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TOM TAT

Bai bdo trinh bay nghién ciru mé hinh héa va mé phong day chuyén SMT nham phdn tich
nang sudt va xdc dinh nit thdt trong . san xudt cong nghzep Trén co s6 dit liéu thuc té cia mét ddy
chuyén ldp rdp bang mach dlen tir gom 750 PCB dau vao, nghién ciru xdy dwng mo hinh mo phong
sw kién roi rac bang phan mém ARENA Rockwell de mé ta dong dich chuyén ciia san pham qua cac
cong doan chinh nhw in kem han, kiém tra SPI, gén linh kién, kiém tra quang hoc va han héi lieu.
Két qua phan tich cho thdy thoi gian mot PCB di qua toan b¢ ddy chuyen xap xi 10,54 phut, trong
khi tong thoi gian hoan thanh 16 san xuat khoang 12,68 gic trong diéu kién vin hanh co sé. Phén
tich nang liee xik Iy cho thdy cum mady gdn linh kién, ddc biét la PnP1 va PnP2, la nhém céng doan
¢6 nguy co tré thanh niit that theo thiét ké. Tuy nhién, véi toc d cap liéu hién tai la 60 PCB/gio,
céng doan dau vao dang déng vai tro gidi han nhip san xudt thiee té ciia toan ddy chuyén. Két qua
nghién civu cho thdy mé hinh héa va mé phéng la cong cu hitu ich trong danh gid ddc diém vin
hanh, nhdn dién nit that va hé tro dinh hudng cdi tién dday chuyén SMT trong doanh nghiép sdan xudt
cong nghiép.

T khéa: Ddy chuyén SMT: M6 phong sw kién roi rac; ARENA Rockwell; Nang sudt; Nt
that, San xuat cong nghiép.

ABSTRACT

This paper presents the modeling and simulation of an SMT production line for productivity
analysis and bottleneck identification in industrial manufacturing. Based on real operational data
from an electronic assembly line with 750 input PCBs, a discrete-event simulation model was
developed in ARENA Rockwell to represent the product flow through key stages, including solder
paste printing, SPI inspection, component placement, optical inspection, and reflow soldering. The
results indicate that the average time for a PCB to pass through the entire line is approximately
10.54 minutes, while the total completion time for the production batch is about 12.68 hours under
the baseline operating condition. The capacity analysis shows that the component placement

cluster, especially PnP1 and PnP2, has the highest potential to become the design bottleneck of the &~
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line. However, with the current input rate of 60 PCBs per hour, the input stage acts as the actual
production-rate constraint of the whole system. The findings confirm that modeling and simulation
is an effective approach for evaluating operational performance, identifying bottlenecks, and
supporting improvement decisions for SMT production lines in industrial manufacturing.

Keywords: SMT production line; Discrete-event simulation; ARENA Rockwell; Productivity,

Bottleneck, Industrial manufacturing.

1. GIOI THIEU

Trong bdi canh nganh san xuat dién tir
ngay cang doi hoi ning suit cao, chat luong 6n
dinh va kha nang dap tmg linh hoat, ddy chuyén
SMT (Surface Mount Technology) gilt vai tro
quan trong trong qua trinh lp rap bang mach
dién tu. Day chuyén nay bao gdm nhiéu cong
doan lién t1ep nhu in kem han, kiém tra kem
han, gan linh kién, kiém tra quang hoc va han
héi luu. Do tinh lién két chit ché gitta cac cong
doan, hiéu qua toan day chuyén 6 thé bi anh
huong dang ké boi sy mit can bang thoi gian
xu ly, hién tuong cho va su khac biét vé nang
luc gitra cac tram. Trong thuc té, viéc danh gia
hiéu qua van hanh diy chuyén SMT néu chi
dua trén theo doi hién truong thuong kho phan
anh day du dic tinh dong ctia hé thong. Cac chi
tiéu nhu thoi gian chu ky, ning suat hay ty 18
16i ¢ thé duoc ghi nhan tai ting cong doan,
nhung viéc xac dinh chinh xac niit thit ciia toan
day chuyén van 1a mét vn dé phirc tap. Vi vay,
can c6 mot phuong phap phi hop dé mé ta qua
trinh van hanh va hd tro phan tich hé théng mot
cach toan dién [1-4].

Mo hinh héa va moé phong la cong cu
hiéu qua trong nghién ctru cac hé thdng san xut
cong nghiép, cho phép tai hi¢n hoat dong cua
day chuyén trong moéi truong sb, danh gia cac
chi tiéu van hanh va nhan dién cong doan gidi
han ning suét. Trén co s d6, doanh nghiép cd
thé phan tich hién trang va dé xuét cac phuong
an cai tién trudc khi ap dung trong thuc té. Xuat
phat tir yéu cau dé, bai bao nay tap trung vio mo

hinh hoa va mé phong diy chuyén SMT nham
phan tich ning suat va xac dinh nit that trong
san xuat cong nghiép. Nghién ctru st dung dit
lidu thuc té cua diy chuyén dé xiy dung mé
hinh m6 phong, qua do danh gia dac trung van
hanh cua hé thong va xac dinh cong doan anh
hudng 16n dén ning luc thong qua toan tuyén.
Két qua nghién ctru gop phan lam rd kha ning
mg dung md phong trong phan tich va cai tién
day chuyén SMT trong doanh nghiép san xuat.

2. POI TUQNG NGHIEN CU'U VA CO SO
DU LIEU

D6i twong nghién ciru clia bai bao 1a
mot diy chuyén SMT su dung trong lap rap
bang mach dién tir trong mdi truong san xuét
cong nghiép. Day chuyén gdm cic cong doan
chinh: nap PCB, in kem han, kiém tra kem han,
gan linh kién, kiém tra quang hoc trude 10, han
hoi luu, kiém tra quang hoc sau 10 va chuyén
sang cong doan lap rap tiép theo. Trong nghién
ctru nay, mdi PCB dugc xem nhu mot don vi
san pham di chuyén tuan tu qua cac tram cong
nghé dé phuc vu phan tich ning suit va xac
dinh cong doan nut thit cua hé thng.

Dt liéu dugc thu thap tor mot 16 san
xuit gom 750 PCB dau vao. Cac thong sb
chinh bao gém nang suit cap liéu, thoi gian xu
Iy trung binh tai timg cong doan, thong s6 van
hanh cta 16 han va ty 1¢ chat luong tai cac tram
kiém tra. Cu thé, cong doan dau vao co nang
suat 60 PCB/gio. Thoi gian xir 1y trung binh
tai cac cong doan lan luot 1a 26,1 gidy ddi vai
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may in kem han, 14,89 giay tai SPI, 45,54 giay
tai PnP1, 46,06 gidy tai PnP2, 39,89 giay tai
PnP3, 38,36 gidy tai PnP4, 8,97 giay tai AOI-F
va 21,86 gidy tai AOI-B. Riéng AOI-B c6 thoi
gian chu ky thyc té 1a 30,53 gidy do can bd
sung thao tac kiém tra bang mét trong mot sd
truong hop.

DAi v6i 16 han héi luu, dit ligu van hanh
gdm tdc d6 bang tai 110 cm/phit va chiéu dai
16 7 m. Tai cong doan SPI, ty 1¢ PCB dat 1a
88,97%, ty 18 15i 1a 0,41% va ty 1& chip nhan
duoc 1a 10,62%. Nhin chung, b dir li¢u nay
cho phép mo ta dong dich chuyén cua PCB qua
cac cong doan chinh va 1 co s¢ dé xdy dung
mod hinh mé phong day chuyén SMT.

Nghién ctru tdp trung vao mo hinh hoa
va md phong cic cong doan chinh cua day
chuyén SMT nham danh gia ning suit va xac
dinh cong doan c6 kha ning gay nut thit. Trong
pham vi bai bao, dit liéu chu yéu dugc st dung
duéi dang gia tri trung binh, chwa xét dén cac
yéu t6 nhu phan b xac suat thoi gian xir 1y, thoi
gian dimg may, thay d6i ma san pham hay t6i
wu hoa lich san xuét. Vi vay, mo hinh dugc xay
dung ¢ muc co sd, phu hop voi muc tiéu phan
tich ddc trung van hanh cua day chuyén tir dit
liéu thuc té. Cac thong s6 van hanh chinh cua
day chuyén SMT dugc tong hop trong Bang 1
va dugc su dung lam dir li¢u dau vao cho qua
trinh m6 hinh hoéa va mo6 phong.

Bdng 1. Théng s6 véan hanh chinh ciia day chuyén SMT nghién ciu

STT Coéng doan Thiét bi/Tram Théng s6 chinh Gia tri Don vi
1 Dau vao PCB Input San lugng dau vao 750 PCB
2 DPéu vao PCB Input Ning suat cap liéu 60 PCB/h
3 In kem han Solder Printer Thoi gian xir ly 26,1 s/PCB
4 In kem han Solder Printer Tbe do in 40 mm/s
5 Kiém tra kem han SPI Thoi gian kiém tra 14,89 s/PCB
6 Kiém tra kem han SPI Ty 1é dat 88,97 %

7 Kiém tra kem han SPI Ty 1¢ 15i 0,41 %

8 Kiém tra kem han SPI Ty I?Pcilgg)n han 10,62 %

9 Gan linh kién 1 PnP1 Thoi gian xu ly 45,54 s/PCB
10 Gan linh kién 2 PnP2 Thoi gian xir ly 46,06 s/PCB
11 Gan linh kién 3 PnP3 Thoi gian xur ly 39,89 s/PCB
12 Gan linh kién 4 PnP4 Thoi gian xu ly 38,36 s/PCB
13 Kiém tra trude 10 AOI-F Thoi gian kiém tra 8,97 s/PCB
14 Han hdi luu Reflow Téc d6 bang tai 110 cm/min
15 Han hoi luu Reflow Chiéu dai 1o 7 m
16 Kiém tra sau 10 AOI-B Thoi gian kiém tra 21,86 s/PCB
17 Kiém tra sau 16 AOI-B Thoi gian t"éh“ kythue | 5053 s/PCB
18 Kiém tra sau 10 AOI-B Ty 1& 16i thuc 0,26 %
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3. PHUONG PHAP MO HINH HOA VA
MO PHONG

Trong nghién ctru ndy, diay chuyén
SMT dugc mo hinh héa theo phuong phap md
phong sy kién roi rac bang phan mém ARENA
Rockwell [5]. Mbi bang mach PCB duogc xem
12 mot thyc thé di chuyén tuan tu qua cac cong
doan cua hé théng. Cac tram nhu in kem han,
kiém tra kem han, gin linh kién, kiém tra quang
hoc va han héi luu duge biéu dién nhu cac phan
tir xir Iy trong mé hinh. Cach tiép can nay cho
phép mo ta dong dich chuyén cua san pham,
thoi gian xu 1y tai timg cong doan va mdi quan
hé trudc — sau gilta cac tram trong toan day
chuyén.

Mo hinh dugc xdy dung bam sat trinh
tu cong nghé thyc té cua day chuyén SMT, gdm
cac cong doan: nap PCB, in kem han, kiém tra
SPI, gén linh kién tai cac may PnP1 dén PnP4,
kiém tra AOI-F, han héi luu, kiém tra AOI-B va
chuyén sang cong doan lip rép tiép theo. Trong
d6, cac PCB dugc gia thiét di chuyén theo dung
thr tu cong nghé cua dy chuyén.

Dir liéu dau vao ctia mo hinh bao gdm
san luong dau vao, thoi gian xtr 1y trung binh
tai timg cong doan, théng sd van hanh cua 10
han hoi luu va mot sd ty 1€ chét luong tai cac
tram kiém tra. Trong pham vi nghién ctru nay,
cac thong s6 thoi gian dugc su dung dudi dang
gi4 tri trung binh dé xay dung mé hinh co s
trong ARENA Rockwell [6]. Cach tiép cin nay
phu hop v6i muyc tiéu danh gia dic diém van
hanh chung cua day chuyén va xac dinh cong
doan c6 kha nang trd thanh nat thit.

Pé don gian hoa mo hinh, nghién ctru
dua ra mot s6 gia thiét: (i) PCB di chuyén lién
tuc theo ding thtr ty cong doan; (ii) thoi gian
xtr 1y tai mdi tram dugc xem 1a On dinh theo gia
tri trung binh; (iii) chua xét dén hong hoc thiét

bi, thoi gian dimg may va thoi gian chuyén doi
ma san pham; (iv) cac cong doan kiém tra duoc
mo hinh hoéa theo thoi gian xur 1y trung binh thu
thap tir thuc té. Dbi voi cong doan han hoi luu,
thoi gian luu cua PCB trong 10 dugc xac dinh
tir chidu dai 10 va toc do bang tai.

vy e e e e e | |

o

.:E_f'__ 8 ___,i__.___. .l' !'r H'._._-‘Ill J_‘,:.(-_x,_.jqﬂl E = ?__.
Hinh 1. Mé hinh mé phong day chuyén SMT xdy
dung trén phan mém ARENA Rockwell

M6 hinh m6 phong dugc xay dung
trong ARENA Rockwell trén co so cac khoi
chirc ndng co ban cua md phong su kién roi
rac. PCB duoc tao tai cong doan dau vao, sau
d6 lan luot di qua cac khbi mo ta timg cong
doan xtr 1y ctia day chuyén SMT. Thoi gian xir
1y tai mdi tram duoc gan theo dit lidu thuc té da
thu thap. D6i voi cac cong doan kiém tra nhu
SPI va AOI-B, mé hinh phan anh dic diém van
hanh thong qua thoi gian kiém tra va céac trang
thai dau ra tuong tng véi dir liéu chit luong
hién co.

Thong qua md hinh nay, ARENA
Rockwell cho phép theo di dong dich chuyén
cua PCB, thoi gian cho gitta cac cong doan,
mirc do su dung cua tirng tram va kha nang tich
liily ban thanh pham trong hé thong. Pay 14 co
s dé phan tich hi¢u qua van hanh va xac dinh
cong doan gidi han ning suat ctia diy chuyén.

Mo hinh dugc st dung dé danh gia cac
chi tiéu van hanh chinh ciia diy chuyén SMT,
bao gdm ning suat dau ra, thoi gian chu ky cta
hé thong, thoi gian chd giita cac cong doan va
muc do st dung cua cac tram. Trén co sé do,
cong doan nut that duoc xéac dinh 1a cong doan
co thoi gian xur 1y 16n hoac gay ra hién tugng
chd dang ké trong toan diy chuyén. M6 hinh
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mo phong diy chuyén SMT dugc xdy dung
trén phan mém ARENA Rockwell dua trén
trinh tu cong ngh¢ va cac thong s6 van hanh

Badng 3. Murc s dung woc lwong cia cac cong
doan theo kich ban co so

thuc té cua hé thong dugc thé hién trong Hinh Nang luc Mikc sir dung
1. Két qua mo phong tr ARENA Rockwell 1a Cong doan 1y thuyét woc lwong
co s& dé danh gia ddc diém van hanh cua day (PCB/h) (%)
chuyén SMT, déng thoi hd tro nhan dién cong Printer 137,93 43,50
doan gidi han nang suat va dé xuét dinh hudéng
A . A, A A SPI 241,77 24,82
cdi tién trong san xuat cong nghiép.
) . . PnP1 79,05 75,90
4. KET QUA VA THAO LUAN PuP2 78.16 76.76
Trén co so dit liéu dau vao cua day PnP3 90,25 66,48
chuyén SMT, mo hinh mo phéng du()’c su dl_ll’lg PnP4 93.85 63.93
dé phan tich dac diém van hanh cta hé théng : :
thong qua céc chi tiéu nhu nang lyc xur ly cua AOL-F 401,34 14,95
tung cong doan, thoi gian hoan thanh 16 san AOI-B 117,92 50,88

xuat va muc do su dung cua cac tram. K&t qua
phan tich cho phép nhan dién so bd cong doan

11 50 Bdng 4. Két qua tong hop ciia mé hinh co s¢
c6 kha nang trd thanh nt that, dong thoi lam rd

mbi quan h¢ gitra tdc do cép liéu va nang lyc xtr Chi ticu Gi4 tri
1y cua toan day chuyén. ) ) .
S6 PCB dau vao 750
Bang 2. Nang lu’chd’ Iy mé phong cua cdc Tée d6 chp licu 60 PCB/h
cong dogn -
Thoi gian qua toan day chuyén ,
cua 1 PCB 10,54 phut
Céne d Thoi gian xiv | Nang lwe mé
ong doan ly/chuky | phéng (PCB/h) Thoi gian hoan thanh toan bé 16 12,68 gior
Printer 26.1 s/PCB 137,93 Cong doan c6 nang luc thap nhat PnP2
Nhom cong doan chiu tai 16n
SPI 14,89 s/PCB 241,77 nhat PP1-PnP2
PuPL | 45,54 5/PCB 79,05 V6i 16 san xudt gbm 750 PCB va tbe
PuP? 46,06 s/PCB 78.16 do capAheu‘ dau vao 69 PEJB/%IG’ day chuyén
duoc van hanh theo nhip cap li¢u tuong duong
PnP3 39,89 s/PCB 90,25 1 PCB/phtt. Trén co s¢ cac thong so thoi gian
xu ly tai trng cong doan, thoi gian mot PCB di
PnP4 38,36 s/PCB 93,85 qua toan b day chuyén duoc xac dinh xap xi
632,16 giay, tuong duong khoang 10,54 phut.
AOLF 8,97 s/PCB 401,34 Theo d6, tong thoi gian hoan thanh toan bd
AOLB 30,53 s/PCB 117.92 16 san )fgat c?uqc uoclluc_m{g khc‘)angx 12,§8 gl(‘y
trong di€u kién hé thong van hanh 6n dinh va &~
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chua xét dén cac yéu t6 hong hoc hodc gian
doan bat thuong.

Nang lyc xtr Iy mo phdng cia cac cong
doan trong day chuyén SMT dugc téng hop
trong Bang 2. Két qua cho thdy c6 su khac biét
dang ké giita cac tram trong hé théng. Trong
s6 cac cong doan chinh, SPI va AOI-F c¢6 ning
luc xur 1y cao, 1an luot dat 241,77 PCB/gio va
401,34 PCB/gio. Trong khi d6, cum méy gan
linh kién c6 nang lyc thép hon ro rét, dac biét
tai PnP1 va PnP2 véi gia tri tuong ung 79,05
PCB/gio va 78,16 PCB/gio.

Su chénh léch nay cho thdy cum gin
linh kién 1a khu vyuc ¢6 anh hudng 16n dén ning
luc thong qua cia diy chuyén. Xét theo ning
luc 1y thuyét, PnP2 1a cong doan c6 kha ning
tr¢ thanh nat thit thiét ké cua hé théng do c6
thoi gian xtr 1y 16n nhat trong cac tram chinh.
PnP1 ciing cho thiy vai trd twong tu khi c6 ning
luc chi nhinh hon khong dang ké so v&i PnP2.
Trong khi do, AOI-B mac du c6 thoi gian chu
ky thue té 30,53 glay/PCB do bd sung thao tac
kiém tra bang mat, nhung nang lyc xir Iy tuong
g van dat 117,92 PCB/gi0, cao hon dang ké
so vOi cum PnP.

Khi ddi chiéu téc d6 cap liéu dau vao 60
PCB/gi¢ véinang lyc xtr ly cta tirg cong doan,
muc sir dung ude lugng cua céc tram dugc xac
dinh nhu trong Bang 3. Két qua cho thdy PnP2
c6 muc st dung cao nhit, dat khoang 76,76%,
tiép theo 1a PnP1 védi 75,90%. Cac cong doan
con lai ¢c6 muc s dung thap hon, trong do6
AOI-F va SPI chi chiém ty 1& nho so véi ning
luc xtr 1y hién co.

Diéu nay phan anh rang cum may gin
linh ki¢én 1a nhoém cong doan chiu tai 16n nhét
trong day chuyén. Tuy nhién, do téc do cap li¢u
dau vao hién tai chi dat 60 PCB/gi0, toan day
chuyén chua van hanh dén muc khai thac toi

da nang lyc cua cac tram chinh. No6i cach khéc,
trong diéu kién van hanh hién tai, cong doan
dau vao co thé dang dong vai tro gioi han nhip
san xudt thuc té cua toan tuyen

Két qua phan tich cho thdy can phan
biét giita nut thit theo thiét ké va nat that theo
van hanh thuc té. Néu xét riéng nang luc ky
thuat cua cac cong doan, PnP2 la tram c¢6 nang
lyc thap nhat va do d6 1a ing vién nit that rd
rang nhét cia day chuyén. PnP1 ciing co dic
diém tuong tu va cuing v6i PnP2 tao thanh cum
cong doan c6 anh hudng 16n nhat dén kha ning
thong qua cua hé thong.

Tuy nhién, néu xét trong diéu kién van
hanh thuc té cia mé hinh co so véi toe do cap
liéu 60 PCB/gid, cong doan dau vao lai 1a yéu
t6 giéi han nhip san xuat chung. Khi toc do dua
PCB vao ddy chuyén thip hon ning luc xir ly
cua toan bd cac tram phia sau, hién tugng cho
va tich lily ban thanh pham trong hé thong sé&
khong xay ra rd rét. Do do, trong trang thai hi¢n
tai, day chuyén chua boc 10 déy du giéi han
nang luc cua cum gén linh kién. DBay 1a mdt két
qué c6 ¥ nghia thyc tién, cho thay viéc danh gia
nut thit cia hé thong can gin véi diéu kién van
hanh cu thé, thay vi chi dua trén thoi gian xu 1y
riéng 1¢ cua tung cong doan.

Bén canh d0, két qua ciing cho thay
cong doan han hoi luu ¢ thoi gian luu 16n,
khoéang 6,36 phit cho mdi PCB tinh theo chiéu
dai 16 va tbc d6 bang tai. Tuy nhién, do day 1a
cong doan lam viéc theo nguyén ly dong lién
tuc, thoi gian luu 16n khong dong nghia truc
tiép voi viéc trd thanh nit that coa hé thong.
Dbi voi AOI-B, su chénh léch giita thoi gian
kiém tra may va thoi gian chu ky thuc té phan
anh anh hudng cta thao tac xac nhan lai bang
mat, cho thay yéu t6 con ngudi van co tac dong
nhat dinh dén nhip van hanh cua day chuyén.
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Nhin chung, két qua phan tich mé hinh
co so cho thiy ddy chuyén SMT c6 tiém ning
nang cao ning suat néu ting toc do cap liéu dau
vao va déng thoi theo doi chat cum PnP1-PnP2,
1a khu vyc ¢ nguy co tré thanh nut that khi hé
thong van hanh ¢ mic tai cao hon.

5. KET LUAN

Bai bao da trinh bay cach tiép cdn mo
hinh hoa va m6 phong day chuyén SMT trén
co so dit liéu van hanh thyc té nham phan tich
ning suat va xac dinh nat that trong san xut
cong nghi€p. M6 hinh mé phdéng dugc xay
dung bing phin mém ARENA Rockwell da
cho phép mo ta dong dich chuyén cua PCB qua
céc cong doan chinh cia day chuyén, dong thoi
hd tro danh gid cac chi tiéu dic trung nhu thoi
gian xu ly, nang luc cong doan va muc do s
dung cua hé thong.

Két qua nghién ctru cho thiy thoi gian
mot PCB di qua toan bo ddy chuyén vao khoang
10,54 phit va tong thoi gian hoan thanh 16 750
PCB xép xi 12,68 gid trong diéu kién van hanh
co so. Phan tich ning lyc xir 1y chi ra rang cum
may gan linh kién, dic biét 1a PnP1 va PnP2, 1a
khu vuc ¢6 nguy co trd thanh nut that theo thiét
ké do c6 thoi gian xir Iy 16n va mire sir dung cao
hon so v6i cac cong doan con lai. Tuy nhién,
xét theo diéu kién van hanh hién tai véi toc do
cap liéu 60 PCB/giod, cong doan dau vao dang
dong vai tro gi6i han nhip san xuat thuc té cta
toan day chuyén.

Tir cac két qua trén, c6 thé thay rang mo
hinh héa va mé phong 1a cong cu phu hop dé
phan tich dic diém van hanh cia diy chuyén
SMT, nhén dién cong doan anh huong 16n dén
nang suat va hd trg dé xuat dinh hudng cai tién
trong thuc té san xuat. Trong cic nghién ciru
tiép theo, mo hinh c6 thé dugc phat trién theo
huéng bd sung phan bd xac sut thoi gian xur

ly, thoi gian dimng mady, thay d6i ma san pham
va céc kich ban cai tién dé nang cao do chinh
xéac cling nhu gia tri ing dung cta két qua mo
phong.

Loi cam on:
Nghién clru nay duogc tai tro boi Truong
DPai hoc Hang hai Viét Nam trong dé tai ma so:

DT25-26.27.%

Ngay nhan bai: 30/3/2026
Ngay phan bién: 10/4/2026

Tai liéu tham khdo:

[1]. Yevsieiev, V., Maksymova, S., & Starodubcev, N.
(2023), “An automatic assembly SMT production
line operation technological process simulation
model development”. International Science Journal
of Engineering & Agriculture, 2(2), 1-9.

[2]. Sun, W. (2017, June), “Accurate EM simulation
of SMT components in RF designs”. In 2017 IEEE
Radio Frequency Integrated Circuits Symposium
(RFIC) (pp. 140-143). IEEE.

[3]. Tirpak, T. M., Mohapatra, P. K., Nelson, P. C., &
Rajbhandari, R. R. (2002), “4 generic classification
and object-oriented simulation toolkit for SMT
assembly equipment”. 1EEE Transactions on
Systems, Man, and Cybernetics-Part A: Systems
and Humans, 32(1), 104-122.

[4]. Tan, S. M., Hwang, J. Q., & Ab-Samat, H. (2019,
May), “WITNESS simulation of preventive and
corrective maintenance for Surface Mounted
Technology (SMT) line”. In IOP Conference Series:
Materials Science and Engineering (Vol. 505, No.
1, p. 012047). IOP Publishing.

[5]. Takus,D.A., & Profozich, D. M. (1997, December),
“ARENA software tutorial”. In Proceedings of the
29th conference on Winter simulation (pp. 541-
544).

[6]. Ghaleb, M. A., Suryahatmaja, U. S., & Alharkan,
I. M. (2015, March), “Modeling and simulation
of Queuing Systems using arena software: A
case study”. In 2015 international conference on
industrial engineering and operations management
(IEOM) (pp. 1-7). IEEE.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 JPEE]

cokhivietnam.vn



