VE BAI TOAN BANH XE CHUYEN PONG
Phan Durc Chau

Bai toan:
Cho mét duong tron co dinh va mét banh xe (hinh tron) chuyén déng khéng truot & phia trong
(hodc phia ngodi) dwong tron. Tim quy tich diém M gdn trén banh xe.

Bai giai:

Goi dudng tron ¢ dinh ban kinh R duoc dit trong hé truc vudng goc xOy, tim dudng tron 1a gbc
O. Trén banh xe ban kinh r, ta gin mét hé truc x’0’y’, tim banh xe 13 O’. Piém M cach O’ mot
khoang d. Khi banh xe lan trén duong tron, tia 00’quay mot goc ¢ (theo chiéu duong ching
han), thi banh xe quay mot goc 6 (theo chiéu 4m). Hé truc x’O’y’ chuyén dong sao cho cac truc
twong trng ludn ludn song song nhau.

Piém M tham gia 2 chuyén dong: quay tron xung quanh tim O’ véi ban kinh d di mét goc 6, va
tam O’quay tron xung quanh tdim O mot goc ¢.

1. Truwdong hop banh xe chuyén dong trong dwong tron

Nhu vay r<R

Trong hé x’0’y’ toa d6 ciia diém M 12 (x’m ,y’m) = (d.cos(-6), d.sin(-8)).

Trong hé xOy toa do cua O’ la (xo, Yor) = ((R-r).cos ¢, (R-r).sin ¢)

Vay: trong h¢ truc xXOy toa do cua diém M: Xm = Xo + XM ; YM=Yo +y'm

Ta can tim quan hé giira 8 va ¢. Khi tia OO’ quay mot goc ¢, thi banh xe da lan trén duong tron
mot khoang R. ¢ va banh xe chuyén dugc r.0. Hai 6 dai nay bang nhau do banh xe lin khong
truot.

Str dung MAPLE d¢é vé quy tich diém M.

TachonR=4,r=23vad=14.

> restart : with(plots) : with(plottools) :

R=4:r:=23:

"TRUONG HOP BANH XE NHO CHUYEN DONG LAN PHIA
TRONG DUONG TRON LON CO PINH"

nenl = plot([R-cos(u), R-sin(u), u=0.2-1t], color = blue) :

0:=o0—
-

d := 1.4 : M6t diém M trén banh xe nho cach tdm banh xe nho'=d;
ifd <rthendl := relsedl := d end if:



:=proc(t) plots| display]( plot([ (R — r)-cos(t) + r-cos(a), (R
— r)-sin(¢) +r-sin(a), a=0.2-xn]), plot([ (R —r)-cos(v) +d
-cos(-0(v) +v), (R—r)-sin(v) +d-sin(-0(v) +v), v=0.¢]
, color = red), plottools[line]([ (R — r)-cos(t), (R —r)
ssin(t) 1, [ (R —r)-cos(t) +dl-cos(-0(t) +1), (R—r)
sin(t) + dl-sin(-0(¢) +t) |, color = black) , point([R-cos(t),
R-sin(?) ], color = blue, symbol = circle, symbolsize = 20) ,
point([ (R — r)-cos(t) + r-cos(-0(¢) +¢), (R — r)-sin(¢)
+ r-sin( - 9( ) + t) ], color = brown, symbol = circle, symbolsize
=20), point([R, 0], color = blue, symbol = circle, symbolsize
=20), point([ (R — r)-cos(t) + d-cos(-0(¢) +1), (R—r)
-sin(¢) + d-sin(-0(¢) + ¢) |, color = red, symbol = circle,
symbolsize =15), plot([R-cos(u), R-sin(u), u=0 .t], color
= blue, thickness =3), plot([(R —r)-cos(t) + r-cos(u), (R
—r)-sin(t) + r-sin(u), u=-0(t) + t..t], color = brown,
thickness = 3) , plottools[ line]([R-cos(t), R-sin(¢)], [ (R — r)
-cos(?), (R — r)-sin(t) ], color =red) , point([ (R — r) -cos(t),
(R — r)sin(t) ], color = blue, symbol = circle, symbolsize =20) ) :
end proc:

2
animate(G,[ ], ¢=0.. Tn background = nenl, scaling

= constrained, frames = 50)

Lénh cudi mo ta diém M da chuyén dong nhu thé nao.
Chu ¥ khi nhan Enter vao 1énh animate(....... ) ta c6 hinh sau.
Khi d6 nhay vao hinh, chon Animation > Play, roi nhan chudt trai

nsfrained, frames = 50}
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Két qua cho hinh anh sau
constrained, fiames = SOJ

G tiép lenh:
> ifd <rthenm:= R+ 05elsem := R+ d—r+ 0.5 end if:
nen2 := plot([m-cos(u), m-sin(u), u=0..2-x], filled = true, color
= yellow) :
H :=proc(t) plots|display]( plot([ (R — r)-cos(v) + d-cos(-0(v)
+v), (R —r)-sin(v) +d-sin(-0(v) +v), v=0..t], color
=red) ) :end proc:
> animate(H, [@], ©=0..50-7, background =nen2, scaling
= constrained, axes = none, frames = 150)
Véi 1énh animate(....) thuc hién nhu trén ta c6 quy tich caa diém M.
Thuc ra dé c6 hinh v& duéi ta khong can dén 2 lénh
G := proc(t).cc.ccoeeeeeeeeeen e,
animate(G,[@], ... oo e e
Cho nén ta c6 thé bo qua khong nhan 2 lénh nay
Khi thay ddi R, 1, d, ta co céc quy tich rét dep mit khac nhau. C6 thé chond>r.

Cdc nha san xuat do choi da tao ra mét thudc vé. Mét tam nhuwa ¢6 duc mét hinh tron Iém, kém
theo mét sé banh xe ban kinh khdc nhau bang nhua. Bé banh xe lan phia trong dwong tron Ion
khong truot, cac banh xe co rang cwa, an khop Voi rang cua trén dwong tron. Trén banh xe duc
nhiéu 16 nhé khdc nhau (vi tri diém M). Diing mét bit bi ddt vao cdc 16 dé, xoay sao cho bdnh xe
lin trén dwong tron. Khi d6 but bi sé vach trén gidy quy tich diém M. Phéi hop mau ta c¢é nhiéu
hinh vé ly thu.
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2. Truwdng hop banh xe chuyén dong ngoai dwdong tron

Nhu vay khong bat bude r < R. Gia tri r ¢6 thé tiy y.

Ly luén nhu trén, Iuu y chi khac mdt chut:

Trong hé x’0’y’ toa d6 ciia diem M 13 (x’m ,y’m) = (d.cos@, d.sin6).
Trong hé xOy toa d6 cia O’ 1a (xo, Yo') = ((R+r).cos ¢, (R+r).sin ¢

Tachon R=3.3 ,r=2 ,d=2.4.
> restart : with(plots) : with(plottools) : R :== 3.3 :r:= 2

"TRUONG HOP BANIj XE CHUYEN BONG LAN PHIA NGOAI
DUONG TRON CO BINH";

nenl := plot([R- cos(a), R- sin(a), a=0..2-x], color = blue) :
d=24:
M6t diém M trén banh xe chuyén dong cach tim banh_xe chuyen
R-a
.

dong'=d:0 = a—

G :=proc(t) plots| display]( plot([ (R +r)-cos(t) + r-cos(a), (R
+ 1) -sin(¢) + r-sin(a), a=0..2-%]), plot([ (R + r)-cos(v)-d
-cos(8(v) +v), (R +r)-sin(v)-d-sin(6(v) +v), v=0..1],
color =red), plottools[line]([ (R +r)-cos(t), (R +r)
ssin(¢) 1, [ (R +1)-cos(t) -d-cos(0(¢) + ), (R + ) -sin(¢)
-d-sin(0(¢) + t) ], color = blue) , plottools| line] ([0, 0], [ (R
+r)-cos(t), (R +r)-sin(¢) ], color = brown), point([R, 0],
color = blue, symbol = circle, symbolsize =20), point([R-cos(t),
R-sin(t) ], color = blue, symbol = circle, symbolsize =20),
point([ (R +r)-cos(t)-d-cos(0(¢) +¢), (R +r)-sin(z)-d
-sin(0(t) + t) |, color = brown, symbol = circle, symbolsize = 15)
, point([ (R + 1) -cos(¢) -r-cos(0(¢) +1¢), (R +r1)-sin(¢) -r
-sin(0(¢) + t) |, color = black, symbol = circle, symbolsize = 20)
) : end proc:

> animate( G, [¢], =0.. & frames =50, scaling = constrained,
background = nenl);

Thao tac nhu trén , hai 1énh cudi cho ta phan tich su chuyén dong cua M.
(Ta co thé bo qua 2 Iénh nay néu chi mong muon c6 két qua cuodi cung).
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Hai lénh cudi cho quy tich M

> ifd <rthenm:=R+2 r+05elsem:=R+r+d~+ 0.5 end if:

nen2 = plot([m-cos(u), m-sin(u), u=0.2-n], filled = true,
color = yellow) :
H :=proc(t) plots[display](plot(| (R + r)-cos(v)-d-cos(0(v)
+v), (R +r)-sin(v)-d-sin(0(v) +v), v="0..], color=red))
:end proc:

> animate(H, [¢®], ©=0.40-7, background = nen2, scaling
= constrained, axes = none, frames = 150)




