Istanbul Technical University Faculty of Mechanical Engineering
MAKA422E Engineering Design and CAD Midterm Exam,
October 28, 2014, Instructor: Hikmet Kocabas Time: 90 minutes

1. (10) Write the file transfer standards between computer programs.

CAD data transfer formats : IGES, PDES, STEP, DXF, DWG, CADL, Parasolid,
SAT, ACIS

2. (15) How to calculate the transformation matrix of a rotation about
an arbitrary 3D space vector that is not passing through the origin?

1 0 0 0 cos(0) 0 sin(B) 0O
0 cos(0) —sin(0) 0 0 1 0 0
Rx(0) = | Ry(®):=|
0 sin(B) cos(6) 0 —sin(0) 0 cos(6) 0
0 0 0 1 0 0 0 1
1 00 POy 1 0 0 -POy
010 PO 010 -PO
TO = y Tl = y
001 O 001 O
000 1 000 1

T =TO Ry(-0,) Ry(-0,) Ry(8) Ry(8,) Ry (By) T1 P'=T.P




3. (25) Extend L, to L, by using intersection point Ps of L; and L,.
Find the u parameter corresponding to this extention point Ps.
P,y (3,1),P,(7,6),P5(1,7),P4(3, 4).
Use vector algebra.
ny = (P, Py)/| Py Py Li=P)=P;+u (P, Py
Li=P=P +u(; P))=L,=P3+v(Py P3) -n;s

7 1 3
Pii=|1]| Py=|6| P3:=|7| Py:=|4 Ps
0 0 0 0
P, P, 0.625
npi=———— nq= 0.781
[Py~ Py o
P, P, 0.555 0
n, = W ny = —0.832 ny = (nl X n2) ny = 0
473 0 ~0.953
0.744 0.793
ny = (n3 X nl) ng = -0.595 ng = (nz X n3) ng = 0.529
0 0
Pl + u(Pz — Pl) = P3 + V(P4 — P3) . n5
4.091
(P3 — Py)ns
ui= m u=0273  Ps:=Pj+u(Py - Py) Ps = 2.264
_ ‘ (Py —P3)ny
Pl + u»(Pz - Pl) = P3 + V.(P4 — P3) - Ny V= m v =1.545
4.091
Ps,i= Py + v:(Py ~ P3) Ps = | 2364
0
for 1010
drawing p._| 4, Q:= augment(Pl,PZ,F,P3,P4,F,P5)
purpose | 10

far point 0
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4. (25) Scale by 3 the triangle formed by end points P1 (2, 3), P2 (1,2), P3 (3, 1)
in Fig.2. Sketch the results. Transformation will keep the corner P2 of triangle at the
same coordinate.

2132 300
P, + P=|3213 $:=1030
1111 00 1
¥y o« +
P,
P; 101 10 -1
-+
T:=|01 2 Tl:=|0 1 -2
x MV
* ] 00 1 00 1
Fig.2.
41 7 4
P':= T-S-T1-P P=[52-15
11 1 1
8 T T T T
30 -2
<l>6 T-STI=|0 3 —4
T
_(f_) 4 7 00 1
a L |
P,T) 2
o i
_9 | | | |

-2 0 2 4 6 8
(PT)<0> | (P‘T)<O>



5. (25) Consider the planar cubic Hermite curve in Fig.3 defined by four points
Py=(0,6), P,=(3,6), P,=(6,3), P3=(3,0), Compute the point p(0.3) of the curve
equation.

p(u) = (Z'u3 - 3'u2 + 1)~p0 + (—2u3 + 3-u2)~p1 + (u3 - 2-u2 + u)-p‘o + (u3 - u2)~p'1

Py P,
%% 16Y
pﬂm\{i
1) P,
(63)
.................................. P: L0
Fig.3.

cubic Hermite curve

Control Points :




Cubic Hermite Curve Equation:

p(u) := (2~u3 - 3~u2 + 1)-pO + (—Zu3 + 3-u2)-p3 + (u3 - 2-u2 + u)-p‘o + (u3 - uz)-p'3

FO(u) := (2~u3 - 3~u2 + 1) F0(0.3) = 0.784
Fl(u) := (—Zu3 + 3-u2) F1(0.3) = 0.216
F2(u) = (u3 - 2-u2 + u) F2(0.3) = 0.147
F3(u) := (u3 - u2) F3(0.3) = -0.063
1.278
=103 p23 = p(0.3) p23 = (4.893)

Cubic Hermite Curve
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|(Pr = o) |3~ P, "=l 3
30

Cubic Hermite Curve Equation:

p(u) = (2-u3 - 3-u2 + 1)'p0 + (—2u3 + 3'u2)-p3 + (u3 - 2'u2 + u)-p‘o + (u3 - uz)-p'3
0.84
yi=103 D23;=p(0.3) p23 = (4.749j

Cubic Hermite Curve
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