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&S PROBLEM 6-1a

Statement:

Units:

Given:

Solution:

A ship is steaming due north at 20 knots (nautical miles per hour). A submarine is laying in wait
1/2 mile due west of the ship. The sub fires a torpedo on a course of 85 degrees. The torpedo
travels at a constant speed of 30 knots. Will it strike the ship? If not, by how many nautical miles
will it miss? Hint: Use the relative velocity equation and solve graphically or analytically.

naut_mile = 1 knots = ___rmlg_

Speed of ship Vy:=20knots 65 =90deg

Speed of torpedo Vy:=30-knots  6;:= 15-deg

Initial distance between ship and torpedo d; = 0.5-naut_mile

Note that, for compass headings, due north is 0 degrees, due east 90 degrees, and the angle
increases clockwise. However, in a right-handed Cartesian system, due north is 90 degrees (up)
and due east is 0 degrees (to the right). The Cartesian system has been used above to define the
ship and torpedo headings.

See Mathcad file P0601a.

1. The key to this solution is to recognize that the only information of interest is the relative velocity of one vessel
to the other. The ship captain wants to know the relative velocity of the torpedo versus the ship, V,,=V,- V.
In effect, we want to resolve the situation with respect to a moving coordinate system attached to the ship.

The figure below shows the initial positions of the torpedo and ship and their velocities.

Vs =20 knots
)
Wt = 30 knots
_— -
@4_ _ 0M5 _______
torpedo n. mi ship

3. The figure below shows the vector diagram that solves the relative velocity equation V=V, - V. For the
torpedo to hit the moving ship, the relative velocity vector has to be perpendicular to the ship's velocity vector
(if you were on the ship observing the torpedo, it would appear to be headed directly for you). As the velocity
diagram shows, the relative velocity vector is not perpendicular to the ship's velocity vector so it will miss and
pass behind the ship.

Determine the distance by which the torpedo will miss the ship.

Time required for torpedo to travel 0.5 nautical miles due east

d;

—_— tt east = 62.117 sec
Ve cos( 0,«) s

It east =

Distance traveled by the torpedo due north in that time
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dt north =V, t-Sin( 9:)'tr_east dt north = 0.134 naut_mile

Distance traveled by the ship due north in that time
ds__north = VS'tt_east ds_nor{h = 0.345 naut__mile

Distance by which the torpedo will miss the ship

dm[ss = ds_north et dt-north dm,ss = 0.21 1 naut_mile

SOLUTION MANUAL 6-ta-2
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&S PROBLEM 6-1b

Statement: A plane is flying due south at 500 mph at 35,000 feet altitude, straight and level. A second plane
is initially 40 miles due east of the first plane, also at 35,000 feet altitude, flying straight and level
at 550 mph. Determine the compass angle at which the second plane would be on a collision
course with the first. How long will it take for the second plane to catch the first? Hint: Use the
relative velocity equation and solve graphically or analytically.

Given:
Speed of first plane V| = 500-mph 0] = 270-deg
Speed of second plane V3 := 550-mph
Initial distance between planes d; == 40-mi
Note that, for compass headings, due north is 0 degrees, due east 90 degrees, and the angle
increases clockwise. However, in a right-handed Cartesian system, due north is 90 degrees (up)
and due east is 0 degrees (to the right). The Cartesian system has been used above to define the
plane headings.

Solution: See Mathcad file P0601b.

1. The key to this solution is to recognize that the only information of interest is the relative velocity of one plane
to the other. For a collision to occur, the relative velocity of the second plane with respect to the first must be
perpendicular to the velocity vector of the first.

2. The figure below shows the initial positions of the two planes and their velocities.

plane 2

_______ O

V1 =500 mph

3. The figure below shows the vector diagram that solves the relative velocity equation V, =V, + V. To
construct this diagram, chose a convenient velocity scale and draw V| to its correct length with the arrow head
pointing straight down (indicating due south). From the tip of the vector, layoff a horizontal construction line to
the left (due west) an undetermined length. From the tail of the V, vector, construct a circle whose radius is
equal to the scaled length of vector V,. The intersection of the circle and the horizontal construction line
determines the length of V,,. Draw the arrowheads for V, and V;; pointing toward the intersection of the circle
and construction line. Label the horizontal vector V5, and the vector that joins the tail of V with the head of
V, as V,. The angle © between V and V, is the required direction for V; in order that plane 2 collides with
plane 1.

24.620°

4. The angle O can also be determined analytically from the velocity triangle as follows.
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Vi
6 := acos| — 0 = 24.620 deg
€]

5. The time it will take for the second plane to catch the first is the time that it will take plane 2 to travel the 40 miles
to the west.

d;

fom ———— f = 628.468 sec
Vy-sin(0)

t = 10.474 min
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&S PROBLEM 6-2

Statement: A point is at a 6.5-in radius on a body in pure rotation with ® = 100 rad/sec. The rotation center is
at the origin of a coordinate system. When the point is at position 4, its position vector makes a
45 deg angle with the X axis. At position B, its position vector makes a 75 deg angle with the X
axis. Draw this system to some convenient scale and:

a. Write an expression for the particle's velocity vector in position 4 using complex number
notation, in both polar and Cartesian forms.

b. Write an expression for the particle's velocity vector in position B using complex number
notation, in both polar and Cartesian forms.

¢. Write a vector equation for the velocity difference between points B and A. Substitute the
complex number notation for the vectors in this equation and solve for the velocity difference
numerically.

d. Check the result of part ¢ with a graphical method.

Given:
Rotation speed ® = 100--’11—‘1
sec
Vector angles 04 := 45-deg 6p:=75-deg
Vector magnitude R:=6.5-in
Solution: See Mathcad file P0602.

1. Calculate the magnitude of the velocity at points 4 and B using equation 6.3.

V= Ro V = 650.000 —
sec

2. Establish an X-Y coordinate frame and draw a circle with center at the origin and radius R.

3. Draw lines from the origin that make angles of 45 and 75 deg with respect to the X axis. Label the intersections
of the lines with the circles as A and B, respectively. Make the line segment O4 a vector by putting an
arrowhead at A, pointing away from the origin. Label the vector R4. Repeat for the line segment OB, labeling it

R;.

4. Choose a convenient velocity scale and draw the two velocity vectors V 4 and Vi at the tips of R 4 and Rp,
respectively. The velocity vectors will be perpendicular to their respective position vectors.

0 1 2in
Distance scale: —+—

0 500 inisec

Velocity scale:  H++++
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a. Write an expression for the particle's velocity vector in position A using complex number notation, in both
polar and Cartesian forms.

4
-6y ’
Polar form: RA = Re Rp:=6.5-¢
=
i-6 '
Vo= Rjoe Va:=650je °

Cartesian form: Va = R-j-m-(cos(BA) + j~sin(0,4))

VA = —459.619 + 459.619j —
sec

b. Write an expression for the particle’s velocity vector in position B using complex number notation, in both
polar and Cartesian forms.

.
-6p !
Polar form: Rp = R-e R =6.5-¢
i 75-n
AL .
Vp:= Rjoe VB = 650j¢ o0

Cartesian form: VB := R-j-m-(cos(ag) + j-sin(GB))

Vp = —627.852 + 168.232j —
sec

c. Write a vector equation for the velocity difference between points B and A. Substitute the complex number
notation for the vectors in this equation and solve for the position difference numerically.

VBA == VB - VA VBa = -168.232 - 291.387j-ﬁ

d.  Check the result of part c with a graphical method. Solve the equation Vg =V 4 + Vg, using a velocity scale
of 250 in/sec per drawing unit.

Velocity scale factor Y
in
ky:=250-— 0 500 in/sec
sec 1.166 v, Velocity scale: 11+
Horizontal component i Ve, Z\\
VBAx := —0.673-k, T\\ X
N B O,
VBax = —-168.3 —
Bax sec o673
Vertical component
in
VB4y = —1.166-ky VB4y = -291.5 ;e:

On the layout above the X and ¥ components of V g4 are equal to the real and imaginary components calculated,
confirming that the calculation is correct.
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&5 PROBLEM 6-3

Statement: A point A is at a 6.5-in radius on a body in pure rotation with ® = -50 rad/sec. The rotation center

is at the origin of a coordinate system. At the instant considered its position vector makes a 45
deg angle with the X axis. A point B is at a 6.5-in radius on another body in pure rotation with ® =
+75 rad/sec. Its position vector makes a 75 deg angle with the X axis. Draw this system to some
convenient scale and:

a. Write an expression for the particle's velocity vector in position 4 using complex number
notation, in both polar and Cartesian forms.

b. Write an expression for the particle's velocity vector in position B using complex number
notation, in both polar and Cartesian forms.

c. Write a vector equation for the velocity difference between points B and 4. Substitute the
complex number notation for the vectors in this equation and solve for the position difference
numerically.

d. Check the result of part ¢ with a graphical method.

Given:
Rotation speeds OA = —50--’ﬂ OB := 75-ﬂ
sec sec
Vector angles 084 :=45-deg 0p = 75-deg
Vector magnitude R:=65-in
Solution: See Mathcad file P0603.
1. Calculate the magnitude of the velocity at points 4 and B using equation 6.3.
Vy= Rop Vg = ~325.000 —
sec
in
Vp:= R-oB Vp = 487.500 —
sec

Establish an X-Y coordinate frame and draw a circle with center at the origin and radius R.

Draw lines from the origin that make angles of 45 and 75 deg with respect to the X axis. Label the intersections
of the lines with the circles as 4 and B, respectively. Make the line segment OA a vector by putting an
arrowhead at 4, pointing away from the origin. Label the vector R,. Repeat for the line segment OB, labeling it
Rp.

Choose a convenient velocity scale and draw the two velocity vectors V 4 and V g at the tips of R4 and Rp,
respectively. The velocity vectors will be perpendicular to their respective position vectors.

Y
0 1 2in
8 r Distance scale: —+——
Vv
B‘:.»,_A B 0 500 in/sec
6 - Velocity scale: e I N |
4 - : \ VA
2 -
1 i L | 1 I L i X
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a. Write an expression for the particle’s velocity vector on body A using complex number notation, in both polar
and Cartesian forms.

T
J-64 "
Polar form: Rp = Re Rp =65-¢
T

o jo—
. )04 .
VAo =Rj-0p-e Vp :=-325j-e

Cartesian form: VaA:=Rj-0 A-(cos(BA) + j~sin(0A))

Vi = 229.810 — 229.810j—
sec

b. Write an expression for the particle's velocity vector on body B using complex number notation, in both polar

and Cartesian forms.
.1
. J.—
-9
Polar form: Rp:= Re ? Rp = 6.5-¢
’ j 75-%
i6, '

VB = Rj-op ’ VB :=487.5j-¢ 180

Cartesian form: VB = Rj-0 B-(cos( 03) +j -sin( 03))

Vg = —470.889 + 126.174j —
sec

c. Write a vector equation for the velocity difference between the points on bodies B and A. Substitute the
complex number notation for the vectors in this equation and solve for the position difference numerically.

VBA = VB - Va VBa = —700.699 + 355.9841';‘::

d. Check the result of part c with a graphical method. Solve the equation Vg =V 4 + V4 using a velocity scale
of 250 in/sec per drawing unit.

Velocity scale factor 4
in 0 500 in/sec
ky = 250-—
Y sec Velocity scale: -+
Horizontal component
Vg o
I v
VBax = —2.803-k
Bax i 1.424 1 Ve v X
in ! A
VBax = —700.8 — L
sec 2.803 *’l
Vertical component
VBay:= 1424-ky VBay = 356.0 —
sec

On the layout above the X and ¥ components of Vg, are equal to the real and imaginary components calculated,
confirming that the calculation is correct.
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&S PROBLEM 6-4a

Statement: For the fourbar defined in Table P6-1, line a, find the velocities of the pin joints 4 and B, and of the
instant centers /; 3 and 5, 4. Then calculate w3 and @4 and find the velocity of point P. Use a

graphical method.
Given: Link lengths:
Linkl d:=6-in Link 2 a:=2-in
Link3  b:=7-in Link 4 ¢c:=9in
Crank angle: 0 := 30-deg Crank velocity: ®2 := 10-rad-sec :
Coupler point data:
Rpq = 6-in 63 := 30-deg
Solution: See Figure P6-1 and Mathcad file P0604a.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

AT 42882
From the layout above:
02124 := 1.7118-in 04124 .= 4.2882-in
Al13 := 3.3384-in BI13 := 5.9966-in PI13 := 6.8067-in
04:=117.2861-deg 03 := 88.8372.deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.
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Vg=awy V= 20.0%

8y 4 =02 + 90-deg Oy4 = 120.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=5991"%  cw
All3 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.
Vg:= Bl13-03 in
Vp = 35.925—
sec
OyB := 04 — 90-deg OyB = 27.286 deg

5. Use equation 6.9c to determine the angular velocity of link 4.

VB
04:= — 0q=3997% cwW
c sec

6. Use equation 6.9d and inspection of the layout to determine the magnitude and direction of the velocity at point
P.

Vp:=PlI3-03 Vp = 40.778 —
sec

Oyp:= 148.2007-deg — 90-deg  Oyp = 58.201 deg
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&S PROBLEM 6-5a

Statement:

Given:

Solution:

A general fourbar linkage configuration and its notation are shown in Figure P6-1. The link
lengths, coupler point location, and the values of 8, and @, for the same fourbar linkages as used

for position analysis in Chapter 4 are redefined in Table P6-1, which is the same as Table P4-1. For
row a, find the velocities of the pin joints 4 and B, and coupler point P. Calculate 3 and ®4. Draw
the linkage to scale and label it before setting up the equations.

Link lengths:
Link 1 d:=6 Link2 a:=2 Link 3 b=17 Link 4 c:=9
Coupler point: Rpq:=6 83 := 30-deg
Link 2 position and velocity: 95 := 30-deg w2 :=10
Two argument inverse tangent atan2(x,y) .= |return 0.5-7 if (x=0A y>0)

return 1.5-7 if (x=0A y<0)

return atan((l)) ifx>0
x

atan((z)) + 7 otherwise
See Mathcad file P0605a. x

1. Draw the linkage to scale and label it.

y
117.286°
2 \
& X
%7 Lo o Y% /
/ ~
/ e 143.660°
/ -
/ e
/7
./ ~  CROSSED
o
@
B

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kp:

EEY

Ky:=

o |

K} = 3.0000 K2 = 0.6667
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a2 - b2 + c2 + d2
K3:= K3 =2.0000
(2-a-¢)

A= 005(62) -Kj- Kzocos(eg) + K3

B:= -—2-sin(92)
C:= Ki - (K2 + 1)-cos(82) + K3

A=-0.7113 B=-1.0000 C=3.5566

3. Use equation 4.10b to find values of 6, for the open and crossed circuits.

Open: 04 := 2-(atan2(2-A,—B - J B - 4-A-C)) 041 = 477.286 deg

041 := 041 — 360-deg 041 = 117286 deg

Crossed: 04y := 2-(aian 2-4,-B + JBz - 4-A-C)) 042 = 216.340 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2
Kyl Ky S —4 —a b K4 = 08571
b (2-a-b)
Ks = -0.2857
D := cos(02) — Kj + Ky-cos(82) + K D = -1.6774
E:= -2-5in(07) E = -1.0000
F:=Kj+ (K4 - 1)-cos(62) + K5 F =2.5906

5. Use equation 4.13 to find values of 8, for the open and crossed circuits.

Open: 031 := 2-(atan2(2-D,—E - \,Ez - 4-D~F)) 031 = 448.837 deg

031 := 031 — 360-deg 031 = 88.837 deg

Crossed: 033 := 2-(atan2(2-D,—E + JE2 - 4-D~F)) 037 = 244.789 deg

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

amnj sin(941 - 62)
b si{03 - 041)
a0y sirl(92 - 631)
c -sin(941 - 931)

®3] = ®3] = -5.991

W41 : ®41 = -3.992

7. Determine the velocity of points A and B for the open circuit using equations 6.19.
VA =ao 2-(—sin(62) + j-cos(ez))
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Va = -10.000 + 17.321j |Val =20 arg(Va) = 120 deg
VB = c-m41-(—~sin((-)41) +j-cos(641))
Vg = 31.928 + 16.470j |VB| = 35.926 arg(VB) = 27.286 deg
8. Determine the velocity of the coupler point P for the open circuit using equations 6.36.
Vpa = Rpa-mgl-(—sin(631 + 83) + j-cos(931 + 83))
Vpa = 31.488 + 17.337j
Vp:=Vj + Vpa

Vp = 21.488 + 34.658; |Ve| = 40.779 arg(Vp) = 58.201 deg

9. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

a-mZ. sin(642 - 92)
b sir(e 32 - 642)

®32:= 032 = —0.662

aw) sill(ez - 932)
c sin(942 -0 32)

w42 = w42 = —2.662

10. Determine the velocity of point B for the crossed circuit using equations 6.19.

Vi := c-042(-sin042) + j-cos(0.42))

Vg = -14.195 + 19.295] |ve| = 23.954 arg(V) = 126.340 deg

11. Determine the velocity of the coupler point P for the crossed circuit using equations 6.36.
Vpa = Rpgw32-(-sif83; + 83) + j-cos(032 + 53))
Vpa = -3.960 — 0.332j
Vp =V + Vpu

Vp = ~13.960 + 16.989j |Ve| = 21.989 arg(Vp) = 129.411 deg
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&S PROBLEM 6-6a

Statement: The general linkage configuration and terminology for an offset fourbar slider-crank linkage are
shown in Fig P6-2. The link lengths and the values of 0, and ®, are defined in Table P6-2. For row
a, find the velocities of the pin joints 4 and B and the velocity of slip at the sliding joint using a

graphical method.
Given: Link lengths:
Link2 a:=14-in Link3 b:=4-in
Offset  c:=1-in 0 := 45.deg 07 = 10-rad-sec |
Solution: See Figure P6-2 and Mathcad file P0606a.
1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of

interest.

Direction of VBA —_

Y/ Direction of VA / Axis of transmission
l
‘| |
| Axis of slip and
A 3 B / Direction of VB
B & .
R
2/25.000° 179:856° 1.(;00
- ; X
@, :

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.
Vq=awy V4 = 14.000 — Oy4 =07 + 90-deg Oy = 135 deg
sec
3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B. The equation to be solved
graphically is
Vp=V,+Vpy

a. Choose a convenient velocity scale and layout the known vector V .

b. From the tip of V 4, draw a construction line with the direction of V 54, magnitude unknown.
c. From the tail of V ,, draw a construction line with the direction of V 5, magnitude unknown.
d.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V g from the tail of V 4 to the intersection of the V g4 construction line.

(See next page.)
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M Va
\ Y

135.000°

1975 ™

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky:= M—
in

Vg:= 1.975-inky Vg = 9.875 —

Oyp = 180-deg
sec

5. Since the slip axis and the direction of the velocity of point B are parallel, Vg;, = Vp
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&S PROBLEM 6-7a

Statement: The general linkage configuration and terminology for an offset fourbar slider-crank linkage are
shown in Fig P6-2. The link lengths and the values of 6, and @, are defined in Table P6-2. For row
a, find the velocities of the pin joints 4 and B and the velocity of slip at the sliding joint using the
analytic method. Draw the linkage to scale and label it before setting up the equations.

Given: Link lengths:
Link2 (0,4) a:=14 Link 3 (4B) b:=4 Offset(vp) c:=1

Crank angle 0 := 45-deg Crank angular velocity ®7:=10

Solution: See Figure P6-2 and Mathcad file P0607a.
1. Draw the linkage to scale and label it.

dz= d1=
3.010 4.990

B j(cfoAsseﬁ'"’*th 3 (OPEN) Li
IR e \ o4
ora | %45.000°" 179.856° 1'(;00
S : X

2. Determine 6; and d using equations 4.16 and 4.17.

Crossed:
032 := asin(%) 032 = —0.144 deg
dy:= a-cos(87) - b-cos(032) dy=-3.010
Open:
031 := asin(-is-i"(i;t) + 7 031 = 180.144 deg
dj = a-cos(82) - b-cos(031) d] = 4.990

3. Determine the angular velocity of link 3 using equation 6.22a:

cos(02
Open ®3]:= g-L-(s)z 03] = -2.475

b cos(931)

Crossed 032 := bt cos(ez)

b .;(93_2).“)2 03y =2475

4. Determine the velocity of pin 4 using equation 6.23a:
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Va = a-mz-(—sin(ez) +j -cos(Gz))
Va = -9.899 + 9.899i [Va] = 14.000 arg(Va) = 135.000 deg

5. Determine the velocity of pin B using equation 6.22b:

Open V)= —a-0z-sin(82) + b-o31-sin(83)) Vg1 = ~9.875
Crossed  Vg;:= —a-02-sin(82) + b-w32:5in(032) VB2 = -9.924

The angle of Vg is 0 deg if Vp is positive and 180 deg if V5 negative.

6. The velocity of slip is the same as the velocity of pin B.
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&S PROBLEM 6-8a

Statement: The general linkage configuration and terminology for an inverted fourbar slider-crank linkage are
shown in Fig P6-3. The link lengths and the values of 8, and @, and y are defined in Table P6-3.
For row a, using a graphical method, find the velocities of the pin joints 4 and B and the velocity

of slip at the sliding joint. Draw the linkage to scale.

Given: Link lengths:
Link 1 d = 6-in Link 2 a:=2-in
Link4 c:=4-in Y := 90-deg 09 := 30-deg 07 := 10-rad-sec !
Solution: See Figure P6-3 and Mathcad file P0608a.
1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest.
/— Direction of VA
/ Axis of transmission and direction of VBA
/
‘ / / Adxds of slip and
y \\1 703 Direction of VB
\/\ 90.0°
N
/ A 142.666°
a
~
~ 30.000°

@ ! d - - X

0, 2
2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

V4= awr V4 = 20.000 — Oy4 =07 + 90-deg By4 = 120 deg

sec
3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B on link 3. The equation to

be solved graphically is
V3=V, 3+ Vpy3
Choose a convenient velocity scale and layout the known vector V 4.
From the tip of V4, draw a construction line with the direction of V g, magnitude unknown.
From the tail of V ,, draw a construction line with the direction of V 5, magnitude unknown.

Complete the vector triangle by drawing V g4 from the tip of V 4 to the intersection of the V g construction
line and drawing V g from the tail of V 4 to the intersection of the V g, construction line.

e o op

10infsec
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4. From the velocity triangle we have:

. -1
Velocity scale factor: ky = M—sﬂ—
n
Vg3:= 0.771-in-k, Vg3 = 7710 Oyp3 = 52.667-deg
sec
VB3 = 1.846-in-k, VBa3 = 18.460 ——
sec

5. Determine the angular velocity of link 3 using equation 6.7.
From the linkage layout above: b := 1.793-in and 04 := 142.666-deg

VBA3
®3 = — 03 = 1029674 cw
b sec
The way in which link 3 slides in link 4 requires that 04:=03

6. Determine the magnitude and sense of the vector V g, using equation 6.7.

VBy:= Ic-m4l Vpy=41.182 f{;

Oyp4 =04 — 90-deg Oyp4 = 52.666 deg
7. Note that F'z; and Vp, are in the same direction in this case. The velocity of slip is
in
Vsiip == |VB3 — VB4 Vsiip = 33.472 —
sec

Osiip := Oyp4 + 180-deg Oslip = 232.666 deg
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&S PROBLEM 6-9a

Statement: The general linkage configuration and terminology for an inverted fourbar slider-crank linkage are
shown in Fig P6-3. The link lengths and the values of 6, and @, and y are defined in Table P6-3.
For row a, using an analytic method, find the velocities of the pin joints 4 and B and the velocity
of slip at the sliding joint. Draw the linkage to scale and label it before setting up the equations.

Given: Link lengths:
Link 1 d=6 Link 2 a=2
Link4 ¢:=4 Y := 90-deg 07 := 30-deg @p:=10

Two argument inverse tangent  atan2(x,y) := {return 0.5-7 if (x=0A y> 0)

return 1.5-r if x=0A y<0)

return atan((ﬁv—)) if x>0
x
atan((z)) + ; otherwise
x

Solution: See Mathcad file P0609a.
1. Draw the linkage to scale and label it.

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

P := a-sin(0)-sinly) + (a-cos(62) ~ d)-cos(y) P = 1.000
Q := —a-sin(02)-cos(y) + (a-cos(82) - @)-sin(y) 0 = -4268
R:=—c-sily)  R=-4.000 T:=2-P T = 2.000
S:=R-Q S = 0.268 U=Q+R U=-8268

3. Use equation 4.22¢ to find values of 6, for the open and crossed circuits.

OPEN 041 := 2-atan 2-S,—T+\}T2 - 4-S-U) 041 = 142.667 deg
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CROSSED 045 := 2-atan2(2-S,—T— J - 4-S-U) 042 = ~169.041 deg

4. Use equation 4.18 to find values of 0 for the open and crossed circuits.
OPEN 031:=041 +¥ 0131 = 232.667 deg

CROSSED  033:=047~y 032 = -259.041 deg

5. Determine the magnitude of the instantaneous "length" of link 3 from equation 4.20a.

a-sin(ez) - C'Si"(94l)

OPEN bj:= b;=1.793
sin(941 + 'y)

a-sin(e 2) - c-sir(e42)

sin(e 4+ 'y)

CROSSED  b;:

by=1.793

6. Determine the angular velocity of link 4 using equation 6.30c:

-@p-cos{62 — ©
OPEN oy 202002 031) 041 = -10292
by + c-cos(y)

a-(ﬂz-cos(ﬂz - 932)

CROSSED W4 = w42 = 3.639
by + c-cos(y)
7. Determine the velocity of pin 4 using equation 6.23a:
Vp = a-mz-(—sin(ez) + j-cos(ez))
Va = —10.000 + 17.321i |Va| = 20.000 arg(Va) = 120.000 deg
8. Determine the velocity of point B on link 4 using equation 6.31:
OPEN VB4xl = —c-041-5i(0.4)) VB4x1 = 24.966
VBay1 = c-m41~cos(641) VB4y1 = 32.734
2 2
VB41 = J VBaxi + VB4yl VB4l = 41.168
8yl = atanZ(VB4x1 , V34y1) Oyp] = 52.667 deg
CROSSED VB4x2 = -0 42-5in(042) VB4x2 = 2.767
VB4y2 = c-m42-cos(942) VB4y2 = -14.289
2 2
VB42 = ‘] VB4x2 + VB4y2 VB42 = 14.555

fypo = atan2( VB4x2, V34y2) Oyvp2 = —-79.041 deg
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9. Determine the slip velocity using equation 6.30a:

—a-(Dz-Sin(ez) + (041-(b1-sin(631) + c-sin(941))
cos(63 1)

-a-0 2-sill(9 2) + 0)42-(b g-sin(e 32) + c-sin(942))

CROSSED  Vgjipz = cos(032)
32

Vlip2 = 33461
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& PROBLEM 6-10a

Statement: The link lengths, gear ratio (1), phase angle (¢), and the values of 0, and o, for a geared fivebar
from row a of Table P6-4 are given below. Draw the linkage to scale and graphically find @5 and

@, using a graphical method.

Given: Link lengths:
Linkl  f:=6-in Link3  b:=7-in Link5 d:=4-in
Link2 a:=1-in Link4  ¢:=9-in
Gear ratio, phase angle, and crank angle:
Ai=2 ¢ := 30-deg 07 = 60-deg ©2 := 10-rad-sec !
Solution: See Figure P6-4 and Mathcad file P0610a.

1. Determine the angle of link 5 using the equation in Figure P6-4.
05:=A-02+¢ 05 = 150deg

2. Choose the pitch radii of the gears. Since the gear ratio is positive, an idler must be used between gear 2 and
gear 5. Let the idler be the same diameter as gear 5, and let all three gears be in line.

|
r2
f=r2+ 3-r5' A=—
rs
ry:= r5s=1.200in
A+3
ry:=Ars r2=2.400in

3. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VBC

’{/ Direction of VBA //— Direction of VC

4. Use equation 6.7 to calculate the magnitude of the velocity at points 4 and C.

Vi=ao) Vy= l0.00—fn— 0 A = 60-deg + 90-deg
sec
®5:= A-02 o5 = 20000 222
sec
Vo= dos Ve = 80.00 — 84 := 150-deg + 90-deg

sec



DESIGN OF MACHINERY SOLUTION MANUAL 6-10a-2

5. Use equation 6.5 to (graphically) determine the magnitudes of the relative velocity vectors Vg4 and Vg The
equation to be solved graphically is the last of the following three.

Vp=V,4+Vp, Vp=Vc+Vpge V4+Vp=Vc+Vpe

Choose a convenient velocity scale and layout the known vector V 4.

From the tip of V 4, draw a construction line with the direction of V g, magnitude unknown.
From the tail of V 4, layout the known vector V.

From the tip of V, draw a construction line with the direction of V -, magnitude unknown.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V g from the tip of V¢ to the intersection of the Vg, construction line.

e po op

6. From the velocity triangle we have:

-1
50-in-sec

Velocity scale factor: ky:= -
in
in
VB4 :=4.562-in-ky Vg = 228.100 —
sec
. in
Vec = 3.051-inky VBc = 152.550 —

sec

7. Determine the angular velocity of links 3 and

4 using equation 6.7.
4:7 d
©3 = —o 03 = 32.586 —
b sec
VBC d
03 = — 03 = 16.950 2%
[+ sec

Both links are rotating CCW.
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@S PROBLEM 6-11a

SOLUTION MANUAL 6-11a-1

Statement: The general linkage configuration and terminology for a geared fivebar linkage are shown in Figure
P6-4. The link lengths, gear ratio (o), phase angle (¢), and the values of 0, and w are defined in
Table P6-4. For row a, find ©3 and @4, using an analytic method. Draw the linkage to scale and
label it before setting up the equations.
Given: Link lengths:
Lmkl d:=4 Link2 a::] Liﬂk3 b:=7
Link 4 c=9 Link 5 f=6 Input angle 01 := 60-deg
Gearratio A :=2.0 Phase angle ¢ := 30-deg 07:=10
Two argument inverse tangent  aran2(x,y) := {return 0.5-7 if x=0A y> 0)
return 1.5-7 if x=0Ay<0)
return atan((!-)) if x>0
x
atan((iv-)) + 7 otherwise
x
Solution: See Figure P6-4 and Mathcad file P0611a.

1. Draw the linkage to scale and label it.

—

.

Y

—_—

B 4

17|7.7152°

150.0000°

/

173.6421° N 4
/ 3 2 s 12;.0501°

5

|
\ 07 ,/115.4074°

2. Determine the values of the constants needed for finding 6, and 8, from equations 4.24h and 4.24i.

A:= 2-c-(d-cos(k-92 + (b) - a-cos(ez) + f)

B:=2-c(d-sin(A-02 + §) - a-sin{92))

TR e

+{2~d-(a-cos(92) - f)~cos(2.o92 + ¢)
+-2-a-d-sin(82)-sif(A-62 + ¢)

D=C-4

A = 36.646

B =20412

).

C = 37431
D =0.785
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E:=2-B E =40.823
F=A4+C F = 74077
G = 2-b{{d-cos(r-82 + ¢)) + a-cos(62) - f] G = -28.503
H = 2-b[{d-sir(A-02 + §)) + a-sin(82)] H = -15.876

K:= (02 + b2 - 02 + d2 + fz) - 2-a-f-cos 62)
+—[2-d-(a-cos(92) - f)-cos(k-Oz + ¢)

+-2-a-d-sin(0)-si{A-02 + ¢) K = -26.569
L=K-G L=1933
M=2.H M= -31.751
N=G+K N =-55.072

3. Use equations 4.24h and 4.24i to find values of 6; and 0, for the open and crossed circuits.

OPEN 03 := 2-(atan2(2-L,—M M- 4-L-N)) 031 = 173.642 deg
B4p = 2-(aran 2.D,-E - J - 4-D-F)) 841 = —177.715 deg
CROSSED  03y:= 2-(atan2(2-L,—M A 4-L-N)) 037 = —115.407 deg
042 := 2-(atan2(2-D,—E + J E2 - 4-D-F)) 047 = —124.050 deg

4. Determine the position and angular velocity of gear 5 from equations 4.23c and 6.32c
05:= 102+ ¢ 05 = 150.000 deg
®5:=A®2 ®s=20.000 CCW

Angular velocity of links 3 and 4 from equations 6.33
2.5in(041)-(a-0 25187 ~ 041) + d-w5-5in(84] — 05))
b-(cos(931 - 2-641) - cos(631))
@3] = 32585 CCW
a-02-5in(02) + b-031-sin(831) - d-ws-sin85)
van= c-sin{841)

041 = 16948 CCW

OPEN ©31 =

2-sin(942)-(a-m2-sin(62 - 642) +d-w 5-sin(942 - 95))
b-(cos(932 - 2-642) - cos(932))
w3y =-75191 CW

CROSSED 032:=

_ a-coz-sin(ez) + b-co32-sin(932) - d-m5-sin(95)
o42= c-sin(942)

042 = -59.554 CW
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&S PROBLEM 6-12

Statement: Find all of the instant centers of the linkages shown in Figure P6-5.
Solution: See Figure P6-5 and Mathcad file P0612.

a. This is a fourbar slider-crank with n:= 4

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
)

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

1,4 at infinity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and / 4

Nz hphsandlyg-hy hat hp-hgand h3-5y

1.4 atinfinty

b. This is a fourbar with planetary motion (roller 3), n := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=6 s 2,3 at contact point (behind ink 4)

/ 13

2. Draw the linkage to scale and identify those ICs that
can be found by inspection, which in this case, is all of
them.

12ad24and 1,4
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c. This is a fourbar with 7 := 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n@m-1)
2

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

- 34

o.\
\— 12 14

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, I; 3 and 5, 4

his: hp-hzand ]y 45y hat hp-hsand b3-h 4

1,3 st infinity 1,3 at infinity .

TN
\z// ™ ‘© z
3
2.4 atiofinty

1,3 at infinkty 1,3 atinfinity

d. This is a fourbar with n:= 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

_ n(n-1)

C:= C=6
2

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and I 4

hi: hobhyand 1 4-h 4 by ha-hagandh3-hy
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1,4 st infinity

e. This is a threebar with n := 3.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=3

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

12 /—
2

0

Z

/

3. Use Kennedy's Rule and a linear graph to find the remaining IC, 5

bi: L3

f.  This is a fourbar with n:= 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

1.2 at infirity
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3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 4

h3t hphsandl4-hy ha hphgandh3-5y

1.2 at infinity
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@S PROBLEM 6-13

Statement: Find all of the instant centers of the linkages shown in Figure P6-6.
Solution: See Figure P6-6 and Mathcad file P0613.

a. This is a fourbar inverted slider-crank with n:= 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

34 atinfinty
A

14

3. Use Kennedy’s Rule and a linear graph to find the remaining 2 ICs, /; 3 and £ 4

hjs: hp-hiand 45 byt Lip-hgand b 5-5 4

3.4 atinfinity
’d

/7

3.4 atinfinity /
e

b. This is a sixbar with slider, n := 6.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

C: C=15

2. Draw the linkage to scale and identify those ICs that can be found by inspection.
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12

3. Use Kennedy's Rule and a linear graph to find the remaining 7 ICs.

L3t hp-hiand fy 454 by Lp-hyand b3-5y
hs: hglsgand ]y 4-Iy 5 I Iy 6-h4and Iy s-Ls5 6
bhs: Lhp-hsand b4y s be hyligand b s-Lse

be hehzandh-lye

13’_”_77”77"___}5
1.6 atinfinity
024
024 1
1,6 atinfinity 6 ﬂ; 2
16 atinfilly ANPZa

c. This is a sixbar with slider and roller with » := 6.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=15

2. Draw the linkage to scale and identify those ICs that can be found by inspection.
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be: h12-h g and I 5-Is 6

hs: helsgand ) 2-h s

Ls: hahsandbs-b s
b Belsgandb3-he

Use Kennedy's Rule and a linear graph to find the remaining 8 ICs.

L3t hp-hzand 1y 4-h 4
ba: hp-haand b s-h 4
Ls: Ly-lysand b s-b 3
L Ihslsgand ;4B 6

SOLUTION MANUAL 6-13-3

d. This is a sixbar with slider and roller with n := 6.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

_ n(n-1)

C:= C=15
2

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

; _\ﬂ/z
1 23,25 aW35 1

1.8 at infinity
3. Use Kennedy's Rule and a linear graph to find the remaining 7 ICs.

L3 hp-hzandly 4Ly Lg: I g-h3and B3 5-Is6

bg: ha-hgand bs-Isg hs: helsgand ]y »-b s
Hs: hahsandhs-l 4 hat hp-hgand bh3-I4

L hehaandlys-Ise

(See next page)
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24

1,6 at infinity
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& PROBLEM 6-14

Statement: Find all of the instant centers of the linkages shown in Figure P6-7.

Solution: See Figure P6-7 and Mathcad file P0614.

a. This is a pin-jointed fourbar with n:= 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 1> 4

Lt hy-hsand 1y 4-5 4 by Lp-hyand 354
/ ry a4
1
23 4 /_:_ 2
2 W e

14

b. This is a fourbar inverted slider-crank, »:= 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1)
2

C:= C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection, which in this case, is all of
them.

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 1 4

ha: Nip-hyand 1y 4-h 4 ba: hphsgand 35y



DESIGN OF MACHINERY

c. This is a fourbar double slider with » := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n(n-1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

1,2 atinfinity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, I; 3 and I 4
Lz hphzandlyg-hy byt hp-hgand b 5-5

14 atinfinity
N

N 13 2,4 atinfiity

1,2 at infirity

d. This is a pin-jointed fourbar with r := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n(n—1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

SOLUTION MANUAL 6-14-2
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c. This is a fourbar double slider with » := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n(n-1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

1,2 atinfinity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, I; 3 and I 4
Lz hphzandlyg-hy byt hp-hgand b 5-5

14 atinfinity
N

N 13 2,4 atinfiity

1,2 at infirity

d. This is a pin-jointed fourbar with r := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n(n—1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

SOLUTION MANUAL 6-14-2
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3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and b 4

L3 hp-hzand 1y 4-hy bhat hphgandh3-hy

24 P

e. This is a fourbar effective slider-crank with n := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

1,4 at infirity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 1 4

N3 hp-hsand ]y 4L 4 ha hp-hgand b3y

13

1,4 at infinity

1,4 at infinity

f.  This is a fourbar cam-follower with n := 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

C: C=6
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

(See next page.)

SOLUTION MANUAL 6-14-3
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34

23
14 3

"

1,2 atinfinity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; ; and 5 4

hja: hhsandhh4-hy ha hohgand b5k 4

g- This is a fourbar slider-crank with » := 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

14 at infirity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 5 and 1, 4
L3t hoyhsand ]y 454 bhya hphgand b3y

13

Y w
S - \7 7 4 —(V z

1,4 at infirsty

h. This is a fourbar inverted slider-crank with » := 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

SOLUTION MANUAL 6-14-4
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n(n-1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 5 4
hj3: hp-hzandl4-hy hat h-hgandb3-hy

2'4/" 3.4 at infinity

23

i.  This is a fourbar slider-crank (hand pump) with » := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

‘ﬁa/////—j

o

/
"\

1,2 at infinity~ 2

-

14

SOLUTION MANUAL 6-14-5
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3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3and b 4

Ny hp-hyand ]y 4~ 4 hya hp-hgand b3y

L

1
1.2 at infinity 2 Py 2\ PY
N |
N
N k /1 3
\
\ ! .
) \
24 12 at infimity . N

14
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@S PROBLEM 6-15

Statement: Find all of the instant centers of the linkages shown in Figure P6-8.
Solution: See Figure P6-8 and Mathcad file P0615.

a. This is a pin-jointed fourbar with n .= 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
)

C: C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and 4

N3 hp-hsand 1) 4-hy by hp-hgand b 5-hy

23 -

b. This is a pin-jointed fourbar with n := 4.
1. Determine the number of instant centers for this mechanism using equation 6.8a.

c.rx-l) C=6
2

2. Draw the linkage to scale and identify those ICs that can be found by inspection, which in this case, is all of
them.
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23
o B
2 A 3 (P
| T
0, @ 34
‘—/ 4
12 - 14

O4

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and b 4
h3t hyhzandfy4-hy bha hpyhgqandh3-hy

\7\/ /s
2 4./(4% g __
4L : 3
| @ s
\ 0, 34

2

—

~
~
~
~
~

12 .

c. This is an eightbar (three slider-cranks with a common crank) with n .= 8.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

c-rn-1) Cc=28
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.
12 >8

47 ’
7,
4 2 3

7 sttty 1,8 at infinity

3/ > 23,24,25
34; 3,5 and 4,5

1,6 at infinity - %%
36 s

3. Use Kennedy's Rule and a linear graph to find the remaining 15 ICs.

hLis: Lix-hsand I g-Is g bg: Ly-ligand I 5-Is g

SOLUTION MANUAL 6-15-2
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he hayheandhy-he ha hylyzand ]y 2-hy
bt ho-hgand b 4-ly ha: hphyand ]y g-hg
Ly hy-hyand Byly; BLg: h3-hgand I s-Isg
L heheandlghe Iyg: hg-hyandlys-Isg
Iig: hs-heandhs-he Isy: bs-h7and I 5-1 7
ls1: bg-bhyandg-h 7 kg lhehgand g-hg

lsg: brhgandh7-hg

1,7 at infinity N
y \
27— 2,3,2,4,25,34;35,and 4,5
28 53,7 N
Lo L] N \
1,6 at infinity T |
36 ez : % \\\ \\
13 To 15
AN
To 1,5

Note that, for clarity, not all ICs are shown.

d.  This is a pin-jointed fourbar with n := 4.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n(n-1)
2
2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C:= C=6

E

7 7 % 7 7
| _
2,3 ﬂ\

N T 34
N 3 —
, ®
\) j(@ 4
1,2 14 -

3. Use Kennedy’s Rule and a linear graph to find the remaining 2 ICs, /; 3 and 1, 4

L hp-hzand ] 4-5 4 by ha-hgandbh3-hy



DESIGN OF MACHINERY

1,3 at infinity

2,4 at infinity
1,2

e. This is an eightbar with n .= 8.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

C: C=28

23 34 14
12 ~ /2 3 °
’ > 46 (5 4 57
2\@, 5 ™~
25 45
6 7

3. The remaining 17 ICs are at infinity.
[ This is an offset crank-slider with n = 4.

Determine the number of instant centers for this mechanism using equation 6.8a.
C=6

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

34

Z

1.4 atinfinity =
V
1

/ 23

1,2 —

SOLUTION MANUAL 6-15-4
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3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, /; 3 and , 4

L3 hp-hzandlyg-h 4 byt Lp-hgand b 3-5 4

1,4 at infinity

g This is a sixbar with n = 6.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
C=15

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

3. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs.

11,31 11,4-14’3 and 11,2-13’2 12’53 11,6'11,2 and 12,5'15,6
hs: helsgand ]y »-b s Iig: hahgandbhy-hg
hs: hyhsandhy-hs Iys: hglsgand 3 4-Ls 5

ha: hp-hgand B g-h 3 L Bylyeand 55156
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&S PROBLEM 6-16a

Statement: The linkage in Figure P6-5a has the dimensions and crank angle given below. Find 03, V4, Vg, and
V¢ for the position shown for @, = 15 rad/sec in the direction shown. Use the velocity difference

graphical method.
Given: Link lengths:
Link 2 (O, to 4) a:=0.80-in
Link 3 (4 to B) b:=193in
Offset c:=-0.38.in
Coupler point data:
Distance from A to C p:=133-in
Angle BAC 8 := 38.6-deg
Crank angle: 9‘2 = 34.3.deg

Input crank angular velocity w7 = 15rad .sec ! CCwW
Solution: See Figure P6-5a and Mathcad file PO616a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VCA
/ Direction of VA /

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

V4= a-o; Vy=12.002> B4 = 34.3-deg + 90-deg
sec
3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B. The equation to be solved
graphically is
V=V, +Vpy

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V 54, magnitude unknown.
¢. From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.
d.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V 5 from the tail of V 4 to the intersection of the V g, construction line.
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0 Sin'sec
I N B
v
A Y
2197
< 124.300°
Vea
./ \
X
/ l‘ Vg
2.298
4. From the velocity triangle we have:
S-in-sec” |
Velocity scale factor: ky =
n
Vg = 2.298-in-k, Vg = 11.490 — Op = 180-deg
sec
. in
VB4 :=2.197-in-k, Vpq = 10985 —

sec
5. Determine the angular velocity of link 3 using equation 6.7.

-VB4 d
03 =— ®3 =—5.692-’l
b sec

6. Determine the magnitude and sense of the vector V-4 using equation 6.7.
in

Veg = Ip'n)3| Veq =17570—

sec

0cyq:=(154.502 — 180 + 38.6 — 90)-deg Oc4 = —76.898 deg
7. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is
V=V, 4+ V¢4

a. Choose a convenient velocity scale and layout the known vector V 4.
b. From the tip of V 4, layout the (now) known vector V.
c. Complete the vector triangle by drawing V .~ from the tail of V , to the tip of the V-, vector.

V, v
0 5in‘sec
N
Vea 163.280°
L% #L
X
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8.

From the velocity triangle we have:

Velocity scale factor:

Ve = 1.130-inky

[

ky: -
in

Ve = 5.650 —
sec

-1
5-in-sec

SOLUTION MANUAL 6-16a-3

6 := 153.28-deg
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&S PROBLEM 6-16b

Statement: The linkage in Figure P6-5a has the dimensions and crank angle given below. Find 03, V4, Vg, and
V¢ for the position shown for @, = 15 rad/sec in the direction shown. Use the instant center

graphical method.
Given: Link lengths:
Link 2 (O, to 4) a:=0.80-in
Link 3 (4 to B) b:=1.93-in
Offset ¢:=-0.38.in
Coupler point data:
Distance from 4 to C p:=133-in
Angle BAC 8 := 38.6-deg
Crank angle: 05 :=34.3-deg
Input crank angular velocity o3 := 15-rad-sec ' ccw
Solution: See Figure P6-5a and Mathcad file P0616b.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

2019

From the layout above:
All3 :=2.109-in BI13:=2.019-in Cl13 :=0.993-in 8¢ = (360 — 116.732)-deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vq:=a-w0>r Vq= 12.0001—',-
sec
By 4 =02 + 90-deg Oy4 = 1243 deg
3. Determine the angular velocity of link 3 using equation 6.9a.
V4 d
03 = —— 03=5690"" CW

T AlI3 sec
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4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by
inspection. i
Vg:= Bli3-03 Vp= 11488 —
sec
Oyc = 180-deg
S. Determine the magnitude of the velocity at point C using equation 6.9b. Determine its direction by
inspection. in
Ve =Cll3-03 Ve =5.650—

sec

Oyc = 0c — 90-deg Byc = 153.268 deg
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&S PROBLEM 6-16¢

Statement: The linkage in Figure P6-5a has the dimensions and crank angle given below. Find 3, V4, Vg, and
V- for the position shown for , = 15 rad/sec in the direction shown. Use an analytical method.

Given: Link lengths:

Link 2 (O, to 4) a = 0.80-in

Link 3 (A4 to B) b:=193-in

Offset c:=-0.38-in
Coupler point data:

Distance from 4 to C Req :=133-in

Angle BAC 53 :=38.6-deg
Crank angle: 05 := 34.3-deg

Input crank angular velocity @5 := 15-rad-sec ' cow

Solution: See Figure P6-5a and Mathcad file P0616c¢.
1. Draw the linkage to scale and label it.

2. Determine 05 and 4 using equation 4.17.

03 := asin(—a;ﬂ'(—e-:);ﬁj + 7 031 = 154.502 deg
d} = a-cos(82) — b-cos(831) dj = 2403 in

3. Determine the angular velocity of link 3 using equation 6.22a:

cos{02) © w31 = -5.691 724

a
®3] = ;'COS(GS]) 2 sec

4. Determine the velocity of pin 4 using equation 6.23a:
Va=ao 2-(—sin(62) + j-cos(eg))

VA =-6762+9913j—  |Va| = 12.000— arg(Va) = 124300 deg
sec sec
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5. Determine the velocity of pin B using equation 6.22b:

VB = —a-02-5in(82) + b-031-5in(031)
Vg = -11.490 n |ve| = 11.490 n arg(Vg) = 180.000 deg

sec sec

6. Determine the velocity of the coupler point C for the open circuit using equations 6.36.

VCA = Reg-031-(-sin(n + 031 + 83) + j-cos(n + 037 + 83))

Vca = 1716 - 7371 —
sec
Vec:=Va+Vca

Ve = -5.047+2542—  |V¢| = 5.651— arg(Vc) = 153.268 deg
sec sec

Note that 0, is defined at point B for the slider-crank and at point 4 for the pin-jointed fourbar. Thus, to use
equation 6.36a for the slider-crank, 180 deg must be added to the calculated value of 6,.
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&S PROBLEM 6-17a

Statement: The linkage in Figure P6-5¢ has the dimensions and effective crank angle given below. Find o3,
®4, V4, V3, and V- for the position shown for ©, = 15 rad/sec in the direction shown. Use the

velocity difference graphical method.
Given: Link lengths:
Link 2 (point of contact to 4) a:=0.75-in
Link 3 (4 to B) b:=1.5-in
Link 4 (point of contact to B) ¢:=0.75-in
Link 1 (between contact points) d:=1.5-in
Coupler point:
Distance A to C p:=12.in
Angle BAC = 30-deg
Crank angle: 02 := 77-deg
Input crank angular velocity ©7 = 15-rad-sec !
Solution: See Figure P6-5c and Mathcad file P0617a.

1. Although the mechanism shown in Figure P6-5c is not entirely pin-jointed, it can be analyzed for the position
shown by its effective pin-jointed fourbar, which is shown below. Draw the linkage to a convenient scale.
Indicate the directions of the velocity vectors of interest.

Y
Direction of VA :
i Direction of VBA
- ‘ )
- H Direction of VB
e S - 30. :
s NN /
?y b TS
2 ~
|
! o o
la )
A
/ > d / X

o \ O.\
Effective link 2 Effective link 4

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

V4= aoo Vy= nzsoﬁ 04 := 77-deg + 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V z,, and the angular velocity of link 3. The equation to be solved graphically is
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Vp=V,4+Vg,

Choose a convenient velocity scale and layout the known vector V 4.
From the tip of V4, draw a construction line with the direction of V 54, magnitude unknown.
From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.

Complete the vector triangle by drawing V g4 from the tip of V 4 to the intersection of the V5 construction
line and drawing V g from the tail of V 4 to the intersection of the V g4 construction line.

a0 o

~— Directionof Vg

R 167.000°
Vv,
X
0 5infsec
O T I
4. From the velocity triangle we have:
in
Vp:=V4 Vp=11250— 0p :=167-deg
sec
sec

5. Determine the angular velocity of links 3 and 4 using equation 6.7.

VB4
03 =— 03=0. 000Eg
b sec
VB d
04:= — w4 = 15.000 2%
[+ sec

6. Determine the magnitude of the vector V 4 using equation 6.7.

in
Vca = p-o3 Veq = 0.000i;

7. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is

V=V, 4+ Veu
Normally, we would draw the velocity triangle represented by this equation. However, since V¢ is zero,

Vo= ¥y Ve = 11.250;5:;

Oc:=06,p Oc = 167.000 deg
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4 PROBLEM 6-17b

Statement: The linkage in Figure P6-5c¢ has the dimensions and effective crank angle given below. Find w3,
04, V4, Vp, and V- for the position shown for @, = 15 rad/sec in the direction shown. Use the
instant center graphical method.

Given: Link lengths:
Link 2 (point of contact to A4) a:=0.75-in
Link 3 (4 to B) b:=15-in
Link 4 (point of contact to B) c:=0.75in
Link 1 (between contact points) d:=15-in
Coupler point:
Distance A to C p=12-in
Angle BAC 8 = 30-deg
Crank angle: 09 :=77-deg
Input crank angular velocity o7 :=15-rad-sec 1 ccw
Solution: See Figure P6-5¢ and Mathcad file P0617b.

1. Although the mechanism shown in Figure P6-5c¢ is not entirely pin-jointed, it can be analyzed for the position
shown by its effective pin-jointed fourbar, which is shown below. Draw the linkage to scale in the position
given, find the instant centers, distances from the pin joints to the instant centers and the angles that links 3 and
4 make with the x axis.

1.3 atinfinity 1.3 atinfinity

1,3 atinfinity 1,3 atinfinity
Since I, , is at infinity, link 3 is not rotating ( @3 := 0-rad -sec ! ). Thus, the velocity of every point on link 3 is
the same.
From the layout above:
04 := 77.000-deg 613 := 0.000-deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aaz Vy= 11.250;’?’;

Oy 4 =09 + 90-deg Oy4 = 167.0deg
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3. Determine the magnitude of the velocity at point B knowing that it is the same as that of point 4.
Vp= V4 Vg = 11250 =
sec
ByB =04 + 90-deg Byp = 167.000 deg

4. Use equation 6.9c to determine the angular velocity of link 4.

VB rad

W4:=— wg= 15— CcCw
c sec
5. Determine the magnitude of the velocity at point C knowing that it is the same as that of point 4.
Vo= Vy Vo= 11250 =

sec

Byc:= By4 Oyc = 167.000 deg
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&S PROBLEM 8-17c

SOLUTION MANUAL 6-17c-1

Statement: The linkage in Figure P6-5¢ has the dimensions and effective crank angle given below. Find o3,
04, V4, V3, and V- for the position shown for @, = 15 rad/sec in the direction shown. Use an
analytical method.

Given: Link lengths:

Link 2 (point of contact to 4) a:=0.75in
Link 3 (A4 to B) b:=15-in
Link 4 (point of contact to B) c:=0.75-in
Link 1 (between contact points) d:=15-in
Coupler point:
Distance 4 to C q:=12-in  Crank angle: 07 := 77-deg
Angle BAC 83:=30-deg  Input crank angular velocity w7 := 15-rad-sec !
Two argument inverse tangent atan2(x,y) .= freturn 0.5-7 if x=0A y>0)
return 1.5-7 if x=0A y<0)
return atan((f)) if x>0
atan((z)) + m otherwise
Solution: See Figure P6-5¢ and Mathcad file P0617c. x
1. Draw the linkage to scale and label it.

Y

Effective link 2

Effective link 4

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d d
Kj=— Ky=—
c
K; = 2.0000 Ky =2.0000
02 - b2 + c2 +
K3:= K3 = 1.0000
(2-a-c)

A= cos(ez) -Kj - Kz-cos(eg) + K3

B:=-2 -sin(e 2)
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C=Kj- (Kz + 1)-cos(62) + K3

A=-12250 B=-19487 C=2.3251
3. Use equation 4.10b to find values of 6, for the open circuit.

841 = 2-(atan 2-4,-B - JBZ - 4~A-C)) 04) = 437.000 deg

041 := 041 ~ 360-deg 041 = 77.000 deg

4. Determine the values of the constants needed for finding 8; from equations 4.11b and 4.12.

2 2 2 .2
d ¢ -d —a -b
Ky=- Ks:= D) K4 = 1.0000
Ks = -2.0000
D := cos(82) — K; + Ky-cos(82) + K5 = -3.5501
E := -2-5in(87) E = -1.9487
F:= K + (K4 - 1)-cos(82) + K5 F = 0.0000

5. Use equation 4.13 to find values of 6; for the open circuit.
03 := 2 atam 2.D,-E B - 4-D-F)) 031 = 360.000 deg
031 := 031 — 360-deg 031 = 0.000deg

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

ot e a'(ﬂz. s"‘(641 - 92) ® =0 000ﬂ
3= b sin(931 - 941) e %

oa a0y Si"(92_ 931) wa1 =15 OOOE
4= c sin(941 - 931) e e

7. Determine the velocity of points A and B for the open circuit using equations 6.19.
VA =ao 2-(—sin(92) +j -cos(ez))

VA = -10.962 + 2.531j i |Val = 11250 arg(Va) = 167.000 deg
sec sec

VB = c-(l)41~(—sin(941) +j-cos(941))

Vg = -10.962 + 2.531j i |ve| = 11.250 22 arg(Vp) = 167.000 deg
sec sec

8. Determine the velocity of the coupler point C for the open circuit using equations 6.36.
VA = Reg® 31-(—sin(931 + 83) + j-cos(931 + 63))

Vca = 0.000 =
sec

Vec:=Va+Vca
Ve =-10962 +2.531j—  |V¢| = 11250 — arg(Vc) = 167.000 deg
sec sec
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@S PROBLEM 6-18a

SOLUTION MANUAL 6-18a-1

Statement: The linkage in Figure P6-5f has the dimensions and coupler angle given below. Find @3, V4 Vp,
and V- for the position shown for V 4= 10 in/sec in the direction shown. Use the velocity

difference graphical method.

Given: Link lengths and angles:
Link 3 (4 to B) b:=1.8-in
Coupler angle 03 :=128-deg
Slider 4 angle 04 := 59-deg
Coupler point:
Distance A to C p:=144.in
Angle BAC b = 49.deg
Input slider velocity V4:= 10-in-sec !
Solution: See Figure P6-5f and Mathcad file P0618a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Y i

~— Direction of VB
/ 0 05 tin
; | J

Direction of VBA ™

Direction of VCA

2. The magnitude and sense of the velocity at point 4.

V4 = 10.000 — 05 = 180-deg
sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g4, and the angular velocity of link 3. The equation to be solved graphically is

V=V, 4+Vp,

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V4, draw a construction line with the direction of V g, magnitude unknown.

c. From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.

d. Complete the vector triangle by drawing V p, from the tip of V 4 to the intersection of the V 5 construction
line and drawing V  from the tail of V , to the intersection of the V g4 construction line.
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4.784

4. From the velocity triangle we have:

Velocity scale factor: ky:= S-m-..sec
n
Vg:= 3.438-in-k, Vg=17.190— Op := 59-deg
sec
Vg = 4.784-in-k, Vpd = 23.920 — OpA = 38-deg
sec

5. Determine the angular velocity of link 3 using equation 6.7.

VB4
©3 = —— 03 = -13289 7%
b sec

6. Determine the magnitude and sense of the vector V4 using equation 6.7.
Vea:= |p-os| Ve = 19.136 —
sec

8c4 = (128 — 49 — 90)-deg 8c4 = —11.000 deg

7. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved

graphically is
Ve=V4 4+ Vey
a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V ,, layout the (now) known vector V.
c. Complete the vector triangle by drawing V - from the tail of V 4 to the tip of the Vo, vector.

0 S infsec
A Y B B

b3



DESIGN OF MACHINERY SOLUTION MANUAL 6-18a-3
8. From the velocity triangle we have:

. -1
Velocity scale factor: ky = -5-—"1556'—-
in

Ve = 1.902-ink, Ve =9.510— B¢ = —22.572-deg
sec
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&S PROBLEM 6-18b

Statement: The linkage in Figure P6-5f has the dimensions and coupler angle given below. Find 03, V4, Vp,
and V. for the position shown for V ;= 10 in/sec in the direction shown. Use the instant center

graphical method.
Given: Link lengths and angles:
Link 3 (4 to B) b:=18-in
Coupler angle 03 := 128-deg
Slider 4 angle 04 := 59-deg
Coupler point:
Distance A to C p:=144.in
Angle BAC 8 = 49-deg
Input slider velocity V4:=10-in-sec !
Solution: See Figure P6-5f and Mathcad file P0618b.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.
24 atinfirity
1,4 at inficity ~

1,2 at infinity

From the layout above:
All13 := 0.753:in BI13:=1.293-in Cli3 :=0.716-in Oc = 67428-deg

2. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=13280"%%  cw
All3 sec

3. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.

Vp:=Bli3-03 in
Vp=1717—

e
Oyp:=04 Oyp = 59.000 deg
4. Determine the magnitude of the velocity at point C using equation 6.9b. Determine its direction by inspection.

Vo= Cli3-03 Ve = 9.509—
sec

Oyc = 6¢c — 90-deg Oyc = -22.572 deg
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&S PROBLEM 6-18¢

Statement: The linkage in Figure P6-5f has the dimensions and coupler angle given below. Find w3, V4, Vg,
and V- for the position shown for V ;= 10 in/sec in the direction shown. Use an analytical method.

Given: Link lengths and angles:
Link 3 (4 to B) b:=18-in
Coupler angle 03 := 128-deg
Slider 4 angle 04 := 59-deg
Coupler point:
Distance 4 to C Req = 1.44-in
Angle BAC 83 := —49-deg
Input slider velocity V4:=-10-in-sec !
Solution: See Figure P6-5f and Mathcad file P0618c.

1. Draw the mechanism to scale and define a vector loop using the fourbar slider-crank derivation in Section 6.7 as
a model.

2. Write the vector loop equation, differentiate it, expand the result and separate into real and imaginary parts to
solve for ®; and V5.

R; + R3 =R’
where a is the distance from the origin to point 4, a variable; b is the distance from 4 to B, a constant; and ¢ is

the distance from the origin to point B, a variable. Angle 0, is zero, 85 is the angle that 4B makes with the x axis,
and 0, is the constant angle that slider 4 makes with the x axis. Differentiating,

d ) 783 (4 70
—a + j-b-oze =|=c |e
dt dt

Substituting the Euler equivalents,



DESIGN OF MACHINERY SOLUTION MANUAL 6-18c-2

D g+ oy (-sinfos) + seos05) = (ic).(cos(e‘,) + j-sin0s)

Separating into real and imaginary components and solving for ®; and V5. Note that dc/dt = Vg and da/dt =V ,

Vxtar(0d) 03=-13288 7%

37 b-(sin(e 3)-tan(94) + cos(e 3)) sec

Vq- b-m3-sin(93)

(0]

in
Vpi= —— o Vp=17.180—
Vg := Vg(cos(04) + j-si(64)) arg(Vp) = 59.000 deg

3. Determine the velocity of the coupler point C using equations 6.36.

VCA = Reg-03(~sir(83 + 83) + j-cos(83 + §3))

Vca = 18.783 — 3.651j —
sec

Va=Vy

Vc:=Va+Vca

VC = 8.783 - 3.651j — [Vc| = 9.512—= arg(Vc) = —22.572 deg
sec sec
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& PROBLEM 6-19

Statement: The cam-follower in Figure P6-5d has 04 = 0.853 in. Find V4, V45, and V g, for the position
shown with @, = 20 rad/sec in the direction (CCW) shown.

Given: 02:=20radsec | OA a=0853in

Assumptions: Rolling contact (no sliding)
Solution: See Figure P6-5d and Mathcad file P0619.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest.

Direction of VA

Direction of V4
VI I I ISP

v Vs

Aus of slip

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=aos Vy= 17.060;;%

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point A. The equation
to be solved graphically is

VA = Vtram + Vslip

a. Choose a convenient velocity scale and layout the
known vector V 4.

b. From the tip of V 4, draw a construction line with the
direction of V y;,, magnitude unknown.

c. From the tail of V 4, draw a construction line with the
direction of V,4,,;, magnitude unknown.

d. Complete the vector triangle by drawing V ,,, from
the tip of V,,,, to the tip of V , and drawing V ,,,,; from
the tail of V 4 to the intersection of the Vy;, construction
line.

4. From the velocity triangle we have:

. -1 .
Velocity scale factor: fyoo 2IRSEC i 0.768-ink, Verans = 7.680 ——
in sec
. in . in
Vstip := 1.523-in-ky, Vstip = 15.230 — V4:=0.870-in-k, V4= 8.700—

sec sec
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@S PROBLEM 6-20

Statement: The cam-follower in Figure P6-5¢ has O2A = 0.980 in and O3A = 1.344 in. Find @3, Vgns, and Vg,
for the position shown with @, = 10 rad/sec in the direction (CW) shown.

Given: 02:= 10rad-sec ! Distance from O2 toAd: a:=0.980in
Distance from O;to 4:  b:= 1.344in

Assumptions: Roll-slide contact

Solution: See Figure P6-5¢ and Mathcad file P0620.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest.

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vg=aos Vq= 9.800;’—::

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point A. The equation
to be solved graphically is

V2= Vst V20
Choose a convenient velocity scale and layout the known vector V .
From the tip of V 4, draw a construction line with the direction of V ;,, magnitude unknown.
From the tail of V 4, draw a construction line with the direction of V ,,,,, magnitude unknown.

Complete the vector triangle by drawing V g, from the tip of V 4y, to the tip of V 4 and drawing V ,,,,,; from

a
b.
c.
d
the tail of V 4 to the intersection of the V;, construction line.

(See next page.)



DESIGN OF MACHINERY SOLUTION MANUAL 6-20-2

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky = M
in
. in
Vazsiip = 1.134-in-ky Va2stip = 5.670—
sec
. in
Virans = 1.599-in-k, Virans = 7.995 —
sec
. in
Va3siip = 2.048-in-ky Va3siip = 10240 —
sec
in
V43:=2.598.in-k, V43 = 12990 —
sec

5. Determine the angular velocity of link 3 using equation 6.7.

Va3 d
03i=—= 03 =9.665 2 cCcwW
sec

6. The relative slip velocity is

in
Vstip = Va3sitip — VA2stip Vsiip = 4.570 o
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&S PROBLEM 6-21a

Statement: The linkage in Figure P6-6b has L1 =61.9, L, =15, L3 =45.8, L, = 18.1, Ls =23.1 mm. 0, is 68.3 d
in the xy coordinate system, which is at -23.3 deg in the XY coordinate system. The X component
of 0,C is 59.2 mm. Find, for the position shown, the velocity ratio V5 ¢/V, 5 and the mechanical
advantage from link 2 to link 6. Use the velocity difference graphical method.

Given: Link lengths:
Link 1 d:=619-mm Link 2 a:=15.0-mm
Link 3 b:=458-mm Link 4 c:=18.1-mm
Link 5 e:=23.1-mm Offset f:=592-mm fromO,
Crank angle: 0 := 45.deg  Global XY system
Coordinate rotation angle o = -23.3-deg Global XY system to local xy system
Solution: See Figure P6-6b and Mathcad file P0621a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

/ Direction of VA

-~ Direction of VC

Direction of VB
2. Choose an arbitrary value for the magnitude of the velocity at /; 3 (point 4). Let link 2 rotate CCW.

Ve=10202 Oy = 45-deg + 90-deg Byc = 135.000 deg
sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity Vg, and the angular velocity of link 3. The equation to be solved graphically is

Vp=V,+Vpy

Choose a convenient velocity scale and layout the known vector V 4.
From the tip of V ,, draw a construction line with the direction of V g, magnitude unknown.
From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.

Complete the vector triangle by drawing V g4 from the tip of V 4 to the intersection of the V  construction
line and drawing V g from the tail of V 4 to the intersection of the V 4 construction line.

a.
b.
c.
d.

(See next page.)
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/\ D VA Y

0 S mm/sec
/\ I I I N
2.053

4. From the velocity triangle we have:

-1
Velocity scale factor: ky = S—mzt-ie—c—-
in
) mm
V= 2248 ink, vp=112"2 6vg = (360 — 167.558)-deg
sec

5. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is

Vc=Vg+Vcp

a. Choose a convenient velocity scale and layout the (now) known vector V.

b. From the tip of V 5, draw a construction line with the direction of V-5, magnitude unknown.
¢. From the tail of V g, draw a construction line with the direction of V-, magnitude unknown.
d.

Complete the vector triangle by drawing V -5 from the tip of V g to the intersection of the V- construction
line and drawing V- from the tail of V3 to the intersection of the V-5 construction line.

6. From the velocity triangle we have:

-1
Velocity scale factor: ky = M
in

Ve = 1.128-ink, Ve=5622% Oyc = 270-deg
sec
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Ve
7. TheratioV [/V is — =0.564
56 R3 V4

8. Use equations 6.12 and 6.13 to derive an expression for the mechanical advantage for this linkage where the
input is a rotating crank and the output is a slider.

Pout Pout
Fout = =
Vout Ve
F Pout V4 V4
my= 2 08 L my = — myg=1.773
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&S PROBLEM 6-21b

Statement: The linkage in Figure P6-6b has L1 =61.9, L, =15, L3 =45.8, L, =18.1, L; =23.1 mm. 6, is 68.3d
in the xy coordinate system, which is at -23.3 deg in the XY coordinate system. The X component
of 0,C is 59.2 mm. Find, for the position shown, the velocity ratio ¥ ¢/Vp, 3 and the mechanical
advantage from link 2 to link 6. Use the instant center graphical method.

Given: Link lengths:
Link 1 d :=61.9-mm Link 2 a:=15.0-mm
Link 3 b.=458-mm Link 4 c:=18.1-mm
Link 5 e:=23.1-mm Offset f=592-mm fromO,
Crank angle: 07 :=45-deg  Global XY system
Coordinate rotation angle a := —23.3-deg Global XY system to local xy system
Solution: See Figure P6-6b and Mathcad file P0621b.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

1.

N
/! /3 wam

v

Ll

From the layout:
All3 = 44.594-mm BI13 :=50.121-mm BI15:=22.683-mm CI15:=11.377-mm
2. Choose an arbitrary value for the magnitude of the velocity at /; 3 (point 4). Let link 2 rotate CCW.

ve=10"22 Oyc =07 + 90-deg 8yc = 135.000 deg
sec

3. Determine the angular velocity of link 3 using equation 6.9a.

Va
03 = —— ®3 —02247 cw
All3 sec
4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.
Vg:= Bll3-03 vg=1123922
sec

5. Determine the angular velocity of link 5 using equation 6.9a.

VB d
s = — 05 = 0.49516"— cw
BI15 sec
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6. Determine the magnitude of the velocity at point C using equation 6.9b. Determine its direction by inspection.

Vo= Cll5-0s Vo=563722  downward
sec

Ve
7. TheratioV /V is — =0.56
56 R3 V4

8. Use equations 6.12 and 6.13 to derive an expression for the mechanical advantage for this linkage where the
input is a rotating crank and the output is a slider.

Pout Pout
Fout = =
Vout Ve
Fout  Pour V4 Va
my= e = my = myg =177
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&S PROBLEM 6-22a

Statement: The linkage in Figure P6-6d has L, = 15, L3 =40.9, Ls = 44.7 mm. 0, is 24.2 deg in the XY coordinat
system. Find, for the position shown, the velocity ratio V5 ¢/Vp, 3 and the mechanical advantage
from link 2 to link 6. Use the velocity difference graphical method.

Given: Link lengths:
Link 2 a:=15.0-mm Link 3 b:=40.9-mm
Link 5 c:=44.7-mm Offset f:=0-mm from O,

Crank angle: 02 :=24.2-deg
Solution: See Figure P6-6d and Mathcad file P0622a.
1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

2. Choose an arbitrary value for the magnitude of the velocity at ) 3 (point 4). Let link 2 rotate CCW.

V=102 Byc =07 + 90-deg By = 114200 deg
sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g4, and the angular velocity of link 3. The equation to be solved graphically is

V=V, 4+Vpy

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V g4, magnitude unknown.
c. From the tail of V,, draw a construction line with the direction of V g, magnitude unknown.
d

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V g from the tail of V 4 to the intersection of the V p, construction line.

/ Y
0 5 mmisec
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4. From the velocity triangle we have:

Velocity scale factor: ky = -
in

vg=5422

Vg :=1.073-in-ky,
sec

VB
5. TheratioV /V is — =0.54
56 R3 V4

-1
5-mm-sec

SOLUTION MANUAL 6-22a-2

Byp = 180-deg

6. Use equations 6.12 and 6.13 to derive an expression for the mechanical advantage for this linkage where the

input is a rotating crank and the output is a slider.

Pour _ Pout
Fout = =
Vout VB
Foutr  Pour V4 V4
my= = — my = —

Fin. VB Pin Ve

my =186
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&S PROBLEM 6-22b

Statement: The linkage in Figure P6-6d has L, = 15, L3 =40.9, Ls =44.7 mm. 0, is 24.2 deg in the XY coordinat
system. Find, for the position shown, the velocity ratio V5 ¢/¥p, 3 and the mechanical advantage
from link 2 to link 6. Use the instant center graphical method.

Given: Link lengths:
Link 2 a:=15.0-mm Link 3 b:=40.9-mm
Link 5 c:=44.7-mm Offset f=0-mm from O,

Crank angle: 07 :=24.2.deg

Solution: See Figure P6-6d and Mathcad file P0622b.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

48.561 /\ 15 4—{
26075

—

From the layout:

All5 := 48.561-mm  BI15 := 26.075-mm
2. Choose an arbitrary value for the magnitude of the velocity at b, 3 (point 4). Let link 2 rotate CCW.

Vy=1022 Oyc =0, + 90-deg By = 114.200 deg
sec

3. Determine the angular velocity of link 3 using equation 6.9a.
Va d
05 = — 05 =0206—=  CW
AllS sec
4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.

Vg:=Bll5-05  Vg=53T02=  totheleft
sec

VB
5. TheratioV /V is — =0.54
56 R3 V4

6. Use equations 6.12 and 6.13 to derive an expression for the mechanical advantage for this linkage where the
input is a rotating crank and the output is a slider.

Tin P in P in P out P, out
Fip=—=s——=— Fout = s —
Tin  TipQin V4 Vout Ve
Fout  Pour V4 V4
my= = — my=— my=1.86
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&S PROBLEM 6-23

Statement: Generate and draw the fixed and moving centrodes of links 1 and 3 for the linkage in Figure P6-7a.
Solution: See Figure P6-7a and Mathcad file P0623.

1. Draw the linkage to scale, find the instant center /; 3, and repeat for several positions of the linkage. The locus
of points /; 5 is the fixed centrode.

v v v X O '
Vi &S o Ny AN - /
v SE AT <
N R TP NN ~ 3 &)
Vol s o] e \ Z
\ / <> N S !
\I/,//’//\*)Q/\\ NN )
ity S PR >N
/ ~ P NS !
WA T T TR / XED CENTRODE
//////, Q‘}\\\ FIXED
W, ~ /
®” ©
v e

2. Invert the linkage, grounding link 3. Draw the linkage to scale, find the instant center /; 3, and repeat for several
positions of the linkage. The locus of points /, ; is the moving centrode. (See next page.)
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&S PROBLEM 6-24

Statement: The linkage in Figure P6-8a has the dimensions and crank angle given below. Findws V4, and Vp
for the position shown for ®, = 15 rad/sec clockwise (CW). Use the velocity difference graphical

method.
Given: Link lengths:
Link 2 (O, to 4) a:=116-mm
Link 3 (4 to B) b := 108-mm
Link 4 (B to Oy) ¢:= 110-mm
Link 1 (O, to Oy) d:=174-mm
Crank angle: 85 :=37-deg Global XY system
Input crank angular velocity @7 := 15-7ad-sec
Coordinate rotation angle o = —25-deg  Global XY system to local xy system
Solution: See Figure P6-8a and Mathcad file P0624.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

V= ao; V4= 1740.0 -E'ei:— 64 := 37-deg — 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity Vg, and the angular velocity of link 3. The equation to be solved graphically is

Vp=V,+Vpy

Choose a convenient velocity scale and layout the known vector V 4.
From the tip of V ,, draw a construction line with the direction of V g, magnitude unknown.
From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.

Complete the vector triangle by drawing V g from the tip of V 4 to the intersection of the V g construction
ine and drawing V g from the tail of V 4 to the intersection of the V 5, construction line.

a0 op

—
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/Z/\:jga’/\“/ / 11\2.319°
-

4. From the velocity triangle we have:

-1
Velocity scale factor: ky = M
in

Vg := 0.952-in-ky Vg = 952022 0p:= —112.319-deg
sec
Vg4 = 1.498-in-ky Vga = 1498.0 22
sec

5. Determine the angular velocity of link 3 using equation 6.7.

-VB4
03 =— co3=-—13.87r-‘£
b sec

6. Determine the angular velocity of link 4 using equation 6.7.

VB
04:= — 04 = 8655752
c sec



DESIGN OF MACHINERY SOLUTION MANUAL 6-25-1

&S PROBLEM 6-25

Statement: The linkage in Figure P6-8a has the dimensions and crank angle given below. Findwgs V4, and Vg
for the position shown for @, = 15 rad/sec clockwise (CW). Use the instant center graphical

method.
Given: Link lengths:
Link 2 (O, to 4) a:=116-mm
Link 3 (4 to B) b :=108-mm
Link 4 (Bto Oy) c:=110-mm
Link 1 (O to Oy) d :=174-mm
Crank angle: 05 :=37-deg  Global XY system
Input crank angular velocity 7 := 15-rad-sec !
Coordinate rotation angle o := —25.-deg  Global XY system to local xy system
Solution: See Figure P6-8a and Mathcad file P0625.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

X

- 157.681°

From the layout above:

All3 := 125.463-mm BI13 := 68.638-mm 04 := 157.681 -deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aor V4 = 1740.0 ;"ie'cf

Oy 4 =02 — 90-deg Oy 4 = —53.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03 = 138697°¢  cw
All3 sec
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4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.

Vg:= Bll3-03 vp=951915 22
sec

Oyp = 04 + 90-deg Oyp = 247.681 deg
5. Use equation 6.9c to determine the angular velocity of link 4.

v
0g:= — 0q=86547%%  cow
(4 sec
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&S PROBLEM 6-26

SOLUTION MANUAL 6-26-1

The linkage in Figure P6-8a has the dimensions and crank angle given below. Find w4 V4, and Vg

for the position shown for ®, = 15 rad/sec clockwise (CW). Use an analytical method.

Statement:
Given: Link lengths:
Link 2 (O, to 4) a:=116-mm
Link 3 (4 to B) b:=108-mm
Link 4 (Bto Oy4) c:=110-mm
Link 1 (O3 t0 Oy) d:=174-mm
Crank angle: 09 := 62-deg
Input crank angular velocity 3 := —15-rad-sec !
Two argument inverse tangent atan2(x,y) :=
Solution: See Figure P6-8a and Mathcad file P0626.

1. Draw the linkage to scale and label it.

Global XY system
Cw

return 0.5-7 if (x=0A y>0)
return 1.5-7 if x=0A y<0)

return atan((!-)) ifx>0
x
atan((-}—)D + 7 otherwise
x

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj=—

a
K; = 1.5000

a2 - b2 + c2 + a’2
(2-a-c)

K3:=

d

Kyi=—
c

K7 = 15818

K3 =1.7307

A= cos(Bz) -Kj - Kz-cos(ez) + K3

B:=-2-sin(02)
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C=K;- (Kz + 1)-cos(92) + K3

A=-00424 B=-17659 C=20186
3. Use equation 4.10b to find values of 8, for the crossed circuit.

042:= 2-(atan2(2-A,—B + JBZ - 4-A-C)) 04y = 182.681 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 .2
-d -da"-b
k=2 k5= =9 —a Kg=16111
b (2-a-b)

Ks = -1.7280
D = cos(82) — K1 + Ky-cos(62) + K5 D = -2.0021
E:= -2-5in(8) E = -1.7659
F:=Kj +(Kq- 1)-cos(82) + K5 F = 0.0589

5. Use equation 4.13 to find values of 8; for the crossed circuit.

03p:= 2-(atan 2D, E+yE - 4-D-F)) 837 = 275.133 deg

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

0y sif@43 -0
0= o2, sf"( 2-0) 032 = ~13.869 74
b sm(632 - 642) sec
_ @ Si"(92 - e32) _ rad
®42 = . .sit(942 — 632) 04 = 8.654 o

7. Determine the velocity of points A and B for the crossed circuit using equations 6.19.
Vq= a-mz-(—sin(ez) + j-cos(ez))

V4= 1536329 - 816.881j—— |V, = 1740.000— arg(V.4) = ~28.000 deg
sec sec

V= c-0a2-(-sin(82) + jocos(842))

Vg = 44.524 — 950.875] | V] = 951917 = arg(Vp) = —87.319deg
sec sec



DESIGN OF MACHINERY SOLUTION MANUAL 6-27-1

&S PROBLEM 6-27

Statement: The linkage in Figure P6-8a has the dimensions given below. Find and plot m4, V 4, and Vz in the
local coordinate system for the maximum range of motion that this linkage allows if @, = 15 rad/sec

clockwise (CW).
Given: Link lengths:
Link 2 (O, t0 4) a:=116-mm Link 3 (4 to B) b= 108-mm
Link 4 (Bto Oy) c:=110-mm Link 1 (O to Oy) d:=174-mm

Input crank angular velocity 5 := —15-rad-sec ! Cw
Two argument inverse tangent  atan2(x,y) := [return 0.5-7 if (x=0A y>0)
return 1.5-w if x=0A y<0)

return atan((!-)) if x>0
x

atan((—z)) + @ otherwise
Solution: See Figure P6-8a and Mathcad fil x
1. Draw the linkage to scale and label it.

2. Determine the range of motion for this non-Grashof triple rocker using equations 4.33.

@2+ @ - =@ b

argj] = + arg) = 1.083
&l 2-a-d) (@d) &1
2 2 2 2
argy= G2 ) -l b arg) = ~0.094
(2-a-d) (a-d)
O2r0ggle = acos(ar g2) O210ggle = 954 deg

The other toggle angle is the negative of this. Thus,

02 := —O210ggle,~O2t0ggle + 1-deg.. O2toggle
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3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

K;:= 4 K= 4
a [+
K} = 1.5000 K2 = 1.5818
2 2 2
iy 4
K3=2 te s K3 = 17307
(2-a-¢)

A(Bz) = cos(ez) - Kj— Kz-cos(ez) + K3

B(82) := ~2-5in(87)
c(ez) =Kj7 - (Kz + 1)-cos((~)2) + K3

4. Use equation 4.10b to find values of 0, for the crossed circuit.

0.42(02) = 2| atand 2.4(02).-5(62) + {(3(62))" - +A(@2)-(63) ]

5. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.

2 2 2 2
k=2 ks S =4 —a b K4= 16111
b (2-a-b)

K5 =-1.7280
D(Bz) = cos(Bz) -Kj+ K4-cos(92) + K35

E(82) := ~2-5in(02)
F(82) := K1 + (K4 — 1)-cos(82) + K5
6. Use equation 4.13 to find values of 0 for the crossed circuit.

032(02) = 2 atand 2D(0:).-8(e2) + J(H02))” - D(02)F(02) ]

7. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

a0y sin{042(62) - 02)
b sin(e 32(92) - 942(92))

a0y Sin(92 - 932(92))

037):= .
oal0) == o o) - enled)
8. Determine the velocity of points 4 and B for the crossed circuit using equations 6.19.

VA(G 2) =ao 2-(—sir(6 2) + j-cos(a 2))

VAx(Oz) = Re( VA(Oz)) VA}(GZ) = Im(VA(Bz))
Vg(ﬂz) = C-(o42(92)~(—3ir{942(9 2)) + j-cos(942(92)))
Va«(02) = Re(V5(02)) Vay(02) := Im(V5(02))

® 32(6 2) =




DESIGN OF MACHINERY

SOLUTION MANUAL 6-27-3

9. Plot the angular velocity of the output link, ®,, and the x and y components of the velocities at points 4 and B.

-ANGULAR VELOCITY OF LINK 4

60
20 /\\
:§ 0 A~
§ 42\V2 rad =20 P
- /
E w0
g |
-60
—80
=100
=100 =75 =50 —25 0 25 50 75 100
0
deg
Crank Angle, deg.
VELOCITY COMPONENTS, POINT A
2000
/
1000 //
§ V (9 ) sec
§ A\Y2 -
a7 s
3 sec 0 AN 7
Sl
'§ ————— \\ I,
) ~ ’
~ N ’
0w \\//
__// T __'__,/’
200000 15 -0 25 0 25 50 75 100
02
de

Crank Angle, deg
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VELOCITY COMPONENTS, POINT B

4000 [
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25 PROBLEM 6-28

Statement: The linkage in Figure P6-8b has the dimensions and crank angle given below. Findwg, V4, and Vg
for the position shown for @, = 20 rad/sec counterclockwise (CCW). Use the velocity difference

graphical method.
Given: Link lengths:
Link 2 (O, to 4) a:=40-mm
Link 3 (4 to B) b :=96-mm
Link 4 (B to Oy) c:=122-mm
Link 1 (O to Oy) d = 162-mm
Crank angle: 03 := 57-deg GlolbalXY system
Input crank angular velocity ©2:=20-rad-sec
Coordinate rotation angle a := -36.deg  Global XY system to local xy system
Solution: See Figure P6-8b and Mathcad file P0628.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VBA

/ Direction of VB

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=ao; ¥4 = 800.000 %’E 64:= 02 + 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g, and the angular velocity of link 3. The equation to be solved graphically is

Vp=V,+Vp,

Choose a convenient velocity scale and layout the known vector V4.
From the tip of V ,, draw a construction line with the direction of V 5,, magnitude unknown.
From the tail of V ,, draw a construction line with the direction of V5, magnitude unknown.

Complete the vector triangle by drawing V 4 from the tip of V 4 to the intersection of the V  construction
line and drawing V p from the tail of V 4 to the intersection of the V 54 construction line.

a0 o
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4. From the velocity triangle we have:

400-mm-sec !

Velocity scale factor: ky:= :
in
. mm
Vp:= 1.790-in-k, Vg =716.0— 0p := 186.406-deg
sec
Vg4 = 1.293-in-ky Vg = 517222
sec

5. Determine the angular velocity of link 3 using equation 6.7.

VB4
03 :=—b—' ®3 =5.387-’3‘—1-
sec

6. Determine the angular velocity of link 4 using equation 6.7.

VB
04:= — 04 = 5869794
o4 sec
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&S PROBLEM 6-29

Statement: The linkage in Figure P6-8b has the dimensions and crank angle given below. Findw,, V4, and Vg
for the position shown for @, = 20 rad/sec counterclockwise (CCW). Use the instant center

graphical method.
Given: Link lengths:
Link 2 (O, to 4) a:= 40-mm
Link 3 (4 to B) b = 96-mm
Link 4 (B to O;) ¢:=122-mm
Link 1 (0410 0y) d = 162-mm
Crank angle: 09 := 57-deg G_lo]bal XY system
Input crank angular velocity @3 := 20-rad-sec
Coordinate rotation angle o := -36-deg  Global XY system to local xy system
Solution: See Figure P6-8b and Mathcad file P0629.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

From the layout above:
All3 .= 148.700-mm BI13 :=133.192-mm 04 := 96.406-deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aor Vy= soo.o;"';'s

Oy 4 := 07 + 90-deg Oyq = 147.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=5380"%  cw
All3 sec
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4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.

Vg:= BII3(03 VB= 716.621ﬂ
sec

Oyp =04 + 90-deg Oyp = 186.406 deg

5. Use equation 6.9c to determine the angular velocity of link 4.

v
0g:= — 0s=58747%  cow
[+ sec
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&S PROBLEM 6-30

Statement: The linkage in Figure P6-8b has the dimensions and crank angle given below. Find oy, V4, and Vg
for the position shown for ©, = 20 rad/sec counterclockwise (CCW). Use an analytical method.

Given: Link lengths:

Link 2 (O, 1o 4) a:=40-mm
Link 3 (4 to B) b= 96-mm
Link 4 (B to 05) ¢ = 122:mm
Link 1 (05 t0 O5) d :=162-mm
Crank angle: 091 := 57-deg Global XY system
Input crank angular velocity o7 = 20-rad-sec 1
Coordinate rotation angle o := —36-deg  Global XY system to local xy system

Two argument inverse tangent atan2(x,y) = |return 0.5-%x if x=0A y>0)
return 1.5-7 if x=0nA y<0)

return atan((z)) if x>0
x
atan((z)) + 7 otherwise
x

Solution: See Figure P6-8b and Mathcad file P0630.
1. Draw the linkage to scale and label it.

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

K} = g KZ = i
a c
Kj =4.0500 Ky =1.3279
2 2. 2 2
K3:= a b +c +d K3 = 3.4336 02:=02] -«
(2-a-¢)

A= cos(ez) -K; - Kg-cos(ez) + K3
B:= -2-sin(9 2)

C:=Kj- (Kg + 1)-cos(92) + K3
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A=-05992 B=-19973 C=7.6054
3. Use equation 4.10b to find values of 8, for the open circuit.

04:= 2'(01'011 2-4,-B - J 82 - 4-A-C)) -2 04 = 132.386 deg

4, Determine the values of the constants needed for finding 6; from equations 4.11b and 4.12.

2 2 2 2

d -d" ~a -b
Ky=Z Ks:=< 2 Ky = 1.6875

b (2-a-b)

Ks=-2.8875

D = cos(87) — K1 + Ky-cos(62) + K D =-7.0782
E = -2-5in(87) E=-19973
F:=K; + (Kg - 1)-cos(02) + K5 F = 1.1265

5. Use equation 4.13 to find values of 0, for the open circuit.

03:= 2~(atan 2.D,-E - JEZ - 4-D-F)) -2z 63 = 31.504 deg

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

on a~a)2.siﬂ(94 - 92) ®3=-5 3852‘1
377 sin(63 - 94) T e

o i a0y sin(Bz - 93) o4=35 868—r£
4= sin(94 - 93) T e

7. Determine the velocity of points A and B for the open circuit using equations 6.19.
Vqi=ao 2-(—31‘7»((-)2) + j-cos(ez))

V4= -798.904 — 41.869j mn |V4| = 800.000 22 arg(V4) = —177.000 deg
sec sec

V= c-0)4-(—sir(94) +j -cos(G4))

Vg = —528.774 — 482.608j — |Ve| = 715.900 22 arg(Vp) = -137.614 deg

sec sec
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&S PROBLEM 6-31

SOLUTION MANUAL 6-31-1

Statement: The linkage in Figure P6-8b has the dimensions and crank angle given below. Find and plot @4,
V,, and V g in the local coordinate system for the maximum range of motion that this linkage allows
if ®, = 20 rad/sec counterclockwise (CCW).

Given: Link lengths:

Link 2 (0 to 4) a = 40-mm
Link 3 (4 to B) b= 96-mm
Link 4 (B to O,) ¢:=122-mm
Link 1 (05 to O5) d =162-mm
Input crank angular velocity ®©7 = 20-rad-sec” ' cow
Two argument inverse tangent atan2(x,y) := freturn 0.5-7r if (x=0A y>0)
return 1.5 if x=0A y<0)
return atan((%)) ifx>0
atan((f)) + & otherwise
Solution: See Figure P6-8b and Mathcad file P0631.

1. Draw the linkage to scale and label it.

2. Determine Grashof condition.

Condition(S ,L,P,Q) ==

Condition(a,d ,b,c) = "Grashof"

SL«—S+L

PO« P+ Q

return “Grashof" if SL < PQ

return "Special Grashof' if SL = PQ

otherwise

return "non-Grashof"

Crank-rocker

07 := 0-deg, 1-deg.. 360-deg

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.
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d d
Kp:=— Ky=—
a C
K = 4.0500 Kz=13279
3 2 2
K= d b e v K3 = 3.4336

(2-a-c)
A(Gz) = cos(ez) -Kj - Kz-cqs(ﬁz) + K3
B(Gz) = —2-sin(92)

C(Bz) =Kj - (Kg + 1)-00.5'(92) + K3

. Use equation 4.10b to find values of 6, for the open circuit.

04(02) = 2] atand 2.4(02),-5(02) - {(B(02))" - +4(02)(02) ]

. Determine the values of the constants needed for finding 05 from equations 4.11b and 4.12.

_ c2 - d2 - 02 - b2
(2-a-b)

d
Ky:= ; Ks: Ky =1.6875

K5 = -2.8875
D(Gz) = cos(eg) -Kr+ K4-cos(62) + K5

B(82) := 2-5in(87)

F(92) =K;+ (K4 - 1)-cos(92) + K5

. Use equation 4.13 to find values of 05 for the open circuit.

03(02) = 2| atand 2.0(63),-#(03) - {(&02))” - +-D(o2) F(62) |

. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

0(02) = awy sif04(02) - 62)

b sinf93(02) - 04(62))

awy sin02 - 03(62))

04(02) = ¢ sif04(62) - 03(62))

. Determine the velocity of points B and C for the open circuit using equations 6.19.

VA(92) = a-(oz-(—sin(ez) +j-cos(62))

Vax(62) = Re(Va(62)) Va{62) = Im(VA(62))
VB(82) := c-04(02)-(~sin(8.4(82)) + j-cos(64(62)))
Vex(02) = Re(VB(62)) v8y(62) := Im(Vi(62))

. Plot the angular velocity of the output link, o, and the magnitudes of the velocities at points B and C.
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&S PROBLEM 6-32

Statement: The offset slider-crank linkage in Figure P6-8f has the dimensions and crank angle given below.
Find V4, and Vp for the position shown if ©w; =25 rad/sec CW. Use the velocity difference

graphical method.
Given: Link lengths:
Link 2 a:=63-mm
Link 3 b:=130-mm
Offset ¢:=-~52-mm
Crank angle: 07 :=5l-deg

Input crank angular velocity @7 :=25-rad-sec ! Ccw

Solution: See Figure P6-8f and Mathcad file P0632.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VB
£

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=a0) V4=15750 ;—'Z-:— 0,4 := 51-deg — 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B. The equation to be solved
graphically is

V=V, +Vp,

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V 5,4, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.
d

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V  from the tail of V 4 to the intersection of the V g, construction line.
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0 1000 mmisec

4. From the velocity triangle we have:

-1
Velocity scale factor: ky = M
n

Vg = 2.208-in-ky Vg = 2208 22 0p := 270-deg
sec
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&S PROBLEM 6-33

Statement:

Given:

Solution:

The offset slider-crank linkage in Figure P6-8f has the dimensions and crank angle given below.
Find V4, and V for the position shown for m, = 25 rad/sec CW. Use the instant center graphical
method.

Link lengths:
Link 2 a:= 63-mm
Link 3 b :=130-mm
Offset c:=-52-mm
Crank angle: 02 :=51.deg

Input crank angular velocity w7 =25-rad-sec T ew

See Figure P6-8f and Mathcad file P0633.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

1“—-—‘166.309
4 ] 7
E{q"/ """"""""""""""""""" 7

From the layout above:

All3 :=118.639-mm BI13 :=166.309-mm

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point

A.

V4= aw Vy=1575.0"2
sec
Oy4 := 02 — 90-deg G4 = -39.0deg

Determine the angular velocity of link 3 using equation 6.9a.
Va rad

03 =—" o3 =13276 — CCwW
All3 sec

Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by
inspection.
mm
Vp:= BlI3-03 Vg =22078—
sec
Oyp = 270-deg
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&S PROBLEM 6-34

Statement: The offset slider-crank linkage in Figure P6-8f has the dimensions and crank angle given below.
Find V,, and V for the position shown for @, =25 rad/sec CW. Use an analytical method.

Given: Link lengths:
Link 2 a:=63-mm
Link 3 b:=130-mm
Offset c:=-52-mm
Crank angle: 09 := 141-deg Local xy coordinate system

Input crank angular velocity @9 := —25-rad-sec !

Solution: See Figure P6-8f and Mathcad file P0634.

1. Draw the linkage to a convenient scale.

2. Determine 0, and d using equations 4.16 for the crossed circuit.

03:= asin(ﬂiz—%)--—c) 03 = 44.828deg
d = a-cos(8) — b-cos(83) d = ~141.160 mm
3. Determine the angular velocity of link 3 using equation 6.22a:
03 = %-zzgzj-mz w3 = 13.276%1-
4. Determine the velocity of pin A4 using equation 6.23a:
V= a-mz-(-—sin(ez) + j-cos(ez))
V4 = 991.180 + 1224.005i — V4| = 1575.000=—= arg(V4) = 51.000 deg
sec sec

In the global coordinate system, Oy4q = arg( VA) — 90-deg By 4 = -39.000 deg
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5. Determine the velocity of pin B using equation 6.22b:

V= —a-02-5i(02) + b-03-5in(03) Vp = 2207.849 22
sec

VB:=Vp

In the global coordinate system, 6vB = arg(Vp) - 90-deg Oyp = —90.000 deg
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&S PROBLEM 6-35

Statement: The offset slider-crank linkage in Figure P6-8f has the dimensions and crank angle given
below. Find and plot V 4, and Vg in the global coordinate system for the maximum range of
motion that this linkage allows if o, = 25 rad/sec CW.

Given: Link lengths:
Link 2 a:= 63-mm Offset c:=-52-mm
Link 3 b:=130-mm

Input crank angular velocity @, = —25-rad-sec :
Solution: See Figure P6-8f and Mathcad file P0635.
1. Draw the linkage to a convenient scale. The coordinate rotation angle is o := -90-deg

2. Determine the range of motion for this slider-crank linkage.
09 := 0-deg,2-deg.. 360-deg

3. Determine 0 using equations 4.16 for the crossed circuit.

03(62) := asin(ﬂz—z-)—:—c-J

4. Determine the angular velocity of link 3 using equation 6.22a:

5. Determine the x and y components of the velocity of pin A4 using equation 6.23a:
VA(G 2) =ao 2-(—sin(6 2) +j -cos(B 2))

VAX(G 2) = Re( VA(B 2)) V4 y(e 2) = Im( VA(G 2))

In the global coordinate system,

VA){(Oz) = VAy(B 2) V4 }’(92) = —VAx(ez)
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6. Determine the velocity of pin B using equation 6.22b:
Vx(02) = ~a-02-sin(02) + b-03(82)-sin(03(62))
In the global coordinate system,
VBY(92) = —VBx(Bz)

7. Plot the x and y components of the velocity of 4.

VELOCITY OF POINT A
2000
/I

~1000 // \\
=2000
0 60 120 180 240 300 360
7]
deg

Crank Angle, deg
7. Plot the velocity of point B.

VELOCITY OF POINT B

2000

A I

1000 \
N /
N L/

AN

—2000 \ /

—3000

Velocity, mm/sec

0 60 120 180 240 300 360
L)

deg
Crank Angle, deg
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&S PROBLEM 6-38

Statement: The linkage in Figure P6-8d has the dimensions and crank angle given below. Find V4, Vp, and
Vo5 for the position shown for w, = 30 rad/sec clockwise (CW). Use the velocity difference

graphical method.
Given: Link lengths:
Link 2 a:=30-mm
Link 3 b:=150-mm
Link 4 ¢ :=30-mm
Link d :=150-mm
Crank angle: 07 := 58-deg  Global XY system
Input crank angular velocity o9 = 30-rad-sec I cw
Solution: See Figure P6-8d and Mathcad file P0636.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

vbox
l ~ Direction of VBA

I
|
f
‘J/f DirectionofVAi
2 M 3/ —@?

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=aor V4 = 900.000 'Ef 64 := 58-deg — 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g, and the angular velocity of link 3. The equation to be solved graphically is

V=V, 4+ Vg,

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V 34, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.
d.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V 5 from the tail of V 4 to the intersection of the V g4 construction line.

/ Direction of VBA
/

X

S T S N S |
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4. From the velocity triangle we have:

Vg:= V4 Vg = 900.000 g 0p = —32-deg

in
Vg :=0-—
sec

5. Determine the angular velocity of links 3 and 4 using equation 6.7.

VB4
03 = —o 03 = 0000754
b sec
_VB
0q:= — 04 = ~30.000 %4
c sec

6. Determine the magnitude of the vector V,,, . This is a special case Grashof mechanism in the parallelogram
configuration. Link 3 does not rotate, therefore all points on link 3 have the same velocity. The velocity V,,, is
the horizontal component of V 4.

Voox = Va-cos(64) Viox = 763.243 ;”—e’:
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&S PROBLEM 6-37

Statement: The linkage in Figure P6-8d has the dimensions and effective crank angle given below. Find V 4,
Vg, and V,,, in the global coordinate system for the position shown for @, = 30 rad/sec CW. Use

an analytical method.
Given: Link lengths:
Link 2 a:=30-mm Link 3 b :=150-mm
Link 4 ¢ :=30-mm Link 1 d :=150-mm
Crank angle: 69 := 58-deg
Input crank angular velocity 02 = -30-rad-sec !

Two argument inverse tangent atan2(x,y) := |return 0.5-7 if x=0A y>0)
return 1.5 if (x=0A y<0)

return atan((l-)) if x>0
x
atan((z)) + 7 otherwise
x

Solution: See Figure P6-8d and Mathcad file P0637.
1. Draw the linkage to scale and label it.

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kj:= 4 Ky := 4
a C
K; = 5.0000 K> = 5.0000
2 2 2 a,Z
K= O b te K3 = 1.0000

(2-a-¢)
A= cos(87) - K1 — K2-cos(02) + K3
B:= -2.5in(07)
C:= Kj - (K2 + 1)-cos(02) + K3

A=-6.1197 B=-1.691 C =2.8205
3. Use equation 4.10b to find values of 0 for the open circuit.
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041:= 2-(atan 2.4,-B - JBz - 4-A-C)} 041 = 418.000 deg

041 := 04) — 360-deg 041 = 58.000 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2
d ¢c -d -a-b
Ky= Ksim —— K4 = 1.0000
Ks = -5.0000
D := cos(82) — K1 + Ky-cos(82) + K5 D = -8.9402
E = -2-sin(8) = -1.6961
F:= Kj + (K4 - 1)-cos(02) + K5 F = 0.0000

5. Use equation 4.13 to find values of 85 for the open circuit.
031 := 2-(atan2(2-D,-—E - \}EZ - 4-D-F)) 031 = 360.000 deg
031 := 031 — 360-deg 0131 = 0.000deg

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

o e awy Sf"(941 - 92) ©31=0 00059-‘1
=7 sin(B31 - 941) T e

I ] sin(02 ~ 031) w041 = ~30.000 724
4= sin(641 - 931) T e

7. Determine the velocity of points 4 and B for the open circuit using equations 6.19.
Va = a-mz-(—sin(ez) +j -cos(ez))

VA = 763243 - 4769277 |Va| = 900.000 arg(V4) = -32.000 deg
sec sec

VB = c-u)41-(—sin(941) +j-cos(941))
Vg = 763243 — 476.927j 2 | V8| = 900.000 7 arg(VR) = ~32.000 deg
sec sec

8. Determine the velocity ¥,,. Since link 3 does not rotate (this is a special case Grashof linkage in the
parallelogram mode), all points on it have the same velocity. Therefore,

Vbox = |Va| Vbox = 900.000 -:-'5
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& PROBLEM 6-38

Statement: The linkage in Figure P6-8d has the dimensions and effective crank angle given below. Find and
plot V 4, Vg, and V;,,, in the global coordinate system for the maximum range of motion that this
linkage allows if @, = 30 rad/sec CW.

Given: Link Iengths:
Link 2 a:=30-mm Link 3 b :=150-mm
Link 4 ¢ :=30-mm Link 1 d = 150-mm
Input crank angular velocity ®7 := -30-rad-sec !

Two argument inverse tangent atan2(x,y) .= freturn 0.5-7r if (x=0 A y> 0)
return 1.5-7 if (x=0A y<0)

return atan((l)) if x>0
x

atan((—-—)) + 7 otherwise
Solution: See Figure P6-8d and Mathcad file x*

1. Draw the linkage to scale and label it.

2. Determine the range of motion for this special-case Grashof double crank.
09 := 0-deg,2-deg.. 360-deg

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj:= ﬁ Ky:=—
a (4
K = 5.0000 K> = 5.0000
2 2 2
k3= 40 *e v K3 = 1.0000
(2-a-c)

A(Oz) = cos((-)z) -Kj - Kz-cos(ez) + K3

B(Gz) = —2-sin(92)
C(Bg) =K - (Kg + 1)-cos(92) + K3

4. Use equation 4.10b to find values of 0, for the open circuit.
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0u1(02) = 2 (wand{2.4(02)-02) - [B(0)" - 4-4(02)(02)))

5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2
ks & =94 —a b Ky = 1.0000
(2-a-b)

Ky4:=

SR

K5 = -5.0000
D((-)z) = cos((-)z) -Kj+ K4-cos(62) + K35

E(6) = ~2-5in(8>)
F(Bz) =K; + (K4 - 1)-cos(92) + K5

6. Use equation 4.13 to find values of 05 for the open circuit.

031(02) = 2 {aand 2.0(02) ~E{82) - [(0:)” - 4-D(02)-F(63)))
7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.
m3](92) - a-(oz. Sin(94|(92) - 92)
’ b sin(93](92) - 94](62))
oo 227202~ 03(02)
¢ sin(941(62) - 631(92))
8. Determine the velocity of points 4 and B for the open circuit using equations 6.19.
VA(GZ) = a-(oz-(—sin(ez) + j-cos(Bz))

Va(62) = [Va(e:)

VB(62) := c-041(082)(~sin(041(82)) + j-cos(841(62)))

Ve(62) = |VB(62)|

9. Plot the angular velocity of the output link, ®,, and the magnitudes of the velocities at points 4 and B.

Since this is a special-case Grashof linkage in the parallelogram configuration, @5 = 0 and 04 = @ for all values
of 0,. Similarly, V ,, Vp, and V, . all have the same constant magnitude through all values of 6,.

d
0 41(5-deg) = —30.000 2% ©41(135-deg) = ~30.000 %%
sec sec
V4(5-deg) = 900.000 =2 V4(135-deg) = 900.000 22
sec sec
VE(5-deg) = 900.000 2 Vg(135-deg) = 900.000 27

sec sec
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@S PROBLEM 6-38

Statement: The linkage in Figure P6-8g has the dimensions and crank angle given below. Find w4, V4, and Vg
for the position shown for ®, = 15 rad/sec clockwise (CW). Use the velocity difference graphical

method.
Given: Link lengths:
Link 2 (O, to 4) a:=49-mm Link 2 (O, to C) a' = 49-mm
Link 3 (4 to B) b := 100-mm Link 5 (C to D) b’ := 100-mm
Link 4 (B to Oy) ¢:=153-mm Link 6 (D to Og) ¢ = 153-mm
Link 1 (O, to Oy) d:=87-mm Link 1 (O2t00¢)  d':=87-mm
Crank angle: 07:=29-deg  Global XY system

Input crank angular velocity @7 := 15-rad-sec 'cw
Coordinate rotation angle o = 119-deg  Global XY system to local xy system

Solution: See Figure P6-8g and Mathcad file P0639.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

. Y
< Direction of VB | Directon of vBA

Direction of VA

2. Use equation 6.7 to calculate the magnitude of the velocity at point B.

Vg:= a2 Vg = 735.0% 0B := 29-deg — 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point 4, the magnitude of the
relative velocity V 4z, and the angular velocity of link 3. The equation to be solved graphically is

V=Vp+Vp

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V5, draw a construction line with the direction of V 45, magnitude unknown.
c. From the tail of V g, draw a construction line with the direction of V 4, magnitude unknown.
d.

Complete the vector triangle by drawing V g from the tip of V 5 to the intersection of the V 4 construction
line and drawing V 4 from the tail of Vg to the intersection of the V 45 construction line.
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0 500 mmvsec
I T S

Y

1517 0.124°

Vs )
r X
\ Voa
Va

4. From the velocity triangle we have:

500-mm-sec !
Velocity scale factor: ky = ———
in

V4= 1517-in-ky Vy=1585"2 04 := —0.124-deg
sec

5. Determine the angular velocity of link 4 using equation 6.7.

—VA
04:= — 04 = 49587
(4 sec
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&S PROBLEM 6-40

Statement: The linkage in Figure P6-8g has the dimensions and crank angle given below. Find w4, V4, and Vg
for the position shown for w, = 15 rad/sec clockwise (CW). Use the instant center graphical

method.
Given: Link lengths:
Link 2 (O, to 4) a := 49-mm Link 2 (O2t0 C) a’:= 49-mm
Link 3 (4 to B) b :=100-mm Link 5 (Cto D) b' = 100-mm
Link 4 (Bto Oy) c:= 153-mm Link 6 (D to Og) c':=153-mm
Link 1 (O t0 Oy) d = 87-mm Link 1 (O, to Og) d':=87-mm
Crank angle: 07:=29-deg  Global XY system

Input crank angular velocity @5 := 15-rad-sec I ew
Coordinate rotation angle o = 119-deg  Global XY system to local xy system

Solution: See Figure P6-8g and Mathcad file P0640.

1. Draw the linkage to scale in the position given, find the instant centers, distances from the pin joints to the
instant centers and the angles that links 3 and 4 make with the x axis.

Y

97.094/\

100.224

From the layout above:

All3 ;= 97.094-mm BI13 :=100.224-mm 04 := 89.876-deg

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aor Vy= 735.0%’02

Oy 4 := 02 — 90-deg Oyy = —61.0deg
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3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=75107%  cw

Al sec

4. Determine the magnitude of the velocity at point B using equation 6.9b. Determine its direction by inspection.

Vg:= Bli3-a3 Vg = 758.694 22
sec

Oyp = 04 — 90-deg Oyp = 0.124deg
5. Use equation 6.9¢ to determine the angular velocity of link 4.

Vg d
04:=— 04=49592%  Cw
c sec
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@ PROBLEM 6-41

Statement: The linkage in Figure P6-8g has the dimensions and crank angle given below. Find w4, V4, and Vp
for the position shown for ®, = 15 rad/sec clockwise (CW). Use an analytical method.

Given: Link lengths:
Link 2 (05 to 4) a:=49-mm Link 2 (O t0o O) a':=49-mm
Link 3 (4 to B) b := 100-mm Link 5 (C to D) b’ := 100-mm
Link 4 (Bto Oy4) c:=153-mm Link 6 (D to Og) c':= 153-mm
Link 1 (O, to Oy) d := 87-mm Link 1 (O3 to Og) d' = 87-mm
Crank angle: 0, := 148-deg Local xy system

Input crank angular velocity 4 := —15-rad-sec !

Two argument inverse tangent  atan2(x,y) := |return 0.5-7 if (x=0 A y> 0)
return 1.5-% if (x=0A y<0)

return atan((—}—))) if x>0
x

atan((zj) + 7 otherwise
Solution: See Figure P6-8g and Mathcad file P0641. x*
1. Draw the linkage to scale and label it.

2. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

d
Kj:= 4 Ky=—
a c
Kj = 1.7755 K7 = 0.5686
2 2 2 2
K= 8 =b te +d K3 = 1.5592
(2-a-c)

A= cos(Bz) -Kj - K2-cos(92) + K3

B:= -2-5in(8)
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C:= K1 - (K2 + 1)-cos(02) + K3
A=-0581 B=-10598 C =4.6650

3. Use equation 4.10b to find values of 6, for the crossed circuit.

042 := 2-(atan 2.4,-B + \/ B - 4-A-C)) 042 = 208.876 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2
c ~-d —-a -b

d

Ke=" Ks5:= 2a5) K4 = 038700

Ks = 0.3509

D := cos(87) - Kj + Kycos(82) + K D =-3.0104

E:= -2-5in(07) E = -1.0598
F:= Ky +(Kg— 1)-cos(82) + K5 F =22367

5. Use equation 4.13 to find values of 85 for the crossed circuit.

032 := 2-(atan 2-D,-E + JEZ - 4-D-F)) 032 = 266.892 deg

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

oo 202 si{042 - 62) w03 = -7.5707%4
27T sif032 - 042) 2T e
_ @ sin(07 - 032) = rad
o4 = : si"(942 - 932) w4y = —4.959 wor

7. Determine the velocity of points B and A4 for the crossed circuit using equations 6.19.
VA= a-mz-(—sin(ﬁz) + j-cos(()z))

Va = 389.491 + 623315j——  |Va| = 735.000 — arg(V4) = 58.000 deg
sec sec

VB := c-042-(~sin(0.42) + j-cos(642))

VB = -366.389 + 664362 —  |Vp| = 758.694 arg(Vp) = 118.876 deg
sec sec
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&5 PROBLEM 6-42

Statement: The linkage in Figure P6-8g has the dimensions and crank angle given below. Find and plot @,
V4, and Vg in the local coordinate system for the maximum range of motion that this linkage allows
if o, = 15 rad/sec clockwise (CW).

Given: Link lengths:
Link 2 (O; to 4) a:=49-mm Link 2 (O3 to C) a’':=49-mm
Link 3 (4 to B) b = 100-mm Link 5 (Cto D) b':=100-mm
Link 4 (Bto Oy4) c:=153-mm Link 6 (D to Og) ¢ := 153-mm
Link 1 (O, to Oy) d = 87-mm Link 1 (O3 to Og) d' = 87-mm

Input crank angular velocity @ := —15-rad-sec !
Two argument inverse tangent atan2(x,y) = |return 05-7 if x=0A y> 0)
return 1.5-7 if (x=0Ay<0)

return atan((l)) if x>0
x

atan((—)) + 7z otherwise
Solution: See Figure P6-8g and Mathcad file P0642. X
1. Draw the linkage to scale and label it.

2. Determine the range of motion for this non-Grashof triple rocker using equations 4.33.

@+ @ - - @ | be

argj = arg; = 0.840
&l 2-a-d) (a-d) &1
2 2 2 2
g D@ O @ be s 6338
(2-a-d) (a-d)
O210ggle = acos(arg1) Ot0ggle = 32.9deg

The other toggle angle is the negative of this. Thus,

02 := O210ggle, O2toggle + 1-deg.. 360-deg — O210ggle
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3. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d d
Kj=— Ky=—
a c
K} = 1.7755 K> = 0.5686
2 2 2 2
k=G Zb ¥ *¥d 15592
(2-a-c)

A(Gz) = cos(ez) - K7 - Kg-cos(eg) + K3
B(Bz) = —2'sin(92)
C(Gz) Ky - Kz +1 cos(Bz) + K3

4. Use equation 4.10b to find values of 6, for the crossed circuit.

642(92) = 2-[atan2[2-A(62),—B(92) + \[(3(92))2 - 4‘4(92)'(3(92)]]

5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2
PO K5:= = ~d’—a’-b Ky = 08700
b (2-a-b)

Ks = 0.3509

D(02) := cos(82) - Kj + Kgcos(82) + Ks
5(62) = ~2-sinf82)
F(02) := K7 + (K4 - 1)-cos(02) + K5

6. Use equation 4.13 to find values of 8; for the crossed circuit.

932(92) = 2-[atan2[2-D(62),—E(92) + \RE(GZ))Z - 4'D(92)'F (92)]]

7. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

a-®- sin(942(92) - 92)
032(02) = b 's;,,(e 32(62) - 0.42(62))

a7 sin(Bz - 932(92))
042(02) = — sin(6.42(62) - 032(62))

8. Determine the velocity of points A and B for the crossed circuit using equations 6.19.
VB(BZ) = a-mz-(—sin(ez) + j~cos(92))

VBx(Bz) = Re(VB(92)) ng(ez) (VB(GZ))
VA(Bz) = C-a)42(92)‘(—sin(042(62)) + j-cos(642(92)))
VAx(Bz) = Re(VA(Gz)) VAy( ) = Im(VA(GZ»
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9. Plot the angular velocity of the output link, 4, and the x and y components of the velocities at points B and A4.

'ANGULAR VELOCITY OF LINK 4

60
40
: ) / /
S
g 0 — L
N sec
£ 04(02)— /
% rad —20
; ——
; |
< -40
& l
w
=60
=80
-100
0 45 90 135 180 225 270 315 360
92
deg
Crank Angle, deg.
VELOCITY COMPONENTS, POINT B
1000
500 \/t s‘\
3 sec ,” \‘\
§ VBx(GZ)""_ I’ \\
mm ,‘ N
- O ‘I T
8 Vg (0,)—= , N
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SR :
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e | : \/\(‘/
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VELOCITY COMPONENTS, POINT 4
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4 PROBLEM 6-43

SOLUTION MANUAL 6-43-1

The 3-cylinder radial compressor in Figure P6-8c has the dimensions and crank angle given below.

Find piston velocities Vg, V7, and Vg for the position shown for 0, = 15 rad/sec clockwise (CW).

a:=19-mm Offset

c:=0-mm

= —53-deg Global XY system

02 := 15-rad-sec ' ew

Statement:
Use the velocity difference graphical method.
Given: Link lengths:
Link 2
Links 3,4, and 5 b:=T70-mm
Crank angle:
Input crank angular velocity
Cylinder angular spacing a = 120-deg
Solution: See Figure P6-8c and Mathcad file P0643.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of V62

Vy:=aw0)

Use equation 6.7 to calculate the magnitude of the velocity at rod pin on link 2.

Vy = 285.0-’-'1'1- 87 := -53-deg — 90-deg

sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at pistons 6, 7, and 8.. The equations

to be solved graphically are
V;=V,+Vy;

V6= V,;+ Vg4,

V8=V2+ ng

Choose a convenient velocity scale and layout the known vector V ;.

b.

d

a.

From the tip of V,, draw a construction line with the direction of V ;,, magnitude unknown.
c. From the tail of V,, draw a construction line with the direction of V ;, magnitude unknown.

Complete the vector triangle by drawing V 7, from the tip of V, to the intersection of the V; construction
1

ine and drawing V7 from the tail of V, to the intersection of the V;, construction line.

e. Repeat for Vgand V.
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X
4, From the velocity triangle we have:
-1
Velocity scale factor: ky = M
in
mm
V7 .= 1.046-in-k, V7=2092—— By7:=270-deg
sec
Ve = 0.417-ink, Ve = 83472 Oys = 150-deg
sec
, mm
Vg:=1.463-in-k, Vg =292.6— Oyg:=210-deg

sec
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@S PROBLEM 6-44

SOLUTION MANUAL 6-44-1

The 3-cylinder radial compressor in Figure P6-8c has the dimensions and crank angle given below.

Find V¢, V7, and Vg for the position shown for @, = 15 rad/sec clockwise (CW). Use an analytical

Statement:
method.
Given: Link lengths:
Link 2 a:= 19-mm
Links 3,4, and § b= 70-mm
Offset c:=0-mm
Crank angle: 05 := 37-deg
Input crank angular velocity 5 := —15-rad-sec !
Cylinder angular spacing o = 120-deg
Solution: See Figure P6-8c and Mathcad file P0644.

1. Draw the linkage to scale and label it.

2. Determine 8, and 4’ using equation 4.17.

Local xy' system
CwW

a-sin(Bz) -c
04 := asi —T +r 04 = 170.599 deg (x'y' system)
d:= a-cos(ez) - b-cos(94) d'=3316in
3. Determine the angular velocity of link 4 using equation 6.22a:
cos(©
04 = 2._.__( 2). 04 = 3296792
b cos(64) sec

4. Determine the velocity of the rod pin on link 2 using equation 6.23a:

V2 i= a-02{sinf82) + j-cos(62))

Vp = 171.517 - 227.611i =
sec

| V2| = 285.000 ™
sec

arg(V3) = —53.000 deg
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In the global coordinate system, Oy2:= arg(V3a) ~ 90-deg Oy = -143.000 deg

5. Determine the velocity of piston 7 using equation 6.22b:

V7= —a-mz-sin(ez) + b-w4.sin(04)

Vq = 209204 22 | V4| = 209204 == arg(V7) = 0.000 deg
sec sec
In the global coordinate system, Oy7:= arg(V7) — 90-deg By7 = —90.000 deg

6. Determine 0; and 4" using equation 4.17.

02:= 02 + 120-deg 6 = 157.000 deg (x"y" system)
a-sim9z) - c

03:= asin(——n(-bz)—) +m 03 = 173.912 deg

d":= a-cos(e 2) - b-cos(93) d"=2052in

7. Determine the angular velocity of link 5 using equation 6.22a:

_a M _ rad
03:= 3 (@) 02 03 =-3.769—

8. Determine the velocity of the rod pin on link 2 using equation 6.23a:

V= a-mz-(—sin(ez) + J'-COS(BZ))

Vy = 111.358 + 262.344i 22 | V2| = 285.000 == arg(V3) = 67.000 deg
sec sec
In the global coordinate system, Oy = arg(Vz) + 150-deg Oy2 = 217.000 deg

9. Determine the velocity of piston 6 using equation 6.22b:

Vg = —a-mz-sin(ez) + b 3-sin(93)

Vg = 83378 2 |Ve| = 83.378 arg(Ve) = 0.000 deg
sec sec
In the global coordinate system, Ovs:= arg(Ve) + 150-deg Ové = 150.000 deg

10. Determine 05 and d" using equation 4.17.

02:=02 + 120-deg B89 = 277.000 deg (x"'y"" system)
a-sim0,) — ¢

0s5:= asir{-——’{-b—zl—) +7 05 = 195.629 deg

d":= a-cos(92) - b-cos(8s) d" = 2.745 in

11. Determine the angular velocity of link 5 using equation 6.22a:
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_ a coslea) _ 0515794
05 = b.cos(GS).mz o5 = 0515 o

12, Determine the velocity of the rod pin on link 2 using equation 6.23a:

Va:= a-m2~(—sin(92) + j-cos(ez))

Vy = -282.876 - 34.733i 22 [V2| = 285.000 == arg(V3) = -173.000 deg
sec sec
In the global coordinate system, Gy := arg(Vz) + 30-deg Oy2 = —143.000 deg

13. Determine the velocity of piston 8 using equation 6.22b:
Vg = —a-m2-sin(62) + b 5~sin(65)

vg = 292592 2% |vs| = 292.592 = arg(Vs) = 180.000 deg
sec sec

In the global coordinate system, Oyg = arg(Vs) + 30-deg Byg = 210.000 deg
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&S PROBLEM 6-45

Statement:

Given:

Solution:

The 3-cylinder radial compressor in Figure P6-8c has the dimensions and crank angle given below.
Find and plot V, V,, and V for one revolution of the crank if @, = 15 rad/sec clockwise (CW).

Link lengths:
Link 2 a:=19mm Offset c:=0-mm
Links 3, 4, and 5 b= T70-mm

Input crank angular velocity @ := —15-rad-sec I cw
Cylinder angular spacing o := 120-deg

See Figure P6-8c and Mathcad file P0645.

1. Draw the linkage to scale and label it. Note that there are three local coordinate systems.

Determine the range of motion for this slider-crank linkage. This will be the same in each coordinate frame.

05 := 0-deg,2-deg.. 360-deg

Determine 6, using equation 4.17.

64(02) = asm(——a—s—m(iz#(i) + 7 (x’y' system)

Determine the angular velocity of link 3 using equation 6.22a:

Determine the velocity of piston 7 using equation 6.22b:

VA82) := —a-02-5in(82) + b-04(82)-sin(8.4(62))

Determine 8 using equation 4.17.

(-)3(92) = asin( a-sin(62b+ a) — c) +7 (x"y" system)
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7. Determine the angular velocity of link 3 using equation 6.22a:

8. Determine the velocity of piston 6 using equation 6.22b:

Ve(02) = ~a-wz-sin(82 + o) + b0 3(02)-sin(03(02))

9. Determine 65 and 4" using equation 4.17.

05(62) = asin( asin(02 J; 29) - c) +7 (x"y" system)

10. Determine the angular velocity of link 5 using equation 6.22a:

11. Determine the velocity of piston 8 using equation 6.22b:
V8(92) =—-a0 2~sin(92 + 2'()() + b-m5(92)-sin(95(92))

12. Plot the velocities of pistons 6, 7, and 8.

VELOCITY OF PISTONS 6, 7, AND 8

400

V(62)-— 200

0 60 120 180 240 300 360
82

deg
Crank Angle, deg
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&S PROBLEM 6-46

Statement: Figure P6-9 shows a linkage in one position. Find the instantaneous velocities of points 4, B, and
P if link 0,4 is rotating CW at 40 rad/sec.

Given: Link lengths:
Link 2 a:=5.00-in Link 3 b:=4.40-in
Link 4 ¢:=5.00-in Link 1 d :=9.50-in
Coupler point: Rpq = 8.90-in 83 := 56-deg
Crank angle and speed: 07 := 50-deg o7 = —40-rad-sec” !
Two argument inverse tangent atan(x,y) ;= return 0.5-7 if (x=0 A y> 0)

return 157 if (x=0A y<0)

return atan((l)) if x>0
x

atan((—)) + & otherwise
Solution: See Figure P6-9 and Mathcad file P0646. x
1. Draw the linkage to scale and label it. All calculated angles are in the local xy system.

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kp=— Ko = 4
a [+
K =1.9000 K> =1.9000
2 2 2 2
- d
K= &0 e ¥ K3 =24178
(2-a-¢)

A= cos(ez) - K7 - Kg-cos(ez) + K3

B:= -2.5in(87)

C=Kj - (Kz + l)-cos(Gg) + K3
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A=-00607 B=-1.5321 C=24537
3. Use equation 4.10b to find values of 8, for the open circuit.

041 = 2~(atan 24,8 B - 4-A-C)) 041 = 473.008 deg

041 := 041 — 360-deg 041 = 113.008 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 .2
kgl Kg= &4 —a -0 Kq=2.1591
b (2-a-b)
Ks = -2.4911
D= cos(02) - Kj + Ky-cos(02) + K D = -2.3605
E = -2-5in(87) E=-15321
F:= Ki + (K4~ 1)-cos(82) + K5 F=0.1539

5. Use equation 4.13 to find values of 05 for the open circuit.

031 := 2-(atan2(2-D,—~E - JEZ - 4-D-F)) 0831 = 370.105 deg

031 :=03] — 360-deg 031 = 10.105 deg

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

a0y sif41 - 02) rad
W3] := - o3] = 41.552 —
b 3171(631 - 941) sec
a0y sif6z - 03) rad
W41 = . 041 = —26.320 —
c Sin(941 - 931) sec

7. Determine the velocity of points 4 and B for the open circuit using equations 6.19.
Vjp=ao 2-(—sin(92) + j-cos(ez))

Va = 153209 - 123.558j—i’1- [Va| = 200.000 n arg(Va) = ~40.000 deg
sec sec
VB = c-co41-(—sin(941) +j~cos(941))
Vg = 121.130 + 51.437j in |VB| = 131.598 n arg(Ve) = 23.008 deg
sec sec

8. Determine the velocity of the coupler point P for the open circuit using equations 6.36.
VPpA = Rpa-m31~(—sit(931 + 53) + j-cos(931 + 83))
Vpa = —338.121 + 149.797j—
sec
Vp:=Va +Vpa
in

Vp = —184.912 + 21.239j —— |Ve| = 186.128 — arg(Vp) = 173.448 deg
sec sec
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&S PROBLEM 647

SOLUTION MANUAL 6-47-1

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the magnitude and direction of the velocity of point P in Figure 3-37aas a
function of 9, for a constant w, = 1 rad/sec CCW. Also calculate and plot the velocity of point P

versus point 4.
Given: Link lengths:
Link 2 (O, to 4) a:=1.00
Link 4 (B to Oy) c:=233

Coupler point: Rpq == 3.06 83
Crank speed: @7 = 1-rad-sec !
Two argument inverse tangent

Solution: See Figure P6-10 and Mathcad file P0647.
1. Draw the linkage to scale and label it.

2. Determine the range of motion for this Grashof crank rocker.

07 := 0-deg,2-deg.. 360-deg

atan2(x,y) =

Link 3 (4 to B) b:=2.06
Link1 (O3t004) d:=222
-31-deg

return 0.5-7 if x=0A y> 0)
return 1.5-7 if (x=0A y<0)

return atan((z)) if x>0
x
Y .
atan((—)) + 7 otherwise
x

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj.= 4 Ky=—
a [
K = 22200 K> = 09528
2 2 2 2
iy d
K3=2 re s K3 = 1.5265

2-a-c)
A(02) := cos(82) — Ky - K2-cos(02) + K3
B(62) := -2-5in(6>)
c(62) == K1 — (K2 + 1)-cos(82) + K3

4. Use equation 4.10b to find values of 6, for the open circuit.
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941(62) = 2-(atan2(2-A(92),—B(92) - ‘]8(92)2 - 4'A(92)’C(92)))

5. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

Ke=2 K-—cz_ —a’ s K4=10777  Ks=-1.1512
=% ST 2ab) =" s
D(92) = cos(Oz) - Kj+ K4-cos(92) + K5

E(Bz) = —2-sin(92)

F(82) := Ky + (K4 - 1)-cos(82) + Ks

6. Use equation 4.13 to find values of 65 for the open circuit.

831(62) := 2-(atan 2-D(62),~E(62) - JE(Oz)z - 4-D(92)‘F(92)))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

o (B ) . a-(o2. sin(94](62) - 92)
312/ b Sz'n(931(92) - 941(92))
o (O ) _aoy siw(ez - 931(92))
2= ¢ sir(941(92) - 931(92))
8. Determine the velocity of point A4 using equations 6.19.

VA(Oz) = a-a)z-(—sin(ez) +] -cos(ez)) vV, A(Bz) = IVA(Bz)I
9. Determine the velocity of the coupler point P using equations 6.36.

VPA(62) == Roa031(82)(~sid831(02) + 83) + j-cos(831(62) + &))

VP(GZ) = VA(BZ) + VPA(Gz)

10. Plot the magnitude and direction of the velocity at coupler point P.

Magnitude: vp(02) = |Ve(62)|

Direction: Oyp 1(92) = arg(VP(ez))

ovp(62) = ff(BVPJ(Bz) <0,6ypf(82) + 27, 0VP1(92))

(See next page)
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&S PROBLEM 6-48

Statement: Figure P6-11 shows a linkage that operates at 500 crank rpm. Write a computer program or use an
equation solver to calculate and plot the magnitude and direction of the velocity of point B at
2-deg increments of crank angle. Check your result with program FOURBAR.

Units: rpm:= 2-n-rad-min !
Given: Link lengths:
Link 2 (O; to 4) a = 2.000-in Link 3 (4 to B) b:=8.375-in
Link 4 (B to O,) c:=1.187-in Link 1 (O,t1004)  d:=9.625-in
Input crank angular velocity @7 = 500-rpm ®7 = 52.360 rad-sec :
Two argument inverse tangent atan2(x,y) = freturn 05-7r if (x=0A y>0)

return 1.5-7 if x=0A y<0)
return atan((l)] ifx>0
x

atan((l)) + 7 otherwise
Solution: See Figure P6-11 and Mathcad file P06 x
1. Draw the linkage to scale and label it.

2. Determine the range of motion for this Grashof crank rocker.
07 := 0-deg, 1-deg.. 360-deg

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kj:= 1 K= i
a c
K =4.8125 K> =1.3392

2 2 2 2
Ky G b tc +d K3 =2.7186
(2-a-c)

A(ez) = cos(ez) -K; - Kz-cos(eg) + K3

B(62) := -2-5in(0)

C(Bz) =Ky - (Kz + 1)-cos(92) + K3
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4. Use equation 4.10b to find values of 0, for the open circuit.

041(02) = 2-(atan2(2~A(92),—B(92) - JB(92)2 - 4~A(62)~C(62)D
5. Determine the values of the constants needed for finding 0 from equations 4.11b and 4.12.
2 2 2
¢ —d —a -b

K4:=£ Ks5:= K4=1.1493
b (2-a-b)

K5 =-3.4367
D(Gz) = cos(@z) -K;+ K4-cos(92) +Ks

E(02) :=~2-5in(07)
F(92) =K7+ (K4 - 1)-cos(92) + K5

6. Use equation 4.13 to find values of 8 for the open circuit.

031(62) = 2-(atan2(2~D(92),—E(62) - JE(92)2 - 4-D(92)-F(62)))
7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.
a-my ‘ Sin(941(92) - 92)
b sin(031(62) - 941(92))
a~602' Sin(ez - 931(92))
c sin(941(92) - 931(92))

0)31(92) =

®41 (9 2) =
8. Determine the velocity of point B using equations 6.19.
VB(92) = c~®41(62)‘(—sin(941(92)) +]j -005(941(92)))

ve(02) = |Ve(62)] 0yB1(02) = arg(Ve(62))

9. Plot the magnitude and angle of the velocity at point B.

MAGNITUDE OF VELOCITY AT B

150

T

=N I/
50 \
’ /

0 60 120 180 240 300 360
0

deg
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6’1,7;(92) = if(6p31(92) < 0,6[/131(92) +m, GVBJ(BZ))

s DIRECTION OF VELOCITY AT B
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&S PROBLEM 6-49

Statement: Figure P6-12 shows a linkage and its coupler curve. Write a computer program or use an equation
solver to calculate and plot the magnitude and direction of the velocity of the coupler point P at
2-deg increments of crank angle over the maximum range of motion possible. Check your results

with program FOURBAR.
Units: rpm:= 2-n-rad-min !
Given: Link lengths:

Link2 (O;t04)  a:=0.785-in Link 3 (4 to B) b= 0.356-in
Link4 (BtoO4)  ¢:=0.950-in Link 1 (0,10 04)  d :=0.544-in

Coupler point: Rpq :=1.09-in 63 := 0-deg
Crank speed: ®7 :=20-rpm
Two argument inverse tangent atan2(x,y) = freturn 0.5-7 if (x=0A y>0)

return 1.5-7 if x=0A y<0)

return atan((z)) if x>0
x
atan((z)) + 7 otherwise
x

Solution: See Figure P6-12 and Mathcad file P0649.
1. Draw the linkage to scale and label it.

y P
3/@
B
3
|
A
T 4
2
F\
ez\
@ =4 X
0, o,

2. Using the geometry defined in Figure 3-1a in the text, determine the input crank angles (relative to the line 0,0y)
at which links 2 and 3, and 3 and 4 are in toggle.

2 2
820 := acos[" +d (b 0) ] 020 = 158.286 deg

2-a-d

07 := —020,—020 + 2-deg..02

3. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d
K]:=ﬁ Ky=—
a c

K; =0.6930 K> =0.5726



DESIGN OF MACHINERY SOLUTION MANUAL 6-49-2

2 2 2
Ky=4 =P *e v d K3=1.1317
(2-a-c)

A(ez) = cos(Gz) -Kj- Kz-cos(ez) + K3

B(82) := -2-sin(67)

C(Oz) =K - (K2 + l)-cos(ez) + K3

4. Use equation 4.10b to find values of 6, for the open circuit.

041(02) = 2 wtand2.4(02),-8{02) - [B(02)" - #-4(02)(02)))

5. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.

2 2 2 2
K=& =4 —a b K4 =1.5281
(2-a-b)

Ky:=

SR

K5 = -0.2440
D(Oz) = cos((-)g) -Kj+ K4-cos(92) + K5
5(92) = —2-sin(92)
F(92) =K+ (K4 - 1)-cos(92) + K35

6. Use equation 4.13 to find values of 0 for the open circuit.

031(02) = 2 (atan{2-0(02),-8(02) - 02 - #-D(o2) F(02))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

a0, sin(941(92) - 92)
031(02) = b siM931(82) - 041(62))

awy  sif62 - 031(62))
041(02) = — sin(©.41(0:) - 031(62))

8. Determine the velocity of point 4 using equations 6.19.

VA(Gz) = a-mz-(—sin(ez) + j-cos(ez))

9. Determine the velocity of the coupler point P using equations 6.36.
VPA(Bz) = Rpg'® 31(62)-(——sir(931(92) + 83) + j~cos(93 1(02) + 63))

vp(62) := Va(82) + Vpa(62)

10. Plot the magnitude and direction of the coupler point P.

Magnitude: ve(02) = |Ve(62)|
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Direction: 0[4)(9 2) = arg(Vp (9 2))
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&S PROBLEM 6-50

Statement: Figure P6-13 shows a linkage and its coupler curve. Write a computer program or use an equation
solver to calculate and plot the magnitude and direction of the velocity of the coupler point P at
2-deg increments of crank angle over the maximum range of motion possible. Check your results

with program FOURBAR.
Units: rpm:= 2-n-rad-min_ !
Given: Link lengths:
Link 2 (05 to 4) a:=0.86-in Link 3 (4 to B) b:=1.85-in
Link 4 (B to Oy) c:=0.86-in Link 1 (02t004) d:=222-in
Coupler point: Rpq = 1.33-in 83 := 0-deg
Crank speed: ®2 = 80-rpm
Two argument inverse tangent atan2(x,y) .= |return 0.5-7 if (x=0 A y> 0)
return 1.5-7 if x=0nA y<0)
return atan((zj) if x>0
x
atan((ZD + 7 otherwise
x
Solution: See Figure P6-13 and Mathcad file P0650.

1. Draw the linkage to scale and label it.

y

2. Determine the range of motion for this non-Grashof triple rocker using equations 4.33.

@@ -’ -@ | be
’ (2-a-d) (a-d)

argj arg) = 1228

@+ @ -®’ -  be
(2-a-d) (@-d)

argy = argz = -0.439

B210ggle = acos{arg?) O210ggle = 116.0deg
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The other toggle angle is the negative of this. Thus,

82 := —0210ggle,—O210ggle + 1-deg.. O2toggle

3. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

d
K= g Ky:=—
a (4
K; = 2.5814 K> = 25814
2 2 2 2
Kz 8 —b ¥c +d K3 =20181
(2-a-c)

A(Oz) = cos(ez) - K7 - Kg-cos(ez) + K3

B(Bz) = —2-sin(92)

C(Bg) =Ky - (Kg + l)-cos(Bz) + K3

4. Use equation 4.10b to find values of 8, for the open circuit.

001(02) = 2 (atand2-4(02),-5(02) - [Be2)’ - 4-4(02)(62)))

5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2
—d -a"-b
Ks:= < 4 K4 = 12000

Ke:= (2-a-b)

Sl W

K5 = -2.6244
D(Oz) = cos(ez) -K;+ K4-cos(92) + K5
E(62) := -2:5in(87)
F(02) := K1 + (K4 - 1)-cos(82) + K5

6. Use equation 4.13 to find values of 0, for the open circuit.

931(92) = 2-(atan2(2-D(62),—E(92) - ‘]R92)2 - 4'0(92)‘F(62)))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

m31(92) = roz, sin(641(62) — 62)
b sif(031(62) - 841(62))
a0y Sin(ez - 631(92))
c sin(941(92) - 931(92))
8. Determine the velocity of point A using equations 6.19.
VA(GZ) = a-u)z-(—sin(ez) + j-cos(ez))

m41(02) =

9. Determine the velocity of the coupler point P using equations 6.36.
VPA(Bz) = Rpa-mgl(ez)-(—sir(eg,l(ﬂz) + 83) + j-cos(931(92) + 83))
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Vp(92) = Va(62) + Vea(62)

10. Plot the magnitude and direction of the coupler point P.

Magnitude: Vp(ez) = |VP(92)|
Direction: an(ez) = arg(VP(ez))
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@S PROBLEM 6-51

Statement: Figure P6-14 shows a linkage and its coupler curve. Write a computer program or use an equation
solver to calculate and plot the magnitude and direction of the velocity of the coupler point P at
2-deg increments of crank angle over the maximum range of motion possible. Check your results

with program FOURBAR.
Units: rpm:= 2-x-rad-min !
Given: Link lengths:
Link 2 (O;t0 4) a:=0.72-in Link 3 (4 to B) b:=0.68-in
Link 4 (B to O,) c:=0.85in Link1 (0,10 04) d:=1.82-in
Coupler point: Rpgq:=097-in 83 := 54.deg
Crank speed: ®7 := 80-rpm
Two argument inverse tangent atan2(x,y) .= |return 0.5-7 if x=0 A y>0)
return 1.5-7 if (x=0A y<0)
return atan((z)) if x>0
x
atan((z)) + m otherwise
x
Solution: See Figure P6-14 and Mathcad file P0651.

1. Draw the linkage to scale and label it.

G

0,

2. Determine the range of motion for this non-Grashof triple rocker using equations 4.33.

L@@ - @’ - @ be

ar arg; = 1451
&l Q-ad) (a-d) &l
2 2 2 2
argz = @ +@ - ®) - - be arg = 0.568
(2-a-d) (a-d)
6210ggle = acos(arg2) B2t0ggle = 554 deg

The other toggle angle is the negative of this. Thus,

02 1= —O210ggle,—O2t0ggle + 1-deg.. 8210ggle
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3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj=— Ko = 4
a C
K) = 2.5278 K> =2.1412
2 2 2
k3= 28 ¢ vl K3 =33422
(2-a-¢)

A(Bz) = cos(ez) -K; - Kz-cos(ez) + K3

B(82) := —2-sin(82)

C(Bz) =Ky — (Kz + 1)-cos(92) + K3

4. Use equation 4.10b to find values of 6, for the open circuit.

0.1(02) = 2 (atand{ 2-4(02).~8(62) - | B(02)" - #-4(82)(02)))
5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

d c2 - dz - a2 - b2
Ky=— Ks5:=
b (2-a-b)

Ky = 2.6765

K5 = -3.6465
D(Bz) = cos(Bz) -K;+ K4-cos(92) + K35

E(82) := ~2-5in(02)
F'(62) =K;+ (K4 - 1)-cos(62) + K35

6. Use equation 4.13 to find values of 0, for the open circuit.

031(02) = 2 {atand(2.0(02), 5(6) - [ B(02) - 4-D(62)-7(62)))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

031(09) = ) . sin{841(62) - 82)
b sif(031(02) - 041(62))
a0 = 222 A2 05i(2)
¢ sif{041(02) ~ 031(02))
8. Determine the velocity of point A using equations 6.19.
VA(Gz) =ao 2-(—sin(62) + j-cos(eg))
9. Determine the velocity of the coupler point P using equations 6.36.
VPa(82) = Rpgr31(82)-(~si(031(82) + 83) + j-cos(831(62) + 83))

Vp(Gz) = VA(92) + VPA(Gz)
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10. Plot the magnitude and direction of the coupler point P.

Magnitude: Vp(e 2) = |VP(9 2) |
Direction: 9W(62) = a?’g(VP(e 2))
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&S PROBLEM 6-52

Statement:

Units:

Given:

Solution:

Figure P6-15 shows a power hacksaw that is an offset slider-crank mechanism that has the
dimensions given below. Draw an equivalent linkage diagram; then calculate and plot the velocity
of the saw blade with respect to the piece being cut over one revolution of the crank, which rotates
at 50 rpm.

rpm:= 2-n-rad-min !

Link lengths:
Link 2 a:="75mm Offset ¢ :=45-mm
Link 3 b= 170-mm

Input crank angular velocity w3 := 50-rpm

See Figure P6-15 and Mathcad file P0652.

1. Draw the equivalent linkage to a convenient scale and label it.

y

3 b A

B
4 > .
TJ/;;;T/ g 77, T /a<
2
[+

2. Determine the range of motion for this slider-crank linkage.

05 := 0-deg,2-deg.. 360-deg

3. Determine 95 using equations 4.16 for the crossed circuit.

03(02) = asin(_‘_’_'s"’i?tf)

4. Determine the angular velocity of link 3 using equation 6.22a:

=——— 02

5. Determine the velocity of pin B using equation 6.22b:

Ve(02) = —a-w2-sin(82) + b-03(82)-5in(63(62))

7. Plot the magnitude of the velocity of B. (See next page.)
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&S PROBLEM 6-53

Statement:

Units:
Given:

Solution:

SOLUTION MANUAL 6-53-1

Figure P6-16 shows a walking-beam indexing and pick-and-place mechanism that can be analyzed
as two fourbar linkages driven by a common crank. Calculate and plot the absolute velocities of
points E and P and the relative velocity between points E and P for one revolution of gear 2.

rpm:= 2-n-rad-min !

Link lengths ( walking-beam linkage):

Link 2 (O, to A) a:= 40-mm

Link 4 (O4 to D) ¢’ :=40-mm
Link lengths (pick and place linkage):

Link 2 (O, to B) a:=32-mm

Link 4 (C to Og) c:=96-mm
Rocker point E: u:= 160-mm
Crank speed: ®?2 = 100-rpm
Crank-pin phase angle ¢ := 120-deg
Two argument inverse tangent

See Figure P6-16 and Mathcad file P0653.

1. Draw the walking-beam linkage to scale and label it.

Link 3 (4 to D)
Link 1 (O1003) d':=108-mm

Link 5 (Bto C)

atan2(x,y) :=

b':=108-mm

84 := —75-deg

b :=260-mm
Link 1 (O2t00g) d :=200-mm
return 0.5-7 if (x=0 A y>0)

return 1.5-7 if (x=0A y<0)

return atan((!-)) ifx>0
x
atan((z)) + 7 otherwise
x

2. Determine the range of motion for this mechanism.

07 := 0-deg,2-deg.. 360-deg

(local xy' coordinate system)

3. This part of the mechanism is a special-case Grashof in the parallelogram configuration. As such, the coupler
does not rotate, but has curvilinear motion with ever point on it having the same velocity. Therefore, it is only
necessary to calculate the X~component of the velocity at point 4 in order to determine the velocity of the
cylinder center, P.
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VA(Bz) = a-mz-(—sin(ez) + j-cos(92))
Vax(62) == Re(Va(62))
In the global coordinate frame,

Vp(e 2) = —VAX(G 2)

4. Draw the pick and place linkage to scale and label it.

E

Coordinate rotation angle: o= 25deg
5. Determine the values of the constants needed for finding 64 from equations 4.8a and 4.10a.

K]:=£ K2;=£
a [+

K = 62500 K2 = 2.0833
L 2 2 2
K= d b tc +d K3 = —2.8255
(2:a-¢)

A((-)z) = cos(62 +¢ - a) -Kj- Kg-cos(ez +¢- a) + K3

8(92) = —2~sin(62 +¢ - (1)
C(Bz) =K;- (Kg + 1)-cos(92 +¢ - a) + K3

6. Use equation 4.10b to find values of 0, for the crossed circuit.

06(62) := 2-(atan2(2-A(92),—B(62) + J B(92)2 - 4-A(92)-C(62)D

7. Determine the values of the constants needed for finding 85 from equations 4.11b and 4.12.

Fodt - b
Ks:= Kg=07692  Ks=-59740

K= (2-a-b)

SR

D(ez) = cos(92 +¢ - a) -Kr+ K4-cos(92 +¢ - a) + K5
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E(02) := ~2-sin(02 + ¢ - o)
F(Gz) =K+ (K4 - 1)-cos(92 +¢ - (x) + K5

8. Use equation 4.13 to find values of 05 for the crossed circuit.

05(02) := 2~(atan2(2-D(92),—E(92) + \I E(62)2 - 4-D(92)-F(92)D

9. Determine the angular velocity of links 5 and 6 using equations 6.18.

a0y sif 06(02) — (02 + ¢ — o]
b sin(05(62) - 06(62))

(06(92) _ a~(02. sin(@z +¢—-a- 95(92))
’ c sin(e 6(92) -0 5(92))
10. Determine the velocity of the rocker point £ using equations 6.35.
VE(92) = u-m5(92)~(~sin(96(92) + 84) +j~cos(96(92) + 54))

11. Transform this into the global XY system.

® 5(62) =

Vidos) = Reva(0) Fiy(02) = im(va(0)
Viex(02) = Vix(02)-coslar) - Vg (02)-sinlt)

Ver(02) = Vix(02)-sinlor) + Vi (02)-cos(ar)

VExy(92) = Vax(02) +i-Var(62)

12. Calculate and plot the velocity of E relative to P.

VEP(92) = VExy(Gz) - VP(92)

VEPX(ez) = Re(VEP(Gz)) VEPY(Gz) = Im(VEP(ez))
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@S PROBLEM 6-54

Statement: Figure P6-17 shows a paper roll off-loading mechanism driven by an air cylinder. In the position
shown, it has the dimensions given below. The V-links are rigidly attached to O44. The air
cylinder is retracted at a constant velocity of 0.2 m/sec. Draw a kinematic diagram of the
mechanism, write the necessary equations, and calculate and plot the angular velocity of the paper
roll and the linear velocity of its center as it rotates through 90 deg CCW from the position shown.

Given: Link lengths and angles: Paper roll location from O,:
Link 4 (O4 to A) ¢ = 300-mm u:=1707.1-mm
Link 1 (O3 to Oy) d :=930-mm 84 := —181-deg
Link 4 initial angle 040 := 62.8-deg  with respect to local x axis
Input cylinder velocity adot := -200-mm-sec !
Solution: See Figure P6-17 and Mathcad file P0654.

1. Draw the mechanism to scale and define a vector loop using the fourbar derivation in Section 6.7 as a model.

V-Link

Roll Center

2. Write the vector loop equation, differentiate it, expand the result and separate into real and imaginary parts to
solve for £,6,, and ©,.

Ri+Rg4:=R2 + R3. @)
) . .

Jj-0 Jj-0 j-0 Jj-0
d-e : +c-e Y- ae 2t be 2 b)

where a is the distance from the origin to the cylinder piston, a variable; b is the distance from the cylinder
piston to 4, a constant; and c is the distance from 6, to point 4, a constant. Angle 0, is zero, 03 = 85, and 9, is
the variable angle that the rocker arm makes with the x axis. Solving the position equations:

Let fi=a+ »" then, making this substitution and substituting the Euler equivalents,

d+ c-(cos(64) + j-sin(94)) =f -(cos(Gz) + j.sin(eg)). ©
Separating into real and imaginary components and solving for 6, and f,
92(64) = atan2(d + c-cos(94),c-sin(94)) ()
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. C-Sin(e 4)
10 6 @
Differentiate equation b.
ey (d ) N T
jeoge =|—fle T+ jfore )
dt
Substituting the Euler equivalents,
1
co 4-(-—sin(64) +] -cos(64)) = (% f)-(cos(@z) +] -sin(ez)) + fo 2~(-sin(92) +] 'cos(ez)) ®
Separating into real and imaginary components and solving for , . Note that df/dt = adot.
co4(64) - adot ®

c~sin(62(9 4) -0 4)

3. Plot w, over arange of 6, of

04 :=040,040 + 1-deg.. 040 + 90-deg

ANGULAR VELOCITY, LINK 4

1.2
] /
8 N
?3 08 \ /
N
£ aqo)— T |
S 4 rad 0.6
N —
§
5, 0.4
S
w
0.2
0
60 80 100 120 140 160
04
deg

Link 4 Angle, deg

4. Determine the velocity of the center of the paper roll using equation 6.35. The direction is in the local xy
coordinate system.

Vu(94) = u-0)4(94)~(—sin(94 + 84) + j-cos(94 + 84))

Vu(04) = [Vu(©4)] yu(04) = arg(Vu(04))

5. Plot the magnitude and direction of the velocity of the paper roll center. (See next page.)
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MAGNITUDE OF PAPER CENTER VELOCITY

800
o \\ ¢
3§ sec
g VU(94)'—
2 mm 400
.g
AN
200
0
60 80 100 120 140 160
04
deg
Rocker Arm Position, deg
% DIRECTION OF PAPER CENTER VELOCITY
60 /’
40 /
¥ /
¥ Oy(04) /
S deg 20
5 /
S . rd
-20 //

60 80 100 120 140 160
04

deg
Rocker Arm Position, deg
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&S PROBLEM 6-55a

Statement: Figure P6-18 shows a powder compaction mechanism. Calculate its mechanical advantage for the
position shown.

Given: Link lengths:
Link 2 (4 to B) a:= 105-mm Offset c:=27-mm
Link 3 (Bto D) b:=172-mm
Distance to force application:
Link 2 (4C) rin .= 301-mm
Position of link 2: 02 := 44-deg Let ©:=1-rad-sec !
Solution: See Figure P6-18 and Mathcad file P0655a.

1. Draw the linkage to scale and label it.

X
c .\
N
\\® 44.000°
g
2
Y A
2. Determine 85 using equation 4.17.
a-sim0z) — ¢
03:= asir{——n(b;) + 7 03 = 164.509 deg
3. Determine the angular velocity of link 3 using equation 6.22a:
a cos(ez)
b cos(93)
4. Determine the velocity of pin D using equation 6.22b:
Vp:=—ao z-sin(e 2) + bo 3-sin(e 3) Positive upward

5. Calculate the velocity of point C using equation 6.23a:

Ve i=rip-o 2-(—sin(62) + j-cos(ez))
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Ve = IVCI

6. Calculate the mechanical advantage using equation 6.13.

Ve

= I—VD—I— my = 3.206

my
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&S PROBLEM 6-55b

Statement:

Given:

Solution:

Figure P6-18 shows a powder compaction mechanism. Calculate and plot its mechanical advantage
as a function of the angle of link AC as it rotates from 15 to 60 deg.

Link lengths:
Link 2 (4 to B) a = 105-mm Offset c:=27-mm
Link 3 (B to D) b:=172-mm

Distance to force application:
Link 2 (40) rin = 301-mm
Initial and final positions of link 2:  @¢ := 15-deg 0,1 :=60-deg Let @y :=1-rad-sec !

See Figure P6-18 and Mathcad file P0655b.

1. Draw the linkage to scale and label it.

2. Determine the range of motion for this slider-crank linkage.

67 :=020,020 + 1-deg..021

3. Determine 6, using equation 4.17.

63(92) = asir{ a'sm(ez) — c) +x

b

4. Determine the angular velocity of link 3 using equation 6.22a:

5. Determine the velocity of pin D using equation 6.22b:

VD(BZ) =-a0 2-sin(92) + b~m3(92)~sin(93(92)) Positive upward
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6. Calculate the velocity of point C using equation 6.23a:

VC(BZ) = r,-n-coz-(—sin(ez) +] ~cos(92))

Vc(02) = |Vc(o2)|
7. Calculate the mechanical advantage using equation 6.13.

Vc(92)

mA(Gz) = I—Vl—)-(a-;)—l-

MFECHANICAL ADVANTAGE

12

11

B\

Mechanical Advantage
o
/

15 20 25 30 35 40 45 50 55 60
)

deg
Crank Angle, deg
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& PROBLEM 6-56

Statement: Figure P6-19 shows a walking beam mechanism. Calculate and plot the velocity V,,, for one
revolution of the input crank 2 rotating at 100 rpm.

Units: rpm:= 2-x-rad-min !
Given: Link lengths:
Link 2 (O, to 4) a:=1.00-in Link 3 (4 to B) b:=2.06-in
Link 4 (B to O,) ¢:=2.33-in Link 1 (O,t1004) d:=222-in
Coupler point: Rpq = 3.06 83 :=31.deg
Crank speed: ®97:= 100-rpm
Two argument inverse tangent atan2(x,y) .= |return 0.5-7 if x=0A y>0)
return 1.5-7 if x=0A y<0)
return atan((z)) if x>0
x
atan((z)) + 1 otherwise
x
Solution: See Figure P6-19 and Mathcad file P0656.

1. Draw the linkage to scale and label it.

Y

2. Determine the range of motion for this Grashof crank rocker.
07 := 0-deg,2-deg.. 360-deg
3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj:= 4 Kyw=—
a c
Kj = 22200 K> = 09528
a - b2 + z:2 +
K3:= K3 =1.5265
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A(Gz) = cos(ez) - K7 - Kg-cos(ez) + K3

B(82) := ~2-sin(82)

C((-)z) =Ky - (Kz + l)-cos(()z) + K3

4. Use equation 4.10b to find values of 8, for the open circuit.

041(02) = 2-(aranz(2.A(eg),—B(92) - ‘[3(92)2 - 4-A(92)-C(92)D
5. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

d 02 - d2 - a2 - b2
Ky=— K5:=
b (2-a-b)

Ky=1.0777

Ks = -1.1512
D(Gz) = cos(ez) - K7+ K4-cos(92) + K5
E(ez) = -2-sin(9 2)
F(62) = K1 + (K4 - 1)-cos(82) + K5

6. Use equation 4.13 to find values of 0 for the open circuit.

031(02) := 2-(atan2(2-D(92),—E(92) - J E(92)2 - 4'0(92)'F (92)))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

a-07 sin(941(92) - 92)
031(62) := b sin(931(02) - 041(02))

a-07 sin(02—931(92))
041(02) = c 'sin(e41(92)‘931(92))

8. Determine the velocity of point 4 using equations 6.19.

VA(Oz) = a-0 2-(—sin(92) + j-cos(ez))

9. Determine the velocity of the coupler point P using equations 6.36.
VPA(Bz) = Rpa-co31(92)-(—sirl(631(92) + 83) + j-cos(931(92) + 83))

Vp(eg) = VA(Gz) + VPA(Bz)
10. Plot the X-component (global coordinate system) of the velocity of the coupler point P.

Coordinate rotation angle: o = 26-deg

Vo,,,(ez) = Re(Vp(Bz))-cos(a) - Im(Vp(Bz))-sin(a)
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Vout
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&S PROBLEM 6.57a

Statement: Figure P6-20 shows a crimping tool. For the dimensions given below, calculate its mechanical
advantage for the position shown.

Given: Link lengths:
Link 2 (4B) a:=0.80-in Link 3 (BC) = 1.23-in
Link 4 (CD) c:=1.55-in Link 1 (4D) d:=240-in
Distance to force application:
Link 2 (4B) Pin = 4.26-in Link 4 (CD) Fout := 1.00-in
Initial position of link 2: 07 :=49-deg
Solution: See Figure P6-20 and Mathcad file P0657a.

1. Draw the mechanism to scale and label it.

AN 3o f
N

2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d
Kj=— K= 1
a C
K] = 3.0000 K> = 1.5484
2 2 2 2
k3=l b e +d K3 = 29394

(2-a-c)

A= cos(02) - K1 - Kz-cos(62) + K3
B:=-2-5in(07)

C:=Kj - (K2 + 1)-cos(82) + K3
A=-04204 B=-1.5094 C =4.2675

3. Use equation 4.10b to find value of 6, for the open circuit.

04:= 2-(atan 2.4,-B - \/ B - 4-A-C)) 04 = -236.482 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.
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_cz—dz—az—b2

d
Kyi=— Ks: Tab) Ky=19512
Ks = -2.8000
D = cos(82) - K1 + Kycos(82) + K5 D = -3.3638
E = -2-5in(0) E = -1.5094
F:= K + (K4 - 1)-cos(82) + K5 F = 0.8241

5. Use equation 4.13 to find values of 8, for the open circuit.
03:= 2-(alan2(2-D,—E - \/Ez - 4-D-F)) 03 = —325.961 deg

6. Referring to Figure 6-10, calculate the values of the angles v and p.
vi=02-03 v = 374961 deg

If v > 360 deg, subtract 360 deg from it.
vi= i/(v > 360-deg,v — 360-deg,v) v = 14.961 deg

p=04-03 u = 89.479deg
If p > 90 deg, subtract it from 180 deg.
p = if(p > 90-deg,180-deg — ., ) p = 89.479 deg
7. Using equation 6.13e, calculate the mechanical advantage of the linkage in the position shown.

a c-sin(u). Tin
" awsin(v) Tou

my = 31.969
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& PROBLEM 8-57b

Statement: Figure P6-20 shows a crimping tool. For the dimensions given below, calculate and plot its
mechanical advantage as a function of the angle of link AB as it rotates from 60 to 45 deg.

Given: Link lengths:
Link 2 (4B) a = 0.80-in Link 3 (BC) b:=123.in
Link 4 (CD) c:=1.55-in Link 1 (4D) d :=2.40-in
Distance to force application:
Link 2 (4B) Tin i= 4.26-in Link 4 (CD) Fout == 1.00-in
Range of positions of link 2: 029 := 60-deg 621 := 45-deg
Solution: See Figure P6-20 and Mathcad file P0657b.

1. Draw the mechanism to scale and label it.

]{ \\\ 3 \\7) c
| N\, / F
F. 1™ [>Tt
N ~ /
N\ 4/ 0,
\\é/ /
D\ N //

\\<‘

2. Calculate the range of 9, in the local coordinate system (required to calculate 65 and 0,).

072 :=0620,020 — 1-deg..02

3. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

d d
Kjp=— Ky=—
a [+
K/ = 3.0000 K> = 1.5484
2 2 2 2
Ky &b e +d K3 = 29394
(2-a-c)

A(BQ) = cos(ez) -Kj - Kg-cos(eg) + K3

B(G 2) = —2-Sin(6 2)
C(02) = K1 - (K2 + 1)-cos(82) + K3

4. Use equation 4.10b to find value of 8, for the open circuit.

04(02) = 2 aand 2.4(0),~8(82) - (B(02))” - 4-4(02)(02) ]

5. Determine the values of the constants needed for finding 0; from equations 4.11b and 4.12.
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2 2 2
Kg=2 Ksi== L -a b Ky=19512
b (2-a-b)

K5 =-2.8000
D(92) = cos(Gz) -K;+ K4-cos(92) + K35
E(ez) = —2vsin(02)
F(Gz) =K1+ (K4 - 1)-cos(92) + K5

6. Use equation 4.13 to find values of 65 for the open circut.

03(02) = 2] ] 2.0(02)#(02) - [(62))” - +0(02)02) |
7. Referring to Figure 6-10, calculate the values of the angles v and p.
v(ez) =09 — 93(62)

1(02) := 04(62) - 03(62)

8. Using equation 6.13e, calculate and plot the mechanical advantage of the linkage over the given range.

c.sm(u(ez)) Tin
mA(Gz) = a~sin(V(92)) Fout

MECHANICAL ADVANTAGE vs HANDLE ANGLE

60

\

AN

40 \

Mechanical Advantage
| £
=)
I

30 \
20 T ——
— |
10
45 48 51 54 57 60
0y
deg

Handle Angle, deg
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&S PROBLEM 6-58

Statement: Figure P6-21 shows a locking pliers. Calculate its mechanical advantage for the position shown.
Scale any dimensions needed from the diagram.

Solution: See Figure P6-21 and Mathcad file P0658.

1. Draw the linkage to scale in the position given and find the instant centers.

L/

P

2.3 3,4and 1,3

2. Note that the linkage is in a toggle position (links 2 and 3 are in line) and the angle between links 2 and 3 is 0
deg. From the discussion below equation 6.13e on page 285 in the text, we see that the mechanical advantage
for this linkage in this position is theoretically infinite.
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&S PROBLEM 6-59a

Statement: Figure P6-22 shows a fourbar toggle clamp used to hold a workpiece in place by clamping it at D.
The linkage will toggle when link 2 reaches 90 deg. For the dimensions given below, calculate its

mechanical advantage for the position shown.

Given: Link lengths:
Link 2 (0,4) a:=70-mm Link 3 (4B) b:=35-mm
Link 4 (O4B) ¢ :=34-mm Link 1 (0204) d:=48-mm
Distance to force application:
Link 2 (0,C) Yip == 138-mm Link 4 (O4D) Pout := 82-mm
Initial position of link 2: 070 := 104-deg  Global XY system
Solution: See Figure P6-22 and Mathcad file P0659a.

1. Draw the mechanism to scale and label it. To establish the position of O, with respect to O, (in the global
coordinate frame), draw the linkage in the toggle position with 8, = 90 deg. The fixed pivot O, is then 48 mm
from O, and 34 mm from B’ (see layout).

Y
e

A

\ ! /~ Linkage in toggle position

\ Y

|
|
l ’
gA

\
1
!
'B

2. Calculate the value of 8, in the local coordinate system (required to calculate 8 and 6,).
Rotation angle of local xy system to global XY system: o = 135.069-deg
02:=02 -« 02 = —31.069 deg

3. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

K1:=g- K2;=£
a c

Ky =0.6857 K>=14118
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2 2 2 2
—b
K3=2 te +d K3 = 1.4989
(2-a-¢)

A= cos(ez) -Kj; - K2-cos(62) + K3

B:= —2-sin(9 2)

C:=Kj - (Kg + 1)-cos(92) + K3

A = 0.4605 B=10321 C=0.1189
4. Use equation 4.10b to find value of 6, for the open circuit.

04:= 2-(atan 2:4,-B - JBZ - 4-A'C)) 84 = -129.480 deg

5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2 2 2 2

d -d -a -
Ky=2 Ks:=< a b K4 = 13714

b (2.a-b)

Ks = —1.4843

D := cos(02) - Kj + Ky-cos(02) + K D=-0.1388
E = -2.5in(82) E=10321
F:= K+ (Kg— 1)-cos(82) + K5 F = —0.4804

6. Use equation 4.13 to find values of 0 for the open circuit.
03 := 2-(atan 2.-D,-E - JEZ - 4-D-F)) 03 = ~196.400 deg

7. Referring to Figure 6-10, calculate the values of the angles v and p.
v:i=02-03 v = 165.331 deg

If v > 90 deg, subtract it from 180 deg.
v := if(v > 90-deg, 180-deg — v,v) v = 14.669 deg
p:=04-03 p = 66.920 deg
If p > 90 deg, subtract it from 180 deg.
p = if(p > 90-deg, 180-deg — ., ) i = 66.920 deg

8. Using equation 6.13e, calculate the mechanical advantage of the linkage in the position shown.

my = esinp) Tin my =2970
a-sin(v) Tout
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&S PROBLEM 6-59b

Statement: Figure P6-22 shows a fourbar toggle clamp used to hold a workpiece in place by clamping it at D.
The linkage will toggle when link 2 reaches 90 deg. For the dimensions given below, calculate and
plot its mechanical advantage as a function of the angle of link 4B as link 2 rotates from 120 to 90
deg (in the global coordinate system).

Given: Link lengths:
Link 2 (O4) a:=70-mm Link 3 (4B) b:=35mm
Link 4 (O4B) c:=34-mm Link 1 (0,05) d:=48-mm
Distance to force application:
Link 2 (0,C) Fin = 138-mm Link 4 (O4D) Pout = 82-mm
Range of positions of link 2: 090 := 120-deg 021 := 90.1-deg Global XY system
Solution: See Figure P6-22 and Mathcad file P0659b.

1. Draw the mechanism to scale and label it. To establish the position of O, with respect to O, (in the global
coordinate frame), draw the linkage in the toggle position with 8, = 90 deg. The fixed pivot Oy is then 48 mm
from O, and 34 mm from B’ (see layout).

/ Linkage in initial position

2. Calculate the range of 0, in the local coordinate system (required to calculate 65 and 8,,).
Rotation angle of local xy system to global XY system: o = 135.069-deg
02:=090 - a,020 — o — 1-deg..021 — o

3. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

d
K1:=£1- Ky:=—
a c

K] = 0.6857 Ky =14118
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2 2 2. 2
k=9 b e *d K3 = 1.4989
’ (2-a-c)

A(Bz) = cos(ez) -Kj- Kg-cos(ez) + K3

B(Oz) = —2-sin(62)
C(Bz) =Kj - (Kz + 1)-cos(62) + K3

4. Use equation 4.10b to find value of 8, for the open circuit.

04(62) = 2-[atan2[2-A(62),—B(92) - J (19(92))2 - 4-,4(92)-0(92)]]

5. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

2 2 2 2
Ky & =9 —a -b Ky =13714
(2-a-b)

Ky:=

SEW

K5 =-1.4843
D(Oz) = cos(Gz) -Kj+ K4-cos(92) + K3

E(Bz) = —2-sin(92)
F(Gz) =K+ (K4 - l)-cos(@z) + K35

6. Use equation 4.13 to find values of 6 for the open circuit.

03(02) = 2-[atan2[2-D(62),—E(92) - J (5(02))” - 4-D(62)-F(92)ﬂ
7. Referring to Figure 6-10, calculate the values of the angles v and p.

v(92) =07 - 93(92)

1(02) = 04(02) - 05(02)

8. Using equation 6.13e, calculate and plot the mechanical advantage of the linkage over the given range.

c-sin(p(Gz)) Tin_

mA(Gz) - :sm(_v@-;)-)- Tout

60
55
50
45

\
40\
\
\

35
mA(Gz) 30
—_— 25

20
15 A\

10 ~__

5 ——
0
90 95 100 105 110 115 120
0r+a

deg



DESIGN OF MACHINERY SOLUTION MANUAL 6-60-1

&S PROBLEM 6-60

Statement:

Units:
Given:

Solution:

Figure P6-23 shows a surface grinder. The workpiece is oscillated under the spinning grinding
wheel by the slider-crank linkage that has the dimensions given below. Calculate and plot the
velocity of the grinding wheel contact point relative to the workpiece over one revolution of the

rpm:= 2-x-rad-min !

Link lengths:
Link 2 (O, to 4) a:=22-mm Offset ¢ = 40-mm
Link 3 (4 to B) b:=157-mm
Grinding wheel diameter d :=90-mm
Input crank angular velocity 02 :=120-rpm CCW

Grinding wheel angular velocity o5 :=3450.-rpm CCW

See Figure P6-23 and Mathcad file P0O660.

1. Draw the linkage to scale and label it.

/|

%A

A 0,3 —
2T
~0

2

2. Determine the range of motion for this slider-crank linkage.

07 := 0-deg,2-deg..360-deg

3. Determine 0, using equation 4.17.

03(02) = as(_i;?l‘—) o

4. Determine the angular velocity of link 3 using equation 6.22a:

5. Determine the velocity of pin B using equation 6.22b:

VB(O 2) =—a-0Q 2-sin(92) + b 3(92)-sir!(93(92)) Positive to the right

6. Calculate the velocity of the grinding wheel contact point using equation 6.7:
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VG = -623--0)5 VG = 16258 -s% Directed to the right

7. The velocity of the grinding wheel contact point relative to the workpiece, which has velocity Vp, is

VGB(ez) =Vg - V3(62)

RELATIVE VELOCITY AT CONTACT POINT

16.6

16.5 //\\

16.4 \

16.3 \

17}
Slg

x

| ¢
S~
D
N

Velocity, m/sec

16.2 |f

16.1 /
16 \

15.9

0 60 120 180 240 300 360
)

deg
Crank Angle, deg
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@S PROBLEM 6-61

Statement: Figure P6-24 shows an inverted slider-crank mechanism. Given the dimensions below, find @,, @3,

45 V44 Verans» @0 ¥y, for the position shown with ¥, = 20 in/sec in the direction shown.

Given: Link lengths:
Link2 (024) a:=2.5-in Link4 (044) c¢:=4.1'in Link 1 (0,04) d:=39-in
Measured angles:
09 := 75.5-deg Otrans = 26.5-deg slip = 116.5-deg
Velocity of point 4 on links 2 and 3: V42 := 20-in-sec ! Va3:=Vy2
Solution: See Figure P6-24 and Mathcad file P0661.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of

interest.
Y Axis of slip
[/

X
e 3 / Direction of VA
Adds of transmission
\\‘
\\
\\‘
\
2. Use equation 6.7 to calculate the angular velocity of link 2.
Va2
0= —— 02 =8000222  cw
a sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point A on links 2 and
3.. The equation to be solved graphically is

V3= Vians T Vassiip

Choose a convenient velocity scale and layout the known vector V 43.
From the tip of V 43, draw a construction line with the direction of V 43,5, magnitude unknown.
From the tail of V 3, draw a construction line with the direction of V,,,,,;, magnitude unknown.

Complete the vector triangle by drawing V 43, from the tip of V 4, to the tip of V43 and drawing V ;s

a.
b.
c.
d.
from the tail of V 4; to the intersection of the V 43, construction line.
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Axis of transmission

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky = 10-in-sec
in
. in
V44:= 1.686-in-ky Vig=169—
sec

Vstip := 2.064-in-ky Vsiip = 20.6 El:_c

Virans = 1.509-in-k, Virans = 15.1 —

sec
5. Determine the angular velocity of link 4 using equation 6.7.
Vas
W4 :=— w4 =4.1 rad Ccw
c

sec
Because link 3 slides within link 4, ©; =0,
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&S PROBLEM 6-62

Statement: Figure P6-25 shows a drag-link mechanism with dimensions. Write the necessary equations and
solve them to calculate and plot the angular velocity of link 4 for an input of @, = 1 rad/sec.
Comment on the uses for this mechanism.

Given: Link lengths:
Link 2 (L) a:=138in Link 3 (L5) b:=122in
Link 4 (L) c:=1.62-in Link 1 (L)) d :=0.68-in
Input crank angular velocity ®3 :=-1-rad-sec I cw

Two argument inverse tangent atan2(x,y) := freturn 05-7 if (x=0Ay>0)
return 1.5-7 if x=0A y<0)

return atan((—z)) if x>0
x
atan((l)) + 7 otherwise
x

Solution: See Figure P6-25 and Mathcad file ruoo..
1. Draw the linkage to scale and label it.

4

14749
“ \

2. Determine the range of motion for this Grashof double crank.
07 = 0-deg,2-deg.. 360-deg

3. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

Kp:= 4 Ky = 4
a c
K = 04928 Kz = 0.4198
2 2 2
K=l =b *e v K3 =0.7834
(2-a-¢)

A(Gz) = cos(ez) -K; - Kz-cos(02) + K3

B(02) := ~2-sin(82)

c(82) = K1 - (K2 + 1)-cos(02) + K3
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4. Use equation 4.10b to find values of 0, for the open circuit.

041(02) = 2-(atan2(2-A(92),—B(92) - JB(92)2 - 4'A(92)-C(929)

5. Determine the values of the constants needed for finding 05 from equations 4.11b and 4.12.

d Foda -
Ky=— K5:=
b (2-a-b)

K4 =0.5574

K5 =-0.3655
D(92) = cos(Gz) -Kp+ K4-cos(62) +K5

E(Gz) = —2-sin(92)
F(02) = K1 + (Kq~ 1)-cos(02) + K

6. Use equation 4.13 to find values of 65 for the open circuit.

031(02) = 2 atand(2-0(02) -£{02) - 03] - 40(02)#(62)))

7. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

awy  sinf041(0) - 0)
b sin(031(02) - 0.41(62))

a~c\)2‘ sin(ez - 931(92))
c sin(941(92) - 931(92))

9. Plot the angular velocity of link 4.

m31(92) =

m41(62) =

ANGULAR VELOCITY, LINK 4

—
_— \

-1 v

N
N
g
= sec
2 oaq{0,)—
.§ 41( 2) rad—1.5
S_" PR
3
)
= ‘
<t
—2 G
—2.5
60 120 180 240 300 360
)
deg

Crank Angle, deg
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&S PROBLEM 6.63

Statement: Figure P6-25 shows a drag-link mechanism with dimensions. Write the necessary equations and
solve them to calculate and plot the centrodes of instant center 7, 4.

Given: Measured link lengths:
Link 2 (L) Ly:=138-in Link 3 (Ls) L3:=122in
Link 4 (Z,) Ly=1.62-in Link 1 (Z;) L) :=0.68-in
Input crank angular velocity o7 = -l-rad-sec” !

Two argument inverse tangent atan2(x,y) = |return 0.5-7 if (x=0A y>0)
return 1.5-7 if x=0Ay<0)

return atan((z)) if x>0
x

atan((l)) + 7 otherwise
x
Solution: See Figure P6-25 and Mathcad file ruoos.

1. Draw the linkage to scale and label it. Instant center J 4 is at the intersection of line AB with line 0,04. To get
the first centrode, ground link 2 and let link 3 be the input. Then we have

a=1L3 b:=Ly c=1L; d:=L)

2. Determine the range of motion for this Grashof double rocker. From Figure 3-1a on page 80, one toggle angle is

2 2
B0 = acod 2— a - (b+0) 020 = 124.294 deg
2-a-d

The other toggle angle is the negative of this. The range of motion is

07 := 029,070 + 1-deg..02¢

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

K1:=g K2:=i
a c

Ky = 1.1311 Ky = 2.0294
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2 2 2 2
ky=& b *c *d K3 =07418
2-a-¢) .

A(Gz) = cos(92) -K; - K2~cos(62) +K3
B(Bz) = —2-sin(92)
c(62) = K1 ~ (K2 + 1)-cos(02) + K3

4. Use equation 4.10b to find values of 0, for the open circuit.

041(02) = 2-(atan2(2-A(62),—B(62) - JB(92)2 - 4~A(92)~C(92)D

5. Calculate the coordinates of the intersection of line BC with line AD. This will be the instant center £, 4.

Line BC: yi=x tan(92)l
Line AD: y—0:=(x- d)~tan(94)l

Eliminating y and solving for the x- and y-coordinates of the intersection,

AN oo ) Al

6. Plot the fixed centrode.

o FIXED CENTRODE
5 \

£

§ y24(92) .

£

§ n

g

A

-5 \\ \
-10 \
=10 -5 0 5 10
X 24(92)
in
x-Coordinate, in

7. Invert the linkage, making C and D the fixed pivots. Then,

a=1Lj b:=1Ls c:=1L3 d=1Ly

8. Determine the range of motion for this Grashof crank rocker.

09 = 0-deg,0.5-deg.. 360-deg
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9. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj:= 4 Ky:=—
a c
K; =23824 K> = 13279
2 2 2 2
- d
K= &b re ¥ K3 = 1.6097

(2-a-¢)

A(ez) = cos(92) - K7 - Kz-cos(ez) + K3

B(Oz) = —2-sin(92)

C(ez) =Kj - (Kz + l)-cos(ez) + K3

10. Use equation 4.10b to find values of 6, for the open circuit.

042(62) = 2 (aand 2.4(02), 5(02) - {8(02)" - +-4(02) (62)))

11. Calculate the coordinates of the intersection of line BC with line AD. This will be the instant center £ 4.

Line AD: y= x-tan(ez).
Line BC: y-0=(x- d)-tan(64)'

Eliminating y and solving for the x- and y-coordinates of the intersection,

x 24(6 2) = mn(:;f(’;(:)‘;Z_(.eja)z(e 2) y 24(9 2) =X 24(9 2)' tan(e 2)

6. Plot the moving centrode. (See next page.)
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MOVING CENTRODE

in

y-Coordinate,
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&S PROBLEM 6-64

Statement: Figure P6-26 shows a mechanism with dimensions. Use a graphical method to calculate the
velocities of points 4, B, and C and the velocity of slip for the position shown.

Given: Link lengths and angles:
Link 1 (0;04) d:=122-in Angle 0,04 makes with X axis 07 := 56.5-deg
Link2 (0,4) a:=135-in Angle 8, makes with X axis 0, := 14-deg
Link 4 (O4B) e:=1.36-in
Link 5 (BC) f:=2.69-in
Link 6 (OsC) g:= 1.80-in Angle O¢C makes with X axis 0 := 88-deg

Angular velocity of link 2~ @ 1= 20-rad-sec | CW
Solution: See Figure P6-26 and Mathcad file P0664.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest,

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4 on links 2 and 3.

Viz:=awr Vq3= 27.000;71 Oy43:=902 — 90-deg Oy 43 = -76.0deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point 4 on link 3. The
equation to be solved graphically is

Vy3= Virans + Vslip

Choose a convenient velocity scale and layout the known vector V 43.

From the tip of V 43, draw a construction line with the direction of V y;;,, magnitude unknown.

From the tail of V 43, draw a construction line with the direction of V ,,,,,,, magnitude unknown.

Complete the vector triangle by drawing V y;;, from the tip of Vg, to the tip of V 43 and drawing V ;4 from
the tail of V 4; to the intersection of the V y;, construction line.

e TP
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| 0 10in'sec
/\ (I T
/1.295 «
N
\ Vians
\(/
/ g \
4\\ \
AN Vas
2.369\vi
4., From the velocity triangle we have:
10-in-sec !
Velocity scale factor: fry = ———————
in
, in
Vsltp = 2.369-in-ky Vslip = 23.690 —

sec

Virans i= 1295-in-ky  Virans = 12.950 —
sec

5. The true velocity of point A on link 4 is Vg,

in
Viga:= Virans Vqq= 1295 s_ec-

6. Determine the angular velocity of link 4 using equation 6.7.
From the linkage layout above: c:=0939in and  04:= 132.661-deg

Vaq
04i= — 0s=137917 cw
c sec

7. Determine the magnitude and sense of the vector V p using equation 6.7.

Vp:=ewmq Vp= 18.756%

By 44 =04 — 90-deg Oy 44 = 42.661 deg

8. Draw links 1, 4, 5, and 6 to a convenient scale. Indicate the directions of the velocity vectors of interest. (See
next page.)
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X

!
I
|
|
f
1
|

@)

Op ™

9. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is

Ve=Vp+Vcp

Choose a convenient velocity scale and layout the known vector V.

From the tip of V g, draw a construction line with the direction of V -5, magnitude unknown.

From the tail of V 5, draw a construction line with the direction of V-, magnitude unknown.

Complete the vector triangle by drawing V -5 from the tip of V5 to the intersection of the V- construction
line and drawing V. from the tail of V to the intersection of the V -5 construction line.

=a 0 op

Vg 0 10invsec
I_.\“ _J._._I_I._—J

Ves

'ﬁ——ﬂ*\.,,
Ve ./
2.088 ———

Velocity scale factor: ky:= M— Oyc:=0¢ — 90-deg
n

!

10. From the velocity triangle we have:

Ve = 2.088-in-ky Ve =209 8yc = -2.0deg
sec
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&S PROBLEM 6-85

Statement: Figure P6-27 shows a cam and follower. Distances are given below. Find the velocities of points A
and B, the velocity of transmission, velocity of slip, and @3 if @, = 50 rad/sec (CW). Use a

graphical method.

Given: w2:= 50-rad-sec !
Distance from O, to A4: a:=1.890-in
Distance from Oj to B: b:=1.645-in

Assumptions: Roll-slide contact
Solution: See Figure P6-27 and Mathcad file P0665.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest.

~— Ais of slip

g Direction of VB

Direction of VA
2. Use equation 6.7 to calculate the magnitude of the velocity at point A.

Vi=ao; Vy= 94.500&

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point 4. The equation
to be solved graphically is

V4= Vians TV 40p

Choose a convenient velocity scale and layout the known vector V 4.

From the tip of V 4, draw a construction line with the direction of V ;;,, magnitude unknown.

From the tail of V ,, draw a construction line with the direction of V ,,,,, magnitude unknown.

Complete the vector triangle by drawing V g;, from the tip of V5, t0 the tip of V 4 and drawing V ,,, from
the tail of V 4 to the intersection of the Vy;;, construction line.

a.
b.
c.
d.
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4. From the velocity triangle we have:

. -1
Velocity scale factor: ky:= M——
in
. in
V4= 1.890-in-ky Vq4=945—
sec
. in
Vg = 2.304-in-ky, Vgp=1152—
sec
. in
Vstip == 3.256-in-ky Vstip = 162.8 —
sec
in
Vtrans = 1.317'in'kv Vtrans = 65.9—
sec

5. Determine the angular velocity of link 3 using equation 6.7.

VB d
03 = — 03 = 70022 cwW
b sec
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&S PROBLEM 6-66

Statement: Figure P6-28 shows a quick-return mechanism with dimensions. Use a graphical method to
calculate the velocities of points 4, B, and C and the velocity of slip for the position shown.

Given: Link lengths and angles:
Link 1 (0,04) d:=1.6%in Angle 0,0, makes with X axis 0} := 15.5-deg
Link 2 (L) a:= 1.00-in Angle link 2 makes with X axis 07 := 99-deg
Link 4 (Ly) e:=4.76-in
Link 5 (Ls) f=4.55in
Offset (0,C) g:=2.86-in

Angular velocity of link 2 ®2 = 10-rad-sec 1 cow
Solution: See Figure P6-28 and Mathcad file P0666.

1. Draw the linkage to scale and indicate the axes of slip and transmission as well as the directions of velocities of
interest.

~

a
/ )
Avis of transmission yd /3® Y
/ e ’ //
Direction of VA3 s 7
/ —
Ve
P

y ,
P
// - Adis of slip
o
S ///
2.068
g AN
AN
AN
S
Ve h N
. \ o
¥/
04

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4 on links 2 and 3.
Vi2:= a0y Vi2=10000—  Oysz:= 0, + 90-deg Ov42 = 189.0 deg
sec

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point 4 on link 3. The
equation to be solved graphically is

Vi3=Vyans t v:lip
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Choose a convenient velocity scale and layout the known vector V 43.
From the tip of V 43, draw a construction line with the direction of V y;;,, magnitude unknown.
From the tail of V 43, draw a construction line with the direction of V ., magnitude unknown.

Complete the vector triangle by drawing V ;, from the tip of V,, 4, to the tip of V 43 and drawing V5, from
the tail of V 4; to the intersection of the V; consu'uct]on line.

ao o

ip
Y
I 0 5 in'sec
S N S
|
| .

4. From the velocity triangle we have:

. -1
Velocity scale factor:  ky i= 2neC
n
i in
Vstip == 1.634-in-ky, Vstip = 8.170 —
sec

Virans := 1.154in-ky  Vipgns = 5.770—
sec

5. The true velocity of point A on link 4 is Vy,s,

in
Vid:= Virans Vag= 5.77;;

6. Determine the angular velocity of link 4 using equation 6.7.
From the linkage layout above: ¢ :=2.068-in and 04 := 44.228-deg

v
04 = —= 04=27907%%  ccw

c sec

7. Determine the magnitude and sense of the vector V5 using equation 6.7.

V= e-04 Vg = 13281 %

Oy = 04 + 90-deg Oyp = 134.228 deg

8. Draw links 1, 4, 5, and 6 to a convenient scale. Indicate the directions of the velocity vectors of interest. (See
next page.)
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9. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is

Vc=Vp+Vcp

a. Choose a convenient velocity scale and layout the known vector Vp.

b. From the tip of V g, draw a construction line with the direction of V -5, magnitude unknown.
c. From the tail of V g, draw a construction line with the direction of V-, magnitude unknown.
d.

Complete the vector triangle by drawing V -5 from the tip of V 5 to the intersection of the V¢ construction
line and drawing V- from the tail of V5 to the intersection of the V5 construction line.

10. From the velocity triangle we have:

-1 v
Velocity scale factor: ky = Sinsec 8 0 5insec
in TN T N
in
Ve = 1.659-ink, Ve =830—
sec y
Oyc:= 180-deg
V(B
X
Ve
I 1.659
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& PROBLEM 6-67

Statement: Figure P6-29 shows a drum pedal mechanism . For the dimensions given below, find and plot the
mechanical advantage and the velocity ratio of the linkage over its range of motion. If'the input
velocity ¥}, is a constant and F;, is constant, find the output velocity, output force, and power in
over the range of motion.

Given: Link lengths:
Link 2 (O,4) a:= 100-mm Link 3 (4B) b:=28-mm
Link 4 (O4B) ¢ = 64-mm Link 1 (0;04) d:=56-mm
Distance to force application:
Link 2 Tin = 48-mm Link 3 (4P) Fout := 124-mm
Input force and velocity: Fip = 50N Vip := 3-m-sec !
Range of positions of link 2: 070 := 162-deg 021:=171-deg
Solution: See Figure P6-29 and Mathcad file P0667.

1. Draw the mechanism to scale and label it.

2. Calculate the range of 0, in the local coordinate system (required to calculate 6, and 6,,).
Rotation angle of local xy system to global XY system: o = 180-deg
02:=090 - a,(ezo - a) + 1-deg..021 -

3. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

Kj:= 4 Kp:= a
a C
K = 0.5600 K = 0.8750
2
k=8 =b e +d K3 = 12850
(2-a-c)

A(Gz) = cos(ez) -K; - Kz-cos(eg) + K3
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B(@z) = —2~Sin(92)
c(62) =K1 - (K2 + 1)-cos(02) + K3
4. Use equation 4.10b to find value of 0, for the open circuit.

04(0) = 2| atan] 2.4(62).-5(05) - {(8(62))° - +-4(02)<(02)

5. Determine the values of the constants needed for finding 85 from equations 4.11b and 4.12.

2 2 2 2
Ke=2 gs=S—d —a b K4 =2.0000
b (2-a-b)

K5 =-1.7543
D(Gz) = cos(ez) -Kj+ K4-cos(92) + K5

E(Sz) = —-2-sin(92)
F(Gz) =K;+ (K4 - 1)~cos(92) + K5

6. Use equation 4.13 to find values of 65 for the open circuit.

03(65) = 2| atand 2.D(62),-B(05) ~ (E(0)) - +0(02) 7(03) |

7. Using equations 6.13d and 6.18a, where @, is ®3, calculate and plot the mechanical advantage of the linkage
over the given range.

b-sin(83(02) - 04(62)) Tin_

mgl07) = .
( ) a~sin(94(92) N 62) Yout
014 MECHANICAL ADVANTAGE
v
)
3 0.13
S
§ mA(Gz) L
c D e
S 0.12
§
0.1
162 164 166 168 170 172
92+OL
deg

Pedal Angle, deg
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8. Calculate and plot the velocity ratio using equation 6.13d,

mi83) = —

m A(G 2)
VELOCITY RATIO
10
b"“-—-
8
,g
g 6
3 my(62)
3
'§ 4
2
0
162 164 166 168 170 172
92+(l
deg
Pedal Angle, deg
9. Calculate and plot the output velocity using equation 6.13a.
Vout(e 2) = Vin -mV(G 2)
30 OQUTPUT VELOCITY
P ——
N 20
3 sec
§ Vout(GZ) _';;—
8
S 10
0
162 164 166 168 170 172
92+ﬂ,
deg

Pedal Angle, deg
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10. Calculate and plot the output force using equation 6.13a.

F aut(GZ) =F, in‘mA(e2)

OUTPUT FORCE
8
6
= FOMI(QZ)
8 v 4
S]
K, —
2
0
162 164 166 168 170 172
92+(X
deg

Pedal Angle, deg
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&S PROBLEM 6-68

Statement: Figure 3-33 shows a sixbar slider crank linkage. Find all of its instant centers in the position shown:
Given: Number of links 7:=6
Solution: See Figure 3-33 and Mathcad file P0668.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

corin-1) C=15
2

2. Draw the linkage to scale and identify those ICs that can be found by inspection (8).

1,6 at infinity

2. Use Kennedy's Ru e and a linear
graph to find the remaining 7 ICs:

§a, Is,ha s, L 6,136, and 1a6
Ns: helsgand] 415
hs hphsandl 3-hs
ha: Lyhzand] s-I35

Be: Lghzandl s-Isg

b4 hyhgandl s-Iys
he hphgandl 5156

Iy haheand I 5L g

4,6

3,6 1,6 at infinity
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& PROBLEM 6-69

Statement: Calculate and plot the centrodes of instant center /4 of the linkage in Figure 3-33 so that a pair of
noncircular gears can be made to replace the driver dyad 23.

Given: Link lengths:
Input crank (1,) Ly:=2.170 Fourbar coupler (L3) L3 :=2.067
Output crank (Ly)  Ly:=2.310 Fourbar ground link (L) Lj:=1.000
Two argument inverse tangent: atan2(x,y) .= {return 0.5-n if (x=0A y>0)
return 1.5 if x=0A y<0)
return atan((z)) if x>0
x
atan((z)) + m otherwise
x
Solution: See Figure 3-33 and Mathcad file P0669.
1. Invert the linkage, grounding link 2 such that the input link is 3, the coupler is 4, and the output link is 1.
a=1L3 b:=1Ly c=1L; d:=1L

2. Define the input crank motion for this inversion: 07 := 47-deg,47.5deg.. 102.5deg
3. Use equations 4.8a and 4.10 to calculate 6, as a function of 6, (for the open circuit).

2 2 2 2
K1:=£ K2:=-‘1 K3:=a—b +c +d
a c (2-a-c)
K; = 1.0498 K> =2.1700 K3 =1.1237

A(Bz) = cos(62) - K- Kz-cos(ez) + K3

B(Bz) = —2-sin(62) C(Oz) =Ky - (Kg + 1)-cos(92) + K3

041(02) := 2-(atan2(2-A(62),—B(92) - J 8(92)2 - 4-A(92)-C(92)D

04(62) := #(041(02) > 2-1,041(02) - 2-7,841(62))
5. Calculate the coordinates of the intersection of links 1 and 3 in the xy coordinate system.

x242(92) = m”(::)a'—'(?:’ffezzgez)) J’242(92) = x242(92)"‘"‘(92)

6. Invert the linkage, grounding link 4 such that the input link is 1, the coupler is 2, and the output link is 3.

a=1Lj b:=1L> c:=1L3 d:=1Ly
8. Use equations 4.8a and 4.10 to calculate 8, as a function of 8, (for the open circuit).
K,::i K2:=1 K3:= a2—b2+02+d2
a c (2-a-c)
K =123100 K> =1.1176 K3 =14271

A(Gz) = cos(ez) -K; - Kz-cos(ez) + K3
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B(62) := —2-sin(6>) C(82) = K1 - (K2 + 1)-cos(82) + K3

041(02) = 2-(atan2(2-A(62),—-B(92) - J B(0,)’ - 4-A(92)-C(92)D

64(62) = 17(941(62) > 2-1:,941(92) - 2-n,941(92))

5. Calculate the coordinates of the intersection of links 1 and 3 in the xy coordinate system.

‘ d -tan(94(9 2)) .
%244(02) = (an{02) — 1an(64(62)) v244(02) = x244(62)-1an(62)
LINK 2 GROUNDED
5
4 \\
3 \
2
1
y242(92) 0
-1 Ve
- //
- /
-4 ) /
-5"4 -3 -2 -1 0 1
1242(92)

7. Define the input crank motion for this inversion: 6, := 41-deg,42-deg..241-deg

LINK 4 GROUNDED

10 \

Y. 244(92) \\

N \
\

-8

—10"10 8 6 4 2 0 2 4 6 8 10

x244(92)
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&S PROBLEM 6-70a

Statement: Find the velocity of the slider in Figure 3-33 for 6, = 110 deg with respect to the global X axis
assuming o, = 1 rad/sec CW. Use a graphical method.

Given: Link lengths:
Link 2 (O, t0 4) a:=2.170-in Link 3 (4 to B) b:=2.067-in
Link 4 (O4 t0 B) ¢ :=2.310-in Link 1 (0210 Oy) d :=1.000-in
Link 5 (Bto C) e:= 5400
Coordinate angle &:= -102-deg Crank angle: 62:=110-deg
Input crank angular velocity ®?2 = l-rad-sec” ' cw
Solution: See Figure P6-33 and Mathcad file P0670a.
1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.
Direction of VA
Y
Direction of VBA
A 147, GV.

— Direction of VB

158. 818°

: _‘_._:_____ IG]L,_‘L._;_

Direction of VC/ /
Direction of VCB

2. Use equation 6.7 to calculate the magnitude of the velocity at point A.

Vi=aoy Vy=2170-=
sec
Oy 4 = 62 — 90-deg 8y = 20.000 deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g, and the angular velocity of link 3. The equation to be solved graphically is

V=V, 4+Vpy

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V4, draw a construction line with the direction of V g4, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.
d

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V z construction
line and drawing V 5 from the tail of V 4 to the intersection of the V 3, construction line.
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4. From the velocity triangie we nave:

Velocity scale factor:

Vg:= 1325-ink,

SOLUTION MANUAL 6-70a-2

VA
Y /’/7
"
— «
\
o v
vg N
. AN
1.325
k, = l-in-..sec_l
n
Vg=1325— Oyg = -31.050-deg
sec

5. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C, the magnitude of the
relative velocity Vg, and the angular velocity of link 3. The equation to be solved graphically is

=Vp+Vcp

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V5, draw a construction line with the direction of V-5, magnitude unknown.
c. From the tail of Vg, draw a construction line with the direction of V-, magnitude unknown.
d.

Complete the vector triangle by drawing V ¢ from the tip of V g to the intersection of the V¢ construction
line and drawing V- from the tail of V5 to the intersection of the V5 construction line.

0 1 in/sec
Lo |

4. From the velocity wiangie we nave:

Velocity scale factor:

Ve = 1.400-in-ky,

—~ 1.400
Y

Ve |,
X
Vg Ves
ky = l-in-.?'ec_l
m
Ve = 1.400 — Oy = 0.0-deg

sec
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&S PROBLEM 6-70b

Statement: Find the velocity of the slider in Figure 3-33 for 6, = 110 deg with respect to the global X axis
assuming ®, = 1 rad/sec CW. Use the method of instant centers.

Given: Link lengths:
Link 2 (O to 4) a:=2.170-in Link 3 (4 to B) b:=2.067-in
Link 4 (O4 to B) ¢:=2.310-in Link 1 (O, t0 Oy) d :=1.000-in
Link 5 (Bto C) e = 5400
Coordinate angle 8:= -102-deg Crank angle: 62 = 110-deg
Input crank angular velocity ®7 :=1-rad-sec I ow
Solution: See Figure 3-33 and Mathcad file P0670b.

1. Draw the linkage to scale in the position given, find instant centers /; 3 and I, 5, and the distances from the pin
joints to the instant centers. See Problem 6-68 for the determination of /C locations.

15
y

/

/)
|
|
l
|
|
|
|
|
|
l
|
|
|
|
|
|
|
|
|

From the layout above:

All13 :=2.609-in BI13:=1.641-in  BIl15 := 9.406-in CI15 = 9.896-in



DESIGN OF MACHINERY SOLUTION MANUAL 6-70b-2

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=awr Vgq= 2.170%

Oy 4 = 67 — 90-deg Oy 4 = 20.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=08327%%  cw
All3 sec
4. Determine the magnitude of the velocity at point B using equation 6.9b. The direction of Vp is down and to the
right
in
Vp:= Bl13-03 Vp=1.365—

sec

5. Use equation 6.9c to determine the angular velocity of link 5.

VB
05 = — 0s=01457%%  ccw
BIlS sec

6. Determine the magnitude of the velocity at point C using equation 6.9b.

V= ClI5-05 Vo=1436-——  totheright
sec
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&S PROBLEM 6-70¢

Statement: Find the velocity of the slider in Figure 3-33 for 6, = 110 deg with respect to the global X axis
assuming ®, = 1 rad/sec CW. Use an analytical method.

Given: Link lengths:
Link 2 (O t0 4) a:=2.170-in Link 3 (4 to B) b:=2.067-in
Link 4 (O4 to B) ¢ :=2310-in Link 1 (O, to Oy) d :=1.000-in
Link 5 (Bto C) e:=5400-in
Coordinate angle 8:=-102-deg Crank angle: Orxy = 110-deg
Input crank angular velocity @2 = —1-rad-sec 1 Cw

Two argument inverse tangent atan2(x,y) == |return 05-7 if (x=0A y>0)
return 1.5-7r if x=0A y<0)

return atan((—y—)) if x>0
x
atan((—z)) + m otherwise
x

Solution: See Figure P6-33 and Mathcad file P0670c.
1. Draw the linkage to scale and label it.
Y

2. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

Transform crank angle to the local Xy coordinate system:

62:=6xy - 8 62 = 212.000 deg
K;:= 4 K7:= 4
a 4
K7 = 0.4608 K2 =04329
2 2 2. 2
ky=d =l te td o 06755

2-a-c)
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A := cos(02) - K1 — Kz-cos(82) + K3
B:=-2-sin(8)
C:=Kj - (K2 + 1)-cos(62) + K3

A=-02662 B=10598 C=23515
3. Use equation 4.10b to find values of 6, for the open circuit.

B4y = 2-(atan 24,-B-B - 4-A-C)) —2m G4y = 159.635deg

4. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.

2 2 2 2

d ~d"-a -b
K== Ks:== 2 Ky = 04838

b (2-a-b)

Ks = -0.5178

D := cos(82) - K1 + Ky-cos(62) + K5 D =-2.2370
E = -2-5in8) E=10598
F =K +(Kq - 1)-cos(82) + K5 F = 03808

5. Use equation 4.13 to find values of 8; for the open circuit.

O3y = 2-(atan 2.D,-E - JEZ - 4-D-F)) -2 B3xy = 70.950 deg

6. Determine the angular velocity of link 4 for the open circuit using equations 6.18.

a-@) sin(ﬂz - 0313,) rad
4= . wyg = 0591 —
c sin( O4xy — 0 313,) sec
7. Transform 6, back to the global XY system.
04:= O4xy + 8 04 = 57.635deg

5. Determine 65 and d, with respect to O,, using equation 4.17.
Offset:  c¢cc:=0-in

c-sim B4) — cc
05 := asin( n( ) ) + 7 85 = 158.818 deg
e

dd = c-cos( 94) - e‘cos( 05) dd = 6.272in
6. Determine the angular velocity of link 5 using equation 6.22a:

_c cos(t94) ~ L‘.’i
5= e.cos(05).m4 w5 = 0.145 o

7. Determine the velocity of pin C using equation 6.22b:
Vei= —c-a)4-sin(04) + e-a)5-sir(95)

Ve = 14362 |Ve| = 1436 in arg(Vc) = 0.000deg
sec sec
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& PROBLEM 6-71

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular velocity of link 4 and the linear velocity of slider 6 in the sixbar
slider-crank linkage of Figure 3-33 as a function of the angle of input link 2 for a constant @, = 1
rad/sec CW. Plot ¥, both as a function of 8, and separately as a function of slider position as
shown in the figure. What is the percent deviation from constant velocity over 240 deg <8, <270

deg and over 190 <0, <315 deg?
Given: Link lengths:
Input crank (L) a:=2.170 Fourbar coupler (L3) b:=2.067
Output crank (Lg) ¢ :=2.310 Sllider coupler (Ls) e =540
Fourbar ground link (L)) d :=1.000
Two argument inverse tangent: atan2(x,y) = |return 0.5-7 if (x=0A y> 0)
rad return 1.5-7 if x=0A y<0)

Crank velocity: 02 :=-1-—

sec y R
return atan|| = if x>0
x
atan((z)) + 7 otherwise
x

1. This sixbar drag-link mechanism can be analyzed as a fourbar Grashof double crank in series with a slider-crank
mechanism using the output of the fourbar, link 4, as the input to the slider-crank.

Solution: See Figure 3-33 and Mathcad file P0671.

2. Define one revolution of the input crank: 0, := 0-deg,1-deg..360-deg
3. Use equations 4.8a and 4.10 to calculate 8, as a function of 0, (for the open circuit) in the global XY coordinate

system.
d d K__az—b2+c2+d2
Kj=— Ky=— 3 (2-a-c)
a c
K] = 0.4608 K> =0.4329 K3 = 0.6755

A(Gz) = cos(ez) - Ky - Kg-cos(ez) + K3

B(62) := —2-sin(02) c(02) == K1 - (K2 + 1)-cos(82) + K3

041(62) = 2-(atan2(2-A(62),—B(92) - \[3(92)2 - 4-A(ez).c(92))) ~ 102-deg

4. Ifthe calculated value of 0 is greater than 2, subtract 27 from it and if it is negative, make it positive.
942(92) = if(941(92) > 27 ,941(92) - 2-7{,941(02))

94(92) = if(942(92) < 0,942(62) + 2-11:,942(92))

5. Determine the slider-crank motion using equations 4.16 and 4.17 with 8, as the input angle.

05(02) = asin(imJ +m

e
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f (6 2) = c-cos(e 4(6 2)) - e-cos(e 5(9 2))
5. Determine the values of the constants needed for finding 6 from equations 4.11b and 4.12.

2 2 2 .2
K,,::i Ks:=2 —d —a -b K4 =0.4838
b (2-a-b)

K5 =-0.5178
D(Oz) = cos(eg) - K7+ K4-cos(62) + K5

E(82) := ~2-sin(87)
F(02) = K1 + (K4 ~ 1)-cos(62) + K5

6. Use equation 4.13 to find values of 65 for the open circuit.

03(62) := 2.[atanz[2.p(92),—E(ez) - J (E(ez))2 - 4.D(ez)-F(92)]]

7. Determine the angular velocity of link 4 for the open circuit using equations 6.18.

a0y sin(62 - 93(92))
0)4(92) = . 'sin(94(92) + 102-deg — 63(62))

~0.75 - /’\\ |
AR AN

=1.75 / \
-2
0 45 90 135 180 225 270 315 360
02
deg

8. Determine the angular velocity of link 5 using equation 6.22a:

9. Determine the velocity of pin C using equation 6.22b:

Ve(62) = —c-04(02)-5i(04(62)) + e-05(62)-sif(05(62))
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2
. //’” ™
0 \\
. \\
-2 \
-3 S
-4
0 45 90 135 180 225 270 315 360
0
deg
2
1/ / T~
0\ \/
-2 \
-3 \ s
i S SR
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3 4 5 6 7 8
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& PROBLEM 6-72

Statement: Figure 3-34 shows a Stephenson's sixbar mechanism. Find all of its instant centers in the position

shown:
Given: Number of links »n:=6
Solution: See Figure 3-34 and Mathcad file P0672.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

n(n-1) C-15

C:.=
2

a. Inpart (a) of the figure.
1.

Draw the linkage to scale and identify those ICs that can be found by inspection (7).

1.2

2. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs:
N3, 5,545, 5.6,53,4, 5.6, and 1a 6 '

hs Liglsgand ]y gl s
bs: I p-ly s and b 3-8 5 ‘
L hp-hiand] s-B s ':'
Byt Lig-hzand 1y 5L s :'
hg: Lihaand b s-lys
b hp-hgand L5156
L I 3-1 g and I3 5-Is5 6

Lis: N4 gand Iy 5156
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b. Inpart (b) of the figure.
1. Draw the linkage to scale and identify those ICs that can be found by inspection (7).

2. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs: Iy 3. Iy 5. h 4. b 5, b 6, 3.4, 13 6; and 146

5 helseandyglys
t Iyph s and b33 s
t bz and Iy sl s
DDz and sl s

: 12,3-13’4 and 12,5-14’5

X N 11,2‘11,6 and[2,5-15,6
t hi3heand Lsls e

t hyahgand Iyslsg

4 252428
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c. Inpart (c) of the figure.
1. Draw the linkage to scale and identify those ICs that can be found by inspection (7).

23

2. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs: ;3. [; 5. h 4. b 5. h 6. b 4. I 6. ana la 6

Ls: hglsgand Iy 4-1y 5 hat hshaand b s-Iys
hs: hp-hsand b 3-hs he: hip-heand b sk
Lz hp-hzand ] s-B 5 Bt I 3-h ¢ and I3 515 6
Bat hahzand Iy s s Iyg: Ia-hgand Iy s-Isg

23

3,5;1,3;3,4;, 36 15
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&S PROBLEM 6-73a

Statement: Find the angular velocity of link 6 in Figure 3-34b for 65 = 90 deg with respect to the global X axis
assuming ®, = 10 rad/sec CW. Use a graphical method.

Given: Link lengths:
Link 2 (O, to 4) g = 1.556-in Link 3 (4 to B) f 1= 4248in
Link 4 (04 to C) c:=2.125-in Link 5 (C to D) b:=2.158-in
Link 6 (Og to D) a:=1542-in Link 5 (B to D) p=3274-in
Link 1 X-offset dy = 3.259-in Link 1 Y-offset dy := -2.905-in
Angle CDB 05 :=36.0-deg
Output rocker angle: 06 := 90-deg Global XY system
Input crank angular velocity o7 = 10-rad-sec ' cow
Solution: See Figure 3-34b and Mathcad file P0673a.
1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.
Direction of VCD
Y

Direction of VD

Direction f VAB—

O4
Direction of VC

2. Since this linkage is a Stephenson's II sixbar, we will have to start at link 6 and work back to link 2. We will
assume a value for ®¢ and eventually find a value for ©,. We will then multiply the magnitudes of all velocities
by the ratio of the actual @, to the found ®,. Use equation 6.7 to calculate the magnitude of the velocity at
point D.

Direction of VBD

Assume: 0= l-rad-sec T ocw

Vp=aaog Vp = 1.542;’—:—; Oyp = 0-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C, the magnitude of the
relative velocity V-p, and the angular velocity of link 5. The equation to be solved graphically is

VC=VD+VCD

a. Choose a convenient velocity scale and layout the known vector V.
b. From the tip of V,, draw a construction line with the direction of V ¢, magnitude unknown.
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c. From the tail of V5, draw a construction line with the direction of V-, magnitude unknown.

d. Complete the vector triangle by drawing V ¢ from the tip of V5, to the intersection of the V¢ construction
line and drawing V-~ from the tail of Vp, to the intersection of the V -, construction line.

0 1 in/sec

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky = M—
in
Ve = 1.289-ink, Ve =1.289— Oyc = 54.195-deg
sec
Vep = 1.309-in-ky, Vep = 1.309-‘1 Oycp = 127.003-deg
sec

5. Determine the angular velocity of links 5 and 4 using equation 6.7.

-Vcp d
(:)5::--L m5=—0.6071—
sec

-Yc d

04= — 04 = -0.607 2>
c sec

6. Determine the magnitude and sense of the vector V g, using equation 6.7.

in
VBp = |p-os| VBp = 1.986;;6—

Ovep = OvcD + 65 8ypp = 163.003 deg

7. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B. The equation to be solved
graphically is

Vp=Vp+Vpp

a. Choose a convenient velocity scale and layout the known vector V.
b. From the tip of V , layout the (now) known vector V gp,.
c. Complete the vector triangle by drawing V g from the tail of V, to the tip of the V 5, vector.

P Voo 0 1 infsec

/(Ve \ Ll
0.682 i

N 121807 Vo
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8. From the velocity triangle we have:

. -1
Velocity scale factor: k, = 1~ln-,?'ec
in
VB :=0.682-in-ky Vg = 0.682 — Ovp = 121.607-deg
sec

9. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point 4, the magnitude of the
relative velocity V 45, and the angular velocity of link 2. The equation to be solved graphically is

V,4=Vp+Vup

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of Vg, draw a construction line with the direction of V 45, magnitude unknown.
c. From the tail of Vg, draw a construction line with the direction of V 4, magnitude unknown.
d

Complete the vector triangle by drawing V 45 from the tip of V g to the intersection of the V 4 construction
line and drawing V 4 from the tail of V to the intersection of the V 45 construction line.

}a Vs 0 . 1insec
)
L
0-5455/ 131690°
10. From the velocity triangle we have:
1-in-sec !
Velocity scale factor: ky:= ————
in
V4= 0.645-in-ky V4= 0.645— Oy4 = 131.690-deg

sec
11. Determine the angular velocity of link 2 with respect to the assumed value of @ using equation 6.7.

V4 ad
026 = — 0= 041522 CW
g sec

12. Calculate the actual value of the angular velocity of link 6.

(0]
0g = —2.7%4 06 = 24.124 752

026 sec sec
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&S PROBLEM 6-73b

Statement: Find the angular velocity of link 6 in Figure 3-34b for 65 = 90 deg with respect to the global X axis
assuming ®, = 10 rad/sec CW. Use the method of instant centers.

Given: Link lengths:
Link 2 (O, to 4) g:=1.556-in Link 3 (4 to B) f:=4248in
Link 4 (O4 to C) ¢:=2.125-in Link 5 (C to D) b:=2.158-in
Link 6 (Og to D) a:=1542-in Link 5 (B to D) pi=3274-in
Link 1 X-offset dy = 3.259-in Link 1 Y-offset dy = -2.905-in
Angle CDB 05 :=36.0-deg
Output rocker angle: 06 := 90-deg Global XY system
Input crank angular velocity o271 := 10-rad-sec I cw
Solution: See Figure 3-34b and Mathcad file P0673b.

1. Draw the linkage to scale in the position given, find instant centers /; 3 and J; 5, and the distances from the pin
joints to the instant centers. See Problem 6-72b for determination of /C locations.

From the layout above:

All3 :=22.334-in BI13 :=23.650-in BIl5 :=1.124-in DI15 :=2.542-in
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2. Start from point D with an assumed value for wg and work to find @,. Then, use the ratio of the actual vale of @,
to the found value to calculate the actual value of wg. Use equation 6.7 and inspection of the layout to
determine the magnitude and direction of the velocity at point D.

rad
0g:=1-—
sec
in
Vp = awg Vp=1.542—
sec
Oyp =06 — 90-deg Oyp = 0.0deg
3. Determine the angular velocity of link 3 using equation 6.9a.
VD
0§ = — 0s=0607"%  cw
DI15 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b.
Vg:= Bll5-as Vg =0.682 —
sec

5. Use equation 6.9c to determine the angular velocity of link 3.

VB
03=00207%%  ccw

03 i=—
BI13 sec

6. Determine the magnitude of the velocity at point A using equation 6.9b.

Vy= All3-03 Vy=0644—  totheleft
sec

7. Use equation 6.9c¢ to determine the angular velocity of link 2 based on the assumed value of @

V4 ad
02 = — op =044 cw
g sec

8. Multiply the assumed vaue of 04 by the ratio of ©,; over 0, to get the value of o4 for ©, = 10 rad/sec.

o
g = —21.rad 0= 2416674 cw

) sec sec
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< PROBLEM 6-73¢

Statement: Find the angular velocity of link 6 in Figure 3-34b for 8 = 90 deg with respect to the global X axis
assuming ®, = 10 rad/sec CW. Use an analytic method.

Given: Link lengths:
Link 2 (O, to 4) g:=1.556-in Link 3 (4 to B) [ =4.248-in
Link 4 (O4to C) ¢:=2.125:in Link 5 (C to D) b:=2.158-in
Link 6 (Og to D) a:=1542-in Link 5 (Bto D) p=3274-in
Link 1 X-offset dy = 3.25%in Link 1 Y-offset dy = -2.905-in
Angle CDB 05 :=36.0-deg Link 1 (O4 to Og) d .= 1.000-in

Output rocker angle: O6xy = 90-deg Global XY system

Input crank angular velocity 09 :=-10-rad-sec I cw

Coordinate rotationm angle 8= -90-deg

Two argument inverse tangent atan2(x,y) == |return 0.5-7 if (x=0A y>0)
return 1.5-7 if (x=0Ay<0)
return atan((l)) if x>0

X
atan((z)) + 7 otherwise
x
Solution: See Figure 3-34b and Mathcad file P0673c.

1. Transform the crank angle to the local coordinate system. Draw the linkage to scale and label it.

O06:= Osxy — 6 06 = 180.000 deg

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

2 2
a2—b +cz+d

(2-a-¢)
K = 0.6485 K7 = 0.4706 K3 =0.4938

Kj=— Ky = K3:=

QU
R EY
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A= cos(o,g) - K] - K2-cos(06) + K3 A = -0.6841
B := ~2-sir{ O) B=15314x 10 "
C:=K; - (K2 + 1)-cos(8) + K3 C=26129

3. Use equation 4.10b to find values of 6 for the crossed circuit.

84:= 2~(atan2(2~A,—B + JBz - 4-A-C)) 04 = 234.195 deg

4. Determine the values of the constants needed for finding 6; from equations 4.11b and 4.12.

NN,

d
Ky:= ; Ks5:= 2ab) K4 =0.4634
K5 =-0.5288
D := cos(85) - K1 + Ks-cos(86) + Ks D = -2.6407
E := ~2-5ir{ 66) E=15314x 107 "
F:= K + (K¢ - 1)-cos(86) + K5 F = 06563

5. Use equation 4.13 to find values of 85 for the crossed circuit.

O5):= 2-(atan 2.-D,-E + JEZ - 4-D-F)) O51 = 307.003 deg

6. Determine the angular velocity of links 4 and 5 for the open circuit using equations 6.18. Initially assume a¢ = 1
rad/sec. then by trial and error, change it to make o, = 10 rad/ sec CW.

-1
wg = 1-rad-sec

e e 0'0)6- 51"(04 - 06) @5 = 0607ﬂ
3= b Sl'i(051 - 04) ? ‘ se¢
o a-ag sin{ 66~ 051) ws=06077%
4= sin(04 - 051) T e
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&S PROBLEM 6-74

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular velocity of link 6 in the sixbar linkage of Figure 3-34 as a function of
0, for a constant 0, = 1 rad/sec CW.

Given: Link lengths:
Link 2 (O to 4) g:=1.556-in Link 3 (4 to B) f:=4248.in
Link 4 (04 to C) ¢ = 2.125-in Link 5 (C to D) b:=2.158in
Link 6 (Og to D) a:=1.542-in Link 5 (B to D) pi=3274-in
Link 1 X-offset dy = 3.259-in Link 1 Y-offset dy = -2.905-in
Angle CDB 85:=36.0-deg  Link 1 (O4to Og) d = 1.000-in

Output rocker angle: Osxy := 90-deg Global XY system

Input crank angular velocity o2 :=-10-rad-sec L cw
Coordinate rotationm angle 8:= -90-deg
Solution: See Figure P6-34 and Mathcad file P0674.

1. This problem is long and may be more appropriate for a project assignment. The solution involves defining
vector loops and solving the resulting equations use a method such as Newton-Raphson.



DESIGN OF MACHINERY SOLUTION MANUAL 6-75-1

&S PROBLEM 6-75

Statement: Figure 3-35 shows a Stephensqn‘s sixbar mechanism. Find all of its instant centers in the position

shown:
Given: Number of links 7:= 6
Solution: See Figure 3-35 and Mathcad file P0675.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
n-(n-1)
2

C:= C=15

a. Inpart (a) of the figure.
1. Draw the linkage to scale and identify those ICs that can be found by inspection (7).

12:25, 24 2,6@ 23

Iyst Iyilsg and Iy g-Iy 5

>

Izt hyrhzand I g 4
Bs: Iys-hzand I g1
bLs: 1 o-l sand b 3-13 5
byt hihgand b5l s
he hp-heand b 5-Isg
B I3l g and I 505

Lie: ha-heandlys-Is 6
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b. Inpart (b) of the figure.

SOLUTION MANUAL 6-75-2

1. Draw the linkage to scale and identify those ICs that can be found by inspection (7).

2. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs: Iy 3. [y 5. h 4. I 5. b 6. 5 5. I3 6. and Ia 6

L s: helsgand I 4-Iy 5
hL: Ip-hzand ] 4-h4
b5t I 5-I 3 and I 4l s

bs: Lip-h sand b 3-I

ha
bLe
B

Lig

2 hs-hgand b s-Iy 5
: ]1,2'11,6 and 12,5'15,6
2 h3-higand 3 5-15 6

thaheand lys-Ise

1,2:25;,24;26

3,4,1,3;3,5 3,6
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&5 PROBLEM 6-76a

Statement: Use a compass and straightedge to draw the linkage in Figure 3-35 with link 2 at 90 deg and find
the angular velocity of link 6 assuming ®, = 10 rad/sec CCW. Use a graphical method.

Given: Link lengths:
Link 2 (0, to 4) a = 1.000-in Link 3 (4 to B) b := 3.800-in
Link 4 (O, to B) ¢:=1.286-in Link 1 (O, to Oy) d:=3.857-in
Link 4 (O4 to D) e:=1.429.jn Link S (D to E) f=1.286
Link 6 (Og to E) g2:=0.771-in Crank angle: 07 := 90-deg
Input crank angular velocity o7 = 10-rad-sec T cow
Solution: See Figure 3-35 and Mathcad file P0676a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VA

Direction of VD

35.228°

\f
Direction of VE

Direction of VED

Direction of VBA —/

Direction of VB

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=ao; V4 = 10.000
sec
By 4 = 62 + 90-deg Oy 4 = 180.000 deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V4, and the angular velocity of link 3. The equation to be solved graphically is

Vp=V, 1+Vpy

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V4, draw a construction line with the direction of V 5, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.
d

Complete the vector triangle by drawing V 54 from the tip of V 4 to the intersection of the V z construction
line and drawing V from the tail of V 4 to the intersection of the V 5, construction line.
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/?\ 1.671
1063 v, Vs \/
/

o 5 in/sec <

X
A
4. From the velocity triangle we have:
5.in-sec !
Velocity scale factor: ky = ———
n
V= 1.671-inky Vg = 8.355 — Oy = 147915 deg
sec
VB4 = 1.063-inky VB4 = 5315= Oypa = 56.641-deg
sec
VB d
04:= — 04=649722  CW
(4 sec
5. Calculate the magnitude and direction of Vp.
VD = e-0d Vp = 92842 OyD = —55.085-deg
sec

6. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point E, the magnitude of the
relative velocity V p, and the angular velocity of link 3. The equation to be solved graphically is

Vg=Vp+Vpgp

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V,, draw a construction line with the direction of V ¢, magnitude unknown.
c. From the tail of V p, draw a construction line with the direction of V g, magnitude unknown.
d

. Complete the vector triangle by drawing V g, from the tip of V p, to the intersection of the V; construction
line and drawing V z from the tail of V to the intersection of the V zp construction line.

4. From the velocity triangle we have: Y 0 5 infsec
1 N B
Velocity scale factor: ky= -S-ﬂc——
in —
VE = 2.450-in-ky Vi = 12250 /
= 2.450-in- = 12.250 —
E E sec 2450
VE
6:=—
© g Vo
6= 15888222 cw Ve —
sec o
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&S PROBLEM 6-76b

Statement: Use a compass and straightedge to draw the linkage in Figure 3-35 with link 2 at 90 deg and find
the angular velocity of link 6 assuming @, = 10 rad/sec CCW. Use the method of instant centers.

Given: Link lengths:
Link 2 (O, t0 4) a = 1.000-in Link 3 (4 to B) b := 3.800-in
Link 4 (O, to B) ¢ :=1286-in Link 1 (O, to Oy) d = 3.857-in
Link 4 (Oy4 to D) e:=1429-in Link 5 (D to E) J=1286
Link 6 (Og to E) g:=0.771-in Crank angle: 02 :=90-deg
Input crank angular velocity o7 = 10-rad-sec U cew
Solution: See Figure 3-35 and Mathcad file P0676a.

1. Draw the linkage to scale in the position given, find instant centers /; 5 and 1 5, and the distances from the pin
joints to the instant centers. See Problem 6-68 for the determination of IC locations.

From the layout above:

All3 :=17.152-in BI13:=5975-in  BI15:=1.740-in DI15:=0947-in  EIl5 :=1249-in

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

V= ao; V4= 10.000 —
sec
Oy4 = 62 + 90-deg Oy4 = 180.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.
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V4
3= —— 03 = 1390874 ccw

3=
All3 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b.

Vg:= Bll3-03 Vg = 8354 —
sec

5. Use equation 6.9¢ to determine the angular velocity of link 4.

Ve d
w4:= — 04 = 6496 > CW
c sec

6. Determine the magnitude of the velocity at point D using equation 6.9b.

Vp:=ewgy4 Vp =9.283 ;—:c-

7. Use equation 6.9¢ to determine the angular velocity of link 5.

4))
0= — 0s=98037%% cw
DIl5 sec

8. Determine the magnitude of the velocity at point E using equation 6.9b.

V= EllS-05 VE = 12244 —
sec

9. Use equation 6.9c to determine the angular velocity of link 6.

VE d
06 = — 0g = 158825 CW
g sec
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&S PROBLEM 6-76c

Statement: Use a compass and straightedge to draw the linkage in Figure 3-35 with link 2 at 90 deg and find
the angular velocity of link 6 assuming o, = 10 rad/sec CCW. Use an analytical method.

Given: Link lengths:
Link 2 (O, to 4) a = 1.000-in Link 3 (4 to B) b := 3.800-in
Link 4 (O, to B) ¢ = 1.286-in Link 1 (0, to Oy) d :=3.857-in
Link 4 (O4 to D) e:=1429-in Link 5 (D to E) f:=1.286-in
Link 6 (Og to E) g:=0771-in Link 1 (O4 to Og) h:=0.786-in
Crank angle: 62 := 90-deg
Input crank angular velocity ®) = 10-rad-sec” ' cow
Solution: See Figure 3-35 and Mathcad file P0676c.

1. Draw the linkage to scale and label it.

122.085° 100.938°

33.359° /

2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

Kj:= i Ky := 1
a [+
K; =3.8570 K> =2.9992
2 2 2 2
Kyl b re *d K3 = 12015
(2-a-c)

A= cos(62) -Kj - Kg-cos(az) + K3

B:= —2-s1'n(02)
C=Kj- (Kg + 1)-cos(92) + K3

A=-26555 B=-2.0000 C=5.0585
3. Use equation 4.10b to find values of 0, for the crossed circuit.

O41:=2 (atan2(2 A,-B + JB - 4-4. C)) 047 = 237915 deg

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

Eod b
K= Ky=10150  Ks=-3.7714

Kyq:=
4 (2-a-b)

SHEY
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D := cos(62) - K1 + Ky-cos(62) + K D = -7.6284
E := ~2-sin( 62) E = -2.0000
F:= K1 + (K4 - 1)-cos(62) + K5 F = 0.0856

5. Use equation 4.13 to find values of 9, for the crossed circuit.

03:= 2 atan 2D,-E+E* - 4-D-F)) 03 = 326.641 deg

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

. a-a)z.si'l(aﬂ - ‘92) w3=1 398-’:a—d~
3= b sin(03— 041) T sec
e a-oz sin(ﬂz— 93) 4= —6496191
1= sin(041 - 03) T e

7. Link 4 will be the input to the second fourbar (links 4, 5, 6, and 1). Let the angle that link 4 makes in the second
fourbar be

0842 := 04] + 157-deg — 360-deg 842 = 34915deg

8. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.

h h
Kj=-— Ky:=~—
e g
K} = 0.5500 K> = 1.0195
2 2 2 2
K=t =L *EXR o omes
(2-e-g)

A= cos(642) - K7 - Kz-cos(04z) + K3
B .= —2-sin(942)
C.=K;- (Kz + l)-cos(042) + K3

A = 0.1603 =-1.1447 C =-0.3796
9. Use equation 4.10b to find values of 8 for the open circuit.

0 := 2-(atan2(2-A,—B - JBz - 4~A-C)) 06 = —35.228 deg

10. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

LRI

Ky:= L2 Ks:= K4=106112
f (2-e-N)
K5 =-1.0119
D= cos(942) -Kj+ K4-cos( 942) + K5 D = -0.2408
E :=-2-sin(042) E=-1.1447

F =K+ (Kg— 1)-cos(842) + K5 F = —0.7807
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11. Use equation 4.13 to find values of 65 for the open circuit.

05:= 2-(atan2(2-D,—E - JEz - 4-D~F)) 05 = 280.938 deg

12. Determine the angular velocity of link6 for the open circuit using equations 6.18.

e (e-a),g)'-?iﬂ(eﬁ - 65) w6 =-15 BSSE
6 = p sin(06— 05) 6= e
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& PROBLEM 6.77

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular velocity of link 6 in the sixbar linkage of Figure 3-35 as a function of
0, for a constant w, = 1 rad/sec CCW.

Given: Link lengths:
Link 2 (O to 4) a:= 1.000-in Link 3 (4 to B) b := 3.800-in
Link 4 (O4 to B) ¢ :=1.286-in Link 1 (O, to Oy) d:=3.857in
Link 4 (O4 to D) e:=1.429-in Link 5 (D to E) f:=1286-in
Link 6 (Og to E) g:=0.771-in Link 1 (04 to O¢) h:=0.786-in
Input crank angular velocity oy = l-rad-sec ' ocow
Solution: See Figure 3-35 and Mathcad file P0677.

1. Define the range of the input angle: 07 := 0-deg, 1-deg .. 360 deg
2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj=— Ky:= -C-I—
a c
K = 3.8570 K2 = 2.9992
2 2 2 2
k=2 =6 *c *d K3 = 12015
(2-a-¢)

A(ez) = cos(Gz) -Kj- Kz-cos(ez) + K3

8(92) = —2-sir(62)
C((-)g) =Kj- Kg + 1) cos(Bz) + K3

3. Use equation 4.10b to find values of 6, for the crossed circuit.

04(02) = 2 (ctanz2-4(02), -5(62) + | B(02) - 4-4(6)-C(e3))

4. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.

c2 - d2 - a2 - b2
K5 := K4=1.0150 Ks=-3.7714
(2-a-b)

Ky:=

SHEY

D(Bz) = cos(Oz) -K;+ K4-cos(62) + K5

E(Gz) = —2-sir((-]2)
F(Gz) =K+ (K4 - l)-cos(ﬁz) + K5

5. Use equation 4.13 to find values of 0, for the crossed circuit.

03(02) i= 2. aranz{ 2.D(05),—(e2) + {E{e)’ - 4-0(e2)-F(62)))

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.
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a-aj sin(94(92) - 62)
m;((-)z) = I "(93(92) _ 94(92))

awy  sin(8; - 03(62))
04(62) = ¢ sin{04(62) - 03(62))

7. Link 4 will be the input to the second fourbar (links 4, 5, 6, and 1). Let the angle that link 4 makes in the second
fourbar be

042(62) := 04(62) + 157-deg — 360-deg

8. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

h h
Kj=-— Ky=—
e g
K} = 0.5500 K2 = 10195
2 2 2 .2
K==L *EXE o omes

(2-e-2)
41(82) := cos(642(62)) - K1 - Kz-cos(842(82)) + K3
BY(02) := —2-sin(842(62))
C(62) = K1 - (K2 + 1)-cos(842(82)) + K3
9. Use equation 4.10b to find values of 6 for the open circuit.

06(62) = 2.(aranz(2-A(92),B(ez) - J 3(92)2 - 4-A'(92)-C'(92)D

10. Determine the values of the constants needed for finding 85 from equations 4.11b and 4.12.

o2 gt
(2-e-f)

D‘(Gz) = cos(642(92)) - K7+ K4-cos(642(62)) + K5

E’(Bz) = —2-sin(942(62))

F/(82) = Ky + (K4 - 1)-cos(042(62)) + K5

Ky:= Ks:= K4 =06112 K5 =-1.0119

~ >

11. Use equation 4.13 to find values of 85 for the open circuit.

65(02) i= 2-{ atand{ 2.0102) ~162) - {E(6)” - 4-D(62)-71(02)))

12. Determine the angular velocity of linké for the open circuit using equations 6.18.

~ e-04(82) ) sir(042(62) - 05(62))
m6(92) o ( g ) sir(96(92) - 95(92))
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ANGULAR VELOCITY - LINK 6

-1 F\J /
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2 PROBLEM 6-78

Statement: Figure 3-36 shows an eightbar mechanism. Find all of its instant centers in the position shown in

part (a) of the figure:
Given: Number of links 7:= 8
Solution: See Figure 3-36a and Mathcad file P0678.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

1. Draw the linkage to scale and identify those ICs that can be found by inspection (11).

C: C=28

14,1848

2. Use Kennedy's Rule and a linear graph to find the remaining 17 ICs.

Lz hphzand [ 4554

>

14,18, 48,58, 1,5

L haheandly:-Isg
ha hphaandh -l y
hg Lalygandly - g

< 3,6;3,7:3,8
s TR VW X N 67

2,6; 2,8; 6,8; 2,7 at infinity

he hpheand D Iy
Iss: hgheandly;-I1g
Isq: Isg-lsyandIg;-Irg
hs: helsgandD:-Iys

hy hghgand L -Isy

Bs: Bylsandhyl,,
hBe bihgand L s-Isg
B Bg-ls 7 and b 3-h 7 Lg: Isg-lgg and Iy 5-ly g
By -l gand b3-hg L5t hglsgand Iy 4~y 5

Iyt Iy g-lg 7 and I3 413 7 hL7 hghgand ] gk 7
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&S PROBLEM 6-79

SOLUTION MANUAL 6-79-1

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular velocity of link 8 in the linkage of Figure 3-36 as a function of 6, for a

constant ®, = 1 rad/sec CCW.

Given: Link lengths:
Input crank (L) a:= 0450
Common rocker (O4B) c:=0.590
Common rocker (04C) a':=0.590
Output rocker (Lg) ¢':=0.325
Link 7 (Ly) e:=0.938
Link 5 extension (DE) p =0.823
Angle BO4C o = 128.6-deg

Input crank angular velocity
Solution: See Figure 3-36 and Mathcad file P0679.

w7 := 1-rad-sec” !

First coupler (L3) b :=0.990
First ground link (0,0,) d =1.000
Second coupler (CD) b':=0.325
Second ground link (040¢) d':= 0419
Link 8 (Lg) f:=0572
Angle DCE 8 :=7.0-deg

CCw

1. See problem 4-43 for the position solution. The velocity solution will use the same vector loop equations for
links 5, 6, 7, and 8, differentiated with respect to time. This problem is suitable for a project assignment and is

probably too long for an overnight assignment.
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&S PROBLEM 6-80

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the magnitude and direction of the velocity of point P in Figure 3-37aas a
function of 6, for a constant w, = 1 rad/sec CCW. Also calculate and plot the velocity of point P
versus point A.

Given: Link lengths:
Link 2 (O, to A) a:=0.136 Link 3 (4 to B) b:=1.000
Link 4 (Bto Oy) ¢:=1.000 Link 1 (O,t00;) d:=1414

Coupler point: Rpq := 2.000 83 := 0-deg

Crank speed: w7 = 1-rad-sec !

Two argument inverse tangent atan2(x,y) .= |return 05-7 if x=0A y>0)
return 1.5-7 if (x=0Ay<0)
return atan((z)) if x>0

x
atan((—-)) + 7 otherwise
Solution: See Figure 3-37a and Mathcad file P0680. x

1. Determine the range of motion for this Grashof crank rocker.
09 := 0-deg,2-deg.. 360-deg
2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kj:= 1 K= i
a c
Kj = 103971 K2 = 14140
2 2 2
)
K3=2 e d K3 =17.4187
(2-a-c)

A(Bz) = cos(Bz) -Kj - Kz-cos(ez) + K3

C(ez) =K; - (Kz + 1)-cos(92) + K3

3. Use equation 4.10b to find values of 04 for the open circuit.

041(02) := 2-(atan2(2-A(92),—B(92) - J B(ez)2 - 4-A(92)-C(92)D

4. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.
2 2 2 2
—-d —-a -b
k=l Ks:== d Ki=14140  Ks5=-74187
b (2-a-b)

D(Bz) = cos(ez) -K;+ K4-cos(92) + K5

5(02) = -2-5in(07)

F(02) = K1 + (K4 - 1)-cos(82) + K
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5. Use equation 4.13 to find values of 6, for the open circuit.

031(62) = 2~(atan2(2~D(92) ,~E(82) - JE(92)2 ~ 4-D(92)~F(62)D

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

awy Si"(e41(92) - 92)

b sin(e31(92) - 941(92))
aoy sin{0 — 931(92))

c sin(941(92) - 931(62))
7. Determine the velocity of point 4 using equations 6.19.

VA(92) = a~0)2-(—sin(92) +] -005(92)) VA(GQ) = IVA(92)|
8. Determine the velocity of the coupler point P using equations 6.36.

Vpa(02) = Rpa031(02) (~sin{031(02) + &) + j-cos(031(02) + &3))

0)31(92) =

m41(92) =

Vp(02) == Va(02) + Vea(62)

9. Plot the magnitude and direction of the velocity at coupler point P.
Magnitude: vp(62) = IVP(92)|
Direction: Oyp 1(9 2) = arg(Vp(@ 2))
ovp(02) = if(Gvpi(02) <0, Bypi(82) + 2.7, ypi(62))

MAGNITUDE

0.18

5 vaog) 014 [\ /N /N A
£ N \ / "
0.12 \/

0.1

0 45 90 135 180 225 270 315 360
)

deg
Crank Angle, deg
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DIRECTION

360

0yp(02) \
deg \

120 ~J

Vector Angle, deg

0 45 90 135 180 225 270 315 360
0

deg
Crank Angle, deg



DESIGN OF MACHINERY SOLUTION MANUAL 6-81-1

S PROBLEM 6-81

Statement: Calculate the percent error of the deviation from constant velocity magnitude of point P in Figure

3-37a.
Given: Link lengths:
Link 2 (O; to 4) a:=0.136 Link 3 (4 to B) b :=1.000
Link 4 (B to Oy) ¢ := 1.000 Link 1 (O,t004) d:=1.414

Coupler point: Rpqg :=2.000 83 := 0-deg

Crank speed: o3 := l-rad-sec !

Two argument inverse tangent atan2(x,y) .= |return 0.5-7 if x=0 A y>0)
return 1.5-7 if (x=0Ay<0)
return atan((l)) if x>0

X
atan((—)) + 7 otherwise
Solution: See Figure 3-37a and Mathcad file P0681. X

1. Determine the range of motion for this Grashof crank rocker.
07 := 0-deg,2-deg..360-deg
2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d
Kp:=— K= 4

a [+
K} = 103971 K> = 1.4140

2 2 2 2
- d
K=l b ¥e* K3 = 74187
(2-a-¢)

4(62) := cos(02) - K1 — Kz-cos(62) + K3

3(92) = —2-sin(62)
C(Gz) =Ky - (Kz + l)-cos((-)z) + K3

3. Use equation 4.10b to find values of 6, for the open circuit.

041(02) := 2-(atanz(2-A(ez),~B(92) _ B2 - 4-A(62)-C(92)D

4. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.

2 2 2 .2
d —_ — —

Kg=Z Ks:=< d ~a -b Ky=14140  Ks5=-74187
b (2-a-b)

D(Gz) = cos(ez) -Kj+ K4-cos(92) + K5

E(Gz) = -—2-sin(9 2)

F(82) := K1 + (K¢ - 1)-cos(82) + K5

5. Use equation 4.13 to find values of 0, for the open circuit.
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031(02) = 2 (ctand 2.0(02) £(02) - [o(02) - 4002 #(e2))

6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.

o222 _2oale) =03
' b sin(931(92) - 941(92))
ao) sin(92 - 931(92))
05} := .
0)41( 2) c sin(941(62) - 931(92))
7. Determine the velocity of point 4 using equations 6.19.

VA(Gz) = a-mz-(—sin(ez) +j -cos(@z)) VA(GZ) = IV A(92)|
8. Determine the velocity of the coupler point P using equations 6.36.

VPa(02) = Rpa©31(02)-(~si(031(82) + 83) + j-cos(031(62) + 83))

Vp(02) = Va(62) + Vea(62)

9. Calculate the magnitude of the velocity at coupler point P.

Magnitude: vr{62) = [Ve(62))|
Deviation from constant speed: err(@z) = Vp(92) - VA(GZ)
v4(02)
20 DEVIATION FROM CONSTANT SPEED

D /
° ]

\/

-20
0 45 90 135 180 225 270 315 360
0,

Percent Error
X

deg
Crank Angle, deg
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&S PROBLEM 6-82

Statement.: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the magnitude and the direction of the velocity of point P in Figure 3-37b as a
function of 6,. Also calculate and plot the velocity of point P versus point 4.

Given: Link lengths:
Input crank (Z,) a:=0.50 First coupler (4B) b:=1.00
Rocker 4 (O4B) c:=1.00 Rocker 5 (Ls) ¢’ :=1.00
Ground link (0,04) d:=0.75 Second coupler 6 (CD) b':=1.00
Coupler point (DP) p =100 Distance to Op (0,0p) d =150
Two argument inverse tangent: atan2(x,y) := |return 0.5-7 if (x=0A y>0)
Crank speed: @y := l-ﬂ return 1.5 if (x=0A y<0)
sec ¥ .
return atan((—)) if x>0
x
atan((l)) + 7 otherwise
x
Solution: See Figure 3-37b and Mathcad file P0682.

1. Links 4,5, BC, and CD form a parallelogram whose opposite sides remain parallel throughout the motion of the
fourbar 1, 2, AB, 4. Define a position vector whose tail is at point D and whose tip is at point P and another
whose tail is at O, and whose tip is at point D. Then, since Rs; = R 45 and Rpp = -Ry, the position vector from O,
to Pis P =R, + Rz - R,. Separating this vector equation into real and imaginary parts gives the equations for
the X and Y coordinates of the coupler point P.

Xp=d+ b-cos(e 3) - c-cos(64) Yp= b-sin(e 3) - c-sin(94)

2. Define one revolution of the input crank: 67 := 0-deg,0.5deg .. 360 deg
3. Use equations 4.8a and 4.10 to calculate 8, as a function of 0, (for the crossed circuit).

2 2 2 2
KIZ=£ K2:=£ K3:=a—b +c¢c +d
a c (2-a-c)
Kj=1.5000 K> =0.7500 K3=0.8125

A(Bz) = cos(ez) -Kj- Kz-cos(ez) + K3

8(02) = —2-sin(92) C(Gz) =Kj - (Kz + 1)-003(92) + K3

04(02) = 2-(atan2.4(02),-5(6) - [B(eo) - 4-4(2)(62))) - 21

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

2 2 2
Ks=< L oa b K4=0.7500  Ks=-08125
(2-a-b)

Ky:=

o | R

D(62) := cos(82) - K1 + Ky-cos(82) + K5 E(07) := 2-5in(62)

7(02) = Ky + (K4 - 1)-cos(02) + K5
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5. Use equation 4.13 to find values of 6 for the crossed circuit.

03(02) = 2-{atand 2.0(0),-02) ~ {E(O2) - 4.D(6)-F(63))) - 2.5

6. Define a local xy coordinate system with origin at Op and with the positive x axis to the right. The coordinates
of P are transformed toxp =Xp - d', yp = Yp.

xp(ez) =d+ b~cos(93(92)) - c-cos(94(92)) -d

yp(Oz) = b-sin(63(62)) - c-sin(64(62))

7. Use equations 6.18 to calculate ®3 and @,

a0y sin(94(92) - 62)
b sin(03(62) - 04(62))

(03(92) =

awy sin(92 - 93(92))
c sin(94(92) - 93(92))

m4(97_) =
8. Differentiate the position equations with respect to time to get the velocity components.
Vpx(ez) = —b-co3(62) sin(93(92)) + c-m4(92)-sin(94(92))

Vpy(02) = b-03(82)-cos(03(62)) — c-04(82)-cos(04(62))

p(02) = { (7p02)) + (Veyfea))’
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&5 PROBLEM 6-83

Statement: Find all instant centers of the linkage in Figure P6-30 in the position shown.
Given: Number of links #:=4
Solution: See Figure P6-30 and Mathcad file P0683.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

_n(n-1)
2

1. Draw the linkage to scale and identify those ICs that can be found by inspection (4).

C: C=6

2. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs. -~

Lz hpbzandlighy by hohsandbhs-hy - 4
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&5 PROBLEM 6-84a

Statement: Find the angular velocities of links 3 and 4 and the linear velocity of points 4, B and P; in the XY
coordinate system for the linkage in Figure P6-30 in the position shown. Assume that 0, =45 deg
in the XY coordinate system and ®, = 10 rad/sec. The coordinates of the point P; on link 4 are
(114.68, 33.19) with respect to the xy coordinate system. Use a graphical method.

Given: Link lengths:
Link 2 (O5 to 4) a:= 14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (O4 to B) c:=51.26-in
Link 1 X-offset dy =4175-in Link 1 Y-offset dy =16.00-in — 12.00-in
Coupler point x-offset  p, := 114.68-in Coupler point y-offset  py,:= 33.19-in
Crank angle: 09 := 45-deg
Input crank angular velocity o7 = 10-rad-sec ' cow
Solution: See Figure P6-30 and Mathcad file P0684a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VB
/ Direction of VBA

y \— Direction of VA

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

V4= aar V4 = 140.000 % Oy = 45-deg + 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V ., and the angular velocity of link 3. The equation to be solved graphically is

Vp=V,4+Vpy

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V g, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.
d.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction
line and drawing V p from the tail of V 4 to the intersection of the V g4 construction line.
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0 100 in/sec
O

— v '
J A 135.000°
9.055° El |

4. From the velocity triangle we have:

100-in-sec” |

Velocity scale factor: ky:= -
n
Vg:= 1206-ink, Vg = 120.600 — Oyp = 119.063-deg
sec
in
Vg4 = 0.409-in-k, VB4 = 40.900 —
sec
5. Determine the angular velocity of links 3 and 4 using equation 6.7.
VB4
03 = —— 03 = 051174
b sec
VB
04:= — 04 = 235374
c sec

6. Transform the xy coordinates of point P1 into the XY system using equations 4.0b.

Coordinate transformation angle & := atan2(~dy,dy) 8 = 126.582 deg
Px := py-cos(8) — py-sin(5) Py = —94.998 in
Py = px'sin(S) + py-cos(S) Py =72.308 in

7. Calculate the distance from O4 to P; and use equation 6.7 to calculate the velocity at P;.

Distance from Oy to Py: e:= J (Px + dx)* + (Py - dy)’ e=48219in

Vpr:=ew4 Vpr = 113.446;'::
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25 PROBLEM 6-84b

Statement: Find the angular velocities of links 3 and 4 and the linear velocity of points 4, B and P; in the XY
coordinate system for the linkage in Figure P6-30 in the position shown. Assume that 6, = 45 deg
in the XY coordinate system and @, = 10 rad/sec. The coordinates of the point P; on link 4 are
(114.68, 33.19) with respect to the xy coordinate system. Use the method of instant centers.

Given: Link lengths:
Link 2 (O, to 4) a:=14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (04 to B) ¢:=5126-in
Link 1 X-offset dy:=47.5in Link 1 Y-offset dy :=76.00-in — 12.00-in
Coupler point x-offset  p, := 114.68-in Coupler point y-offset Py = 33.19-in
Crank angle: 02 :=45-deg
Input crank angular velocity ®2 = 10-rad-sec b cow
Solution: See Figure P6-30 and Mathcad file P0684b.
1. Draw the linkage to scale in the position given, find
instant center /; 5 and the distance from the pin joints ////// 1.3
to the instant center. Rt

From the layout above:

All3:=273.768-in  BIlI3 :=235.874-in

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aoo V4 = 140.000 —

nn
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2L
Oy 4 =067 + 90-deg Oy4 = 135.0deg
3. Determine the angular velocity of link 3 using equation 6.9a.

V4 d
03 =—— m3=0.511l Cw
All3 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b.

Vg:= Bll3-03 Vg = 120.622 —
sec

5. Use equation 6.9¢ to determine the angular velocity of link 4.

Ve d
04= — 0q=235322% cCcw
c sec

6. Transform the xy coordinates of point P1 into the X7 system using equations 4.0b.

Coordinate transformation angle & := atan2(~dy,dy) 8 = 126.582 deg
Py = px-co.\'(S) - py-sin(a) Py =-94.998 in
Py = px-sin(a) + pycos(ﬁ) Py =72.308in

7. Calculate the distance from O4 to P; and use equation 6.7 to calculate the velocity at P;.

Distance from Oy to Py: e:= J (Px + dx)* + (Py - dy) e=48219in

Vpli= e-04 Vp; = 113.467 ﬁ
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&S PROBLEM 6-84c

Statement: Find the angular velocities of links 3 and 4 and the linear velocity of points 4, B and P; in the XY
coordinate system for the linkage in Figure P6-30 in the position shown. Assume that 6, = 45 deg
in the XY coordinate system and ®, = 10 rad/sec. The coordinates of the point P on link 4 are
(114.68, 33.19) with respect to the xy coordinate system. Use an analytical method.

Given: Link lengths:
Link 2 (O, to 4) a:=14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (O4 to B) c:=5126-in
Link 1 X-offset dy = 47.5-in Link 1 Y-offset dy = 76.00-in — 12.00-in

Coupler point x-offset  p, := 114.68-in Coupler point y-offset Py:=33.19%-in
Crank angle: Ooxy := 45-deg XY coord system
Coordinate transformation angle: S:= 126.582-deg
Input crank angular velocity @y := 10-rad-sec I cow
Solution: See Figure P6-30 and Mathcad file P0684c.
1. Draw the linkage to scale and label it.

Transform the crank angle from global to local coordinate system:

02:=06xy - 9o 02 = -81.582 deg

Distance 0,0, d= ,fd)f rdy>  d=79701in

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kj:= 4 K= 4
a [+
K = 56929 Kz = 1.5548
2 2 2 2
Ky 2 b re*d K3 = 1.9340
(2-a-c)

A= cos(ez) -K; - Kz-cos(ﬁg) + K3
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B:= —2-sin(02)

C=Kj- (Kz + 1)-cos(02] + K3

A=-38401 B=19785 (C=172529
3. Use equation 4.10b to find values of 6, for the crossed circuit.

O4:= 2-(atan2(2-A,—B + J 32 - 4-A-C)) G4 = 262.482 deg

4. Determine the values of the constants needed for finding 63 from equations 4.11b and 4.12.

2 2 2 2
d ¢c -d —-a -b
Ky:= Z Ks:= Zab) K4 =09963
K5 = —4.6074
D = cos(62) - K; + Kgcos(62) + Ks = -10.0081
E = ~2-5in{ 62) E = 19785
F:= Ky +(Kq - 1)-cos(62) + K5 F = 1.0849

S. Use equation 4.13 to find values of 05 for the crossed circuit.

03 := 2-(atan2(2-D,—-E + \}EZ - 4-D~F)) 03 = 332.475 deg

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.

07 a-[oz.Si"(aﬂ— 02) @ ——0511r—a'd'
3= - Sin(03 - 04) 3 = . sec

oy a-a)z.siﬂ(ez - 93) @g=2 353ﬂ
= sin(94 - 93) ™

7. Determine the velocity of points A and B for the crossed circuit using equations 6.19.
Va = a-wz-(-sin(ag) + j-cos(ﬂz))

Va = 138.492 + 20.495j . |vA| - 140.000 "
sec sec

Ov4xy = arg(VA) +J Oyvaxy = 135.000 deg

Vg:=c: w4-(—sir( 04) +j -cos(04))

Vg = 119.588 - 15.781ji—n |VB| = 120.624-’.—n~
sec sec

8yvBxy = arg(VB) + 0 Bypxy = 119.064 deg

8. Calculate the distance from O, to P} and the angle BO4P;.

Distance from Oy to Py: e:= J(px - d)2 + (py)2 e=48219%in

d) 64 = 136.503 deg
Px—

64 := 180-deg - atan(



DESIGN OF MACHINERY SOLUTION MANUAL 6-84c-3

9. Determine the velocity of point P; using equations 6.35.
Vp1 = e-w4-(—sin(04 + 5) + j-cos(04 + 6))

Vpy = 55122+ 99.181j—  |Vpy| = 113.469—
sec sec

Bypxy = arg(Vpl) + 6 Oypxy = 245.646 deg
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&S PROBLEM 6-85

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the absolute velocity of point Py in Figure P6-30 as a function of 6, for , = 10
rad/sec. The coordinates of the point P, on link 4 are (114.68, 33.19) with respect to the xy

coordinate system.
Given: Link lengths:
Link 2 (O, to 4) a:=14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (O4 to B) ¢:=51.26in
Link 1 X-offset dy :=47.5-in Link 1 Y-offset dy := 76.00-in — 12.00-in
Coupler point x-offset  p, := 114.68-in Coupler point y-offset  p),:= 33.19-in
Crank angle: O2xy = 0-deg,1-deg.. 360-deg XY coord system
Coordinate transformation angle: 6:=126.582.deg

Input crank angular velocity @7 := 10-rad-sec ' cow
Solution: See Figure P6-30 and Mathcad file P0685.
1. Draw the linkage to scale and label it.

X

y
Transform the crank angle from global to local coordinate system:

92(02XY) = 6Oxy - 6

Distance 0,0, d:= ,’ d +dyt d=79701in

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
Kj:= 4 Ky:=—
a c
Kj = 5.6929 K> =1.5548
2 2 2 2
k3o 9 b te td K3 = 1.9340
(2-a-c)

A(Bsz) = cos(Gz(Hzxy)) -K;- Kg-cos(ez(ezxy)) + ‘K3
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3. Use equation 4.10b to find values of 0, for the crossed circuit.

94(02)(y) = 2-(atan2(2-A(02X}'),—B(02xy) + JB(GZXy)z - 4-A(Bzxy)-C(Ozxy)))

4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

d L
Kg=2 Ks:= Ky=09963  Ks=-4.6074
b 2-a-b)

D(82xy) := cos(02(62xy)) ~ Ki + Ky-cos(02(62xy)) + K5

E(62xy) = 2-5il02(02x7))

F(62xy) = K1 + (K4 - 1)-cos(65( 02x7)) + K5
5. Use equation 4.13 to find values of 8 for the crossed circuit.

on{6247) = 2| wand 2.D{6217),£(0210) + (B(6203) - - D(0200) Flo2w7)) |
6. Determine the angular velocity of link 4 for the crossed circuit using equations 6.18.

a-wp sin((62xy) - 03(62x7))
¢ sif04(82xy) - 03(62x7))

(n4(92)(y) =

7. Calculate the distance from Oy to P; and the angle BO,P,.

Distance from Oy4 to Py: e:= J(Px - d)2 + (py)2 e=48.219in

p
84 := 180-deg — atan( 4 ) 84 = 136.503 deg

px—d

8. Determine and plot the velocity of point P| using equations 6.35.
Vpl(agxy) = e-(n4(62)(y)-(—sin(64( Bzxy) + 84) + j-cos(94( () Xy) + 84))

VP1(02XY) = |Vp1(6’2XY)|

GVPX}'(Ozxy) =ar Vpl(ﬂzxy)) +d

(See next page)
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&S PROBLEM 6-86

Find all instant centers of the linkage in Figure P6-31 in the position shown.

Statement:
Given: Number of links #:= 4
Solution: See Figure P6-31 and Mathcad file P0686.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

U] C=6

1. Draw the linkage to scale and identify those ICs that can be found by inspection (4).

2. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs.

Lt hphsyandlig-hy  ba hp-haandb3-hy

1(,)5 ‘y X

13 = e 24

24
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S PROBLEM 6-87a

SOLUTION MANUAL 6-87a-1

Statement: Find the angular velocities of links 3 and 4 and the linear velocity of point P in the XY coordinate
system for the linkage in Figure P6-31 in the position shown. Assume that 0, =-94.121 deg in the
XY coordinate system and o, = 1 rad/sec. The position of the coupler point P on link 3 with
respect to point 4 is: p = 15.00, 8; = 0 deg. Use a graphical method.
Given: Link lengths:
Link 2 (O, to 4) a:=9.17in Link 3 (4 to B) b:=1297-in
Link 4 (O4 to B) ¢:=957in
Link 1 X-offset dy :=2.79-in Link 1 Y-offset dy := -6.95-in
Coupler point data: p = 15.00-in 83 = 0-deg
Crank angle: 09 :=-94.121-deg
Input crank angular velocity o9 :=1.rad-sec” ! cw
Solution: See Figure P6-31 and Mathcad file P0687a.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

4
0, Y
i X
] / Direction VBA
2
I I3\ \ &8121 Direction VPA
000" | /
! O4 , ] |
I
f S — 4= BY ~.
= e ~ ‘ P
i A B |
Direction VA~ — <~ i U | ‘ |
72.224° L
3
60.472° \ o
Direction VB
X

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=ao; V4=9170=

sec

Oy =069 — 90-deg Oyy = —~184.121 deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V 4, and the angular velocity of link 3. The equation to be solved graphically is

V=V, 4+Vpy

Choose a convenient velocity scale and layout the known vector V 4.
From the tip of V 4, draw a construction line with the direction of V 3, magnitude unknown.
From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V 5 construction
line and drawing Vg from the tail of V 4 to the intersection of the V5, construction line.

e o o
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0 25 in/sec

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky= M
n
Vg:= 1.783-in-k, Vg = 44.575 — Oyp = 262.352-deg
sec
VB4 = 1.798-in-k, Vg4 = 44.950 — Oypa = 274.103-deg
sec

5. Determine the angular velocity of links 3 and 4 using equation 6.7.

-VB4 d

03 = — 03 = -3.466 =
b sec

VB d
®4:=— w4 = 46582
c sec

6. Determine the magnitude and sense of the vector Vp, using equation 6.7.
in
Vpai=|poj| Vpq=51.985—
sec
Bvpq == OvB4 Oyp4 = 274.103 deg
7. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point P. The equation to be solved
graphically is
Vp=V,+Vp,

a. Choose a convenient velocity scale and layout the known vector V 4.
b. From the tip of V 4, layout the (now) known vector Vp,.
c. Complete the vector triangle by drawing V p from the tail of V 4 to the tip of the V », vector.

8. From the velocity triangle we have:

0 25 in/sec
T I
. -1
Velocity scale factor: ky = M
in
. in
Vp:=2.059-in-ky, Vp=51475—
sec

Op = —96.051-deg
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DESIGN OF MACHINERY

&< PROBLEM 6-87b

Find the angular velocities of links 3 and 4 and the linear velocity of point P in the XY coordinate

Statement:
system for the linkage in Figure P6-31 in the position shown. Assume that 6, =-94.121 deg in the
XY coordinate system and @, = 1 rad/sec. The position of the coupler point P on link 3 with
respect to point 4 is: p = 15.00, 3, = 0 deg. Use the method of instant centers.
Given: Link lengths:
Link 2 (O; to 4) a:=9.174-in Link 3 (4 to B) b:=12.971-in
Link 4 (O4 to B) ¢:=9.573-in
Link 1 X-offset dy :=2.790-in Link 1 Y-offset dy = —6.948-in
Coupler point data: p:=15.00-in 83 :=0-deg
Crank angle: 07 :=-94.121-deg
Input crank angular velocity w7 = l-rad-sec ! cw
Solution: See Figure P6-31 and Mathcad file P0687b.
1. Draw the linkage to scale in the position given, find instant center /) 3 and the distance from the pin joints to the
instant center.
Y
0, y
4 X
!
2
|
11
I
!
| o)
1.3 T 1
U “-4-——— B 5
v S
_ X
3
From the layout above:
All3 = 2.647-in BI13 :=12.862-in PI13 = 14.825-in
2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.
Vgi=aw) Vy=9.174->
sec

3.

Oy 4 =07 — 90-deg Oy4 = -184.121 deg

Determine the angular velocity of link 3 using equation 6.9a.

Vy d
03 = —— 03 =3466 %  CW
All3 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b.

Vg:= BlI3-03 Vp = 44.577 —
sec
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5. Use equation 6.9c to determine the angular velocity of link 4.

VB
04:=— 0q=4657"% cw
c sec

6. Determine the magnitude of the velocity at point P using equation 6.9b.

Vp:= PlI3-03 Vp = 51381 —
sec
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&S PROBLEM 6-87c

SOLUTION MANUAL 6-87c-1

Statement: Find the angular velocities of links 3 and 4 and the linear velocity of point P in the XY coordinate
system for the linkage in Figure P6-31 in the position shown. Assume that 8, = -94.121 deg in the
XY coordinate system and o, = 1 rad/sec. The position of the coupler point P on link 3 with
respect to point 4 is: p = 15.00, 8; = 0 deg. Use an analytical method.
Given: Link lengths:
Link 2 (O, t0 4) a:=9.174-in Link 3 (4 to B) b:=12971-in
Link 4 (O4 to B) c:=9.573-in
Link 1 X-offset dy = 2.790-in Link 1 Y-offset dy := -6.948-in
Coupler point data: p=15.00-in 83 := 0-deg
Crank angle: O2xy := —94.121.deg Global XY coord system
Coordinate transformation angle:  §:= ~68.121.deg
Input crank angular velocity @2 :=—1-rad-sec ' ew
Solution: See Figure P6-31 and Mathcad file P0687c.
1. Draw the linkage to scale and label it. y
0, Y
(4 7 X
2
| 1 68.121°
26.000° |||,
\*i
I 0 A
J / o 4 — — B P
i -
A_ o -— —‘—" -
72.224°
3
60.472°
Transform crank angle into local xy coordinate system: X
&r:=0xy -6 0> = -26.000 deg
Calculate distance 0,04: d= } dy’ + dy’ d =748 in

2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d d
Kp:=— Ky:=—
a C
K = 0.8161 K2 = 07821
2 2 2 2
Ky 8 =8 rc +d K3 = 03622

(2-a-c)

A= cos(Gg) -K; - Kg-cos(&g) + K3



DESIGN OF MACHINERY SOLUTION MANUAL 6-87c¢-2

B:= —2-sin(92)

C:= Ky - (K2 + 1)-cos(82) + K3

A=-02581 B=08767 C=-04234
3. Use equation 4.10b to find values of 0, for the crossed circuit.

64:= 2'(atan 2-A,-B+ JBz - 4-A-C)) + 2 4= 60.488deg

4. Determine the values of the constants needed for finding 6; from equations 4.11b and 4.12.

Ky:= % Ks:= - ‘é;;’: L Kg=05772 Ks=—-09111
D := cos(6) - K1 + Ky-cos(82) + K5 D = -0.3096

= ~2-sin{ 63) E = 0.8767
F:=Kj + (Kq— 1)-cos(62) + K5 F = —0.4749

5. Use equation 4.13 to find values of 6, for the crossed circuit.

63 := 2-(atan 2.-D,-E + JEZ - 4-D-F)) +2-n 03 = 72.236 deg

6. Determine the angular velocity of links 3 and 4 using equations 6.18.

e a'a)g.sin(04— 62) w3 = 3467724
T sin(63- 6y) A
@4 = a-wzlsin(ez- 93) w4 = —4658ﬂ
4= c sirz(04 - 93) T see

7. Determine the velocity of points A and B using equations 6.19.
Va = a-mz-(—sin(Oz) + j-cos(az))

Vp = —4.022 - 82461 — |Val = 9.174 2>
sec sec
Oyvaxy = arg(VA) + 6 Oyaxy = —184.121 deg

Vg = c-co4-(—sin(64) + j-cos(94))

Vg = 38.807 — 21.967i— |Va| = 44.593 =
sec sec
Ovpxy = arg(VB) + 0 Ovexy = —97.633 deg

8. Determine the velocity of the coupler point P for the crossed circuit using equations 6.36.
Vpa = p- a)3-(-sin(93 + 83) + j-cos(03 + 63))
Vpa = 4.127 - 1.322ii
sec

. ft i
Vp:=Va + Vpa Ve = 3.792 - 2.009i — |ve| = 51.501 fc

Ovpxy = arg(Vp) + & Oypxy = -96.039 deg

Ny
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/25 PROBLEM 6-88

Statement: Figure P6-32 shows a fourbar double slider known as an elliptical trammel. F ind all its instant
centers in the position shown.

Given: Number of links »:= 4

Solution: See Figure P6-32 and Mathcad file P0688.

1. Determine the number of instant centers for this mechanism using equation 6.8a.

c-2-D C=6
2

1. Draw the linkage to scale and identify those ICs that can be found by inspection (4).

Y /' 3,4

4
23 ,
N /@3/ E~ ~~~~~~~~~~~~~~~~ —= To 1,4 atinfinity
P
i
|
I
; 1
|
| X
To 1,2 at infinity
2. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs.
ha: hp-hzandlyg-hy  hga Lhp-haandD3-hy
Y /- 3.4
23 — 4
’ 1-3?"',5-*3 ~~~~~~~~~~~~~~~~~ ——— To 1,4 atinfinity
I
[}
X2
7 - :
e |
- l
7 3 1
/ ]
To 2,4 at infini |
0 2,4 at infini
ty | ¥

To 1,2 at infinity
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&S PROBLEM 6-89

Statement: The elliptical trammel in Figure P6-32 must be driven by rotating link 3 in a full circle. Points on line
AB describe ellipses. Find and draw (mannually or with a computer) the fixed and moving
centrodes of instant center /;;. (Hint: These are called the Cardan circles.)

Solution: See Figure P6-32 and Mathcad file P0689.
1. The instant center ;3 is shown as the point P in the diagram below. The length of link 3, ¢, is constant and it is

a diagonal of the rectangle OBPA. Therefore, the other diagonal, OP, has a constant length, ¢, regardless of the
current lengths a and b. Thus, the point P (/;3) travels on a circle of radius c. This circle is the fixed centrode.

- "4 ~~
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|

1
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|
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i

I

I
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i

1
1

~—a

2. Now, invert the mechanism by holding link 3 fixed and allowing the slots to move, which can only be in a circle
about O. The locus of points P will then be a circle of radius 0.5¢ with center at O". This is the moving centrode.

TN T
P e ~ B \\\
,,,,,,, }&AA_____A____ I
1>~. 3 TA \ i
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&S PROBLEM 6-90

Statement: Derive analytical expressions for the velocities of points A and B in Figure P6-32 as a function of
03, »3 and the length AB of link 3. Use a vector loop equation.

Solution: See Figure P6-32 and Mathcad file P0690.

1. Establish the global XY system such that the coordinates of the intersection of the slot centerlines is at (dy.dy).
Then, define position vectors Ry, Ry, R,, R3, and R4 as shown below.

2. Write the vector loop equation: R;y+ R; + Rj3 - Ry - R4 = 0 then substitute the complex number notation for
each position vector. The equation then becomes:

. o
2 .’(0) j( 3) _ dx-ej(‘)) - b'e 2 = O

dy-e + ae + c-e

3. Differentiate this equation with respect to time.

185) fi—b-ej(%) =0

‘—1-0 + jcw3-e
dt dt
3. Substituting the Euler identity into this equation gives:
Vg + jc-m3-(cos(03) + j-sin(03)) - Vpj=0
4. Separate this equation into its real (x component) and imaginary (y component) parts, setting each equal to zero.
Vg - c-m3‘sir(03) =0 c-(n3-cos(93) -¥Vp=0
5. Solve for the two unknowns ¥, and ¥, in terms of the independent variables 6; and ®

Vg= c-m3-sir(03) Vp= c-m3-cos(03)
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4Z$ PROBLEM 6-91

Statement: The linkage in Figure P6-33a has link 2 at 120 deg in the global XY coordinate system. Find ©¢ and
V) in the global XY coordinate system for the position shown if ®, = 10 rad/sec CCW. Use the
velocity difference graphical method.

Given: Link lengths:
Link 2 (O to 4) a:=6.20-in Link 3 (4 to B) b:=4.50-in
Link 4 (O, to B) ¢ := 3.00-in Link § (C to D) e:= 5.60-in
Link 3 (4 to C) p=225n Link 4 (O4 to D) f:=3.382-in
Link 1 X-offset dy = -7.80-in Link 1 Y-offset dy = 0.62-in
Angle ACB 83 = 0.0-deg Angle BO4D 64 :=110.0-deg
Input rocker angle: 09 := 120-deg Global XY system
Input crank angular velocity | o7 = 10-rad-sec b oew
Solution: See Figure P6-33a and Mathcad file P0691.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VA
Direction of VCA
Axis of slip

D.

Direction of V

A

Axis of transmission

0,

S . L UV B\
Oy / \
Direction of VB

2. Use equation 6.7 to calculate the magnitude of the velocity at point A4.

Direction of VBA

Vji=aw) Vg= 62.000:’;% Oy 4 = 120-deg + 90-deg

3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V 54, and the angular velocity of link 5. The equation to be solved graphically is

V=V, 4+Vpy

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, draw a construction line with the direction of V54, magnitude unknown.
c. From the tail of V ,, draw a construction line with the direction of V 5, magnitude unknown.
d

. Complete the vector triangle by drawing V 3, from the tip of V 4 to the intersection of the V g construction
line and drawing V g from the tail of V 4 to the intersection of the V g4 construction line.
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-<

0 50 infsec
D B O

1 /(

V/ 1.;06 f ’
/ Vaa Y/\ /

L’\ / \ 78.291°
/

B
\ e
1433 v
\5/ \/

4. From the velocity triangle we have:

. -1
Velocity scale factor: ky = M
n
Vg := 1.206-in-ky Vg = 60.300 — Oyp = ~78.291-deg
sec

Vg4 = 71.650 —
sec

Vpy = 1.433-in-ky, Byp4 = ~23.057-deg

5. Determine the angular velocity of links 3 and 4 using equation 6.7.

VB4 d
03 = — w3 =1592"% ccw
b sec
_VB
4= — 0g=-20100"%%  cw
(4 sec

6. Determine the magnitude and sense of the vector V4 using equation 6.7.

Vea= |poj Ved = 35.825;71

Ovca = Oypq + 03 Ovcy = —23.057 deg

7. Determine the magnitude and sense of the vector V,,,; using equation 6.7.

Virans = 67.978 —

Virans = If"l)4| e

gtrans = aVB + 54 9trans = 31.709 deg

8. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is
V=V, 4+ Vcy
a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V 4, layout the (now) known vector V4.
c. Complete the vector triangle by drawing V - from the tail of V 4 to the tip of the V-, vector.
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Y
0 50 in/sec
|
X
v, \/7\
V
¢ 0991
Vea ~— l/
/K\J 114.720°
9. From the velocity triangle we have:
50-in-sec !
Velocity scale factor: by = ——
in
Ve :=0.991-in-ky Ve = 49.550 =z Oyc = 114.720-deg

sec

9. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point D, the magnitude of the
relative velocity V po. The equations to be solved (simultaneously) graphically are

Vp=Vc+Vpe and Vp= Virans t Vsh'p

a. Choose a convenient velocity scale and layout the known vector V.
b. From the tip of V-, draw a construction line with the direction of V j, magnitude unknown.
c. Repeat steps a and b with V,,,,,; and V.

c. From the tail of V-, draw a construction line to the intersection of the two construction lines.
d

Complete the vector polygon by drawing V ¢ from the tip of V¢ to the intersection of the V 5, construction
line and drawing V p, from the tail of V- to the intersection of the V p- construction line.

10. From the velocity polygon we have:

. -1
Velocity scale factor: kyi= 5_0_5"_-93_6'__
in

in

VD = 3.045-in-ky Vp = 152250 —

sec

Oyp = 95.189-deg

d
06:=04q wg = —20. 100 %4
sec
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2 PROBLEM 6-92

Statement: The linkage in Figure P6-33a has link 2 at 120 deg in the global XY coordinate system. Find w¢ and
V in the global XY coordinate system for the position shown if @, = 10 rad/sec CCW. Use the
instant center graphical method.

Given: Link lengths:
Link 2 (O, to 4) a:=620-in Link 3 (4 to B) b := 4.50-in
Link 4 (O, to B) ¢ :=3.00-in Link 5 (C to D) €= 5.60-in
Link 3 (410 C) p=225in Link 4 (O4 to D) f=3.382.in
Link 1 X-offset dy = -1.80-in Link 1 Y-offset dy = 0.62-in
Angle ACB 53:= 0.0-deg Angle BO,D 54:=110.0-deg
Input rocker angle: 07 := 120-deg Global XY system
Input crank angular velocity o7 = 10-rad-sec U cw
Solution: See Figure P6-33a and Mathcad file P0692.

1. Draw the linkage to scale in the position given, find instant centers /; 3 and /; 5, and the distances from the pin
joints to the instant centers.

To 4,6 at infinity

From the layout above:

All3:=3.893-in BII3:=3.788in CII3:=3.113-in CI15:=1.411-in DII5 = 4.333-in D116 :=7.573-in

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at point
A.

Vi=aay V4 = 62.000
sec
Oy =07 + 90-deg Oy4 = 210.0deg

3. Determine the angular velocity of link 3 using equation 6.9a.

V4
03 = —— 03=159267%%  cow
All3 sec

4. Determine the magnitude of the velocity at point B using equation 6.9b.

Vg := Bl13-03 Vp = 60.328
sec
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5.

Use equation 6.9c to determine the angular velocity of links 4 and 6.

VB
04:= — 04 = 20.109 %4
c sec
wg = 04 wg = 20.109 __rad

sec
Determine the magnitude of the velocity at point C using equation 6.9b.
in
Ve :=CIll3-03 Vo =49.578 —
sec

Determine the angular velocity of link 5 using equation 6.9a.

Ve d
0§ = —— os = 351372
CIll5 sec

Determine the magnitude of the velocity at point D using equation 6.9b.

cw

Cw

Ccw

SOLUTION MANUAL 6-92-2

Vp:= DIIS-05 Vp = 1522472 @95.185 deg

sec
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&5 PROBLEM 6-93

Statement: The linkage in Figure P6-33a has link 2 at 120 deg in the global XY coordinate system. Find g and
Vp in the global XY coordinate system for the position shown if ®, = 10 rad/sec CCW. Use an

analytical method.
Given: Link lengths:

Link 2 (O, to 4) a:=620-in Link 3 (4 to B) b:=4.50-in
Link 4 (O4 to B) ¢ :=3.00-in Link 5 (C to D) e = 5.60-in
Link3 (4t C) p=225in Link 4 (O4 to D) f:=3.382-in
Link 1 X-offset dy = -7.80-in Link 1 Y-offset dy = 0.62-in

Angle ACB 83 := 0.0-deg Angle BO,D 04 :=110.0-deg

Input rocker angle: Ooxy = 120-deg  Global XY system

Coordinate transformation angle: 8:=175.455-deg

Input crank angular velocity ® = 10-rad-sec” ! CCW

Two argument inverse tangent atan2(x,y) := |return 0.5-7 if (x=0A y>0)
return 1.5-7 if x=0A y<0)

return atan((z)) if x>0
x
atan((ZD + 7 otherwise
x

Solution: See Figure P6-33a and Mathcad file P0691.
1. Draw the linkage to scale and label it.

120°
—
175.455°
X
y
Calculate the distance 0,04: d:= ’dXZ + de d=1825in
Transform 6,y into the local coordinate system: 02:=O0xy — 6 02 = —55.455 deg

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d d
Kj=— Ky:=—
a c

K] = 12620 K = 2.6082
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2 2 2 2
Ky 3 =b rc +d K3 = 23767
(2:a-c)

A:= cos(ez) -K; - K2~cos(92) + K3

B = —2-sin(6?2)

C=K;- (Kz + 1)-cos(02) + K3

A=02028 B=1.6474 C=15927
3. Use equation 4.10b to find values of 8, for the open circuit.

041 = 2-(atan2(2-A,—B B 4-A-C)) 041 = —163.746 deg

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

2
A od b

d
Ky= Ksi= ——o—" K4=1.7388
K5 =-1.9877
D = cos(63) - K1 + Ky-cos(82) + K D = -1.6967
E = -2-5in( 62) E=16474
F:= Ky + (K4~ 1)-cos(82) + K5 F = -0.3067

5. Use equation 4.13 to find values of 6; for the open circuit.

03:= 2-(atan 2.D,-E — \/Ez - 4~D-F)) -2 03 = 71.488 deg

6. At this point write vector loop equations for links 3, 4, 5, and 6 to solve for the position and velocty of link 6.
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&5 PROBLEM 6-94

Statement:

Solution:

The linkage in Figure P6-33b has link 3 perpendicular to the X-axis and links 2 and 4 are parallel to
each other. Find 03, V4, Vp, and Vpif ®, = 15 rad/sec CW. Use the velocity difference graphical
method.

Link lengths:
Link 2 (O t0 4) a:=2.75in Link 3 (4 to B) b:=326-in
Link 4 (O4 to B) c:=2.75in Link 1 (O4t0o B) d:=443-in
Coupler point data: p:=163-in 83 := 0-deg
Input crank angular velocity ©3 := 15-rad-sec ! Ccw

See Figure P6-33b and Mathcad file P0694.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VB
Direction of VBA

" 36.351°
g
Ryave

Direction of VA

02 :=-36.352-deg

Use equation 6.7 to calculate the magnitude of the velocity at point A4.

V4= oo Vq=41250-—
sec
Oy4 =09 — 90-deg Oy 4 = —126.352 deg

Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the

relative velocity V g4, and the angular velocity of link 3. The equation to be solved graphically is

e 0 op

V=V, 4+Vpy

Choose a convenient velocity scale and layout the known vector V 4.

From the tip of V 4, draw a construction line with the direction of V g4, magnitude unknown.

From the tail of V 4, draw a construction line with the direction of V g, magnitude unknown.

Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V g construction

line and drawing V g from the tail of V , to the intersection of the V g, construction line.

)
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4.

Without actually drawing the vector polygon, we see that V 4 and V g have the same angle with respect to the X
axis. Therefore,

Vp:i=Vy and VB4 = 0= Gyp = Oy4 OyB4 := 0-deg
sec

Determine the angular velocity of links 3 and 4 using equation 6.7.

VB4
03 = — 03 = 0.0007%
b sec
04 :=—— w4 = —15.000 __rad
c sec

Determine the magnitude and sense of the vector V p4 using equation 6.7.
in

Vpy:= I Do 3| Vpq= 0.000—

sec

Bvp4 = OyB4 Oyp4 = 0.000deg

Use equation 6.5 to (graphically) determine the magnitude of the velocity at point P. The equation to be solved
graphically is

Vp=V,+Vpy
a. Choose a convenient velocity scale and layout the known vector V 4.
b. From the tip of V ,, layout the (now) known vector Vp,.
c. Complete the vector triangle by drawing V p from the tail of V 4 to the tip of the V p,4 vector.
Again, without drawing the vector polygon we see that,

Vp:=Vy

At this instant, link 3 is in pure translation with every point on it having the same velocity.
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@S PROBLEM 6-95

Statement: The linkage in Figure P6-33b has link 3 perpendicular to the X-axis and links 2 and 4 are paraliel to
each other. Find @3, V4, Vg, and Vpif 0y = 15 rad/sec CW. Use the instant center graphical

method.
Given: Link lengths:
Link 2 (O, to 4) a:=275in Link 3 (4 to B) b:=326-in
Link 4 (O4 to B) c:=2.75in Link 1 (O4 to B) d:=443-in
Coupler point data: p=163-in 83 := 0-deg
Input crank angular velocity @7 := 15-rad-sec I cow
Solution: See Figure P6-33b and Mathcad file P0695.
1. Draw the linkage to scale in the position given, find instant center /; 3 and the distance from the pin joints to the

instant center.

B
(0)

02 © ’ N2 X
\ 3
36.351°

Since 0,4 and O,B are parallel, /, 3 is at infinity and link 3 does not rotate for this instantaneous position of the
linkage. Thus, link 3 is in pure translation and all points on it will have the same velocity.

2. Use equation 6.7 and inspection of the layout to determine the magnitude and direction of the velocity at points
A, B, and P, which will be the same.

Vi=ao; V4= 41250 =
sec
0 := —36.351-deg

8y 4 := 03 — 90-deg Oy4 = -126.351 deg

The velocity vectors for points B and P are identical to V .
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4&S PROBLEM 696

Statement: The linkage in Figure P6-33b has link 3 perpendicular to the X-axis and links 2 and 4 are parallel to
each other. Find 3,V ,, V5 and Vif @, = 15 rad/sec CW. Use an analytical method.

Given: Link lengths:
Link 2 (05 to 4) a:=2.75-in Link 3 (4 to B) b := 3.26-in
Link 4 (O4 to B) ¢:=2.75in Link 1 (O4 to B) d:=443-in
Coupler point data: p==1.63in 33 := 0-deg
Input crank angular velocity wy:= —15-rad-sec I cw
Solution: See Figure P6-33b and Mathcad file P0696.

1. Draw the linkage to a convenient scale and label it.

36.351°

07 := -36.351.deg

2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

K= 4 Ky:= 4

a c
K; = 1.6109 K2 = 16109

2 2 2 2
K38 =0 *c +d K3 =1.5949
(2-a-c)

A= cos(02) — K1 — Kz-cos(82) + K3 A =-0.5081
B:= -2.5ir07) B = 1.1855
C =Ky - (K2+ 1)-cos(82) + K3 C = 1.1029

3. Use equation 4.10b to find values of 6, for the open circuit.

04 := 2-(atan2(2-A,—B - JBZ - 4-A-C)) + 2z 04 = 143.649 deg
4. Determine the values of the constants needed for finding 6; from equations 4.11b and 4.12.

N ::2—dz—az—b2

Ky = Ks:
4 s (2-a-b)

K4=13589 Ks5=-1.6873

S EW

D := cos(82) - K1 + Kycos(02) + K D =-13983

E = -2-5in{67) E=1.1855
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F=K;+ (K4 - 1)-cos(92) + K35

5. Use equation 4.13 to find values of 8, for the open circuit.

03 := 2-(atan 2.-D,-E - JE2 — 4-D-F)) +2-n

6. Determine the angular velocity of links 3 and 4 using equations 6.18.

a-wy sin(94 - 92)

@3 b .sin(93 - 94)
_aw sin(ez - 93)
T in{a - 0)

7. Determine the velocity of points 4 and B using equations 6.19.
V= a-wz-(—-sin(()z) + j-cos(Bz))

Vi = ~24.450 — 33223i—
sec

Braxy = arg(VA)
Vg := c-m4-(—sin(94) +] -cos(94))

Vi = ~24.450 — 33223i—
sec

OyBXxY = arg(VB)
8. Determine the velocity of the coupler point P using equations 6.36.
Vpa = p-(n3-(—sin(93 + 53) + j-cos(Bg + 83))

Va = 1936 x 1074 1.676ix 107 322
sec

Vp:=Vp +Vpp

8ypxy = arg(vp)

|vA| = 41.250'l

|VB| = 412502

|vp| = 41250

SOLUTION MANUAL 6-96-2

F =02127

03 = 89.995 deg

o3 = -0.000 —
sec

04 = 15.000 7%
sec

Ovaxy = —126.351 deg

Gypxy = —126.351 deg

Oypxy = —126.351 deg
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/&S PROBLEM 6.97

Statement: The crosshead linkage shown in Figure P6-33c has 2 DOF with inputs at crossheads 2 and 5. Find
instant centers /; 5 and / 4.

Given: Number of links »n:=5

Solution: See Figure P6-33c and Mathcad file P06976.

1. Determine the number of instant centers for this mechanism using equation 6.8a.
_n(m-1)
)

1. Draw the linkage to scale and identify those ICs that can be found by inspection (4).

C: Cc=10

2,5 at infinity

1,2 at infinity

1,5 at infinity
2. Use Kennedy's Rule and a linear graph to find the remaining ICs required to find /; 3 and 7, 4.

hat Lo-hgandb3-hy 2,5 at infinity T
Ls: bs-hsand Iy s-1 4 \

B4t hp-bgand Iy 5-1y 5 .
L3t hp-hyand ]y 4-L 4 1,2 at infinity =]

23,24 /

1,5 at infinity
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&< PROBLEM 6-98

SOLUTION MANUAL 6-98-1

Statement: The crosshead linkage shown in Figure P6-33c has 2 DOF with inputs at cross heads 2 and 5. Find
Vg, V3, and Vp, if the crossheads are each moving toward the origin of the XY coordinate system
with a speed of 20 in/sec. Use a graphical method.

Given: Link lengths:

Link 3 (4 to B) b:=34.32-in Link 4 (Bto C) c:=504-in
Link 2 Y-offset a:=59.5:in Link 5 X-offset d:=57in
Coupler point data: AP3:=31.5.in BP3:=222.in
BP4:=41.52-in CPy:=270-in
Input velocities: Vay := —20-in-sec ! Vsx := —20-in-sec !
Solution: See Figure P6-33c and Mathcad file P0698.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VP3A

) " Direction of VBA

gl 3 Direction of VBC
Allg //
Direction of VA\ HH o Direction of VP4C
N
\4\
5

— R —

\\ 7 ] — X

Direction of VC

Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the

relative velocities Vg4, Vg and the angular velocities of links 3 and 4. The equations to be solved

(simultaneously) graphically are

V=V, +Vp,

oo 0 TP

Ve=Vg+Vcp

Choose a convenient velocity scale and layout the known vectors V4 and V-
From the tip of V 4, draw a construction line with the direction of V g 4, magnitude unknown.
From the tip of V-, draw a construction line with the direction of V -5, magnitude unknown.

From the origin, draw a construction line to the intersection of the two construction lines in steps b and c.
Complete the vector triangle by drawing V g, from the tip of V 4 to the intersection of the V5 construction

lme and drawing V g from the tail of V 4 to the intersection of the V g4 construction line. And then do the same

with the V g vector

(See next page)
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.
s
//
0 10 n/sec e
|
/
{ i
//
/
32.718° //
<& // '
Ve 4.385
3. From he velocity triangles we have:
10-in-sec” |
Velocity scale factor: ky:= —-—'————
n
Vg:= 4.385-in-k, Vp = 43.850 — Oyp = 46.990-deg
sec
VB4 = 6.004-in-k, VB4 = 60.040 Oya = 60.123.deg
sec
VBC = 5.932-ink, VB = 59.320 — OyBC = 32.718-deg
sec

4. Determine the angular velocity of links 3 and 4 using equation 6.7.

v
03 = —2 03 = 1.749 7% CcCwW
b sec
-VBC d
04:= ws=-11772%  cw
c sec

6. Determine the magnitudes of the vectors Vp3, and Vpyc using equation 6.7.

Vp3q:= lAP3-u)3| Vp3g = 55.107;’8%

Vpyc = ICP4-0)3| Vpyc = 47.234 f;
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7. Use equation 6.5 to (graphically) determine the magnitude of the velocities at points P3 and P4. The equations
to be solved graphically are

Vp3=V4 4+ Vp3y Vpy=Vc+Vpye
a. Choose a convenient velocity scale and layout the known vector V 4.
b. From the tip of V 4, layout the (now) known vector Vp; 4.
¢. Complete the vector triangle by drawing V p; from the tail of V 4 to the tip of the V p3 4 vector.
d. Repeat for V P4-
— ///K\
o
vP3A vP3
\
N
0 10in'sec 3537
(R
\\\\ Ve
vm\s\\ 164.011°
\\\\ \
L \ \\ \\
\\\\\\\ \\\
\\
T Ve \
\\
\\\/
vA
8. From the velocity triangles we have:
10-in-sec !
Velocity scale factor: by = ————
in
Vp3:= 3.537-in-ky Vp3 = 35370 = 6p3 = 104.444.deg
sec
Vpy:= 6.598-in-k, Vpg = 65.980 — Op4 = 164.011 deg

sec
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2 PROBLEM 6-99

Statement: The linkage in Figure P6-33d has the path of slider 6 perpendicular to the global X-axis and link 2
aligned with the global X-axis. Find V , in the position shown if the velocity of the slider is 20
in/sec downward. Use the velocity difference graphical method.

Given: Link lengths:
Link 2 (O, t0 4) a:=12in Link 3 (4 to B) b:=24-in
Link 4 (O, to B) c:=18in Link 5 (C to D) f1=24in
Link 4 (O4t0 C) e:=18in
Link 1 X-offset dy:=19%in Link 1 Y-offset dy :=28-in
Angle BO,C 04 :=0.0-deg
Output crank angle: 02 = 0-deg Global XY system
Input slider velocity Vp = 20-in-sec ! Oyp = -90.0-deg
Solution: See Figure P6-33d and Mathcad file P0699.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

\ Direction of VCD
i
‘' ¢C

Direction of VC

Direction of VD

Direction of VAB \

2. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point C. The equation to be solved
graphically is

Direction of VA

Ve=Vp+V¢p

Choose a convenient velocity scale and layout the known vector V.
From the tip of V ,, draw a construction line with the direction of V -5, magnitude unknown.
From the tail of V, draw a construction line with the direction of V~, magnitude unknown.

Complete the vector triangle by drawing V ~p from the tip of V to the intersection of the V- construction
line and drawing V- from the tail of V, to the intersection of the V ~p construction line.

Se o o
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Y | /\
- o \
1.806
0 10 in/sec / \
L.L_i_._L_J_J 700370
vp -
‘ \
Veo
3. From the velocity triangle we have:
10-in-sec |
Velocity scale factor: ky= —
in
Ve = 1.806-ink, Ve = 18.060 — Oyc = —70.037-deg
sec

4. Determine the magnitude and sense of the vector Vg .

Vg:= V¢ Vg = 18.060 ﬁ

8yp = Byc + 180-deg Oy = 109.963 deg

5. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point 4. The equation to be solved
graphically is
V4=Vp+Vyp

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V5, draw a construction line with the direction of V 45, magnitude unknown.
c. From the tail of V g, draw a construction line with the direction of V 4, magnitude unknown.
d.

Complete the vector triangle by drawing V 45 from the tip of V 5 to the intersection of the V 4 construction
line and drawing V , from the tail of V g to the intersection of the V 45 construction line.

6. From the velocity triangle we have: Y
10-in-sec” | v -
Velocity scale factor: ky = e 5P B Y
in V4
. in Vs

Vq4:=1977-in-ky, Vq=19.770 —

sec

1977 ¢ 10 in/sec

OBy 4 = 90.0-deg \
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/2 PROBLEM 6-100

Statement:

Given:

Solution:

The linkage in Figure P6-33a has the path of slider 6 perpendicular to the global X-axis and link 2
aligned with the global X-axis. Find V 4 in the position shown if the velocity of the slider is 20
in/sec downward. Use the instant center graphical method.

Link lengths:
Link 2 (O, to 4) a:=12in Link 3 (4 to B) b := 24-in
Link 4 (O4 to B) ¢ = 18-in Link 5 (C to D) f=24in
Link3 (4t O) p:=225in Link 4 (04 t0 C) e:=18-in
Link 1 X-offset dy = 19-in Link 1 Y-offset dy :=28-in

Angle BO,C 84 :=0.0-deg

Output crank angle: 65 = 0-deg Global XY system

Input slider velocity ~ Vp = 20-im-sec . Oyp = -90.0-deg

See Figure P6-33d and Mathcad file P06100.

1. Draw the linkage to scale in the position given, find instant centers /; 3 and ], 5, and the distances from the pin
joints to the instant centers.

From the layout above:

All3 = 70.085-in BIi3:=64.013-in CI15:=63.095-in  DII5 := 69.886-in

Use equation 6.9c to determine the angular velocity of link 5.

VD
®§=—— 0s=02867%% cw
DI15 sec

Determine the magnitude of the velocity at point C using equation 6.9b.

Vo= CllS-0s Ve = 18.057 —
sec

Use equation 6.9¢ to determine the angular velocity of link 4.

N

Ve
0g4=— 04=10037% cw
e sec

Determine the magnitude of the velocity at point B using equation 6.9b.

Vg = c-o04 Vg = 18.057;%1;
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6. Determine the angular velocity of link 3 using equation 6.9a.

VB
03 = —— 03=028279  ccw
BII3 sec

7. Determine the magnitude of the velocity at point 4 using equation 6.9b.

Vq:= All3-03 V4=19.769 — Upward
sec
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@S PROBLEM 6-101

Statement: For the linkage of Figure P6-33e, write a computer program or use an equation solver to find and

plot V5, in the global coordinate system for one revolution of link 2 if @, = 10 rad/sec CW.

Given: Link lengths:
Input crank (L) a:=5.00 Fourbar coupler (L;) b:=5.00
Output crank (04B) ¢ := 6.00 Slider coupler (Ls) e:=15.00
Fourbar ground link (L) d:=2.500 Angle BO,C 8:= 83.621-deg
Two argument inverse tangent: atan2(x,y) .= |return 0.5-r if (x=0A y>0)

Crank velocity: )= _10.5‘_’5 return 15w if (x=0A y<0)

sec y i
return atan| | = || if x>0
x
atan((l)) + 7 otherwise
x

Solution: See Figure P6-33e and Mathcad file P06101.

1.

4.

5.

5.

This sixbar drag-link mechanism can be analyzed as a fourbar Grashof double crank in series with a slider-crank
mechanism using the output of the fourbar, link 4, as the input to the slider-crank.

Define one revolution of the input crank: 69 := 0-deg,1-deg..360deg

Use equations 4.8a and 4.10 to calculate 0,4 as a function of 6, (for the open circuit) in the global XY coordinate
system.

- et d

Kj= g K= % Ky:= (2-a-c)
K[ = 0.5000 K2 =04167 K3 = 0.7042
A(62) := cos(82) - K1 - Kz-cos(82) + K3

B(82) := ~2-5in(82) (02) := K1 - (K2 + 1)-cos(82) + K3

941(92) = 2-(atan2(2-A(92),—B(92) - \]3(92)2 - 4'4(92)'(:(92)))

If the calculated value of 8, is greater than 27, subtract 2n from it and if it is negative, make it positive.
042(62) = if(041(82) > 2m,041(02) - 27,041(62))

04(02) = 1(042(02) <0,042(82) + 2-7,042(62))

Determine the slider-crank motion using equations 4.16 and 4.17 with 0, as the input angle.

05(05) = ot ’{ —~c-5in(0.4(62) - a)) -

e

](92) = c'cos(94(92) - 8) - e-cos(B 5(62))

Determine the values of the constants needed for finding 05 from equations 4.11b and 4.12.
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2 2 2 2
Ky &9 —a -b Ky = 0.5000

Ky= (2-a-b)

ST

K5 =-0.4050
D(Gz) = cos(ez) -K;+ K4~cos(92) + K35

B(82) := ~2-5in(87)
F(82) = K1 + (K4~ 1)-cos(82) + K

6. Use equation 4.13 to find values of 6; for the open circuit.

03(02) = 2| atan] 2-(02),-5(0) - {(#(6)" - +0(02) 1(63) |

7. Determine the angular velocity of link 4 for the open circuit using equations 6.18.

a0y sin(62 - 93(02))

0q(02) = — “sinf04(62) - 03(62))

8. Determine the angular velocity of link 5 using equation 6.22a:

cos(64(0 2) - 8) (92)

¢
o5(02) = e eoos07)
9. Determine the velocity of pin D using equation 6.22b:

Vc(62) = ~c-04(82) sin(04(02) - ) + e-5(62) sin(65(62))

50

T
25 / M-

° \

ve(8,) =25

N/

—100
0

45 90 135 180 225 270 315 360

deg
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&5 PROBLEM 6-102

Statement: For the linkage of Figure P6-33f, locate and identify all instant centers.
Given: Number of links »:= 8
Solution: See Figure P6-33f and Mathcad file P06102.

1. Determine the number of instant centers for this mechani sm using equauon o.54. 7 To 1,8 at infinity
/ )

_n(n-1) /
o &y

C: C=28

2

1. Draw the linkage to scale and identify those ICs
that can be found by inspection (10).

2. Use Kennedy's Rule and a linear graph to find
the remaining 18 ICs.

Lz hp-hzand 144
hLs: Lglsgand Iy 3-h 5
hat hphpandbs-hy
Iys: Lig-hsand Iy 5-1 4
bs: §ho-hsand b g-ly s “
he: 2~ g and I 5-I5 ¢ Oq 0 12
Be: ha-heand 51l 6
Isg: Is7-lygand I 5-1) g
Ing: Iys-Isgand I g-Iy 4
by halygand ] 5-1 g
Bg: Byg-lygand I 3-1; g
Isg: Ig-Isgand b g-b
by hghgands5-Isy
Is7: Isg-Is 7 and Ig g-I7 8
b7 Lglgyand b 3-b 7
Iye: Iy 4~ g and Iy 5-Is 6
Iy7: Ig-le7 and I3 4~ 7

Li7: Lig-y g and I g-ls 7

To26and 36
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& PROBLEM 6-103

Statement: The linkage of Figure P6-33f has link 2 at 130 deg in the global XY coordinate system. Find VD in
the global coordinate system for the position shown if @, = 15 rad/sec CW. Use any graphical

method.
Given: Link lengths:
Link 2 (O to 4) a:=5.0-in Link 3 (4 to B) b= 84-in
Link 4 (O4 to B) c=2.5-in Link 1 (O to Oy) dy:=12.5in
Link 5 (C to E) e:=89.in Link 5 (C to D) hi=59-in
Link 6 (O to E) f=32.in Link 7 (D to F) k:=6.4-in
Link 1 (O to Og) dy:=10.5-in Link 3 (4 to C) g:=24-in

Crank angle: 07 := 130-deg

Slider axis offset and angle: s:=11.7-in 87 := 150-deg

Input crank angular velocity o7 = 15-rad-sec I ow
Solution: See Figure P6-33f and Mathcad file P06103.

1. Draw the linkage to a convenient scale. Indicate the directions of the velocity vectors of interest.

Direction of VF Y
Direction of VFD———— " /~—— Direction of VE
Direction of VE RN

2

Os

VBA ~~—— Direction of VA
Direction ™
\

Direction of VB— __

X
O4 Oz
Angles measured from layout:
Oyp = -24.351-deg Oy = —79.348 -deg Ovc4 = OyByg
OvE = 64.594 -deg OvEC = 162.461-deg Ovpc = OyvEC
OyF = 150.00-deg Oyrp = 198.690-deg

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.

Vi=aor Vy= 75.0005;

Oy 4= 02 — 90-deg Oy 4 = 40.000 deg
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3. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point B, the magnitude of the
relative velocity V g4, and the angular velocity of link 3. The equations to be solved graphically are

V=V, +Vpy and V=V, +Vg,

a. Choose a convenient velocity scale and layout the known vector V 4.

b. From the tip of V ,, draw a construction line with the direction of V g4, magnitude unknown.
c. From the tail of V 4, draw a construction line with the direction of V 5, magnitude unknown.
d.

Complete the vector triangle by drawing V 5, from the tip of V 4 to the intersection of the V g construction
line and drawing V 5 from the tail of V 4 to the intersection of the V 5, construction line.

0 25 in/sec

Y 3.302
22.053°
* X
4 Via B
\ v //
- B T
3.192 AT
4. Froni the velocity polygon we have: \ \/
Velocity scale factor: ky = _2_§_ﬂ£e_c___
n
Vg := 3.192-in-ky Vg = 79.800 — Oy = -24.351 deg
sec
VB4 = 3.302-in-k, VB4 = 82.550 — Oyga = —79.348 deg
sec
%
03:= 24 03=98277%%  ccw
b sec

5. Calculate the magnitude and direction of V4 and determine the magnitude and velocity of V¢ from the velocity
polygon above.

Ved = g3 Ved = 23.586 — Ovca = ~19.348 deg
sec
. Vca .
Length of V-4 on velocity polygon: VCy = —,;V— veq = 0943 in
Ve = 2.668-in-k, Ve = 66.700 — Oyc = 22.053deg

sec

6. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point E, the magnitude of the
relative velocity V 7. and the angular velocity of link 5. The equations to be solved graphically are
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- poyess ~ - a - a -

Vg=Vc+ Vg and Vp=Vc+Vpe

a. Choose a convenient velocity scale and layout the known vector V.

b. From the tip of V-, draw a construction line with the direction of V g, magnitude unknown.
c. From the tail of V-, draw a construction line with the direction of V z, magnitude unknown.
d

Complete the vector triangle by drawing V g from the tip of V¢ to the intersection of the V; construction
line and drawing V, from the tail of V¢ to the intersection of the V g construction line.

\
X
/
7. From he \mlrv-ity Pnlygnn wa have: \(
Velocity scale factor: ky = 25""'.‘9 id
in
VE = 1.716-in-kv VE = 42900 _ll. HVE = 64.594 deg
sec
Vic:= 1.821-ink, VEC = 45.525 — OvEC = 162.461 deg
sec
V
05 = < 0s=511579%  cow
e sec

8. Calculate the magnitude and direction of V p and determine the magnitude and velocity of V, from the velocity
polygon above.

Vbe = hoS Vpe = 30.179 = OvDC = 162.461 deg
sec
. Vpc .
Length of V p~ on velocity polygon: vpC = 7 vpc = 1.207in
VD = 1.900-in-k, Vp = 47.500 — OyD = 45.934deg

sec

9. Use equation 6.5 to (graphically) determine the magnitude of the velocity at point F, the magnitude of the
relative velocity V gp, and the angular velocity of link 5. The equation to be solved graphically is

Vr=Vp+Vpp

a. Choose a convenient velocity scale and layout the known vector Vp.
b. From the tip of V,, draw a construction line with the direction of V zp, magnitude unknown.
c. From the tail of V p, draw a construction line with the direction of ¥z, magnitude unknown.
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d. Complete the vector triangle by drawing V , from the tip of V , to the intersection of the V - construction
line and drawing V5 from the tail of V, to the intersection of the V , construction line.

0 25 infsec

10. From the velocity polygon we have:

. -1
Velocity scale factor: &, 1= 227 5¢¢__

in

Vi = 1.158-in-ky Vi = 28950 — OyF = 150.000 deg
sec
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PROBLEMS 64 AND 6-5
Open Open V, v, Crossed Crossed v, v,

Row o, o, Mag Ang o, , Mag Ang
a 6.0 4.0 40.8 58.2 0.7 2.7 22.0 129.4
b 731 -37.3 690.3 63.0 -88.3 221 734.2 2344
c -12.7 -19.8 273.8 -53.3 -22.7 -15.7 119.1 199.9
d -18.1 -14 88.8 66.3 -14.6 -31.3 177.3 150.8
e 1.9 -40.8 260.5 -12.1 -23.3 193 139.9 42.0
f -76.4 -93.5 1003.6 -34.9 -118.3 -101.2 971.6 167.3
g 76.4 146.8 798.4 92.9 239.0 168.6 14353 153.9
h 58.6 433 3439 -18.9 433 58.6 664.5 -62.8
i -25.3 25.6 103.1 -13.4 56.9 6.0 476.5 70.4
j -53.4 58 198.1 126.3 329 -26.4 2442 115.5
k -56.2 -94.8 436.0 -77.4 -55.6 -16.9 362.7 79.3
1 -13.2 -99.7 603.9 -24.4 -33.8 52.7 783.1 -24.1
m 18.3 83.0 680.8 149.2 7.7 -57.0 571.3 133.5
n 2.6 15.5 128.9 194.3 9.6 -3.0 148.6 141.1

PROBLEMS 6-6 AND 6-7
v, v, Open Open  Crossed Crossed

Row Mag Ang o, V, o, vV,
a 14 135 -2.47 -9.87 247 -9.92
b 24 -30 3.25 36.18 -3.25 539
c 45 -120 542 -41.5 -5.42 -3.54
d 84 -150 4.29 -64.03 -4.29 -81.46
e 250 135 -8.86 -189.7 8.86 -163.8
f 135 10 -1.85 127.48 1.85 138.42
g 700 60 -28.8 738.9 28.8 -38.9

6—A—1
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6-A-2

PROBLEMS 6-8 AND 6-9
Open Open Open  Crossed Crossed Crossed
Row O, , slip ; o, slip
a -10.3 -10.3 33.46 3.64 3.64 -33.46
b -7.34 -7.34 -89.51 -11.7 -11.7 89.51
c 23.75 23.75 73 33 33 =73
d 76.75 76.75 -270.76 8.54 8.54 270.76
e -2.7 2.7 -176 -8.24 -8.24 176
f 51.91 51.91 205.98 72.73 72.73 -205.98

e ——
PROBLEMS 6-10 AND 6-11

Open Open  Crossed Crossed
Row o, , o, o,
a 32.6 16.9 -75.2 59.6
b 39.62 17.25 12.58 26.01
c 10.7 -2.6 -8.2 5.1
d -26.95 3.42 16.57 -13.8
e -158.3 -81.3 -116.8 -193.9
f 25.84 -29.49 -13.10 4223
g -8.9 -40.9 -48.5 -16.5
h 61.68 12.54 3.7 52.84
i -40.1 479 59.6 -28.4




