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THIET KE BO TRI NHA XUONG
BANG MO PHONG VOI ARENA
PLANT LAYOUT DESIGN USING ARENA SIMULATION

Vo Trong Cang
Truong PDH Bach Khoa, PHOG TpHCM
TOM TAT
Trude day di co kha nhiéu k¥ thuat thiét ké bd tri mit bang nha may cong nghiép. Phd bién
nhat 1a CRAFT (Computerized Relative Allocation Facilities Technique). Tuy nhién, CRAFT chi
tim két qua dwa trén tong chi phi van chuyén giita cac phan xudéng 1a nho nhat, ma khong tinh
dén tong thoi gian trong hé thong, thoi gian chd, thoi gian sir dung. Do d6, k§ thuat mé phong
két hop voi Microsoft Visual Basic (VB) duoc sir dung dé phat trién hé thong thiét ké bd tri nha
may. VB giup két ndi hé thong thiét ké v6i hé thdng mé phong trong Arena ciing nhu hd trg bao
céo két qua.

Tir khod: Bo tri mdt bang, mé phéng, Arena

ABSTRACT

In the past, there were many techniques to design the layout of an industrial plant. The most
popular was CRAFT (Computerize Relative Allocation Facilities Technique). However, CRAFT
just finds the results based only the minimum total transfer cost between departments, but not
considers other parameters such as the total time in the system, the waiting time, and utilization
time. Therefore, simulation techniques in conjunction with Microsoft Visual Basic (VB) is used
to develop the system of plant layout design. VB helps the designing system to connect with the
Arena simulation system as well as to support the outcome report.

Keywords: Layout design, ARENA, Simulation

C- tong chi phi van chuyén;

1. GIOI THIEU , : _
fij- 1a toc d§ van chuyén tur phan xudng 1

Trudce day, dd cé rat nhiéu ki thuat thiét LA
L, ) ., td1 phan xuong j;
ké bo tri nha may cong nghiép. Phd bién
nhit 13 CRAFT (Computerized Relative

Allocation Facilities Technique) — Tam dich

cij- 1a chi phi van chuyén tir phan xudng i
td1 phan xuong j;

) ] A d;j- 1a khoang cach tir phan xudng 1 t6i

la “Ky thuat dinh vi tuong d6i bang may

tinh”. Tuy nhién két qua tir CRAFT con han

ché. Két qua cua thiét ké nay chi cho ra tong

phan xuong j (tinh tir tim phan xudng).
Néu khoang cach giita hai phan xudng 1a
duong thing goc thi d;j duoc tinh theo cong

chi phi van chuyén giita cac phan xudng la thirc (2):

nho nhit. Tinh toan nay dua trén phuong
trinh (1) sau day: d; = |Ax| + |Ay| )
Néu nhu khoang cach giita hai phan

Minimize C = Zn: Zn:(fy.cl.j.dy)

e O xuong la duong xién thi djj duoc tinh theo

rong dé: cong thic (3):



= (A + Ay’ G

DPé tinh khoang cach gilta cac phan
xuong, tAm cuia mdi phan xudng dugc tinh
bang cach str dung phuong trinh (4) va (5)
dudi day:

Y2 Xy

J.J-xdxdy——(xz =X )()’z Vi)
Y1 X (4)
1 X3 V2
Y= AJ.J‘ydde—i(yz yf)-(xz_xl)
N (5)

trong do:
A — tong dién tich ctia cac phan xudng;
X1, y1 —hoanh d¢ va tung do cua phan

xuong 1;

X2, y2 - hoanh d6 va tung d6 ctuia phan
xuong 2. )

Dua trén nhitng sy tinh toan nay, két qua
thiét k& s& hién thi ra chi phi van chuyén
gifta cac phan xuong. Két qua thiét ké t6t co
nghia 14 chi phi van chuyén giita cac phan
xuong nho. Tuy nhién, cé nhimng thong sd
chua duoc dé cap nhu: téng thoi gian trong
hé thong, thoi gian chd va thoi gian sir dung.
2. KY THUAT MO PHONG

Mo phong lién quan téi nhiéu phuong
phap va Uing dung dgya vao phan Ung cua
nhitng hé théng that. M6 phong thuong
duoc thyc hién trén may tinh voi sy hd tro
cia mdt phin mém twong ung. Ngiy nay,
mo phong dugc phd bién va manh mé& hon
bao gio hét vi may tinh va phan mém da rat
phat trién. Sy mé phong co rat nhidu van dé
dang c6 nhiéu xu huéng phat trién nhu ¢
hinh 1 sau.
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Hinh 1 — So d6 qua trinh m6 phong mot san pham.

3. MO PHONG VOI ARENA

ARENA, phan mém mé phong cia cong
ty phan mém ROCKWELL, 1a phian mém
mo phong két hop d& dang su moé phong &
murc cao v6i ngén ngir m6 phong linh hoat
giong nhu hé thong chuong trinh cua
Microsoft Visual Basic (VB). N6 lam dicu
nay bang cach cung cip su thay thé va hoan
d6i nhitng mo6 hinh mé phong bang cac mau
dd hoz} va phan tich gac mé-dun do ban két
hop dé xay dung nhi€u loai hinh mé phong.
Dé tién hién thi va quan ly, nhimg m6-dun
mau tuy loai dugc phdn nhom thanh cac
bang dé bién soan thanh cac khung mau. Khi
tat bang nay, ta c6 thé tiep can tat ca nhiing
mau cau tric mo phong va kha nang cua no.
4. MO PHONG THIET KE MAT

BANG

Pé tranh cac thong tin bi bo qua nhu
trong phuong phap thiét ké bd tri truyén
thong, k¥ thuat mo phong duge thém dé xir
ly nhiéu théng tin hon nhu: tong thoi gian
trong hé thdng, thoi gian chd va thoi gian sir
dung. Cong vi¢c nay duogc thuc hién nho
phan mém may tinh v&i mo-dun thiét ké bd
tri nha mdy. Nhitng m6-dun nay duogc phat



trién dua trén chuong trinh VB. Pau tién,
mot giao dién dd hoa ctia VB cho phép nhan
dit litu dau vao (nhu: loai san phém, sb
lwong san pham, danh sach cic phan xuong,
kich thuéc phan xudng) dén tir biéu do. Sau
d6, mo-dun thiét ké bd tri nha may duogc goi
ra. Mo-dun nay ciing dugc phat trién dua
trén VB va tinh cac hoan dbi giira cic phan
xuong nhim dat dugc tong chi phi van
chuyén giita cac phan xuoéng 1a nho nhat. S6
lan hoan ddi M duoc tinh bang cong thirc

(6):

M= N(N-1) ©
2

v6i N - 1a s6 phan xudng.

Sau mdi sy hoan doi, tong chi phi van
chuyén duoc ghi nhan. Sau lan hoan ddi
cubi cung, phuong an thiét ké bé tri nha may
dugc liét ké theo tong chi phi van chuyén
nhé nhét. Ké dén, goi két nbi gitta mo-dun
thiét ké va mo-dun mo phong. Chuong trinh
két ndi, bﬁng VB, s& xuit két qua tr mo-dun
thiét ké sang mo-dun mo phong. Qua trinh
nay duoc biéu dién nhu trong hinh 2.

Dit liéu dau vao: VB
Diau vao phan xwéng: VB
4
Thiét ké bd tri: VB
Két qué thiét ké bé tri: ARENA

!

Paura: VB

Hinh 2. Két hop ARENA-VB

O mo-dun md phong, ta ding ARENA dé
tinh tong thoi gian trong hé thong, thoi gian
cho, hoac thoi gian sir dung tir mo-dun thiét
ké (b6 tri nha may) trude d6. Cubi cung, két
qua tir ARENA duoc gui nguoc lai dé VB
téng hop ra bao cio.
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5. THIET KE BO TRi NHA XUONG

Trong mo-dun thiét ké bd tri nha may
nay, co nhiéu dit kién d4u vao cin thiét cho
viéc tim mot bd tri nha may t6i wu nhu: tong
thoi gian, sb phan xudng, dién tich phan
xuéng, vi tri phan xudng, s6 san pham, ti gia
san xuat cia mdi san pham, chudi san xuét
cia mdi san pham va ti gia cia mdi chudi
[8]. Sau do, tit ca cac dit kién dau vao s&
dugc tinh toan tong chi phi van chuyén tir bd
tri nha may ban dau. Ké dén, tong chi phi
van chuyén méi cta cach bd tri nha may
méi ma mot phan xuong dugc trao doi voi
mot phan xudng khac duge tinh toan. Cudi
cung, sau khi toan bg su trao ddi duoc hoan
tat, tong chi phi van chuyén nhé nhit dugc
lga chon, tuwong Gng véi phuong an bd tri
nhd may t6t nhat. Trinh ty tinh toan dugc
tom tat nhu sau:

» Hop thoai thiét 1ap ban dau
(Initialization): héi tong dién tich va sb
phén xudng trong nha may:

'8 Initialization X}
~Layout Data

Problem Name: [Faciity Layout|
Humber Depts.: |5

Dimension : | m

— Facility Information

Scale-m/unit | 1 Cell

Length-m 10 E
Width-m {10 [10
Area-sq.m | 100 I 100
Avena Inital | ok | Cance

Hinh 3 — H¢p thoai nhap kich thuéc
phéan xuéng.
» Hop thoai bd tri mit bang (Facility):
héi dién tich ctia mdi phan xudng, thong tin
tir mbi phan xudng, va vi tri cia mdi phan

xuong trong nha may.
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Hinh 4 — Hop thoai nhép vi tri phin xuéng.

» Hop thoai nhiém vy san Xuét (Product

Assignment): hoi s6 san pham, san lugng

ctia mdi san phdm va chudi cong doan cia
phan xuwéng ma moi san pham can di qua.

T Product Rssignment L ————]

Time uritin drena : [Fided - Fiun Epeed: [100
“wiorking lime # Day Haw| |?-1- Simulate lima [Day). |15
fiverage velocky belween al of depariments (Maler/Time uril in SREAHA) . [0

Mew. | Edl. | Dakm | oK Carcel
Hinh 5 — Hop thoai nhap san lwgng

ciia sin pham.

» Hop thoai chi tiét san pham (Product
detail): hoi hé s6 van chuyén san xuit cta
mbi san pham cho toan bd phan xudng trong
nha may va thoi gian san xudt & mdi phan

xuong.

Hinh 6 — Hop thoai nhip hé s6 van chuyén
san xuat

» Hop thoai tinh toan b tri mit bang (CRAFT):
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Hinh 7 — Hop thoai tinh toan chi phi van chuyén.

Hop thoai nay tao ra biéu dd lién hé cua
tat ca phan xudng va tinh toan cac chi phi
van chuyén cho bd tri nha may ban dau va
tat ca sy hoan doi c6 thé co cua mdi phan
xuoéng. Sau tinh todn nay, tit ca két qua

hoan d6i s€ duoc liét ké.

Dé tinh sy trao ddi cua phan xudng nay
v6i mot phan xudng khac, ¢6 8 1an hoan ddi
can duge thuc hién. Chéng han, su trao d6i
gitra phan xuong A va phan xudéng B duoc

biéu dién nhu sau:

+ B4 tri ban dau:
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Hinh 8 — B tri ban dau cho cac phan xudng.

+ Sau mot loat budc tinh toan thi cach bd
tri cho tong chi phi van chuyén nho nhét
duoc hién thi nhu sau:

Mﬁ-

Deer: [12 <1 | Disterae Tvps Calduea - Longh: [0 Traditional
CRAFT
i Do [ o] | ¢ Eliken  # Ractiear widh: [0 =T
Ditaree | ca.con | Fesetirea || Annealing [54]
Staut Aroma
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o EREE
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He EIEITHED
B
Unde | Oes |

Hinh 9 — Hop thoai thé hi¢n mdt so dd b tri
t6i wu.

Két qua timg budc hoan dbi (tir 1 dén 8)
gitra hai phan xuong A va B xem trong cac
hinh 10-a va hinh 10-b dudi day. (1)

Hinh 10-a. Cac buéc hoan dbi giira 2 phan xuong
A va B (cac budc tir 1 dén 4).
5

2



(6) .
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Hinh 10-b. Cac buéc hoin dbi giira 2 phan xuéng
A va B (cac budce tir 5 den 8).

6. MO PHONG BO TRi NHA XUONG

Sau khi c6 dugc cach thiét ké b tri phan
xudng tot nhit, mo-dun mé phong duoc sir
dung dé tinh toan cac thong tin san suit nhu:
téng thoi gian, thoi gian cho va thoi gian st
dung cua phan xudng.

e Khoi dong ARENA:

Khoi dong mo-dun mod phong bang nit
khoi dong ARENA. Nut nay lién két giita
VB va Arena.
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Hinh 11 — Mot nut khoi dong dé bit dau mo
phong.

Nt diéu khién nay sé& sir dung dé tao ra
dong biéu dd cua moé-dun mé phong va
thong qua tit ca nhimng thong tin dau vao dé
dinh nghia mot gia tri cia mé hinh mo
phong tir VB dén ARENA. Vi du vé Code
cua nut diéu khién duoc dé cap bén dudi.

Private Sub Command1_Click()

Dim arenaApp As Arena.Application

Dim arenaModel As Arena.Model

Set arenaApp = CreateObject("Arena.application”)

Set arenaModel = arenaApp.Models.Add

Dim createmod As Arena.Module

Dim procmod As Arena.Module

Dim disposmod As Arena.Module

Set createmod = arenaModel.Modules.Create
("BasicProcess"”, "Create", 0, 100)
createmod.Data("Name") = "MyCreate Module"
createmod.Data("Value") = "3"
createmod.Data("Units") = "Minutes"

Set procmod = arenaModel.Modules.Create
("BasicProcess", "Process”, 1000, 100)
procmod.Data("Name") = "MyProcess Module"
procmod.Data("DelayType") = "Normal"
procmod.Data("Value") = "10"
procmod.Data("StDev") = "2"
procmod.Data("Units") = "Minutes"

Set disposmod = arenaModel.Modules.Create
("BasicProcess", "Dispose”, 2000, 100)
disposmod.Data("Name") = "MyDispose Module"
createmod.UpdateShapes
procmod.UpdateShapes
disposmod.UpdateShapes

End Sub

Private Sub Form_Load()

End Sub

Qua doan code nay, tir mo-dun thiét ké
nguoi dung s€ tao ra mé hinh mé phdng mot
cach tu dong.

e Bicu do dong Arena:



Tu nut bat dau Arena, mot biéu d6 dong
Arena s€ dugc st dung dé tinh toan thoi
gian san xuat va tao ra két qua nhu hinh sau:
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Hinh 12 — Hjp thoai biéu d tinh thoi gian san
xuét

e Bio céo tir Arena.

Sau khi cac dong biéu dd6 md phong
duoc hoan tit, chuong trinh mé phong sé tu
dong chay va tao ra bang bao céo két qua
nhu sau:
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Hinh 13 — Béo c4o xuit ra trong Arena.

7. MO-DUN BAO CAO CUA VB

Tir bao céo trong Arena (hinh 6), ta thiy
c6 rat nhiéu thong tin dau ra dugc hién thi.
Vi vay, chic nang bao cdo cua VB duogc st
dung cho viéc thu thap lai nhimg két qua
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quan trong tir Arena dé hién thi trong bang
bao cao ciia VB. Véi sy lién két nay, nguoi
sit dung mo phong c6 duoc két qua tdt nhat
ciia phuong an bd tri nha may. Tat ca cac
thong tin nay dugc tao ra mét cach truc tiép.
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Hinh 14 — Théng tin ciia cich bd tri tdi vu

8. KET LUAN VA KIEN NGHI

Cong nghi¢p dong tau la nganh cong
nghiép then chét nhim xay dyng sirc manh
hang hai cho mdi qudc gia trong thé ky 21,
nén can dwoc duy tri va phat trién trong
tuong lai.

Vi muc dich nay, su cai tién trong thiét
ké, trong qui trinh san xut, trong k¥ thuat
thong tin va ty dong truyén thong nén duoc
bd sung. Thiét ké bd tri nha may sao cho
tong thoi gian san xudt va chi phi van
chuyén gitta cac phan xuéng 13 nhoé nhét
dang 12 mot trong nhimg yéu t6 quan trong
hang dau.

Gan day voi sy phat trién vuot bac cua
may tinh, ngudi ta c6 thé md phong, tinh
toan, mo hinh hoa cach bd tri nha may trén
may tinh, dé tir d6 chon ra dugc cach bd tri
tdi wu. Trong mot twong lai gin, cac hé
thong ty dong tinh toan, phan tich, danh gia,
mo phong, mé hinh hoa toan bo trang thiét
bi, bd tri mat béng phan xudng cua mot nha
may dong tau s€ ra doi. Khi do, chung sé tro
thanh yéu t6 dong luc phat trién manh mé&
khong chi trong nganh cong nghiép dong tau



ma con anh hudéng dén nhiéu nganh cong
nghiép khac.

Phén tmg dung trén day c6 thé dugc ding
cho giang day moén thiét ké xuong va tb
chtrc mit bang phan xuodng gia cong vo tau
va cac xuong co khi néi chung. Két qua nay
da trién khai trong dé tai NCKH sinh vién
nam 2011 tai truong PHBK [11].
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phi, thoi gian nghién ciru voi phdn mém
Arena.

Bai viét nay 1a mot phan trong dé tai
nghién ctru xay dung hé théng hd tro mé
phong sé trong dong tau [12], duoc tai tro
boi Pai hoc Qubc gia Thanh phé HO Chi
Minh (VNU-HCM) trong dé tai mi s
B2012-20-15.

Tac gia rt cam on PTN trong diém qudc
gia Diéu khién sb va ky thuat hé thong
(DSELab), PHQG TpHCM da hd tro kinh
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