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U’I\!G DUNG QONG NGHE CAD/CAM TRONG TAO HINH
BE MAT XOAN VIT ARSIMET TREN MAY CNC 5 TRUC

Nguyén Quéc Ding', Bii Lé Gén'

Tém tat:O nudce ta hién nay, viéc gia cong tao hinh cac bé méat xodn vit chi yéu duoc thue hién bang
phuong phép cat got truyén thong trén cac may tién hodc may phay van néng vai cac loai dao cat dinh hinh.
Phuong phap nay chi cé thé gia céng duoc cac bé mét xodn vit véi profile don gian, budc khéng déi va
thueng doi héi phéi thiét ké - ché tao dao dinh hinh. Do phu thuéc vao viéc gé dét dao, profile clia Iudi cét, ..
nén dé chinh xéc va nang suét gia coéng thép. Bai bao nay trinh bay mét phurrong phép gia céng bé mét xodn
vit Arsimet trén may phay CNC 4+5 truc bang dao phay ngén véi sw tro gitip ctia céc phan mém CAD/CAM.
Trinh tw gia céng goém bén buc: 1 - M hinh héa bé mét xodn vit bang CAD. 2 - Ung dung CAM dé sinh
chuong trinh NC. 3 - Gia céng tao hinh bé mét xodn vit Arsimet trén méay CNC 4+5 truc. 4 - Ung dung ki thuét
nguoc véi may do toa do 3 chiéu (CMM) dé kiém tra dé chinh xéc. Phén thuc nghiém duoc tién hanh véi mé
hinh bé mét xodn vit Arsimet thiét ké trén Inventor, gia céng tao hinh trén may CNC DMU100 véi tro gitip ctia
phédn mém TOP SOLID. Mau ché thik duoc kiém tra profile va budc trén CMM Brown& Sharp 544. Két qua
ché thir bude dau cho thay sw wu viét cda phwong phap va hy vong cé thé trién khai (rng dung réng réi trong
thuc tien.

Tirkhoa: Bé mét xodn vit; may do toa d6; CAD/CAM, CNC.

Abstract: Nowadays in Vietnam, the generations of screw surfaces are performed mainly by traditional
cutting methods on universal lathe or milling machine with specific cutting tools. These methods may
generate only simple screw surfaces with a constant pitch and requiring designing and manufacturing
specialized cutting tools. The accuracy and productivity are not high and depend on the skill of operator and
the accuracy of cutting tools, etc. On this paper the authors present a method of generating screw surfaces
on 5-axis CNC milling machine by the aid of CAD/CAM software. This method is performed by four basic
steps: 1 - Modelling the screw surfaces by CAD. 2 - Applying CAM to generate NC programme. 3 -
Generating screw surfaces on 5 - axis CNC milling machine. 4 - Applying CMM to check the accuracy. The
experiments are performed on screw surfaces model Arsimet designed by INVENTOR, machining on CNC
DMU100 with asistance of TOPSOLID. The profile and pitch of manufactured specimen are checked by
CMM Brown & Sharp 544. The experimental results show the advantages of the method and it's hopeful that
the method will be applied broadly in practice.
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(@ 1.patvandge
Truc vit Arsimet dwoc siv dung nhiéu trong thuc té ki thuat. &’ Viét Nam, do han ché vé mat céng
nghé vadotinh chatdonlé trong san Xuatnén viéc gia céng truc vitArsimet thuedng dwoc thwe hién trén cac
may van nang (tién, phay), nén cé nhitng nhuwoc diém sau:
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- D6 chinh xac va do bong bé mét xoan vit thap (phu thudc vao tay nghé clia ngui the va thiét bi
giacdng).

- Can co trang - thiét bi chuy&n dlng.

- Déiv&i mat xodn vit cé yéu cau cao vé dé chinh xac - dd bong bé mat can phai gia céng tinh.

- Khéng gia céng duoc cac truc vit co két cdu phie tap.

Céc bé mat xodn vit va cac bé mat phire tap duoc gia cdng trén cac may CNC nhiéu truc co trong
cac thiét bi nhap khau cho thay su vurot trdi vé chat lvgng so véi cac san pham dwoc gia cong bang phuong
phap truyén théng. Do do, viéc nghién ctru phwong phap gia cong bé mat xoan vit trén may phay CNC 4+5
truc béng dao phay ngén véi su tro gilp clia cac phdn mém CAD/CAM la vén dé mang tinh cap thiétva cd y
nghia quan trong trong thirc tién sén xuét.

(®  2.Ndidungnghiénciru

2.1 Giéi thiéu céc bé mat xodn vitké [2]

Mat xoan vit ké 1a bé mat xoan vit do mét dwdrng sinh thang chuyén déng xoan vit tao thanh (hinh
1). Thiétlap hé truc Oxyz co truc Oz la dwong truc cia chuyén dong vitva clia bé& mat vit. Dwng mot hinh try
tron ban kinh 1a r, ( goila hinh tru co s& hay hinh tru dén). Trén mat tru dwng mét dwdng x0an vit xuat phat
tlr diém G nam trén Ox co buwdc xoan la H, géc nghiéng clia dwérng vitla B va goc nang la A= 90°-B.

Budc clia dwéng xoan vit (mat xodn vit) tinh theo: H= 21rr,cotgB (1)

Budng thang AB tiép xuc v&i bé mat tru, ddng thévi tra trén dwéng xoan vit tai diém N va hop voi
Oz mét goc € tuy y. Cho AB thwe hién hai chuyén déng: Tinh tién doc truc Oz v&i van téc V va quay quanh
truc Oz véivan tbe goc w. Hai chuyén déng nay c6 lién hé véinhau, sao cho mét diém M (x, y, z) bat ky thude
AB quay dwoc mdt vong quanh Oz thi déng thévi cling chay doc theo phwong Oz mét lvgng la H. Ta ¢é:

H |V

= == 2

25 lo| " (2)
trong dé p la tham sé mat xoan vit (chuyén déng vit).

Két qué la dwong thang AB sé tao ra mot bé mét xoan vit, goi la mat xodn vitké.

Diém M (x, y, z) chay trén AB, khi AB chuyén déng theo quy luat (1-1), thi toa dé cia M (x,, v, Z,,)
chinh la phwong trinh biéu dién mat vit ké. D&t MN =t, trén MN dat mot vecto chi phwong don vi A, phwong
trinh mat vitké cd dang:

X =lp.CO0s@—t.sine.sing
Y =I5.8in@ +t.sine.cosg
Z =p.gp+t.cose

p.e =

Duong cong
Arsimet

Hinh 1. Nguyén Iy hinh thanh mét xodn vit ké Hinh 2. Mat xoén vit Arsimet

Thay d6i mét vai thong sb trong hé phuong trinh (1-3) ta co dwgc mot sb mat xoan vit théng dung
trong chétao may nhuw mat x0an vitArsimet, Convolute hodc than khai.
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- Mat xoé!n vit Acsimet dwoc tao thanh do dwérng thang AB cét truc Oz (r, = 0) tao véi truc mét goc €
(hinh 2). Mat xoan vit Acsimet co nhirng déc diém sau:

+ Mat x0an vit Acsimet khong khai trién dwoc trén méat phang hay bé mat bat ky nao va né chi tao
hinh dang bang dwéng thang.

+ Giao tuyén ctia mat xodn vit Acsimet va mat phang vudng géc véi Oz 1a dwéng cong Acsimet.

+ Giao tuyén clia mat xoan vit Acsimet va mat phang chira truc Oz 1a dwéng thang nghiéng véi truc
Ozmodtgoce.

+Né&uAB vudng goc vaitruc Oz thi bé mat xodn vit tao thanh dwgc goi la Helicoit.

- Mat xoén vit Convolute dwge hinh thanh do dwéng thang AB tao véi truc Oz mdt goc chéo € (dwdng
thang AB ludn ludn tiép tuyén véi mat tru co sé trong qua trinh chuyén déng, hinh 3). Mat xoan vit Convolute
¢6 nhirng dic diém sau:

+ Mat xoén vit Convolute khéng khai trién dwoc trén méat phdng, nén chi co thé tao hinh chinh xac
béng dwéng thang.

+ Giao tuyén clia mét xodn vit Convolute va mat phéng vudng goc véitruc Oz Ia dwdng than khai kéo
dai.

+ Giao tuyén clia méat xoan vit Convolute va mat phang vudng géc véi phuong ciia duong xoan vitla
duéng thang.

- Mat xoan vit than khai dwoc sinh ra khi cho dwéng thang AB nghiéng véi truc mét géc p bang goc
nghiéng cla dwérng xodn vit trén mét tru co sé (hinh 4). Mat xoan vit than khai cé nhiing dac diém sau:

+ Giao tuyén clia mé&t xodn vit than khai va mat phang vubng gée véi truc Oz 1a dwérng than khai.

+ Giao tuyén clia méat xoan vit than khai véi mat phang tiép tuyén vai hinh tru co sé la dwong thang
nghiéng véitruc OZ mot goc .

Miit tru din huéng
y S

y

Pudong than khai

Hinh 3. Mt xodn vit Convolute Hinh 4. Mat xodn vit than khai

2.2 M6 hinh héa bé mat xoan vit Arsimet

Mé&u ché thir tryc vit Arsimet 6 cac théng sé hinh hoc nhw trén hinh 5.

Hinh 5. M&u truc vit Arsmiet
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Dwa trén mau thiét ké, nhom tac gia di mé hinh héa truc vit trén phdn mém Inventor, tao chwong trinh
gia céng trén phan mém Solid'Cam va tién hanh gia céng trén may CNC 5 truc DMU100.

- M hinh hoa truc vit Arsimet trén Inventor. Mat xoat vit Arsimet tao thanh do dudng théng cat truc
chuyén ddng cla vit quanh truc dé véi mot goc €. Néu thay dwdng thang bang mét tiét dién hinh hoc (vi du
nhw hinh ch¥ nhat, hinh thang can,...) thi nhan dwoc cap bé mét xoan vit. Cac budc mé hinh hoa cu thé
nhw sau:

Hinh 6. M4 hinh hoa truc vit Arsimet

+ Dyng hinh try D=100mm, dai 70mm béng |&nh Extrude (hinh 6.a).
+ M& mét Sketch trén mat phang YZ, vé bién dang ranh vit (hinh 6.b).

+ Dung céng cu Coil 2 44 tao bien dang ranh vit (hinh 6.c). Chon cac théng sé clia mat xoan vit:
Kiéu la Pitch and Revolution, buwéc Pitch 56mm, Revolution (s vong xoan) 1a 3, goc Taper chon la 0, cac
théng s6 con lai dé mac dinh nhan dwoc doan cé ren clia truc vit Arsimet.

+Tao 2 ngdng truc c6 dudng kinh D50mm, chiéu dailan lwotla 35mm va 20mm bang 1énh Extrude.
Sau dé lwgn tron doan béc truc va vat mép cac goc ta dwoc doan truc vitArsimet (hinh 6.d).

2.3 Thwe nghiém (ing dung CAD/CAM ché tao va kiém tra bé mit xodn vit Arsimet

Trong phan nay chi trinh bay cach thiét 1ap chwong trinh gia cong va tién hanh gia céng bé mat ren vit
cla truc vit trén TopSolid'Cam. Trén co’ s& mod hinh truc vit da dwng & trén, viéc thiét lap chwong trinh gia
céng bé mat xodn vit dwoc thiétlap trén TopSolid'Cam theo thi tw nhw trén hinh 7(a,b,c.d,ef).

a) Chon may gia céng DMU100 b) Gé va khai béo phéi, chon chuén gia céng
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d) Chon phuwong phap gia céng la Contouring

e) Thiét Iap ché do cat f) M6 phéng qua trinh gia céng
Hinh 7. Céc budc thiét Idp chuong trinh gia céng bdng TopSolid'Cam

- Ché tao va kiém tra bé mat xoan vit ciia mau. Tién hanh gia cdng mau trén may DMU100 (hinh 8),
sau do kiém tra profile va bwéc trén CMM Brown& Sharp 544 (hinh 9). Cac sb lieu do thwe hién trén mat
phang Oxz (cé dinh trucy).

+Po 2 diém trén mat phéng Oxz v6&i cling toa do theo truc x va xac dinh buére clia truc vit theo: p =
z,-z,. Tién hanh do 10 1an nhan dwoc bwdc trung binh cla truc vit (bang 1).

Hinh 8. Gia céng méu trén méay DMU100 Hinh 9. Bo mau ché thir trén méy CMM

Bang 1. Két qua do profile ranh vit

Zy Z p=2-24 (i Z4 Z p=2z-24
52,3312 108,2646 55,9334 6 94,1913 | 145,3678 56,0767
76,4412 132,4531 56,0119 7 97,2776 | 150,0012 55,8099
82,2998 138,2246 55,9248 8 | 101,4015 | 153,2298 55,9522
85,5398 141,5538 56,0140 9 103,5510 | 157,3408 55,9393
89,2911 145,3678 56,0767 10 | 109,3389 | 159,4976 55,0466

p=p= 55,9707
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T bang trén, co6 thé tinh bwdc trung binh clia mau trong tiét dién doc truc p,=55,9707mm va sai s
twong déi clia budre xoan vit so véi bude danh nghia:
P — p| a |55,9707 - 56|
P 56
+Dé danh gia sai sb profin clia truc vit Arsimet, do bién dang ranh vit trong tiét dién doc truc va danh
gia sai léch so v&i bién dang ranh vit danh nghia. Tién hanh do 10 diém trén mét canh cla ranh vit trong tiét
diéndoctruc (hinh 10).

Ap= | .100% = 0,05%

[Points|Reference] Size | X | Y [ zZ |
1 X-Z 40.8249 0.0000 | 49.8447
X-Z 39.9540| 0.0000| 49.5752
X-Z 38.9245| 0.0000| 49.2532
X-Z 37.8425| 0.0000| 48.9181
X-Z 37.1396| 0.0000| 48.7018
X-Z 36.6444| 0.0000| 48.5452
X-Z 36.1436| 0.0000| 48.3932
X-Z 34.9238| 0.0000| 48.0561
X-Z 33.9454) 0.0000| 47.7439
X-Z 32.6200| 0.0000| 47.3214

Hinh 10. Két qua do 10 diém trén méay CMM Hinh 11. Pat lai hé truc toa do

Vi goc profile canh ren ly thuyét a= 17°17", c6 thé 1ap phwong trinh canh cha profile danh nghta trong

mat phéng Oxz:
z=xtana=x.tan17°17'=0,3105.x (4)

Dich chuyén hé truc toa dé Oxz vé hé truc toa dd O,x,z,, véi gbc toa dd O,= P, (hinh 11). LAy diém dau
P,(0; 0; 0) va diém cudi P, (8,2049; 0; 2,5233) trong hé toa dd méi dé 1ap phwong trinh clia canh xoan vit thue
trong méat phang O,x,z,:

z-0 2,5233-0

x-0 8,2049-0

Gac profile canh ren thie: a = arctan(0,3075)=17"10"

+ Tinh sai sb cla canh profile thuc té va canh profile Iy thuyét théng qua 10 diém theo dé léch truc z khi
¢6 cung toa dé x (bang 2):

=0,3075 =z =0,3075.x

Az=2z-7 (3)
trong dé: z, - Toa dd thwe cha diém P tréntrucz ng voix; z-Toaddly thuyét cliadiémP tréntrucz rng vai x,

Béng 2. Sai s6 canh profile

Toa do x Toa dé x Toadoz Toadoz Toadoz Sai léch
thyc té theo Oxz ly thuyét thyc té theo O,x.z, Az

=
D>
=

32,6200 0 0 47,3214 0 0
33,9454 1,3254 0,4115 47,7439 0,4225
34,9238 2,3038 0,7153 48,0561 0,7347
36,1436 3,6236 1,0941 48,3932 1,0718
36,6444 4,0244 1,2496 48,5452 1,2238
31896 4,5196 1,4034 48,7018 1,3804
37,8425 512275 1,6216 48,9181 1,5967
38,9245 6,3045 1,9576 49,2532 1,9318
39,954 7,334 2,2773 49,5752 2,2538
40,8349 8,2149 2,5508 49,8447 2,5233
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Dwng bién dang canh ctia truc vit trong tiét dién doc truc qua 10 diém theo két qua do:
Z,

P9 P10

p1_E2 b4

0,

Hinh 12. Bién dang canh cua truc vit trong tiét dién doc truc qua 10 diém

Nhan xét: Sailéch clia profile va bwéc vit clia sdn pham ché tao so véi thiét ké 1a rat nho (sai sé & day
bao gdm sai s6 ché tao va sai s6 kiém tra) nén truc vit Arsimet ché thir thda man cac yéu cau vé dé chinh xac
hinh hoc.

DPé danh gia dé nham bé& mét truc vit, tién hanh do d6 nham tai 10 vi tri khac nhau trén 2 canh ren truc
vit. K&t qua do dd nham truc vittrén chiéu dai chuan L= 4mm nhuw sau:

Bang 3. Két qua do d6 nham bé mat truc vit trén 10 vj tri

T R,, pm T R,, pm

2,88 6 2,71
2,79 7 286
2,89 8 2,69
2,75 9 2,90
2,93 10 2,68

Sailéch trung binh sé hoc ctia bé mat truc vitArsimet la: R,= 2,8 1um.

Nhan xét: B& mat xoan vit gia cdng bang phwong phap phay cé chét lwong bé méat khéng cao nhw khi
gia cdng bang phwong phap tién. Nguyén nhan la do vét clia dwdng chuyén dao dé lai. Co thé nang cao chéat
lwong bé mat khi phay béng cach st dung dao phay ngén dau cau cé ban kinh hop Iy khi gia céng bé mét
ranh.

@ 3.Kétluan

Sai s6 clia bwée vit va profile cia mau ché thir so vai Iy thuyét1a rat nho. Phwong phap gia cong truc vit
trén may CNC 4+5 truc cho nang suét gia cong va chat lwong san phdm cao hon so véi cac phwong phap
truyén théng do kha nang nang cao ché dé cat. Do bé mat xoén vit dwoc tao ra bdi tap hop cac dwéng chay
dao nén phuong phap nay co thé gia cong cac bé mét xodn vit co két cAu phirc tap (ma cac phwong phap gia
cong truyén théng khéng thé thuc hién dwoc). Cac két qua thwe nghiém budc dau cho thay sw wu viét cia
phwong phap va hy vong cé thé trién khai (rng dung réng réi trong thuc tién.
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