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CHUONG TRINH AUTOLISP TAO HQ PUONG CONG EPITROCHOID
VA HYPOTROCHOID TiCH HQP VAO AUTOCAD

THE AUTOLISP PROGRAM CREATES A FAMILY OF EPITROCHOID AND
HYPOTROCHOID CURVES INTEGRATED IN AUTOCAD

Nguyén D
Truong Pai hoc Bach khoa, Pai hoc Pa chng

TOM TAT

Bai bao trinh bay chuwong trinh AutoLISP tao ra hgo cac dwong cong Epitrochoid va
Hypotrochoid - quy tich cha cac diém duoc tao ra bdi mét diém gén véi mot dwdng tron khi
duong tron nay lan lwot 1&n khong truot quanh phia bén ngoai va phia bén trong mét duong
tron ¢6 dinh khac. Chuwong trinh biéu dién rat nhanh, chinh xac va téng quat ho cac dwong
cong Epitrochoid va Hypotrochoid theo géc nghiéng bat ky ctia truc X va géc quay bat ky cta
ban kinh dwdng tron cb dinh. Pay 1a chuwong trinh AutoLISP dung cho cac nha thiét ké co khi,
né dwoc dung rong rai trong thiét ké tao bién dang réng cycloid va nhiéu trng dung khac trong
k§ thuat.

ABSTRACT

The paper presents the AutoLISP program creating a family of the Epitrochoid and
Hypotrochoid curves which are locus of points traced out by a point attached to a circle as the
circle rolls without slipping around the outside and the inside of another fixed circle, respectively.
This program generates a family of the Epitrochoid and Hypotrochoid curves very fast, exactly
and generally at any rotation angle of X - axis and of fixed circle’s radius. This is a useful
AutoLISP program for mechanical engineers, which has been widely used in the design of gear
tooth profile and other applications in technology.

1. Pit van dé va khao sat

Hién nay AutoCAD van chua c6 dui cac chuong trinh tng dung thoa man moi
nhu cau ctia ngudi dung, chang han dé tao ra dudng cong Epitrochoid va Hypotrochoid
dung tao bién dang ring cycloid trong thiét ké co khi ciing nhu cac tmg dung khéc thi
AutoCAD van chua c6 1énh.

Puong cong Epitrochoid va Hypotrochoid la quy tich cia cac diém dwoc tao ra
boi mét diém M gin véi mét dwong tron khi dwong tron ndy lan lwot lin khong trieot
quanh bén ngodi va bén trong mét dwong tron cé dinh khdc

Puong tron 1an ban kinh r goi 1a dudng tron sinh

Puong tron ¢ dinh ban kinh R goi 1a dudng tron co so.

> Néu duong tron r 1in khong trugt phia bén ngoai dudng tron co sé R thi quy
dao ctia diém M gén v6i dudng tron lan vach ra duong Epitrochoid

Gia st dudng tron tdm I ban kinh r lin khong truot phia bén ngoai dudng tron ¢
dinh ban kinh R ¢6 tam trung géc hé truc toa do, bit dau lan tir Ty va lan dugc mot cung
ToT (doan nét dut); (hinh 1a), chin goc ¢ & tdm O twong tng véi cung TN thudc duong
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tron 1an chan goc & o tam I ; luc nay quy dao cua diém M vach 1én cung dudng cong
Epitrochoid MgM. D& dang thiét 1ap dugc hé phuwong trinh tham s cua duong
Epitrochoid 1a:

R+r

0)

T
R+r (1)
0)

x =(R +r)cosp — d.cos(

y=(R +r)sing — d.sin(
r
> Néu duong tron lin khong trugt phia bén trong dudng tron co so thi quy dao
ctia diém M gin v6i dudng tron lan vach ra dudng Hypotrochoid
Gia str dudng tron tdm I ban kinh r 1in khong truot phia bén trong duong tron cd
dinh ban kinh R, luc ndy quy dao cua diém M vach 1én cung duong cong Hypotrochoid
MoM; (hinh 1b). D& dang thiét 1ap duwoc hé phuong trinh tham sé cta duong
Hypotrochoid 1a:

R-r

; ?)
R ¢ (2)
?)

x = (R —r)cosp + d.cos(

y =(R —r)sine — d.sin(
r

Trong d6: R ban kinh cua dudng tron co s¢
r ban kinh ctuia dudng tron lan
d khoang cach tir diém M t6i tm vong tron lan
[0) tham sd gbc quay twong Gmg ctia ban kinh dudng tron co so.
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X cung TyT=cungTN
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B=Co 2

(R-r)cos¢

a) Vong lan tiép xiic ngodi cho Epitrochoid b) Vong lan tiép xiic trong cho Hypotrochoid
Hinh 1. Hinh thanh dwong cong Epitrochoid va Hypotrochoid
> Cac truong hop:
Néu d =r, tic diém M nam trén duong tron lan thi lic nay dudng Epitrochoid trd
thanh duong Epicycloid va dudong Hypotrochoid tré thanh duong Hypocycloid (hinh 2)
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a) Voi R=60, d = r = 20 - Epicycloidb) Voi R =90, d=r = 30 - Hypocycloid
Hinh 2. Biéu dién dwong cong Epicycloid va Hypocycloid

- Néu R/r = k 12 s6 nguyén thi ho cac dudng cong Epitrochoid va Hypotrochoid
gdm k cung bang nhau dong kin khi ban kinh R cua dudng tron co s& quay goc 360°
(hinh 3)

Hinh 3. Biéu dién dwong cong Epitrochoid va Hypotrochoid véi R/r = 10, d=20, p=360"
- Néu R/r = 2 va d # r thi hé phuong trinh Hypotrochoid (2) biéu dién duong
cong elip (hinh 4) va c6 phuong trinh (3) nhu sau:

X =(r+d)cos 2 2
(redioso - X' ¥ 3)
y =(r —d)sing (r+d) (r - d)
Y1 R60 ReO iy R30
// N - - N //
S | 6 X o | jMo x
80 ~——/
N\ ~/ N /

Hinh 4. Voi R=2r=60; d=10 Hinh 5- Véi R=2r=2d =60 thi
thi deong Hypotrochoid tré thanh ElipHypotrochoid suy bién thanh doan thing
- Néu R/r = 2 va d =r thi hé phuong trinh Hypotrochoid (2) suy bién thanh doan
thang  (hinh 5) nam trén truc X c6 d6 dai 16n nhét bang 2R va c6 phuong trinh tham s6
(4) nhu sau:
{x =Rcoso

Vo 0
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- Néu R/r = k 1a s httu ti t6i gian dang p/q thi dudng cong Epitrochoid va
Hypotrochoid c6 p cung bang nhau dong kin khi ban kinh R cua duong tron co s& quay
goc @ = q.360° (hinh 6)

Y

a) V6i Rir =5/2; d=28, o= 720" a) Véi Rir =5/2; d=45, p= 720’
biéu dién Epitrochoid kin biéu dién Hypotrochoid kin
Hinh 6. Biéu dién duwong Epitrochoid va Hypotrochoid khi R/r 1a hitu ti
- Néu R/r = k 1a s6 vo ti thi duong cong Epitrochoid va Hypotrochoid khong bao
gio dong.
> Ung dung: Ho cic duong cong Epitrochoid va Hypotrochoid 1a céac loai
dudng cong duge dung dé tao bién dang ring cycloid trong thiét ké co khi (hinh 7).

Hinh 7. Ung dung tao bién dang ring Epitrochoid va Hypotrochoid

> Biéu dién: Viéc v& ho cac duong cong Epitrochoid va Hypotrochoid bang
phuong phap thii cong thi qua phirc tap, rat kho khin va mat nhiéu thoi gian.

Dé tao ra ho cac duong Epitrochoid va Hypotrochoid chinh xac, nhanh va tong
quat ing véi cac dudng tron co s¢ va dudng tron lin bat ky. Dya vao ngdn ngit lap trinh
AutoLISP tic gia xdy dung chuong trinh biéu dién ho cic dudng cong Epitrochoid va
Hypotrochoid tich hop vao AutoCAD. D6 chinh 1a ndi dung nghién clru ctia bai bao nay.

2. N¢i dung chuwong trinh

Sau day 1a toan bd noi dung chuong trinh biéu dién ho dudng cong Epitrochoid
va Hypotrochoid c6 ban kinh va goc quay tuy y cia dudong tron co s¢ dugce tich hop vao
AutoCAD:

(defun C:EHTRO ()
(princ "\nDAY LA CHUONG TRINH VE DUONG CONG EPITROCHOID VA HYPOTROCHOID ")
(setq echo (getvar "cmdecho"))
(setvar "cmdecho" 0)
(setvar "osmode" 4287)
(setq Osm (getvar "osmode")
Ort (getvar "orthomode")
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)

(setq Pt (getpoint "\nNhap tam cua duong tron co so: "))
(setq R1 (getdist Pt "\nNhap ban kinh R cua duong tron co so : ")
R2 (getdist "\nNhap ban kinh r cua duong tron lan: ")
d (getdist "wnNhap khoang cach d tren duong cong toi tam duong tron lan: ")
k (/R1R2)
)
(command "UCS" "N" Pt)
(setq a (getint "\nNhap goc bat dau ve duong cong <0>: "))
(command "UCS" "Z" a)
(setq Ang (getint "\nNhap goc quay cua ban kinh duong tron co so <360>: ")
goc 0.0
)
(if (not a) (setq a 0))
(if (not ang) (setq ang 360))
(setvar "orthomode" 0)
(command "undo" "be")
(command "Viewres" "" 5000)
(command "COLOR" 1)
(setvar "osmode" 0)
(defun dtr (x) (* x (/ pi 180)))
(defun EPITRO ()
(command "spline")
(repeat Ang
(setq X (- (* (+ R1 R2) (cos (dtr goc)))
(*d

(cos (* (+k 1) (dtr goc)))
)
zsetq Y (- (* (+ R1 R2) (sin (dtr goc)))
(*(gin (* (+k 1) (dtr goc)))

)
)
(setq goc (+ goc 1))
(setq Toado (list X Y))
(command Toado)
);dong Repeat
(setq X (- (* (+ R1 R2) (cos (dtr goc)))

(*d
(cos (* (+ k 1) (dtr goc)))
)
) )
(setq Y (- (* (+ R1 R2) (sin (dtr goc)))
(*d
(sin (* (+k 1) (dtr goc)))
)
)
)
(setq Toado (list X Y))
(command Toado)
(Command nwonn 'Hl)

(command "color" 7)
(Command "Circle" '(0 0) R1)
);dong ham EPITRO
(defun HYPOTRO ()
(command "spline")
(repeat Ang
(setq X (+ (* (- R1 R2) (cos (dtr goc)))
(*d

(cos (* (- k 1) (dtr goc)))
)
)

65



TAP CHi KHOA HOC VA CONG NGHE, BAI HOC BA NANG - SO 4(39).2010

)
(setq Y (- (* (- R1 R2) (sin (dtr goc)))
(*d
(sin (* (- k 1) (dtr goc)))
)
)
)

(setq goc (+ goc 1))
(setq Toado (list X Y))
(command Toado)
);dong Repeat
(setqg X (+ (* (- R1 R2) (cos (dtr goc)))
¢ d
(cos (* (- k 1) (dtr goc)))

)
)
)
(setq Y (- (* (- R1 R2) (sin (dtr goc)))
* d
(sin (* (- k 1) (dtr goc)))
)
)
)

(setq Toado (list X Y))
(command Toado)
(command """ "")
(command "color" 7)
(Command "Circle" '(0 0) R1)
);dong ham HYPOTRO
(initget "Epitrochoid Hypotrochoid eXit")
(Setq EH (getkword "wnNhap mot tuy chon [Epitrochoid/Hypotrochoid/eXit] <E>: "))
(Cond
((not EH) (EPITRO))
((="Epitrochoid" EH) (EPITRO))
((="Hypotrochoid" EH) (HYPOTRO))
((="eXit" EH)
(princ "\nThoat chuong trinh")
)
);dong ham Cond
(command "Regen")
(command "Zoom" "all")
(command "UCS" "")
(command "undo" "e")
(setvar "osmode" osm)
(setvar "orthomode" ort)
(setvar "cmdecho" echo)
(princ)
);ket thuc chuong trinh
(prompt "\nGo lenh EHTRO de chay chuong trinh")

3. T4i va chay chwong trinh

Sau khi viét xong chuwong trinh phai luu lai véi tén file nao do, vi du
EHtrochoid, c6 phan mo rong .lisp nam trong thu muc SUPPORT cua AutoCAD.

Trinh ty tai file EHtrochoid va chay chuong trinh nhu sau:

- Khoi dong phan mém AutoCAD

- Nhép 1énh Appload hodc goi 1énh trén danh muc: Tools> AutoLISP>Load
Application... 1am hién thi hop thoai Load/Unload Application

- Trong hop thoai, chon file EHtrochoid, nhip nat Load rdi nit Close dé dong
hop thoai.
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- Trén dong nhic 1énh cta AutoCAD ta goi lénh EHTRO dé chay chuong trinh

nhu sau:

Command: EHTRO A
DAY LA CHUONG TRINH VE DUONG CONG EPITROCHOID VA

HYPOTROCHOID

Nhap tam cua duong tron co so:  Chon mot diém tily ¥ trén man hinh

Nhap ban kinh R cua duong tron co so: Co thé nhap moét gia tri hoac chon hai
diém trén man hinh

Nhap ban kinh r cua duong tron lan: Nhap mdt gia tri hoac chon hai diém trén
man hinh.

Nhap khoang cach d tren duong cong toi tam duong tron lan: Nhap mot gia tri
hodc chon hai diém trén man hinh.

Nhap goc bat dau ve duong cong <0>: Gia tri ndy c6 thé s6 duong, s6 4m hoic
bang 0.

Nhap goc quay cua ban kinh duong tron co so <360>: Gia tri nay phai 13 sb
duong.

Nhap mot tuy chon [Epitrochoid/Hypotrochoid/eXit] <E>:

*)

Cac tuy chon:

+ Néu tai dong (*), nhap E . hodc Enter thi chuong trinh v& dudng cong
Epitrochoid

+ Néu tai dong (*), nhap H.! thi chuong trinh v& dudng cong Hypotrochoid

+ Néu tai dong (*), nhap X . thi thoat chuong trinh.

Sau day biéu dién vai ho duong cong Epitrochoid va Hypotrochoid tmg véi cac ti

s6 k=R/r khac nhau: Hinh 8a v&i R/r = 53/7, d=25, (p=25200 ; hinh 8b v&1 R/r = 39/8,
d=47, ¢=2880"; Hinh 8c v&i R/r = 29/7, d=28, ¢=2880° va hinh 8d véi R/r = 51/20,
d=28, ¢=7200".
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a)Epitrochoid b)Epitrochoid c)Hypotrochoid
d)Hypotrochoid

Hinh 8. Biéu dién ho cdc dwong cong Epitrochoid va Hypotrochoid

4. Két luan

Két qua cua bai bao trén ddy la khao sat ho cac dudng cong Epitrochoid,

Hypotrochoid va xay dung chuong trinh AutoLISP tich hop vao AutoCAD nhim biéu

dién nhanh va chinh xac ho cac duong cong Epitrochoid va Hypotrochoid mot cach
hoan chinh va tong quat véi goc bat dau vé va goc quay két thuc bat ky caa ban kinh
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duong tron co sé. Puong cong Epicycloid va Hypocycloid 1a trudng hop dac biét cia ho
duong cong Epitrochoid va Hypotrochoid. Ho cac duong cong Epitrochoid va
Hypotrochoid dugce tao ra trén day 1a duong cong Spline thuong dugc ding dé tao bién
dang ring cycloid hinh thanh cac banh ring dugc ung dung rong rii trong thiét ké co
khi. C6 thé sir dung chuong trinh AutoLISP két hop hai chuyén dong quay nay dé chon
co cau co khi thich hop trong thiét ké may nhiam tao ra cac mau hoa vin cho céc san
pham gach hoa, tao cidc mau san pham nit trang trong nganh kim hoan, tao cac van soi
trén san phém cua cac loai banh duoc san xuét tir nguyén li¢u bot gao, bot sén, bot mi
trong nganh ché bién thuc pham,...
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