BIILRETIARER

1112 EEEIEAE S S

%
B

=
=

i

= m St

ﬁlF

. 115

D TREREZ A
P IREIE

+ 0220
P 1 H

. HIEEAETERE



@ 115 BT AR | B IR A R
R BT ITAgRiEn

EHFE  TRELE HEREHA 0220 0 Rt 1
81H 47

*HEFER | FRETEA R - BREEEENEE E@iﬁiﬁ%ﬁ?&t#‘é“% » FFEtay e
TRENBHAE » FHMESTHBHEIRRE » TEREERUEGIE:T -
1.(20%) A three dimensional vector a can be written as follows:
4
a=ae, +ae,+aze; or a= |dy|,
a3

where e, e, €5 are three base vectors of the Cartesian coordinate system. The frame as shown in
Figure 1 is subjected to a force F = F 18+ Foe, + F393 at the vertex D. The position vectors of the

vertex D and the feet A, B, C are x°, x4, x? , and x, respectively, where

A_ LA A A
X' =xpe; Tt xye,+xye;,
B B B B

X" =x;e +x5e;+x5e;,
xC=xlce1+x2‘:ez+x3‘:e3,

B D D D
X7 =x; e]+x2e2+x3 €.

(a) Please determine the moment M of the force F about the point A. (10 %)
(b) Please determine the magnitude of the components of the force parallel and perpendicular to
member AD. (10 %) '

Figure 1
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2. (20%) Figure 2 shows a pipe assembly which is subjected two forces F4 = x‘fel + xi‘eg = X:f e, and
F? = xJe, + x7e, + x%e; at points A and B, respectively, and the position vectors of the collinear

points A, B and C are x"", xs, and x€ where

A A A
X" =xy'e; +x5e, + x5,
B _ B B B
X" =xe; +xye, +xje;,
C — xC [ G
X" =Xe + Xy T X585,

(a) Please determine the equivalent resultant force F; and the resultant moment Mg about the
point C. (10 %)
€3

€

© € A
¢ B

Figure 2

(b) Figure 3 shows two such pipe assemblies, where are subjected forces F4, F?, FE, and FF at
points A, B, E, and F, respectively, are installed to a pipe PQ. If the bending moment between DH

is constant, please determine the forces FA, F2, FE, and FF and the positions x4 xF, x£, and

xF. (10 %)
€3
€
@)
€

Figure 3
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3.(20 %) A motion of a particle with the mass m has the position which is the function of time as
follows:

X(t) = r coswte, + r sinwte, + ates,
where t denotes the time and @, a are two constants. For this motion,
(a) please show the velocity v, the speed v, and the acceleration a; (5 %)
(b} please show the arc length s and derive the curvature k and base vectors of the natural coordinate

system including the tangent vector t(s), the normal vector n(s), and the bi-normal vector b(s);
(10 %)

(c) please find the force F which exerts the motion. (5 %)

4.(20 %) A particle has a velocity v' = vje] + v;e; + vie; measured relative to a rotated Cartesian
coordinate system with angular velocity @ = @ e, + @,€, + wse5, where e),ej,e; are three
Cartesian base vectors of the rotated coordinate system and e,, ,, €4 are three base vectors of the
fixed coordinate system.

(a) What is the velocity v of the particle measured relative to a fixed coordinate system? Please give
the detail about the derivation. (5 %)

(b) What is the acceleration 4 measured relative to a fixed coordinate system? Please give the detail
about the derivation. (5 %)

(c) A bullet is fired from a car with an initial velocity v' = vje; where e; denotes the direction of the
car which rotates with @ = w4e,. What is the bullet's instantaneous velocity v and its

instantaneous acceleration a expressed from the fixed coordinate system? Please detail every
component of the velocity and the acceleration and please also point out the term "Coriolis
acceleration.” (10 %)

The position of the car and the fixed coordinate system e; are plot in Figures 4 and 5.

% i P al
X = Xxi€; + X564

’

€)

Figure 4 Figure 5
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5.(20 %) Consider a damped vibration system with a mass m, a k-spring, and a c-damper and the
equilibrium position of the mass is i = 0 as shown in Figure 6. The damped vibration system locates
on a car with a traveling displacement Uy

(a) If the car is not traveling, Uy = 0, please find the system’s equation of motion, (3 %)

(b)and please derive its solution of displacement u(t) for the over-damped case under the initial
displacement #(0) = u, and the initial velocity 12(0) = v;. (12 %)

(c) If the car is traveling, please find the system’s equation of mation. (5 %)

Figure 6




