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NGHIEN CUU THIET KE PHOM GIAY TU DU LIEU SO HOA 3D

Pham Ngoc Tuén
Khoa Cd Khi, Trutng Pai hoc Bach khoa - PHQG-HCM
(Bai nhdan ngay 18 thang 1 nam 2005, hoan chinh sita chita ngay 19 thang 4 nam 2005)

TOM TAT: Bai bdo gidi thiéu nhitng két qud nghién ciu va thuc hién qui trinh dugc dé
nghi dé thiét ké phom gidy tit cdc dit liéu s6 héa 3D nhdn dugc. Cdc die lié¢u nay dugc doc, tinh
ché va chuyén déi tix dang .gws sang .pts, dugc xudt vao phan mém Pro/Engineer, tit do cdc
duong cong va mat NURB dugc thiét ké, kiém tra so bé 13i, phdn tich va ddnh gid sai s6' dé hoan
thién thiét ké. Nhitng két qud nghién citu cé thé la co sé dé trién khai mét s6 nghién citu khdc
dugc dé cdp & phan két ludn ciia bai bdo.

1. DATVANDE

Trong giai doan ddu clia qud trinh 4p dung k§ thuat nguge (KTN), viéc s& héa 3D phom gidy
dugc thye hién va xudt ra cdc két qua dudi dang mdt tdp hgp di€m ba chiéu dugc s& héa hay con goi
la ddm may di€m. Cdc dir liéu s& héa 3D ndy cin dugc xit 1y, tinh ch&, chuyén ddi va qua nhiéu cong
doan nifa true khi c6 mot thi€t k€ phom gidy hoan chinh. Bai bdo ndy dé cip dén viéc nghién citu va
thuc nghiém thi€t k&€ phom gidy tir cdc dit liéu s6 héa 3D .

Mit d6 do va so lugng diém do trén chi ti€t dudc trinh bay trong mot bai bdo vé sé héa 3D
phom gidly ctia tic gid. Trong d6 mét do do theo phuong vubng géc v6i cdc mit phing V cit ding [a 7
mm, con mit d§ do (budc do) trén nhitng dudng cong thudc cdc mat phﬁng V 1a 3 mm hodc 7 mm, tiy
vi tri clia mit phang V.

2. CAC CONG CU VA QUI TRINH THIET KE
2.1 Cdccong cu
*  Phdan mém CAD/CAM Pro/Engineer
- La phin mém thi€t k€ md hinh cdu tric khdi thé hién d8i tugng ba chiéu chinh xdc hon
nhitng phin mém thi€t k€ mé hinh cau tric khung day.
- Cho phép doc vao/ xuit ra cdc file dit liéu c6 dinh dang nhu .igs, .stl, ...clia cdc hé thong
CAD/CAM.
- C6 chitc nang ldp trinh NC phuc vu gia cdng.

*  Phdn mém Excel

- Pugc diing d€ tinh ché& va chuyén ddi dir liéu tir .gws sang .pts.
= Phdn mém Mechanical Desktop

- Hb trg viéc ki€m tra, ddnh gid do chinh xdc clia méu thi€t k€.
2.2 Qui trinh thiét k&

Dua vao khd ning ciia mdy do toa do Mitutoyo Beyond A504, dic di€ém clia phdn mém
Pro/Engineer, c6 thé xay dung qui trinh thi€t k&€ phom gidy tir dit liéu s& héa 3D gdm cdc budc theo
trinh t nhu sau;
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*  Poc, tinh ché' va chuyén déi dit liéu do.

*  Nhdp dit liéu do vao phdn mém thiét ké.

*  Thiét ké cdc duong cong NURB.

»  Thiét ké cdc mdt cong NURB.

*  Kiémtra so bé 1di bdng cdch so sdnh cdc mdt NURB vdi dit liéu do va sita 16i.

*  Phén tich va ddnh gid sai s6. Néu khdng dat thuc hién lai qui trinh sé héa phom gidy; néu
dat thi hoan thanh thiét ké

Qui trinh thi€t k&€ m6 ta & trén dudc bi€u dién & dang sd dd khéi nhu hinh 1.

Bit dau

g

Poc, tinh ché& va chuyén d6i dit liéu do

v

Nhip dit liéu do vio phdn mém thi&t ké

v

Thi€t k& cdc dudng cong NURB

b

Thiét k& cdc mit cong NURB

Thuc hién lai qui trinh ¢
s6 héa phom gidy

Kiém tra sd bo 16i biing cdch so sinh cic

A miit NURB véi dir liéu do va sira 16i

v

Phén tich va ddnh gi4 sai s6

v

Khéng dat

Sai s& dat yéu ciu ?

Hoan thanh thi€t k&

Hinh 1: Qui trinh thi€t k&€ phom gidy tir dit liéu sd hoa.
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3. THUC HIEN QUI TRINH THIET KE
3.1. Chuyén déi va tinh ché dit liéu phit hop véi phdn mém Pro/Engineer

Dung phin mém Excel dé:

- DPoc cic file dif liéu diém di do dugce dudi dang .gws.

- Tinh ch& va chuyén ddi cdc dir liéu do 3D sang dang .pts dé tuong thich v6i phian mém
Pro/Engineer.

- Ghi lai file dir liéu dudi dang .pts.

Hinh 2: File dit liéu do dudc tinh ché va

T
|
1550791 3 1
1S60306]  isedtgo)  233d2a i " 5
\SE6310]  1802515] 2340769 j Chuyén doi sang dang .pts.
1569300) 163 TiH] 235031 ] : ! ¥
1566300]  1sesaaa]  23sgadi ! I | :
155 3295 169 4504 2565033 |

1569295, 1723768 2373268

1555295 1753819 2320251
156 9205 176 2010 238 6OTTY
1369290 181 1113 23013737

W I N W S L O A

H

!

H

1569295 2400174 |

1569250 2406208 ]

1569300 241 1308 |

1852310 2417258 |

1565295 R 1

1569305 198 7453 2426218 I
1 56 5300, 301 6554 2432331 | !
1569288 2046426 243 6907 | E
3 i |

307 5953 2441715

BBl ([Emicrosoft Evcel - Boi.

3.2. Nhap dif lizu do vao phin mém thi€t k& ,

V6i phuong 4n do 1an Iugt phin trén va
phin dudi phom gidy, cé thé diing phin mém
thi€t k& Pro/Engineer dé:

PR

- Nhdp va xit ly file cdc tdp hop diém ciia
phdn trén phom gidy (Hinh 3).

- Nhdp va xit Iy file cdc tdp hop diém ciia
phdn dudi phom gidy (Hinh 4).

B0 B

- Lién két hai tdp diém néi trén dé hinh
thanh file dit liéu cia toan bé phom
gidy dudi dang .igs (Hinh 5).

Hinh 3: Nhip va xt Iy file cdc tip hop dién

clia phin trén phom gidv.
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Hinh 4: Nhip va xir 1y file cic tip hgp Hinh 5: Hoan thanh file dit liéu ctia toan b
diém ctia phin dudi phom giay. phom giay
3.3. Thi€t k€& cac dudng cong NURB

Diing phim mém Pro/Engineer dé thi€t k& cdc dudng cong NURB twdng ung \¢i cic dudng
cong da dugc s6 hda.

a. Thi€t k& cac dudng cong diic bigt

LA cdc dudng cong dugc s6 héa trong khi do. PE tao dudng cong di qua cic diém, chon 1énh:
Menu Manager = Part = Feature = Create = Datum => Curve = Through Points == Done = Spline
= Single Point = Pick = [Kich chudt vao titng di€m cin néi] = Done = OK (Hinh 6b).

Nia dudng cong C,, ol et
Mit phing H /’/
"
Extdng cong C
n.‘gj oug Cpy
P
Mifa dudng cong O, e ;'és";g:i:;;;;."i‘;ﬁ";_"
Hinh 6: a. Cic dudng cong da dugc s hoa. b. Cic dud'ng cong thiet k&,

Pt e o e = i
W] S BX L B (W et Bkt | Seeed Pues ] KBBGEED L e

baiz)  of

T s I a e
Hinh 7: Xdc dinh giao diém cida cdc dudng cong

. o Hinh 8: Giao dién hoan chinh cdc
da tao vdi cdc mdt phang chita chudi diem.

dudng cong di s6 hod.
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b.  Thi€t k€& cic dudng cong khic

Xdc dinh giao diém clia cic mat phing Vi (i=2, 3, ... 30) véi céc dudng cong dic biét:

- Tao mit phing chifa chudi diém : chon Menu Manager = Part = Feature = Create =
Datum = Plane =Through = Pick = [Lan lugt kich chudt vio ba di€m ctia chudi] = Done.

- Xdc dinh giao diém cla cdc dudng cong di tao v6i cdc mit phing chia chudi diém: chon
Menu Manager => Part = Feature = Create = Datum => Point = Curve x Srf = Add New
= Pick = [Kich chuét vao dudng cong - Sau d6 kich chugt mit phang] = Done (Hinh 7).

- Tao dudng cong di qua cdc di€m: chon 1énh: Menu Manager = Part = Feature = Create =
Datum = Curve = Through Points = Done = Spline = Single Point = Pick = [Kich chudt
vao tiing di€m cdn ndi] = Done = OK (Hinh 8).

3.4. Thi€t ké ciac mdt cong NURB

Dung phian mém Pro/Engineer dé thiét k& cdc mit cong NURB twong ting véi cdc manh mit
cong dugc chia nhé cud ba mit cong thinh phin ctia phom gidy.

Thi?t k& cdc mit cong phin than phom gidy

D€ tao cdc mat cong NURB: chon Menu Manager = Part = Feature = Create = Surface =
New = Advanced = Done Boundaries = Done = Blended Surf = Done

= First Dir = [Kich chuét chon cdc dudng cong bién theo huéng thif nhit] = Done Sel.
= Second Dir = [Kich chudt chon céc dudng cong bién theo huéng thit hai = Done Sel.
= Chon Done Curves = OK.

Thi€t k& cdc miit cong phdn ddu miii phom gidy
Thuc hién tudng tu nhu trén.

Thit k& cdc mit cong phén cudi gt phom gidy
Thuyc hién tudng ty nhu trén.

K&t qua thi€t k& cdc mit cong NURB cho ba mit cong thanh phin ciia phom gidy dudc trinh
bay trén hinh 9.

asmi‘ ﬁRH _:.3 a& \ lmwwmsnn[W e :
Hinh 9: K&t qud thi€t k€ cdc mit cong NURB cho ba mit
cong thanh phan ctia phom.
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3.5. Sosianh cic mit NURB v§i cdc dir lidu do

- Dung 1énh: View \ Spin / Pan / Zoom
dé xoay, kéo, phéng to tim cac 16i trén
miit cong thi€t k€.

- DBE sira 15i, ding 1énh: Menu Manager
= Part = Feature Create = Redifine
= [Kich chudt vio déi tugng mudn
stta 16i].

T ey Pl e ¥ Part SHOELAS T=e=e s iee
e Jris Vo Udbes Sphcsors bpiw et Hop o
Leus@a 3nalss 500 !
L =

@ Erve eo i nave SHOELAST

Sau khi ki€m tra sé bd va chinh sira

cdc 181 (131 thiét k& dudng cong, 18i thidt

k€ mit cong), xudt cic mit cong sang
Ty dang .igs.

W | 2 B 5 @ rPoANGING . SENedd Tien i
Hinh 10: Xui't mit cong thiét k& sang dang .igs.

3.6. Phan tich va danh gi4 sai s6 thi¢t k&

C6 thé xdc dinh sai sO thiét k& bing cach so sinh tryc tiép dit ligu do clia tiing dudng da s héa (gdm
mdt chudi toa do cac diém) vdi titng di€ém tudng ng trén bé mit thiét k&. Hudng gidi quy&t nhu sau:

a. Tinh khodng cdch giita diém do va diém tuong iing trén mdt thiét ke

® Gia sif cit ngang qua bé mat phom gidy thi&t k& bing cdc mit phang V; song song nhau vi di
qua cdc diém clia mdi duding cong da s6 hod C,;. Giao tuyé&n ciia chiing véi bé mit phom gidy 1a
cdc dudng cong C'y;. Do mit cong thi€t k& 1a mit xap xi nén dudng cong C'; s& khong triing vdi
dudng cong di sd hod C,;. Hay dé don gidn bai todn, c6 thé néi ring duting cong C',; khong di qua
chinh xdc ti't cd cdc di€ém dir liéu da do (Hinh 11).

® Xéttai mOt mit phing V;:
Goi cdc di€ém do clia dudng cong C,; 1a M;; véij=1,2,3, ...n.

® Goi O; 1a mot di€m thudc mit phing Vi, néi OM;. Tia OM;; cit dudng cong giao tuyén tai
diém M. Toa d6 ctia diém M; dugc biéu dién bdi: My(X', Y', Z)).

Sai s8 thi€t k& clia mit cong tai vi tri mat phdng xét la cdc sai khdc clia di€m M}’ (di€m trén mit
cong) va Mii (dlé?m do), tire 1a cdac doan Arii = MiiMii'~

-~
‘r @ M, Cdc diém do trén dudng cong 4
a5 thudc mit phiag Vl
L " J .
% ; m M’ Giao didm cla tia O;M,,
e ° S5 v3 mit cong thidt k&
. ] ’/’
.’ Qu
7 o M AN -« : Budng cong giao tuén C,;
‘e o .\ ] cifa mit phing \
, :
& AC8 1 v3 mit cong thiét k&
L] | { i
i I ‘e
v
o | ¥
@ P
__________ J s
* B
.
y
N
4
(o] X

Hinh 11: Céc giao di€m clia tia OM;; véi mit cong khdng triing vdi cdc diém do.
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e  Goiy la dudng thing di qua mot diém A(Xa, Ya, Za) cho true da bi€t va vudng géc
vGi cdc mit phing V; tai cdc diém O;.

®  Goi s6 mit phing Ia m (ciing 12 s8 chudi diém), s6 di€ém trong mdi chudi di€m la n. Ti
dé, trinh ty tinh cdc sai s& Ar;; dugc dé xudt nhu sau:
- Buige 1: Dung mit phiing V| di qua ba diém ba't ky ctia chudi diém thit nhat.
- Bue 2: Dyng dudng thing y di qua mot di€ém A(Xa, Ya. Za) v vudng géc v6i cde mit phing V.

- Bugc 3: Dung cdc mat phdng V; (i = 2, 3, ... m) song song v6i V, va di qua mot diém bat ky clia
chudi di€ém tuong ing.

- Buéc 4: V6i mdi chudi di€m i (i=1 ... m), thuc hién:
1. Xic dinh giao diém O; clia dudng thing y va mit phing V.
2. Véi m51 dlém Mij(X-lj, Yija Zl}) (] =1.. ni) clia chuéi, thl:rC hléﬂ

+ Dung cdc tia OM;;.
+ Xdc dinh giao di€m M’;j cia O;M;; v6i niit cong thi€t ké.
+BPoc toa d6 di€ém M'ij (X', Y, Z').

+Tinh Ar, =M M, =[x, - x, F +(v, -v,F +(z, - 2,}

- Budc 5: Xuit k€t qud tinh Ar;.
b. Tinh cdc sai s6'bdng phdn mém

Diing cdc lénh clia phdn mém Pro/Engineer dé xdc dinh cdc giao diém, k&t hgp v6i phan mém
Mechanical Desktop dé doc toa do giao diém, rdi tinh sai s6 giita diém thi€t k& va di€ém do (trong cic
file .pts). Trinh e nay c6 thé thyc hién nhu sau:

- Bude 1: Dung mat phing DMT]1 di qua ba di€m cida C,;.
- Bude 2: Chon mot diém A trén trong tip hdp diém clia contour Cy. Dung dudng thing A-1 di qua
diém A va vudng géc véi DMTI.
- Budc 3: Dung cdc mit phing DMT2, DMTS3, ..., DMT31 song song vdi mat phang DMTI va di
qua mot diém thudc chudi di€m tuong tng C,z, Cy3, ..., Cia1.
- Buéc 4: Tai mdi mat phing i, thuc hién:
1. Xéc dinh cdc giao diém PNTi clia dudng thing A-1 va cdc mit phdng DNTi (H 61).
2. V6i mdi di€ém M;; (j = 1.. n) cla chudi diém i, thyrc hién:
+ V@& cdc tia di qua PNTi va titng diém Mij.
+ Xdc dinh giao diém M'ij clia tirng tia véi mat cong thi€t k& (Hinh 12).
+ Xuit file sang dang .igs.
+ Poc toa do cic giao diém M'ij bing phan mém Mechanical Desktop (Hinh 13).
= Lép bdng toa dd ciia M;; va M.
= Tinh sai s& Ar;; tai mdi di€m thi€t k& so véi toa do do.

- Bude 5: Lap bang tdng hgp céc sai sd Ary, clia mdi chudi di€m.
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Hinh 12: Xdc dinh cdc giao di€m trong phdn  Hinh 13: Poc toa d cdc giao diém bang
mém Pro/Engineer. phdn mém Mechanical Desktop.

¢. Vidu minh hoa budc 4, vi chudi di¢m thit 11

e Tir cdc bang tdng hop cic sai s, c6 thé tinh cho tat cd cdc diém do tai vi tri mat phing 11:
- Sai s6 trung binh theo phudng X:
_37x0.0049 +31x0.0183
5 37 +31
- Sai sd trung binh theo phucong Y:
37x(—0.0012)+31x0.0013
AY, =
37 +31
- Sai so trung binh theo phuong Z:

K7y = 37x0.0042 +31x0.1333 —0.08374 (mm)
37+31

- Sai s6 trung binh hudng tim O;:
o 37X0.04702+31x0.18127
! 37+31

=0.01105 (mm)

=-0.00002 (mm)

=0.10822 (mm)

e Tai mit phing cdt V,;, ding Mechanical Desktop ¢6 thé tim dudc cac khodng cdch hudng kinh
16n nhét va nhé nhat:

Khodng cdch 16n nh4t gitta 1a hai di€m vdi toa do:
(196.5345, 231.0005, 233.2670) va (120.5425, 231.0005, 228.4570)

21 = +(196.5435120.5425)" +(233.2670 - 228.4570)° =76.1531 (mm)

Khodng cdch nhd nhit giita Ia hai di€m véi toa do:
(156.0630, 231.0005, 214.8785) va (156.5305, 231.0005, 246.9950)

= 2t = 4/ (156.0630 —156.5305)° +(214.8785 ~246.9950)" =32.1199 (mm)

_ Sai s8 trung binh huéng tim Ary, = 0.10822 (mm) = 2Ary, = 0.21644 (mm).
- Tinh theo phn trim:

Sai s kich thudc trung binh 16n nhat:

B il QA6 g
2 321199

min

Sai s6 kich thudc trung binh nhé nht:
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~ 241, 021644
"%, 761531

ma

o =0.2842%

d. K&t luin v& dd chinh xéc thidt k&
Qua cdc bing va cdc sai s6 da tinh ¢6 thé nhan thay:
® Cdcsai s AX, AY, AZ, Ar ciia titng diém thiét k& so v6i di€m do rit nhd:
AX =0.00135+0.01105 (mm)
AY =-0.00002 = 0.00208 (mm)
AZ =0.04195 + 0.08374(mm)
Ar=0.10822 + 0.10950 (mm)

Sai s8 tinh theo phin trim ctia kich thuéc huéng kinh (nguyén mau) ciing ri't nhé
Omax = 0.6738%, Spmin = 0.2842%.

® DO chinh xdc clhia mat cong thi€t k&€ tai mit cit cla cdc chudi diém c6 thé dat khoing
99.3262% + 99.7158%.

® So v6i yéu ciu dit ra ban diu so véi nguyén méu: Sai s6 trung binh vé& toa do Ay(X.Y.Z) =
0.25 mm va sai s6 trung binh vé kich thudc 8, = 98%, thi cdc gid tri sai s6 tinh todn & trén ching to
phom gidly dugc thi&t k& dat yéu cdu ky thuat.

4. UNGDUNG
Cdc k€t qud nghién citu c6 thé dugc st dung nhim:
- Ung dung trong thi&t k& lai phom gidy.
- Ung dung trong gia céng CNC phom gidy.
- Ung dung trong nhdy ¢& phom gidy.
- Ung dung trong thi€t k& miu 2D.
- Ung dung trong thi&t k€& khuén diic d& gidy.

5. KETLUAN

Viéc nghién cifu va thyc nghiém thit k& phom gidy tir cdc dit lidu s6 héa 3D 1a cd s§ dé xay
dung mét hé théng CAD/CAM cho nganh cdng nghiép gidy dép. Cic két qui nghién citu c6 thé dugc
st dung d€ trién khai thi€t k& cdc chi tiét 2D ciia doi gidy tir mé hinh phom gidy 3D, thi€t k& khuon
dic dé& giay tryc tiép tir thi€t k& phom gidy da c6, nhan 3 s6 ty dong phom gidy, gia cong phom gidy
trén mdy cong cu di€u khién s&, va rong hon 13 nghién citu xay dung phan mém ty déng chuyén ddi
dir liéu do clia mét tap hop di€ém thanh nhitng dudng cong hodc mat cong B - Spline, phan mém ty
dong ddnh gid sai s6 clda di€m trén mit cong thi€t k&€ so vdi cdc dir lieu do, phét trién cdc phuong
phdp va qui trinh 4p dung ky thuat ngugc dé thi€t k& nhitng san phdm ba chiéu khic.

STUDY ON DESIGN OF SHOE LAST FROM 3D DIGITIZED DATA

Pham Ngoc Tuan
Faculty of Machanics, Ho Chi Minh City University of Technology-VNU-HCMC

ABSTRACT: The paper introduces results on studying and implementing the suggested
design process of shoe last from received 3D digitized data. These data are read, refined and
converted from .gws file to .pts file., exported to Pro/Engineer software, then NURBS curves and
surfaces are designed, primarily detected faults, analyzed and evaluated errors to improve last
design. Results may be fundamentals to develop other studies mentioned in the conclusion of the

paper.
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