Problem

Derive a parametric represeniation of an ellipse using the recursive approach. The
paramelric expression of an ellipse has the form:

17X = 4 cosB
{H:bsinﬂ

Can you apply the same method to generate the involute curve of a spur gear if the curve
funclion is given as:

%= RcosO + €sinl
Y= Rsin® + Bcos@

‘and explain why.
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PROEBLEM

A Bezier curve with quadratic base functions can be specified by three points. Vy. V. and
Va. The general form of the curve 1s:
POE zﬂl’f B 5 (u) (1)

* Derive the Bezier curve expression of the arc shown in the figure on the right.
e (Calculate p(0.5) and pY(0.5)




e Derive the Bezier curve expression of the arc shown in the figure on the right.

From the figure, the three control points can be calculated as
—2.cos45° | [—1.414
I'-,I-:l = . R ——
2-sin45" | | 1414
0 _
7 = .
J2 427 | 2828

» [2-cosa5t| [1414
P [2-sind45 | 1414

The Bezier curve can be simplified as
() =V, Byy () + V. By (@)+7; - By, ()

As the Bezier base functions are defined as
';”-"' ] w1
B, (u) =| ] |-:r (1=u)™
. 1 A
then

B, () = 0‘(2210)' A

By, (u )_W u(l-w)" =2u-(1-u)

21 2 2-2 2
B ()=—uw(l-u)y""=u
220 =5 )

(2)
(3)

(4)

(5)

(6)

(7)

(8)
(9)



The Bezier curve 1s
p)=(1—1) Vy +2u-(1=0)- W, +1” -V, =(V, = 2-F, + ) -u +2-(V, = ¥,)-u+V,
0 . T2828] [-1414 (10)
= T+ B+
—2.828 12.828] | 1414
The first order derivative of the curve 1s
p)=2-( =2V, +Vy)-u+2-(, - F;)
{ 0 [3.323'_ (11)

-+
-5.656| | 2.828]

e Calculate p(0.5) and p'0.5)
Substitute « =05 into Eq. (10) and (11),

_ 0 , [2.828] (—1.414 0
Y — A0S - 3 = 2
p(0.5) |: Z.EEE:| (0.5) +_g_ggg_' {D'j}+_ 1_—11—1:| |:2.121:| (12)
_ ] 2.828] [2.828
(0.5) = (0.5)+ = 13
p(0:3) [—5.@5_ (©2) L-BEB_ Lo } e




Problem

A Bazler surface paich wilh a quadraltic basis can be speciied by nine poinis, and has the
genaral lom.

r L
Poo Pﬂ Pﬂ [ (=w)?

piuw) =L O=u)* 200-w Wl P By Pa| |oua-w)
FI-. P:.. -F;;‘ Y 'll:ll -_J

« Dorlve the Bezler suriace exprassion for the gray area of sphare surface shown in the figure
+ Calculate p(0.5, 0), p'u(0.5, 0), and p'u{0.5, 0).
« Dalermine the sufface normal n{0.5, 0).

» If the depth of cut of the offset cutting Is 0.05, determine the offset poirt (0.5, D)attsa
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Example Problem for Finding the Bezier Curve

Example 5.19. The coordinates of four control points relative to a current WCS are
given by

Fo=[2 2 0], P,=[2 3 0], P,=[3 3 0]", and P,=[3 2 0O

Find the equation of the resulting Bezier curve. Also find points on the curve for
u=0 4.4 2 and 1.

Sedution. Equation (5.91) gives

HHJ=PﬂE“_3+P|H|__}+P;HJ-_}'I‘FJB_‘I]l U‘_:“‘_:I
Using Eqs. (5.92) and (5.93), the above equation becomes
Plu) = Py(1 — w)® + 3Pl — w)® + AP, 0¥l — u) + P, u?, 0<u<l

A g P, (3. 3)

FIGURE 549
Fall.2) Py}, 2) Bezer curve and generated poinis,




Example Problem for Finding the Bezier Curve

Plu) = Py(l — u)® + 3Pl — u)* + AP, (1l — u) + P, 03, 0=u=l

Fo=[2 2 0]", P,=[2 3 0, P,=[3 3 0], and P,=[3 2 0]

Substituting the v values into this equation gives

PO)= P, —[2 2 0]

| 27 ro, 0 | -
]:nE =ﬁ_4pn+al=",+:ﬁ‘il"1+a]‘,=--[2-15ﬁ 2563 0]

1 1 3 3 t
ol P : . P = T
F(E) E13'.}+EIP,+EIJ'¢+E['3_[}!.5 275 0]

3 1 0 27 27
o il i il - 44 T
P(d) P, + P+ I; 4 Py =28 2,363 0]

P)=P,=[3 2 0]

3
Observe that } B, ; is always equal to unity for any u value. Figure 5-49 shows the
[=dF
curve and the points.




