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T6m tit. CAM Globoid 1a mot loai thiét bi co khi, thich ung cho khong gian tdc do cao trong cac co
cAu chuyén dong gian doan. Do bé mat 1am viéc cia CAM Globoid c6 bién dang 3D phtic tap nén viéc
tinh toan, thiét ké kha kho khan. Trong bai béo nay, ching tdi dé xut mot phuong phap thiét ké CAM
Globoid bang cach st dung cac tinh ning ctia phan mém thiét ké CREO Parametric 3.0. Cu thé cac thong
sb chuyén dong, thong s6 hinh hoc, bién dang lam viéc 3D cua co cdu CAM Globoid s& duoc tinh toan
truc tiép trén phén mém duédi dang tham s6 hinh hoc. Mot hé théng cac cong thirc, cac bude tién hanh cu
thé da dugc dién giai va trinh bay gitp ngudi thiét ké voi kién thirc vé CREO Parametric 3.0 c6 thé thiét
ké dugc CAM Globoid mot cach nhanh chong, chat lugng cao va gitip giam chi phi thiét ké - gia cong.

Tir khod. Truc vit - banh vit, bién dang cam, thiét ké CAM, CAM Globoid, Creo Parametric

Abstract. Globoid CAM is a kind of mechanical equipment, suitable for high speed space in the
intermittent motion mechanism.Globoid CAM surface has 3D complicated profiles, so design is quite
difficult.. In this paper, a Globoid CAM design method has been proposed using the features of CREO
Parametric 3.0 software. The motion and geometry parameters, and profile work Globoid CAM 3D will
be calculated directly on the software as a parametric geometry. The calculation will provide data needed
to build a 3D model of CAM completion. A system of formulas and specific must have to be interpreted
and presented to help the designers with knowledge of CREO Parametric 3.0 designing CAM Globoid
quickly, hight quality and lowers costs.

Keywords. Worm-gear, CAM Profile, CAM Design, Globoid CAM, Creo Parametric

1. GIOITHIEU

CAM Globoid la mét co ciu dong vai tro quan trong trong truyén dong co khi, nhat 1a trong cac cum
truyén d@ng khong ddng truc va cé chuyén dong gian doan. B truyén dong sir dung CAM Globoid c6 do
chinh xac cao, ém va kich thugc nho gon. Tuy nhién viéc tinh toan thiét ké bién dang CAM Globoid kha
phc tap vi bé mat hoat dong c6 bién dang 3D nén rat khd c6 thé tinh toan thiét ké bang cac phuong phép
thiét ké CAM thong thuong. Ngoai ra, viéc st dung cac phuong phép thiét ké cam truyén thong con tn
khé nhiéu thai gian, chét luong thiét ké thap va cé chi phi cao.

Di c6 mot sé nghién ctru vé viéc xay dung bién dang CAM Globoid bing cac phuwong thirc khac
nhau nhung kha phirc tap, khdi lugng cdng viéc I6n hodc phuong phép luan khong rd rang khé g dung
trong thyc té. Chang han Chao Zhang va Zhihong Zhang [1] d4 dua ra phuong phap thiét ké CAM
Globoid st dung Matlab dé giai phuong trinh duong cong, qua dé tinh toan xac dinh toa do cac diém bé
mit va thuc hién xay dung bién dang bang Catia.

Guangguo Zhang, Zhibin Chang va Haitao Liu [2] da su dung cac giao dién lap trinh &ng dung (API
- trong Catia (CAA - Component Application Architecture) cua Catia dé tinh toan va xay dung mé hinh
3D cho CAM Globoid (hinh 1). Céch thirc doi hoi nguoi thiét ké phai am hiéu vé Iap trinh C++/VC dé c6
thé viét chuong trinh giai va xac dinh cac tham s6 caa CAM.
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Hinh 1. CAM Globoid trén phan mém Catia [2]

Trong cong b cia minh - Nianfu Xu, Feng Xu va Wei He [3] - da d¢ xuat cach xay dung CAM
Globoid trong tu nhu céng viéc cia Guangguo Zhang, Zhibin Chang va Haitao Liu [2]. Tuy nhién, ¢ day
C4c tAc gia da st dung API Tool Kit (Pro E Tool Kit) trén nén tang Pro/E dé tinh toan, vé bién dang CAM.
Phan mém duoc viét bang VC va khi chay trén nén Pro/E c6 giao dién va hop nhap cac thdng sb duoc
trinh bay & hinh 2.
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H|nh 2. Giao dién va hop nhap liéu khi chay trén nén Pro/E [3]

Céc phuong phap tinh toan, thiét ké CAM Globoid di trinh bay déu c6 nhimng wu nhuoc diém nhat
dinh, tuy nhién yéu té quan trong nhit 1 chua trinh bay rd mot phwong thirc tinh toan, thiét ké CAM
Globoid véi ddy da co sé ly thuyét va chi 15 cac budc thuc hién mé hinh héa trén phin mém mét cach
don gian va kiém chimg duoc.

Bai bao nay s& tap trung cha yéu vao viéc thiét ké so sanh dir liu tinh toan trén cac phuong phap
khéc nhau, con vé thai gian thiét ké so véi cac phuong phap khac chua dugc kiém chirng bai khong c6 dit
liu dé so séanh.

2. DE XUAT PHUONG PHAP THIET KE

Phuong phép thiét ké bién dang CAM Globoid can thoa man céc yéu cau sau:

- Khdng sir dung cac phan mém khac nhu Matlab, VC, VB, user’s Program dé ting kha ning tng
dung vi nguoi thiét ké khong can phai thong thao cac ngdn ngit, phan mém khac ciing nhu chi phi ban
quyén kém theo.

- COthésa dyng bién dang thu duoc chuyén sang gia cong trén cac may CNC.

- Pon gian va hiéu qua khi str dung.

- Tir céc yéu cau trén mot phuong phap thiét ké bién dang 3D cia CAM Globoid sir dung phan
mém CREO 3.0 duoc d& xuat gom cac budc sau:

- Xac dinh cac thong s6 thiét ké.

- Tinh toan cac thdng sé hoat dong.

- Tinh toan tham s6 duong cong.

- Xay dyng bién dang trén phan mém CREO.

2.1. Xic dinh c4c thong sé thiét ké

Budc nay xac dinh cac thong s6 ky thuat dé tinh toan thiét ké bién dang CAM Globoid. Hinh 3 md ta
cac théng so6 can thiét dé thiét ké bién dang mot CAM Globoid dién hinh.

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



22 NGHIEN CUU BE XUAT PHUONG PHAP THIET KE CAM GLOBOID SU DUNG CHUC NANG

THAM SO TREN PHAN MEM CREO PARAMETRIC 3.0

%%
| N (vg/ph) | S6 vong quay truc vao
N C (mm) | Khoang cach truc
0 & Goc chia do

g H S6 dau moi

[ S6 khoang chia
0909 ap Goc an khép cho phép
p Hudng quay caa CAM (Trai/Phdi)
Qui lugt | Modifile Sin Curve
B

Hinh 3. Théng sb cia mot CAM Globoid dién hinh.

2.2. Tinh toan cac thong sé hoat déng

Céc thong sb hoat dong dugce tinh toan qua cac budc cu thé sau:
1) Tinh vdn toc gbc truc vao.

_ 2nN

W, = E (rad/s)

N — S6 vong quay truc vao

2) Tinh gbc dung Gy, géc dao dong s, thoi gian chia do, thoi gian ding cua CAM.
e Tinh gbc dung 6q:

1)

N I )

e Goc dao dong o::

TTTZ Wy @

Véi Z = H.11a s6 con lan, thuong ding Z = 6,8, 10, 12 va 16.
e Thoi gian chia do tr:

t = \?v_fl (s) (4)
e Thoi gian dung tq:
g - (s) (®)
W

3) Xac dinh chuyén vi, van toc goc, gia toc goc cua CAM.

Dua trén quy luat chuyen dong cua cam (hinh 4), ta tinh céc chuyén vi theo biéu thuc (6) va céc gia
tri nay dugc nhap vao hop thoai cia CREO dudi dang cac tham so.
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Hinh 4. Buong cong hinh sin bién d6i [4]
[ ] 0
y=h ™ 1 4O 0<o<—
(4+m8, 4@d+m) (6 ) 8
[ 0 760
y=h 2 ™ 9 gn|dmoml] g t9
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(h - 1a chuyén vi cua can)

Tur gia tri chuyén vi, ta sé tinh duwoc van toc goc, gia téc goc twong img véi dao ham bdc nhdt va bdc
hai theo y

4) Xac dinh cac thdng sé cia bg truyeén

¢ Ban kinh vong chia ban xoay:
Cxtga,
e S ————

A tgo,

f
Vimax - VAN toc 16n nhit theo quy luat dudng cong
e Ban kinh cua con lan:
R =(0,5+0,7) roasin (¢/2)  (mm) (8)

e Chiéu dai caa con lan:

(mm) (7)

br=(1+14)Rr (mm) 9)
e Khe ho gitta CAM va con lan:
e=(0,2+0,3) by (mm) (20)
e Chiéu dai theo hinh vanh khan cta con lin c6 bao gdm ca khe ho:
h=e+b (mm) (12)
e Ban kinh dinh cua ban xoay:
Ho=bi/2 + Rp2 (mm) (12)
e Ban kinh day cua ban xoay:
Hi = Rp1 - bi/2 (mm) (13)
e Ban kinh vong chia CAM rp1:
r1=C-rp (mm) (14)
e Bé&rong cua CAM:
B=2h (mm) (15)

2.3. Tinh toan tham sé dwang cong
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Thiét lap dudng cong chuyén dong cho bién dang bé mat dudi dang tham sé hinh hoc bang cach chia
duong cong CAM thanh 6 loai duong cong chinh [6], trong d6 4 duong cong ¢ giai doan chia d6 la 1L,
2L ,2R ,3R va 2 duong cong ¢ giai doan dung dugc trinh bay nhu trong hinh 5. Cac ky hi¢u dugc cho
trong bang 1 s& duoc sir dung dé tinh toan, nhap cac tham s trong phan mém CREO.

NS BANG 1. CAC THAM SO SU DUNG
X2 TS { DE TINH TOAN TRONG CREO 3.0
= s <_:\ Yile |c Khoang céach truc
AN p Huéng CAM
TR Bl Goc chia do 6
. NIV ZEERRL S khodng chia
SL SR th GAc theta 6
— L :
fei Goc ¢
al 1/ feil Goc ¢1
\ R Tham s6 bé mét thay doi
o wl Van toc truc vao
w2 Van toc truc ra
|~ ~N = .
n pus Goc an khop v
|
B B

Hinh 5. Cac duong cong chuyén dong 1L,2L, 2R, 3R va dudng cong ding SL, SR cua CAM

2.4. Xay dung bién dang trén phan mém Creo Parametric

e Hop bién duong cong va chuyén khéi Solid.
¢ Hoan thién xay dung bién dang cam.

3. UNGDUNG VA KIEM CHUNG

Dé kiém ching tinh ding dan cua phuong phap thiét ké da dé xuat, mot CAM Globoid cho may
dong goi da duoc xem xét thiét ké, xay dung bién dang.

3.1. Tinh toan thiét ké
1) Buéc 1 - Xac dinh thong so thiét ké

BANG 2. THONG SO DAU VAO

S6 vong quay truc vao N = 300 vg/ph
Khoang céch truc C= 180 mm
Goc chia do 0r = 120°

° S6 dau moi H=1
S6 khoang chia | =8
Goc an khép cho phép op = 30°
Hudng quay cua CAM p=1(Tréi)

: Kiéu quy luat chuyén dong | Modifile Sin Curve

2) Buéc 2 - Tinh toan cac thong sé hoat dgng ’
Ap dung céc cong thirc & muc 2.2 ta c6 ket qua tinh toan cac théng so hoat dong nhu & bang 3.

BANG 3. THONG SO HOAT PONG

Van toc truc vao w =107 (rad/s)
Goc ding 04 = 240°
Goc dao dong @, = 45°
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S6 con lan Z=8

Thoi gian chia do tr = 0,67 (s)
Thoi gian dirng te = 0,13 (5)
Bén kinh vong chia ban xoay rp2=84 mm
Bén kinh vong chia CAM e =96 mm
Ban kinh cua con lin Rr =22 mm
Chiéu dai con lan br =24 mm
Khe h& CAM va con lan e=6mm
Chiéu dai theo hinh vanh khin cua con lin h =30 mm
Ban kinh dinh cta ban xoay Ho =96 mm
Ban kinh day cau ban xoay Hi =72 mm

3) Buéc 3 - Tinh toan tham so duwong cong
e Khai dong CREO, chon [File] - New dé mo mot ban vé méi. Bo lwa chon Use default template,
chon kiéu Part, chon kiéu mmns_part_solid trong muc Template, OK.
e Thiét lap cac duong cong chuyén dong 1L, 2L, 2R, 3R va cac dudng cong ding cho bién dang bé
mat CAM:
Dit tham sé cho cac doan duong cong: [Model] - Datum - Curve - Curve from Equation -
Equation — Relations.

w Relatons

ook P @A) ED SR
|

51
[#]

P Lessl paramaters

Reset oK Cancel

Hinh 6. Hop thoai nhap tham sé dudng cong

- Thiét 1ap cho duong cong 1L , ‘ 7
Tur hop thoai Relations, nhap céac gia tri tham s6 cho phan chuyén dong Ién caa dudng cong 1L, chon OK.

¢ =180

p=1

B1=120

n=8

h=45

th =B1 /n*t

feil = h*(pi*th/B1-1/4*sin(4* 180*th/B1))/(4+p1)
fei=22.5 + P*feil

r=72

w1 = 10%pi

w2 = pi*h*(1-cos(4*180*th/B1))/((4+pi)*B1)
w=w2 /wl

pus = atan(p*r/(c - r*cos(fei))*w) + 180

x2=r

y2 = 22*cos( pus)

72 = 22%*sin( pus) th=Bl/n + 6/n*B1*t

x = x2*cos(fei)*cos(th)-p*y2*sin(fei)*cos(th)-z2 *sin(th)-c*cos(th) W2 = pi*h*(1-3*cos(180/3+4% 180%th/3/B1))((4-+pi)*B1)

y =-x2* cos(fei)*sin(th)+p*y2*sin(fei)*sin(th)-z2*cos(th)+c*sin( th)

z = p*x2*sin(fei)+y2* cos(fei) feil = h*(2+pi*th/B1-9/4*sin(180/3+4* 180*th/3/B1))/(4+pi)

Hinh 7. Tham sé cho phan chuyén dong 1én cua duong Hinh 8. Tham sb cho phan chuyén dong dirng cua
cong 1L duong cong 1L
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Céc ma code cho cac phan duong cong dirng cua phan 1L 14 giéng nhu mé sb cho cac phan duong
cong lén 1L va chi khac & mot sé bién (hinh 8).

Céc ma code cho cac phan duong cong xudng cia phan 1L la gidng nhu mé s6 cho cac phan duong
cong ding 1L, nhung céc bién sau diy duoc gan gia tri mai:

th =Bl/n*t+7/n*B1
w2 = pith*(1-cos(4¥180%th/B1))/((4+pi)*B1)
feil = h¥(4+pi*th/B1-1/4*sin(4*180%th/B1))/(4+pi)
Hinh 9. Tham sé cho phan chuyén dong xuéng cua dudng cong 1L

Su két hop cua cic ma noi trén hoan thanh duong cong 1L.

a)

b)

a) Poan lén - b) Poan ngang - ¢) Poan xuéng
Hinh 10. C4c thanh phan cua duong cong 1L

S6 lugng dudng cong 1L cang nhiéu thi bién dang bé mat CAM cang chinh xéc. Trong bai béo nay
tac gia chi chia thanh 9 duong cong twong ung VGi cac gia tri r 1a 72, 76, 80, 84, 88, 92, 96, 100, 102 dé
tinh toan wng véi céc gia tri tham sé o trén va sé lugng dudng cong duoc thé hién trén hinh 10.

Céc dudng cong 2L, 2R, 3L duoc thiét 1ap tuong tu.

e Thiét lap cho dudng cong ding

- Mi code cho duong cong dirng bén trai: ma nhap liéu cho duong cong dimng dwoc thé hién &
hinh 11, c&c gia tri gan duoc l4y tir ngudn bang 2, 3.

B1 =240

th = 120+B1*t

fei=-22.5

r=72

w=0

pus = atan(p*r/(c - r*cos(fe1))*w)
X2=r

y2 = 22*cos( pus)

z22=0
x = x2*cos(fei)*cos(th)-p*y2*sin(fei)* cos(th)-z2 *sin(th)-c*cos(th)
y = -x2* cos(fei)*sin(th)+p*y2*sin(fei)*sin(th)-z2*cos(th)+c*sin(th)

z = p*x2*sin(fei)+y2*cos(fei)

Hinh 11. M& nhap liéu cho duong cong dirng
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_ - Ma code cho duong cong dung bén phai gidng dudng cong bén trai chi khéc gia tri: [ fei = 22.5
Tat ca cac duong cong CAM duoc thé hién trong hinh 12.

/ G(

SR

Hinh 12. Cac duong cong CAM

4) Buéc 4 - Hop bién va chuyén khai duong cong
e Hop bién cac duong cong
Tu Tab Menu — Boundary Blend hop nhét cac duong cong. Sau khi hop nhat sir dung Merge 1am kin
bién dang va Solidify dé chuyén tir bién dang Surface thanh dang khoi Solid.
_—

e T o

e
-

__.-*‘"" T —__ =
- :
a) Lién két duong cong b) Lénh Boundary Blend c) Lénh Solidify

Hinh 13. Hop bién dwong cong va chuyén khéi Solid

e Hoan thién CAM

a) Mait trudc b) Mat sau ¢) Bién dang 3D

Hinh 14. Bién dang CAM hoan thién

3.2. Kiém chitng két qua

Vi viéc xay dyung va gidi phuong trinh duong cong truc tlep dudi dang tham s6 hinh hoc, phuong
phap de Xuat da chimg minh duoc rang, viéc mo hinh héa tham s6 truc tiép co thé thuc hién duoc trén
phan mém CREO. Pé danh gia d6 chinh xac cua phuong phap, cac sb liéu vé toa do diém cua mot sb
diém tiéu biéu trén duong cong va bién dang CAM hoan chinh duoc so sanh véi két qua do Chao Zhang
va Zhihong Zhang [1] va Guangguo Zhang, Zhibin Chang va Haitao Liu [2] cong bd.

So sanh cac diém tiéu biéu trén duong cong CAM
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X Y YA X Y z
-105,0616 -8,E-08 1,2278574 1 -105,061638 -8,E-08  7,2278557
-104,7946 75274834 7,2537062 2 -104,782456 7526788  7,2337277
-103,9572  15,378629 7,4349162 3 -103,946698 15378588  7,4256162
1015793 27,435656 8,2864306 4 -101,579300 27294233  8,4030635
-97,92731  39,292725 10,00469 5 -97,930602 39,302544  10,289325
6
7

-04,85274 46929748 11,622285 94485938 46927256  11,580187
-87,36586  61,40754 15,863698 -87,389985  61,422126  14,737525

~N o O B W N

a) Sb liéu cong bé [1] b) Sé liéu trén Creo
Hinh 15. So sanh toa do diém

Bién dang CAM hoan chinh trong [1] va trén CREO dugc trinh bay trong hinh sau:

a) CAM trén Catia [1] b) CAM trén Creo

Hinh 16. So sanh bién dang CAM Globoid hoan chinh

4. KETLUAN

Véi viéc trinh bay cach thirc xay dung bién dang CAM Globoid trén Creo Parametric. Bang cach st
dung chirc nang duong cong ctia phan mém va tham sé héa tryc tiép phuong trinh duong cong bé mat da
giup xéac dinh dugc cac thong sb can thiét @é xay dung bién dang CAM. So v¢i nhimg phuong phap thiét
ké trude day da cong bd, phuong phéap de Xuat khong qua phuc tap, sb liéu dugc nhap qua cac biéu thirc
tham sb cho phép dé dang thay doi khi can can thiét. Didu nay da cung cdp mot nén tang hiéu qua cho céc
doanh nghi¢p dé ung dung nghién cau, thiét ké san phdm CAM Globoid mét cach nhanh chéng va hiéu
Quéa gop phan ting ning suét va chat lugng san pham.
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