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NGHIEN CUU UNG DUNG MANG NORON DPE XAC PINH
CAC THONG SO CHE PO CAT CUA QUA TRINH GIA CONG
MAT PHANG TREN MAY PHAY CNC BA TRUC BANG
MANH DAO HQP KIM PHU TiAIN POl VOl THEP TAM SKD61

Nguyén Thé Hung!

TOM TAT

Phay mat phang 1 mét trong nhizng nguyén cong quan trong va phé bién trong
gia céng phay, cat got kim logi. Trong céc chi tiéu danh gid chat lirong chi tiét thi do
nham bé mdt 1a mét trong nhaing yéu cau quan trong, nd phu thugc vao nhiéu yéu té
trong qué trinh cdt got. Viéc lira chon ché dé cat gia cong phl hep cho tizng nguyén
cong co thé gay mat thoi gian cho ki sw dong thoi c6 thé gdy ting chi phi. Mang
noron cé thé duwoc sir dung d@é duw béo cac thdng sé ché do cdt trong mét qué trinh cu
thé nhuwr gia cong phay véi logi vat liéu xdc dinh. Muon xay dung dwot mét cau tric
mang ph hep cho tieng cdng viéc thi cdn c6 cac két qua thuec nghiém dé xay dung b
diz ligu huan luyén mang. Qua trinh hudn luyén mang si dung thudt toan lan truyén
nguroC Véi cac bé diz lieu thuc nghiém c6 gia tri dau vao la chiéu sau cat, dé nham bé
mdt va dwong kinh dao phay, muc tiéu tim ra cdu tric mang pht hep nhdt d@é 1am
cdng cu du dodn gid tri dau ra la vong quay truc chinh va lwong chay dao trén phit.
Thuc nghiém trén may phay CNC ba truc, st dung dao phay mat phang gan manh
hop kim citng phu TidIN @é phay tinh mdat phang thép SKD61. Két qud so sdnh do
nham bé mat thuc té véi dé nham bé mat mong musn cho thdy mang noron cé thé
dwoc ding dé dir bdo gia tri vong quay truc chinh va lwong chay dao phat, tir dé
phét trién nhing nghién cizu réng hon ciia Mang noron doi Véi qué trinh cdt got trén
may CNC.

Tir kho: Phay CNC, mang noron, gidi thudt lan truyén ngiroc, ché dé cat

1. Mé dau hoat, hiéu qua kinh té va k¥ thuat cao.

Cac san pham trong nganh co khi Do nham bé mit ¢ anh huong Ion
rat da dang va co nhiéu yéu cau chit  trong viéc xac dinh va danh gia chét
luong, trong d6 chat lwong bé mat rat  luong bé mit ciia san pham vi nd c6 tac
quan trong. Céc chi tiét gia cong phay  dong dén d6 bén moi, bén mon, boi
chiém ty l¢ cao trong nganh ché tao  tron... cua chi tiét may. Bé gia cong
may nhu khuén mau, vé, mit bich...  duoc chi tiét dat d6 bong yéu cau thi
Viéc thuc hién gia cong bang may CNC ~ phuy thudc vao nhiéu yéu té nhu may,
da tro nén ngay cang phd bién vi nhidu  ché do cat, vat liéu phéi, vat liéu dao,
vu diém vuot tréi so véi cac phuong thong sé dao, lwong du gia cong... Céc
phédp gia céng biang may van ning  yéu td ndy con anh huong Ion dén thoi
thong thuong, nhu tinh tw dong, linh  gian gia cong, tudi tho dao, ning suit,
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chat luong, gia thanh san pham. Trén
thé gigi ¢6 nhiéu nghién cau st dung
mang noron dé ung dung vao nganh ché
tao may va cho thay nhitng két qua kha
quan. Hién nay, cac nghién ctu vé
mang noron trong nganh co khi & Viét
Nam van con méi mé va can dugc phat
trién trude xu hudng phét trién caa céng
nghé hién dai.

Mang noron c6 thé dugc huan
luyén bang cac tap s liéu va cd thé du
bao cac théng sé can tim théng qua giai
thuat duoc dua ra sau khi huan luyén.
Ung dung ctia mang noron rat da dang,
trong cong nghiép da cé nghién ctru dé
du béo hinh dang ubn cua tam thép
dong vo tau trong qua trinh dinh hinh
bang nhiét [1]. Viéc sir dung mang
noron (ANN) trong viéc xac dinh thong
s6 gia cong can phai co tap s6 liéu thuc
nghiém gia cong trén may, da co nhitng
nghién ciu trong gia cong cat got dé du
bdo cac chi tieu vé chat luong bé mait
sau gia cong [2].

Muc tiéu cua nghién cau 1a huan
luyén mang dua ra duogc lugng chay dao
phut va sé vong quay truc chinh cua qué
trinh phay tinh mat phang sau khi dwa
vao mang céc thdng sé dau vao. Théng
s6 dau vao gom 3 gia tri: Puong kinh
dao phay D¢ (mm), d6 nham bé mit R,
(um), chiéu sau cat ap (mm). Gié tri dau
ra ciia mang co 2 gié tri: S6 vong quay
truc chinh n (vong/phuat), luong chay
dao phat ve (mm/phat). Tir gia tri dau
ra, nguoi lap chuong trinh cho may
CNC dé dang hon trong viéc chon ché
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d6 cat khi phay mat phang va gop phan
t6i uu héa qué trinh gia cong, ting tudi
tho dung cu cit.

CAc gia tri ché do cit dugc mang du
bdo st dung cho may phay CNC ba
truc, gia thuyét rang vat lieu khi gia
cdng c6 su dong déu, mon dao trong
pham vi cho phép. Céc thong sé gia
cong phay mit phang trong cac tai lidu
ky thuat [3], [4] dugc dung dé lam co
so cho viéc chon cac tap gia tri thuc
nghiém gia cong trén may, do va luu gia
tri dé huin luyén mang. So sanh va
danh gia cac két qua cua qua trinh thyc
nghiém véi két qua du bao cia mang.
Thuc nghiém ap dung cho qué trinh
phay mit phang, chi tiéu danh chét
lugng va so sanh sau khi phay la d¢
nham bé mat Ra. Qué trinh gia cong trén
may sir dung dao phay mat dau co do
nghiéng manh dao doc truc la 5°
nghiéng theo huéng kinh la 7° gan
manh dao cua hang Mitsubishi c6 ma
RPMT1204MOE, ban kinh r =6mm hop
kim ctng phu TiAIN.

2. Ngi dung

Thuc nghiém duogc tién hanh trén
may phay CNC ba truc, xac dinh do
nham bé mat chi tiét sau khi phay mat
phang véi céac thdng sb ché do cat khac
nhau, st dung dao phay mat dau gan
manh hop kim cung phu PVD — TiAIN
khi gia cong thép SKD61. Sau thuc
nghiém lua chon ra bo dit liéu ché do
cat nham huan luyén mang than kinh
nhan tao.
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Chon co Phay mat

boRa

Dik liéu thec Chon va huén

sé dir ligu phing

luyén mang

nghiém

Dy dodn
nva VE

Hinh 1: So do khdi ciia qué trinh theec nghiém va xdc dinh cdu tric mang

Dao phay mat dau duong kinh danh
dinh 40, 50, 63mm c6 bén ludi cit, goc
nghiéng hudng kinh 7°, gbc nghiéng
doc truc 5°. Thong s6 hinh hoc cua
manh Chép: Goc sau ludi cat chinh 11°,
duong kinh ludi cat D1=12 mm, bé day
S1=4,76mm. Phdi thép tim SKD61 theo

(a) N
Hinh 3: (2) Mdy VMC 115 va (b) do d@é nham bé mét mau
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tiéu chuan Nhat Ban duoc phay thanh
khdi theo kich thugc 150x40x50mm c6
d6 cing 91HRB duoc phay trén may
phay CNC VMC — 115. Méy do do
nham bé mat SJ201 cua hing Mitutoyo
duogc sir dung dé do bién dang mau sau
khi gia cong.

oy

(b)
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Dai thong sb ché do cit duoc chon
ra tur catalog cua hdng Mitsubishi [5]

nhdm dam bao ché do cat hop Iy va tudi
bén cua ludi cat.

Bang 1: Ché do cat sir dung cho qua trinh theec nghiém

Van tdc cat ve

(m/phat)

Luong chay dao f; (mm/rang)

Chiéu sau cit a, (mm)

130 - 220

0,1-06

03-09

Str dung cac cbng thac co ban cua
qué trinh phay ta xac dinh dugc s6 vong
quay truc chinh n twong tng véi moi
van téc cit ve, xac dinh dugc lwong
chay dao phut v tuwong tng voi mot
ludi cit cia mdi loai dao cit, viéc nay
nham han ché anh huéng cua sai s6 ché
tao manh ghép va cua can dao. Tu dai
thong sé ché do cat ngudi nghién cau
chon ra dugc bo thuc nghiém, viéc xac
dinh s6 miu dua trén kha niang hoi tu
cua mang, do chinh xac cua mang co
thé dat duoc. Néu st dung s6 luong qué
it dir liéu s& cho ra két qua khong chinh
xac, nguoc lai néu sir dung co so dir
licu 16n s& gay tang chi phi khong can
thiét va kha nang hoi tu cia mang kém
do dir liéu trang ldp nhiéu dan dén sai
s6 binh phuong trung binh Ién va muc

tiéu caa mang la cac gia tri du bao phai
chinh xac sé khéng thuc hién dugc.

Phoi thép SKD61 duoc ga Ién étd
trén may phay CNC sau do tién hanh
phay mit phang voi mot ché do cit da
duogc xac dinh. Trong qua trinh phay co
st dung dung dich tron ngudi, sau khi
phay xong tién hanh Iam sach bé mat chi
tiét réi do do nham bé mat ba lan tai
duong gitra ciia bé rong cét, 1ay két qua
trung binh cua ba lan do. Lay ngau nhién
90% sb mau thuc nghiém lam dir liéu
huan luyén mang véi dau vao la chiéu
sAu cit, @ nham bé mit, duong kinh dao
phay, dau ra la van téc vong quay truc
chinh va luong chay dao phut, 10% mau
thuc nghiém con lai duoc sir dung dé
kiém tra d6 chinh xac cua mang.

Hinh 4: Bé mat chi tiét sau khi phay
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—&— Ve = 130m/phut
—H— Ve = 160m/phut
| | —*— Vc=190m/phut
= 220m/phut

Do nham be mat Ra

02 L L L L L L L L L
01 015 02 025 03 035 04 045 05 055 06
Luong chay dao rang mm/rang

Hinh 5: (&) Anh hwong cua lwong chay
dao rang toi dg nham bé: mat
Mot trong nhirng yéu cau quan
trong trong viéc tng dung mang noron
1a x4c dinh cau tric mang tbi vu, vin dé
nay lién quan t6i s6 16p an va sé noron
trong mdi 16p. S6 noron trong mdi 16p
dugc xac dinh bang phuong phép thir
V6 yéu cau phai co do hoi ty sai s6 phi
hop [6]. Trong nghién ctru nay, viéc xac
dinh ciu triic mang duoc thyc hién bing
cach thay doi s6 16p an la 1 hoac 2 Iop
va thay doi s6 lugng noron trong mdi
I6p, cac nat mang duoc lya chon gitra
cac ham huan luyén mang va ham
noron [7].

07

0.65
B,
0.6[;

055

05

Do nham be mat Ra

0.45

04

i}

0.35 | i i I i I
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Van toc cat m/phut

| 1
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(b) Anh hirong cia van toc cat

téi d nham bé mat ‘
Thuat toan lan truyén ngugc dan hoi
(Resilient Backpropagation) c6 téc do
huan luyén mang nhanh, khong doi hoi
nhiéu bo nhg, phd hop véi cau tric
mang vira phai va tap dir liu huén
luyén trung binh [6]. Ly do chon lan
truyén ngugc dan hoi vi nghién ciu tng
dung trong pham vi hep la may phay
CNC ba truc va qua trinh gia céng phay
mit phing thép SKD61. Cac thong sb
huan luyén mang la sai s binh phuong
trung binh bang 10, s lan lip dat gia

tri 1a 10000 lan.

Bang 2: Dz li¢u kiém tra dg chinh xéc ciia mang

’ i bo nham

So vong quay | Buong kinh dao | Lugng chay dao | Chieu sau | bé mét Ra
STT |n (vong/phut) D¢ (mm) phut vs (mm/phat) | cat ap(mm) (um)
6 1273 40 1528 0,3 0,717
17 1019 50 815 0,6 1,604
20 1210 50 968 0,6 0,483
34 1112 50 445 0,9 0,375
44 1210 50 2419 0,3 1,215
59 1401 50 2801 0,6 1,113
66 1273 40 3056 0,9 1,627
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Sau khi huan luyén xong mét cau
tric mang, ngudi nghién cau liy 3
thong s6 chiéu sau cit, d6 nham bé mit,
duong kinh dao cua tap di liéu kiém tra
dua vao mang. Pap wng cia mang 1a sé

vong quay va luong chay dao dugc so
sénh véi thdng s6 twong tng cua tap dix
lieu kiém tra, két qua sai léch trung binh
d6i v6i n va vs ciia 7 mau duoc thé hign
o bang 2.

Bang 3: D¢ chinh x4c cia cac cdu tric mang khi tién dodn sé vong quay va hrong

chay dao phat

, ‘ , Sai léch vt

Cau tric | Ham truyén cua Sai so binh  |Sai Iéch n trung| trung binh
STT| mang noron phuong trung binh|  binh (%) (%)
2 | 3-150-2 tansig-purelin 2,47.10* 10,1 17,5
3 | 3-250-2 tansig-purelin 2,49.10* 15,7 40,3
4 | 3-450-2 tansig-purelin 72 10,7 12,7
5 | 3-550-2 tansig-purelin 8,53 14,0 13,6
6 | 3-750-2 tansig-purelin 0,0437 9,6 11,1
7 | 3-850-2 tansig-purelin 0,0994 7,3 6,7
8 | 3-900-2 tansig-purelin 0,000199 51 6,9
9 | 3-950-2 tansig-purelin 0,0001 5,0 4,5
10 | 3-1000-2 | tansig-purelin 0,0001 5,6 10,1
12 | 3-100-2 logsig-purelin 6,31.10* 25 58,3
14 | 3-350-2 logsig-purelin 0,193 7,3 8,1
15 | 3-450-2 logsig-purelin 0,0001 6,6 7,0

Néu tang sb luong noron qua muc can
thiét trong 16p an ciing khong 1am ting
hiéu qua cua mang, cau tric mang maot
I6p an cho két qua tién doan tét hon
mang hai 16p an. Cau trdc mang dap
Gng tot nhat voi mot 16p an cd 950

noron, str dung ham truyén tan-sigmoid
& 16p an va purelin ¢ 16p ra. Do d6
ngudi thuc hién chon cau tric mang 3-
950-2 d¢ lam cong cu du doan gia tri
C4c gia tri dau ra.

Lép in

Lop vao

Hinh 6: Cdu trdc mang si: dung dé tién dodn hrong chay dao phit va sé vong quay
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Bang 4: So sanh két qud thuc nghiém va tién dodn ciia mang 3 — 950 — 2

n thuc vithuc vi tién | B0 léch
STT | nghiém | ntién doan | Do léch (%) | nghiém doén (%)

6 1273 1311 2,9 1528 1548 1,3
17 1019 927 8,9 815 726 10,9
20 1210 1259 4,0 968 956 1,2
34 1112 1084 2,4 445 425 4.4
44 1210 1178 2,6 2419 2492 3,0
59 1401 1355 3,2 2801 2715 3,0
66 1273 1412 10,8 3056 3294 7,7

1500
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—=— Thuc nghiem
--=-- Tien doan

—&— Thuc nghiem
3000 | --=#-- Tien doan
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So vong quay truc chinh (veng/phut)
Luong chay dao phut (mm/phut)

1000
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500t

;’;‘

900

0 ? : g 3 T B S R R I
Hinh 7: (a) So sanh két qud tién dodn so vong  (b) So sanh két qud tién dodn lirong

quay truc chinh cia mang 3-950-2 chay dao phat ciza mang 3 950 — 2
Sau qué trinh huan luyén ta c6 duoc 2
ngudng cua I6p ra b? 14 ma tran kich Y= '—W{lJre_z(uwl.pml) _l) +b?
thudc 2x1, trong s6 cua 16p dau vao IW?
la ma tran kich thuéc 950x3, trong sb Code MATLAB:
I6p 4n LW? 13 ma tran kich thugc 2x950, Y = purelin(LW2 * (tansig (IW1* p +
ngudng cta lép an b 1a ma tran 950x1. b1)) + b2)

Véi p 1a ma tran dau vao véi kich
thude 3x1, dap ung Y cua mang sé cho
ra ma tran két qua véi kich thuéc 2x1.
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3. Két luan

Tién hanh thuc hién bai toan nguoc
nham kiém chimg d6 chinh xac thuc té
cia mang véi yéu cau dit ra 1a ¢6 nham
bé mat. Chon 8 mau dit liéu sau d6 tién
hanh phay, két qua do nham trung binh
cua ba lan do duoc so sanh véi dd nham
dwa vao mang ban dau. Cac thong sb
ché @6 cat va do nham bé mat duoc thé
hién & bang 4. Két qua nghién cau da

tim ra duoc cau tric mang c6 kha ning
tién doan tuong ddi chinh xac véi do sai
léch cta ché d6 cét nho nhat 13 2,4% va
I6n nhat 1a 10,9%, trung binh 5% &p
dung véi qua trinh phay mit phang voi
thép SKD61, x4c dinh duoc trong sé va
ngudng cua mang lam co s& cho viéc
tién doan sb vong quay truc chinh va
luong chay dao mm/phdt.

Bang 4: Di ligu kiém nghiém mgng than kinh nhan tgo

‘ ’ Puong Ra kiém

N Chieu sau cat |P6 nham Ra| kinh dao Tién doan | nghiém
Mau ap(mm) (um) D¢ (mm) | Tién doan n Vs (um)
Al 0,6 0,40 50 1493 1253 0,438
A2 0,5 1,05 63 1084 1456 0,988
A3 0,6 0,80 50 642 694 0,831
A4 0,5 0,55 63 883 814 0,492
A5 0,4 0,95 50 1298 2595 0,874
A6 0,4 0,25 63 944 454 0,220
A7 0,5 1,15 50 1122 2246 1,037
A8 0,7 0,80 63 1174 1727 0,825

T T T
—H— Ra ky vong
—+— Ra kiem nghiem

Do nham be mat Ra
o
~

Hinh 8: So sanh giita dé nham bé mdt hudn luyén va kiém nghiém
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Do chinh xac gitra d6 nham bé mat
ky vong va thuc té kha cao. Tuy nhién,
c6 mot sé nguyén nhan khién do chinh
xac khong on dinh: do chinh xac cua
may, do dong déu cua vat liéu gia cong,
qua trinh mon dao, nhiét do cit, rung
dong caa hé théng cong nghé 1a mot
ham phi tuyén. Bé nghién ctu cac yéu
t6 anh huong caa cac ham phi tuyén do
toi do chinh xac gia cong va do nham
bé mat can c6 nghién ctu sau va ton
kém hon. Uu diém ung dung ciia mang
vao nghién cu cét got chinh 1a bo qua
bién phi tuyén va duoc huin luyén
théng qua tap dir liéu thuc nghiém. Mot
kho khan nira 1a o 16n cua tap dir ligu,
viéc huan luyén mang s& tré nén kho
khin néu st dung tap di liéu c6 cang
nhiéu gia tri dau vao va ra nén viéc lva
chon nhitng tham sé cho viéc huan
luyén 1a khong dé dang.

Viéc &p dung mang noron vao viéc
nghién ciu thdng sé qué trinh phay c6
thé thuc hién dugc tot néu co diéu kien

vé trang thiét bi va co s¢ vat chét, ta
hoan toan c6 thé ung dung mang vai cac
yéu t6 anh huong khac voi cac loai vat
liu phoi va dao dé xac dinh thdng sb
ché d6 cat hop Iy nham dat duoc chit
lwong bé mit theo ting yéu cau cuy thé.
Viéc st dung mang noron nhu mot cong
cu chon duoc ché @6 cit khi phay mat
phing bang dao phay mit dau trén may
CNC ba truc sao cho dat do béng bé mat
mong mudn khi phay tinh mat phang
thép SKD61 Ia kha thi. Nghién cau co
thé duoc phat trién theo hudng tng dung
mang du doan cac thong sd khac nhau
véi nhiéu yéu té anh huong hon nhu sir
dung nhiéu loai manh chap va da dang
vat liéu gia cong. Ngoai ra, co thé ap
dung mang noron dbi voi cac qué trinh
gia c6ng bién dang phuc tap khac dé tng
dung tét hon trong thyc t& nham giam
thoi gian lua chon ché do cit, téi uu hoa
qua trinh gia cong, ting tudi bén dao va
nang cao hiéu qua kinh té.
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RESEARCH ON THE APPLICATION OF NEURAL NETWORK TO
DETERMINE THE CUTTING PARAMETERS OF THE FACING
OPERATION ON 3-AXIS MILLING MACHINE BY USING TiAIN COATED
FOR SKD61 STEEL SHEET

ABSTRACT

Surface milling is one of the most important and common operations in metal
milling and cutting. In the detailed quality evaluation criteria, surface roughness is
one of the important requirements, and it depends on many factors in the cutting
process. Choosing the right cutting mode for each task can be time-consuming for an
engineer and can increase costs. Neural networks can predict cutting mode
parameters in a specific process, such as milling with a specified material. To build
a suitable network structure for each job, it is necessary to have the experimental
results to build the training data set. The network training process uses a
backpropagation algorithm with experimental data sets whose input values are
cutting depth, surface roughness, and milling cutter diameter, intending to find the
most suitable network structure as a predictor of the output values of spindle rotation
and feed rate per minute. Experimented on a three-axis CNC milling machine, using
a TiAIN coated hard alloy flake-mounted flatbed milling machine to finish the
SKD61 steel plane. The results of comparing the actual surface roughness with the
desired surface roughness show that the neural network can be used to predict the
spindle value and minute feed rate, thereby developing broader studies of neural
network for cutting on CNC machines.

Keywords: CNC milling machine, neural network, back propagation algorithm,
cutting mode
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