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(PNG DUNG TRi TUE NHAN TAO (Al) TRONG DU POAN ANH
HUWONG CUA LUONG CHAY DAO VA TOC PO TRUC CHINH BEN
DO NHAM BE MAT KHI GIA CONG BIEN DANG 3D VAT LIEU
NHOM 7075-T6é BANG DAO PHAY CAU TREN MAY PHAY CNC

APPLICATION OF ARTIFICIAL INTELLIGENCE (AI) IN PREDICTING THE
EFFECT OF FEED RATE AND SPINDLE SPEED ON SURFACE ROUGHNESS
DURING 3D PROFILE MILLING OF 7075-T6 ALUMINUM ALLOY USING A BALL-
END MILL ON CNC MILLING MACHINE

Hoang Xuin Lam
Truong Pai hoc Su pham K§ thuat Vinh

TOM TAT

Bai bdo gidi thiéu vé iing dung tri tué nhén tao (AI) dé dw dodn dé nham bé mdt (Ra) khi
phay bién dang 3D vt liéu hop kim nhém 7075-T6 bang dao phay cau. Hai théng sé cong nghé
chinh la lwong chay dao (F) va toc dj truc chinh (S) dwoc khdo sdt trong khoang S = 2000 + 4000
vong/phit, F: 200 + 800 mm/phut. Dit liéu thuc nghiém dwoc sir dung dé hudn luyén hai mé hinh
Al gom Mang no-ron nhén tao (ANN) va Random Forest (RF). Két qua cho thdy mé hinh RF cho
dé chinh xdc cao hon ANN véi sai s6 nhé (0.01 um), da dwa ra di dodn chinh xdc Ra va hé tro xdc
dinh ché do cadt t6i wu c6 kiém chirng bang thiee nghiém. Do vy iing dung Al gép phan giam chi phi
va thoi gian thi nghiém trong thuec té.

Tir khéa: Phay bién dang 3D; Hop kim nhém 7075-T6; Dao phay cau; PJ nhdm bé mdt;
Luong chay dao, Tt bc dé truc chinh; Tri tué nhan tao.

ABSTRACT

This study investigates the application of Artificial Intelligence (Al) to predict surface
roughness (Ra) during 3D profile milling of 7075-T6 aluminum alloy using a ball-end mill. Two
main machining parameters, feed rate (F) and spindle speed (S), are examined within the ranges
of § = 2000 + 4000 rpm and F = 200 + 800 mm/min. Experimental data are used to train two Al
models: Artificial Neural Network (ANN) and Random Forest (RF). The results show that the RF
model achieves higher accuracy than ANN, with a minimal error of 0.01 um, enabling precise
prediction of Ra and assisting in the determination of optimal cutting conditions. The application of
Al contributes to reducing experimental cost and time in practice.

The research aims to apply Al to predict the influence of F and S on surface roughness,
thereby optimizing cutting parameters. The predicted results are experimentally validated to identify
optimal cutting conditions, improve machining efficiency, and reduce production costs.

Keywords: 3D profile milling; 7075-T6 aluminum alloy, Ball-end mill; Surface roughness;
Feed rate; Spindle speed; Artificial intelligence.
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1. GIOI THIEU

Trong gia cong co khi chinh xéc, dac
biét 1a phay bién dang 3D vat li¢u hop kim nhém
7075-T6 bang dao phay cau, d6 nham bé mit 1a
tidu chi quan trong anh huong dén chét luong
san pham. Viéc xac dinh ché d6 cit tdi uu, bao
gém tdc do truc chinh (S) va luong chay dao
(F), thuong can thuc hién nhiéu thi nghiém tén
kém thoi gian va chi phi. Tri tu€ nhan tao (Al)
ung dung cac thuat toan nhu ANN va Random
Forest, dd chirng minh kha nang dy doan va mo
hinh hoéa hiéu qua cac qua trinh phi tuyén tinh
trong gia cong. Vi vay, nghién ctru nay lya chon
tmg dung AI dé xay dung mo hinh du doan Ra
va tim ra ché do cit toi vu nham ning cao chit
lwong va hiéu qua san xuat.

Tuy nhién, mdi quan hé giita cac thong
s cat va do nham bé mat c6 tinh phi tuyén, khién
viéc xay dung mo hinh du doan chinh xac tro
nén khé khan. Dé giai quyét van dé nay, nhiéu
nghién cuu da ung dung tri tu¢ nhan tao (Al),
dac biét 1a céac thuat toan hoc méy nhu mang no-
ron nhéan tao (ANN) va Random Forest (RF), dé
du doan do nham bé mat [4], [5].

Két qua nghién ciru 1 co sé khoa hoc
cho viéc ung dung tri tu¢ nhan tao dé lua chon
ché do cit ti uu, gitip nang cao chét lugng bé
mit gia cong, t0i wu hoa qua trinh san xuat va
giam thiéu chi phi thir nghiém.

2. PHUONG PHAP NGHIEN CUU
2.1. H¢ thong thi nghi¢m

-Thinghiémdugcthychiéntrénmay phay
CNC 3 truc Vcenter-85 (X.,Y,2:850,520,560;
Smax 8000v/p; Fmax 2000mm/p), st dung dao
phay cau hop kim ®8 phit DLC, vat liéu nhom
hop kim 7075-T6 [1], [2].

- Thiét bi do d6 nham: May do Mitutoyo
SJ-310.

- Phan mém hd tro: Dit liéu thu thap s&
duoc xur Iy bang Python, va cac thuat toan hoc
may khéc dé xay dung mo hinh Al [5].

- Cac thong sd cong nghé chinh anh
huong dén d6 nham bé mat dugc khao sat 1a:

+ Tdc d6 truc chinh (S): 2000 - 4000vong/phut;
+ Luong chay dao (F): 200 - 800mm/pht;

+ Chiéu sau cit (a ): C6 dinh ¢ 0.2mm;

+ Budce dich dao ngang a ; Ch dmh 0.15mm;

+ S6 luong thi nghiém: 10 +15 mau véi cac t6
hop S, F khac nhau.

- B0 nham trung binh Ra s€ duoc do
sau mdi lan gia cong bang Mitutoyo SJ-310,
lay trung binh tir 3 vi tri do trén mau.

2.2. Cong thirc toan hgc mo hinh Al

- M6 hinh mang no-ron nhan tao (ANN):
Cong thic du doan cia ANN gia tri dau ra Ra
dugc tinh: Ra = W_ *h + b h = f(W *S +
W_*F +b) = max(0,x) (ham kich hoat ReLU)
[5], [6].
nhat bang

- Cap trong 5O

Backpropagation.

Sau khi mo hinh tinh ra gié tri du doan
Ra, goin so sanh voi gia tri thuc nghiém Ra ..

Sai s6 duogc tinh bang ham méat méat Mean Squared
Error (MSE) [5].

MSE =

E 1(Rathu'cte Radl,rdoém)z (1)

Thuat toan Backpropagatlon dé cap
nhat trong s6 W va bias b nhdm giam sai sd:
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dMSE dMSE
aw ; bnew = baId —a ab (2)

- M6 hinh Random Forest (RF): Du
doan d6 nham duogc tinh theo cong thuc [7]:

Wnew = WoId - a

Ra==3Y T, (S F). (3)

N

2.3. Chwong trinh huén luyén mé hinh AI

Chuong trinh Python dugc xdy dung
dua trén phuong phap da dugc nghién ctru
trong cac tai liéu vé du doan do nham bé mit
bang Al [5], [6]. M6 hinh Random Forest (RF)
duoc su dung dé huan luyén du doan trén tap
dir li¢u thuc nghiém [5], [7]. Trong khi do,
Mang no-ron nhan tao (ANN) dugc huan luyén
bang thuat toan Adam dé t6i wu hoa trong sd
[6]. Viéc danh gia mo hinh dua trén cac chi s6
sai sO phd bién nhu MAE, RMSE va R? [5].

- Huén luyén mo hinh Random Forest [5], [7]:

def train_rf(X train, y_train):
model = RandomForestRegressor(n
estimators=100, random_state=42)
model.fit(X _train, y train)
return model
- Huén luyén mé hinh ANN [6]:
def train_ann(X_train, y_train):
model = MLPRegressor(hidden layer
sizes=(10, 10), activation="relu’, solver="adam’,
max_iter=500, random_state=42)
model.fit(X _train, y train)
return model
- Banh gia mo hinh [5]:
def evaluate(y_true, y pred, name):
mae = mean_absolute error(y_true, y_pred)
rmse = np.sqrt(mean_squared_error(y_true,
y_pred))
r2 =12 _score(y_true,y pred)
print(f'{name} - MAE: {mae:.3f}, RMSE:
{rmse:.3f}, R"2: {r2:.3f}")

Bdngl. So sanh két qua dw dodn Ra ciia AI véi thwe nghiém ban dau

Mirc Luwgng chay Téc dd bo nhzign P nham dy | Saisdé | Pé nham du Sai s6
thi dao F truc chinh | thyec té doan ANN ANN doan RF RF
nghi¢ém | (mm/phit) | S (v/phit) | Ra, (um) Ra, . (um) Ra  (um)
1 200 2000 1.12 1.14 0.01 1.13 0.01
2 400 2000 1.05 1.06 0.00 1.05 0.00
3 600 2000 0.98 0.99 0.01 0.97 0.01
4 800 2000 1.02 1.03 0.01 1.01 0.01
5 200 2500 1.08 1.10 0.00 1.09 0.01
6 400 2500 1.00 1.01 0.00 1.00 0.00
7 600 2500 0.92 0.93 0.01 0.91 0.01
8 800 2500 0.95 0.96 0.01 0.94 0.01
9 300 3000 1.02 1.03 0.01 1.01 0.01
10 500 3000 0.93 0.94 0.01 0.92 0.01
11 700 3000 0.88 0.89 0.01 0.87 0.01
12 400 3500 0.96 0.97 0.01 0.95 0.01
13 600 3500 0.89 0.90 0.01 0.88 0.01
14 500 4000 0.91 0.92 0.01 0.90 0.01
15 800 4000 0.86 0.87 0.01 0.85 0.01
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So sanh Ra thuc t& va dy doan tir Al theo tde dé trpe chinh
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Hinh 1. Biéu dé so sanh thuc é va dy doan cua Al
theo toc do truc chinh
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Hinh 2. Biéu dé so sanh thuc té va du dodn cia Al
theo lwong chay dao
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Hinh 3. Do thi thé hién méi quan hé F, S, Ra

Nhan xét vé két qua va tim gia tri S, F
t6i vu dé dat Ra nho nhat dya vao bang 1.

- Phan tich xu hudng cuia d§ nham Ra:

+ Tbc d6 truc chinh S tang: Do nham
Ra c6 xu hudng giam do dao cit muot hon va it
rung dong hon [1], [2].

+ Luong chay dao F tang tir 200 dén
600 mm/phut: B§ nham Ra c6 xu hudng giam
do hiéu Gmg cit tdi wu.

+ Khi F > 600 mm/phit: D6 nham Ra
c6 thé tang do dao chiu tai 16n hon, gy rung
dong va gia cong kém 6n dinh [3].

- Xac dinh gia tri S, F tdi wu:
+ Tbc @6 truc chinh S = 4000 vong/pht;

+ Luong chay dao F = 800 mm/phut —
Gia tri Ra nho nhét: 0.86 um.

- Dy doén AI (ANN & RF):

+ RF dy doan Ra = 0.85 um, gan voi
thuc té hon ANN (0.87um);

+ ANN c¢6 sai s6 16n hon RE, nhung van
theo xu huéng giam khi S ting va F dat muc t6i
uu [4], [5].

3. KET QUA KIEM CHUNG DU POAN Al
BANG THU'C NGHIEM

Nham kiém tra do chinh xac ctia md
hinh AL cac thong sb toi wu (S = 4000 vong/
phut, F = 800 mm/phut) da dugc thuc nghiém
lai va so sanh véi du doan tir ANN & RF.
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Bdng 2. So sanh két qua dir dodn AI va thiee nghiém lai

Mc thi | -Uong chay Técdd | Ponham | Pd nham dy Sai s | DO nhim Sai s6
nghiém dao F truc chinh |  thue té doin ANN | "' ' | dwdoin RF | "o
: (mm/phit) | S (v/phit) | Ra, (um) | Ra,  (um) Ra_ (um)
1 800 4000 0.86 0.86 0.01 0.85 0.01
2 700 4000 0.88 0.89 0.01 0.87 0.01
3 900 4000 0.89 0.90 0.01 0.88 0.01
4 800 3800 0.87 0.88 0.01 0.86 0.01
5 800 4200 0.85 0.86 0.00 0.84 0.01

Hinh 4. Anh san pham mau thi nghiém

Nhan xét:

- Tai diém tbi wu S = 4000vong/phut, F
= 800mm/phut, Ra thyc t¢ 0.86um, khdp voi
du doan cua RF (sai s6 0.01pm).

- M6 hinh RF du doan chinh xac hon
ANN, véi sai sb nhé hon.

- ANN c¢6 sai s6 cao hon mét chiit nhung
van thé hién dung xu huéng giam Ra khi S ting
va F dat murc ti vu.

Két luan:

1) Khi phay bién dang 3D hgp kim
nhom 7075-T6. Toc d6 S tang tir 2000 — 4000
vong/phut va F tang tir 200 — 600 mm/phut.

2) Thong s6 toi wu tir thue nghiém S =

4000 vong/phut, F = 800 mm/phut, Ra 0.86um
va Al du doan S =4000vong/phut, F = 800 mm/
phut, Ra 0.85 pum, sai s6 du doan (0.01pm).

4. KET LUAN

1) Ca hai mo hinh ANN va RF déu du
doan d6 nham Ra rit gan véi gia trj do thuc té
tai cac mirc thi nghiém, vé6i sai s6 nho (0.00 =
0.01 pm). M5 hinh RF cho két qua du doan 6n
dinh va chinh xac hon ANN tai tat ca cac mitc
kiém chung, co thé ap dung dé hd tro lva chon
thong sb cit t6i uu trong gia cong thuc té;

2) Cac mo hinh huén luyén c6 do tin
cdy va c6 kha ning du doan Ra cao két qua
huén luyén dugc minh hoa trén hinh 1, hinh 2
va hinh 3. Diéu d6 cho phép va t6i wu hoa ché
d6 cat, giam s6 1an thi nghiém thuc té, tir 46 tiét
kiém duogc thoi gian va nguyén liéu gop phan
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nang cao chit lugng, hiéu qua trong thiét ké,
gia cong co khi. <
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