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B0 phin mdy hay chi tiét méy can tién toi tai san xuat/ ché tao, chung lién quan dén cac
mirc d6 bién d6i mét kiém soat & cac diéu kién hong hoc nhu mirc d6 mon/ hong cua ciu
trac va hinh dang phtrc tap. Véi su trg gitip cua k¥ thuat nguge, cac vi tri mon/ hong cua
chi tiét may 14 hoan toan c6 thé kiém soat dugc chinh x4c va nhanh chéng. Cing véi do,
cac hoat dong can thiét dé tai san xuat 14 thuan lgi hon va c6 thé dat dugc cac chi tiét sau
d6 véi cac dicu kién nhu chi tiét méi ban dau. Trong bai bao nay, mot giai phap dya trén
ky thuat ngugc dugc dé suat dé trg gitip cho qua trinh tai san xuat cta cac chi tiét mon/
hoéng. Trudce tién, b dit liéu ddm may diém cta mo hinh chi tiét nhan duoc tir may quét
laser. Sau do, dir liéu ddm may diém nay dugc xtr 1y dua trén sy két hop cac dic tinh xir 1y
nhu loc bo nhiu, trich din dic tinh va don gian hoa dé san sinh ra mé hinh dix liéu dam
may diém méi tinh gon va dang tin cay. Theo d6, mo hinh hinh hoc CAD 3D danh nghia
ctia chi tiét dugc tai cu tric ngay sau do. Cudi ciing, md hinh chi tiét chinh x4c nay s& dap
tmg cho phan mém CAM dé thyc hién mé phong qué trinh gia cong va tao lap chuong
trinh gia cong G-code nham dat hiéu qua cho qua trinh ti san xuat. Két qua thyuc nghiém
d6i v6i san pham truc vit xodn ctia may nén khi, sir dung 93,26% dir liéu dam may diém
ban dau dé dat d6 chinh xac tai 50 um trong viéc tai cu triic mo hinh. San phdm hoan toan
¢6 thé tai san xuat v6i mé hinh dat dugc tir qué trinh k¥ thuat nguoc nay.
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The worm mechanical parts and component are required to the remanufacturing system
present uncontrolled variabilities in break conditions as the complex shapes and structures.
Using the aid of reverse engineering (RE) technology, the worn part specially is quick and
accurate accomplishment of the damaged regions. Thereby, RE facilitates remanufacturing
operations to generate the parts with the like-new conditions. In this work, we propose a
reverse engineering-based solution to reproduce the worm/broken mechanical part. Firstly,
a model of point cloud data of real objects acquires by using the laser scanner. Secondly,
the point cloud data would be processed by the combination of features as noise filter,
feature extraction and simplification, which aim at reconstruction of nominal 3D CAD
geometric model to improve the reliability. Finally, this model would serve the CAM
software with input to generate the G-code program of machining process which is
efficient for re-manufacturing object. Experimental results based on worm screw shaft of
rotary-screw compressor demonstrate for using 93.26%-point cloud data effective to
obtain the geometric accuracy of 50 (um) of the model reconstruction. The product exactly
is re-manufacturable based on 3D CAD model of reverse engineering.
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1. MO PAU

Tai san xut cac chi tiét may hay bo phan co khi quan trong khong mong mudn d?ln t&i
mon/ hong hay ¢6 nhu cau cho san pham dy phong da dé 16 ra thyc té dﬁy hira hen dé giam
tac dong moi trudng va giam tai chinh tiéu dung bang cach kéo dai tudi tho cua ching. Tuy
nhién, cac chi tiét may hay bo phan co khi nay phu thudc mirc do bién d6i mat klem soat
trong cac diéu kién hong hoc nhu mirc d6 mon/ hong vé bién dang, kich thudc va cau tric.
Viéc sira chita thu cong dé phuc hoi lai hinh dang gbc 1a doi hoi 16n vé thoi gian va cong
sttc ma chét luong cac san pham khong hoan toan dwge nhu ban dau. Qua trinh phyc hoi tu
dong cho cac chi tiét nay 1a c6 y nghia quan trong dé khic phuc cac van dé kho khin phat
sinh tir cdc bién doi hinh hoc cua timg phan chi tiét, va dé nhan dugc hidu qua cao khi ching
doi hoi chat luong nghiém ngjt.

K¥ thuat nguoc (RE) 1a mt nhanh r&€ quan trong trong qua trinh phat trlen cong nghiép [1].
Ky thuat nay nhu mét ky thuat ty dong duoc sir dung rong rai trong san xut dbi voi thiét ké chi
tiét hay san pham mdi, va trong viéc mé hinh hoa bé mit cho viéc stra chita cac san pham co khi
[2]. Vi su tro gitip cia k¥ thudt nay, cac bé mit chi tiét tai vi tri mon/ hdéng 1a c6 thé dat duoc
nhanh chéng va chinh xéc va tro gitip cho cic hoat dong sau d6 dé c6 chi tiét sau d6 voi diéu
kién lam viéc giéng nhu méi. RE c6 thé duge chia thanh ba tinh chét bao gém su ddo nghich vé
vat ly, su ddo nghich vé phﬁn mém va su dao nghich vé hinh anh. Hién tai, nhiéu nghién ctru vé
cong nghé k¥ thuat ngugc tip trung vao hinh dang hinh hoc, tai cdu tric mé hinh CAD
(Computer Aided Design) dé stra chita san phdm co khi.

Phuong phap RE dugc thye hién tir san pham vat ly hién hiru dén ban v& va cudi cung 1a
cac chi tiét duoc tai san xudt, phuong phap nay khac voi phuong phap thuén la tir cac ban vé to1
san xuét san pham. Thiét bi do kiém s6 3D duoc sir dung dé do kiém tap hop dir liéu ddm may
diém ctia md hinh. Dir lidu nay dugc st dung sau do dé tai cdu traic mo hinh CAD boi phurong
phéap md hinh hoa hinh hoc 3D. Bang phuong phap nay, cac vi tri hong hoc cua chi tiét hay bo
phan co khi cé thé dugc nhén ra va dugc xac dinh vi tri. Nong cbt ctia cong nghé RE 1a thiét bi
do kiém va phan mém xtr ly. Thiét bi do kiém nhu may quét PIX 30 DOT, ATOS va MCAx da
va dang duoc su dung rong rai. Trong cong viéc nay, chung t61 da s dung may quet MCAX [3]
dé tap hop dit liéu ddm may diém. Tiéu biéu cho phan mém tng dung trong cong nghé RE la
Geomagic Studio, Siemen NX, Pro/E va mé dun ham dam may diém. Cac phan mém nay dugc
sir dung dé xur 1y xir 1y dit liéu ddm mAay diém va tai ciu trac mé hinh hinh hoc cta san pham/chi
tiét may. Chung c6 thé dwoc Iya chon lién quan dén nhu céu thyc té, mirc do phu:c tap va do
chinh xac ciia d6i twong vat Iy. Geomagic Studio 1a phan mem duogc st dung rong rii dé xur Iy dix
liéu va diéu chinh cac m6 hinh. Geomagic Qualify la phan mém dugc sir dung cho viéc kiém tra
danh gia sy tai cAu trac mo hinh [4, 5].

Dua vao cong ngh¢ ky thuat ngugc RE, chiung t6i dé suat sir dung dé tai san xuat san phim
chi tiét may bi mon hong véi viée tai cdu tric md hinh dya trén dir liéu dam may diém gianh
duogc tir may quét. Cong viée ndy phuc vu qué trinh gidm sat, bao dudng, chuin doan 16i nham
kéo dai tudi tho va mirc d¢ an toan cua hé thong co khi.

Phan con lai ctia bai bao duoc thiét 1ap nhu sau: Muc 2 thé hién ly thuyet nén tang quan
trong trong cong nghé k¥ thuit nguoc. Muc 3 thé hién két qua thuc nghiém dé tai tao chi tiét
mon hong trong co khi. Trong dd, chung t61 da de suat su két hop cac dic tinh trong viée xur ly
dir liéu dam may diém ban dau dé c6 thé dat dugc cudi ciing véi san pham can tai san xuat. Muc
4 tong két cac két luan cua bai bao, sau cung 1a danh muyc tai li¢u tham khao va 161 cdm on.
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2. KY THUAT NGUQC: LY THUYET NEN TANG

Tai phan nay, cdc tac gia s€ gioi thi¢u qui trinh cong ngh¢ tong quan trong thiét ké nguoc,
mot m6 hinh dugc the hi¢n chi tiét. Cung véi do, cac dac tinh quan trong sir dung trong k¥ thuat
ngugc s€ dugc the hién.

2.1. K¥ thuat ngugc (Reverse Engineering RE)

Ky thuat nguoc (RE) da duge dinh nghia ban dau nhur qué trinh phat trién mot b cac dic
tinh cho hé thong thiét bi bang viéc nghién ciru vat miu theo trinh tu ctia hé thong [6]. Céc tac
gia trong tai liéu [7] da dinh nghia ky thuat nguoc (RE) nhu qua trinh phan tich mét hé thong cac
d6i twgng nghién ctru dé nhan ra cac thanh phan ctia hé thong va mdi lién quan cua ching. Dong
thoi, RE ciing nham vao su tai thiét ké cac thanh phan cua hé thong duoc thé hién & hinh thai
khac hay ¢ phuong dién cao hon.

Trong thiét ké co khi, 'ky thuat nguoc (RE) co thé duoc dinh nghia: vé mit nao do, qua
trinh tiép nhan va tai thiét ké mot san pham 1a duoc du bao, dwoc theo doi, duge thao doi, duoc
phan tich, dugc kiém tra, duoc thim dinh va duoc dua ra thanh tai lidu trong cac diéu kién vé
chirc ning, hinh dang, co s& vat 1y, ché tao va lip rap ctia san pham [8]. K¥ thuat ngugc duoc
can nhic nhu mot phuong phap dé 1am sang t6 qua trinh nhu thé nao d6 cho san xuat san phém
Qua trinh sao chép mot chi tiét dé nhan duoc mot md hinh tuong duong hay mét san pham uu
thé hon. De thue sy néng cao kha nang hoat dong cua san pham, cin nim bat va ap dung cac
thong tin 4n chira trong san phim goc cho vige thiét ké moi. Trong d6, mé hinh hoa hinh hoc
nguoc duoc nghién ctru chuyén sau vé hinh dang hinh hoc ctia san pham.

2.2. Quy trinh cong ngh¢ tong quan trong thiét ké ngwoc

Cong nghé RE duoc thé hién tong quan trong Hinh 1. Hinh v& thé hién bon budc quan
trong cua cong nghé RE trong thiét ké chi tiét co khi nhu sau: (1) thu thap dit liéu ddm may diém
bang viéc str dung may quét laser; (2) Xt ly dir liéu dam may diém dya trén su két hop cac dac
tinh ctia loc b nhiéu, don gian hoa dir li€u, trich dan dic tinh nhim muc dich tai ciu tric md
hinh d6i twong; (3) M6 hinh hinh hoc CAD 3D duoc tai cdu tric dua trén sy tinh gon va hiéu qua
ctia dir liéu ddm may diém da xira 1y. Tir d6 co thé trich xuét dit lieu CAD cho qué trinh thiét ké
chi tiét; (4) Dya vao md hinh hinh hoc CAD thu dugc, chuong trinh gia cong cac bé mit ciia san
phém dugc tao ra boi qua trinh san xut c6 su tro gilp cua may tinh (Computer Aided
Manufacturing CAM).

Loc bo nhiéu
=
&
Thu thap sé lidu < e M hinh hinh Chuong trinh gia
: S s Trich dan dac tinh | >
dam may diém > hoc CAD 3D cong cua CAM
=
o

DPon gian hoa

Hinh 1. Khung ciu tric dé suat ciia cong nghé RE

Pic biét, md hinh hinh hoc CAD c6 thé du:(_yg danh gia d¢ chinh xé4c dya trén dir liéu tham
chiéu thu dugc tir dau do cham (Touch Probe). Pau do nay nhu mot mé dun dugc trang bi kém
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theo thiét bi quét laser. Hon nita, cong nghé k§y thut nguoc nay s& danh gia do tin ciy vé mirc do
phan tan cua ddm may diém ban dau so véi mo hinh hinh hoc CAD dat dugc nhu mdt mé hinh
thuc nghiém thé hién trén Hinh 2.

Hinh 2. Mirc d phan tan cua dam may diém ban déu so véi mo hinh CAD dung dugc

3. THU THAP DU LIEU PAM MAY PIEM

B0 phan hay chi tiét may quan trong trén thiét bi co khi thuong c6 nhu cau tai san xudt (san
xudt lai) phuc vu stra chira hay cho du phong nham dat hiéu suit st dung va kéo dai tudi tho cua
thiét bi. Truc vit xoan 1a chi tiét dong vai trd c6t 18i cia may nén khi truc vit nhu chi ra trong
Hinh 3. Theo thoi gian, cac chi tiét ndy thuong bi mon/ hong va d6 1a nguyén nhan dan t6i giam
hiéu suit lam viéc ctia may nhu giam ap suat khi, ting rung dong va co thé dan toi _pha huy cac
h¢ thong thiét bi lién quan. Trong qua trinh giam sat, bao tri, sira chita may, chi tiét nay co thé
can tdi viée tai san xuat Dua vao ky thut nguoc, ching toi da tai cAu tric mé hinh CAD cho chi
tiét, day ciing 1a chi tiét duoc sir dung thyc nghiém cho tai thiét ké va trong bai bao nay.

Str dung thiét bi quét MCAX vé6i dau quét laser khong cham, dir liéu ddm may diém cua chi
tiét do kiém da thu duoc v6i sb lugng rat 16n cac diém nhu thé hién Hinh 4. Cac nhan t6 nhu 4nh
sang, tac dong moi trudng va cac diéu kién han ché khi do kiém s& anh hudng dén chit lwong dit
liéu dam may diém. Dir liéu roi rac khong 16 rang ¢ thé lam mo nhat cac dédc tinh hinh dang chi
tiét, thé hién khong rd rang. Hon nita, trong qua trinh quét dir lidu, do tré ngai cua anh sang, rung
lic cta dau quét va mot vai chat ban vo ¥ trén bé mat chi tiét s& mang lai cac diém hdn tap va
nhiéu. Xir ly dir liéu 1a bude can thiét dé cai thién chat lugng dir liu.

Hinh 3. B6i trong thuc nghiém
a) Cau trac may nén khi truc vit. b) Truc vit xoan bi mon héng
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Hinh 4. M6 hinh d4dm may diém nhén duoc tir phuwong phap quét laser

4. KET QUA THUC NGHIEM

Tai cAu tric mod hinh CAD 14 can thiét cho chi tiét may hay b phan co khi mon/ hong, mo
hinh nay s€ dugc st dung sau d6 cho qua trinh téi san xuat. Dya trén cong nghé k¥ thuat nguoc,
mot chi tit may quan trong trong thict bi co khi dugc ung dung thuc té.

4.1. Dé suit sy két hop cac dic tinh cho xir Iy dir liu ddm may diém

Dic tinh loc bé dir liéu nhiéu/ dw thiva

Cac diém nhiéu c6 thé duge tao ra boi su rung dong hay cac van dé anh hudng khac khi
quét tao dir liéu. Cac diém nay 1a khong can thiét va s& bi xda bo. Pic tinh loc bo dit lidu c6 tac
dung manh mé dé loai bo dit liéu nhidu/ du thira trong dir li¢u géc. Dic tinh nay s€ nén chit cac
diém roi rac ban diu tao thanh dam may diém méi c6 mat do day, tron min hon. M6 hinh thyc
nghiém voi truc xodn vit thé hién trong Hinh 5. Hai dit liéu ddm may diém trude va sau khi xur
Iy boi didc tinh loc tuong tng thé hién ¢ Hinh 5 (a) va Hinh 5 (b).

Hinh 5. Sy so sanh cic ddm may diém trudc va sau khi loc bé nhiéu

Trich din dic tinh

Pay la dic tinh quan trong sau khi loai bo cac dir liéu nhidu da ton tai trong qué trinh thu
thap dir liéu dam may diém. Cac dbi twong dic tinh duoc lya chon trich din co thé 1a dbi twong
hinh hoc 2D hodc 3D chung nim gitt vai tro ky thuét quan trong cua chi tiét hay bd phan may ma
Va1 tro nguoi thuc h1en cong nghé ky thuat can nam rd. Trén doi tuong thuc nghiém, hai didc tinh
vé bién dang mat xodn vit va duong tron ¢ truc 13 quan trong cho hoat dong c6 hidu qua cua
thiét bi may nén khi. Vi vay, chung t6i1 da lya chon chinh x4c hai dac tinh nay tr dit liéu dam
may diém ban dau dé tai tao mo hinh. Hinh 6 thé hién sy trich dan hai dic tinh twong tmg véi
bién dang bé mit xodn vit va duong tron ¢b truc dyua trén mo hinh ddm may diém ban dau cua
chi tiet.
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a)

Hinh 6. Lya chon dic tinh cho tai thiét m6 hinh chi tiét
a) dac tinh bién dang bé mat xoan vit; b) dac tinh duong tron tai thiét co truc

[v] Non-Manifold Edges 0 [+] Non-Manifold Edges 0
Self-Intersections 1970 Self-Intersections 1448
Highly Creased Edges 2234 Highly Creased Edges 461
[/ Spikes 18688 [/ Spikes 220
[w/] Small Components 23 [+/] Small Components 0
[+] Small Tunnels 32 [+] Small Tunnels 0
Small Holes 27 Small Holes 0
Update
a) b)

Hinh 7. So d6 twong phan trudc va sau khi xir 1y tron min dir liéu
a) Trudc khi don gian hoa; b) Sau khi don gian hoa

Dic tinh don gidn hoa

Mot bé mat co thé duoc quét 1ap lai nhiéu hon mét lan cung vdi sai ) quét s€ sinh ra dir
liéu du thura, trung 1dp va su dd s cua dit litu thu duge ban dau. Pic tinh don gian hoa nhiam
loai bo cac dit lidu du thira khong can thiét dé san sinh di liéu ddm may diém méi tinh gon hon.
Muc dich huéng téi 1a viée thiéu dbt vé thoi gian tinh toan, xtr 1y 13 nhanh hon. Va si xAm chiém
bd nhd cho dir li€u 1a gon hon dé ¢ thé thuc hién chinh xac trong viéc tai cAu tric md hinh hoc
san phém. Dic biét, dac tinh don gidn hoa cac tam gidc ludi duge str dung dé tao ra bé mit xodn
vit ctia mo hinh tron nhin. O d6, s6 tam giam dugc tinh toan giam téi 20% dé dat duoc do chinh
xac bé mat 50 (um). Va sai 1éch trung binh ciia dit liéu nhan duoc chi 14 ty 16 it nho 83%o (mm)
véi muire do tin cdy cao. Hinh 7 thé hién két qua trude va sau khi don gian hoéa dir liéu dam may
diém ctia md hinh san pham.
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a) b)

Hinh 8. Bi¢u mau phan tich d6 chinh x4c ctia m6 hinh CAD xay dung véi dit liéu dam may diém ban dau (um)
a) M6 hinh CAD xay dung va dit liéu ddm may diem; b) Thanh mau (Colorbar)

4.2. Phén tich két qua thue nghiém

Sau khi xr 1y dir liéu dam may diém boi su két hop cac dic tinh nhu da dé cap o trén, dir
liéu chi tiét dugc phan tich phu hop cho su két ndi cia cac duong cong va cac bé mat. Su thim
tra vé sai léch co ban & trong mot vung 1y tudng bang cach chi ra sy nhan biét biéu do sic phd
cua cac sai léch nhu duoc thé hién trén Hinh 8. Chi tiét mon/ hong béng phuong phdp nay sau
d6 duoc tai cau trac voi md hinh hinh hoc CAD. Trong do, Hinh 8 thé hién do léch ctia dam may
diém voi dir liéu CAD duoc xdy dung, voi sai s0 nam trong khoang [-25,2116; +25,2116] pm.
Sai s6 tai tmg ving duoc thé hién twong img v61 mau sac trén chi tiét va tri sd tuong Ung trén
thanh mau (colorbar). Quan sat ph mau ta thay, dir liéu dam mdy diém hau hét déu thudc ving
[-1,2606; +1,2606] (um) dam bao d6 chinh xac ciia san phim. Piéu nay thé hién do chinh xac
c@a phuong phap ndi suy bdi viéce trich din dic tinh dya trén sd lugng hitu han cac diém thudc
bé mat do.

Bang 1. B¢ I¢ch chuén cua mé hinh dat duge véi mé hinh dit liéu ban dau

Phin bo sai léch S6 diém Sai 50 Ti 18 diém %
-6*Std.Dev. 358 [-25,2116;-21,2197] 1,1370
-5*Std.Dev. 128 [-25,2197; -17,2279] 0,4065
-4*Std.Dev. 129 [-17,2279; -13,2361] 0,4097
-3*Std.Dev. 58 [-13,2361; -9,2442] 0,1842
-2*Std.Dev. 267 [-9,2442; -5,2524] 0,8480
-1*Std.Dev. 580 [-5,2524; -1,2606] 1,8420
1*Std.Dev. 29365 [+1,2606; +5,2524] 93,2607
2*Std.Dev. 214 [+5,2524; +9,2442] 0,6796
3*Std.Dev. 152 [+9,2442;+13,2361] 0,4827
4*Std Dev. 80 [+13,2461; +17,2279] 0,2541
5*Std.Dev. 29 [+17,2270; +21,2197] 0,0921
6*Std.Dev. 127 [+21,2197; +25,12116] 0,4033

Bang 1 thé hién két qua phan tich danh gia d6 léch chuan cia mo hinh CAD 3D dat duoc
v6i mo hinh dir lidu ddm may diém ban dau. Két qua trong bang chi ra cac gia tri so hoc vé mirc
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d6 phan b sai léch chuan & mirc d6 qua nho khong dugc thé hién 16 bang pho mau. B xung
thém ty 16 phin tram s6 diém sai 1éch voi mirc d6 1éch chuan khong mong mudn, tuong Gmg. ac
biét, Bang dir liéu chi ra 93,2607 % cac diém nhan duoc tip trung tai do léch chuan 1 diéu nay
thé hién mirc d6 chinh x4ac cia mé hinh dat duoc dwa trén dir liéu thu thap ban dau Trai nguoc
lai, chi véi 0,09% cac dit liéu tap trung & do 1éch chuin 5. Dé c6 thé quan sat 15 vé van dé nay,
biéu d6 thé hién phan trdm sai léch dé duoc tao ra nhu trong Hinh 9.

Hon nira, dé tién xa hon cta qua trinh tai san xuét chi tlet ndy, chung t61 da thyc hién mé
phong qué trinh gia cong bé mit xoin quan trong ctia chi tiét bang dao phay ngén cau bang
phuong phap gia cong diéu khién 5D. Qua trinh mo phong gia cong sir dung phan mém chuyén
nghiép Siemens NX 12.0 [9], cac duong gia cong chay dao duoc thé hién trén Hinh 10. Hinh v&
thé hién bé mit gia cong hoan toan c6 thé dat dugc do chinh xac bé mit cua 0,008 (mm) tai bé
mit xodn va 0,01(mm) tai bé mit day rinh xo4n.
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40.0
30.0
20.0
10.0

0.0 A s — —— S S ———

-7.000 -5.000 -3.000 -1.000 1.000 3.000 5.000 7.000

Hinh 9. Ty 18 str dung d4m may diém

Hinh 10. Dudng chay dao gia céng mit xodn vit cia chi tiét

5. KET LUAN

Duya vao k§ thuat nguoc, bai bao da thé hién mot phuong phap tai c4u tric md hinh hinh hoc
CAD 3D cho chi tiét may bi mon/ hong v6 nhu cau tai san xuat Tir dit liéu dam may diém thu
nhan dugc boi phuong phap quét la-de tir may quét 3D, dé xuét su két hop cua cac dic tinh loc
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b6 dir liéu nhiéu, trich dan dic tinh va don gian hoa dé xu ly dit li¢u dat dugc mo hinh hinh hoc
vi 93,2607% céc diém chinh xac da sur dung trong tai tao m6 hinh. Hon nira, chit hrong bé mat
gia cong dat dugc la 0,008 (mm) tai bé mit xodn quan trong ctia chi tiét boi chwong trinh mé
phong gia cong diéu khién 5D. Van dé nay hoan toan thuc hién dwoc cho tai san xuét chi tiét truc
vit may nén khi trong thyc té. Sy thanh cong d01 v6i chi tiét may bi mon/ hong c¢6 nhu cau tai san
xuét nay dd mo ra xu hudng giam thiéu kinh té trong cong nghiép bang viéc tai sir dung thiét bi
va hudng phat trién vé thiét ké nguoc - tao miu nhanh trong twong lai.

LOI CAM ON

Nhom tac gia xin trdn trong cam on su hd trg vé thiét bi, tai liéu, phan mém ban quyén
Geomagic Control 2014 cua Khoa Co khi, Pai hoc Cong nghiép Ha Noi va sy hd trg vé tai liéu
ctua cong ty 3D Systems trong qua trinh thuc hién bai bao.
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