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May nén khi truc vit phun dau thuong duoc str dung dé nén khong khi
hodc lam lanh va dugc béi tron bang dau. Cap roto truc vit trong may
nén khi 1a chi tiét quan trong nhéat quyét dinh dén hiéu qua lam viéc
cua may. Viéc xay dyng md hinh CAD 3D cuia cap réto truc vit tu
phuong trinh toan thuong kho khin va mat nhiéu thoi gian. Vi vay
bai bao nay dé xuat mot phuong phap cho phép xdy duyng md hinh
CAD 3D cua roto truc vit dua trén cong nghé thiét ké ngugc. Sai sb
ctia m6 hinh 3D cua réto truc vit xdy dung dugc kiém tra va danh gia
v6i dir liéu diém quét. M6 hinh 3D cuia réto truc vit dwoc in ra trén
méy in dé chtimg minh mé hinh réto truc vit xdy dung 14 chinh xac.

Abstract

Keywords:
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The oil-injected twin screw compressors are usually used to compress
air or refrigerant, and lubricated by oil. The screw rotors are the most
important element in compressor,determining the efficiency of the
compressor. Establishing a 3D CAD model of screw rotor from a
mathematical equation is often difficult and time-consuming.
Therefore, this paper proposes a method to construct 3D CAD model
of screw rotors based on the reverse engineering technology. The
tolerance of constructed 3D model is tested and evaluated with the
scan point data. 3D model of rotors are printed on 3D printer to verify
the authenticity of built 3D rotor models.

Ngay nhan bai: 14/7/2018
Ngay nhan bai sira: 07/9/2018
Ngay chap nhan dang: 15/9/2018

1. GIOI THIEU

K¥ thuat nguoc thudng duge sir dung trong Thé chién thu hai va Chién tranh Lanh. N6
thuong duoc sir dung boi quéan doi dé sao chép cac cong nghé, thiét bi hodc thong tin ciia mot
qudc gia khac, hodc mot phan ciia nd, duoc thu thap boi quéan doi thuong xuyén trong cac linh
vue hodc boi cac hoat dong tinh bao. Trong vai nam gan day, cong suét tinh toan, bd nhd may
tinh va céc thiét bi quét khong tlep xuc duoc cai tién dang ke, cac dir liéu hinh hoc khong lién tuc
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da tro nén quan trong hon trong viéc thiét ké, san xuit va bao dam chit lwgng. Trong nhitng nim
vira qua, tac dong cua ky thut ngugc trong nganh san Xuét ngay cang ting va dong mot vai tro
quan trong trong viéc thiic ddy phat trién cong nghiép bang cach gidi thiéu cac san pham co gia
tri va kich thich canh tranh.

Ky thuét nguoc la qua trinh xay dung m6 hinh hinh hoc CAD tir cac dir liu do duoc thyc
hién boi k¥ thuat quét tiép xiic hoic khong tiép xuc trén mot md hinh vat 1y hién c6 (Liang &
Grier, 2000). K¥ thuat nguoc ban dau xuat hién dé dap tng yéu cau cung cip phu tung thay thé
cho cac b phén bi hong hodc mon ma khong co6 dir liéu k¥ thuat. Dleu niy co thé xay ra néu phu
tung khong c6 ban vé hoac ban v€ bi that lac hodc bi mat. T4i cu truc lai cac bd phan bang k¥
thudt nguoc nhu vay co thé 12 mot lua chon it ton kém so véi viée tai nhap Kkhéu, khong chi dé
thay thé ngay ma con tao thém phu ting va duy tri san pham trong thoi gian dai. Dit liéu mo hinh
bé mit 1a khong thé thiéu trong nhiéu linh vuc khoa hoc va k¥ thuat. Vi du, viéc thiét ké va san
xuét céac loai xe, ching han nhu xe hoi va may bay, s& khong thé thuc hién dugc néu khong co
cong cy CAD va cac md phong du dodn dac trung cua san pham. Viéc xay dung lai dit liéu dam
may dlem thu:ong duogc thuc hién boi cac thiét bi quét nhu may quét laser. Sau khi quet cac diém
ldy mau duoc két hop thanh mot dam may diém. Tir d6 thu dugc dir liéu diém bé mit can xay
dung (Pal va cong sy, 2005).

Gan ddy, mot s6 phuong phap méi duge trinh bay de cai thién viéc tao hinh bién dang cua
cac rotor. Cu thé, Zaytsev va Infante Ferreira [6] d& dé xuat mot phuong phap tao hinh bién dang
ctia rotor tir dwdng dn khop gdm duong thing va cung tron. Wu va Fong [7] dd xdy dung mo
hinh toan hoc cia hinh bién dang rotor dua trén dudong lam viéc cubic-spline dugc diéu khién boi
su dich chuyén cua cac doan su dung phuong trinh bac hai dé cai thién hiéu suét may nén khi.
Trude d6, Chen [3] di sang ché ra may nén truc vit véi rotor c¢6 bién dang gitip ting hiéu suat
clia may nén va giam ton that trong qua trinh lam viéc va an khép ciia cac rotor. Stosic va cong
su [8] trinh bay thiét ké cho may nén khi ¢ hiéu suit cao voi bién dang rotor méi. Gan day, Wu
va cong su [9] trinh bay phuong phap phin tur hitu han 3D cho phép tinh toan tai trong cia may
nén bang cach tich hop lyc va moé mem tai mdi nit trong cac phan tir cia rotor.

Viéc nghién ciru thiét ké, ché tao cac cip truc vit trong may nén khi doi hoi phai duoc
nghién ctru ty mi, chinh x4c nham dap Gng duoc do chinh xac trong gia cong va hiéu suét lam
viéc cua may nén khi. V&i phuong phép tinh toan truyen thong rat kho khan va nhiéu khi khong
thé thuc hién dugc. Ung dung k¥ thuat nguoc trong thiét ké 1a mot gidi phap k¥ thuat hiru hi¢u
giup cho céc nha thiét ké, san xuét nhanh chong tao ra dugc cac thiét ké co do chinh xac cao, 1a
su lya chon phu hgp véi nhitng nuéc cham phat trién, nén khoa hoc, ky thuat con nhiéu han ché,
yéu kém. Chinh vi vay viéc nghién ctru ing dung k¥ thuat nguoc trong thiét ké 1a can thiét boi
hiéu qua mang lai rat to 16n tir cong nghé niy.

2. MO HINH HOA CAP ROTOR TRUC VIT THEO CONG NGHE THIET KE NGUQC
2.1. S6 héa cip rotor

Pau tién 1a chon chién luoc quét, chon k¥ thuat quét chinh xac, chuén bj phﬁn quét va thyc
hién quét thuc té dé nam bat thong tin mo ta tat ca cac dic tinh hinh hoc cua dbi tuong quét nhu
budc, khe, tai va 16. May quét ba chiéu duoc sur dung dé quét hinh hoc mot phﬁn, tao ra cac dam
mdy cac diém xac dinh hinh hoc bé mit. Cac thiét bi quét nay co san dudi dang cac cong cu
chuyén dung hodc nhu 13 cac tién ich bd sung cho cac may cong cu diéu khién s6 (CNC) may
tinh hién c6. Co hai loai may quét khac nhau, tiép xtc va khong tiép xtic. Trong bai bao nay
phuong phap do khong tiép xitic 1a dugc st dung. N6 1a phwong phap ding tia lazer hodc céc tia
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quang hoc khéc dé do hoic chyp anh bé mit vat can do (quét) sau do dir lieu duogc st ly, hoan
thién nho cac phan mém xir Iy anh chuyén nghiép. Thiét bi s6 hoa d6 chinh 14 cac loai may quét
lazer va may quét anh sang tring hoic anh sang xanh. May quét 3D co thé do cac vat tir gan t6i
xa dén 35m d6i véi may quét Lazer nho canh tay ro bot.

(a) Truc chu dong (b) Truc bi dong

Hinh 1. Scan 3D mau truc vit trén may quét 3D ScanFlex Premium

2.2. Xir Iy s0 liéu so0 hoa cua cap rotor

Quy trinh s6 hoa dit lidu cua cap rotor truc vit trong may nén khi dugc thuc hién theo cac
budc sau day:

Buéce 1. Nhdp dir liéu quét vao phan mém xir 1y

Trong nghién ciru ndy phan mém Geomagic Design X duoc chon dé phan tich 1a thiét ké
lai miu, md hinh vét 1y cho trudc thong qua sé héa bé mit miu bang thiét bi Scan 3D, va xiy
dung mé hinh dit liéu s6 héa 3D. Phan mém con cho phép thiét ké nhanh va chinh xac mau thiét
ké co do phuec tap hinh hoc cao, hoac mau dang bé mat ty do (khdng xac dinh dugc quy luat tao
hinh). Nhap mét luéi duge quét nhu mét mé hinh dit liéu muc tiéu vao phan mém ung dung.

Hinh 2. Nhap dir lidu quét 3D vao phan mém xir Iy

Buoc 2. Phan vang va can chinh dir liéu quét )
Budc nay thuc hién phan doan céc vung dic tinh cua dir liéu quét va dé dang sap xép dir licu
quét vao mot hé toa do thict ké bang cach sir dung thong tin vé déc tinh dir li€u quét cua doi tugng.
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(a) Truc chu dong (b) Truc bi dong
Hinh 3. Can chinh dit liéu quét

Buée 3. Chinh sira dir liéu dam may diém:

Trong qua trinh quét s& xay ra sai s6 quét do thiét bj va nhidu. Do d6 trude khi xay dung
mo hinh dir liéu ddm may diém can duoc diéu chinh va stra ludi dé loc va loai bo cac diém nhiéu
va tao ra cac bé mat tu do.

Min. -0.3964 Min, 04519
Max. 0.3965 Max. 0.4519
Avg. -0.0005 Avg. -0.012
RMS 0.1497 RMS 0.1741
Std. Dev. 0.1497 Std. Dev. 0.1737
Var. 0.0224 Var. 0.0302
+Avg. 01221 +Avg. 0.1339
-Avg. -0.1151 -Avg. 0.145
(a) Truc chu dong (b) Truc bi dong

Hinh 4. Can chinh dir liéu ludi.

Buoc 4. Tao doi tuong CAD 3D cua cap rotor:
Tt dir liéu da dugc hiéu chinh cia ddm may diém sau khi quet, mé hinh CAD 3D cua cap
rotor la dugc xay dung bang cach st dung cac cong cu trén phan mém Geomagic Design X.
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(a) Truc chu dong (b) Truc bi dong
Hinh 5. M6 hinh CAD 3D cua cép rotor truc vit

Buéce 5. Kiém tra két qua mé hinh héa: Mb hinh CAD 3D dugc so sanh véi dit liéu dam
may diém. K&t qua sai so gilta hai md hinh 1a trong gidi han cho phép cua yéu cau thiét ké truc
rotor.

3D Compare2: 4 1.0000
Reference Pos. Measured Pos. Gap Vec. Check
X -375.2000 -375.0491 0.1509 =—a
Y 9.8116 9.8118 0.0001 a
2z -7.5868 -7.5868 0.0000 o 08
-0.150% o—
08
04
3D Compare2: 3 |
Reference Pos,  Measured Pos, Gap Vec. Check 03
» -210,0000 -210.0000 0.0000 o
b -5.3419 -5.3124 0.0295 o 02

Reference Pos.  Measured Pos.

X -295,0000 -295,0000 0.0000 o

Y -16.7826 -16,7156 0.0670 Ha

z 15.0000 14,9371 5 2]
oH

-30.0000

-29.8452

-0.1576 o—

0.1548 —0a

Reference Pos.  Measured Pos. Gap Vec. Check
b -130,0000 -130,0233 -0.0233 =]
Y -34,7024 -34,6705 0.0319 o
2 25,0000 24,9953 -0.0047 o
-0.0397 =]
Reference Pos. Measured Pos.
Name Gap Dist. Tolerance
X Y Z X Y 7
3D Compare2: 1 -295 | -16.7826 15 -295 | -16.7156 | 14.9371 +0.3 il
3D Compare2: 2 -130 | -34.7024 25 |-130.0233 | -34.6705 | 24.9953 +0.3 |
3D Compare2: 3 -210 | -5.3419 -30 -210 | -5.3124 | -29.8452 -0.1576 +0.3
3D Compare2: 4 -375.2 9.8116 | -7.5868 |-375.0491 9.8118 | -7.5868 -0.1509 +0.3
Min. -375.2000 | -34.7024 | -30.0000 |-375.0491 | -34.6705 | -29.8452 -0.1576
Max. -130.0000 9.8116 | 25.0000 |-130.0233 9.8118 | 24.9953 -0.0397

(a) Truc chu dong
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| Reference Pos. Measured Pos. Gap Vec. Check 1.0000
X -9.2863 -9.3300 -0.0437 H
Y 15.0000 15,0743 0.0743 [ u}
2 -25.0000 -25.0000 0.0000 a
0.0862 =
. B - . 08
06
Reference Pos, Measured Pos.
X -28,3981 -28.3738 04
Y -20,0000 -20.0160 -0.0160
4 80.0000 79.9808 03
0.2
3D Comparel: 2
Reference Pos. Measured Pos, Gap Vec, Check 0.0000
X -18.1994 -18,0623 0.1370 —0 )
Y -15.0000 -14,8857 0.1143 —a
2 200.0000 199,9999
02
03
04
06
Reference Pos. Measured Pos.
Name Gap Dist. Tolerance
X Y 74 X Y T
3D Comparel: 1 | -28.3981 -20 80 | -28.3738 -20.016 79.9808 +0.3 | a8
3D Comparel: 2 | -18.1994 =15 200 | -18.0623 -14.8857 | 199.9999 +0.3 d ’
3D Comparel: 3 -9.2863 15 -25 -9.33 15.0743 -25 +0.3
Min. -28.3981 -20.0000 | -25.0000 | -28.3738 -20.0160 | -25.0000 -0.1785
Max. -0.2863 15.0000 | 200.0000 -9.3300 15.0743 | 199.9999 0.0862 -1.0000
(b) Truc bi dong

Hinh 6. Kiém tra danh gia két qua

3. UNG DUNG CONG NGHE TAO MAU NHANH DE IN 3D CHO CAP ROTOR
3.1. Vit liéu in cap rotor

Trong nghién ctru nay soi nhya PLA (Polylactic Acid) 1a dugc chon dé in cip rotor. Loai
nhua ndy dugc sir dung nhiéu trong mdy in 3D vi chi phi thdp, dé mua trén thi trudng va co thé
sir dung cho nhiéu muc dich khac nhau. Nhya PLA néng chiy ¢ khoang nhiét do 180°C dén
220°C. Vi kich thudc san pham tuong ddi 16n (dudng kinh rotor chii dong 90mm, rotor bi dong
70mm) nén dé tiét kiém vat lidu, san phém dugc thu nhd theo ty 1€ 1:5 (dudng kinh rotor chu
dong in 18mm, rotor bi dong in 14mm). Do sau khi in san phdm s& bj co ngdt nén dé dat duoc
kich thuéc mong mudn cin dua trén do co ngét ciia PLA xéac dinh kich thudc rotor in theo
cong thuc:
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Din:Dsp(1+Sr) (1)

Trong dé, D,, 1a kich thuéc chi tiét trude khi in, D, 1a kich thudc chi tiét sau khi in co rit,
s, 1a hé s6 co rit (%), voi nhya PLA ta c6 hé s6 co rat s.= 0,3% - 0,7%. Chon hé s co rut
s, = 0,5%. Ta co kich thude chi tiét trudce khi in cta rotor chi dong D, ,=18(1+0,005)=18,09mm,
rotor bi dong D, ,=14(1+0,005)=14,07mm.

Fie View Config Printer Sever Tools Help

® ® o @ I

Connect  Load  ToggleLog Show Filament Hide Travel Printer Seftings Fasy Mode Emergency Stop

Object Placerent | Sicer | Prnt Peview | Manual Cortol | SD Card |

ROGHESGL 2ak

[x]
a2 Iq&jemmM
R
S —

Object Group 2
@ FeraeR L
@ MakR2 L3 |

NROEm@O O EEQLH O

Disconne cted: default Idle |-

Hinh 7. Dit cac théng sb in

3 Repetier-Host V56 - MaleR2 + 1
View Config Printer Sever Tools Help
7
O0R. ¢ ® @ % @ U
Comest  Load  ToggleLog Show Filament Hide Travel PrinterSettings Easy ModeEmergency Stop.
Object Placemert | Sicer | Pt Preview | Manual Coniol [ 5D Card |

Show Travel Moves
© Show complete Code:

7
= Print ] Edit G-Code )
"I" B saetoFie J[®  saeforsppit |
Q Printing Statistics
Estimated Prining Time: 12019 98
Q Layer Count 454
Total Lines: 341985
(=] Filament needed: 20314 mm
g Visualization
7

© Show Single Layer
© Show Layer Range
First Layer
Last Layer

Disconnec cted: default Idie |

Hinh 8. Tao ma G-Code cho may in 3D

3.2. In sdn pham trén may In ba truc

Do phan bat dau truc rotor xoan khong c6 diém tya nén can c6 vat li¢u chong dd méi co
thé in dugc. Dién tich tiép xtic cua truc vdi ban in bé nén khi in dé bi vang ra khoi ban in nén can
c6 vat liéu chong do.
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Hinh 10. Cép rotor truc vit trong may nén sau khi in

Mb hinh sau khi in dugc kiém tra bang thude cap kich thude duong kinh rotor chi dong
do dugc D, =18,02mm, rotor bi dong do dugc D, ,=14,0lmm. Nén kich thudc cap rotor sau khi
in 1a xap xi kich thudc yéu cau ban dau.
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4. KET LUAN

Bai bao da dua ra mot phuong phap don gian va hiéu qua cho viéc xay dung mé hinh CAD
3D cap rotor truc vit trong may nén khi thay thé cho mé hinh tao boi phuong trinh toan hoc phirc
tap. M6 hinh 3D cap rotor truc vit dugc kiém tra va danh gia sai s6 voi dir liéu ddm may diém tir
méy quét dap g yéu cau sai s6 ché tao cia cip rotor. Ngoal ra moO hinh hinh CAD 3D cap rotor
truc vit dugc in trén may in 3D ba truc va danh gia sai s6 sau khi in. Tir d6 cho thay kha ning
mg dung k¥ thuat nguoc trong thiét ké 1a mot giai phap k¥ thuat hiru hiéu gitip cho cac nha thiét
ké, san xuit nhanh chong tao ra dugce cac thiét ké c6 do chinh x4c cao, 1a su lya chon phu hop
v&i nhitng nudce co nén khoa hoc, k¥ thuat con nhiéu han ché nhu nudc ta.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Trung tdm Nghién clru Ung dung Khoa hoc va Cong
ngh¢, Truong Pai hoc Su pham k¥ thuat Hung Yén, dé tai ma so UTEHY.T018.P1718.
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