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ABSTRACT

The garment manufacturing industry has
significantly to Vietnam's export turnover. However, most of the
production stages are manual or semi-automation. Automating
production processes is essential to improve the quality and quantity of
garment products. This paper introduces a budget design of an automatic
fabric-cutting machine system. The machine consists of a gantry system
and an oscillating knife. A testbed was constructed to verify the designed
system. In fabric-cutting machines, the placement of the parts on a sheet
such that the material used is minimal, known as the nesting problem, is
a matter of concern. In this study, the designed fabric-cutting machine
system uses an open-source tool called Deepnest, developed based on the
No Fit Polygon and the genetic algorithms to deal with the nesting
problem.
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Hién nay, nganh san xudt cac san pham may mdc déng gép mot phan
khong nho vao kim ngach xudt khdu Viét Nam. Tuy nhién, phan Ién cac
cong doan san xudt ¢ nwée ta hién nay déu duoe thiee hién thii céng. Dé
nang cao chdt luong vd san lwgng cac san pham may mdc, viéc ty dong
héa cdc quy trinh san xudt la van dé cdp thiét. Bai bdo ndy gidi thiéu mot
thiét ké ciia hé thong mdy cdt vdi tw dong. May duwoc thiét ké bao gom mot
ban may ba bac tw do va mgt hé théng dao cdt rung, dwoc dan dong boi
hé thong cac dong co AC servo. Mot mé hinh thuc nghiém duoc xdy dung
dé kiém tra hé thong ban may dwoc thiét ké. Trong cdc hé thong cdt vdi,

viée bé tri cde manh can cdt 1én trén mot tam vt lleu aé giam thiéu vt
liéu hao phi, dwoc goi la bai todn gidc so do, la mét van dé rat dang dwoc
quan tam. Trong nghién ciru nay, hé thong mdy cdt vdi sir dung céng cu
ma nguo‘n mo Deepnest, dia trén thudt toan No Fit Polygon va giai thudt
di truyén duoc, dé xdy dung so dé cdt t6i uu cho h¢ théng. Két qua nghién
cieu cho thay thiét ké may cdt vai dwoc dé xudt trong bai bdo nay cé thé
dat dwoc hiéu nang cao véi chi phi dau ti thap.

1. GIOI THIEU

Hién nay, nganh dét may déng gop mét phan
khong nho vao kim ngach xuat khau Viét Nam.
Trong nhiéu nam, nganh may Viét Nam la nganh c6

tdc do tang truang va kinh ngach xuat khau Ion nhat
trong cac mic hang xuat khau (2010-2015 ting
truong toan nganh dat trung binh 15%, 2017 xuét
khau toan nganh 31.16 ti USD va 39 ti USD vao
2019). Nhung dac biét, sau khi chiu anh hudng nang
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né cia Covid-19, xuat khiu hang dét may da vuot
qua khé khan duy tri da tang truong tét trong nim
2021 (tang 0,3% so vo6i nam 2019). Trong nam
2022, xuat khau dét may dat gan 44 ty USD.

V6i viéc tu dong héa qua trinh san xuit, chat
lwong va san luong cac san pham may mac c6 thé
dugc ddy manh. Trong khau san xuat cua cac san
phidm may mic, cong doan cét vai dong vai tro rat
quan trong, anh huéng I6n dén niang suat va chét
lwong san pham. CAc thiét bi tw dong nhu may trai
vai nhiéu 16p va may cat vai nhiéu 16p c6 thé dugc
g dung dé nang cao tinh ty dong hoa trong qué
trinh san xuit (Wong, 2003; Phakphonhamin &
Chudokmai, 2018; Vilumsone-Nemes, 2018; Gahm,
2022). Trong qué trinh ndy, nhiéu 16p vai dwoc trai
tu dong 1én bé mat, ban may dwoc diéu khién tu
dong dudi su tro gilp caa may tinh (may CNC) sau
d6 duoc sir dung dé cit vai dia theo so dd cit dugc
thiét lap trude do.

So d6 cat 1a mot so d6 b tri cac manh chi tiét
can cat 1én trén mot tim vat liéu (Hinh 1). Qué trinh
bé tri nay trong linh vuc may mic dwoc goi la giac
so dd. Viéc thuc hién b tri so do cét tha cong c6 thé
dan dén lang phi vat liéu, 1am tang chi phi san xuat.
Téi wu hoa so d6 cat 1a bai toan b tri cac hinh can
cit 1én trén mot bé mat vat lieu vai muc tiéu tdi thiéu
lwong vat lieu can sa dung (Qin et al., 2021;
ElShishtawy et al., 2022). Viéc tbi wu nay gitp tiét
kiém dugc vat liéu khi cét, din dén tac dong tich cuc
vé ca kinh té 1an hé sinh thai. Pay 1a vin dé duoc
cha trong trong nhiéu nganh san xuat céng nghiép.
Giai quyét dugc van dé nay ciing dong mot phan to
I6n trong viéc han ché bot di st dung tai nguyén
thién nhién. Hién nay, c6 mot s6 don vi da phat trién
céc phan mém dé giai quyét bai toan giac so do, tuy
nhién, gia thanh cac phan mém thuong mai nay
twong ddi cao. Pién hinh nhu phin mém NestFab
(www.nestfab.com), chi phi sir dung phin mém nay
tam khoang 2.250 USD cho mét ngudi ding.
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Hinh 1. So dd cit

Tap 59, Sé 4A (2023): 50-56

Hé théng
dao cat

Hinh 2. So @6 h¢ théng may cat vai

Muc dich cua nghién ciru nay 1a thiét ké mot hé
thdng cat vai ty dong. Két qua nghién ciu 1a mot
ban thiét ké may bao gdbm mét ban may 3 bac tu do,
dan huéng bang cac dong co AC servo thong qua bd
truyén dai va bo truyén vit me bi. Thiét ké cua hé
thng dao cit rung ciing dugc gidi thiéu trong bai
bao. Giai phap giac so d0 ciia may cit vai dugc thiét
ké trong nghién ctru nay la sir dung phan mém ma
nguon mo Deepnest nham giam thiéu chi phi dau tu
cho may. M6t mé hinh thuc nghiém dugc xay dung
dé kiém tra d6 chinh xé4c cua hé thdng ban may dwoc
thiét ké.

2. HE THONG MAY CAT VAI
2.1. Ban may

May cit vai tu dong dugc thiét ké bao gom mot
ban may ba truc (Hinh 2) va mot hé théng dao cét
duoc lap trén dau cong tac. Ca ba truc cia ban may
duoc dan dong badi cac dong co AC servo. Hai truc
X va Y duoc din dong bai bo truyén dai, trong khi
truc Z duoc dan dong bai bo truyén vit me bi.

2.2. Hg thong dao cat

Quié trinh cit trong dét may duoc thuc hién bang
dao duoc st dung rong rai. Mot dau cét c6 thé mang
nhiéu loai dao cit khac nhau, phuc vu cho nhiéu
cong doan cit khac nhau. Viéc lya chon dao nao phu
thudc vao loai vat lidu va do phuc tap cua dudng cit.
Puong bao cua vat lidu cit cé thé duoc thuc hién
bang dao tron, dao khic, dao rung; miii duc ding dé
tao 15. Trong céc loai d6, dao rung c6 dic diém la
ludi dao di chuyén 1én va xuéng véi tan sb nhat dinh
(Cosson-Coche et al., 2017). Dao nay phu hop cho
truong hop ddi tugng dugc cat gém nhiéu lop vat
lieu mong xép chdng 1én nhau, cé bién dang phuc
tap. V6i yéu cau cét trai vai nhiéu 16p, dao rung duoc
sir dung trong hé théng dugc thiét ké.

Cum dao cit duoc thiét ké nhw Hinh 3. Cum dao
cit yéu cau hai dong co dé tao chuyén dong cit.
Pong co I thong qua co ciu tay quay con trugt tao
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chuyén dong tinh tién 1én xudng véi mot tan sé cho
truéc. Tan s6 dao dong cua dao cit cd thé duge diéu
chinh thong qua viéc diéu khién téc do cua dong co
I. TUy theo ting loai vat liéu khac nhau ma tan sé
dao dong mong mudn cua dao duoc lya chon khac
nhau. Thiét ké caa may cho phép tao ra dao dong téi
muc tin sé 100 Hz. Trong khi d6, dong co II dugc
sir dung dé diéu huéng mii dao, xoay ludi dao cit
theo céc goc khac nhau dé xir ly cac bién dang cong
khac nhau. Ca hai dong co déu st dung dong co AC
servo HC-KFS46.

. Dong co I

Dong co I

Hinh 3. Cum dao cit vai

May tinh

A 4

PLC Mitsubishi A2USH-S1

Module Module Module
A1SD75-P2 | A1SD75-P2 | A1SD75-P1

A4 A4 A 4 l l

Servo Servo Servo Servo Servo
driver driver driver driver driver
MR- MR- MR- MR- MR-

JS2-60A | [ JS2-40A | | JS2-20A | | JS2-20A | | JS2-70A

¢ : ¢ H ¢

Dong co | | Dong co | | Pong co | | Pong co | | Dong co
Servo Servo Sernvo Servo Servo
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SF53 MF43 | |MF23-B | | KFS46 | | KFS46

Tao chuyén Tao chuyén Tao chuyén Din hu(?ng Tao rung

dong truc X dong truc Y dong truc Z dao cat dong dao cat

Hinh 4. Hé théng dién ciia may cat
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Hinh 5. Quy trinh van hanh cia may
2.3. Hé théng dién va diéu khién

Hé thdng dién-diéu khién cua may dwoc mo ta
trong Hinh 4. Dit liéu bién dang can cit dugc xir Iy
trén may tinh va sau d6 duoc giri xudng PLC
Mitsubishi A2USH-S1 duéi dang Geode, théng qua
cdng truyén théng RS 422. Tur dir liéu noi suy do,
cac module diéu khién vi tri A1SD75-P2/P1 guri tin
hiéu cho cac AC servo ¢ cac truc cua ban may va
cum dao cit dé thyc hién hanh trinh.

3. TOI UU HOA SO PO CAT

Quy trinh van hanh ciia may cit vai tu dong dwoc
mo ta trong Hinh 5: (i) Dit liéu cua cac hinh can cat
(bién dang va s6 lugng) dwoc chuan bi; (ii) Tat cac
hinh can cit dwoc bé tri trén mot ving khong gian
hinh chit nhat; (iii) So dd bd tri d6 duoc chuyén ddi
thanh Gcode va giri dén cho bo diéu khién kha trinh
(PLC). Trong quy trinh do, viéc bd tri so dd cat ¢
budc (i) ¢6 anh huong 16n dén chi phi vat liéu gia
cong va tac dong dén lgi ich vé kinh té. Bai toan b
tri so dd cét goi la nesting problem (Hopper &
Turton, 2001), no6 con cd mot tén goi khac la giac so
do.

Bai toan giac so dd bao gom hai van dé: (i) b tri
cac hinh can cit 1én mot dién tich vat liéu, sao cho
cac manh khong chong chat 1én nhau; (ii) toi wu hoa
dién tich vat liéu st dung. Hai van dé nay co thé
duoc xur ly théng qua giai thuat No Fit Polygon
(NFP) (Lou & Rao, 2022) va giai thuat di truyén
(GA) (Terashima-Marin et al., 2010; LoOpez-
Camacho et al., 2013).

No Fit polygon 12 mét phuong phap quy tich dé
giai quyét bai toan bd tri cac hinh 1én trén mot dién
tich sao cho céc hinh khéng bi chong chat 1én nhau
(Kendall, 2000; Burke et al., 2007). Phuong phap
nay dugc gigi thiéu bai Burke et al. (2006). Y twong
cua phuong phap nay dugc mo ta trong Hinh 6. Xem
xét hai hinh da giac A va B, trong d6, da giac A ¢b
dinh va da giac B tinh tién xung quanh da giac A.
Mot diém tham chiéu R nam trén da giac B duoc lya
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chon. Chiing ta s& x4c dinh quy tich cua diém R dé
dam bao da giac B ludn cham vao da gidc A ma
khong chdng Ién né. Quy tich cua diém R khi iy
duoc goi 1a duong NFP cua da giac A d6i véi da giac
B (duong mau xanh trong Hinh 6).

Khi d xac dinh duong NFP, viéc kiém tra chong
chéo Ién nhau cta hai hinh twong duong vai viéc
Kiém tra diém tham chiéu R c6 nam trén duong NFP
hay khong. Phép toan Minkowski different c6 thé
duoc st dung xac dinh duong NFP gitta hai da dién
16i bat ky A va B. Nhung ddi véi nhimg da dién 16m
hozc c6 phan 16 bén trong lén NFEP ciing theo d6 ¢6
thém bién dang thir 2 nam bén trong bién dang tinh
toan bén ngoai. Trong truong hop do, k¥ thuat dugc
phét trién boi Bennell & Song (2008) dugc sir dung
dé xay dung duong NFP.

Giai thuat NFP cho phép bd tri cac hinh da giac
cham sat nhau ma khong bi chong chét lén nhau.
Tuy nhién, trong giai thuat nay, cac hinh da giac chi
tinh tuyén ma khong xoay va thir ty dat cac hinh da
giac ciing duge xac dinh trude. Giac so d6 c6 thé
duoc t6i wu hon khi ta xem xét xoay cac hinh da giac
pht hop. Bén canh do, viéc bé tri cac hinh Ién trudc,
sau d6 dat cac hinh nho vao sau ciing ¢6 thé giam
thiéu dién tich can sir dung. Dé t6i wu hoa so dd, giai
thuat di truyén (GA) duoc sir dung dé (i) xac dinh
cac hinh can xoay va xoay chling mét cach phi hop
cling nhu (ii) tim thr ty b6 tri cua céc hinh.

Dua trén ky thuat NFP va GA duoc trinh bay
trén, céng cu bé tri so dd SVGnest da duoc phat trién
(svgnest.com). Giai phép giac so dd cua may cat vai
dugc thiét ké trong nghién cau nay la st dung phan
mém ma ngudn md Deepnest (Qiao, 2018), dugc
phét trién dya trén cong cu SVGnest.

Deepnest cho phép nhap nhiéu manh véi nhiéu
hinh dang khac nhau théng qua céc file dang SVG,
DXF va corel CDR. N6 s& tién hanh ghép cac manh
lai v&i nhau va bd tri chdng 18n mot mat phiang mot
cach t6i wu vé dién tich, nham giam thiéu vat liéu du
thira. N6 ciing cho phép xoay cac mang dé c6 thé
ting tinh t8i wu cua so do6 cit. Sau do, dit lidu so dd
cit tdi uu s& dwoc chuyén doi thanh Geode va giao
tiép voi may CNC cat vai dé tién hanh cit theo so
dd. Hinh 7 cho thay két qua bé tri 470 manh can cit
én trén mot tim vat lidu c6 kich thudc 800x1200
mm, sir dung phan mém thuong mai NestFab va giai
thuat NFP va GA trong cong cu Deepnest. Két qua
cho thiy & phin mém NestFab, so d6 dugc bé tri sir
dung 75,3% dién tich vt li¢u, trong khi d6, cong cu
Deepnest cling dat dugc hiéu qua twong duong: so
dd b tri sir dung 73,91% dién tich vat liéu. Diéu d6
cho thay cong cu Deepnest cd thé duoc sir dung dé
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giam thiéu chi phi vé& phan mém cho may cit vai tyu
dong.

Hinh 7. So db cit dwoc téi wu: (a) Sir dung phan
mém thwong mai NestFab (75.3%) va (b) sir
dung giai thuat NFP va GA trong cdng cu
Deepnest (73.919%)

4. KET QUA VA THAO LUAN

Dua trén thiét ké, md hinh thuc nghiém cia may
cit vai duoc gia cong ché tao nhu Hinh 8. Mot
nghién ciru thuc nghiém duoc thyuc hién dé kiém tra
sai sb cua ban may cit vai duoc thiét ké. Trong
nghién ctru nay, ta thuc hién viéc bd tri 28 manh véi
hinh dang va kich thudc da dang I1én trén mot tam
bia gidy co kich thudc 200x150 mm. Két qua cit cac
manh trén tdm bia gidy voi chiéu sau cat 14 1 mm
duoc trinh bay trong Hinh 9.

Pé kiém tra sai s6 cua hé thdng cit vai, ta dua
trén qué trinh tao rap dé do cit ban mau trong nganh
may:

(i) In so @6 mau thiét ké lén to A4 vai ti l¢ 1:1,
cing chinh so db trén theo bién dang di cat duoc.

(ii) Chon 3 hinh A, B va C di cit nhu trong Hinh

9 dé do sai s6, thuc hién xac dinh sai léch pixel bing
mot s6 phan mém chinh sta anh.
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(iif) Xac dinh pixel twong tng voi kich thudc (v) Tinh toan cac két qua sai léch.
tam foam: Tam foam co kich thudc w = 200 mm va
h = 150 mm twong ung voi wo = 929 pixel va hy =
693.5 pixel.

(vi) Po sai léch pixel theo phuong ngang va AW =
phuong dtng cta bién dang can do, két qua do sai
léch dugc mo ta trong Bang 1, trong d6 Awp, Awy,
Ah, va Ahg lan luot 14 kich thudc sai léch bén phai,
bén trai, bén trén va bén dudi caa mdi hinh do.

Sai léch theo phuong ngang dugc xac dinh nhu
Sau.

%(Av‘vp +Av_vt)—R‘:

200
2x929

(5.6+5.27)—1‘:0,17 mm (1)

Bang 1. Sai léch do dwoc
Lén do Hinh do Aw, (pixel) Aw (pixel) Ahy (pixel) Ahq (pixel)
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Hinh 8. M hinh thuc nghiém may cit vai

Hinh 9. Két qua cit

trong d6, R 1a ban kinh dao cat. Sai léch theo Thuc hién lai céc budc trén véi 3 so do bo tri
phuong ding dugc xac dinh nhu sau: khac nhau (Hinh 10). Két qua gia tri sai léch tinh

150 toan duoc thé hién trong Bang 2.
AH = E(Aﬁt +Ahy )— R Dua trén két qua thuc nghiém co thé thay sai sb
cla ban may 1a tuong d6i nho va phu hop cho céc

g dung cat vai.

150
2x693.5

(4.23+6.53) —1‘ =0.16 mm
(2)

e

g

B

(b) (c)

Hinh 10. Két qua cit véi cac mau bd tri hinh cit khac nhau

Bang 2. Sai léch theo phwong ngang AW va 5. KET LUAN
phwong doc AH - bii b ) hé th L.

5 rong bai bao nay, mot h¢ thong may cat vai tu
Mau AW (mm) AH (mm) dong voi chi phi dau tu thap duoc nghién ctu va
(a) 0,11 0,04 phat tricn. H¢ thong mdy st dung phan mém
(b) 0,15 0,23 Deepnest d¢ xay dung so do cat toi vu. So do cat nay
(c) 0,17 0,09

cho phép tdi thiéu lwong vai 051{1 su dung trong qua
trinh gia cong, qua do, giam thiéu chi phi san xuat.
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