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CHI TIET CAT TU VAT LIEU DANG TAM TRONG NGANH GIAY DEP

Tran Ping Bong, Pham Ngoc Tuin, Tran Pai Nguyén, Ho Minh Tuin
Truong Pai hoc Bach Khoa, PHQG-HCM

TOM TAT: Bai bdo gidi thiéu ket qud nghién ciu phuong phdp xdy dung dwong miit la
quy tich nhitng diém cuc cia cdc chi tiét trong so do sdap xép khi cdt tir vat liéu dang tam. Trén
co' so nghién ciru ndy, cac mé hinh toan hoc, cdc giai thudt, cdc phan mém cho mdy tinh duwoc
xdy dung dé giai bai todn 16i 1eu SO do cdt chi tzet tir vt liéu tam dong thoi gép phan tw dong
hoa quy trinh gia cong cat chi tiét véi muc tiéu tiét kiém vt liéu va ndng cao ndng sudt cdt vat
liéu trong san xudt giay dép.

Tir khoa : toz wu héa so do sap xép, cdt vit liéu dang tam, giay dép, so do cdt toz wu, tiét
kiém thot gian, tiét kiém vdt liéu, ndng cao ndng sudt lao dong,sdp xép toi wu, pham mém toi wu
so do cat

1.DAT VAN DPE

Trong gia cong cit chi tiét tir vat liéu dang tim trong cac nganh coéng nghiép, so d6 sap xép
cac chi tiét theo hé tinh tién song song dugce ap dung pho bién. Thyc té cho thay cac phuong an
sdp xép cac chi tiét cit theo hé tinh tién song song mang lai hé sO sir dung vat lidu cao, dong
thoi ciing dé dang tu dong hoa quy trinh gla cong cit chi tiét.

Phu thudc vao yéu clu cua chi tiét cit va cta tim vat liéu, trong san xuét hién nay c6 hai
dang sap xép chi tiet trén so do cat, do la:

- Sip xép mét loai chi tiét cung chiéu (hinh 1).
- Sap xép mot loai chi tiét ngurge chidu (hinh 2).
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Hinh 1. So d6 sip xép chi tiét cung chiéu Hinh 2. So d6 sip xép chi tiét nguoc chiéu

Dé giai bai toan tim phuong 4n tdi wu cho so db sip xép cac chi tiét khi cat tir vat lidu tm,
trudc tién phai xac dinh di€u kién khong giao nhau cia cac chi tiét trong vung sap xép. Diéu
kién nay dugc dac trung twong Uing bang khai niém duong mut.

2.KHAI NIEM PUONG MUT
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Chi tiét dé giay S1 c6 cuc 1a O1 va chi tiét S2 c6 cuc 02 (hinh 4). Hé truc toa do gin voi
gan voi chi tiét S1 14 X’O1Y” tai vi tr tao goc xoay 0 so voi hé truc toa do ¢d dinh XOY. Xét
tat ca cac vi tri cuc O2 cua chi tiét S2 xoay quanh chi tiét S1 nhung luén ludén dam bao diéu
kién 1a S2 khong giao véi S1 va khoang cach 0102 1a ngin nhét. Tap hop cac diém cuc 02 s&
tao ra duong mut cua S2 quanh S1(hinh 4).
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Hinh 3. Kich thudc chi tiét dé giay Hinh 4. Puong mut chi tiét S, va S,

Diéu kién khong giao nhau cta cac chi tiét trong tmg véi didu kién khong cét nhau cua cac
dudng bién ciia cac chi tiét (cac dudng bién c6 thé tiép xtic nhau). Véi cac chi tiét co hinh dang
hinh hoc don gian (nhu tam giac, duong tron, chit nhat...) thi xét diéu kién khong giao nhau cua
chung 1a don gian. Nhung, véi cac chi tiét co hinh dang dudng bién phirc tap bat ky trong k§
thuat thi viéc xay dung diéu kién khong giao nhau cia chi tiét c6 phirc tap hon nhidu. Vi du,
diéu kién khong giao nhau cta hai chi tiét ¢ duong bién 13 hinh tron ban kinh R1 va R2 voi
thong s6 tam dudng tron 1a X1, Y1 va X2, Y2 dugc thé hién bang bat ding thirc:

fo=( =X’ + (Y1 = Y2’ = (R + Ry’ > 0 (1)

Do vy, ¢6 thé dinh nghia duong mat cua chi tiét S2 doi véi chi tiét S1 nhu sau: Puong mut
1a tap hop quy tich cac diém cyc O2 cua chi tiét S2 khi n6 quay quanh chi tiét S1 dam bao diéu
kién khong giao nhau va c6 khoang cach O102 la ngan nhat (chi tiet S2 ludn ti€p xuc véi S1 ).

3.XAY DUNG PUONG MUT CUA HAI CHI TIET CUNG CHIEU

Viéc xay dung diéu kién khong giao nhau cta cac chi tiét, nghia 13, sip xép cac cuc cua
ching nam trén dudng mut gan lién v6i nhidu kho khan va cin phai c¢6 cac phuong phap khac
nhau dé xac 1ap diéu kién khong giao nhau giira cac chi tiét. Viéc chon phuong phap xiy dung
duong mat phu thudc vao phuong phap nao dé moé ta dudng bién chi tiét.

Theo [1], dudng bién chi tiét duoc moé ta sb héa vao may tinh theo tap hop diém c6 trat tu
P1, P2, ..., Pn dudi dang file s6 hoa. Puong mat cua hai chi tiét cung loai S2 quanh chi tiét S1
(hinh 5) dugc xay dung theo cac budc sau day:
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Hinh 5. Pudng mut cua chi tiét ciing chiéu

- Dinh vi chi tiét S, ¢6 toa do cuc O, trung voi toa do géc cua hé truc toa do ) dinh XOY.
Xac dinh cac hoanh d6 Xy, dex cua cac diém ngoal cung bén tral va bén phai Va cac
tung 40 Y min, Ymax cUa cac diém thap nhit va cao nhét cta chi tiét thr nhat (chi tiét Sy).
X4c dinh kich thudc Oy = Xinax - Xmin VA& Qy = Yimax - Yomin,

- Quét dong theo khoang cach Aw theo truc OY, xac dinh toa do giao diém Pi(X;,Y;) cua
ting dong quét véi duong bién cia chi tiét S;; xac dinh s6 lugng dong quét n giao voi chi
tiét Sy

- Xay dung trong déi cit Ymin <Y < Y, chi tiét thir hai (chi tiét S,) théa méan cong thirc:

- X%h= XS 20 Y= Y it Ae 2)

- Trong trudng hop nay, chi tiét S, da tinh tién theo truc OX ra xa so véi chi tiét S; mot

khoang cach 2Q, va rd rang tai vi tri ny, hai chi tiét S; va S, 1a khong giao nhau. Pay la
dicu kién dé kiém tra su khong giao nhau cua hai chi tiet.
Tir cic diém tua Pi cua cac chi tiét S; va S, trén cac dong quét song song voi truc OX.
Xac dinh khoang cdch d; bao trong va khoang cach bao ngoai D; cua hai chi ti€t S; va Sy
Dich chuyén chi tiét Sy vé bén trai theo truc OX mot khoang d = min{d;}. Trong trudng
hop nay, chi tiét S, tlep xtc voi S; va khoang cach 0,0, 1a ngan nhat dam bao su khong
giao nhau ciia hai chi tiét.

- Xét tht ca cac truong hop i tir -n cho dén n. Luu toa do cac cuc O, dugc tap hop cac diém
Q1, Qz,...,Qx cua dudng mut.

- Xoay S, quanh cyc O; di mot goc 90° theo chiéu quay cua kim déng hd, lap lai cac budce
tur 1 dén 5 nhu trinh bay 6 trén va luu tap hop cac diém mdi cua duong mat Q’y, Q™ ...,
Q’;. Quay tap hop diém Q’ 1, Q’2, ..., Q’j quanh cue Oy mot goc 90° theo chiéu ngugc chiéu
quay kim dong hd. Sap xep lai trét ty cac tap hop diém Qy, Qu,...,Qc va Q’1, Q*, ..., Q° f
duoc tap hop diém ntra duong mut Qy, Qo, ..., Qusj.
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- LAy ddi ximg toan bo cac diém Q;, Q. ..., Qu+j qua cyc O, thu dugc tap hop diém cua toan

Giai thuat xay dung duong mut cua hai chi tiét cing chidu duoc trinh bay trén hinh 6.

bd dudng muat cua hai chi tiét cing loai S, dbi vai S;.

- Nhap dit liéu mé t4 chi tiét S
- Nhap khodng céch quét dong ¢

v
Pinh vi chi tiét S; c6 toa do cuc 04(0,0)
v

- Dung chi ti€t S’ biing céch dich chuyén S; dé&n vi
tri c6 toa do cuc O, (20x,-Qy)

v

- Quét dong theo truc OX véi khodng cdch ¢ trén doan
QY tr -Qy dén +Qy
- Dénh s8 thd ty dong quét theo i (i := 1...n)

i=1+1

b

- Dung chi ti€t S,” biing cdch dich chuyén S,” Theo
huéng OY 1én khodng céch ¢

v

- X4c dinh dp, clia hai chi tiét S; va S;”

v

- Dung chi tiét S, biing cach dich chuyén S,” vé bén
trai theo truc X mot khodng dpin

v

- Xac dinh toa do cuc Ox(X2,y2)

Xoay chi tiét S; di 4 Tan
theo chiéu kim dong ho
mi 14n 90°

0a do cuc O, clia

chi ti€t ¢6 xoay

- Xoay toa do O, theo chiéu ngugc kim dong ho theo
gid tri géc xoay tudng ng S;

v

- Xuit toa do cuc Ox(X2,y2)
- Sdp x&p 6 trat ty cdc diém O,
- N&i cdc diém lién tuc clia dudng miit

Hinh 6. Gidi thuat xdy dung dudng miit cia mot loai chi tiét sdp x€p cling chiéu
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4. XAY DUNG PUONG MUT CUA HAI CHI TIET NGUQC CHIEU
Trudc tién, xay dung chi tlet S, bang cach xoay chi tiét S, di 180° (hinh 7). Giai thuat xay
dung dudng mut cua hai chi tiét sip xép nguoc chiéu dugc trinh bay trén hinh 8.
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Diém thudc dudng miit

Hinh 7. Dudng miit ctiia mdt loai chi tiét
ngudc chiéu
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- Nhap dit liéu md t4 chi tiét S

- Nhan khodne cdch auét done ¢t

Hinh 8. Gidi thuit xdy dung ham dudng mit cia mdt loai chi ti€t sip x€p ngugc chiéu

2
»  Dinh vi chi tiét S ¢6 toa do cuc 0,(0,0)
v

- Dung chi tiét S,” biing cdch xoay S, di 180° va dich chuyén

dé&n vi tri cé toa d6 cuc O, (2Qx,-2Ymin)

v

- Quét dong theo truc OX vdi khoéng céch ¢ trén
doan OY tif -Qy dén +Qy
- Pé4nh s6 thit tw dong quét theo i (i := 1...n)

1:=1+1

b

Xoay chi tiét S, di 4 Tan
theo chiéu kim dong ho
mdi Ian 90"

- Dung chi tiét S,” biing cich dich chuyén S
Theo hudng OY 1é€n khodng cdch ¢

v
- X4c dinh d, cta hai chi ti€t S;va S;”
v

- Dung chi tiét S, biing c4ch dich chuyén S,” vé
bén trdi theo truc X mot khodng d,;,

v

- Xéc dinh toa dd cyc O5(x,,y»)

Toa do cuc O, cia
chi ti€t c6 xoay

- Xoay toa do O, theo chiéu ngugc kim dong ho
theo gid tri géc xoay tuong ng S,

v

- Xuit toa do cuc Oy(X2,Y,)
- Sdp x€&p c6 trat ty cdc diém O,
- N6i cdc diém lién tuc clia dudng miit

K&t thiic

A
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5.GIOI THIEU PHAN MEM XAY DUNG PUONG MUT

Phan mém dugc viét theo giai thuat da trinh bay & trén bang ngdn ngit 1ap trinh Delphi.
Puong mut cia chi tiét dwoc xay dung trén co s& duong bién ciia nd thu duoc tir anh quét vao
mdy tinh. Buong mut dugc mdy tinh tinh toan v& ra man hinh d6 hoa va quan ly theo file )
hoa. Du6i day gioi thiéu mot s6 két qua ma may tinh da xuit ra man hinh d6 hoa 1a dwdong mut
cua chi tlet de gidy sip xép cung chiéu va nguoc chleu
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Hinh 11. Duong mit chi tiét cing chiéu Hinh 12. Duong mut chi tiét nguoc chiéu

6.KET LUAN

Tir két qua nghién ciru moé ta sé hoa duoc dudng bién chi tiét hai chidu ¢ hinh dang phuc
tap vao trong may tinh va viéc tim ra quy tich dudng mat cua cac diém cuc cua cac chi tlet sap
xép trén so do cit tir vat liéu tim, may tinh da xdy dung duogc dudng mut trén so dd sap xép.
Theo quy luat tinh tién song song cla cac dudng mut trén so do sip xép s& xac dinh duoc cac
giao diém cua ching va d6 chinh 1a cac dinh cua cc hinh binh hanh co s& trong cac mé hinh
giai cac bai toan ti wu so dd cit sau ndy. Viéc xay dung giai thuat ¢é may tinh v& dugc cac hé
thong dudng mit trong so d6 sip xép 1a két qua cua nghién ctru ndy.
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GODOGRAPH OF STRIP LAYOUT OF IRREGULAR SHAPES CUTTING
FROM SHEET

Tran Dang Bong, Pham Ngoc Tuan, Tran dai Nguyen, Ho Minh Tuan
University of Technology, VNU-HCM

ABSTRACT: In this paper, we studied themethod of creating the godograph, which is a
set of polar points of parts in marking diagrams when cutting sheet materials. Based on this
study, mathematical models, algorithms, computer software are created to solve optimal
nesting problems and automize cutting processes with the objective of saving material and
increasing cutting productivity in footwear industry.

Keywords: optimal nesting problem, optimal nesting problem, optimal nesting problem,
sheet materials, sheet materials
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