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1. There are 9 kinematic pairs shown in Fig. 1. (a). What kinematic pairs have 1 degrees of
freedom? (b). What kinematic pairs have 2 degrees of freedom? and (c). What kinematic pairs
have 3 degrees of freedom? (15%)
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(a) Revolute pair (b) Prismatic pair (C) Rolling pair

(d) Cam pair (e) Gear pair (f) Helical pair

T A

(g) Cylindrical pair (h) Spherical pair (i) Flat pair

Fig. 1. The kinematic pairs of mechanism

2. Determine the mobility (number of degrees of freedom) of the following mechanical devices
shown in Fig.2. (15%)
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3. For the 4-bar mechanism shown in Fig. 3, crank 2 is to rotate continuously and link 4 is to
oscillate. What are the maximum and minimum values in millimeters which can be used for the
coupler length (I3). (20%)
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Fig. 3. 4-bar mechanism

4. For the 4-bar mechanism, shown in Fig. 3, with r;=70cm, r,=30cm, rs=95cm, and rs=65cm.
When 6, =120°and «»=1200rpm, please find (a) the angular displacements of dzand 0, (b)
the angular velocities of @z and ws. (20%)

5. A2.5-module, 25° pinion of 18 teeth drives a 72-teeth gear. Calculate the pitch radii, base radii,
addendum, dedendum, tooth thickness on the pitch circle, and the contact ratio. (15%)

6. For the planetary gear train shown in Fig. 4, gear 2 rotates at 600rpm in the clockwise direction.
Calculate the output speed and direction of rotation of gear 5. (15%)
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Fig. 4. Aplanetary gear train
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1. Determine the mobility (number of degrees of freedom) of the following mechanical
devices shown in Fig.1.

(b)
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Fig. 1 Some mechanical devices



2. Consider the slider-crank mechanism shown in Fig. 2, derive the equations for the
displacement (r,4), velocity(vs), and acceleration(as) of the slider. (w; is constant)
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Fig. 2 Slider-crank mechanism
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3. For the 4-bar mechanism shown in Fig. 3, crank 2 is to rotate continuously and link 4 is to
oscillate. What are the maximum and minimum values in millimeters which can be used
for the coupler length (I5).

F3=? mm
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77 =100 mm
7J/77 ! 7.

Fig. 3 4-bar mechanism




4. A 3-module, 20° pinion of 18 teeth drives a 45-teeth gear. Calculate the pitch radii, base
radii, addendum, dedendum, tooth thickness on the pitch circle, and the contact ratio.



5. In the planetary gear train shown in Fig. 4, gear 2 rotates at 600rpm in the direction
shown and gear 1 (and gear 6) rotates at 300rpm in the opposite direction. Calculate the
speed and direction of rotation of gear 7.
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Fig. 4 A planetary gear train
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1. Please use Grubler equation to determine the mobility (number of degrees
of freedom) of the devices shown in Figs. (a) through (e) . (20%)

(a) Spur-Gear Differ+atial (b)Watt Six-Bar Linkage  (c)Truss

2. In the offset crank slider mechanism shown in the figure below the

: conétréined' path ‘z_)f the pin on the slider does not extend through the
’ 1




center of rotation of the crank. Given the lengths L, L; and L3 and the
crank angle @ . Please determine (a)The interior joint angle 7 and

3. For the 4-bar linkage shown in the figure below, Link2 (O2A) rotates with
the angular velocity @:=10 rad/s (CCW) and angular acceleration «:
=10 rad/s®. Giver: the lengths 0204=2m (Link1: Fixed), O:A=1m (Link2),
0sB=1m (Link4), and Link2 (0:A) overlaps with Linkl (0:04), Link4
(O4B) is perpendicular to Link1 (0204). Please use any analytical method
to calculate the angular velocities @3 and @ 4, and the angular
accelerations @3 and as of Link3 (AB) and Link4 (O4B). (20%)

4. A 2-module, 20° pinion of 24 teeth drives a 40 teeth gear, calculate the
pitch diameter, base radii, dedendum, addendum, tooth thickness on the
pitch circle, circutar pitch, length of action and the contact ratio. (20%)




S. In the planetary gear train shown in the Figure below, gear 2 turns at 600
~ rpm in the direction indicated. Determine the speed and direction of
rotation of arm 6 if gear S rotates at 350 rpm in the same direction as gear

2. (20%)
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1. Please use Grubler equation to determine the mobility (number of degrees
of freedom) of the devices shown in Figs. (a) through (e) . (20%)

(a) Spur-Gear Differential  (b)Watt Six-Bar Linkage (c)Truss

2. In the offset crank slider mechanism shown in the figure below the
constrained path of the pin on the slider does not extend through the

1




center of rotation of the crank. Given the lengths L1, > and L3 and the

crank angle @ 2. Please determine (a)The interior joint angle 7 and
(b)The position of the slider L4. (20%)

3. For the 4-bar linkage shown in the figure below, Link2 (O2A) rotates with
the angular velocity @>=10 rad/s (CCW) and angular acceleration -
=10 rad/s’. Given the lengths 0204=2m (Link1: Fixed), O:A=1m (Link2),
O4B=1m (Link4), and Link2 (O:A) overlaps with Linkl (0:04), Link4
(04B) is perpendicular to Linkl (0204). Please use any analytical method
to calculate the angular velocities @3 and ® 4, and the angular
accelerations ¢3 and a4+ of Link3(AB) and Link4 (O4B). (20%)

4. A 2-module, 20° pinion of 24 teeth drives a 40 teeth gear, calculate the
pitch diameter, base radii, dedendum, addendum, tooth thickness on the
pitch circle, circular pitch, length of action and the contact ratio. (20%)



. In the planetary gear train shown in the Figure below, gear 2 turns at 600
rpm in the direction indicated. Determine the speed and direction of

rotation of arm 6 if gear 5 rotates at 350 rpm in the same direction as gear
2.(20%)
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1. For the mechanism as shown in Fig. 1 (a) and (b), please determine its degree of
freedom, and give those in detail you need (such as: No. of links and joints, types
of joints, etc.) for determining the degree of freedom

(a) (b)
Fig. 1

2. Given r1 = 10 mm and r3 = 25 mm for a slider crank mechanism as shown in Fig. 2
(a) Determine the range of values of the length of link 2 so that link 2 can make a
full rotation, and the transmission angle remains in the range 45° < ¢ < 135°.

(b) Continue from (a), determine the maximum stroke from the range of values of
the length of link 2 you found in (a).

Fig. 2



3. For the mechanism as shown in Fig. 3, the origin of the coordinate system is on O,
and the x axis is along the horizontal and directs to the right. The angular positions
of links 2 and 3 are measured CCW from (positive) x axis. The distance between
O and B is 5 ¢cm, and that between B and C is 17 cm. If 0,= 210°, and w,= 60
rad/sec CW (constant), please write the vector equation for the linkage shown and

determine analytically the angular position, velocity, and acceleration of link 3.

8.0 cm
0, —T
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10,

B
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Fig. 3
4. In Fig. 4, the displacement—time, velocity—time, and acceleration—time curves are
sketched for a follower. The cam rotates at a constant angular velocity @ and the
maximum (peak) value of the acceleration is 5 units. The equation for the

acceleration-time curve is as follows

A= ysin 2 )

(a) Write the equations for the velocity-time and displacement—time curves.

(b) Determine the maximum values of displacement and velocity
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Fig. 4



5. The kinematic skeleton of the planetary gear train shown in Fig. 5(a) is shown in
Fig. 5(b). This gear train has gear 2 as the sun gear (72 = 75) and gear 3 as the planet
gear (73 =15). Gear 4 is a ring gear (74 = 105). Between gear 2 and gear 3 is carrier

5. Analyze the velocity ratios of this gear train.
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1. Fig. 1 show a four-bar linkage, which is a crank-rocker mechanism.
If r,=100cm, rs=150cm, r4=200cm, please find the length range of ry.
(15%)

2. Fig. 2 show an offset crank-slider.  For the mechanism,
e=50cm > r=200cm > rz=400cm, (a) Max. transmission

and Min. transmission angle, (b) The stroke of this offset

crank-slider. (15%)

Fig.1. Four-bar linkage

a

if
angle

ry

Fig. 2 An offset crank-slider



3. Fig. 3 show a four-bar linkage. For the mechanism, if r;=180cm,
r=100cm, rz=150cm, and rs =200cm, (a) write down the vector loop
equation, (b) if =60° and « 2=2400rpm, please find the values of &,
64, and transmission angle «, (c) if «2=2400rpm, please find he values
of wszand w4 (20%)

Fig.3. Four-bar linkage

4. For the mechanism shown m Fig.1, (a) please write down the vector loop equation, (b) find the close
form equation for ra, (c) if & =60° and @ 2=2400rpm, please find ra, &, Vb, and « 3.(20%)



5. Figs. 5(a) and 5(b) show two mechanisms. Please draw all instantaneous centers. (15%)

Fig. 5(b) Five-bar mechanism

Fig. 5(a) Four-bar mechanism

6. Fig. 6 show a crank-slider. For the mechanism, if aa,=200cm - a,b=400cm > ad=800cm -
cd=600cm > be=500cm > and @ »=100 rad/s - (a) According to the real dimensions of mechanism,
please redraw this mechanism, (b) Using instant center method, find the angular velocity of link 3
(w3) and linear velocity of point ¢ (V). (15%)

Illlll

Fig. 6 Four-bar mechanism
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1. Figure 1 show a four-bar linkage. For the mechanism, if 3
r=250cm, r2=100cm, r3=250cm, and ry =150cm, (a) write down the 56
vector loop equation, (b) if ¢ = 120°, please find find the values of )

&, 0, and transmission angle ¢ (20%) 2

0,

1 1
Fig.1. Four-bar linkage
a 9 3
2. Figure 2 show a offset crank-slider. For the mechanism, if . o b
e=2cm * r;=6cm ¢ r3=10cm, (a) write down the vector loop 2 GIW = /7,7’
7

equation, (b) find the close form equation for r4, (c) if £, =90° a;&
and «72=2400rpm, please find r4, &, V4, and @3.(20%)

Fig. 2. Offset crank-slider



3. For a gear pair with module m=3.0 and pressure angle y=14.5°, a pinion(N,=28) drives a gear
(N3=72). Please find (a) Contact length (L¢), (b) Contact ratio (yc). If center distance (C)
increases 1.5mm, please find (c) New pressure angle y’= %, (d) new Contact length (L¢’), and (e)

new Contact ratio (yc ). (20%)

4. For a gear pair with module m=3.0 and pressure angle ¢=14.5°, if their addendums just pass the
interference point and contact ratio (y. =1.2348), please find (a) Number of teeth No=N3=?, (b)
Addendum radius Ro. (20%)



5. Fig. 5 shows a gear reducer with ring gear 7 fixed. If
sun gear 2 is the input link and sung gear 5 is the
output link, if @2=2400rpm (CCW), please find @5

(value and its direction).

Qutput shaft

Input shaft

Fig.5. Planetary gear train
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1. Figures 1(a) and 1(b) show two mechanisms. Please draw all instantaneous centers. (20%)

Figure 1(a) Five-bar mechanism Figure 1(b) Five-bar mechanism

2. Afour bar linkage as shown in Fig. 1,7 r;=6cm ~ r5=2cm ~ r5=5cm ~ rg=5cm ~ 6, =60°(a)

According to the real dimensions of mechanism, please redraw this mechanism, (b)Please find
6 and 6, (20%)

a

by

Fig. 1 Four-bar linkage



3. Figure 3 show a crank-slider. For the mechanism, if 12=6cm » r3=4cm > and 6=60°. Using

instant center method, find the linear velocity of slider 4 (7). (20%)

Figure 3 Slider-crank

4. For a planetary gear train as shown in figure 4, if @,=1800rpm (CCW), please find the rotation
speed of gear 5 and its rotation direction. (20%)

3(32) 7(80)

Arm GU

——— e

| | 4(22)
T Y
1 | 2=
2(26) 5(36_)

=

Figure 4 Planetary gear train
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5. For a gear pair with module m=2.0 and pressure angle ¢=20°, a pinion(N=21) drives a gear
(N=63). Please find (a) Contact length (L), (b) Contact ratio (7¢). If center distance (C)
increases 0.08mm, please find (c) New pressure angle ¢ ’=? , (d) new Contact length (L’,)
and Contact ratio (7 ;). (20%)
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1. Figure 1 shows a crank-rocker-slider mechanism. (a) Draw the corresponding specified kinematic
chain. (b) Identify the link and joint types. (c) Identify the mobility number. (d) Calculate its
degrees of freedom. (15%)

Figure 1 Crank-rocker-slider

2. Figures 2(a) and 2(b) show two mechanisms. Please draw all instantaneous centers. (20%)

Figure 2(a) Five-bar mechanism Figure 2(b) Five-bar mechanism




3. A four bar linkage as shown in Fig. 3, 71 ~ 72~ r3 ~ r4 ~ and; are given. » Please find (a) and &
#u, (b)when 7; =6cm ~ r7=2cm ~ r5=5cm  #,=5cm ~ & = 60° » find the values of &; and 8, (15%)

@

T Bo

Fig. 3 Four-bar linkage

4. TFigure 4 show a crank-slider. - For the mechanism, if aa;,=2cm * aobi@gl_ » ad=8cm » cd=6cm -
be=5cm » and wy=10 rad/s - (a) According to the real dimensions of mechanism, please redraw
this mechanism, (b) Using instant center method, find the angular velocity of link 3 (@ 3) and
linear velocity of point ¢ (V). (15%)

7

Figure 4 Four-bar mechanism




5. For the 3-speed internal gear hun shown in figure 5, please find the reduction ratios of the 3

speeds. (15%)

Gutput

OWC,

OWC,

Anntl‘ _{(15}|
T2(1'#'}|_| =

Input

V//

G €

i

G OWC; OWC,
1*speed | @ © Control not
engaged
Indspesd | © @
3" speed ©
©:Engaged

Figure 3 3-speed internal gear hub

6. For a gear pair with module m=3.0 and pressure angle ¢ =20°, a pinion(N=24) drives a gear
(N=72). Please find (a) Contact length (L), (b) Contact ratio (7 o). If center distance (C)
increases 0.08mm, please find (c) New pressure angle ¢’=?, (d) new Contact length (Lc’).
(20%)
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1. There are 9 kinematic pairs shown in figure 1. (20%)

. . . have 1 degrees of freedom.
. have 2 degrees of freedom.
. have 3 degrees of freedom.
W 2
=€

(a) Revolute pair (b) Prismatic pair- (c) Rolling pair

(e) Gear pair (f) Helical pair

(g) Cylindrical pair (h) Spherical pair (i) Flat pair

Fig. 1 The kinematic pairs of mechanism
2. Figures 2(a) and 2(b) show two mechanisms. Please draw all instantaneous centers. (20%)

Boon2
il

Fig. 2(a) Four-bar mechanism



Fig. 2(b) Five-bar mechanism

3. Figure 3 show a offset crank-slider. For the mechanism, if aa;==6cm + ab=13cm, (a) write

down the vector loop equation, (b) Find the close form equation for 74, (¢) please find r4and &
when 6 =90°.(20%)

T
Y ?'u'

e
. 1

Figure 3 Offset crank-slider
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) A (A)civil device (B)mechanical device (C)chemical device (D)electrical device
is a piece of equipment, mechanical in nature, designed to serve a special purpose or
perform a special function. It generally consists of mechanical members connected
by joints. (5%)

) Links can be classified based on the number of incident joints. A (A)singular
(B)binary (C)ternary (D)quaternary link is one with three incident joints. (5%)

) A (A)chain (B)power screw (C)belt (D)cam is an irregularly shaped link that
serves as a driving member and imparts a prescribed motion to a driven link called
follower. (5%)

) In order to make mechanical members useful, they must be connected by joint
(kinematic pair) The two members formed a kinematic pair are called (A)kinematic
element (B)matching element (C)spouse element (D)pairing element. (5%)

) For a prismatic or sliding pair, the relative motion between two incident members is
(A)translation along an axis (B)rotation about an axis (C)the combination of
rolling and sliding (D)pure rolling without slipping. (5%)

6. There are 9 kinematic pairs shown in figure 1. (10%)

N . , have 1 degrees of freedom.

> > have 2 degrees of freedom.

> have 3 degrees of freedom.

=

(d) Cam pair (e) Gear pair (f) Helical pair
T s &2F
(g) Cylindrical pair (h) Spherical pair (i) Flat pair

Fig. 1 The kinematic pairs of mechanism



7. Figures 2(a) and 2(b) show two mechanisms. Please draw all instantaneous centers. (20%)

Fig. 2(a) Four-bar mechanism

Fig. 2(b) Five-bar mechanism

8. Figure 3 show a offset crank-slider.
For the mechanism, if e=2cm

aa,=6cm ° ab=13cm, (a) write down the

vector loop equation, (b) Find the close
form equation for 4, (¢) please find
rsand & when 6, =90°.(15%)

Figure 3 Offset crank-slider



9. For a gear pair with module m=1.5 and pressure angle ¢ =20°, a pinion(N=24) drives a gear
(N=72). Please find (a) Contact length (L), (b) Contact ratio (7). If center distanct (C)
increases 0.04mm, please find (c) New pressure angle ¢ ’=?, (d) new Contact length (Lc’).

(15%)

10. For the planetary gear train shown in figure 8, if @ 4=3600rpm (CCW), please find s (value
and its direction). (15%)
4(1247) NESEwm

2(28T)

[ !

EANNNNNNANNNNN

Fig. 8 Planetary gear train
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1. Calculate the DOF of the linkages shown in Figure 1. (20%)

| ¢ r|
L

Figure 1

2. An inverted four-bar slider-crank linkage is shown in Figure 2. The length of input crank (link a)
O,A is 2.0 in and the angular velocities @, =10 rad /s (c.c.w.). The length of coupler (link c)
O,B is 4 in. Using relative velocity method cooperates with velocity polygon method to find the
velocities of the pin joints A and B and the velocity of slip at the sliding joint. Draw the linkage to
scale. (30%)

— 142.666°

=
(€

0z

Figure 2 Fourbar slider-crank linkage



3. In the gear train of Figure 3, the inputs are the sun gear 5 and the ring gear 2. For given angular
velocities of @, =300 rpmand @, =500 rpm (both counterclockwise as seen from the right),

find the resulting rotation of ram 6. (25%)

2(120T)
dem T
6
1 T3d5T)
(L
@, =300rpm
“5(48T)

1 ;
@, =500rpm

Figure 3 Gear train

4. Figure 4 shows a four-bar linkage. The angular velocity @, =2 rad /s (c.w.) of the input crank

(link 2) is given; find the angular velocity of link 4 by using instant centers method. (25%)

2

Qo

VA V4
1 1

Figure 4 A four-bar linkage
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*Close book  **Answer in Chinese or in English  *** Using a calculator ié permitted

1. (a) Find the degrees of freedom of the mechanisms shown in Fig. 1a. (10%)

_ Fig. la
(b) Sketch the Structural sketch of the mechanism shown in Fig. 1b, and find its degrees of
freedom. (10%)

Fig. 1b
2. Fig. 5 shows a cam with a translating roller follower, derived its cam profiles by the envelope
method. (20%)
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3. Determine the speed ratio between the input shaft (gear 4) and the output shaft (arm 5) of the
gear train shown in Fig. 3. Gear 2 is fixed, and the numbers of teeth for the gears are T,=75,
T3=15, and T4=105, respectively, in the mechanism. (20%)

v ]

{[Ml \Z‘Qh‘.“.x:‘f aﬁﬁ'li

* 1 .

Fig. 3

4. Fig. 4 shows a crank-shaper crank mechanism, where Link 2 is the input. Find the closed form
solution for the position of each link by using the vector loop closure approach. (20%)
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5. Illustrate the following terms. (20%)
(1) Toggle position
(2) Transmission angle
(3) Contact ratio of gearing
€ Involute tooth profile and its interference
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*Close book **Answer in Chinese or in English  ##* Using calculator is permitted

1. Calculate the degrees of freedom of the mechanisms shown in Fig. 1a and Fig. 1b. (20%)
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2. Fig. 2 shows a slider crank mechanism with the offset distance r, the lengths of link / (i=2-3) are
ri. If link 2 is the input link, that is, & is given. In addition, @, is 2700, 6, is 0°. Find the closed
form solution for the position r4 of the slider 4 by using the vector loop closure approach. (25%)




3. Fig. 3 shows a slider crank mechanism with dimensions aga=10cm, ab=30cm, 0 > = 60°, If the
crank rotates at a constant angular velocity of @; = 100 rad/sec(counterclockwise). (25%)
(1) Find the angular velocity of the link 3 and the velocity of the slider 4. (10%)
(2) Find the angular acceleration of the link 3 and the acceleration of the slider 4. (15%)
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Fig. 3

4. Determine the speed ratio between the input and the output shafts of the gear train shown in Fig.
4. the numbers indicated in the figure are the number of teeth. (20%)
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Fig. 4

5. Illustrate and explain the fundamental law of gearing. (10%)



