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Bai bdo trinh bay vmg dung tri tué nhan tao (Al) trong duw dodn 16i va bdo tri cho may in 3D

kim loai diing cong nghé Selective Laser Melting (SLM). Mé hinh hoc mdy dwge phdt trién d@é phat
hién sém 16i tir dit liéu cam bién nhu nhiét do, do rung, toc dé laser... Két qua thir nghiém cho thd'y
mé hinh canh bdo 16i hiéu qua, hé tro bdo tri chinh xdc. So sanh véi phwong phép truyén thong, hé
thong AI thé hién tiém nang I6n trong ndng cao hiéu sudt va giam chi phi van hanh.

Tir khoa: AI; Bdo tri; May in 3D; SLM; Hoc mdy; Cam bién.
ABSTRACT

The paper presents the application of artificial intelligence (Al) in fault prediction and
maintenance for metal 3D printers using Selective Laser Melting (SLM) technology. The machine
learning model is developed to detect faults early from sensor data such as temperature, vibration,
laser speed, etc. The experimental results show that the fault warning model is effective, supporting
accurate maintenance. Compared with the traditional method, the Al system shows great potential

in improving performance and reducing operating costs.

Tiwr khoa: AI; Maintenance; 3D printers; SLM; Machine learning; Sensors.

1. PAT VAN DPE

May in 3D kim loai st dung cong ngh¢
SLM di mo ra nhimng kha ning san xuat moi,
dac biét trong viéc ché tao céc chi tiét c6 hinh
dang phuc tap, tinh chit co hoc cao va khdi
luong san xuat linh hoat. Tuy nhién, qua trinh
van hanh may in 3D kim loai doi hoi do chinh
xéc rat cao, do su nhay cam cua cac thong sd
qua trinh nhu nang lugng laser, tdc do quét, do
day 16p in va méi truong khi tro [8, 9].

Céc 16i trong qua trinh in nhu rd xdp
(porosity), bién dang nhiét (warping), hodc hu
hong dau phun (nozzle) néu khong duoc phat
hién kip thoi sé dan dén san pham 16i va hu
hong thiét bi. Bao tri truyén thong, von dua trén
lich trinh ¢ dinh hodc stra chita khi ¢6 hong
héc, khong du nhanh nhay dé xir Iy cac 1i nay.
Vi thé, ung dung Al dé xiy dung hé thong bao
tri du doan (Predictive Maintenance - PAM) tro
nén can thiét [1, 6, 13].
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2. GIAI QUYET VAN PE
2.1. Co s Iy thuyét [2-5]

- Selective Laser Melting (SLM): La
cong nghé in 3D kim loai st dung laser dé
nung chay timg 16p bot kim loai. Chat lugng in
phu thudc vao cac yéu td nhu cong suét laser,
do day 16p bot, tbe do quét va diéu kién moi
truong khi tro.

- Béo tri du doan (PdM): Str dung dix
lidu cam bién thoi gian thyc dé phan tich va du
bdo 16i trudc khi xay ra, gitip gidm thoi gian
dirng méy va t6i wu chi phi bao tri.

- Hoc may trong bao tri: Gom cac thuat
toan nhu Random Forest, SVM, LSTM va
CNN. LSTM phu hop véi dir lidu chudi thoi
gian, con CNN xur 1y hinh anh 16p in. Nhiing
mo hinh nay gitp tu dong phat hién va phan
loai 16i chinh x4c hon so véi cac phuong phap
thu cong.

Viée két hop cac mo hinh nay trong mot
hé théng phan tich da tang cho phép phat hién
s6m, chinh x4c va toan dién cac 13i tiém an
trong quy trinh san xudt bang may in 3D kim
loai.

2.2. Phwong phap nghién ciru [7, 10, 11]
2.2.1. Thiét ldp hé théng thu thip dit ligu

- Méay in: EOS M290 (SLM);

- Cam bién: Nhiét do, rung dong, ap
sut, camera quan sat 16p in;

- S6 lwong mau: 1.200 phién in, dit liéu
da ngudn.

2.2.2. Tién xu Iy div liéu

- Lam sach, chuan hoa, gin nhan 16i
theo nhat ky van hanh,;

- Trich chon déc trung béng PCA, FFT
va phan tich hinh anh.

2.2.3. Xdy dung mé hinh AI

- LSTM: Phat hién bat thudng trén
chudi dit liéu cam bién;

- CNN: Phat hién 15i trén hinh anh 16p in;

- Random Forest: Phan loai trang thai
thiét bi tir dit liéu tong hop.

2.3. N¢i dung nghién ciru
2.3.1. Nguén dir liéu

Ngudn dit liéu duge thu thap tir xuong
in cong nghi¢p véi may EOS M290 trong thoi
gian 3 thang. Dir liéu gdm:

* 300 tri¢u diém dir lidu tir cam bién
(tan suat 10 Hz).

*45.000 anh 16p in.

* Nhat ky van hanh: Thoi gian chay
may, 16i hé thong, lich bao tri.

; -
1L e

Hinh 1. May in 3D kim loai EOS M290
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2.3.2. Quy trinh tién xiv ly
« Loai bo dir liéu ngoai 1&, xtr Iy mat mat goi tin.
« Ap dung PCA dé giam chiéu dir liéu vé 20 thanh phan chinh.
« Gan nhén 13i thi coéng tir anh in mau va nhat ky 15i d x4c nhan.

2.3.3. Thuc nghiém va danh gia mo hinh AI

M&i mé hinh duoc thyc nghiém trén 80% dir liéu, 10% dung dé xac thuc va 10% dé kiém

thir. Két qua mo hinh nhu sau:
Badng 1. Ket qua thuc nghiém

M6 hinh Do chinh xac | Precision Recall F1 - score | AUC - ROC | Training Time
LSTM 91.2% 90.5% 89.8% 0.901 0.943 6 gio
CNN 87.3% 88.0% 91.2% 0.896 0.912 3.5 gio
Random 93.4% 94.1% 92.7% 0.934 0.961 1.2 gio
Forest
LSTH (AL =i0.343) -
CHH (AUC=0.%12) ___.--'."'-
= Randam Fofest (AUC=0.961 .____.--"'--. -
"
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Biéu do 1. Puong cong ROC ciia cdc mé hinh (LSTM, CNN, RF)
2.3.4. So sanh phwong phdp AI-PdM véi bio tri dinh ky truyén théng
Bdng 2. So sanh hiéu sudt AI-PdM véi bdo tri truyén thong
Tiéu chi danh gia Bio tri dinh ky truyén théng AI-PdM
Thoi gian dirng may trung binh 12 gio/thang 4.3 gio/thang
Ty 1& phat hién 16i sém 43% 89%
Chi phi bao tri (quy ddi %) 100% 63%
Ning suit may ting (wdc luong) - +21%
Ty 1¢ 16i ldp lai sau bao tri 22% 5%
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Bao tri dinh ky  EZZ3 Al-PdM

Biéu do 2. So sanh hiéu sudt van hanh gitta hai
phuwong phap

2.3.5. Phan tich dnh I6p in va 16i bang CNN

Hé théng camera chup anh 16p in theo
ting 16p (layer). Mdi anh duoc xir Iy bang CNN
dé phan loai ba nhom 13i chinh [14, 15]:

- RO x6p (Porosity): Thiéu nhiét hoic
phan bo bot khong déu;

- Bién dang (Warping): Do sai léch
nhiét do hodc toc do quét;

- Thiéu vat liéu (Lack of Fusion): Do hu
hong dau in hoac toc do qua nhanh.

Bdng 3. Phan tich 16i bang CNN

Loai 16i M0 ti 16i va nguyén nhan Giai phap khic phuc
Céc ving khong duoc nung chay hoan toan dan | Tang cong suét laser, cai thién hé
RO x0p deén 16 khi. Thuong do thiéu nang luong hodc phan | thong phan phoi bot, kiém tra d
bo bot khong déu. day 16p pht.
Bikn dan Vit thé bi cong vénh do 1am ngudi khong dong Téi uu toc d6 quét, didu chinh
ang deu hoac qua nhiét. Do toc do quét khong On dinh. | nhiét d6 nén, dung vat liéu ho trg.
Thidu vat lieg | MOt s6 ving khong c6 du vt liéu dé nung chay. | Vé sinh va kiém tra ddu in dinh
T Nguyén nhan do tac dau in hodc bdt bi ket. ky, dam bao cap bot on dinh.

Mo hinh CNN dugc thuc nghi¢m trén
tap dir liéu anh thuc té thu thdp tur cac ca in
khac nhau. Quaé trinh thyc nghiém st dung k¥
thuat ting cuong dit liéu dé cai thién kha ning
tong quat hoa. Sau khi phan loai, hé thong dua
ra canh bao sém gitp diéu chinh qua trinh in
kip thoi.

&

Rd x6p

Bién dang Thigu wat lidu

Biéu do 3. Ty 1é ting loai 16i xudt hién trén tong so
anh kiém tra (n = 2000)
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2.3.6. Danh gia thwc nghiém tai xwong sdn
xudt

Trong 30 ngay trién khai thir nghiém tai
xuong:

* 96 canh bao dugc Al dua ra — 89
canh bao chinh xac (True Positive).

* 7 canh bdo sai — khong gay dung
may, nhung can toi wu mé hinh.

* Giam thiéu 27% s6 101 can can thi€p
khan cap.

* Thoi gian van hanh lién tuc trung binh
tang tr 13.2 gio 1€n 15.3 gio.

WARNINGS PERFORMANCE
Temperature Vibration Laser S5E
Laser speed | LA md I.\l,w\,N\'-\;v
anomaly Laser Speed
PRODUCTIVITY MN
b UTILIZATION SYSTEM
g EFFICIENCY
o]
; HHH | 72% 95%
i

Hinh 2. Dashboard hién thi thoi gian thuc vé canh
bao va hiéu sudt may

Nhimng két qua nay cho thdy mé hinh
co6 tinh g dung cao trong moi truong cong
nghiép thuc té, gop phan cai thién tinh chu
dong trong bao tri va nang cao hiéu suat day
chuyén san xuét.

3. KET QUA VA THAO LUAN

Duya trén két qua thuc nghiém, mé hinh
Al da chimg minh hiéu qua rd rét trong vigc
phat hién va canh bao 16i trén may in 3D kim
loai. Cac m6 hinh hoc may nhu LSTM, CNN
va Random Forest hoat dong on dinh va cho két

qua kha quan [9, 12]:

- M0 hinh LSTM c6 kha nang phat hién
16i theo chudi thoi gian véi d6 chinh xac cao
(91,2%), dac biét hi¢u qua trong viéc nhan dién
su thay d6i bat thuong tir cam bién rung va
nhiét do.

- CNN cho théy kha nang nhan dién
chinh x4c cac 156i hinh anh tir anh 16p in, dic
biét 1a cac 16i nhu 16 xdp va thiu vat liéu, von
rat kho phét hién bang mat thuong trong qua
trinh san xuét lién tuc.

- Két hop Random Forest di cai thién
dd chinh xéc tong thé khi danh gié trang thai
may dua trén dir li€u tich hop.

Viéc ap dung Al khong chi giup phat
hién 16i sém ma con giam dang ké thoi gian
dirng may (trung binh tir 12 gid xubng con 4.3
gio), dong thoi giam chi phi bao tri dén 37%.
Ngoai ra, nho cac canh bao kip thoi, doi ngli ky
thuat c6 thé chu dong xu ly véan dé trude khi su
¢ 16n xay ra, gop phan kéo dai tudi tho may
moc va nang cao ning suit van hanh. Bén canh
do, hé théng con dong vai trdo nhu mot cong cu
dao tao thyuc tién, gitp k¥ thuat vién hiéu rd
nguyén nhan va dién bién 13i. Viéc luu trit va
phan tich dir liéu dai han cling mo ra kha nang
t6i wu quy trinh san xuét trong cac giai doan
tiép theo.

Tuy nhién, mot s6 thach thic van ton
tai:

- M6 hinh phu thudc vao chat lugng va
do tin cay cua dir 1iéu dau vao. Néu cam bién bi
sai I¢ch, két qua dy doan s€ thiéu chinh xac.

- Viéc tich hop hé thong Al vao quy
trinh san xuat hién tai doi hoi dao tao nhan su,
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diéu chinh quy trinh va dau tu co so ha tang
CNTT.

- M6t sb canh bao sai (false positive) co
thé gay gian doan nhe va can tinh chinh thém
mo hinh.

4. KET LUAN

Viéc tng dung tri tu¢ nhan tao trong
bao tri du doan cho may in 3D kim loai, dac
biét 1a cong nghé SLM, mang lai hiéu qua thiét
thuc ca vé mat ky thuat 14n kinh té. Thong qua
md hinh hoc may va hé théng cam bién tich
hop, doanh nghiép c6 thé:

- Tang do chinh x4c trong phat hién 16i
som;

- Giam chi phi va thoi gian dung may
khong can thiét;

- Nang cao hi¢u suét va tudi tho thiét bi.

Trong twong lai, can tiép tuc mo rong
nghién ctru theo hudéng hoc may thich ung
(adaptive learning), két hop thém dir liéu 4m
thanh va dong dién, dong thoi phat trién giao
dién gidm sat tryc quan than thién hon. Viéc
hinh thanh hé thong AT giam sat tip trung trong
cac day chuyén san xuat thong minh s& 13 xu
thé tat yéu trong cong nghiép 4.0.
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