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1. Please explain the following terms. 30% 

(1) Centro 
(2) Simple curve 
(3) Regular simple curve 
(4) Singular point 
(5) Mechanisms 

 
 
2. The surface ) ,( yxfz =  is said to have “Rulings” if through the point ) , ,( 0000 zyxfp =  there 

is a straight line segment all of whose points are on the surface. This happens if through the point 
)0 , ,( 00 yx  in the −xy plane there is a line of points )0  ,  ,( 00 kyhx ++  such that along this 

line dz  and zΔ  are equal. This happens if and only if 
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3. A position vector rϖ in coordinate systems is expressed as kcjaiar

ϖϖϖϖ αααα ++= sincos)( . 
Please determine (a) Unit tangent vector )(st

ϖ
 (b) Unit normal vector )(snϖ  (c) Curvature κ  

(d) Unit binormal vector )(sb
ϖ

. 40% (Hint: Where s  is arc length, rdrdds ϖϖ⋅=2 ) 
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1. Determine the degrees of freedom of the mechanism shown in figure P-1. (30%) 

        
(a)                  (b)                      (c)             (d) 

Figure P-1 
 
 
 
 
 
 
2. Synthesize a four-bar linkage to generate the three rigid-body position shown in figure P-2. 

(Note: A1B1=5cm, B2A3=2cm) (40%) 

 
Figure P-2 
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3. For a mechanism shown in figure P-3, (a) find all instant centers, (b)use vector loop method, if 

r2=20cm, a0b0=40cm, r4=8cm, and                      , find    . (30%) 

4132 rrrr vvvv +=+  

Figure P-3 
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班級：               學號：                姓名：  
 
1. 請使用一個球與一個圓筒設計出一個五自由度的運動對，並說明其運動對特性(運動狀況)。20% 
答： 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. 如圖所示之周轉輪系，若 303 =T 、 184 =T 、 686 =T ，若桿 2 輸入、桿 7 輸出、速比(Velocity ratio)為 0.25、 8070 5 ≤≤ T ，

試設計齒輪 2( 2T )與齒輪 5( 5T )之齒數為若干？30% 
答： 
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3. 試設計或舉出一種平面矛盾機構，請繪圖並依矛盾機構定義說明之。 20% 
答： 
 
 
 
 
 
 
 
 
 
 
 
4. 如圖所示，利用向量迴路法解此機構 C 點之位置與速度，但方程式的非線性項要最低。 30% 
答： 
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1. (a) What is the “coupling”? (b) Show any four types of couplings in text or graph. 
(20%) 
 

2. A shaft with mounted belt drives has tensile forces applied as shown in Fig.1 and 
frictionless journal bearings at locations A and B. Please show (a) moment 
diagram in x-z plane; (b) moment diagram in x-y plane; (c) torque diagram. (30%) 

 
 
 
 
 
 
 
 

Fig. 1 
 

3. Please briefly introduce (a) Maximum-Shear-Stress Theory; (b) Distortion-Energy 
Theory. (30%) 

 
 
 
 
 
 
 
 
 
 
 

注意事項： 
（1）本試題共有 4題，合計一百分。 

（2）請依序作答於答案卷上並註明題號。  

（3）可使用計算機；close book。 

y 
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4. A planetary gear train shown in Fig. 2 is used as part of a transmission for a 

forklift truck. The sun gear (太陽齒輪) is driven by the engine at 3000 rpm, the 
ring gear (環齒輪) is bolted to the machine frame, and the arm (行星臂) is 
connected to the track drive system. The sun has 16 teeth, the ring has 84 teeth, 
and there are three planets (行星齒輪), each with 34 teeth. Please show the 
angular velocities of the arm and planet. (20%) 

 
Fig. 2 
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1. The link shown in following figure is subjected to a completely reversing load of 

90,000 N. Find the maximum value of stress at each hole. 

 

 
 
  

注意事項： 
（1）本試題共有 4題，每題 25分，合計一百分。 

（2）請依序作答於答案卷上並註明題號。  

（3） 可使用計算機， close book，may use calculator， 



2. The shaft of following figure does not rotate, and is simply supported at A and B. The element at 
C is on the top surface; the element at D is at the elevation of the shaft axis. 
(a)  Draw a view of the element at C with sides parallel and perpendicular to the shaft axis; 

show arrows representing stresses, together with numerical values. 
(b) Draw a view for the element at C, properly oriented with respect to the shaft axis, which 

has the maximum shearing stress. Show arrows and numerical values for all stresses acting. 
(c)  Work part (b) for the element at D. 
 

 
 
 
 
 

3. Find the value of force P for the brake in following figure max = 0.7 MPa. µ = 

0.25. 

 
  



4. (a) Find the reactions, and draw and dimension the bending moment diagram for 
the shaft of following figure. All bearings are on immovable supports at the 
same elevation. Include the effect of the dead load of the shaft. For the shaft, 
E = 206,900 MPa; γ = 7.682 × 10−5 N/mm3. 

(b)Find the values of the reactions if the bearing at C is 1.25 mm lower than the 
others. Include the effect of the dead load of the shaft. 

(c)Let the center support consist of a 60 mm. I-beam, 0.1824 N per mm (I = 
218,000 mm4), 1 m long, simply supported, with bearing C at its center. Find 
the reactions for the shaft, and draw and dimension the bending moment 
diagram. Neglect effects of the dead loads. 

(d)What must the moment of inertia be for a beam supporting the bearing at C if 
the value of the bending moments, as caused by the 2000 N loads at points B, 
C, and D, are to be numerically equal? What will be the deflection of point C? 

Neglect effects of the dead loads. 
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1. The plate shown in following figure is 13 mm thick. Load P varies from 90,000 N 

to 45,000 N. If the material has yp = 290 MPa; e = 165 MPa, and q = 0.5 

determine if the part will fail by the Soderberg equation if the factor of safety based 

on yield point is 2 

 

 

 

  

注意事項： 

（1）本試題共有 4題，每題 25 分，合計一百分。 

（2）請依序作答於答案卷上並註明題號。  

（3） 可使用計算機， close book，may use calculator， 



2. The shaft shown in following figure carries the steady loads shown and does not 

rotate.  (a) For the element at point A, draw a cube that shows the state of stress 

and use Mohr’s circle to compute the principal normal stresses for this location.        

(b) For the element at point B, draw a cube that shows the state of stress and use 

Mohr’s circle to compute the principal normal stresses for this location. Be sure to 

include the effect of transverse shear at this point.  

 

 

 

3. The shaft shown in following figure is simply supported at A and B and is keyed 

against rotation at A.  (a) Draw a view of the element on the top surface of the 

shaft at B with sides parallel to the x and y axes. Show arrows and numerical values 

for all stresses acting.  (b) Draw the element at B properly oriented to give the 

maximum shearing stresses. Show arrows and numerical values for all stresses.  
 

 

 

  



4. For the planetary gear train shown in following figure, N1 = 70, N2 = 30, N3 = 

60, and N4 = 40 teeth. If the arm is rotating at 100 rpm in a counterclockwise 

direction as viewed from the left, what will be the speed and direction of the 

rotation of the output shaft connected to gear 4? 

 

 

     

 

 


