring véi phuong chay dao f. Luc Py tac dung 1én co cau chay dao.

Tong hop luc R cac luc thanh phan:

R= \/P,f +P,% +B? €))
Luc tiép tuyén P, 1a lyc cit chinh, chiém 70-80% luc cat tong hop R [5], [9].
P, = ke xtxf  (N) (2)
ke Xtxv
p=—"7 (V) (3)
n
ke = kep Xhy"¢ X(1— m) 4)

Trong do:
ke 1a luc cat don vi (N/mm?)
t 1a chiéu sau cit (mm)
f 1 budce tién dao (mm/vong)
kex 12 hé s6 luc cét cua vat lisu (N/mm?)
hm 13 kich thuéc phoi cit (mm)
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0 la gbce trude dao
2.3 Yéu t6 anh hwéng dén luc cat

Luc cat trong quéa trinh gia cong ndi chung va qua trinh tién noéi riéng déu chiu anh huong cua rat
nhiéu yéu té khac nhau nhu: ché d¢ cat, vat liéu gia cdng, van téc cit [3], [4].
Vat liéu: lyc cit chiu anh huong Ién d6i vai tinh chat vat ly va hoa hoc caa vat liéu 1am phai. Luc tiép
tuyén Pz c6 thé duoc xac dinh dua vao tiét dién phoi cat di va luc cat don vi ke. Luc cit don vi ke ti 1&
nghich véi d6 day phoi cit va ti 18 thuan véi ang suat va do cang caa phoéi liéu.
Vdn toc cat: lyc tiép tuyén (luc cét chinh) P, thay dbi khi ting tbc do ciia may. Ban dau, luc P, ting khi ta
tang van toc cat cho dén khi van téc dat gia tri cuc dai, luc tiép tuyén s& bat dau giam va on dinh tai thoi
diém ma van tdc dat cuc dai.
Van tdc cat tinh toan theo cong thirc sau:

_ mDhn ( m ) c
Y= 1000 \phut ®)
Trong do:

D la duong kinh phoi (mm)
n la téc do truc chinh (vong/phat)

Hinh 2. Tién mat tru ngoai

Chiéu sau cat: thanh phan tiép tuyén cua luc cét chiu anh hudng I6n béi toc do an dao. Luc cét thay doi
tuyén tinh véi d6 an dao khi & toc do cao nhung & toc do thap luc cat lai thay doi phi tuyén.

3. XAY DUNG HE THONG THI NGHIEM
3.1 Hé théng thi nghiém

> D ligu thu thip
> /5 Loadeell Xirlg tin higu = =
.

L N

Phoi va dao cat Phan cimg DAQ

May tinh

Hinh 3. So @6 khéi chung hé théng

Hé thong thi nghiém gom hai thiét bi do van toc encoder, do luc cat loadcell. Trong qua trinh thi
nghiém tin hiéu vat 1y thu dugc tir encoder, loadcell chuyén thanh tin hiéu dién va duoc hiéu chinh qua
mach xi ly tin hiéu. Tin hiéu sau khi xt Ii chuyén qua card thu thap dit liéu (DAQ) [6] da gin vao may
tinh. Dit liéu hién thi trén may tinh thu dwoc qua ngdn ngit 1ap trinh LabView [7] c6 thé luu trir, xir ly,
phén tich dir liéu.
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Hinh 4. Thiét bi tién hanh thi nghiém

1. May tinh va ta dién 2. Bo g4 Encoder 3. Bo ga Loadcell

Thi nghiém dugc ti’én hanh tai xuong thuc hanh tién thudc khoa Co Khi — PH Coéng Nghiép
TP.HCM vai céc thdng s6 may va thiét bi do nhw sau:

Bang 1. May tién BMT 1440VE

Do chinh xac 0,01 mm
Cép toc do cua may 40 + 2200 vong/phat
Tbc do dao doc 0.068+0.936 mm/vong
Téc d6 dao ngang 0.034+0.468 mm/vong
Pong co 3,7 kW

Bang 2. Thong s6 cua Loadcell YZC-1B(665)

Tai trong (KQg) 200
Dién ap bién ddi (mV/V) 2+0.2
Do tré (%RO) <+0.02
Qua tai (%RO/30 pht) 0.02
Can bang “0” %RO +1.0
An toan qué tai %RO 150

Bang 3. Thdng s6 co ban cua Encoder

Do phén giai 1024 xung/vong
Nguon cap +5VDC
Tan s6 hdi dap cuc dai 125kHz
Téc d6 quay cuc dai 7200 vong/phut
Nhiét do hoat dong -10~+70°C

Bang 4. Thong s6 cia PCI 6225

Tan s6 20 MHz
Ngd vao/ ra Analog 16 bit
Pham vi bién do +5V; 10V
Thoi gian lay mau 250 kS/s
Ngd vao/ ra s6 24-bit

b6 phén giai A/D 16 bit
Truyén thong bus PCI 32-hit
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Bang 5. Thanh phan héa hoc, co — tinh thép C45

Thanh phan

Gid tri (%)

C 0,45%

Si 0,17 ~ 0,37

Mn 0,50 ~ 0,80

P 0,035 (max)

S 0,04 (max)

Cr 0,25 (min)

Ni 0,25 (min)

Cu 0,25 (min)

Gidi han bén o, (MPa) 598

Giéi han chay o, (MPa) 353

b6 cing HB 197

Kc (N/mm?) 1820
Bang 6. Biéu kién thi nghiém

Vit liéu thép C45, 197 HB

Tudi nguoi khong

Nhiét d6 moi truong 35-37°C.

Toc do lay mau 500 mau/giay

Géc trusce chinh dao 15°

Dung cu cat Dao hop kim

3.2 Phwong phap do

Tin hiéu tir Loadeell
(mVW)

Tin hidu tir Encoder

! l

Khéch dai xirl tin hitn |

Chon chiéu gquay

Encodercing truc chinh

Huat bidu 44 hee Huatbige 46 vin
cAt F (N} tée V {m/phit)

Hinh 5. Lwu d6 qué trinh thi nghiém

Qua trinh thuc nghigm gém cdc buoc:

© 2017 Truong Pai hoc Cong nghiép thanh phd Ho Chi Minh



8 XAY DUNG HE THONG THUC NGHIEM KHAO SAT ANH HUONG CUA CHE DO CAT
TGO LUC CAT TRONG QUA TRINH GIA CONG TIEN

Buwéc 1: Chuan bi mau va thiét bi cam bién 1én may tién.
Buwéc 2: Két ndi day dan tir thiét bi dén card PCI-6225.
Buwoéc 3: Thiét lap céac thong s6 cho Loadcell va Encoder.
Buwoc 4: Hiéu chinh tin hiéu Loadcell va Encoder.

- Calib loadcell vai can chuan 1 kg.

- Xac dinh chiéu quay Encoder
Buwéc 5: Tién hanh thuc nghiém va lay mau.
Buwéc 6: Xuat dix liéu, xir 1y s6 liéu.
Bwéc 7. Danh gia, phan tich sd liéu va nhan xét

18
=l [ Load Xg)
W= > b

Lower Q-0 | ampleLengen | Ot c“"hl%” g )
[ = G o — e

Hinh 6. Lap dat ¢ ga encoder, loadcell Hinh 7. Mach xu 1 va 1ap trinh LabView

Tewis

Hinh 8. Giao dién thu thap dir liéu

4. KET QUA VA THAO LUAN

Thi nghiém thuc hién danh gia sy anh huong cua t, f, v ddi voi luc cat tiép tuyén Pz ¢ diéu kién
khong tudi ngudi. o

Vit ligu thi nghiém duoc s dung thép cacbon C45 la loai thép ket cau [8] vi loai thép nay c6 do
cing, do bén cao dugc su dung nhiéu dé ché tao cac chi tiét may nhu banh rang, truc... Dung cu cat st
dung dao hop kim vi vat liéu C45 ¢ do cirng cao.
4.1 Anh hwéng chiéu sau cat téi luc cit

Thi nghiém duoc thuc hién khi thay doi chiéu sau cit t dé khao sét su bién thién luc cat Pz.

Dua vao cong thuc (2), (4), (5), bang 7, [9] cho tinh toan luc cat ly thuyet ket qua the hign va so sanh
lyc cat thuc nghiém Pz ¢ hinh 11.

Bang 7. Biéu kién thi nghiém

Budc tién 0,103 mm/vong
Tdc do truc chinh 56,52 m/phut
Chiéu sau cat 02-1,1mm
Buong kinh phéi 30 mm
Chiéu dai lay miu 100 mm
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200 A

—=— Luc cat thuc nghiem
1804 | —s— Luc catly thuyet

160 4

140

N)

~ 120

100

80

Luc cat Pz

60 4

40 4

204

T T T T T 1
0.2 0.4 0.6 0.8 1.0 1.2
Chieu sau cat t (mm)

Hinh 9. Chiéu sau cit t va luc cit Pz

K&t qua trén hinh 9 cho thay khi tang chiéu sau cat thi kich thuéc phoi thoat ra I6n nén doi hoi luc
cat chinh tang dé tach phoi ra khoi chi tict. Gitra ly thuyet tinh toan va thuc nghiém sai so 5% con I6n do
d6 chinh xac thiét bj chua dam bao, rung dong trong qua trinh thuc nghiém.

4.2 Anh hwéng budéc tién dao cat téi lwc cat

~ Thi nghiém duoc thyc hién khi thay doi bién thién budc tién dao cit f dé khao sat su bién thién luc
cat Pz.
Dua vao cong thiic (2), (4), (5), bang 8, [9] cho tinh todn lyc cét Iy thuyét két qua thé hién va so sanh
luc cat thuc nghiém Pz & hinh 12,

Bang 8. Diéu kién thi nghiém

Chiéu sau cat 0,5mm

Budc tién 0,066 - 0,23 mm/vong
Tdc do truc chinh 56,52 m/phut
buong kinh phoi 30 mm

Chiéu dai ldy mau 100 mm

—=s— Luc cat thuc nghiem
—#— Luc cat ly thuyet

T T T T T T T T T T T T T T T T T T T 1
0.06 0.08 010 012 0.14 0.16 0.18 020 022 0.24
Buoc tien f (mm/vong)

Hinh 10. Budc tién f va luc cét Pz
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Két qua trén hinh 10 cho thay khi budc tién tang bién thién thi luc cit ciing ting dé chong lai lién két
kim loai de tach phoi ra khoi chi tict. Gitra Iy thuyet tinh toan va thyc nghiém sai s6 9% con I6n do d6
chinh xéc thiét bi do ga loadcell chua cing virng.

4.3 Anh hwéng van téc cit téi luc cat
Thi nghiém duoc thuc hién khi thay doi van toc cat v dé khao sat sy bién thién luc cét Pz.
Duwa vao cong thuc (3), (4), (5), bang 9, [9] khao sat dwoc két qua hec cat thuc nghiém Pz.

Bang 9. Biéu kién thi nghi¢m

Thong s6 Giatri
Chiéu su cat 0,12 mm
Budc tién 1 mm/vong
Van toc cat 26 - 47 m/phut
Dbuong kinh phoi 21 mm
Chiéu dai lay miu 100 mm
2201 S
200 /f._—.
Wy T
|04 /
g’140-
g 120 4 /
; 100
- 80 .\
60 4 /
40 "

T T T T T T T T
27 30 33 36 39 42 45 48

Van toc v (m/phut)

Hinh 11. Van téc cit v va luc cét Pz

~ Hinh 11 cho thay véi vén téc v ban dau nho dé tach phoi ra khoi chi tiét thi chi can lyc cat Pz rat nho
thang luc lién ket [(im loai. Khi luc lién két kim loai da bi pha vo phOiqtéCh ra khoi chi tiét thi van toc v
tang ti 1€ vai van toc truc chinh n thi luc cat chi thay d6i rat nho, duy tri 6n dinh.

5. KET LUAN

Két qua da xdy dung duoc hé théng thi nghiém danh gia anh huong cua ché d6 cit t6i luc cit tiép
tuyén Pz véi dit liéu thu thap, luu trit, phan tich bai card DAQ PCI 6225 va phan mém LabView c6 sy ho
trg méy tinh cho két qua nhanh, chinh xac, sir dung d& dang.

Qua4 trinh thuc nghiém nhén thiy budc tién f, chidu sau cit t thay ddi anh hudng rat I6n dén luc cat
tiép tuyén Pz. Van toc v it anh nhiéu t6i lyc cat. Sai s6 giira ly thuyét tinh toan va thac nghiém con 16n
5% - 9% do qua trinh thyc nghiém xay ra rung dong may, anh hudng momen xoin M sinh ra. Khac phuc
sai s6 0 thé két hop bo loc nhidu va diéu chinh thiét bi c6 d6 chinh xac cao hon.

Huéng phét trién khao sat, danh gia anh huong ché do cét toi luc tong hop R, két hop tham sé khac
nhu vat li¢u dao, dung dich tuéi ngudi, goc dao, di¢n tich ph0| nham bé mat Rz. Khao sét trén nhiéu vt
lieu khac nhau dua ra phuong an t6i wu hoa cho qua trinh gia cong tién gidp cai thién ning suét, cong suét
cét, chat lwong san pham.
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