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&S PROBLEM 7-1

Statement: A point at a 6.5-in radius is on a body that is in pure rotation with ® = 100 rad/sec and a constant o
= -500 rad/sec? at point A. 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. It takes 0.01 sec to
reach point B. Draw this system to some convenient scale, calculate the © and o of position B,
and:

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

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

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

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

Given:

Initial rotation speed OA = 100'24-
sec
Rotation acceleration o= —500--"—0-‘i
sec
Time to reach point B t:=0.01-sec
Vector angle O A = 45-deg
Vector magnitude R:=6.5-in
Solution: See Mathcad file PO701.
1. Calculate the position and angular velocity at point B using equations 6.1 and 7.1.
d
OB = (X.'t+0)A 0)B=95.000£'
sec
ot
6 :=—2—- + oa-t+ 04 0p = 100.863 deg

2. Calculate the magnitudes and directions of the normal and tangential components of acceleration at points A
and B using equations 7.2.

) )
agn:= RoA adn = 65000—"1-5 Ogn:=Oa + 180-deg B.4n = 225.000 deg
sec
aqr= lR-aI aq = 3250~—m—£ G4::=047 + sign(a)-90-deg
sec

04r = 45.000 deg

agn'= R-w32 apn = 58662 _m_2 Opn .= 0p + 180-deg Opn = 280.863 deg
sec
aps = | Ral ap = 3250—"’—2 Op; = 0p + sign(c)-90-deg
sec

Op; = 10.863 deg

3. Establish an X-Y coordinate frame and draw a circle with center at the origin and radius R.
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4. Draw lines from the origin that make angles of 45 and 100.863 deg with respect to the X axis. Label the
intersections of the lines with the circles as 4 and B, respectively.

5. Choose a convenient acceleration scale and draw the two acceleration component vectors at points 4 and B.

Y
0 1 2in
8 Distance scale! R —
0 10000 inVsec*2

Aocdorionscde: {4 { ||

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

.
. J.—-
0
Polar form: Rp = Re A Rp :=6.5¢ 4
.l
i8 '
VA= Rj-ope A VA :=650-j-¢ 4

j-6 2 0
Ap = Rj-a-e A Rj-wp -e A

T LT
j— j—

2
Ap = 6.50j-0-e 4 6.50-07 -e

Cartesian form: AL = R-a-(—sin(e A) + j-cos(e A)) - Ro Az-(cos(e A) + j-sin(9 A))
Ap = ~43664 — 48260j—2—
SeCz

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

o j——100.863
Polar form: Rp := R-e B Rp:=6.5-¢

o jo—100.863
VB:= Rj-op-e B V4 = 650-j-e
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. 18 . 21]%
Ag:= Rj-a-e B_ Rj-op -e B
j-—l-%a‘ 100.863 j——100.863
Ap := 6.50-j-0-¢ - 6.50-0p -¢

Cartesian form: Apg = R-a-(—sin(GB) + j-cos(OB)) -~ Ro 32-(cos(93) + j-sin(e B))

Ap = 14248 — 56999j-—"15
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.

ABA = AB — Ap ApBA = 57912 — 8739j —
sec2
d. Check the result of part c with a graphical method. Solve the equation Ag; + Ap, = Ay + Ay, + Apq Using an
acceleration scale of 10000 in/sec2 per drawing unit.

Acceleration scale factor kg = 10000._i”_2
sec
Horizontal component Apax = 5791k, ABAx = 57910’—"2-
sec
Vertical component Apgy = —0.874-k, A4y = —8740 lz
sec

0 10000 IN/S/S
l_L_I_I_‘lé1
Acceleration Scale

0.874

e 5.791 —"——}

On the layout above the X and ¥ components of A g, are equal (to three significant figures) to the real and
imaginary components calculated, confirming that the calculation is correct.
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&S PROBLEM 7-2

Statement: In Problem 7-1 let A and B represent points on separate, rotating bodies both having the given
and aat£=0,0,=45 deg, and 65 = 120 deg. Find their relative acceleration.

Given:
Initial rotation speed ® = ]00-5‘-?—
sec
Rotation acceleration a:= —500-—’—01
sec
Vector angles O =45-deg 0p = 120-deg
Vector magnitude R:=6.5-in
Solution: See Mathcad file P0702.

1. Calculate the acceleration of points 4 and B using equation 7.3.

Aa = Ra(~sin0 ) + j-cos(0)) - R (cos(04) + j-sin(04))

Ap = 43664 — 48260jﬂ5
sec

Ap = Ro(—sin(0p) + j-cos(0p)) - Rw -(cos(0) + j-sin(08))

Ap = 35315 — 54667jlz
sec

2. Calculate the relative acceleration of point B with respect to A4 using equation 7.4.

ABA = AB - Aa Apa = 78978 - 6407jl'5
sec
Magnitude: Apyq = IABAI AB4 = 79238-—'-12-
sec

Direction: OABA = arg(AB A) OABA = —4.638deg
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&5 PROBLEM 7-3a

Statement: The link lengths, coupler point location, and the values of 6,, @5, and o, for the same fourbar
linkages as used for position and velocity analysis in Chapters 4 and 6 are redefined in Table P7-1,
which is the same as Table P6-1. The general linkage configuration and terminology are shown in
Figure P7-1. For row g, draw the linkage to scale and graphically find the accelerations of points 4
and B. Then, calculate oty and o, and the acceleration of point P.

Given: Link lengths: Linkl1 d:=6-in Link2 g:=2.in

Link3 b:=7-in Link4  ¢:=9-in
Coupler point: Rp4:=6-in 83 = 30-deg
. - . . rad rad
Link 2 position, velocity, and acceleration: 07 := 30-deg 07 = 10— a2:=0 -
sec
sec
Solution: SeeFigure P7-1 and Mathcad file P0703a.

SOLUTION MANUAL 7-3a-1

1. In order to solve for the accelerations at points 4 and B, we will need 03, w3, and 84. From the graphical position

solution below,
03 := 88.837-deg
04:=117.286-deg
Using equation (6.18),
a-m7 sin(94 - 62)

b (sinfo3 - 04))

©3=-5991rad-sec !

03 =

a-m) Sin(ez - 93)
04:= .

c (Sin(64 - 93))

04 = -3.992rad-sec !

3. For point B, this becomes:

2
Agp:=c-04
04Bn = 04 + 180-deg

2
Agn=awl
O44n =02 + 180-deg
Agri=aa2

2

ABgn = b-03

04BAn =03 + 180-deg

The graphical solution for accelerations uses equation 7.4:

N \ \{ 117.286°

)

& b

&
04

AL +AN=(AS+A N+ (Ag + Ag,™, where
g T Ap 4 T Ay BA BA

App = 143.403 in-sec >
04Bn = 297.286 deg
Agp = 200.000 in-sec 2
844n = 210.000 deg

Agy = 0.000 in-sec”
ABan = 251.239 in-sec 2

04BAn = 268.837 deg

(APt AP =(AL+ A+ (Aps'+ Apf")
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4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A 5" at an angle of 64 + 180 deg and A 47 at an angle of 8, + 180 deg. From the tip of A /7, draw Ag4?
at an angle of 0; + 180 deg. Now that the vectors with known magnitudes are drawn, from the tips of A g” and
Ap ", draw construction lines in the directions of Ag* and Ag ¢, respectively. The intersection of these two lines

are the tips of A/, Ap [, and Ap.

0 100 IN/S/S
Lo ]

Acceleration Scale

5. From the graphical solution above,

Acceleration scale factor kg:= 100-—2-2-
sec
Apar = 1.826-k, Apar= 182.6in-sec” >
Ap; = 4.800-k, Ap; = 480.0 insec >
Ap = 5.009-k, Ap = 5009 in-sec 2 at an angle of -136.08 deg

6. Calculate a, and o using equation 7.6.

AB4 _

a3 = ——b—t a3 = 26.086 rad-sec 2 cow
Apt _

agi= — aq = 53333 rad-sec > CCW

From the graphical solution we see that both of the tangential acceleration vectors for links 3 and 4 point to the
left, so both of the angular accelerations are positive.

7. For point P, equation 7.4 becomes: Ap=(AS+A N+ (Aps +Ap ™), where
2 -
Ap4n = Rpgo3 Apan = 215348 in-sec 2
04PAn =03 + 83 + 180-deg O4P4n = 298.837 deg

Apgt = Rpqga3 Apygs = 156.514 in-sec_ 2
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04P4::=03 + 83 + 90-deg G4P4r = 208.837 deg

8. Repeat proceedure of step 4 for the equation in step 7.

0 100 IN/S/S
Lo

Acceleration Scale

9. From the graphical solution above,

Acceleration scale factor kg = 100--—'5'3
sec

Ap = 4.186-k, Ap=4186insec > atanangle of -119.6 deg
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@S PROBLEM 7-4a

Statement: The link lengths, coupler point location, and the values of6,, ®,, and o, for the same fourbar
linkages as used for position and velocity analysis in Chapters 4 and 6 are redefined in Table P7-1,
which is the same as Table P6-1. The general linkage configuration and terminology are shown in
Figure P7-1. For row a, find the accelerations of points 4 and B using the analytic method. Then,
calculate oy and o, and the acceleration of point P.

Given: Link lengths:
Linkl d:=6 Link2 g:=2
Link3 b:=7 Link 4 c=9
Coupler point: Rps:=6 83 := 30-deg
Link 2 position, velocity, and acceleration: 07 := 30-deg ®w2:=10 az:=0
Solution: See Figure P7-1 and Mathcad file P0704a.

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

__az-—bz+cz+d2

Kj = % K= % K3: 2a0)
K7 = 3.0000 K7 = 0.6667 K3 = 2.0000
A:=cos(82) - K) — Kz-cos(82) + K3 A=-07113

B :=-2-5in(82) B = -1.0000

C:= K - (K2 + 1)-cos(02) + K3 C = 3.5566

2. Use equation 4.10b to find values of 0, for the open and crossed circuits.

Open: 041 = 2-(atan2(2-A,—B - JBZ - 4-A‘C)) 041 = —242.714 deg

4] := 04] — 360-deg 4] = —602.714 deg

Crossed: 047 := 2-(atan 2-4,-B + JBz - 4~A-C)) 042 = 216.340 deg

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

d F-d-d -

Ky== Ks:= K4=08571  K5=-02857
b (2-a-b)

D := cos(82) - K + Kg-cos(62) + K5 D=-16774

E = -2-5in(87) E = -1.0000

F = Ki + (K4~ 1)-cos(02) + K5 F =2.5906

4. Use equation 4.13 to find values of 0, for the open and crossed circuits.

Open: 031:= 2-(atan2(2-D,—E - JEz - 4-D-F>) 031 = —271.163 deg

031:= 031 — 360-deg 031 = 631.163 deg
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Crossed:  633:= 2-(atan2(2-D,—E + JEZ - 4-D-F)) 032 = 244.789 deg

5. Determine the angular velocity of links 3 and 4 for the open and crossed circuits using equations 6.18.

a~co2. sin(641 - 92)

OPEN = = -5.
31 b sin(63| _ 941) ®31 5.991
_ @ sin(ez - 931) ~
®4]:= ” .sin(941 - 631) ®4] = -3.992
CROSS 3 = ——2. 5042~ 02) 032 = ~0.662
’ b sin(632 - 642) .
- M6, —
04 = ? n)z' sm( 2 32) m42 = ~2.662

c sin(642 - 932)

6. Using the Euler identity to expand equation 7.13a for A, Separate into real and imaginary parts to give the x

and y components
Aa = aop(-sin(02) + jocos(82)) — a0y (cos(83) + J-sir{82))
Aty = —a-apsin(87) - a-® 22-cos(92) Agx = -173.205
Agy = a-ag-cos(87) - a-mzz-sin(ez) A4y = ~100.000

Ay :=,}AAX2 + AAy2 044 = atanZ(AAX,AAy)

The acceleration of pin A is Aq=200.000 at 044 = —150deg

7. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the open and crossed circuits.
OPEN 4 := c-sin(941) B = b-sin(631) D= c-cos(941) E:= b-cos(931)
A4=17999 B =6.999 D =-4.126 E=0.142
C:= a-az-sin(ez) + a-mzz-cos(ﬂg) + b-m312-cos(631) - c-(n412-cos(941)
C = 244.045

F = a-az-cos(ez) - a-mzz-sin(ez) - b-mglz-sin(eg,]) + c-m412-sin(941)

F = -223.741
C-D-AF C-E-BF
= = 26.080 Q4] = ———— o4y = 53331
a3l AE_BD a3l 41 A-E—- BD 41
CROSS 4 := ¢-5in(B42) B:= b-sin(037) D= c-cos(042) E = b-cos(032)

A4 =-5333 B=-6.333 = -7.250 E=-2982
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C:= a~a2-sin(92) +ao zz-cos(ﬁz) + b0 322-cos(632) - C-(D422-COS(942)

C =223253

F:= a-az-cos(ez) -ao 22'sin(92) -bo 322-sin(932) + c-m422-sir(642)

F = -135.002
C-D—- A-F C-E-BF
a3y = ————— aip = 77.920 a4 = ———m——— a4 = 50.669
32 4E—-BD 32 42 4-E— BD 42

8. Use equation 7.13c to determine the acceleration of point B for the open and crossed circuits.

OPEN Apgy) = c-(—a4|-sin(641) - m412-cos(B41)) Apx] = -360.826
AByl = c-(a41~cos(641) - co412-sin(941)) Ayl = -347.485
Ap] = JABxIZ + ABy12 Ap] = 500.941
04B] = atanZ(Aij,AByj) 64B1 = —136.1deg

CROSE Apy2 == c-(—a42-sin((-)42) - m422-cos(642)) Apx2 = 321.587
ABy2 = c-(a42-cos(642) - m422-sin(942)) Apy2 = —329.551
Ap2:= J ABx22 + ABy22 Ap) = 460.459
64B2 = atanZ(Asz,AByz) 8482 = —45.7deg

9. Use equations 7.32 to find the acceleration of the point P for the open and crossed circuits.

OPEN Ay := a-ay(-sin(82) + j-cos(62)) — a-wy (cos(82) + j-sin(02))

ApAl = RPA-agl-(—sin(Ggl + 83) + j-cos(931 + 83))
+—RPA-(D3]2-(COS(931 + 53) +j-sin(631 + 83))
Ap1 = AA + ApAl

Apr = |Ap1] Ap] = 418.556 arg(Ap1) = -119.548 deg
CROSS AL = a-az-(—sin(ez) + j-cos(ez)) - ao 22-(cos(92) + j-sin(Bz))

Apa2 = RPA-a32~(—sin(932 + 83) + j-cos(032 + 83))
+ —RpA-m322-(cos(932 + 83) +j-sin(932 + 53))
Ap2 == AA + ApA2

Apy:= |Apy| Ap = 298.225 arg(Apy) = -11.282 deg
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&S PROBLEM 7-5a

SOLUTION MANUAL 7-5a-1

o= 0.14_

sec

Statement: The link lengths and the values of 6,, @5, and o, for the some non inverted offset fourbar
slider-crank linkages are defined in Table P7-2. The general linkage configuration and terminology
are shown in Figure P7-2. For row a, draw the linkage to scale and graphically find the
accelerations of the pin joints 4 and B the acceleration of slip at the sliding joint.

Given:

Link lengths: Link2 g:=14-in Link3  p:=4-in
Offset: c:=1l-in
. - . . rad
Link 2 position, velocity, and acceleration: 09 :=45-deg ®7:=10-—
sec
Solution: See Figure P7-2 and Mathcad file P0705a.
1. In order to solve for the accelerations at point B, we will need 63, and w3;. From the graphical position solution
below,
03 := 360-deg — 179.856-deg 03 = 180.144 deg
. . any cos(Bz) -1
Using equation 6.22a, @3 = . ©3 = -2475rad-sec
b cos(B 3)
Direction of ABAt \'
Y/ Direction of AAt / Aoxdis of transmission
|
Axds of slip and
A 3 | 5 ‘// Direction of AB
\ T
2 45.000° 17956°  1.000
(J : _L X
(0 / :

The graphical solution for accelerations uses equation 7.4:

For point B, this becomes:

AB = (AA' + AAH) + (ABA‘ + ABAn) , where

Agn:= a~m22 Agn = 140.000 in-sec 2
8445 =92 + 180-deg B4dn = 225.000 deg
Ags:=aay Ag; = 0.000 in-sec” 2

2 . -2
AB4n = b-03 ABAn = 24.500 in-sec

04B4n =93 04BAn = 180.144 deg

(AP + A =(AL+ AN+ (Apy + Apg")
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4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A 4" at an angle of 0 44,. From the tip of A 4*, draw A" at an angle of 85pa,. Now that the vectors
with known magnitudes are drawn, from the origin and the tip of A g 47, draw construction lines in the directions

of A (horizontal) and A, /, respectively. The intersection of these two lines are the tips of Ay ,‘,and Ap.

4.950 j
Y
Ag
T X
A
/ 0 25 NS/
P [
Acceleration Scale
A
Ay
5. From the graphical solution above,
Acceleration scale factor kg = 25-—"—’-5
sec
Ap = 4.950-k, Ap=1238insec > atanangle of 180 deg

6. The acceleration of slip is equal to Ap since link 1 is stationary.
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&S PROBLEM 7-8a

Statement: The link lengths and the values of 6,, ®5, and o, for the some non inverted offset fourbar
slider-crank linkages are defined in Table P7-2. The general linkage configuration and terminology
are shown in Figure P7-2. For row a, draw the linkage to scale and find the accelerations of the pin
joints A and B the acceleration of slip at the sliding joint using an analytical method.

Given: Link lengths:
Link2 g:=14-in Link 3 b:=4-in
Offset: c:=1l-in
Link 2 position, velocity, and acceleration: 09 := 45-deg )= 10-% ay = 0.1“;.
sec
Solution: See Figure P7-2 and Mathcad file P0706a.

1. Draw the linkage to scale and label it.

2 79.85° 1.000
0144 | 45.000° 178.

: Lox

! [O2 / i

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

Open:
B3 = asin( a'sm(iz) — C) +7 83, = 180.144 deg
d := a-cos(82) - b-cos(832) dy=4990in
Crossed:
031 := asiv(ﬂm(—iz)—:) 031 = —0.144 deg
dj = a-cos(92) - b-cos(831) dj = -3.010in

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

Open -2 _cos(ez) _ rad
@32:= b .005(932) ‘@2 033 = -2475 o
(%]

4. Using the Euler identity to expand equation 7.15b for A 4, determine its magnitude, and direction.
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Ap = a-uz-(—sin(ez) + j-cos(ez)) -ae 22-(c0s(92) +J —sin(ez))
Ap = -98.995 — 98.995j ﬂz- Aq:=|Aa| 044 = arg(Aa)
sec

The acceleration of pin A4 is Ag= 140.0—25 at @44 =-135.0deg
sec

5. Determine the angular acceleration of link 3 using equation 7.16d.

a-az-cos(92) - a-mzz-sin(ez) +bo 322-sin(9 32)
b-cos(932)

Open a3y =

d
a3 = 24.764 iz

sec
a-az-cos(ez) - a-mzz-sin((-)z) + b-a)312-s1‘n(631)
b-cos((-)31)

Crossed o3] =

ad
a3] = —24.764 L—;
sec
6. Use equation 7.16e for the acceleration of pin B.
Open:

Apy = —a-az-sin((-)z) - aomzz-cos(ﬂz) + b-a32-sin(932) + b-® 322'cos(632)

Ap>=-123.7 _zn_2 A negative sign means that Ay is to the left

sec
Crossed:

Ap] = —a-az-sil(ez) - a-mzz-cos(ez) + b-(x31-sin(931) + b-m312-cos(931)

Ag] = —74.2;”-2- A negative sign means that Ag is to the left

sec
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&S PROBLEM 7-7a

Statement: The link lengths and the values of 8,, ®,, and vy for an inverted fourbar slider-crank linkage are
defined in Table P7-3, row a, and are given below. Find the acceleration of the pin joints 4 and B
and the acceleration of slip at the sliding joint. Solve by the analytic vector loop method of
Section 7.3 for the open configuration of the linkage.

Given: Link lengths:
Link 2 a:=2-in Link 4 c:=4.in Link 1 d:=6-in

Angle between links 3 and 4 y := 90-deg

. .. . d
Link 2 position, velocity, and accel. 09 := 30-deg 07 = 10.2— o= _25.51_“%
sec

Solution: See Figure P7-3 and Mathcad file P0707a.

1. Draw the linkage to scale and label it.

Yy
A
-~ 30.000°
@ ||
0,

2. Use the equations in Section 4.7 to solve for the positions of links 3 and 4 and for the length b.

P:= a-sin(ez)-sin(y) + (a-cos(ez) - d)-cos(y) P=1.000in

Q:= ——a-sin(ez)-cos(y) + (a-cos(ez) - d)-sin(y) Q=-4268in

R := —c-sin(y) S=R-0 T:=2-P U=0Q+R

R =-4.000in S =0.268in T =2.000in U =-8268in
04:= 2-atan{(2-S),(—T + J T2 - 4-S-U)] 04 = 142.667 deg
63:=064+7 03 = 232.667 deg

b a-sin(92) - c-sin(64)
) sin(93)

b=1793in

3. Calculate the angular velocity of links 3 and 4 and the slip velocity using equations 6.30.
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a-mz-cos(92 - 93)

04 (b + c-cos(y))

bdor = —a-mz-sin(ez) + m4-(b-sin(63) + c-sin(94))
. cos(B 3)

03:=04

4. Solve for the accelerations using equations (7.26) and (7.27).

P:= a-az-cos(ﬁg - 92)

Q= a-(ozz-sin(e;; - 92)

R:= c-(u42-sin(64 - 63)
S :=2-bdot-w 3
T=b+ c-cos(63 - 94)

_P+Q+R-S

[0 .
4 T

K = a0y (bcos(83 - 83) + c-cos(4 - 02))
L:= a-ay(b-sin(82 - 03) - c-sin(B4 + 67))
M=o 42.(b2 +e+ 2-b-c-cos(04 — 93))

N := 2-bdot-c-0 4-5in(B4 - 03)

K+L+M+N
T

bddot :=

Aa = aa(~sir{03) + j-cos(82)) - @02 -(cos(82) + j-sin(02))

Ag = IAAI Ayq =206.155 12 844 = arg(AA)

sec

AB = —c-a4-(sin(94) - j-cos(94)) - c-m42-(cos(94) +] -sin((-)4))

Ap:= |Ag| Ap = 672.505 -’—”—2- 045 = arg(Ap)

sec

SOLUTION MANUAL 7-7a-2

04 = 10292724
sec

bdot = 33.461 —
sec

P = 46.138 in-sec” >
. -2
@ = -77.075 in-sec

R = —423.705 in-sec >
S = —688.757 in-sec 2

T=1.793in
-2

ag = 130.56 rad-sec

K = —639.230 in*-sec” >

L = -9.025 in*-sec” >

M = -2.035 x 103 inz-sec_ 2

N =2755x 103 in2-sec_ 2

bddot = ~39.80 —'"—;
sec

The acceleration of slip is bddot. It is directed along link 3, positive inward from B towards A4, so that its angle is
6,. For the acceleration of the pin joints 4 and B,

044 = —135.964 deg

64B = —88.280 deg
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&S PROBLEM 7-8a

Statement:

Given:

Solution:

The link lengths and the values of 0,, @5, and vy for an inverted fourbar slider-crank linkage are
defined in Table P7-3, row a, and are given below. Find the acceleration of the pin joints A and B
and the acceleration of slip at the sliding joint. Solve by the analytic vector loop method of
Section 7.3 for the crossed configuration of the linkage.
Link lengths:

Link 2 a:=2in Link 4 c:=4-in Link 1 d = 6-in

Angle between links 3 and 4 Y := 90-deg

Link 2 position, velocity, and accel. 09 := 30-deg 0= 10.1‘1‘1 ay = _25.10_‘1

sec
sec
See Figure P7-3 and Mathcad file P0708a.

1. Draw the linkage to scale and label it.

y

|
i

e
169.040°
‘ 79.041°
r/
2. Use the equations in Section 4.7 to solve for the positions of links 3 and 4 and for the length b.
P:= a-sit(ez)-sin(y) + (a-cos(ez) - d)-cos(y) P =1.000in
Q= —a-sin(Bz)-cos(y) + (a-cos(ez) - d)-sin('y) Q =-4.268in
R := —c-sirly) S:=R-0 T:=2.P U=0+R
R =-4.000in S =0.268in T =2.000in U =-8268in
04:= 2-atan2[(2-S),—T - J T2 - 4-S-U| 04 = —169.041 deg
03:=04-7 03 = -259.041 deg
-si09) — c-sir 0

boe asin0,) - c-sirf64) b=1.793in

sin(e 3)

3. Calculate the angular velocity of links 3 and 4 and the slip velocity using equations 6.30.



DESIGN OF MACHINERY

a-mz-cos((-)z - 93)

@4= (b + c-cos(y))
—-a-® 2-sin(92) + m4-(b-sin(63) + c-sin(64))
bdot :=
cos(93)
03 = w4

4. Solve for the accelerations using equations (7.26) and (7.27).
P:= a-a2~cos(93 - 62)
2.
Q:=aw) -s1n(93 - 92)

R:= c-(o42-sin(94 - 93)
S :=2.bdot-w 3
T=5b+ c-cos(93 - 94)

_P+Q+R-S

o4 :
4 T

P a.mzz.(b.ws(e3 — 82) + c-cos(84 - 02))
L= a-az(b-sif(6 - 03) - c-sin(B4 + 62))
M=o 42.(1,2 + &+ 2-bccos(04 - 93))

N := 2-bdot-c-a 4-sin{64 - 03)

K+L+M+N
T

bddot :=

SOLUTION MANUAL 7-8a-2

04 = 36397
sec

bdot = 33.461 —
sec

P=-16312insec 2
. -2
Q = 189.057 in-sec

R = 52.961 in-sec >
S = 243.508 in-sec >

T=1.793in

-2
a4 = —9.93rad-sec
K = —639.230 in-sec_ >
L = 46352 in*-sec” *
M = -254418 in-sec 2

N = 974.033 in*-sec >

bddot = -18.98%
sec

The acceleration of slip is bddot. It is directed along link 3, positive inward from B towards 4, so that its angle is

8;. For the acceleration of the pin joints A and B,

A = aap(=sin(83) + jcos(82)) - w2 -(cos(82) + j-sir{02))

Aq:=|Aa| Ay = 206.155 —’"—2 044 := arg(Aa)

sec

Ag = —c-a4-(sin(94) - j-cos(94)) - c-(n42~(cos(94) + j-sin(94))

Ap:= |Ag] Ap = 66.195 12 648 = arg(Ap)

sec

644 = —135.964 deg

04p = 47.822 deg
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&S PROBLEM 7-9a

Statement: The link lengths, gear ratio (1), phase angle (¢), and the values of 8, w5, and a; for a geared
fivebar from row a of Table P7-4 are given below. Find o3 and o4 and the linear acceleration of

point P.
Given: Link lengths:
Linkl  f:=6-in Link3  b:=7.in Link5 d:=4.in
Link 2 a:=1-in Link4 ¢:=9-in

Gear ratio, phase angle, and crank angle:
Ai=2 ¢:=30-deg  02:=60-deg  ®3:=10-rad-sec ! a = 0-rad-sec 2

Coupler data:  Rpg := 6-in 83 := 30-deg
Solution: See Figure P7-4 and Mathcad file P0709a.
1. Determine the angle of link 5 using the equation in Figure P6-4.
05:=A02+¢ 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.

"2
f=r2+ 3-r5' Ai=—
rs
rs= 13 r5=1200in
+
ry:=Arj ry=2400in

3. Draw the linkage to scale and label it.

4. Determine the values of the constants needed for finding 6, and 6, from equations 4.24h and 4.24i.
A= 2.c(d-cos(-02 + §) - a-cos(82) + £) A = 366462 in”
B:=2.c(d-sim(A-02 + ¢) - a-sin(82)) B=20412in"

c=l-t2+PFaders 2) _ 3.4.f-cos 82) ...
+—[2-d'(a cos(ez) f) cos(?vez + ¢)
+-2-a-d-5in(8)-sif(A-02 + ¢) C — 374308 ir2

D:=C-4 D = 0.78461 in”

E:=2-B E = 40823 in”
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Fi=d+C F=74077in"
G = 2-b[{d-cos(A-82 + $)) + a-cos(62) - /] G = -28.503in”
H := 2-5[{d-sif(-0 + §)) + a-sir(02)] H=-15876in"

K:= (a2 + b2 - c2 + d2 + f2) - 2-a-f-cosl 92)
+—[2-d-(a-cos(02) - f)-cos(x-ez + ¢)

+-2-a-d-sir(82)-sif{A-07 + $) K = -26.569 in’
L=K-G L=1933in*
M=2.H M=-31751in°
N=G+K N = -55.072in”

5. Use equations 4.24h and 4.24i to find values of 8 and 6, for the open and crossed circuits.

OPEN  03;:= 2-(atanz(2.L,—M M- 4-L~N)) 031 = 173.642 deg

041 := 2~(atan2(2~D,—E - JEZ - 4-D-F)) 041 = -177.715deg
CROSSED  033:= 2-(atan2(2-L,—M - \‘ M2 - 4-L-N)) 037 = -115.407 deg

042 = 2-(atan2(2-D,—E + \}52 - 4-D-F)) 042 = —124.050 deg

6. Useequation 6.32cto findo,. ws:=Xr02

7. Calculate ©; and ©,4 using equations 6.33.

_ {Z-Si"(94l)'("“°2'si"(92 - e41) + d"*’S'Si"(e41 _ 95))]

OPEN =

o b-(cos(031 - 2-641) - cos(031))
@3] = 32.585 rad

sec

a-(oz-sin(ez) + b-(o31-sin(931) - d-m5-sin(65)
041 := -
c-sm(641)

04 = 16948 7%

sec

—[2-sirt(942)-(a'032'3i'1(92 - e42) + d"DS'Si’(e42 - 95))]

0SS =
CROSSED w3, b-(cos(e 32 - 2'942) - cos(e 32))

d
03 = -75.191 2=
sec
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_ a-mz-sin(ez) + b-m32-sin(632) - d-u)s-sin(95)
@42= c-sin(642)
rad

047 = ~59.554 —
sec

8. Useequation 7.28c to finda,. os:=A-a2
9. Calculate a,and o, using equations 7.29.

—a-uz-sin(ep_ -~ 941) - 0-022-003(92 - 94])
+—b-m312-cos(e3] - 641) + d-(o52-cos(65 - (-)41)

+d-a5-sin(95 - 941) + c-m412

OPEN =
%31 b-sin(931 - 94])
azp = 3191 794
2
sec
a-azosin(Bz - 931) + a-u)22-cos(62 - 93])
+—c-a)412-cos(931 - 941) - d.m52-cos(631 - 95)
+d-a5-sin(931 - 95) + b-(x)312
a4 = -
c-srr(641 - 931)
04 = 2492 ﬂ%

sec

—a~a2-sin(62 - 942) - a-mzz-cos(ez - 942)
+—b-m322-cos(e32 - 942) + d-m52-cos(95 - 942)

+d-a5-sin(95 - 642) + c-a)422
b-sin(ﬁ 32— 942)

CROSSED  g3p:=

a3y = —66485‘%

sec
a-ccz-sin(ﬂz - 932) + a-(n22-003(92 - 932)
+—-c-co422-cos(932 - 942) - d-m52-cos(932 - 65)
+d-a5-sin(932 - 95) + b-m322
C-Sir(942 - 932)

oy =

rad

a4 = —5950
sec
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&S PROBLEM 7-10

Statement: An automobile driver took a curve too fast. The car spun out of control about its CG and slid off
the road in a northeasterly direction. The friction of the skidding tires provided a 0.25g linear
deceleration. The car rotated at 100 rpm. When the car hit the tree head-on at 30 mph, it took 0.1

sec to come to rest.
Units: rpm = 2-n-rad-min ! mph := mi-hr !
Given: V = 30-mph Aq=-025g ® = 100-rpm
Solution: See Mathcad file P0710.

a. What was the acceleration experienced by the child seated on the middle of the rear seat, 2 ft behind the car
CG, just prior to impact?

r:=2-ft o = 10472 rad-sec ! Ac = -8.044 fr-sec 2

We want to solve the vector equation Ap = A;+ Ap" + Ap ! where P is the position of the child and C is the CG.
Since a is zero, Apc‘ is zero. A and Apc“ both have the same direction, but are opposite in sense (see diagram).

2
Apcn =ro

Apcn = 6.817g
Ap = Ac + Aan

Ap=6.567g

This acceleration is toward the tree. /

N

Ap=2113 ft-sec 2 /
Ap = 2535 in-sec 2 \

b. What force did the 100 Ib child exert on her seat belt harness as a result of the acceleration just prior to
impact?

W := 100-Ibf

The seat back must provide a force of = ¥, Ap F = 657 Ibf
g

¢. Assuming a constant deceleration during the impact, what was the magnitude of the average deceleration fe
by the passengers in that interval?

t:=0.1-sec
Assume that the rotation has ceased. Then, the average velocity during impact is

v St
Vavg = — Vm,g =220—
2 sec
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and the average deceleration is Agvg = —— Agvg = 6.838g Agvg = 220.0 Jtsec 2

Adding the deceleration due to skidding, Adec = Ac — Aavg

Agdoc = -7.088¢g Adec = —228 ft-sec 2 Adec = -2737 in-sec 2
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&S PROBLEM 7-11a

Statement: For row a in Table P7-1, find the angular jerk of links 3 and 4 and the linear jerk of the pin
between links 3 and 4 (point B). Assume an angular jerk of zero on link 2. The linkage
configuration and terminology are shown in Figure P7-1.

Given: Link lengths:
Linkl d:=6 Link2 4g:=2
Link3 5:=7 Link4 ¢:=9
Coupler point: Rpg:=6 83 := 30-deg

Link 2 position, velocity, and acceleration: 07:=30-deg ©2:=10 oap:=0 ¢2:=0

Solution: See Figure P7-1 and Mathcad file P0711a.
1. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.
2 2 2 2
d _
K;::i Ky=2 K3:=a b +c +d
a c (2-a-¢)
K] = 3.0000 K2 = 0.6667 K3 = 2.0000
A := cos(82) — K1 - Kz-cos(82) + K3 A=-07113
B := -2-sir{03) B = -1.0000
C:=Kj - (K2 + 1)-cos(82) + K3 C = 3.5566

2. Use equation 4.10b to find values of 0, for the open and crossed circuits.

Open:  041:= 2-(atan 2.4,-B - JBz - 4-A-C)) 041 = —242.714 deg

041 := 041 — 360-deg 041 = —602.714 deg

Crossed: 04 = 2-(atan2(2-A,—B + J 82 - 4-A-C)) 042 = 216.340 deg

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

Kg:= i;- Ks:= ¢~ ‘(Jz;;’: - Ky = 08571 Ks = —0.2857
D := cos(82) - Ki + K-cos(82) + K D =-16774

E:=-2-5in(6>) E = -1.0000

Fi:=Kj +(Kq - 1)-cos(82) + K5 F = 2.5906

4. Use equation 4.13 to find values of 6, for the open and crossed circuits.

Open:  03):= 2-(atan 2.D,-E - J52 - 4-D-F)) - @31 = -271.163 deg

031 := 031 — 360-deg 631 = —631.163 deg

Crossed: 033 := 2-(atan 2-D,-E + JEZ - 4-D-F)) 032 = 244.789 deg
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5. Determine the angular velocity of links 3 and 4 for the open and crossed circuits using equations 6.18.

a-0) Sin(941 - 92)

OPEN @3} := ) s,',.(e31 - 941) ®3] = -5.991
_ae sin(ez - 631) o
®4] = c .sin(641 - 631) w41 = —3.992
CROSS 037 = a0y sin(942 - 92) 033 = —0.662
' b Sil<932 - 942) ’
04 = 2 sin03 - 032) 04y = ~2.662

c sin(642 - 932)
6. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the open and crossed circuits.

OPEN 4 := c-si(941) B = b-sin(831) D= c-cos(841) E = b-cos(631)
A=7999 B =6.999 D =-4.126 E=0.142
C:= a-ay-sin(62) + a-a)zz-cos(ﬂz) + b-a)312~cos(931) - c-a)412-cos(941)
C = 244.045

F = a-az-cos(ez) - a~m22-sin(92) -boe 312-siu(931) + c-o)412-sin(641)

F =-223.741
C-D—- A-F C-E- B-F
=—— = 26.080 = —_— agq1 = 53.331
a3l AE-BD a3y a41 AE— BD 41
CROSS 4 = c-sin(942) B:= b-sin(e 32) D= c-cos(942) E:= b-cos(e 32)
A=-5333 B=-6.333 D =-7250 E=-2982

C:= a-az-sin(ez) +a-® 22-003(02) + b0 322-cos(632) - c-m422~cos(942)

C =223.253

F .= a-az-cos(ez) - a-mzz-sin(ez) -bo 322-sin(0 32) +Cc® 422-sin(942)

F = -135.002
C:-D—- A-F C-E—- BF
a3y = ——"-" a3z = 77.920 o4 =—"" g2 = 50.669
32 1E-BD 32 42 AE-BD 42

7. Use equations 7.36 and 7.37 to determine the angular jerk of links 3 and 4 for the open and crossed circuits.
3 3
OPEN 4:=aa; -sin(ez) D= b-o3 -sin(931) : G:= 3-c-m41-a41-cos(941)
B:= 3-a-m2-a2-cos(92) E:= 3-b-m31-a31-cos(931) H = c-sin(64])

C:= a-¢2-sin(62) F:= c-m413-sin(941) K= b-sin(631)
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CROSSED

L:= a-mzs-cos(ez) P= b-m313-cos(631) S = c-co413-cos(641)
M= 3~a-m2-a2-sin(92) 0= 3-b-m31'a31-s1’n(631) T:= 3-c-m41-a41-sin(041)
N = a-¢2-cos(62) R:= b-cos(631) U:= c-cos(941)

[K-(N—L-—M—P—Q+S+T)...]
+R(A-B-C+D-E-F+G)

L . = 749.012
b41 XU - IR b4

A-B-C+D-E-F+ G+ H-dq1
¢31:= e d31 = 12426

= oo ) el 2o )

IBAL = —b.m313.(_sj"(931) + j-cos(631{) — 3‘[7'0)31‘031'(003(93]) + j-SiI‘I(B31)) ..
+b-431-(sin(031) + j-cos(031)

JB1:=JA +JBAl

Jp1:= |IB1| JBIx = Re(Ig3) JBiy = Im(Ig1)
JB; =9301.9 Jpix = -9134.7 JB1y = 17555
A= a»m23-sir(62) D:=bo0 323-sin(932) G:=3-co 42-a42-cos(642)
B:=3-a-0 2-a2-cos(62) E:= 3-b-0)32-a32-cos(6 32) H = c-sin((-)42)
C:= a-4>2-sz'n(62) F = c-m423-sin(942) K:= b-sir(e 32)
3 3 3
L=aw) -cos(eg) P.=bw3 -cos(932) S:=cn4 -cos(942)
M= 3.a-(x)2-a2-sin(92) Q:=3bo 32-a32-sin(932) T:= 3-c-m42-a42-sir(942)
N:= a-¢2-cos(62) R:= b-cos(e 32) U:= c-cos(942)
[K-(N—L— M-P-Q+S+T) ]
¢42:= 7 +R(A—B-K'CU+_DI{—'§—F+G) J 4)42:—246.639
A-B-C+D-E-F+G+ H-¢
$32:= % 42 $32 = —740.2

JBA2 = b0 323-(—sin(932) + j-cos(932;) -3b0 32-a32-(cos(932) + j-sin(632))
+b-¢32~(—sin(932) + j-cos(632)

JB2:=JA + JBA2
Jp2:= IJml JB2x = Re(JBz) JB2y = Im(JBz)

Jgz = 41787 JBox = 41479 Jp2y = -506.4
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&S PROBLEM 7-12

Statement: You are riding on a carousel that is rotating at a constant 15 rpm. It has an inside radius of 3 ft and
an outside radius of 10 ft. You begin to run from the inside to the outside along a radius. Your
peak velocity with respect to the carousel is 5 mph and occurs at a radius of 7 ft. What is your
maximum Coriolis acceleration magnitude and its direction with respect to the carousel?

Units: rpm:= 2-n-rad-min !
d
Given: Carousel angular velocity ®:= 157pm o =15122
sec
Peak velocity Vstip := 5-mph Vstip = 7.333 S

sec
Radius at peak velocity r=17ft

Solution: See Mathcad file P0712.

1. Draw a plan view of the carousel floor showing your position at peak velocity and the velocity and Coriolis
acceleration vectors.

Axis of Transmission

- Axis of Slip
-

2. The direction of your path defines the axis of slip. The transmission axis is perpendicular to the axis of slip and
positive in the direction of the tangential velocity of the carousel. Thus, the direction of the Coriolis
acceleration vector is along the positive transmission axis.

3. Use equation 7.19 to calculate the magnitude of the Coriolis component of your acceleration.

A= 2-Vslip® A= 23.038 —ﬁi : Ao = 276.46 —’-"3

sec sec
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&S PROBLEM 7-13a

Statement: The linkage in Figure P7-5a has the dimensions and crank angle given below. Find a3, A4, A p, and
A for the position shown for @, = 15 rad/sec and a, = 10 rad/sec? in the direction shown. Use the
acceleration difference graphical method.

Given:

Link lengths: Link2 g:=0.8-in Link 3 b:=1.93-in
Offset: ¢ :=-0.38-in
Coupler point data:  p := 1.33-in 83 := 38.6-deg
Link 2 position, velocity, and acceleration: 0, :=34.3-deg w32 :=1 5.ﬂ o= 10.ﬂ
sec sec2
Solution: See Figure P7-5a and Mathcad file PO713a.

1. Inorder to solve for the accelerations at points 4, B and C, we will need 83, and 5. From the graphical position
solution below,

03 := 154.502-deg

a-wy cos\b
Using equation 6.22a, 03 = 02 ( 2)

®3 = -5.691rad-sec !

2. The graphical solution for accelerations uses equation 7.4:  (Ap' + Ap") =(A/+A ) +(Ap,/+Ap/")

3. For point B, this becomes: Ag=(A,/+ A +(Ag/ + Ap,") , where

2 -
Agn:= a0 A = 180.000 in-sec” >
0445 =07 + 180-deg O44n = 214.300 deg
Ay = a-ap Ay = 8.000in-sec 2

8447 =07 + 90-deg B44: = 124.300 deg
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2 —
ABAn = b-03 ABAn = 62.500 in-sec 2

64BAn =93 O4BAn = 154.502 deg

4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A ,” at an angle of 0 44,,. From the tip of A 4#, draw A ,f at an angle of 054, From the tip of A 4, draw
Ap4" at an angle of 054, Now that the vectors with known magnitudes are drawn, from the origin and the tip
of A", draw construction lines in the directions of A p (horizontal) and A g/, respectively. The intersection of
these two lines are the tips of Ap/, and Ap.

= 7.089 -
!
4
/ '
0 25 IN/S/S
{_L_I_l_L.J
Acceleration Scale
5. From the graphical solution above,
Acceleration scale factor k= 252
sec2
Ap:=7.089-k, Ap =1772in-sec 2 at an angle of 180 deg

Apar = 3.010-k, Apgr =753 in-sec >

6. Calculate o, using equation 7.6.

ABAt
az=——

b a3 = 38.990 rad-sec 2 CCW

7. For point C, equation 7.4 becomes: AC=(A [+ A ) + (A4 + Ac,") , where
2

ACAn = p-®3
04P4n =03 + 83

Ac4r = po3

O4pPAr = (93 + 83) - 90-deg

ACan = 43.070 in-sec 2
O4P4n = 193.102 deg
Acyqr = 51.856 in-sec 2

G4p4: = 103.102 deg

8. Repeat procedure of step 4 for the equation in step 7.
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Ay
\

o 8.554 — X
/" /
_— — /
—— T 165.351°
/
T
A ///
— 0 25 INS/S
I_i_i_L_A_1
! Acceleration Scale

Acx
/ -
\///’//1\\/ Al
A A,
9. From the graphical solution above,

. in
Acceleration scale factor kg:=25——
sec

Ac = 8.554-k, Ac =2139in-sec 2 at an angle of -165.35 deg



DESIGN OF MACHINERY SOLUTION MANUAL 7-13b-1

&S PROBLEM 7-13b

Statement: The linkage in Figure P7-5a has the dimensions and crank angle given below. Find o3, A4, A, and

A for the position shown for @, = 15 rad/sec and o, = 10 rad/sec? in the direction shown. Use an
analytical method.

Given: Link lengths:
Link2 a:=0.8-in Link3  b:=1.93.in
Offset: c:=—-0.38-in
Coupler point data:  p:= 1.33-in 83 := 38.6-deg

Link 2 position, velocity, and acceleration: 0, := 34.3-deg 0= 15.-’3‘1 oy = 10- rad
sec

sec
Solution: See Figure P7-5a and Mathcad file P0713b.

1. Draw the linkage to scale and label it.

2. Determine 05 and d using equations 4.16 and 4.17.

a-sin(Bz) - c]
—_— |t

5 03 = 154.502 deg

03:= asin(
d = a-cos(82) ~ b-cos(03) d =2403in

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

_a cos(()z). B ﬂ
w3 = b.cos(eg,) 1Y) ®3 =-5.691 o

4. Using the Euler identity to expand equation 7.15b for A 4, determine its magnitude, and direction.
Ap = a-az-(—sin(ﬁz) +j -cos((-)z)) - a0 22-(cos(92) +j -sin(ez))
Ap = 153206 - 94.826,‘—"’—2 Aq:=|Aa| 644 = arg(Ap)
sec ]

The acceleration of pin A is A= 180——  at @44 = —148.2deg
sec2
5. Determine the angular acceleration of link 3 using equation 7.16d.
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. a-az-cos(ez) - 0'022'3i"(92) + b'm32'sm(63) a3 = 38.990 rad
3= b-cos(63) T

sec

6. Use equation 7.16e for the acceleration of pin B.

Ap:= —a-az-siu(ez) - a-mzz-cos(ﬂz) + b'(13'Si'l(93) + b'm32'005(93)

Ap= -177.2—’”5 A negative sign means that Ap is to the left
sec

7. Determine the acceleration of the coupler point C using equations 7.32. Note that 05 is defined from point B in
Figure 7-6 and from point 4 in Figure 7-9. To use equation 7.32 for a slider-crank we must redefine ;.

03:= 03 — 180-deg 03 = —25.498 deg
Aca = p-a;-(—sin(e;; + 83) +j -cos(93 + 83))

+-p-@ 32-(cos(e 3+ 63) +j -sin(e3 + 53))

Ac:=AA +ACcA

AC = -206.910 - 54.083j —'1'-2- Ac:= |Ac| 84c = arg(Ac)
sec

The acceleration of point Cis  Ac = 213.861 —'3'-5 at  @qc = —165.352 deg
sec
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&S PROBLEM 7-14a

Statement: The linkage in Figure P7-5b has the dimensions and effective crank angle given below. Find a3,
Ay, Ag, and A for the position shown for @, = 15 rad/sec and a, = 10 rad/sec? in the directions
shown. Use the acceleration 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) c:=0.75-in
Link 1 (between contact points) d:=15.in
Coupler point:
Distance 4 to C p:=12.in
Angle BAC 8 := 30-deg
Crank angle: 09 := 77-deg
Input crank angular velocity w7 := 15-rad-sec ! a3 := 10-rad-sec 2
Solution: See Figure P7-5b and Mathcad file P0714a.

1. Although the mechanism shown in Figure P6-5b 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 acceleration vectors of interest.

[ 0s 1in
F —+ %
Direction of ACA
y N /
. c
/— Direction of ABAt

//' Direction of ABt

Effective link 2 Effective link 4

2. In order to solve for the accelerations at points A and B, we will need 03, 3, and 6;. From the graphical position
solution above,

03 := 0.0-deg 04 :=77.0-deg
This is a special-case Grashof in the parallelogram configuration. Therefore,

-1
®3:= 0.0-rad-sec ©4:=02
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3. The graphical solution for accelerations uses equation 7.4: A+ AP =(AL+A D+ (Apd +Ap
4. For point B, this becomes: (AF+AN=(AS+ AN+ (Ap/+ Ap/ , where

ABn = c-o 42 Apn = 168.750 in-sec 2

0485 =04 + 180-deg 048n = 257.000 deg

Agn = a-onz2 Agpn = 168.750 in-sec” 2

O44n =07 + 180-deg B44n = 257.000 deg

Ags = a-a) Ags = 7.500 in-sec 2

04t:=02 + 90-deg 641 = 167.000 deg

ABAn = b'a)32 Apgn = 0.000 in-sec 2

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 6, + 180 deg and A 4" at an angle of 6, + 180 deg. From the tip of A ", draw A / at
an angle of 0, + 90 deg. Now that the vectors with known magnitudes are drawn, from the tips of Ag” and A ¢,
draw construction lines in the directions of A g* and A p {, respectively. The intersection of these two lines are

the tips of Ag!, Ag f, and Ap.

0 25 INIS/S
‘_L_l_l__l_|

Acceleration Scale

From the layout Az = A fand Ag
=0. AlSO, AE = AA'

Acceleration scale factor

kg = 25—

sec

Ap:=6.757-kg

Ap = 1689 in-sec 2
at an angle of -105.55 deg

on/
o e

A
A A

6. Since Ag,/=0,a;=0and,since Ag=A 4 0,= 0,

7. For point P, equation 7.4 becomes: Ap=(A '+ A ") +(Aps +Aps?) , where Apy’ and Ap, " are both zero since
o and w5 are zero. Therefore, Ap= A .
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&S PROBLEM 7-14b

Statement: The linkage in Figure P7-5b has the dimensions and effective crank angle given below. Find a3,
Ay, A, and A for the position shown for @, = 15 rad/sec and a; = 10 rad/sec? in the directions
shown. Use an analytical method.

Given: Link lengths:
Link 2 (point of contact to 4) a:=0.75-in Link 3 (4to 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 4 to C Rcg:=12-in  Crankangle:  0j:= 77-deg oy := 10-rad-sec 2
Angle BAC 83 := 30-deg Input crank angular velocity 0= 15-rad-sec !

Solution: See Figure P7-5b and Mathcad file P0714b.
1. Draw the linkage to scale and label it.

Y
c 0 05 1in

/ \A;/ 3:030 / : B

N ; / \
N \ > \ml/ \
I\ 1 d ~ / X
Effective link 4

Effective link 2

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

Kj = i Ky = i
a c
K = 2.0000 K> = 2.0000
2 2 2
K=l =b *c L K3 = 1.0000
(2.a:¢)

A= cos((-)z) -K;- Kz-cos(Gz) + K3
B:= -—2-sin(92)
C:= Ky — (K2 + 1)-cos(82) + K3

A=-12250 B=-19487 C=23251
3. Use equation 4.10b to find values of 8, for the open circuit.

04:= 2.(010,,2(2.,4,_3 - ,}32 - 4-A-C)) 04 = —283.000 deg

04 := 04 + 360-deg : 04 = 77.000 deg
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4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

K= -21 Ks:= ¢ ‘g;;’: s Kg=10000  Ks5=-2.0000
D = cos(02) - K1 + Kgcos(82) + K5 D = -3.5501

E:=-2-5in(87) E = -1.9487

F:=Kj + (K¢~ 1)-cos(02) + K5 F = 0.0000

5. Use equation 4.13 to find values of 0; .
03:= 2-(atan 2-D,—-E - \}Ez - 4-D-F)) 083 = 360.000 deg
63 :=03 — 360-deg 03 = 0.000 deg

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

o im a-mz.Si'!(94 - 92) w2r=0 000"“‘E
3= b sin(93 - 04) T sec
s a-m2.sin(92 - 93) w4 =15 OOOE
4 -~ c Si'(e4 _ 93) 4 - - sec

7. Using the Euler identity to expand equation 7.13a for A, Determine the magnitude, and direction.
Aa = a-ay(-sin(82) + j-cos(82)) - 03 (cos(82) + j-sin(02))

Ap = 45268 — 162.73:;1'—"”—2 Aq:= |A4| 644 = arg(Aa)
sec

The acceleration of pin A is A4 = 168.917 ﬂz- at @44 = -105.5deg
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.
A4 := c-sin(04) B:= b-5in(03) D := c-cos(04) E = b-cos(83)
A=0.731in B =0.000in D =0.169in E=1500in
C = a-aysin(82) + a0y -cos(82) + b-o 3-cos(03) - c-04 -cos(04)
C =7308insec

F:= a-az-cos(ez) -ao 22-sin(92) -bo 32-sin(93) + c-m42-sin(94)

F = 1.687 in-sec 2

C-D - A-F d . CE-BF
ayim S AF a3 = 0.000 = ag= SEZBE G~ 10000722
AE—B-D 2 A-E - BD 2

sec sec

9. Use equation 7.13c¢ to determine the acceleration of point B.
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AB = c-a4-(—sin(64) +j -cos(94)) -0 42-(cos(64) +j -sin(94))
Ap = 45268 — 162.738ji—n2 Ap:= |Ap] 648 = arg(AB)

sec

The acceleration of pin B is Ap = 168917 ——"—'-2- at @y =-1055deg

sec

10. Use equations 7.32 to find the acceleration of the point C.

ACA = Rcaoag,-(—sin(():, + 83) + j-cos(93 + 83))

2
+~Reg03 (cos(83 + 83) + j-sin(03 + 83))
Ac:=AApA +ACA

Ac:= |Ac] Ac = 168917 lz arg(Ac) = ~105.545 deg
sec
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&S PROBLEM 7-15a

Statement: The linkage in Figure P7-5¢ has the dimensions and coupler angle given below. Find a3, Ap, and
A for the position shown for V ;= 10 in/sec and A4 = 15 in/sec? in the directions shown. Use the
acceleration difference 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 4 to C p:=1.44-in Angle BAC 83 := —49-deg
Input slider motion V4:=—10-in-sec ! Ay :=15-in-sec 2
Solution: See Figure P7-5c and Mathcad file P0715a.

1. Inorder to solve for the accelerations at points B and C, we will need @3. From the layout below and Problem
6-18,

d
03 := 128-deg 03 :=-13288.—
sec

Y

- Direction of AB
/ 0 05 fin
L ! _

Direction of ABA!‘\
c
\ Direction of ACAt
§9.000° °~°°°'\
A
\ Vs L2 X
1 A 2
2. The graphical solution for accelerations uses equation 7.4: (A +AP)=(A/+A D+ (Ap +Ap

3. For point B, this becomes: Ag=A,+(Ag/+ Ag ), where

Ay = 15000 in-sec 2 844 = 0-deg

2 . -2
ABAn = b-03 Apgn = 317.828 in-sec
04BAn =03 + 180-deg 64B4n = 308.000 deg

4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A 4 at an angle of 6,44. From the tip of A 4, draw A" at an angle of OzApas. Now that the vectors
with known magnitudes are drawn, from the origin and the tip of A", draw construction lines in the directions

of Agand A/, respectively. The intersection of these two lines are the tips of A/, and Ap.
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0 100 IN/'S/S
Lo

Acceleration Scale

5. From the graphical solution above,

in

Acceleration scale factor kg := 100-
sec
Ap:=9.126-k, Ap =912.6in-sec 2 at an angle of 239 deg
. -2
AB4s = 8.638-k,4 ABA; = 863.8 in-sec

6. Calculate o using equation 7.6.

Apat

. a3 = 479.9rad-sec 2 cw

aj3:=

7. For point C, equation 7.4 becomes: A-=A,+(Aq, + Ac™ , where

2 _
ACan = p-03 ACAn = 254.262 in-sec 2
04PAn =03 + 83 + 180-deg 04PAn = 259.000 deg
ACar:=p-o3 ACds = 691.040 in-sec” >

04pas:= (03 + 83) + 90-deg 04pAr = 169.000 deg
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8. Repeat procedure of step 4 for the equation in step 7.

0 100 INS/S
Lo ]

Acceleration Scale

9. From the graphical solution above,

Acceleration scale factor k= 100-—25
sec

Ac:=1215-k, Ac = T21.5in-sec 2 at an angle of -170.61 deg
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@S PROBLEM 7-15b

Statement: The linkage in Figure P7-5¢ has the dimensions and coupler angle given below. Find a3, A, and
A for the position shown for V 4 = 10 in/sec and A 4 = 15 in/sec? in the directions 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 Rep = 1.44-in
Angle BAC 83 := —49-deg
Input slider motion V4:=—-10-in-sec ! Ay :=15-in-sec 2
Solution: See Figure P7-5¢ and Mathcad file PO715b.

1. Draw the mechanism to scale and define a vector loop using the fourbar slider-crank derivation in Section 7.3 as
a model.

{ . i

2. Write the vector loop equation, differentiate it, expand the result and separate into real and imaginary parts to
solve for 05 and V.

R + R3 = R4.
L}

j-92 J0, J04
a-e + b-e =ce

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 6, is zero, 03 is the angle that AB makes with the x axis,
and 0, is the constant angle that slider 4 makes with the x axis. Differentiating,

.~
-0 j-0
.d_a +j.b.m3.ej 3;: ic .e 4
dt dt
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Substituting the Euler equivalents,

[ |

%ta + b-o 3-(—sin(6 3) +]j -cos(e 3)) = (%tc)-(cos(fh) + j-sin(94))

Separating into real and imaginary components and solving for ©;. Note that dc/dt = Vp and da/dt =V,

Vtan(0a) 03=-13288 7%

37 (sin{0)-tan{04) + cos(03)) sec

3. Differentiate the velocity equation, expand it and solve for o; and 4.

]
iz(a + b-otg,-j-ej'93 + b-m32-j-ej‘es) = -izioej.e4
dt dt
Substituting the Euler equivalents,
]
—giza + b-a3(—sin(63) +j-cos(93)) =0
t

sty (cos(03) + j-sin83)) - ?fc.(cos(m +jusin(04))

Separating into real and imaginary components and solving for a3 and 4p. Note that d2c/df? = Ap and d?a/df =
Ay

_ AA-sin(G4) -baw 32~sir(64 - 93) rad

a3 = 479.924 -
b-cos(94 - 93) sec

o3

b-ag,-cos(e 3) - b0 32-sin(9 3)
Ap =

Ap = -912.662 ——

sin(94) S862

4. Determine the acceleration of the coupler point C using equations 7.32.

Aca = Reg-az-(-sin(83 + 83) + j-cos(03 + 83)) — Reg0 32-(cos(93 + 83) + j-sin(03 + 83))

Aca = 726910 - 117.729j—-T-5
sec

Ap = Ay Ac:=Ap +ACA

Ac = 711910 - 117.729jl% |Ac| = 721.579 -12 arg(Ac) = -170.610 deg
sec sec
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&S PROBLEM 7-16

Statement: For the linkage shown in Figure P7-6a, write the vector loop equations; differentiate them, anddo a
complete position, velocity, and acceleration analysis of the linkage. Measure the linkage

geometry from the figure. Assume o, = 10 rad/sec and a, = 20 rad/sec?.

Given: Link lengths and angles:
Link 2 (O, to 4) a:=5.6-mm Link 4 (O4to O) ¢:=9.5-mm
Link 3 offset (4toB)  f:=9.5-mm Link 1 (O, to Oy) d =38.8-mm
Link 2 position, velocity and acceleration 02:=135-deg w3 := 10.%:1- ap:= 20.&‘12
sec
Solution: See Figure P7-6a and Mathcad file P0716.

1. Draw the mechanism to scale and define a vector loop using the fourbar inverted slider-crank derivation in
Section 7.3 as a model.

2. Write the vector loop equation, expand the result and separate into real and imaginary parts to solve for 65 and b.

R; + R5:= Ry + Rq + R3"
[ ]

J-04 J03

J9,
Simde 'vce +be

J-9 J-9
ae s+ f-e

where a is the distance from pivot O, to point A, a constant; f is the distance from 4 to B, a constant; b is the
distance from B to C, a variable; and c is the distance from pivot O, to point C, a constant. Angle 8 is the input
crank angle, 05 is the angle that BC makes with the x axis (measured from C), and 0, is the variable angle that
link 4 makes with the x axis. The angular relationships are

05:= 94. and 03:=04+ 90-deg.

Substituting the Euler equivalents,

a-(cos{02) + j-siM02)) + f-(cos|O4 +'-sir(4 :=d+c-(cos 4) + j-sinl04 ...'
o) ) 1 o) o) =« o) 00)

If we stipulate that = c, this reduces to

a-(cos(02) + j-sin(62)) := d + b-(cos(64) + j-sin(8.4))"
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Separating into real and imaginary components and solving for 8, and 5.
03:= atanZ(a-cos(Gz) -d ,a-sin(()z)) 03 = 174.7deg

04 := 03 — 90-deg 04 = 84.7deg

a-sin(e 2)

b= ————t b=429mm
sir(ﬂ 3)
3. Differentiate the position equation to get the velocity equation.
.. 70, 785"
Position (f and ¢ terms cancel) ae “=d+be
. . |
) Jj-9 Jj-e -0
Velocity a-j-wy-e .~ bdote  + b-j-cog,-ej 3

Separating into real and imaginary components and solving for @3 and bdoz.

03 = fﬁw.mz 03 =100"%
b sec
s 2:03:51403) ~ a0z:5n(02) bdot = 35.8 7
005(63) sec

4. Differentiate the velocity equation to get the acceleration equation.

78 58 05"
Velocity a-j-oy-e 2 := bdot-e y bj-w3e :
. . J8 2 2 jB J-03 . o5 "
Acceleration  a-jrage “+aj -0 -e :=bddote  + bdot-j-n3-e
. J-8 2 2 J®
+bj-az-e >y bj -3 -e 3

Separating into real and imaginary components and solving for a; and bddot.

o3 = —Z—-(a-az-cos(ez - 93) - a‘mzz-sin((-)z - 93) - bdot~a)3)

a3 = 9.50 7%

sec

bddot -= ;@. 0'((12'008(92) — 0)22‘“’%92))

+ ~bdot-® 3-cos(9 3) -bla 3-cos(9 3) -0 32-sin(9 3))

bddot = —316.0—"’12
sec
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&S PROBLEM 7-17

Statement:

Given:

Solution:

For the linkage shown in Figure P7-6b, write the vector loop equations; differentiate them, and do a
complete position, velocity, and acceleration analysis of the linkage. Use the linkage geometry

given below. Assume o, = 10 rad/sec and a, = 20 rad/sec?.

Measured lengths and angles:

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 fi=-2.6-mm fromx’axis
Crank angle: 090 := 45-deg Global XY system

Coordinate rotation angles o := —23.3-deg Global XY system to local xy system
B := 113.3.deg Local xy system to local x’y’ system
¥ == 90-deg Global XY system to local x’y’ system
Link 2 position, velocity and acceleration 02:=683-deg w3:= IO-E oy = 20-5‘-11

sec 2
sec

See Figure P7-6b and Mathcad file P0717.

1. Draw the mechanism to scale and label it.

2. This mechanism can be analyzed as a pin-jointed fourbar (links 1, 2, 3, and 4) and a fourbar slider-crank (links 1,
4,5, and 6). Link 4 is the common, non-stationary link in the two branches and is the input to the slider-crank.
Since the vector loops are the same as those defined for the pin-jointed and slider-crank linkages, we can use
the equations derived in the text with slight modification of variable names for the slider-crank.

There are three coordinate systems: the global XY frame, the local xy frame for the pin-jointed fourbar, and the
local x'y’ frame for the slider crank. Inputs to the fourbars must be in their respective local coordinates. All
output will be given in local coordinate system.

3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.
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K= K] = 4.1267 Kz:=

a2—b2+02+d2

(2-a-0)

o |

K3:=

A= cos(92) -K; - Kz-cos(e;)_) + K3

B:= -2-5in(0)

C:= Kj - (K2 + 1)-cos(82) + K3

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

04:= 2-atan2(2-A,—B - B2

r:2—d2—a2--b2

- 4-A-C) + 360-deg

Ky:= Ks:=

S W

(2-a-b)
D= cos(Oz) -Kr+ K4-cos(92) + K5
E = -2-5in(07)

F=K;+ (K4 - l)°c0x(92) + K5

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

03:= 2-(atan 2-D,-E - JEZ - 4-D-F)) + 360-deg

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

a®y sin(94 - 92)

b si{63 - 04)
_aa sin(ez - 93)
@4 c .sin(94 - 93)

SOLUTION MANUAL 7-17-2

K =3.4199

K3=42110

A =-0.8104
B =-1.8583

C =6.7034

04 = 125.692 deg

Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

Ky = 13515 Ks = ~4.2406
D = 74978
E = -18583
F = 0.0160
03 = 0.955deg
03 = -33577%
sec
04 = 9307752

sec

Using the Euler identity to expand equation 7.13a for Ag Determine the magnitude, and direction (in the local
coordinate system).

Ag = a-az-(—sin(ez) +Jj -cos(ez)) -aw 22-(cos(62) +J -sin(ez))

Ap = -833 — 1283] ’"—";
sec

The acceleration of pin Bis ~ Ag = 1530 ﬂ"é
sec

A:= c-sin(94) B:= b-sin(G;;)

Ap = |ABI

D= c-cos(64)

84B = arg(AB)

at  G4p = -123.01deg

9. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.

E:= b-cos(e 3)
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A = 14.700 mm B =0.763mm D = -10.560 mm E = 45.794 mm
2 2 2

C:= a-az-sin(ez) +aw) -cos(ez) + b0z -cos(93) -cw4 -cos(94)

C=2264 x 103 mm-sec 2

F = a-a;)_-cos(ez) - ao 22-sin(92) - b 32-sin(93) + c-m42-sin(94)

= —18.160 mm-sec 2

C-D - AF d C-E-BF
a3 = —— 22 a3 = —34.706 —— agi= SEZBE 15222174
A-E- BD 2 A-E-BD 2
sec sec

9. Use equation 7.13c to determine the acceleration of point C.
Ac = c-a4-(—sir(e4) +Jj -cos(64)) - c~m42-(cos(94) +J -sir(94))
Ac = -1323 - 2ssnj—”% Ac=|Ac| 84c:= arg(Ac)
sec

The acceleration of pin Cis  A¢ = 3170 ’"—”; at  G4c=-114.7deg
sec

10. Determine 6 and the vertical distance from O, to C (d’) for the slider-crank using equations 4.16 and 4.17.

c-siml04-B)-f
05:= asin( 04~ p) ) +x 05 = 163.7deg
e

d = c-cos(64 - B) - e-cos(Bs) d =398mm

11. Determine the angular velocity of link 5 using equation 6.22a.

0s:= E-M-M 05 = -7.4217%4
e cos(65) sec

12. Determine the angular acceleration of link 5 using equation 7.16d.

_ cagcos(04 - B) - c-(°42‘~“"’(94 -B)+ e"°52'5i"(95) as = 122305 224
B e-cos(es) . - sec2

os:

13. Use equation 7.16e for the acceleration of pin C.

Ac = —c-a4-sin(94 - B) - c-m42-cos(94 - B) + e-aysir(es) + e-m52-cos(95)

Ac =-162.9 _"—IE A negative sign means that A is downward

sec
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&S PROBLEM 7-18

Statement: For the linkage shown in Figure P7-6¢, write the vector loop equations; differentiate them, and do a
complete position, velocity, and acceleration analysis of the linkage. Use the linkage geometry

given below. Assume o, = 10 rad/sec and o, = 20 rad/sec?.

Given: Measured lengths and angles:
Link 21 al :=11.7-mm Link 22 a2 :=20.0-mm
Link 3 bl:=25.0-mm Link 5 b2 :=25.9-mm
Offset cl:=3.7-mm Offset’ ¢2:=24.7-mm fromx’ axis
Crank angle: 021 := 61.3-deg 022 := 13.3.deg
Link 2 velocity and acceleration W2 = 10.5ﬂ o= 20-1@-
sec se(:2
Solution: See Figure P7-6¢ and Mathcad file PO718.

1. Draw the mechanism to scale and label it.

2. This mechanism can be analyzed as a fourbar slider-crank (links 1, 2, 3, and 4) and a fourbar slider-crank (links 1,
2,5, and 6). Link 2 is the common, non-stationary link in the two branches and is the input to both slider-cranks.
Since the vector loops are the same as those defined for the slider-crank linkage, we can use the equations
derived in the text with slight modification of variable names.

There are three coordinate systems: the global XY frame, the local xy frame for the first slider-crank, and the
local x’y’ frame for the second slider crank. Inputs to the fourbars must be in their respective local coordinates.
All output will be given in local coordinate system.

3. Determine 0, and the vertical distance from O, to B (d!) for the first slider-crank using equations 4.16 and 4.17.

al-sim021) — cl
03:= asin( n(bi ) ) + 03 = 164.8deg

dl := al-cos(021) - b1-cos(03) dl = 29.7mm
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4. Determine the angular velocity of link 3 using equation 6.22a.

w3 = a—1~—-—cos(921)-o) w3 =2 329ﬂ
3= bl cos(93) 2 3= sec

5. Using the Euler identity to expand equation 7.15b for A 4, determine its magnitude, and direction.

Aa = al-az(~sin(821) + j-cos(921)) - al-w3 ~(cos(821) + j-sir(821))

Ap= 761114 - 913889 Ay:= |Aa| 044 := arg(Aa)
sec
. . . mm
The acceleration of pin 4 is Ag=1193 —2 844 = 3130.0deg

sec
6. Determine the angular acceleration of link 3 using equation 7.16d.

al.qz-cos(921) - aI-O)22~Si"(921) * bI"°32'Si"(e3) aa =364 rad
b]~cos(93) T

o3 =
sec

7. Use equation 7.16e for the acceleration of pin B.

AB:= —al-az-sin(ezl) - al-mzz-cos(Gm) + bl-a3-sin(63) + bl-® 32-cos(93)

Ap = —659 _m_n% A negative sign means that Ag is upward

sec

8. Determine 65 and the distance perpendicular to the x' axis from O; to BD (d2) for the second slider-crank using
equations 4.16 and 4.17.

-si(022) — ¢2
0s5:= asin( i sm(b;z) ‘ J + 05 = 2309deg
d2 := a2-cos(822) - b2-cos(8s) d2 = 358mm

9. Determine the angular velocity of link 5 using equation 6.22a.

2 cos(022
z ——(2—)-m2 05 = -11.915 %2

©s5:= b2 . cos(e 5) sec

10. Using the Euler identity to expand equation 7.15b for A, determine its magnitude, and direction.

Ac = a2~a2-(—sin(922) +j -cos((-)zz)) -a2o 22-(cos(922) +j -sir(Bzz))

Ac = -2038.378 - 70.828jm—"; Ac=|Ac| 84c:= arg(Ac)
sec
. . . mm
The acceleration of pin C is Ac = 2040 —2 84c = -1%8.0deg
sec

11. Determine the angular acceleration of link 5 using equation 7.16d.
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a2-a2-cos(622) - a2-m22-sin(922) + b2 52-sin(6 5) rad

=179.0—
b2~cos(9 5) *5 se02

o5:=

12. Use equation 7.16e for the acceleration of pin D.

Ap = —aZ-az-sin(Gzz) - a2-0)22-cos(622) + b2-a5-sir(95) + b2~(o52-cos(65)

Ap = -7956 Eﬂz A negative sign means that A, is downward and to the right

sec
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&S PROBLEM 7-19

Statement: For the linkage shown in Figure P7-6d, write the vector loop equations; differentiate them, and do a
complete position, velocity, and acceleration analysis of the linkage. Use the linkage geometry

given below. Assume o, = 10 rad/sec and a, = 20 rad/sec?.

Given: Measured lengths and angles:
Link 21 al :=15.0-mm Link 22 a2:=15-mm
Link 3 bi1:=409-mm Link 5 b2 := 44.7-mm
Offset cl:=-1.0-mm Offset' c2:=0.0-mm fromx'axis
Crank angle: 091 := —65.8-deg 097 := 24.2-deg

rad

Link 2 velocity and acceleration W9 = I(J-LL2 ag = 20-
sec

sec

Solution: See Figure P7-6d and Mathcad file P0719.

1. Draw the mechanism to scale and label it.

2. This mechanism can be analyzed as a fourbar slider-crank (links 1, 2, 3, and 4) and a fourbar slider-crank (links 1,
2,5, and 6). Link 2 is the common, non-stationary link in the two branches and is the input to both slider-cranks.
Since the vector loops are the same as those defined for the slider-crank linkage, we can use the equations
derived in the text with slight modification of variable names.

There are two coordinate systems: the global XY frame and the local xy frame for the first slider-crank. Inputs to
the fourbars must be in their respective local coordinates. All output will be given in local coordinate system.

3. Determine 6, and the vertical distance from O, to B (d1) for the first slider-crank using equations 4.16 and 4.17.

al-siml021) - cl
03:= asin( "(bj ) ) +x 03 = 198.1deg

dl = a]-cos(ezl) - bl-cos(93) dl = 45.0mm
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4, Determine the angular velocity of link 3 using equation 6.22a.

_ at cos(021) T
03 = bI. (,'03(93) ‘02 w3 =-1.581 o

5. Using the Euler identity to expand equation 7.15b for A 4, determine its magnitude, and direction.

AL = al-az-(—sin(621) +j-cos((-)21)) - al-mzz-(cos(em) +j-sin(62]))

A = —341.249 + 1491.1573-’1'% A4:= |A4| B4 := arg(An)
sec
The acceleration of pin A is A4 = 1530”‘—”; at 644 = 102.9 deg
sec

6. Determine the angular acceleration of link 3 using equation 7.16d.

3 al-az-cos(621) - 01'(022'Si'1(921) +blo 32-sin(63) - _37 Sﬂ
o3 = bI-cos(93) T ' 2

sec

7. Use equation 7.16¢ for the acceleration of pin B.

Ap:= —a]-az-sin(621) - al-mzz-cos(821) + b1~a3-sin(93) + bIAm32-c0s(63)

Ap=3175 _m_n;_ A positive sign means that Ag is upward

sec

8. Determine 05 and the distance perpendicular to the x' axis from O, to BD (d2) for the second slider-crank using
equations 4.16 and 4.17.

2-5i -e2
0s5:= asin( ? Sm(i;z) ¢ ) + 7z 05 = 172.1deg
d2 := a2-cos(822) — b2-cos(6s) d2 = 58.0mm

9. Determine the angular velocity of link 5 using equation 6.22a.

5= %_2‘_@@2 05 = —3.09()51-6i
cos(95) sec

10. Determine the angular acceleration of link 5 using equation 7.16d.
2 2
aZ-az-cos(Gzz) - a2-wj ~sm(622) + b2o05s -sm(G 5) rad

*5= b2-c0s(95) o5 =04 2

11. Use equation 7.16e for the acceleration of pin C.

Ac:= ﬂ2~a2-sir(922) - a2-(o22-cos(922) + b2-a5-sir(9 5) + b2-0 52-cos(9 5)

mm

Ac = -1875 A negative sign means that Ac is to the left

sec
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SOLUTION MANUAL 7-20-1

&S PROBLEM 7-20

Statement:

Given:

Solution:

Figure P7-7 shows a sixbar linkage with the dimensions and crank angle given below. Find the
angular acceleration of link 6 if w, is a constant 1 rad/sec.

Link lengths:

Link2 qg:=1.00-in Link3 5:=5.00-in Offset:  c¢:=0.0-in

Link6 d:=3.00in  Distance DB Lpp:=1.50-in

Link 2 position, velocity, and acceleration: 0, := 45-deg

See Figure P7-7 and Mathcad file P0720.

1. Links 1,2, 3, and 5 constitute a fourbar slider-crank. In order to solve for the accelerations at points B, C and D,
we will need 65, and w;. From the graphical position solution below,

Using equation 6.22a,

03:=171.870-deg

aw? cos(B 2)

ol ‘;\ \\
b e

03 = ——- 03 =—0.143rad-sec ' ocow
b cos(e 3)
7~ Axis of Slip
/
’,/ Axis of Transmission
/o
/ y 15.566°
/ ! // 0
/ f S
g

6/,,/T
- . AT870°

[ ) —

5

2. The graphical solution for accelerations of pin-jointed linkages uses equation 7.4: (Ap/ + Ap")=(A,/ + A/ +

(Apsd +ApM

3. For point C, this becomes: A= (Ag' +Ag") + (A + Acp") , where

2
ABp:=a-02
64Bn =07 + 180-deg
Apt = a-ap
2
ACBn = b-03

64CBn =93

App = 1.000 in-sec >
G4Bn = 225.000 deg
Ap; = 0.000 in-sec 2
Acgn = 0.102in-sec” 2

84cBn = 171.870 deg
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4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 0 45,. From the tip of Ag”, draw Acp" at an angle of O5cp,. Now that the vectors
with known magnitudes are drawn, from the origin and the tip of A", draw construction lines in the directions

of A (horizontal) and A ', respectively. The intersection of these two lines are the tips of Az, and A

5 2.837
}
! ‘
i i
- L A
I T % X
/ i :
/ A& |
/ / //
2799 | /,/ 0 0.25 IN'S/S
'f I p /! Lol
f / /,// Acceleration Scale
| | //
T L\/ %
A%
5. From the graphical solution above,
Acceleration scale factor kg:=02 5-12
sec

Ac = 2.83T-kg Ac=0.709insec > atanangle of 180 deg

-2
AcBr = 2.799-k, Acps = 0.700 in-sec
6. Calculate a4 using equation 7.6.

AcBt
b

a3 = 0.140rad-sec > CCW

o3 =

7. In order to solve for the acceleration at points D, we will need 8¢, and @. From the graphical position solution
above,

0¢:= 15.566-deg + 180-deg 06 = 195.566 deg

From the vector diagram in Figure P7-7,
VD rad

Vp = 0.40-= and 0g=— wg = 0.133—
sec d sec

Vslip = 0.65-;—;

8. For point D, use equation 7.19, referenced to point B instead of O5:
Ay + A= Ag+(Apg + Apg" + Apg™ + A7) , where

2
App=d-wg¢
04Dn = 06 — 180-deg

2
Ap:=a-m27

App = 0.053 in-sec >
04Dn = 15.566 deg

Ap = 1.000 in-sec 2
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648 =07 + 180-deg

048 = 225.000 deg
Appt = Lpp-a3

Appe = 0210 in-sec
64DB: =03 — 90-deg

2
ADpBn = LpB-©3

64pB: = 81.870deg
ApBn = 0.031in-sec
04DBn =93
ADBcor = |2-Vsiip-@3

84DBn = 171.870 deg
ApBcor = 0.186 in-sec”
04DBcor =03 + 90-deg 84DBcor = 261.870 deg
9. Repeat procedure of step 4 for the equation in step 8.
v

0 0.25 IN'S/S e X
Loy o /'/ \\

Acceleration Scale S \\ \

\ 3.483

" 4 \

A% // \ \

A{)ﬂ //" \ \\

\

Ax g Ay \ t \\

~ A
T ——— \ v
—
A% }
10. From the graphical solution above,
Acceleration scale factor k= 025——
sec
Apt:=3.483-k,4
The angular acceleration of link 6 is

Aps= 0871 in-sec

at an angle of -74.434 deg
6=

og = 0200 724

CCW
sec

SOLUTION MANUAL 7-20-3
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&5 PROBLEM 7-21

SOLUTION MANUAL 7-21-1

Statement: The linkage in Figure P7-8a has the dimensions and crank angle given below. Find oy, A4, and Ag
in the global coordinate system for the position shown for @, = 15 rad/sec clockwise (CW) and o,
= 25 rad/sec2 CCW. Use the acceleration 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 Oy4) ¢:=110-mm Link 1 (O to Oy) d = 174-mm
Crank angle: 0, := 62-deg  Local xy system
Input crank angular velocity o5 := —15-rad-sec ! oy :=25-rad-sec 2
Coordinate rotation angle o = 25-deg  Global XY system to local xy system
Solution: See Figure P7-8a and Mathcad file P0721.

1.

2.

3.

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

/~ Direction of ABAt

In order to solve for the accelerations at points 4 and B, we will need 63, ®3, and 6,. From the graphical position

solution above (in the local xy coordinate system),

03 := 180-deg + 70.133-deg — o
04:= 180-deg — 22.319-deg —
Using equation (6.18),

a-®?) sin(94 - 92)

®3T T (sinfos - 64))
6

amj sin(Oz— 3

)
¢ (sif04-03))

The graphical solution for accelerations uses equation 7.4:

I

w4 =

03 = 275.133 deg

04 = 182.681 deg

03 = —13.869 rad-sec '

w4 = 8.654rad-sec !

(APt AP = (AL + A+ (Apy + Apy")
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4. For point B, this becomes: (Ag'+Ag") =(A/+A M+ (A +Ap/), where

2
ABpi=cag

64Bn =04 — 180-deg
2

Adpni=a-0?

O44n =07 + 180-deg

Ags:=aar

644:1:= 92 + 90-deg

2
ABan = b-03

G4BAn =93 ~ 180-deg

Apn = 82379 mm-sec 2

04Bn = 2.681 deg

Agy = 26100.0 mm-sec 2

B44n = 242.000 deg
Ags = 2900.0 mm-sec 2

O44¢ = 152.000 deg

-2
ABAn = 20773 mm-sec

04BAn = 95.133 deg

SOLUTION MANUAL 7-21-2

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 8 4, + o and A 47 at an angle of 8 44, + a.. From the tip of A /7, draw A / at an
angle of 044, + a. From the tip of A , draw A g at an angle of 054, + «. Now that the vectors with known
magnitudes are drawn, from the tips of A z” and A g4, draw construction lines in the directions of Az and Ag//,

respectively. The intersection of these two lines are the tips of Af, A, and Ag /.
Yy B> B BA

[
. /I\\\\\ \\ v / 41409
J’/ \\\ A;‘\ Iy y f
/’ / T~ \\ /
/ e - B //
/ 7 /
131.308 )
B e Ay
/// X \\x/

/ 7
/ - - e
§ // ﬁ"// - :
N //
N L e
< 7
7
N
A

6. From the graphical solution above,

Acceleration scale factor

Ag:=131.308-k,

Ap:=41.409-k,4

- S - T —

T T usme a N Ty
/,,/ S A.! T

0 200 mm/s/s

{ .
Acceleration Scale

mm

kg:= 200-—2

sec

Ag = 26262 mm-sec 2

Ap = 8282 mm-sec 2

at an angle of -149.34 deg

at an angle of -16.40 deg
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25 PROBLEM 7-22

Statement:

Given:

Solution:

The linkage in Figure P7-8a has the dimensions and crank angle given below. Find oy, A4, and Ap
in the global coordinate system for the position shown for m; = 15 rad/sec clockwise (CW) and o,

=25 rad/sec? CCW. Use an analytical method.

Link lengths:
Link 2 (O, to 4) a:=116-mm Link 3 (4 to B)
Link 4 (Bto Oy) c:=110-mm Link 1 (O, to Oy)
Crank angle: 05 := 62-deg Local xy system

Input crank angular velocity 3 := —15-rad-sec ! ay := 25-rad-sec 2
Coordinate rotation angle B := —25-deg  Global XY system to local xy system

See Figure P7-8a and Mathcad file P0722.

1. Draw the linkage to scale and label it.

Y

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

d d
K;=— Ky:=—
a (4
K7 = 1.5000 K> = 15818
2 2 2 2
Ky &b re +d K3 = 1.7307
(2-a-c)

A= cos(62) -K;- Kg-cos(ez) + K3

B := -2-5in(6)

C=Kj- (K2 + 1).cos(62) + K3

A=-00424 B=-17659 C=20186

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

SOLUTION MANUAL 7-22-1

b :=108-mm
d :=174-mm



DESIGN OF MACHINERY SOLUTION MANUAL 7-22-2

04:= 2-(atan2(2~A,—B + \/ B - 4-A-C)) 04 = 182.681 deg

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

Ky:= % Ks:= - ‘é;;’: s Kg=16111 Ks5 = —1.7280
D := cos(82) — K1 + Kq-cos(82) + K D = -2.0021

E = -2-5in(87) E = -1.7659

F:= K1 + (Kg~ 1)-cos(02) + K5 F = 0.0589

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

03:= 2-(alan2(2-D,—E + J 2= 4-D-F)) 03 = 275.133 deg

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

03 = 0'0)2.51:”(94 - 62) w3 = —l3869ﬂ
b 31;1(63 - 64) sec
o a-mz'sin(ez - 93) 04 = 8.6547%4
4= c sin(94 - 93) e sec

7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction (in the global
coordinate system).

An = aay(-sin82) + j-cos(83)) - a0 -(cos(02) + j-sin(82))

Ap = —14814 — 21683jm—”; Aq:= |Aa 044 := arg(Aa) + B
sec

The acceleration of pin A is Agq = 26261 _m_r_nz_ at @44 =-1493deg
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.
A= c-sin(94) B:= b-sin(O 3) D:= c-cos(04) E:= b-cos(93)
A =-5145mm B=-107.567mm D =-109.880 mm E =9.662mm
C:= a-az-sin(ez) + a-mzz-cos(ez) + b-0 32-cos(63) ~ c-co42-cos(94)
C = 2490 x 10" mm-sec™ 2

F= a-az-cos(ﬁz) N a-mzz-sin(ez) - ba 32-sin(93) + c~0)42-sin(64)

F =-1.380x 103 mm-sec 2

D — A .E - B-F
_ CD-AF o = 231119 7% SCEZBF - 7768700
A A-E - BD 2

sec sec

o3 =
A-E - BD
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9. Use equation 7.13¢ to determine the acceleration of point B for the crossed circuit.

AB = c-a4-(—sin(94) + j-cos(64)) - c-u)42-(cos(94) +j -sin(94))
Ap = 8189 + 1239j'"—"; Ap:= |Ap| 048 = arg(Ap) + B
sec

The acceleration of pin B is Ap = 8282 m_rr; at @4p=-164deg (Global)
sec
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&S PROBLEM 7-23

Statement: The linkage in Figure P7-8a has the dimensions and crank angle given below. Find and plot oy, A 4,
and A in the local coordinate system for the maximum range of motion that this linkage allows if

®, = 15 rad/sec CW and o, = 25 rad/sec? CCW.

Given: Link lengths:
Link 2 (O, to A) 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

Input crank angular velocity — ©9 := —15-rad-sec : ap = 25-rad-sec 2

Solution: See Figure P7-8a and Mathcad file P0723.
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

ar arg) = 1.083
&l (2-a-d) (a-d) &l
2 2 2 2
argy= @ @ — ) ~©  be args = —0.094
(2-a-d) (a-d)
O210ggle = 0003{“’82) O210ggle = 95.4 deg

The other toggle angle is the negative of this. Thus,
82 = —O210ggle,—O210ggle + 1-deg.. O20ggle

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

d d
Kp=— Ky:=—
a ¢

K] = 1.5000 Ky=15818
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2 2 2 2
-b +d
K3=2 re K3 = 1.7307
(2-a-c)

A(Gz) = cos(Gz) - Ky - Kg-cos(ez) + K3

B(82) := 2-5in(8>)
C((-)z) =Ky - (K2 + 1)-cos(92) + K3

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

04(02) == 2-(atan2(2-A(67_),—B(9 2) + J;(ez)z - 4-A(62)~C(62)))

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

2 2 2 .2

d —d -d" b

Ky== Ks:= < a Ky = 16111 Ks = —1.7280
b (2-a-b)

D(ez) = cos(ez) -K;+ K4-cos(62) + K5
E(Bz) = —2-sin(92)
F(62) := Kj + (K4 - 1)-cos(82) + K5

6. Use equation 4.13 to find values of 0 for the crossed circuit.

03(02) = 2-(atan2(2-D(62),—E(92) + Hez)z - 4~D(92)-F(62)D

7. Determine the angular velocity of links 3 and 4 using equations 6.18.
a0 sin(94(92) - 62)

03(02) = — sin(63(62) - 04(62))

awy sir(ﬂz - 93(02))

0d02) === T o) - o)

8. Using the Euler identity to expand equation 7.13a for A, Determine the x and y components in the local
coordinate system.

AA(02) = a-az(-sin{82) + j-cos(62)) - @03 (cos(62) + j-sin(02))

A AX(OQ) = Re(AA(Bz)) AAy(Gz) = I”‘(AA(GZ))

9. Use equations 7.12 to determine the angular acceleration of link 4.

A(02) = c-sin(8.4(62)) B(82) = b-sin(83(02))
D(Bz) = c-cos(94(92)) E(B 2) = b-cos(e 3(92))

C(Bz) = a-agosin(ez) + a-mzz-cos(ez) + b0 3(62)2-cos(0 3(92)) — c-o)4(92)2‘cos(64(92))

F(82) = a-azcos(02) - @z sin(83) - b-03(82) -5in(03(8)) + c-04(62)"-sin{04(62))
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C(62)-£(02) - 5(62)-F(62)

4(02)-£(02) - B(92)-D(62)

oc4(92) =

10. Use equation 7.13¢ to determine the acceleration of point B. Determine the x and y components in the local
coordinate system.

AB(Gg) = c-oc4(92)~(—sin(94(82)) +J -cos(64(62))) - c-o)4(92)2-(cos(94(92)) +j -sin(64(02)))
Apx(02) = Re(AB(62)) Apy(6:) = Im(Ap(62))

11. Plot the angular acceleration for link 4 and the acceleration components for pins B and C.

ANGULAR ACCELERATION OF LINK 4

1000
O /\\
o /
3
3 N/
8 0 ;1000 7/
T‘é o 4( 2) .sec
<
3§ =2000
g
=3000
—4000
=100 =50 0 50 100
6,
deg

Crank Angle, deg

1 ACCELERATION OF POINT A
3.10
2.10*
o 2 .
< sec 4 s~
§ aulo) 25110
:" 2 0 \ \\
S Ay(00)— o
_§ ANV2 mm . ' \\
3 - -1-10 : :
< \\ N /
2:10° \/ o
4
=310
—100 =50 0 50 100
9,
deg

Crank Angle, deg
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5 ACCELERATION OF POINT B
3-10 T ;
2.10° |t f
N 2 i /
< sec” 1 107 \ | ;
3 Ap(02)— 110 | S E
K mm N K X J
S— e ; | .
.§ A (9) sec 0 T - / DS, o -
§ P 5 r\\ /
U oemnn -
N 1-10 \/
~
-2.10°
5
-3-10
3 -100 =50 0 50 100
9,
deg

Crank Angle, deg
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&S PROBLEM 7-24

Statement: The linkage in Figure P7-8b has the dimensions and crank angle given below. Find ay, A4, and Ap
in the global coordinate system for the position shown for 0, = 20 rad/sec CCW. Use the
acceleration difference graphical method.

Given: Link lengths:
Link 2 (4 to B) a:=40-mm Link 3 (Bto C) b :=96-mm
Link 4 (C to D) = 122-mm Link 1 (4 to D) d = 162-mm
Crank angle: 07 :=93-deg Local xy system
Input crank angular velocity @7 := 20-rad-sec : ay = 0-rad-sec 2
Coordinate rotation angle o 1= -36-deg  Global XY system to local xy system
Solution: See Figure P7-8b and Mathcad file P0724.

1. Draw the linkage to a convenient scale. Indicate the directions of the acceleration vectors of interest.
.-~ Direction of AAt .~ Direction of ABAt

Ve Direction of ABt

2. In order to solve for the accelerations at points 4 and B, we will need 83, @3, and 64. From the graphical position
solution above (in the local xy coordinate system),

03 := 31.486-deg
04 := 132.406-deg
Using equation (6.18),
awy sin(4-62)
P37 70 (sinfos - 04))
a0y sinf82 - 03)

*4T T o 01)

3. The graphical solution for accelerations uses equation 7.4: (AF+ AN =(AS+ A+ (Ap/ +Ap)

o3 = —5.388rad-sec :

w4 = 5.870rad-sec :

4. For point B, this becomes: (Ag' + Ay =(A/+ AN+ (Ag/ + Ap "), where

2 -2
ABn=c04 Agn = 4203 mm-sec
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O4Bn = 04 — 180-deg
Agpn = a-mzz

O44n =907 + 180-deg
Ay = aa

ABAn = b-m32

84B4n =03 — 180-deg

048y = —47.594 deg

Agn = 16000 mm-sec 2

B44n = 273.000 deg

Ags = 0.000 mm-sec 2

ABan = 2787 mm-sec 2

84B4n = —148.514 deg

SOLUTION MANUAL 7-24-2

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 645, and A 4” at an angle of 0 44, . From the tip of A 47 draw A 4 at an angle of
0,4 . From the tip of A 4/, draw A g” at an angle of 8,4, . Now that the vectors with known magnitudes are
drawn, from the tips of Ag" and A p,”, draw construction lines in the directions of A g and A/, respectively.

The intersection of these two lines are the tips of Ag', A, and Az /.
Y

0 500 mmy/s/s
Lo y

\cceleration Scale

6. From the graphical solution above,

Acceleration scale factor kg:= 500--m—”;

sec
Agi= Agn A = 16000 mm-sec > atanangle of 273.0 deg (Global)
Ap = 24.340-k, Ap = 12170 mm-sec_ > atan angle of 242.610 deg

Ap; = 22244k, Apy = 11122 mm-sec 2

7. Calculate o4 using equation 7.6.

Apt
og = —
c

ag = 912rad-sec 2 CCw
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&S PROBLEM 7-25

Statement: The linkage in Figure P7-8b has the dimensions and crank angle given below. Find oy, A4, and Ap
in the global coordinate system for the position shown for v, = 20 rad/sec CCW constant. Use an

analytical method.
Given: Link lengths:
Link 2 (4 to B) a:=40-mm Link 3 (Bto C) b:=96-mm
Link 4 (C to D) ¢:=122-mm Link 1 (4 to D) d:=162-mm
Crank angle: 05 :=93-deg Local xy system
Input crank angular velocity 3 := 20-rad-sec ! ay := 0-rad-sec 2
Coordinate rotation angle B := —36-deg Global XY system to local xy system
Solution: See Figure P7-8b and Mathcad file P0725.

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.

d
Kj:= ﬂ Ky=—
a [+
K = 4.0500 K> = 13279
2 2 2 2
Ky G b te td K3 = 3.4336
(2-a-c)

A = cos(02) - K| - Kp-cos(82) + K3

B :=—2-sin(6>)

C:= K; - (K2 + 1)-cos(02) + K3
A=-05992 B=-19973 C=76054

3. Use equation 4.10b to find values of 6, for the open circuit in the local xy coordinate system.

04:= 2-(atan2(2-A,—B - \‘ B2 - 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.
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2 2 2 2
Ky= % Ks:= <™ ‘:2_;:) L K4 = 1.6875 K5 = -2.8875
D := cos(02) - K + Kgcos(82) + K D = -7.0782
E = -2.5in(87) E=-19973
F:= K1+ (K4 - 1)-cos(82) + K5 F = 1.1265

5. Use equation 4.13 to find values of ©; for the open circuit in the local xy coordinate system.

03:= 2-(atan2(2-D,—E - \IEZ - 4-D-F)) + 27 03 = 31.504 deg

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

03 = a-(oz.Si"(94 - 92) w3 = —53852‘1
b sin(93 - 94) e
on a-mz_sin(ez - 93) @w4=>5 86821
YT o4 69) T e

7. Using the Euler identity to expand equation 7.13a for A 4 Determine the magnitude, and direction (in the global
coordinate system).

Ap = a~a2-(—sin(92) +j'COS(92)) - ao 22-(cos(92) +j-sin(62))

Ap = 837 - 15978jL”—'% Aq:= |Aa| 044 = arg(Ax) + B
sec

The acceleration of pin A is Ay = 16000 ﬂ’% at  Ggyq =-123.0deg
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.
A= c-sin(94) B:= b-sin((-)3) D:= c-cos(64) E:= b-cos(e 3)
A=90.111mm B =50.166 mm D = -82244 mm E = 81.850 mm
C:= a-az-sin(ez) + a-mzz-cos(ez) +bo 32-cos(9 3) - c-co42-cos(94)
C =4.368 x 103 mm-sec 2

F = a-az-cos(ﬂz) - a-mzz-sin(ez) -bo 32-sin(63) + c-m42-sin(94)

F=-1433x 10} mm-sec” 2

.D - AF d C-E- BF d
_ Do AF a3 = 81.037 2 ogi= ———Z 5= 93.586 2%
A-E- BD 2

sec sec

o3 =
A-E - B-D

9. Use equation 7.13c to determine the acceleration of point B for the open circuit.

Ap = c-og(—sin{84) + j-cos(84)) - c-0a (cos(64) + j-sin(6.4))
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Ap = —5601 — ]0800j£’% Ap:= |Ap| 04p = arg(Ap) + B
sec

The acceleration of pin Bis  Ap = 12166 '”—”; at  @4p=-1534deg (Global)

sec
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&S PROBLEM 7-26

Statement:

Given:

Solution:

The linkage in Figure P7-8b has the dimensions and crank angle given below. Find and plot oy,
A, and Ay in the local coordinate system for the maximum range of motion that this linkage allows
if », = 20 rad/sec CCW constant.

Link lengths:
Link 2 (4 to B) a:=40-mm Link 3 (Bto C) b= 96.-mm
Link 4 (C to D) c:=122-mm Link 1 (4 to D) d:=162-mm
Input crank angular velocity 7 := 20-rad-sec ! ap = 0-rad-sec 2

See Figure P7-8b and Mathcad file P0726.

1. Draw the linkage to scale and label it.

2. The range of 0, for this Grashof crank-rocker is:

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.

d d
Kj:==— Ky=—

a c
K =4.0500 K> =1.3279

2 2 2 2
-b
K3=2 te +d K3 = 3.4336
(2-a-c)

A(Gz) = cos(ﬂz) -Kj- Kz-cos(Bz) + K3

B(Gz) = —2-sin(6 2)

C(Bz) =K - (Kg + 1)-cos(92) + K3

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

04(02) = 2-{atand{ 2.4(62).-5(65) - {B(62)" - 4-4(02)-(62)))

5. Determine the values of the constants needed for finding 0; from equations 4.11b and 4.12.
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c2 - d2 - a2 - b2
Ks:= K4 =1.6875 K5 = -2.8875
(2-a-b)

d
Ky:=—
%

D(Gz) = cos(ez) -K;+ K4-cos(92) + K5
E(Oz) = —2-sin(02)
F(62) := K1 + (K4~ 1)-cos(82) + K5

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

03(62) = 2-(aranZ(2-D(62),—E(6 2) - J 5(92)2 - 4-D(92)-F(92)))
7. Determine the angular velocity of links 3 and 4 using equations 6.18.

a0y sir(e4(92) - 92)
03(02) = — sin(83(02) - 04(62))

awsy sin(ez - 63(92))

00 = ) - 03(62)

Using the Euler identity to expand equation 7.13a for A4 Determine the x and y components in the local

8.
coordinate system.
AA(Oz) = a-az-(—sin(ez) +j-cos(92)) - ao 22-(cos(62) +j-sin(92))

AAX(Oz) = Re(AA(Bz)) AAy(92) = Im(AA(92))

9. Use equations 7.12 to determine the angular acceleration of link 4.

A(62) = c-sin(0.4(02)) B(82) = b-sin(83(02))

D(82) := c-cos(04(02)) B(87) := b-cos(63(62))
€(62) = avauz-sin(0) + a0y cos(82) + b-03(8:) -cos(83(62)) - c-0.4(682)"-cos(04(62))
F(62) = a-az-cos(02) - aw2”-5in(8:) - b-03(83)-sir(©3(62)) + c-0.4(82) " sin(04(02))

_ o) es) - 502} r(oo)
ag(62) = A4(62)-£(62) - B(82)-D(62)

10. Use equation 7.13c to determine the acceleration of point B. Determine the x and y components in the local

coordinate system.

AR(62) := c-aa(02)-(~sin(0.4(02)) + j-cos(04(62))) - c-04(02)-(cos(04(62)) + j-sir{(04(62)))

A Bx(e 2) = Re(AB(G 2)) ABy(9 2) = Im(AB(e 2))

11. Plot the angular acceleration for link 4 and the acceleration components for pins 4 and B.
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Acceleration, mm/sec"2

Acceleration, mm/sec"2

0L4(92)-se02

Angular Accel., rad/sec”2

SOLUTION MANUAL 7-26-3

ANGULAR ACCELERATION OF LINK 4

200

\,,

100 /

\ |

=100 \/
—200
0 45 90 135 180 225 270 315 360
02
deg
Crank Angle, deg
4 ACCELERATION OF POINT A
2-10
sec L IS .
sec2 0 ,"
mm R 7
4
—2-10
45 90 135 180 225 270 315 360
82
deg
Crank Angle, deg
4 ACCELERATION OF POINT B
2-10
sec 1 '104 /4/\ ™ ~
mm ',' \ I "N
/ 'I Wy \\
sec2 0 ,;' ‘\\ \
mm ,/' \\
-1-10* / ot :
-2.10*
45 20 135 180 225 270 315 360

02

deg
Crank Angle, deg
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&S PROBLEM 7-27

Statement: The offset slider-crank linkage in Figure P7-8f has the dimensions and crank angle given below.
Find A, and Ay in the global coordinate system for the position shown for @, =25 rad/sec CW,
constant. Use the acceleration difference graphical method.

Given: Link lengths:
Link 2 (D to E) a:=63-mm Link3 (Eto F) b :=130-mm
Offset c:=-52-mm
Link 2 position, velocity, and acceleration: 05 := 141-deg )= _25.£‘£ a = o.ﬂ
sec 2
sec
Coordinate rotation angle: o ;= —90-deg
Solution: See Figure P7-8f and Mathcad file P0727.

1. In order to solve for the accelerations at point F, we will need 05, and w;. From the graphical position solution
below (in the local coordinate system),

013 := 44.828-deg

a-0) cos(e 2)

-1
03 = 13.276 rad-sec
b cos(63) 3

Using equation 6.22a, 03 =

e Direction of AB

2. The graphical solution for accelerations uses equation 7.4. (AP +A=(AS+A N+ (Apf + Ap™

3. For point F, this becomes: Ap= (A + A" +(Ag + Ag") , where (angles in the global coordinate system)

2 _
Agn:=a-0) Agn = 39375 mm-sec 2
O4En =02 + o + 180-deg 04En = 231.000 deg
AE; = a-az Ags = 0.000 mm-sec 2

2 -2
AFEn=b-03 AFEn = 22911 mm-sec

GAFEn =93+ a O4FEn = —45.172deg
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4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A z” at an angle of © 4z, From the tip of Az”, draw A g at an angle of O zpg, Now that the vectors
with known magnitudes are drawn, from the origin and the tip of A zz”, draw construction lines in the directions

of A (vertical) and A ;;/, respectively. The intersection of these two lines are the tips of A, and A

Y
) X, 0 500 mm/s/s
/// | L_Li_i_.L_J
/ Acceleration Scale
//// X
Y,
/ 76.546
s
///
L A
o gt
. / :
Ae 7
5. From the graphical solution above,
. mm
Acceleration scale factor kg = 500-——2-
sec

AF = 76.546-k, AF = 38273 mm-sec 2 at an angle of -90 deg (global)
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&S PROBLEM 7-28

Statement: The offset slider-crank linkage in Figure P7-8f has the dimensions and crank angle given below.
Find A4 and A in the global coordinate system for the position shown for @, = 25 rad/sec CW,
constant. Use an analytical method.

Given: Link lengths:
Link 2 (O, to A) a:=63-mm Link 3 (Ato B) b := 130-mm
Offset ¢:=-52-mm
Link 2 position, velocity, and acceleration: 05 := 141-deg @7 = —25.g o= 0.1‘—1%
sec

Coordinate rotation angle: o = -90-deg

Solution: See Figure P7-8f and Mathcad file P0728.

1. Draw the linkage to a convenient scale.

N
2%;)
7/ 51.000°
- %é? a

02 - X y

X

2. Determine 0, (in the local coordinate system) and d using equations 4.16 for the crossed circuit.

03:= asin(a-_sin_(i;)_—c_) 03 = 44.828 deg
d:= a-cos(Bz) - b-cos(93) d =-141.160 mm

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

03 = E-i)s(—ez—)-mz w3 =13 276"—‘1g
T b cos(93) T sec

4. Using the Euler identity to expand equation 7.15b for A g, determine its magnitude, and direction (global).
AL = a-az-(—sin(ez) +j-cos(92)) - a-mzz-(cos(ez) +j-sin(92))
A = 30600.122 — 24779 .490j —”’—”; A4:= |Aa] 044 = arg(Aa) + a
sec

The acceleration of pin A4 is Ayq = 39375 m_n; at 644 =-129.0deg
sec
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5. Determine the angular acceleration of link 3 using equation 7.16d.

a-ay-cos(6) - a-wzz'S""(OZ) + b"°3z"i”(e3) - 93574724
b-cos(93) wT .

o3 =
sec

6. Use equation 7.16¢ for the acceleration of pin B.

Ap = —a-az-sin(ez) - a-wzz-cos(ﬁz) + b-oc3-sin(93) + b-m32-cos(63)

Ap = 38274 m_»; A positive sign means that A g is downward

sec
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&S PROBLEM 7-29

Statement: The offset slider-crank linkage in Figure P7-8f has the dimensions and crank angle given below.
Find and plot A 4, and Ay in the global coordinate system for the maximum range of motion that

this linkage allows if w, =25 rad/sec CW, constant..

Given: Link lengths:
Link 2 (O, to A) a:= 63-mm Link 3 (4 to B) b:= 130-mm
Offset c:=-52-mm
=252 gm0
Link 2 velocity, and acceleration: =~ ©2°= 7= #2:= 0T
sec
Coordinate rotation angle: o = -90-deg
Solution: See Figure P7-8f and Mathcad file P0729.

1. Draw the linkage to a convenient scale.

2. Determine the range of motion for this slider-crank linkage.
07 := 0-deg,2-deg.. 360-deg

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

a-sin(0) ~ c)

93(92) = asin(
b
4. Determine the angular velocity of link 3 using equation 6.22a:

a cos(62)
m3(92) = ;-m-mz

5. Using the Euler identity to expand equation 7.15b for A 4, determine its X and Y components in the global
coordinate system.

AA(62) = @z (-sin(02) + j-cos(62)) — a3 (cos(82) + -sin(62))
44x(02) = Re(AA(62))-cos(a) — Im(AA(02))-sirlx)

Ay y(B 2) = Re(A A(B 2))-sirt(a) + Im(A A(G 2))-cos((x)
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6. Determine the angular acceleration of link 3 using equation 7.16d.

a~oc2-cos(92) - a-mzz-sin(ez) +bo 3(92)2'Si"(93(92))
0L3(92) = b~cos(93(62))

7. Use equation 7.16e for the acceleration of pin B.

Ap(02) 1= —a-ay-sin(07) — a0 -cos(02) .-
+b-03(05)-sin(03(02)) + b-03(02)"cos(03(62))

8. Plot the components of A 4 and the magnitude of Ag. A positive value for A is downward, a negative value,

upward.
4 PIN A ACCELERATION COMPONENTS
4107 p== L
4 .\ / ’II \
2-10 . 4

2: sec2 \\ /I

§ Aax(0 \ :

§ AX( 2) mm ‘\ I'

g — ‘\ /

2‘ 0 n i

O sec [N ’

s 445(0,) | .
-~ ‘\ ll

[ \ 7

8 \\ I’
A 210" \ )/

—4-10
0 45 90 135 180 225 270 315 360
02
deg
Crank Angle, deg
5 PIN B ACCELERATION MAGNITUDE
1-10

s 10t yaiN

/ N
o= / \

mm

-5.10* \

Acceleration, mm/sec"2

-1-10°
45 90 135 180 225 270 315 360

6,

deg
Crank Angle, deg
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&S PROBLEM 7-30

The linkage in Figure P7-8d has the dimensions and crank angle given below. Find A 4, Az, and
Apox in the global coordinate system for the position shown for w, = 30 rad/sec CW, constant .
Use the acceleration difference graphical method.

Link lengths:
Link 2 (O; to 4)
Link 4 (O4 to B)
Crank angle:

Statement:

Given:
Link 3 (4 to B)
Link 1 (O, to Oy)
07 := 58-deg  Global XY system

o~
W

150-mm
150-mm

a = 30-mm

e
W

c:=30-mm

Input crank angular velocity w9 := -30-rad-sec : oy := 0-rad-sec 2

Solution: See Figure P7-8d and Mathcad file P0730.

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

—
( : /:\ . " vbax
1 ( Li //— Direction of ABAt

A A

T :&g 58°

1/ j i Direction of ABt

- Direction of AAt

2. In order to solve for the accelerations at points 4 and B, we will need 81, »3, and 84. From the graphical position
solution above (in the global XY coordinate system),

03 := 0-deg

04:=09

83 = 0.000 deg

84 = 58.000 deg

This is a special-case Grashof in the parallelogram configuration. Therefore,

@3 :=0.0-rad-sec !

ABn = c-(o42
048n =04 + 180-deg
Agn = a-(o22
O44n =02 + 180-deg

A4r = a-an

2
ABan = b-03

The graphical solution for accelerations uses equation 7.4:

04:=02

A+ AP =(A/+A M+ (A +ApT)

For point B, this becomes: (Ag' + Ay =(A/+ A /M +(Ag,/ + Ag,") , where

Agp = 27000 mm-sec 2
04Brn = 238.000 deg
Agn = 27000 mm-sec 2
0445 = 238.000 deg

Ags = 0.0 mm-sec 2

-2
ABAn = 0 mm-sec
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5. In this case, there is no need to draw an acceleration diagram since A / and A g 4" are zero. This means that Ag,!
and Ay will also be zeroand A , = A [, Ap= A"

6. Since ABAI = 0, a3 = 0 and, since AB — AA’ 0.4 p— a2= 0'

7. For the box, equation 7.4 becomes: Apo = (A4 + A + (Apoxa’ + Apoxa™) , Where Ay, 4’ and Ay, 4" are both zet
since o3 and 0 are zero. Therefore, Ay, = A .
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&S PROBLEM 7-31

Statement: The linkage in Figure P7-8d has the dimensions and crank angle given below. Find A 4, A, and
Apoy in the global coordinate system for the position shown for @, = 30 rad/sec CW, constant.

Use an analytical method.
Given: Link lengths:
Link 2 (O, to A) a:=30-mm Link 3 (4 to B) = 150-mm
Link 4 (O4 to B) ¢ :=30-mm Link 1 (O3 to Oy) d = 150-mm
Crank angle: 09 := 58-deg

Input crank angular velocity o7 := —30-rad-sec ! ay = 0-rad-sec 2

Solution: See Figure P7-8d and Mathcad file P0731.

1. Draw the linkage to a convenient scale and label it.

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

d

Kj = g‘ Ky=—

a c
K = 5.0000 K> = 5.0000

2 2 2 2
- d
Ky=2=b *e K3 = 1.0000
(2-a-¢c)

A= cos(Oz) -Kj - Kz-cos(ez) + K3
B:= —-2-sin(62)
C:=Kj- (Kz + 1)-cos(62) + K3

A=-6.1197 B=-1.691 C =2.8205
3. Use equation 4.10b to find values of 6, for the open circuit.

04:= 2-(atan2(2-A,—B - \/ B - 4-A-C)) 04 = -302.000 deg

04:= 04 + 360-deg 04 = 58.000 deg

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



DESIGN OF MACHINERY

cz—atfz—a2-—b2

Kyq:= Ks:=

SN

(2-a-b)
D := cos(82) - K + Kg-cos(82) + K5
E = 2-5in(0>)

F:=Kj + (K4 - 1)-cos(82) + K5

5. Use equation 4.13 to find values of 6 .

03:= 2-(atan2(2-D,—E - \‘EZ - 4-D-F))

SOLUTION MANUAL 7-31-2

K4 = 1.0000. Ks = —5.0000
D = -8.9402

E = -1.6961

F = 0.0000

03 = 360.000 deg

03:= 03 — 360-deg 03 = 0.000deg
6. Determine the angular velocity of links 3 and 4 using equations 6.18.
awy sin(64 - 92) rad
03 = . @3 = 0.000—
b sin(63 - 94) sec
am) sin(Bz - 63) rad
w4 := - @4 = -30.000 —
c sin(94 -0 3) sec

7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction.
Ap = a-az-(—sin(ez) +j -cos(ez)) - aw 22-(cos(92) +j ~sin(92))

Ap = —14308 — 22897iﬁﬁ2 044 = arg(A)

sec

Ag = IAAl

The acceleration of pin A4 is Ay = 27000 —’% at @44 =-122.0deg
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.

A= c-sin(64) B:= b-sz'n(eg)

A=1.002in B =0.000in

D= c-cos(64) E:= b-cos(e 3)

D =0.626in E=5906in

C:= a~a2-sin(62) +aw 22-cos(62) +bo 32-cos(93) - c-o)42-cos(94)
C=6281x 10 mmesec™ 2

F = a-az-cos(ez) -aw 22-sin(62) -bw 32~sin(6 3) +co 42-sin(64)

F=-173x10 Y mmsec 2

5 C-D- A-F rad

.E - B-
a3 = 0.000 _CE-BE rad

agq:= a4 = 0.000 —
A-E-BD 2
sec sec

a3 =
A-E - B-D

9. Use equation 7.13c¢ to determine the acceleration of point B.

Ag = c-a4-(—sin(94) +j -cos(94)) - c-m42-(cos(64) +j -sin(94))
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Ag = -14308 - 22897i1'1"£ Ap:= |Ap| 045 = arg(AB)
sec

The acceleration of pin Bis ~ Ap = 27000 "'—"; at @4 = -122.0deg
sec

10. This is a special case Grashof in the parallelogram configuration. All points on link 3 have the same velocity and
acceleration. The acceleration of the box will be equal to the X-component of the acceleration of any point on
link 3.

Apox = Re(A A)

The acceleration of the boxis ~ Ap,, = —14308 ﬁ”—; a negative sign means A, is to the left
sec
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@S PROBLEM 7-32

Statement: The linkage in Figure P7-8d has the dimensions and crank angle given below. Write a computer
program or use an equation solver to find and plot A 4, Ag, and A,,, in the global coordinate
system for the maximum range of motion that this linkage allows if ©, = 30 rad/sec CW, constant .

Given: Link lengths:
Link 2 (O, to A) a:=30-mm Link 3 (4 to B) b:=150-mm
Link 4 (O4 to B) ¢ = 30-mm Link 1 (O t0 Oy) d = 150-mm

Input crank angular velocity — ©7 := —30-rad-sec ! ap = 0-rad-sec 2

Solution: See Figure P7-8d and Mathcad file P0732.
1. Draw the linkage to a convenient scale and label it.

2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d
Kj:= -‘i Ky:=—
a c

K = 5.0000 K> = 5.0000

2
az—b2+c +d2

Ks: (2-a-c)

I

K3 = 1.0000

A(02) = cos(82) - K - Kr-cos(02) + K3

B(Gz) = —2vsin(92)
c(02) = K1 - (K2 + 1)-cos(02) + K3

3. Use equation 4.10b to find values of 8 for the open circuit.

04(02) = 2-{atand2-4(0:) ~8(62) - [ B(02)" - 4-4(62)-C(03)))

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

Ao
Ks:= K4 =1.0000 K5 = -5.0000
(2-a-b)

Ky:=

SEEW

D(ez) = cos(ez) - K+ K4~cos(62) + K5

B(82) = —2-sin(87)
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10.

11.

F(Gz) =K;+ (K4 - l)-cos(az) + K5

Use equation 4.13 to find values of 6; .

03(62) := 2~(atan2(2~D(92),—E(92) - J E(ez)2 - 4-D(92)-F(62)D

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

ao) sir(94(92)—92)
03(02) = — sin(83(62) - 04(62))

awy s - 63(62))

w4(62) = — sin(04(62) - 03(02))

Using the Euler identity to expand equation 7.13a for A4 Determine the XY components.

AA(Bz) = a-az-(—sin(ez) +j-cos(92)) -aw 22-(cos(62) +j-sin(92))

44x(02) := Re(AA(62)) 44¥(82) == Im(AA(62))

Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.

4/(82) := c-sin(6.4(62)) B'(62) := b-5in(63(62))

D(Bz) = c-cos(94(62)) E'(Bz) = b-cos(e 3((-)2))
C'(ez) = a-ozz-sin(ez) + a-wzz-cos(ez) +bw 3(92)2-cos(93(92)) - CcQ 4(9 2)2-cos(64(62))

F’(Bz) = a-az-cos(Gz) - aw 22-sin(92) -bo 3(92)2~sir(93(62)) + c-u)4(62)2-sin(64(62))

x(62) = c(62)-0(67) - 4162)-F1(62) ad(62) = (02)-E1(62) - B(82)-F(62)
~ 4{62)-£{02) - B{62)-D(02) " 41(02)-E(62) - B(682)-D(62)

Use equation 7.13c to determine the acceleration of point B.
AB(BZ) = c-oc4(9 2)-(—sin(64(92)) +J -cos(94(6 2)))
+—c-04(02)"(cos(04(02)) +/-sim{(04(62)))
Apx(82) = Re(AB(82)) Apy(02) == im{Ap(02))

This is a special case Grashof in the parallelogram configuration. All points on link 3 have the same velocity and
acceleration. The acceleration of the box will be equal to the X-component of the acceleration of any point on
link 3.

Abwo:(9 2) = Re(AA(B 2))

Plot the accelerations over the range: 07 := 0-deg,2-deg.. 360-deg
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4 ACCELERATION OF PINSA & B
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_§ sec O ,/
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Q N L4
~ —2.10 ~ p \
_ 4
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P
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§ 4 (B ) sec
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§
3
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Q
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&S PROBLEM 7-33

Statement: The linkage in Figure P7-8g has the dimensions and crank angle given below. Find a4, A4, and Ap

in the global coordinate system for the position shown if w, = 15 rad/sec CW, constant. Use the
acceleration difference graphical method.

Given: Link lengths:
Link 2 (O, to A) a:=49-mm Link 3 (4 to B) b := 100-mm
Link 4 (O4 to B) c:=153-mm Link 1 (O; to O4) d:=87-mm
Crank angle: 0, := 148-deg Local xy system

Input crank angular velocity o7 := —15-7ad-sec” ! ay = 0-rad-sec 2

Coordinate rotation angle B := —119-deg Global XY system to local xy system
Solution: See Figure P7-8¢ and Mathcad file P0733.

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

- Diection of ABL ' Direction of ABAt

N\ /( \
Pt 29.000°
R
- " /\6 j }
~ /;/,* Direction of A
\5 o/ )
119.000°

2. 1Inorder to solve for the accelerations at points 4 and B, we will need 03, ©3, and 8. From the graphical position
solution above (in the local xy coordinate system),

03 :=266.812-deg 04 := 208.876-deg

Using equation (6.18),

a-o) sin(94 - 62) -1
W3 = - w3 = -7.576rad sec
b (sin(03 - 04))
a0y simB, - 03 —
w4 := . n( ) w4 = —4.967rad sec !
c (sm(94 - 63))
3. The graphical solution for accelerations uses equation 7.4: (A +AN=(AS+AD+(Ap/ +ApM

4. For point B, this becomes: (Ag' + Ag") = (A4 + A4 + (Aps + Aps") , where (angles in the global coordinate
system)
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2
App:=c04

04Bn =04 — 180-deg + B
2
Agn=ao0)
O44n:=02 + 180-deg + B
Ags=aar
2
ABAn = b-03

644Bn:=03 — 180-deg + B

SOLUTION MANUAL 7-33-2

Apn = 3775 mm-sec 2
84Bn = —90.124 deg
Agn = 11025 mm-sec 2
B44n = 209.000 deg
Ags = 0.000 mm-sec 2
ABan = 5740 mm-sec 2

644Bn = —32.188deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g" at an angle of 0 45, and A 47 at an angle of 0,44,,. From the tip of A 47, draw A 4 at an angle of
6 44, From the tip of A 4/, draw A g, " at an angle of 0 454,,. Now that the vectors with known magnitudes are
drawn, from the tips of A" and A g7, draw construction lines in the directions of A gf and A g/, respectively.

The intersection of these two lines are the tips of Az, Ag’, and Ag /.

6. From the graphical solution above,

0 100 mm/s/s

Acceleration Scale

Acceleration scale factor &, := 100-M
sec2
-2
Ag = Ayn A4 = 11025 mm-sec
Ap = 42.029-k, Ap = 4203 mm-sec 2

Apy = 18.740-k,

7. Calculate o, using equation 7.6.

Apt
agqi=—
c

Ap; = 1874 mm-sec 2

aq = 12.2rad-sec 2

at an angle of 209 deg

at an angle of -116.6 deg

CCW
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@S PROBLEM 7-34

Statement:

Given:

Solution:

The linkage in Figure P7-8g has the dimensions and crank angle given below. Find a4, A4, and Ap
in the global coordinate system for the position shown if @, = 15 rad/sec CW and a; = 10 rad/sec
CCW, constant. Use an analytical method.

Link lengths:
Link 2 (O, to 4) a:=49-mm Link 3 (4 to B) b := 100-mm
Link 4 (O4 to B) c:=153-mm Link 1 (05 to Oy) d:=87-mm
Crank angle: 0, := 148-deg Local xy system (see layout below)

Input crank angular velocity @2 := —15-rad-sec ! ay := 10-rad-sec 2
Coordinate rotation angle B := -119-deg Global XY system to local xy system

See Figure P7-8g and Mathcad file P0734.

1. Draw the linkage to scale and label it.

"04
/ .
S~ 119.000
. —
2. Determine the values of the constants needed for finding 8, from equations 4.8a and 4.10a.
Kj:= 4 Ky .= —‘i
a c
Kj = 17755 K> =0.5686
2 2 2 2
-b
K3=2 te +d K3 = 1.5592
(2-a-¢c)

A= cos(ez) - Ky - Kz-cos(ez) + K3
B:= —2-sin(62)
C=K;- (Kg + 1)-cos(92) + K3

A=-05821 B=-1.0598 C=4.6650

3. Use equation 4.10b to find values of 8, for the crossed circuit.

04:= 2-(atan2(2-A,—B + J B - 4-A-C)) 04 = 208.876 deg
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4. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.

2
Kg:= % Ks:= ¢ - ‘é;;’: —b K4 = 0.8700 Ks = 0.3509
D = cos(82) ~ K1 + Kgcos(82) + K D =-3.0104
E = -2-5in(87) E = -1.0598
F:= K+ (K4~ 1)-cos(82) + K5 F =22367

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

03:= 2-(atan2(2-D,—E + B 4-D-F)) 83 = 266.892 deg

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

03 a-wz_Sin(94 - 92) w3 = —7570"-33"
b sin(03 - 04) e

on e a-m2.sin(92 - 93) 04=—4 959ﬂ
4= - sin(64 ~ 93) 4 =4 sec

7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction (in the local
coordinate system).

Ap = a-az-(—sin(ez) +j-cos(62)) - a.m22-(cos(92) +j~sin(92))

A4 = 9090 — 6258jm—"; Aq:= |Aa| 044 := arg(An) - B
sec

The acceleration of pin A is A4 = 11036 '”—”; at @44 = 84.46 deg
sec
8. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.

A= c-sin(04) B:= b-5in(03) D = c-cos(84) E = b-cos(03)
A=-73887mm  B=-9983mm  D=-13397Tmm  E=-5422mm
C = oy sin(82) + a-07 cos(82) + bw3 -cos(83) - c-04 -cos(84)

C = =6.106x 10° mm-sec”

F:= a-az-cos(ez) - a-mzz-sin(ez) -bw 32-sin(63) + c-m42~sin(94)

F=-2353x 10° mm-sec” >

C-D—- AF d C-E-BF
e 27 a3 = —49.646 2 SCEZBE 15552l
A-E—-BD 2

sec sec

a3 =
A-E - B-D
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9. Use equation 7.13c¢ to determine the acceleration of point B for the crossed circuit.

AB = c-a4-(—sin(94) +j -cos(64)) - c-m42—(cos(94) +j -sin(64))

Ap = 4444 — 267j3ﬂ2 Ap:= IABI 04B = a’g(AB) -B
sec

The acceleration of pin B is Ap = 4452 m_n; at @Gyp=1156deg
sec
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25 PROBLEM 7-35

Statement: At t = 0, the non-Grashof linkage in Figure P7-8g has the local axis at -119 deg and 0,4 at 29 deg in
the global XY coordinate system and @, = 0. Write a computer program or use an equation solver
to find and plot w4, V 4, A4, V, and A in the local coordinate system for the maximum range of
motion that this linkage allows ifo, = 15 rad/sec CCW, constant.

Given: Link lengths:
Link 2 (O, to 4) a:=49-mm Link 3 (4 to B) b :=100-mm
Link 4 (O4 to B) ¢:=153-mm Link 1 (O to Oy) d:=87-mm
Input crank angular velocity ®2 = 0-rad -sec ! ay:= 15-rad-sec 2
Initial crank angle: 070 := 148-deg Local xy system (see layout below)
Solution: See Figure P7-8g and Mathcad file P0735.

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.

L@@ -0 - b

ar, arg) = 0.840
&l 2-a-d) (a-d) &l
2 2 2 2
(M - .
arg2 = @ +@ -~ ~@  be argy = —6.338
(2-a-d) (a-d)
O2t0ggte = acos(argi) O210ggle = 32.9deg

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

07 := 020,020 + 1-deg..360-deg — H21pggle

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

d d
Kj:=— Ky:=—
a c

K; = 1.7755 K = 0.5686
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2 2 2 2
ko2 =0 *ec +d K3 = 15592
(2-a-c)
A4(82) := cos(82) — Ky ~ Kz-cos(82) + K3

8(62) = —2-sin(6 2)

C(Bz) =K - (Kz + 1)-cos(92) + K3

4. Use equation 4.10b to find values of 8, for the crossed circuit.

64(62) = 2.(aand 2. (6:) -5(62) + [B(o:)’ - 4-4(02).(02)))

S. Determine the values of the constants needed for finding 0; from equations 4.11b and 4.12.

Aoty
Ks:= K4 = 0.8700 K5 = 0.3509
(2-a-b)

Ky:=

S

D(82) = cos(82) — K1 + Kycos(82) + Ks
E(Bz) = —2-Sin(92)
F(82) := K1 + (K4 — 1)-cos(82) + K5

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

03(02) := 2-(atan2(2-D(92),—E(62) + J E(07)” - 4-D(62)-F(62)D
7. Determine the angular velocity of links 2, 3, and 4 using equations 6.18.
os(02) ~ awy(62) .sin(94(92) - 6))
b si(83(02) - 04(02))
0d(03) ~ aaz(0g) 'sin(Gz - 85(02))
PR (¥ CAREN ()
8. Using the Euler identity to expand equation 7.13a for A 4. and determine its magnitude.
AA(82) = aray-(~sin(82) + j-cos(82)) - aw2(82)"-(cos(02) + j-sin(62))

44(02) := |Aa(62)]

9. Use equations 7.12 to determine the angular acceleration of link 4.

4(02) = c-sif8.4(62)) B(62) := b-sin(03(62))
D(Bz) = c-cos(94(92)) E(Gz) = b-cos(G;;(Gz))

C(02) = a-aysin(82) + a-0y(82) -cos(82) + b-03(82)-cos(03(62)) - c-wa(62)’-cos(04(62))
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F (92) = a-(xz-cos(QZ) - a-m2(92)2.sin(92) -bo 3(92)2~sin(93(62)) +c® 4(92)2. Sin(e 4(9 2))
a4(02) = c(02)-B(62) - B(62)-F(62)

7 4(62)5(602) - 5(02)-D(02)
10. Use equation 7.13c to determine the acceleration of point B and determine its magnitude.
AB(02) = c-ua(02) (~sin(04(02)) +-c05(04(62))) - c-04(62)” (cos(84(82)) + sn(04(62)))

A5(02) := |An(02)|

11. Plot the angular velocity and acceleration for link 4 and the velocity and acceleration components for pins 4 and
B.

20 ANGULAR VELOCITY OF LINK 4

™~

<§ 0 \\

H

_§: 0)4(92)~sec

< -20

3

8

=

=

=40
100 150 200 250 300 350
02
deg
Crank Angle, deg
100 ANGULAR ACCELERATION OF LINK 4

™ 50
Q
3
3
.:‘ (X4(92)~secz ——
0 ~
~
3
~<d =50 \

—100
100 150 200 250 300 350

0

deg
Crank Angle, deg
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DESIGN OF MACHINERY
VELOCITY OF POINT A -
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&S PROBLEM 7-36

Statement: The 3-cylinder radial compressor in Figure P7-8c has the dimensions and crank angle given below.
Find the piston accelerations Ag, A7, and Ag for the position shown for o = 15 rad/sec CW,
constant. Use the acceleration difference graphical method.

Given: Link lengths:
Link 2 a:=19-mm Link 3 b :=70-mm
Offset c:=0-mm
Link 2 position, velocity, and acceleration: 07 := —53-deg 0y :=-1 5.% ay = 0.ﬂ
sec 2
sec
Cylinder angular spacing: B :=120-deg
Solution: See Figure P7-8c and Mathcad file P0736.

1. In order to solve for the accelerations at piston 7, we will need 6,4, and 4. From the graphical position solution
below (in the local coordinate system),

Coordinate system rotation angle: o = -90-deg
021:=02-a 621 = 37.000 deg 04:= 180-deg — 9.401-deg 64 = 170.599 deg
) ) awsy cos(92]) -1
Using equation 6.22a, Wg=—— ®4 = 3.296 rad-sec
b cos(04)
r Direction of ACBt
\ r Direction of A8
- * y -~ Direction of AEBt
7 \ :

~

0.401° \7/ > Direction of A7

2. The graphical solution for accelerations uses equation 7.4: (AP +A)=(A/+A M+ (Ap/ +Ap

3. For point D, this becomes: A, =(Ag + Ag") +(Apg' + Apg") , where (angles in the global coordinate system)

2 -
ABni=a-02 ABp = 4275 mm-sec 2
04Bn =021 + o + 180-deg 84Bn = 127.000 deg
Aps = a-ap Ay = 0.000 mm-sec 2

2 -2
ApBn:=b-wa Appn = 760 mm-sec

64DBn =04+ 84pBn = 80.599 deg
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4. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 6 45, From the tip of A", draw A pg" at an angle of O 5pg,. Now that the vectors
with known magnitudes are drawn, from the origin and the tip of A 5", draw construction lines in the directions

of A, (vertical) and A ;,, respectively. The intersection of these two lines are the tips of A, and A ),

t

p AT A

Apg L — —
A,
YN | 0 50 mmvsls
| |
\ Y 75171 eration
\
AN
\\
X,y
X

5. From the graphical solution above,

Acceleration scale factor kg = 50..'.'.'ﬂ
sec2
Ap = 75171k, Ap = 3759 mm-sec 2 atan angle of 90 deg (global)

6. In order to solve for the accelerations at piston 6, we will need 83, and 3. From the graphical position solution
above (in the local coordinate system),

Coordinate system rotation angle: o = -90-deg - B
022:=02-a 027 = 157.000 deg 63 := 180-deg — 6.088-deg 03 = 173.912deg

a-my cos\0 _
= 2 —-(—22)- ®3 = -3.769 rad-sec !

Using equation 6.22a, 03 = .
b cos((-) 3)
7. For point C, equation 7.4 becomes: Ac=(Ag'+ Ag®) +(Acp! + Acg") , where (angles in the global coordinate
system)
2
ACBn=b-®3 N A
Aj \>>
ACBn = 994.4 mm-sec 2 , // \\ Y'
x . A ,
; iﬁ \ | 0 50 mmis/s
O4CcBn =03+ a / a ~ \\(/ 150.000° L1 i,',l L]
/\ L <\\ \\ Acceleration Scale
04CBn = —36.088 deg NG R \
62.266 / X
g /
8. Repeat the procedure of step 4 for N/
the equation in step 7 using A g” and y

Aj from step 3.
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9.

10.

11

12.

From the graphical solution above,

Acceleration scale factor kg = 50. 2
sec2
Ac = 62.266-k, Ac = 3113 mm-sec 2 atan angle of 150 deg (global)

In order to solve for the accelerations at piston 8, we will need 05, and ws. From the graphical position solution
above (in the local coordinate system),

Coordinate system rotation angle: o = 360-deg + (—90-deg - 2-[3)
623:=02 -« 0623 = —83.000 deg 05:=180-deg + 15.629-deg 05 = 195.629 deg

aw) cos(623)

-1
o5 = 0.515rad-sec
b cos(65)

Using equation 6.22a, 05 =

For point E, equation 7.4 becomes: Ar=(Ag + Ag") + (Agg' + Agg") , where (angles in the global coordinate
system)

2 -
AEBn = b-05 AEBn = 18.583 mm-sec 2
G4EBn =05+ a OAEBR = 225.629 deg

Repeat the procedure of step 4 for the equation in step 11 using A 5" and A g’ from step 3.

LI 0 50 mm/sis
A" §‘¥\ !—u—l—l—]
RN
SN v Acceleration Scale
N
\\\ }
N
\\ )‘(\ ‘ x
\\\\\“\ ! /// <
\\ ‘ .- 30.000
A,
NN
AN
N\ 1293
N

Note that, at the acceleration scale chosen, A ;5" is so small that it can hardly be seen in the layout above.

13. From the graphical solution above,

mm

Acceleration scale factor kg == 50-
sec

Ap = 12.934-k, Ap = 64Tmm-sec” > atanangle of 30 deg (global)
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&S PROBLEM 7-37

Statement: The 3-cylinder radial compressor in Figure P7-8c has the dimensions and crank angle given below.
Find the piston accelerations Ag, A7, and Ag for the position shown for ® = 15 rad/sec CW,
constant. Use an analytical method.

Given: Link lengths:
Link 2 a:=19-mm Link 3 b :=70-mm
Offset c:=0-mm

Link 2 position, velocity, and acceleration: 8 := 37-deg 0:=-15— ap:=0—
Cylinder angular spacing: B = 120-deg

Solution: See Figure P7-8c and Mathcad file P0737.
1. Draw the linkage to scale and label it.

2. Determine 8, and &' using equation 4.17. Coordinate rotation angle o := —90-deg

a-sin(ez) - c) .

) B4 = 170.599 deg (x'y’ system)

84:= asin(

d' = a-cos(6) — b-cos(64) d'=3316in
3. Determine the angular velocity of link 4 using equation 6.22a:

_a cos(67) 2 oe rad
@4= b . cos(94).m2 @4 = 3.296 sec

4. Using the Euler identity to expand equation 7.15b for A p, determine its magnitude, and direction (global).
AB = a-az-(—sin(ez) +j-cos(62)) - a-o)zz-(cos((-)z) +j -sin(ez))

Ap = -3414.167 - 2572.759i”’—”; Ap:= |Ap| 648 = arg(AB) + o + 360-deg
sec
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The acceleration of pin B is Ap = 4275 2 a 84p = 127deg
2
sec

5. Determine the angular acceleration of link 4 using equation 7.16d.

a-az-cos(Bz) - a-mzz-sin((-)z) + b~w42-sin(94) rad

= 35456 —
b.cos( 94) * secz

ay:=

6. Use equation 7.16e for the acceleration of pin D.

Ap = —a-az-sin(ez) - a-w22'005(92) + b~a4~sin(94) + b-a)42-cos(04)

Ap = -3759 —’-’-’% A negative sign means that A, is inward

sec

7. Determine 6, and d” using equation 4.17.

02 :=02 + 120-deg 62 = 157.000 deg (x"y" system)
a-simB3) — ¢

03:= asirr(——n(b—)—) + 7 03 = 173.912 deg

d'= a-cos(Bz) - b~c0s(93) d"'=2.052in

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

03 = a cos(02) 09 03 = -3.7697%4
b cos(63) sec

9. Determine the angular acceleration of link 3 using equation 7.16d.

a-az-cos(e 2) -ao 22-sin(92) + b-(o32-sin(93) rad

= 22483 —
b.cos(93) * mz

o3 =

10. Use equation 7.16e for the acceleration of pin C.
2 2
Ac = -a-ocz-sin(ez) - amny -cos(ez) + b-o.3-sir{93) + b-w3 -cos(93)

Ac =3113 = A positive sign means that A ¢ is outward
sec2
11. Determine 05 and 4" using equation 4.17.

09 := 07 + 120-deg 02 = 277.000 deg (x"y"" system)
a-sinl03) — ¢

05 := asin(—-——n(b—z)——) + 7 95 = 195.629 deg

d"= a-cos(Bz) - b-cos(Bj) d"=2745in

12. Determine the angular velocity of link 5 using equation 6.22a:
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cos(02 d
s = 3.___( ).mz ws = 0.515 ==~
b cos(05) sec

13. Determine the angular acceleration of link 5 using equation 7.16d.

a-az-cos(f)z) - a~m22-sin(92) + b-a)52-sin(05)
b-cos(05)

as =

14. Use equation 7.16e for the acceleration of pin E.

SOLUTION MANUAL 7-37-3

as = —62.869 1‘2

sec

Ag = —a-az-sin(ez) - a-o 22-cos(62) + b-a5-sin(05) + b-w52-cos(05)

AE = 646.72 ==

sec

A positive sign means that A g is outward
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&S PROBLEM 7-38

Statement:

Given:

Solution:

The 3-cylinder radial compressor in Figure P7-8¢ has the dimensions and crank angle given below.
Find and plot the piston accelerations Ag, A7, and Ag for one revolution of the crank if ® = 15
rad/sec CW, constant.

Link lengths:
Link 2 a:=19-mm Link 3 b:=70-mm
Offset c:=0-mm
. . . rad rad
Link 2 velocity, and acceleration: @ ;= -15.— ap:=0-
sec 2
) ) sec
Cylinder angular spacing: o := 120-deg

See Figure P7-8c and Mathcad file P0738.

1. Draw the linkage to scale and label it. Note that there are three local coordinate systems.

2. Determine the range of motion for this slider-crank linkage. This will be the same in each coordinate frame.

09 := 0-deg,2-deg..360-deg

3. Determine 8, using equation 4.17.

04(9 2) = asin(-ism(ili) + T (x'y’ system)
4. Determine the angular velocity of link 4 using equation 6.22a:
_a cos(92)
40 =3 o)

5. Determine the angular acceleration of link 4 using equation 7.16d.

a-az-cos(ez) - a.mzz.sin(ez) + b.a)4(92)2~sirl(94(92))
a4(92) = b-cos(04(92))
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6. Use equation 7.16e for the acceleration of pin D.

AD(Bz) = —a-az-sin(ez) - a-mzz-cos(ﬁz)

+b- a4(92)-sin( 94(92)) + b-a)4(62)2-cos( 04(92))

7. Determine 0 using equation 4.17.

93(92) = asin( a.Sin(92b+ a) — c) +7r (x"y" system)

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

9. Determine the angular acceleration of link 3 using equation 7.16d.

aaycos(B2 + o) — a0y sin(02 + o) + b-r3(02) -sin63(6))
b-cos( 63(0 2))

a3(6 2) =

10. Use equation 7.16e for the acceleration of pin C.

Ac(ez) = —a-az-sin((:)z + a) - a-mzz-cos(ez + a)
+b-ax(8)-5ir0(82)) + b-3(02)"-cos(65(02))

11. Determine 85 and d"” using equation 4.17.

65(62) = asin( asino; ; 2a) - CJ +7 (x"y"" system)

12. Determine the angular velocity of link 5 using equation 6.22a:

13. Determine the angular acceleration of link 5 using equation 7.16d.

a-az-cos(ﬁz + 2-a) - a-cozz-sin(ez + 2-a) + b-a)5(92)2-sin(95(62))
b-cos(05(62))

a5((')2) =
14. Use equation 7.16e for the acceleration of pin E.

Ag(ez) = —a-az-sin(ez + 2-a) - a-cozz-cos(ez + 2-a)

+ b-a5(92)-3i"(95(92)) + b-a)j(B2)2-cos(05(92))
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15. Plot the piston accelerations.

PISTON ACCELERATIONS
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DESIGN OF MACHINERY

425 PROBLEM 7-39
Figure P7-9 shows a linkage in one position. Find the instantaneous accelerations of points 4, B,

Statement:
and P if link O,4 is rotating CW at 40 rad/sec.

Given: Link lengths:
Link 2 (4 to B) a:=5.00-in Link 3 (Bto ©) b:=4.40-in
Link 4 (Cto D) ¢ :=5.00-in Link 1 (4 to D) d :=9.50-in
Coupler point: Rpg = 8.90-in 63 1= 56-deg
Crank angle and motion: 95 := 50-deg w7 = —40-rad-sec : a3 = 0-rad-sec
Solution: See Figure P7-9 and Mathcad file P0739.
1. Draw the linkage to scale and label it.
_ P
'y
/A\
[\
f \
{ \
[
/ \
\
y Y \
\ k g
\\ A @/ \\\4
AN
>
\ 2/ 50000° oo
\ / N 1 r 4
VAR T 14.000°
(== ! X
0,
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; = 1.9000 K> =1.9000
2 2 2 2
-b
K3=2 te +d K3 =24178
(2-a-¢)
A= cos(Gz) -K;- Kg-cos(Gg) + K3
B = —2-sin(62)
C:=K;- (Kg + 1)-cos(92) + K3
B=-1.5321 C=24537

A =-0.0607
Use equation 4.10b to find values of 0 for the open circuit

3.
04:= 2-(atan2(2-A,—B - \j B2 - 4-A-C)) 64 = —246.992 deg
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04:=04 + 360-deg 04 = 113.008 deg

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

Kg:= % Ks:= - ‘(i:;:)z - Ky =2.1591 K5 = —2.4911
D := cos(82) - K1 + Kgcos(82) + Ks D = -2.3605

E = -2-5in(87) E=-15321

F:=Kj +(Kq— 1)-cos(82) + K5 F =0.1539

5. Use equation 4.13 to find values of 6; .
03:= 2-(atan2(2-D,—E - \} E2 - 4-D-F)) 03 = -349.895 deg
63:= 63 + 360-deg 03 = 10.105 deg

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

o3 a-m2_512"(94—92) m3=41.552ﬂ
b sm(63 - 94) e
o a-mz. sin(Bz - 93) wq = —26 320ﬂ
4=, sin(94 - 93) T e

7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction.

Ay = a-az-(—Siﬂ(ez) +j-cos(92)) _ a.mzz.(cos(ez) +j-sin(92))

in

A = -51423 — 6128.4j Aq:= |Aa| 044 := arg(An)
sec

in

The acceleration of pin 4 is Agq = 8000 at f44 =-130.0deg

sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.
A= c-sin(84) B:= b-5in(03) D :=c-cos(84) E = b-cos(83)
A =4.602in B=0.772in D = -1954in E=4332in
C = aaysin83) + a0y -cos(82) + b3 -cos(03) - 04 -cos(04)
C = 1398 x 10" in-sec”
F = aaycos(83) - oy sin(02) ~ b3 -sin03) + c-0q -sin(0s)
F=-4273x 10° in-sec”

C-D - A-F d CE-BF
ST a3 =-356.538 2 =
A-E-BD AE—BD

a3
sec

ag=2977x 10

3 raa

sec’
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9. Use equation 7.13c to determine the acceleration of point B.

AB = c-a4-(—sin(94) +j -cos(94)) - c'a)42-(cos(64) +j ~sin(94))

Ap = -12346.3 — 9005.8] —’"—2 Ap:= |Ag| 048 = arg(AB)
sec

The acceleration of pin Bis ~ Ag = 15282 lz at @G48 = -1439deg
sec
10. Use equations 7.32 to find the acceleration of the point C.

ACA = Rpa-a3~(—sin(93 + 63) + j-cos(63 + 83))
+—Rogs (cos(03 + 83) + j-sin(03 + 3))
Ac:=Ap +Aca

Ac=|Ac] Ac = 23073 iz arg(Ac) = -111.525 deg
sec
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&S PROBLEM 7-40

Statement: Figure P7-10 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 acceleration of the coupler point P
at 2-deg increments of crank angle. Check your results with program FOURBAR.

Units: rpm:= 2-n-rad-min !
Given: Link lengths:
Link 2 (O, to 4) a:= 10-mm Link 3 (4 to B) b:=20.6-mm
Link 4 (Bto Oy) ¢c:=233-mm Link 1 (O, to Oy) d:=222-mm
Coupler point: Rpq:=30.6:mm 83 :=-31-deg
Crank motion: @9 :=100-rpm  ap:=0-rad-sec 2
Solution: See Figure P7-10 and Mathcad file P0740.

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.

d d
Kj=— Kyi=—
a C
K} = 22200 K2 = 09528
2 2 2 2
k3= 9 b e *d K3 = 1.5265
(2-a-¢)

A(Oz) = cos(eg) -K; - Kg-cos(Bz) + K3

B(Oz) = —2-sin(92)
C(Oz) =K - (Kz + 1)-cos((-)2) + K3

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

04(62) = 2-(atan2(2-A(92),—B(92) - J 19(92)2 - 4-A(Bz)~C(62)D

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

Ly
Ks = Ke=10777  Ks=-11512
(2-a-)

Ky:=

SEES
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D(Gz) = cos(e 2) -Kj+ K4-cos(62) + K35
l'i()z) = —2-sin(62)

F(Gz) =K;+ (K4 - 1)-005'(02) +Ks

5. Use equation 4.13 to find values of 0; .

03(62) := 2-(atan2(2-D(62),—E(62) - J E(92)2 - 4-D(02)-F(92)D

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

0)3( 2) _ awy sin(94(62) - 62)

b sin(03(62) - 04(62))

awny sir{Gz - (-)3(92))

04(02) = ¢ sif04(65) - 03(62))

7. Using the Euler identity to expand equation 7.13a for A 4

AA(Bz) = a-az-(—sin(ez) +j -cos(Bz)) -ao 22-(cos(92) +j -sin(Oz))

8. Use equations 7.12 to determine the angular accelerations of link 3.

41(82) = c-sin(8.4(62)) B(82) := b-sin(83(62))

D(Gz) = c-cos(04(62)) E'(Bz) = b-cos(G 3(62))
C(02) = a-aysin(82) + a0y -cos(02) + b-w3(82) cos(83(82)) - c-04(62)*cos(8.4(62))

F(82) = a-ag-cos(07) - a-wa sir83) - b-03(82) -si(03(03)) + c-04(62) sin(84(62))

9. Use equations 7.32 to find the acceleration of the point P.

APA(QZ) = Rpa~a3(62)-(—sin(63(92) + 63) + j-cos(93(62) + 53))
+~Rog03(02) (cos(03(02) + 83) + j-sin(63(62) + 53))

AP(Gz) = AA(Gz) + APA(Gz)
Ap(Gz) = IAP(Oz)l 9AP(92) = arg(AP(Gz))

10. Plot the magnitude and direction of the coupler point P. (See next page.)

02 := 0-deg,2-deg.. 360-deg
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SOLUTION MANUAL 7-40-3

MAGNITUDE OF COUPLER POINT ACCELERATION
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&S PROBLEM 7-41

Statement: Figure P7-11 shows a linkage that operates at 500 crank rpm. Find and plot the magnitude and
direction of the acceleration 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 A) a := 2.000-in Link 3 (4 to B) b:=8.375-in
Link 4 (B to Oy) c:=7.187-in Link 1 (O, to Oy) d :=9.625-in
Input crank angular velocity o9 := 500-rpm 2 = 52.360 rad-sec !

ay = 0-rad-sec 2
Solution: See Figure P7-11 and Mathcad file P0741.
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

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

d
Kp=— Ko = 4
a C
K) = 4.8125 K> = 13392
2 2 2
k3=l b *¢ rd K3 =2.7186
(2-a-¢)

A(Bz) = cos(Gz) -Kj- Kg-cos(ez) + K3

8(92) = —2-sin(92)

C(Gz) =Ky - (Kg + 1)-cos(92) + K3

4. Use equation 4.10b to find values of 8, for the open circuit.

04(62) = 2-(atan2(2-A(62),——B(62) - J B(ez)2 - 4-A(92)~C(92)D

5. Determine the values of the constants needed for finding 8, from equations 4.11b and 4.12.
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2 2 2 2
d —d -a -
Ky== Ksie S =94 —a b Ky = 1.1493
b (2-a-b)

Ks = -3.4367
D(82) := cos(82) - K1 + Kycos(82) + Ks
E(02) = -2.30o)
F(82) = K1 + (Kg— 1)-cos(82) + K5

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

83(62) := 2»(atan2(2-D(Bz),—E(62) - J 492)2 - 4-D(62)-F(92)D

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

a-oy si'(94(92) — 62)
03(02):= b sif03(02) - 04(62))

awy sif6; - 03(62))
04(02) = c 'sin(94(92) - 03(62))

Use equations 7.12 to determine the angular acceleration of link 4.

A(02) := c-sif(8.4(02)) B(82) := b-sin(03(62))

D(G 2) = c-cos(64(62)) E(Gz) = b-cos(93(62))

C(Bz) = a-az-sin(ez) + a-o 22-cos(62) + b-o 3(92)2-cos(6 3(92)) - c-m4(92)2-cos(94(9 2))

8.

F(82) = a-az-cos(82) - a0y sin(82) — b-03(62) -sin(03(62)) + c-04(62) -sin(0.4(62))

wog) = 02 H02) - 02} £(03)
' A(e2)'E(92) - 3(92)-D(02)

Determine the acceleration of point B using equations 7.13c.

AB(02) = c-0a(82)(~sin(0.4(02)) +j-cos(64(62))) - c-co4(92)2-(cos(64(92)) + j-sif(84(62)))

9.

A 3(92) = IAB(G 2)' 84 3(9 2) = arg(AB(ez))

10. Plot the magnitude and angle of the acceleration at point B.

(See next page.)
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MAGNITUDE OF ACCELERATION AT B
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&5 PROBLEM 7-42

Statement: Figure P7-12 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 acceleration 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 (O2to4)  a:=0.785-in Link 3 (4 to B) b:= 0.356-in
Link 4 (B to Oy) ¢ := 0.950-in Link 1 (0,10 04)  d := 0.544-in

Coupler point: Rpq = 1.09-in 83 := 0-deg
Crank speed: 07 :=20-rpm ap = 0-rad-sec 2
Solution: See Figure P7-12 and Mathcad file P0742.

1. Draw the linkage to scale and label it.

\
\4
\
2
-
| 92\\
' N
(IS

N
"

(G,

= X

0, 0,

2. Using the geometry defined in Figure 3-1a in the text, determine the input crank angles (relative to the line 0,04)
at which links 2 and 3, and 3 and 4 are in toggle.

22 2
00 := acoy 2+ 6+ ) 80 = 158.286 deg
2-a-d

07 := -020,—070 + 2-deg..07

3. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

Kj:= 4 Kp:= 4
a c
K = 0.6930 Ky = 05726
2 2 2
k=i b ¥e ol K3 =1.1317
(2-a-0)

A(ez) = cos(Bg) - Kj - Kz-cos(ez) + K3
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B(Oz) = —2-sin(62)
c(82) := K1 - (K2 + 1)-cos(82) + K3

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

04(62) := 2~(atan2(2-A(92),—B(92) - JB(B;)Z - 4-A(92)-C(92)))

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

LR
Ks:= K4 =1.5281 K5 = -0.2440
(2-a-b)

Ky:=

SR

D(92) = cos(92) - K+ K4-cos(82) + K5
E(Bz) = —2‘sin(92)

F(Oz) =Ky + (K4 - 1)-cos(92) + K5

6. Use equation 4.13 to find values of 0 .

03(82) == 2-(atan2(2-D(02),—E(92) - JE(OZ)Z - 4-0(92)-F(92)))
7. Determine the angular velocity of links 3 and 4 using equations 6.18.
awy sin04(62) - 62)
(D3(92) = b .sin(93(92) - 94(92))
_ a-mZ. sir{ez - 63(92))
0d02) === 6 05(0))

8. Using the Euler identity to expand equation 7.13a for A 4

AA(62) = a-ax(-sin(83) + j-cos(63)) — a2 ™-(cos(62) + j-sin(62))

Use equations 7.12 to determine the angular accelerations of link 3.

4182) := c-sin(0.4(62)) B1(02) := b-5in(63(62))

D(Bz) = c-cos(94(62)) E’(Gz) = b-cos(Bg(Oz))
C’(Gz) = a-(x2~sin(62) + a-mzz-cos(ez) + b 3(92)2-cos(63(92)) - c-m4(92)2-cos(94(62))
F(82) = a-og-cos(82) - @02 -sim(82) - b-03(02) -sim{03(62)) + c-0.4(02) -sin(64(65))

as(0) = c(e2)-D(82) - 4162)-F1(62)
: A(ez).E(ez) _ 3(92). pe,)

10. Use equations 7.32 to find the acceleration of the point P.
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ApA(02) = Rpwra3(02)-(~sin(63(62) + 83) +j-cos(03(62) + 83)) ...
+-Rog03(02)(cos(03(62) + 83) + j-sin(03(62) + 53))

Ap(62) = Aa(62) + Apa(02)

A4p(02) = |Ap(02)|

BAP(ez) = arg(Ap(Oz))

11. Plot the magnitude and direction of the coupler point P.

Acceleration, mm/sec2

Direction Angle, deg

MAGNITUDE OF COUPLER POINT ACCELERATION
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&5 PROBLEM 7-43

Statement: Figure P7-13 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 acceleration 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 (O, to 4) a:= 0.86-in Link 3 (4 to B) b:=1.85in
Link 4 (B to Oy) c:=0.86-in Link 1 (O, to Oy) d:=222-in
Coupler point: Rpa:=1.33in 63 := 0-deg
Crank motion: ©9 = 80-rpm a3 := 0-rad-sec 2
Solution: See Figure P7-13 and Mathcad file P0743.

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.

L@@ =@ - be

ar arg) = 1228
&l (2-ad) (a-d) &l
2 2 2 2
arg) = @ +@ ~®) -©) - be argy = 0439
(2-a-d) (a-d)
02{oggle = acos(argZ) 02t0gg[e =116.0 deg

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

07 1= —O210ggle,—O2toggle + 1-deg.. 210ggle
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3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d d
Ky:=— Ky=—

a c
Kj;=25814 K> =2.5814

2 2 2 2
- d
k=4 =0 e+ K3 =2.0181
(2-a-¢)

A(Gz) = cos(Oz) - Ky - Kz-cas(ez) + K3

3(92) = —2-sin(62)
C(Gz) =K - (Kz + 1)-cos(92) + K3

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

04(62) = 2.(atand2-4(0).-8(0:) - | B(62)" - 4-4(02)-(03)))

5. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

c2 - d2 - a2 - b2
Ks5:= K4 =1.2000 K5 = -2.6244
(2-a-b)

Ky:=

SR

D(ez) = cos(92) - K+ K4-cos(92) + K5
E(Bz) = —2-sin(62)
F(Gz) =K+ (K4 - l)-cos(ez) + K3

6. Use equation 4.13 to find values of 65 .

03(62) = 2-(atand 2.D(6),-5(65) - {#(62)" - 4-D(62)-F(63)))
7. Determine the angular velocity of links 3 and 4 using equations 6.18.

awy sif04(82) - 62)

3(02) := b sin(83(02) - 04(62))

awy sir(Gz - 63(92))

04(62) = ¢ sif04(62) - 05(02))

8. Using the Euler identity to expand equation 7.13a for A 4

AA(02) = oz (=sin(02) + j-cos(82)) - @02 (cos(02) + j-sin(62))

9. Use equations 7.12 to determine the angular accelerations of link 3.

A1(82) = c-sif(04(62)) B(02) := b-sin(63(62))

D(62) := c-cos(04(62)) E'(87) := b-cos(03(62))
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C'(@z) = a~a2-sin(92) + a~(022'cos(02) + b-0)3(92)2'cos(93(62)) - c-co’4(62)2-cos(94(92))
F(02) 1= a-ay-cos(62) - a0y -sin(05) = b-03(02) -sin(03(62)) + c-04(02) -sin(04(02))

o ( );: C’(GZ).D'(Gz) - A’(ez).F'(gz)
o) 5102 - 5102 (o)

10. Use equations 7.32 to find the acceleration of the point P.

APA(02) = Rparci3(62)-(-sin(03(67) + 83) + j-cos(63(62) + 53)) -
Ry 03(02)(cos(03(02) + 83) + i-sin(03(62) + 53))

Ap(02) = Aa(02) + Apa(02)

Ap(Oz) = |Ap(92)| HAp(Gz) = arg(AP(Gz))

11. Plot the magnitude and direction of the coupler point P.

200 MAGNITUDE OF COUPLER POINT ACCELERATION
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Direction Angle, deg

SOLUTION MANUAL 7-43-4

DIRECTION OF COUPLER POINT ACCELERATION
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SOLUTION MANUAL 7-44-1

&S PROBLEM 7-44

Statement: Figure P7-14 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 acceleration 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 (O, to 4) a:=0.72-in Link 3 (4 to B) b:=0.68-in
Link 4 (Bto Oy) c:=0.85in Link 1 (O;t004) d:=1.82-in
Coupler point: Rpq:=0.97-in 83 := 54-deg
Crank motion: ®2 := 80-rpm ay = 0-rad-sec 2
Solution: See Figure P7-14 and Mathcad file P0744.
1. Draw the linkage to scale and label it.
P
y 7\
AN
N\
\
/ \\
/ \
| g\
/ X
,//
B // 3 AN
&;/ N
e AN
/'//2//< \\
é“/ - \@ x
0, 0,

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

@@ -0 - be
argj = +
(2-a-d) (a-d)

arg) = 1451

@@ - - @ e
(2-a-d) (a-d)

argy: argy = 0.568

6210ggle = acos(arg?) O210ggle = 554 deg

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

0 2= —02[0ggle ’ -02toggle +1 .deg“ 02toggle

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

d
K]:=ii‘ K2:=—
a c
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K] =2.5278 K> =2.1412
2 2 2 2
k3= 4 =0 *tec +d K3 = 3.3422
(2-a-¢)

A(Gz) = cos(92) -K; - Kz-cos(ez) + K3
B(Oz) = —2-sin(92)
c(02) := Ki - (K2 + 1)-cos(02) + K3

4. Use equation 4.10b to find values of 8, for the open circuit.

04(62) := 2-(aran2(2-A(92),—B(92) - \]3(92)2 - 4-4(92)-0(92)))

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

Keom c2—d2—-az—b2
ST T ab)

Ky:=

o

K4 =2.6765 Ks5 = -3.6465

D(62) := cos(82) - K1 + Ky-cos(82) + K5
E(82) := ~2-5in(8>)
F(02) = Kj + (Kq— 1)-cos(62) + K5

6. Use equation 4.13 to find values of 05 .

03(62) := 2-(atan2(2-D(02),—E(92) - J 5(02)2 - 4-D(62)-F(92)D
7. Determine the angular velocity of links 3 and 4 using equations 6.18.

an) si1(94(92) - 92)

03(02) = b sin(93(02) - 64(62))

amy sir(ez - 93(92))

04(62) == — sin04(62) - 03(02))

8. Using the Euler identity to expand equation 7.13a for A 4

AA(Gz) = a-az-(—sin(ez) +j -cos(ez)) -ae 22-(cos(92) +J -sin(e 2))

9. Use equations 7.12 to determine the angular accelerations of link 3.

41(02) = c-sif(04(62)) BY(02) := b-5i(03(65))

D1(02) := c-cos(04(62)) E'(82) := b-cos(83(62))
C/(62) = a-az-sin(82) + a0y cos(82) + b-w3(82) -cos(83(02)) - c-04(62)*cos(64(62))

F(02) = a-az-cos(83) - a0y -sin(02) - b-w3(02) -5in(83(62)) + c-wa(62) -sin(04(62))
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a3(02) = C'(63)-D16) - 4105)-7/(02)

" 41(02)-£(0) - B»"(ez)'D(ez)

10. Use equations 7.32 to find the acceleration of the point P.

ApA(62) = Rpara3(02)-(~sin(03(62) + 83) +j-cos(83(82) + 83)) ...
+ =Ry 3(02)° (cos(03(02) + 53) + i-sin(63(62) + 53))

Ap(62) = Aa(02) + Apa(62)

Ap(02) = |Ap(02)] 047(02) = arg(Ap(02))

11. Plot the Iﬁagllitude and direction of the coupler point P.

MAGNITUDE OF COUPLER POINT ACCELERATION
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&S PROBLEM 7-45

Statement:

Units:
Given:

Solution:

Figure P7-15 shows a power hacksaw that is an offset slider-crank mechanism that has the
dimensions given below. Draw an equivalent linkage diagram and then calculate and plot the
acceleration of the saw blade with respect to the piece being cut over one revolution of the crank,
which rotates at 50 rpm.

-1
rpm:= 2-n-rad-min

Link lengths:
Link 2 (05 to A) a:=75-mm Offset c:=45-mm
Link 3 (4 to B) b :=170-mm

Input crank angular velocity — ©9 := 50-rpm ay:= 0-rad-sec 2

See Figure P7-15 and Mathcad file P0745.

1. Draw the equivalent linkage to a convenient scale and label it.

y
B 3 b | DA
715 ]
c e 02
. // \
! A
o,

2. Determine the range of motion for this slider-crank linkage.

69 := 0-deg,2-deg..360-deg

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

0 3(9 2) = asin

( a-sin(:z) - c]

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

a cos(Bz)
u)3(92) = ;-m-mz

5. Determine the angular acceleration of link 3 using equation 7.16d.

a-az'COS(BZ) - “‘“’22'Si"(92) +bo 3(92)2'Si"(93(92))
b-cos(93(92))

a 3(9 2) =

6. Use equation 7.16e for the acceleration of pin B.

Ag(Gz) = —a-az-sin(ez) - a-mzz-cos(ez)
+ b3(02)-5im{(03(02)) + b-03(82)"cos(03(62))
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ACCELERATION OF POINT B
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&S PROBLEM 7-46

Statement: Figure P7-16 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 relative acceleration
between points £ and P for one revolution of gear 2.
Units: rpm:= 2-n-rad-min !
Given: Link lengths (walking-beam linkage):
Link 2 (O3 to A) a:= 40-mm Link 3 (4 to D) b':=108-mm
Link 4 (O4 to D) ¢':=40-mm Link 1 (O2t004)  d':= 108-mm
Link lengths (pick and place linkage):
Link 2 (O, to B) a:=32-mm Link 5 (Bto C) b :=260-mm
Link 4 (C to Og) c:=96-mm Link 1 (Ozt0 Og)  d :=200-mm
Rocker point E: u = 160-mm 84 :=-75-deg
Crank speed: ©2:=100rpm o := 0-rad-sec 2
Crank-pin phase angle ¢ := 120-deg
Solution: See Figure P7-16 and Mathcad file P0746.

1. Draw the walking-beam linkage to scale and label it.

30 mmr"
PN RN

f \\7(1 \\L\ /\f \J\ / + \P

55 mm k\ P ‘ / \»\ 80°
AN /

Pt
\\C' 8\\
A G S SR
04 0,

<

2. Determine the range of motion for this mechanism.
02 := 0-deg,2-deg.. 360-deg (local x’y’ 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 every point on it having the same velocity. Therefore, it is only
necessary to calculate the X-component of the acceleration at point A in order to determine the acceleration of
the cylinder center, P.

AA(02) = ao(=sin(82) + j-cos(82)) -~ a2 (cos(8) +-sinf8,))

Ay x(e 2) = Re(A A(B 2))
In the global coordinate frame,

Ap(Bz) =-A Ax(Gz)



DESIGN OF MACHINERY

4.

SOLUTION MANUAL 7-46-2
Draw the pick-and-place linkage to scale and label it.

\
), \
s I B \
\ T y
A y
e 7
Ty
" O
x
Coordinate rotation angle: o = 25-deg
5. Determine the values of the constants needed for finding 64 from equations 4.8a and 4.10a.
Kj: Ky:= a
a
K =6.2500 K7 =2.0833
2 2 2 2
Ky= 4 b te *d K3 = -2.8255
(2-a-c)

A(Bz) = cos(ez +¢ - a) - K- KZ'COS(ez + - (x) + K3

B(82) = 2-sif(82 + ¢ - o)

c(02) := K1 - (K2 + 1)-cos(62 + ¢ — &) + K3

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

05(62) = 2-(atan2(2-A(92),—B(62) + J B(62)2 - 4~A(62)-C(82)D

Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

2 2 2 .2
d —d"—d -
Ky=< Ks=< a b Ky =0.7692 K5 = —5.9740
b (2-a-b)
D(O;) = cos(Oz +¢ - a) - K+ K4-cos(92 +6- a) + K35

B(82) = -2-si(02 + ¢ - @)

F(92) =K+ (K4 - l)-cos(92 +¢- a) + K5

8. Use equation 4.13 to find values of 85 for the crossed circuit.

65(02) = 2 aiand{ 2.0(02) ~{02) + [Hle)’ - 4-D(02) F(03)))
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9. Determine the angular velocity of links 5 and 6 using equations 6.18.

0 (6 ):= a.mz.sir{%(ez) - (92 +é- a)]
T T sin{05(07) - 6402))

a0y sin(92 +¢-a - 05(92))

od02) = == si 65(02) - 65(02))
10. Use equations 7.12 to determine the angular acceleration of link 6.
A= coode))  8(os) = beinos(os)
D(82) := c-cos(66(62)) B(02) := b-cos(65(62))

C(Gz) = a-az.sin(ez +¢ - a) + a-mzz-cos(ez +¢ - a)
+ b-w5(92 +¢ - (x)z-cos(e_s(ez)) - c-a)6(92)2-cos( 96(92))

F(Bz) = a-az-cos(ez +¢ - a) - a-mzz-sin(ez +¢- (x)
+b-05(02 + 6 - o) sin85(02)) + c-0e(02) -5in{96(62))
ad{0) = C(62)-£(65) - B(02)-F(02)
~ 4(02)-5(02) - B(62)-D(62)
11. Determine the acceleration of the rocker point E using equations 7.13c.
AE(62) =c a6(92)-(—sin(96(62)) +j 'cos(eb‘(ez))) - c-wg(ez)z-(cos( 66(92)) +j »sin( 05(62)))
12. Transform this into the global XY system.
4£402) = Re{ag(62) 45(02) - im{Ax(62))
AEx(Oz) = AEX(Gz)-cos(a) - AEy(ez)-sin(a)
AEy(Gz) = AE,;(GZ)-sin(a) + AEy(Gz)-cos(a)
AExy(Bz) = Agx(Bz) +j-AEy(62)

13. Calculate and plot the acceleration of E relative to P.

AEP(92) = AEXY(Oz) - AP(Gz)

AEP){(Oz) = Re(AEp(ez)) AEPY(92) = Im(AEP(GZ))

(See next page.)
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4 RELATIVE ACCELERATION
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&S PROBLEM 747

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 044. The air
cylinder is retracted at a constant acceleration of 0.1 m/sec2. Draw a kinematic diagram of the
mechanism, write the necessary equations, and calculate and plot the angular acceleration of the
paper roll and the linear acceleration 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 (O, to Oy) d :=930-mm 84 :=—181-deg
Link 4 initial angle 040 := 62.8-deg  with respect to local x axis

Input cylinder acceleration  addot := —100-mm-sec 2

Solution: See Figure P7-17 and Mathcad file P0747.

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

T VeLink

y

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=Ry + R3. (@
. N . |
J-9 . J-84 J-6; J6;

d-e ce =ae “+be ®)

where a is the distance from the origin to the cylinder piston, a variable; 4 is the distance from the cylinder
piston to A4, a constant; and ¢ is the distance from 6, to point 4, a constant. Angle 6, is zero, 63 =0, and 8 is
the variable angle that the rocker arm makes with the x axis. Solving the position equations:

Let fi=a+ Y then, making this substitution and substituting the Euler equivalents,
d+ c-(cos(64) +] -sin(94)) =f -(cos((-)z) + j-sin(ez)). ©

Separating into real and imaginary components and solving for 6, and f,
0 2(94) = atan?(d + c-cos(64),c-sin(94)) )
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Vi (64) C.Sin(m) @

" sin0:(64))

For constant deceleration of the hydraulic cylinder rod, the velocity of the rod is

adot(8 4) := addot J 2:(/(04) - /(940))

addot

Differentiate equation b.
1

dt
Substituting the Euler equivalents,
1
c-m4-(-sin(94) + -cos(94)) = (5; )-(cos(e 2) +j ~sin(92)) + [0 2-(—sin(62) + j-cos(ez)) ®
Separating into real and imaginary components and solving for ®, and w,. Note that df/dt = adot.
ador(e 4)
= h
(1)4(94) c-sirl(62(94) - 94) ®
o (94) - c-m4(94) + ador(64)-cos(92(94)) O
' 7(04)-5in(02(64))
3. Differentiate equation f, expand the result and separate into real and imaginary parts to solve for a,.
N jo B B i
j-c-a4‘ej 04 + jz-c-(o42-ej %4 = addoi-e] %2 + j-adot~(02-ej %2 2]
2 J6,

. 8 J8y 2
+ j-adot-wy-e 2y j f-ape 2y jfoy-e
Separating into real and imaginary components and solving for o,.

(addot + 2-adof{o.4) 02(64) - (64)-02(04)%)-sir{2:05(64)) -.

) ~ +C-(D4(94)2-(sin(92(94) + 94))

a4(64 c-siﬂ(e 4-9 2(e 4))

4. Plota, over arange of 8, of

04:= 040,940 + 1-deg..040 + 90-deg

(See next page.)
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ANGULAR ACCELERATION, LINK 4
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5. Determine the acceleration of the center of the paper roll using equation 7.31. The direction is in the local xy
coordinate system.

Au(94) = u'a4(64)-(—sin(64 + 84) +j'cos(04 + 54)) - u-m4(94)2-(cos(64 + 54) +j-sin(94 + 84))

40(04) = [au(09) 010(0) = are(av(03)

6. Plot the magnitude and direction of the acceleration of the paper roll center.

MAGNITUDE OF PAPER CENTER ACCELERATION
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DESIGN OF MACHINERY
DIREC ZION OF PAPER CENTER ACCELERATION
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&S PROBLEM 7-48

Statement: Figure P7-18 shows a mechanism and its dimensions. Find the accelerations of points 4, B, and C
for the position shown.

Given: Lengths and angles:
Link 2 (05 to A) a:=0.80-in Link 1 (02 t0 Oy) d:=185in
Link 4 (O4 to B) a':=2.97in Link 5 (Bto C) b':=2.61-in
Crank angle 0, := -37.5-deg Localxy system
Coordinate rotation angle B :=-81.5-deg Slider-crank offset ¢':=325in
Input crank motion W= 40-%‘5— oy = -1500- rad
min
Solution: See Figure P7-18 and Mathcad file P0748.

1. Draw the mechanism to scale and define a vector loop for the input portion (links 1, 2, 3, and 4) using the fourbar
slider-crank derivation in Section 7.3 as a model.

e f:é}‘ -
5 — ¢
B W — Y
|
4\\ ,O\ZJT,,/-Hy 02 -y
vt /|
3\/\((\ b \ l A . \R1
/ /\\\ \ N \
/ N\ \\ \
A~ 35 A \. "\
S
X\\ 81.5° ‘
-

2. Write the vector loop equation, expand the result and separate into real and imaginary parts to solve for 83 and b
(distance from O to A).

R;:= Ry + R3
[ ]

-9 J-6
a-e 2:=d+b-e 3

Substituting the Euler equivalents,

a{eos(02) +sid02)) = d + eo(03) + 55iro3)!

Separating into real and imaginary components and solving for 65 and 4.

03 := atan2(a-cos(92) - d,a-sin(07)) 83 = -158.2deg



DESIGN OF MACHINERY SOLUTION MANUAL 7-48-2

a-sirf6)) b=131in

b= ———

- sin(G 3)

3. Differentiate the position equation, expand it and solve for @, and bdot.

j-0 '

. j0 j-0
aj-mye . bj-o3ze 3+ bdote” >

d
cos(02 - 83) 03 = 0208 2%
sec

a-@)

03 =

a.mz-cos(ez) - b.m3-cos(93) bdot = -0 459"11_

sin(B 3) sec

4. Differentiate the velocity equation, expand it and solve for ;.

bdot .=

) J-9 2 29 ; j0 . J-9
a-j-ap-e 2 +aj -@p e 2 = bdot-j-w3-e ’ + b-j-az-e 3
2 28 J-0 . J-0
+bj 03 e >+ bddote ° + bdot-j-m 3-e 3

1 2
a3 := z(a-az-cos(ez - 93) + a-m) -sin(93 - 92) - 2~bdot-m3)
a3 = -0.2495'—‘%
sec

5. Determine the acceleration of point 4 on link 2 (in the local xy coordinate system) using equations 7.13a.

A = a-a(-sin82) + j-cos(82)) - a-wy”(cos(62) + -sir(62))

Aq:= |Aa] Aq= 0.43712 044 := arg(Aa) 644 = —174.348 deg
sec

6. Determine the acceleration of points 4 and B on link 3 (in the Global X7 coordinate system) using equations
7.13a.

Transform 6, to the global coordinate frame: 63 := 03 + B + 360-deg 03 = 120.337 deg

AA3 = b-az(-sin(83) + j-cos(03)) - b3 -(cos(03) + j-sin(03))

Ag3:= |An3|  Aaz= 0.33112 0443 = arg(Aa3) 8443 = 20.518 deg
sec

Ap = a’-a3-(—sin(93) +j-c0s(63)) _ a',m32_(cos(63) + j-sin(93))

Ap:= |Ag| Ag = 0.752"—"2 648 = arg(Ap) 648 = 20.518 deg
sec
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7. Determine 65 using equation 4.16.

a'siMBs3) — ¢’
05:= asir{ "(b') ] + 7 05 = 195.254 deg
8. Determine the angular velocity of link 5 using equation 6.22a.
+ cos{03
05 = a cos{63) ).(,,3 w5 = -0.1247%4
[ cos(e 5) sec

9. Determine the angular acceleration of link 5 using equation 7.16d.

a"az-cos(03) - a'.m32.sin(93) +b"o 52-sin(95) _ _0.1007%¢
b"cos(65) e

5=
sec

10. Use equation 7.16e for the acceleration of pin C.

Ac:= —a'-ag-sir(93) - a'-m32-cos(93) + b’-a5-Sin(95) + b0 52.cos(65)

Ac =073 —l-n; A positive sign means that A¢ is to the right

sec
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&5 PROBLEM 7-49

SOLUTION MANUAL 7-49-1

Statement: Figure P7-19 shows a walking beam mechanism. Calculate and plot the acceleration A,,, for one
revolution of the input crank 2 rotating at 100 rpm.

Link 3 (4 to B) b:=2.06-in
Link 1 (Oyt004) d:=222-in
63:=31.deg

-2
o) = 0-rad-sec

Units: rpm:= 2.-n-rad-min !
Given: Link lengths:
Link 2 (O, to 4) a:=1.00-in
Link 4 (B to Oy4) ¢:=233-in
Coupler point: p:=3.06
Crank speed: @2 = 100-rpm
Solution: See Figure P7-19 and Mathcad file P0749.

1. Draw the linkage to scale and label it.

Y

2. Determine the range of motion for this Grashof crank rocker.
02 := 0-deg,2-deg.. 360-deg
3. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

Kp=— Ky=—
a c
K =22200 K> =09528
2 2 2 2
K3:=a —b rc +d K3 =1.5265
(2-a-c)

A(Gz) = cos(@z) -K; - Kz-cos(ez) + K3

B(Oz) = —2-sin(9 2)

C(Gz) =K - (Kz + l)-cos(Bz) + K3
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4. Use equation 4.10b to find values of 0, for the crossed circuit.

04(62) = 2(atand{ 2. 4(8:) -5(62) + [B(o:)’ - 4-4(02)03))

5. Determine the values of the constants needed for finding 0 from equations 4.11b and 4.12.

2 2 2 2

d —d —a -

Kg=Z Ks:=< a Kg=10777  Ks=-1.1512
b (2-a-b)

D(Gz) = cos(ez) -Kj+ K4-cos(92) + K5
E(Gz) = —2~sin(62)
F(ez) =K+ (K4 - 1)-cos(92) + K35

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

03(62) = 2-(atan2(2-D(62),—E(62) + JE(GZ)Z - 4-D(92)-F(92)D

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

awy sifB4(02) - 02)

0)3(92) = b 's,-,,(93(92) - 94(62))

a0y sin(62 - 93(92))

04(02) = o sin(04(02) - 03(62))

8. Determine the acceleration of point 4 using equation 7.13a.

AA(02) = a-az(~sin(02) + j-cos(82)) — a0y -(cos(02) + j-sin(82))
9. Use equations 7.12 to determine the angular acceleration of link 3.

A(Bz) = c-sir(64(92)) 8(92) = b-sin(63(02))
D(O 2) = c-cos(94(9 2)) E(Gz) = b-cos(Bg,(Bz))

C(Gz) = a-az-sin(()z) + a-mzz-cos(ez) + b 3(62)2-c0s(63(62)) - c-m4(62)2-cos(94(92))

F (92) = a-az-cos(ez) -ao 22-sin(02) - b 3(62)2-sin(6 3(62)) + c-m4(92)2-sin(94(92))

B (62)-D(62) - 4(62)-F(62)
a3(62) = 4(02)-502) - B(6,)-D(67)

10. Determine the acceleration of the coupler point P using equations 7.32.

ApA(82) = p-a3(82)-(~sir(03(62) + 83) + j-cos(63(62) + 53)) ...
+-p-03(02)*(cos(03(02) + 83) +-5im(63(02) + 53))

Ap(62) := AA(62) + Apa(62)
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11. Plot the X-component (global coordinate system) of the acceleration of the coupler point P.

Coordinate rotation angle: o = 26-deg

Aom(Og) = Re(AP(Gz))-cos((x) - Im(Ap(Bz))~sin((x)

Aout

4000

2000 /\\
Aout(92) ’

S B S R
=2000 \ /

=4000

2
sec

Acceleration, in/sec2
s

0 45 90 135 180 225 270 315 360
9

deg
Crank Angle, deg
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@S PROBLEM 7-50

SOLUTION MANUAL 7-50-1

Statement: Figure P7-20 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
acceleration of the grinding wheel contact point relative to the workpiece over one revolution of
the crank.

Units: rpm:= 2-n-rad-min !

Given: Link lengths:

Link 2 (O, to A) a:=22-mm Offset c:=40-mm
Link 3 (4 to B) b:=157-mm
Grinding wheel diameter d = 90-mm
Input crank angular velocity ®?2 :=30-rpm CCw ay = 0-rad-sec 2
Grinding wheel angular velocity s :=3450.-rpm CCW
Solution: See Figure P7-20 and Mathcad file P0750.

1. Draw the linkage to scale and label it.

T

j\L,
N5

- \\\
\
+ —/}k
,/
/
/
e

|

i
|

o3 e

4
D) -
B c

2. Determine the range of motion for this slider-crank linkage.

02 := 0-deg,2-deg..360-deg

3. Determine 0, using equation 4.17.

b

03(02) = asin(—ﬂ?—z)——c) + 7

cos(e 2)

(03(62) = %-m-mg

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

5. Determine the angular acceleration of link 3 using equation 7.16d.

a-az-cos((-)z) - a~a)22-sin(92) + b 3(92)2-sin(63(62))

a3(92) :

b-cos(e 3(62))
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6. Use equation 7.16e for the acceleration of pin B.

45(02) i= —a-ay-sin(03) — w0 -cos(03) ..
+b-a3(0)-sin(03(02)) + b-03(02) cos(03(02))

7. The acceleration of the grinding wheel contact point relative to the workpiece, which has zero tangential
acceleration due to constant angular velocity, is Ag (positive to the right).

RELATIVE ACCELERATION AT CONTACT POINT
200 P \

100 /

o) \

C
v \

=300
0

Acceleration, mm/sec"2
3
3
/

60 120 180 240 300 360
0

deg
Crank Angle, deg
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25 PROBLEM 7-51

Statement: Figure P7-21 shows a drag-link mechanism. Scale the diagram for dimensions and calculate and
plot the angular acceleration of link 4 for an input of @, = 1 rad/sec. Comment on the uses for this

mechanism.
Given: Link lengths:
Link 2 (L) a:=1.38-in Link 3 (L3) b:=122-in
Link 4 (Ly) ¢:=1.62-in Link 1 (Z;) d = 0.68-in
Input crank angular velocity 02 :=-1-rad-sec” ! Cw oy = 0-rad-sec 2
Solution: See Figure P7-21 and Mathcad file PO751.

1. Draw the linkage to scale and label it.

y b A
‘ T3
/ y T T _ o=\ B
/Sy %)
// / / -~ / e
/ /7< A
i ey
// / ) / \\‘\ //,/ P e
/ / \ e -
/o / N s
s o
! // / / 92\ raa
/ 2 ; / // //\ / //
y y / - ;\ //
VAW 4.7\
\ &[ B ‘\Y; /] P I {
02 o S d 04

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.

d
Kjp:= i Ky:=—
a c
Kj = 0.4928 K= 04198
2 2 2 2
—b
K3=2 te +d K3 = 0.7834
(2-a-¢)

A(Gz) = cos(ey_) - K- Kg-cos(eg) + K3

B(02) := ~2-sin(82)

C(02) = K1 - (K2 + 1)-cos(02) + K3

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

04(82) := 2-(atan2(2-A(62),—B(62) - J 3(92)2 - 4-A(62)-C(92)D

5. Determine the values of the constants needed for finding 6, from equations 4.11b and 4.12.
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25 PROBLEM 7-51

Statement: Figure P7-21 shows a drag-link mechanism. Scale the diagram for dimensions and calculate and
plot the angular acceleration of link 4 for an input of ®, = 1 rad/sec. Comment on the uses for this

mechanism.
Given: Link lengths:
Link 2 (L) a:=1.38-in Link 3 (L3) b:=122-in
Link 4 (Ly) ¢:=1.62-in Link 1 (L)) d = 0.68-in
Input crank angular velocity w7 = —1-rad-sec I cw oy := 0-rad-sec 2
Solution: See Figure P7-21 and Mathcad file PO751.

1. Draw the linkage to scale and label it.

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.

d
K] = ii‘ K2 = —
a c
K; = 04928 K> =0.4198
2 2 2 2
—b d
K3=2 res K3 = 0.7834
(2-a-c)

A(Oz) = cos(Gz) -K; - Kg-cos(ez) + K3

B(02) := ~2-sin(6-)

C(62) := K1 - (K2 + 1)-cos(02) + K3

4. Use equation 4.10b to find values of 8, for the open circuit.

04(62) = 2-{atan2(2-4(62) -5(02) - [8(62)" - 4-4(e2)-(62)))

5. 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
=4 k=& —d —a —b K4=05574  Ks5=-0.3655
b (2-a-b)

D(Gz) = cos(Bz) -K7+ K4-cos(92) + K5
E(62) = 2-sin(0>)
F(62) =K + (K4~ 1)-cos(02) + K5

6. Use equation 4.13 to find values of 65 for the open circuit.

03(02) := 2~(atan2(2~D(62),—E(62) - \ﬁ;(ez)z - 4~D(92)~F(62)D

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

a0y sin(94(92) - 92)
b sin(93(82) - 04(02))

co3(62) =

amz’ sin(ez - 93(92))
¢ sin(04(62) - 03(02))

8. Use equations 7.12 to determine the angular acceleration of link 4.
A(Bz) = c-sin(94(62)) B(92) = b-sin(63(92))

D(Gz) = c-cos(94(62)) E(Gz) = b~cos(93(92))

m4(92) =

C(02) = avouysin(82) + a-0y -cos(02) + b-03(02) -cas(03(62)) — c-04(02)" cos(0.4(62))

F(Gz) = a-az‘cos(ez) - a-(o22-sin(92) -bo 3(92)2~sin(93(62)) + c—m4(92)2-sin(94(92))

a4(92) — C(GZ)'E(OZ) - 3(92)'F (92)
4(02)-5(02) - B(62)-D(02)
9. Plot the angular acceleration of link 4.
ANGULAR ACCELERATION, LINK 4

2

e f )

Angular Acceleration, rad/sec"2

0 60 120 180 240 300 360
02

deg
Crank Angle, deg
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&S PROBLEM 7-52

Statement: Figure P7-22 shows a mechanism. Scale the diagram for dimensions and use a graphical method to
calculate the accelerations of points 4, B, and C for the position shown.

Given: Link lengths and angles:
Link 1 (0,04) d:=122-in Angle 0,0, makes with X axis 0 := 56.5-deg
Link 2 (04) a:=1.35-in Angle 0,4 makes with Xaxis 05 := 14-deg
Link4 (O4B) e:=1.36-in
Link 5 (BC) f:=2.69-in
Link 6 (CO¢) g:=1.80-in Angle COg makes with Xaxis 0 := 88-deg
Motion of link 2 ©5 := 20-rad-sec ! CcwW a9 = 0-rad-sec 2
Solution: See Figure P7-22 and Mathcad file P0752.

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

.

N\ N \\\%1/&%/
\\04@ 4\\ / (1939\ \///

Axis of slip
7~ Axs of transmission

S o [ANEENEAN X
/ . \\ \‘\ N . \\
P \\ \ . \\\ \\\ \
\ AN il
RN /< /
P — /
\ \\ b
- \ ~——
- e \
Direction of VA3 —

2. Use equation 6.7 to calculate the magnitude of the velocity at point A on links 2 and 3.

Vq3:=aw> V3= 27.000 = Oy43 =07 — 90-deg Oy 43 = —76.0deg
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

V43=Vians + Vslip

a. Choose a convenient velocity scale and layout the known vector V 43.

b. From the tip of V 43, draw a construction line with the direction of V y;;,, magnitude unknown.

c. From the tail of V 43, draw a construction line with the direction of V.., magnitude unknown.

d. Complete the vector triangle by drawing V ;;, from the tip of V4, to the tip of V 43 and drawing V ,,,,,, from
the tail of V 43 to the intersection of the V . construction line.
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. N 0 10infsec
d N Y
N
1.295 N X
yd
/’ ///
vm/“v//
AN //
/ AN
N \
N N
~
AN \\ Vas
2.369 Vo
\
\\ S
A
4. From the velocity triangle we have:

10-in-sec !

Velocity scale factor: ky= ——

in
. in
Vsh‘p = 2.369' In'kv Vsh'p = 23.690 -_—
sec

Voans = 1.295-inky  Virans = 12,950 —

sec
5. The true velocity of point A on link 4 is Vs,
in
Va4:=Virans Vig=1295—
sec

6. Determine the angular velocity of link 4 using equation 6.7.
From the linkage layout above: c:=0939.in and  04:= 132.661-deg

Vaq d
04:=— wq=137912% cw
c sec

7. Determine the magnitude and sense of the vector V 3 using equation 6.7.

V=04 Vg = 18.756:12%

Oy44:=04 — 90-deg Oy 44 = 42.661 deg

8. 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 known vector V5.

b. From the tip of Vg, 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 cp from the tip of V g to the intersection of the V- construction
line and drawing V- from the tail of V 3 to the intersection of the V-5 construction line.
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Draw links 1, 4, 5, and 6 to a convenient scale. Indicate the directions of the velocity vectors of interest.

~ Direction of VCB e "— Direction of VB

Vg 0 10in'sec
yd \ I S T
Y S \
| \
e - \VCB
- = — X
J Voo |t
e
9. From the velocity triangle we have:
10-in-sec |
Velocity scale factor: ky = —— Oyc:=0¢ — 90-deg
in
Ve = 2.088-in-k, Ve=209-2 Oyc = —2.0deg
sec
. in
Vep:=1.519-in-k,, Vep=152—
sec

10. Determine the angular velocity of links 5 and 6 using equation 6.7.

Vca

®05:=—— 0)5=5.647—r-‘£ CCw
f sec
Ve

0= — 0= 1160074 ccw

g sec
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11. For the acceleration of point 4, use equation 7.19: (A, + A ) = A f+ A"+ A + A P where

2 -
Agon=a03 Ag2n = 540.000 in-sec 2
644 :=07 + 180-deg 644 = 194.000 deg
Ago = a0 Ag2¢ = 0.000 in-sec 2

2 . -2
Agqn =c-04 Agqn = 178.6 in-sec
B444n =04 B444n = 132.661 deg

. -2
Adcor = |2-Vslip-© 4 Agcor = 653.430 in-sec
GAAcor = 94 + 90‘deg BAACO" = 222.661 deg

12. Repeat procedure of steps 3 and 7 for the equation in step 11.

s A
1.751
N {/
N 0 100 IN'S/S
//(\ ‘_; L
//, N .
L Acceleration Scale
///
Aﬁw// ) o
e
13. From the acceleration polygon above,
Acceleration scale factor kg = 100-——
sec2
Aqq4:=2.501-k, Agq=250.1in-sec 2 at an angle of 88.22 deg
Ag4:= 1751k, Agqr = 175.1in-sec 2

The angular acceleration of link 4 is

Agqe rad

og = 186.5 CcCwW

o4 =
c
sec

14. The graphical solution for accelerations in pin-jointed fourbars uses equation 7.4:
A+ A= (AL + A+ (Ap + Ap)
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15. For point C, this becomes: (Af + A" = (A" + Ag") + (A5 + A" , where

Acn = g-m62
64cn:=0¢ + 180-deg
App = e-m42

604Bn =04 + 180-deg
ARy = e-ag4

04Bt = 04 + 90-deg
ACBn= [0 s2
05:=27.5-deg

04CBn =95

Acn =2422insec 2
84Cn = 268.000 deg
App = 258.7 in-sec 2
04Bn = 312.661 deg
Ap; = 253.6in-sec 2
04p: = 222.661 deg

ACBn = 85.78 in-sec 2

64CBn = 27.500 deg

16. Repeat procedure of step 12 for the equation in step 15.

Y
| x
oy
‘1 } /91‘:1\1;9‘*

i[ ‘r‘ \\A{,’
3.623 ;‘ R\
N

I

17. From the acceleration polygon above,

Acceleration scale factor

Ap:=3.623-k,

AC = 2443k,

0 100 IN/'S/S
Li bl LJ
Acceleration Scale

in
ky:=100-——
“ 2
sec

Ag = 3623 in-sec 2 at an angle of -91.8 deg

Ac=2443insec > atanangle of -84.5 deg
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/Qg PROBLEM 7-53
Statement: Figure P7-23 shows a quick-return mechanism with dimensions. Use a graphical method to
calculate the accelerations of points 4, B, and C for the position shown.

Given: Link lengths and angles:
Link 1 (0,04) d :=1.6%-in Angle 0,04 makes with X'axis 01 := 195.5-deg
Link 2 (L,) a:=1.00-in Angle link 2 makes with X axis 07 := 99-deg
Link 4 (L4) e:=4.76-in
Link 5 (Ls) f=4.55in
Offset (0,C)  g:=2.86-in

Angular velocity of link 2 w7 = 10-rad-sec” ' cew a3 := 0-rad-sec 2
Solution: See Figure P7-23 and Mathcad file P0753.

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

/A of transmission 7

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4 on links 2 and 3.
Vi3:=a-o0o V43=10000—=  Oys3:= 07 + 90-deg Oy43 = 189.0deg
sec
3. Use equation 6.5 to (graphically) determine the magnitude of the velocity components at point A on link 3. The
equation to be solved graphically is

VA3 = vtrans + Vsh‘p
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a. Choose a convenient velocity scale and layout the known vector V 43.
b. 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.

d. Complete the vector triangle by drawing V ;;,, from the tip of V g, to the tip of V 43 and drawing V., from
the tail of V 43 to the intersection of the V ;;;, construction line.

Y
| 0 5in/sec
;‘ NN M S I
Vi i /%\**’ X
s SN
,«/ vm‘ - . ,//\
~ i //
) /s Vg 1.634
1.154 S
\‘,\/ \\/,

4. From the velocity triangle we have:

. -1
Velocity scale factor: k= S.m-f-ec
in
V. 1.634-in-k Vlip = 8.170 in
lip = 1.634-in- _g170n
w Y P sec

Virans := 1.154-in-k, Virans = 5.770 ﬁ

5. The true velocity of point A on link 4 is ¥4,

in
Vaq:=Virans Va4 = 5-77;

6. Determine the angular velocity of link 4 using equation 6.7.
From the linkage layout above: c:=2.068.in and  Q4:= 44.228-deg

Vaq
04:= — 04 =279 cow
C sec

7. Draw links 1, 4, 5, and 6 to a convenient scale. Indicate the directions of the velocity vectors of interest. (See
next page.)

8. 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 -, magnitude unknown.
From the tail of V g, draw a construction line with the direction of V-, magnitude unknown.

Complete the vector triangle by drawing V -p from the tip of V 3 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.

e o op
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77777“ J C/ +
o 6 {f —

~
} e
\% - X
o
9. From the velocity triangle we have:
n Ve 0 5 inisec
S.imsec | \\\ N N I
Velocity scale factor: ky:= ————— N
in \ \
Ve = 1.659-in-k, Ve = 8302 . Y
sec \\
VQ \\\
Oy = 180-deg N X
in Ye ‘
Vep:= 1.913-in-k, Vcp = 9.56 — L— 1659 ——=
sec

10. Determine the angular velocity of link 5 using equation 6.7.
From the linkage layout above: 05 := 5.805-deg

Vca
0§ =— m5—21021d— CCw
f sec

11. For the acceleration of point 4, use equation 7.19: (A, + A ") = A/ + A+ A £+ A 5P where

2 -
Agon=awr A 42n = 100.000 in-sec 2

044 =07 + 180-deg 044 = 279.000 deg
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Agor:=aor Agq2¢ = 0.000 in-sec 2
2 . -2
Aggn = c04 Agqn = 16.099 in-sec
04445 =04 + 180-deg O444n = 224228 deg
. -2
Adcor = |2-Vslip-© 4 Agcor = 45.591 in-sec
B44cor =04 — 90-deg Bddcor = 45.772 deg (Vsiip is negative)

12. Repeat procedure of steps 3 and 7 for the equation in step 11.

Au/l\ﬁTx 1.581

69 810° \

AM\\ \ A" ,//'/
///

0 25IN/S/S
L

AF ,
/ Acceleration Scale

\

N

13. From the acceleration polygon above,

Acceleration scale factor kg = 25—

se(:2
Agqi=1.581-k, Agg=395insec > atanangle of -69.81 deg
Agqr = 1.444-k, Auh=%me52

The angular acceleration of link 4 is

A4
! aq=17.57%

o4 =

cw
c

sec

14. The graphical solution for accelerations in pin-jointed fourbars uses equation 7.4:
At A =(AS+ A+ (Apf + ApfT)
15. For point C, this becomes: A~ =(Ag' + Ag") + (A + A" , where

2 -
ABn=ew4 ABn = 37.056 in-sec 2

048n =04 + 180-deg 04Bn = 224.228 deg

AB; = e-04 Ap; = 83.09in-sec 2
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04B::= 94 — 90-deg G4t = —45.772 deg

2 -
AcBn = f-05 AcBn = 20.108 in-sec 2
84CBn =05 04CBn = 5.805 deg

16. Repeat procedure of step 12 for the equation in step 15.

y = 1717 — |

A |

P U
.\ e9.s08° A
N A - |
\ 4 \ ‘ 0 25IN/S/S
\ AN Lo
\\ \\ \ Acceleration Scale
\ S
3.639 “\ A,
\ A‘;\\ \\
AN
\\\ \/\/ /j
\ ‘_/////V Ag
17. From the acceleration polygon above,
Acceleration scale factor k=25 idd
sec
Ap:=3.639-k, Ag=91.0insec > atanangle of -69.81 deg

A= 1.717-kg Ac=429insec > atanangle of 0 deg
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25 PROBLEM 7-54

Statement: Figure P7-23 shows a quick-return mechanism with dimensions. Use an analytical method to
calculate the accelerations of points 4, B, and C for one revolution of the input link.

Given: Link lengths and angles:
Link 1 (0204) d:=1.6%in Link 4 (Ly) a':=4.76-in
Link 2 (Z;) a = 1.00-in Link 5 (Ls) b' = 4.55-in
Input crank motion o7 = 10-rad-sec” I cew ap = 0-rad-sec 2

Coordinate rotation angle B := —164.5-deg  Offset (4E) ¢':=2.86-in

Solution: See Figure P7-23 and Mathcad file P0754.

1. Draw the mechanism to scale and define a vector loop for the input portion (links 1, 2, 3, and 4) using the fourbar
slider-crank derivation in Section 7.3 as a model.

62 :=v-aeg,2-aeg.. 30V-aeg N
e T )
T e T T
o Jei—+ =
_ Rt N 4
,"(/ _\\‘
//

Ry 7~ \R2

/ \
/ / — \\
= \
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2.

Write the vector loop equation, expand the result and separate into real and imaginary parts to solve for 85 and b
(distance from O, to A).

Rz =Ry + R3l
L}

J-0 J0
a-e 2:=d+b-e 3

Substituting the Euler equivalents,

a-(cos(ez) + j-sir(Bz)) =d+ b(cos(G 3) + j-sin(eg))'
Separating into real and imaginary components and solving for 6, and 5.
93(92) = atanZ(a-cos(Oz) - d,a-sin(ez))

a-si"(9 2)
b(62) = M)—)

Differentiate the position equation, expand it and solve for ®; and bdot.
. . |

J-0 J-0 J-8
a-j-wo-e 2 =bjwze 3 + bdot-e 3

a7

(03(62) = @'005(92 - 93(92))

a-mz-cos(ez) - b(e 2).0) 3(0 2)-cos(9 3(92))

bdot(ez) = sin(93(92))

Differentiate the velocity equation, expand it and solve for a,.
. J8 2 2 j6 . J03 . J-83
a-j-op-e +aj -0 e " =bdotjvze ~+bjoaze
2 2 6 J-0 J-6
+bj w3 e 3+ bddote ° + bdot-j-w y-e ’

1

5(62) (aazrcas(o2 - 03(62)) + a0 ”sin03(62) - 62) - 2-6do(63)-03(63))

a3(92) =
Determine the acceleration of point 4 on link 2 (in the global XY coordinate system) using equations 7.13a.
AAZ(Bz) = a-az-(—sir(ez) + j'cos(ez)) - ao 22‘(cos(62) + j-sin(Gz))
442(82) = |Aa2(62)| 0442(82) = arg(Aa2(62)) + B

Determine the acceleration of points A and B on link 4 (in the Global XY coordinate system) using equations
7.13a.

I;Oa?;lfr(l):tren ;na?n ree:name 05 to the global 94( 92) — 63( 62) ‘P
Rename a; to oyy: a4(9 2) = a3(62)
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Anda(02) 1= B(02)-aq(02) (~sin(0.4(62)) + i-cos(04(62))) .-
#=b(02) 0a(02)"(c0s(04(02) + 5-sin0(02))

A102) = |Axa(02)] 0444(02) = arg(Aa4(02))

AB(BZ) = a'-a4(62)-(-sin(94( )) +]- cos(94(62)))
a0 (oo(04(03) + s 02)
4p(62) = |AB(02)| 045(02) = arg(AB(02))

7. Determine O using equation 4.16.

05(02) := asin(a"Si"(94(92)) - C']

b’

8. Determine the angular velocity of link 5 using equation 6.22a:

9. Determine the angular acceleration of link 5 using equation 7.16d.

0‘5(92) — a'.a4(62)~cos(94(92)) - a'-m4(92)2.sin(94(92)) +bo 5(62)2. sin(e 5(92))

b cos(e 5(6 2))

10. Use equation 7.16e for the acceleration of pin C.

40(02) = —a"4(02)-sir(0.4(02)) - a"04(02)" cos(04(62)) ...

+b"0s(82)-sin(05(62)) + b-05(62) -cos(05(62))

ACCELERATION OF POINT A
250
200 7 ~
: A /
Q
3
\E oc2 150 f -
< Asd02)— \ /
Q mn
§
3 100
: \\ / /
$
50
0
0 60 120 180 240 300 360
02
deg

Crank Angle, deg
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ACCELERATION OF POINT B
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2
sec

N
=
)
Lo

Acceleration, mm/sec’2
s

\ //

y

0 0 60 120 180 240 300 360
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ACCELERATION OF POINT C
1000
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H 2 \ (\
g sec
< Aclo)— _—
) in
n e
5
¥
3
A —500
—1000
0 60 120 180 240 300 360
0,
deg

Crank Angle, deg



DESIGN OF MACHINERY SOLUTION MANUAL 7-55-1

@S PROBLEM 7-55

Statement: Figure P7-24 shows a drum pedal mechanism . For the dimensions given below, find and plot the
output acceleration of the linkage over its range of motion if the input velocity ¥;, is a constant.

Given: Link lengths:
Link 2 (0,4) a:= 100-mm Link 3 (4B) b:=28mm
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 velocity: Vip := 3-m-sec ! ap := 0-rad-sec 2 63 := 0-deg
Range of positions of link 2: 070 := 162-deg 021 :=171-deg
Solution: See Figure P7-24 and Mathcad file P0755.
1. Draw the mechanism to scale and label it.
P Y
/
/
3/'
/'/
//
/
o
AN
3//’ \\ 4 //' Fin
/ A / V.
. \\ / Vi
A .
e
-8, N\ —2
x ' = 1 \\@
o, 2

y

2. Calculate the range of 0, in the local coordinate system (required to calculate 05 and 6,).
Rotation angle of local xy system to global XY system: o := 180-deg

0,:=090 — a,(ezo - oc) + 1-deg..071 — a

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

d d
Kp=— Ky:=—
a C
K} = 0.5600 K = 0.8750
2 2 2 2
- +d
k=4 b *e K3 = 12850

(2-a-¢)
A(Gz) = cos(Bz) -K;- Kz-cos(ez) +K3

B(82) := ~2-sin(67)
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C(Bz) =Kj - (Kg + 1)-cos(92) + K3

4. Use equation 4.10b to find value of 0, for the open circuit.

04(02) = 2] atan] 2 4(02),-5(02) - J(8{02))* - +-4(02) (63

5. Determine the values of the constants needed for finding 0; from equations 4.11b and 4.12.

2 2 2 2
4 Kge =9 —a b K4 = 2.0000 Ks = -1.7543
b (2-a-b)

Ky:=

D(Gz) = cos(ez) -K;+ K4-cos(92) + K5

E(O 2) = —2-sin(62)
F(82) == K1 + (K4~ 1)-cos(82) + K5

6. Use equation 4.13 to find values of 85 for the open circuit.

03(02) = 2 atand 2.D(02),-5(02) - {({02))” - +-D{02) (o) |

7. Determine the angular velocity of link 2 using equation 6.7 and links 3 and 4 using equations 6.18.

V.
07 = — 07 = 62.500 752
in sec

awy sif84(82) - 62)

@3(02) = — sin(03(02) - 04(62))

a-a; sir(92 - 63(62))
04(62) = ¢ sif04(02) - 83(62))

8. Determine the acceleration of point A using equation 7.13a.

AA(BZ) = a-az-(—sin(ez) +j-cos(92)) - a-mzz-(cos(ez) +j~sin(92))
9. Use equations 7.12 to determine the angular acceleration of link 3.

A(Gz) = c-sin(64(92)) B(Bz) = b-sin(e 3(62))
D(82) = c-cos(04(62)) B(02) := b-cos(0(62))

C(62) = a-az-sin(ez) + a-mzz-cos(ez) + bo 3(92)2-cos(93(92)) - c-m4(92)2-cos(94(92))

Fi (62) = a-az-cos(ez) - a-mzz-sin(ez) -bo 3(82)2-51'11(63(92)) +Cco 4(62)2-sin(94(9 2))

_ cl02)2(02) - Aloz) (o)
a3(02) := 4(8,)-E(02) - B(62)-D(02)
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10. Determine the acceleration of the coupler point P using equations 7.32.

APA(92) = rout-(x3(92)~(—sip(93(62) + 83) +j -cos(eg,(ez) + 83))
1oy 03(02) (cos(03(02) + 83) +-5in(63(02) + 53))

Ap(62) = AA(02) + Apa(62)

11. Plot the magnitude of the acceleration of the coupler point P.

Aoul(82) = |Ap(02)|

- 5 Aout
2.22-10

22.10° 7 AN

218 10°
AWI(GZ)'—;; \

5
2.16-10 \

|

Acceleration, in/sec™2

214.10°
\

2.12-10°

=20 —-18 -16 -14 =12 =10 -8
02

deg
Crank Angle, deg

Note the acceleration scale values. If the scale went to zero, 4,,,, would be a horizontal (constant) line over the
range of 0, plotted.
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@S PROBLEM 7-56

Statement: A tractor-trailer tipped over while negotiating an on-ramp to the New York Thruway. The road
has a 50-ft radius at that point and tilts 3 deg toward the outside of the curve. The 45-ft-long
by 8-ft-wide by 8.5-ft-high trailer box (13 ft from ground to top) was loaded with 44 415 Ib of
paper rolls in two rows by two high as shown in Figure P7-25. The rolls are 40-in-dia by
38-in-long and weigh about 900 Ib each. They are wedged against rolling backward but not
against sliding sidewards. The empty trailer weighed 14 000 Ib. The driver claims that he was
traveling at less than 15 mph and that the load of paper shifted inside the trailer, struck the
trailer sidewall, and tipped the truck. The paper company that loaded the truck claims the load
was properly stowed and would not shift at that speed. Independent test of the coefficient of
friction between similar paper rolls and a similar trailer floor give a value of 0.43 +/- 0.08. The
composite center of gravity of the loaded trailer is estimated to be 7.5 ft above the road.
Determine the truck speed that would cause the truck to just begin to tip and the speed at
which the rolls will just begin to slide sidways. What do you think caused the accident?

Given: Weight of paper Wy = 44415.1bf
Weight of trailer W; = 14000-I6f
Radius of curve r:==150ft
Nominal coefficient of friction Hnom = 043
Coefficient of friction uncertainty uy, = 0.08
Trailer width w=_8-ft
Height of CG from pavement h:=15ft

Assumptions: 1. The paper rolls act as a monolith since they are tightly strapped together with steel bands.
2. The tractor has about 15 deg of potential roll freedom versus the trailer due to their relative angle
in plan during the turn combined with the substantial pitch freedom in the fifth wheel. So the
trailer can tip independently of the tractor.
3. The outside track width of the trailer tires is equal to the width of the trailer.

Solution: See Figure P7-25 and Mathcad file P0756. T
|

1. First, calculate the location of the ( |
trailer's CG with respect to the |

outside wheel when it is on the |
reverse-banked curve. From the

figure at right,
Tilt angle 0 :=3-deg
a:= h-tar(6) a=0393 ft
b::;w—a b = 3.607 fi

xbar = b-cos( 9) xbar = 3.602 ft

h
bar := b-sim8) + ——
ybar sir8) + wos(6)

ybar = 7.699 ft

The coordinates of the CG of the
loaded trailer with respect to the lower
outside corner of the tires are:

xbar = 3.602 ft ybar = 7.699 ft
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2. The trailer is on the verge of tipping over when the couple due to centrifugal force is equal to the couple formed
by the weight of the loaded trailer acting through its CG and the vertical reaction at the outside edge of the tires.
At this instant, it is assumed that the entire weight of the trailer is reacted at the outside tires with the inside
tires carrying none of the weight. Any increase in tangential velocity of the tractor and trailer will result in

tipping. Summing moments about the tire edge (see figure below),

M Fyy-xbar — Feybar=0 (1)

to the normal acceleration as the tractor
and trailer go through the curve. The
normal acceleration is
|
2 F c
E—

Ytip @

where F, is the centrifugal force due

atip =

and the force necessary to keep the
tractor trailer following a circular path - :;*\ ]
i / i [ ybar

Is |
3) J .

1R E

|

[

Fe = mprasp

where m,,, is the total mass of the ] J\ LL

trailer and its payload. Combining = e
equations (2) and (3) and solving for | T
| R

Viip, We have
Fer 4) [ xbaA

or,
Forg
)

3. Calculate the minimum tipping velocity of the tractor/trailer. From equations (1) and (5),

Total weight Fy:=W;+ Wp Fy, = 58415 Ipf
. . xbar
Centrifugal force required Fp:= -Fy, Fo=273291pf
to tip the trailer ybar
.. .. Ferg
Minimum tipping speed Viip = 7 viip = 18.7mph
w

Thus, with the assumptions that we have made, the trailer would not begin to tip over until it reached a speed of
Vn'p = 18.7 mph

4. The load will slip when the friction force between the paper rolls and the trailer floor is no longer sufficient to
react the centrifugal force on the paper rolls. Looking at the FBD of the paper rolls below, we see that

Normal force between F,= Wp-cos( 0) ~ Fopsi n( 0) ©6)

paper and floor



DESIGN OF MACHINERY SOLUTION MANUAL 7-56-3

Tangential force tending to slide the paper

Fi = Wp-sin( ) + Fcp-cos(g) @

Centrifugal force on the paper

2
W, W, v
Fop= _ﬁ.as =_P 5 (8)
g g r
But, the maximum friction force is Fr=pu-Fy=F ¢))

Substituting equation (9) into (7), then combining (6) and (7) to eliminate F,,, and solving for F, yields

_ Wp-(y-cos(0) - sin(B))

Fo =
& ,u-sin( 0) + cos(0)

Substituting equation (10) into (8), to eliminate F,, and solving for v; yields

(10)

Vs

_ (z-cos(8) - Sl'”(o))J_r_g 11

p-sin(e) + cos( 0)

5. Use the upper and lower limit on the coefficient of friction to determine an upper and lower limit on the speed
necessary to cause sliding.

Maximum coefficient Hmax = Hnom + Uy Hmax = 0.510
Minimum coefficient Hmin = Hnom — Uy Hmin = 0.350
Maximum velocity to cause sliding

_ (l‘max'cos( 0) - Si"(e)) _
Vsmax .—j[ ,umax-sin(ﬂ) R cos(o) J~r-g Vsmax = 18.3mph

Minimum velocity to cause sliding

(i cos(8) — i 6)) J

ﬂmin‘Si"(g) + COS( 0)

VYsmin = Vsmin = 14.8 mph

6. This very rough analysis shows that , if the coefficient of friction was at or near the low end of its measured
value, the paper load could slide at a tractor/trailer speed of 15 mph, which would lead to the trailer tipping over.
In any case, it appears that the paper load would slide before the truck would tip with the load in place.
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&S PROBLEM 7-57

Statement: Figure P7-26 shows a V-belt drive. The sheaves (pulleys) have pitch diameters of 150 and 300 mm,
respectively. The smaller sheave is driven at a constant 1750 rpm. For a cross-sectional,
differential element of the belt, write the equations of its acceleration for one complete trip around
both pulleys including its travel between the pulleys. Compute and plot the acceleration of the
differential element versus time for one circuit around the belt path. What does your analysis tell
you about the dynamic behavior of the belt?

Units: rpm:= 2-n-rad-min !
Given: Sheave radii and speed:
ry:=75mm r4:=150-mm ®2 = 1750-rpm

Assumptions: Center distance: C:=450mm
Solution: See Figure P7-26 and Mathcad file P0757.

1. Draw a schematic representation of the V-belt drive to scale and label it.

~——
f D"+ S
e 7
AR
/ !,/ P L AN

— /i@j} ****** I %@@ | }

\ / TN

\ R150.000 ) i \
{/ 1 \ ) / - D - R75.000
~ ‘F\\,«/ 4;// T
Cc
From the layout,
Angle to point of tangency B :=9.594-deg
Distance from 4 to B L4p := 443.706-mm
Distance from B to C Lpc:=(m + 2:8)-r4 Lgc = 521473 mm
Distance from C to D Lcp = 443.706-mm
Distance from D to 4 Lpg:=(n-2B)r Lpg = 210.502 mm
Total path length L=Lgp+ Lgc+ Lcp+ Lpg L =1619387 mm

2. Calculate the angular velocity of each sheave.

Sheave 2 0y = 183260724
sec

r2 d
Sheave 4 04'= =0 w4 = 91.630 =
ry sec
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3. Calculate the acceleration of an element on the belt for each portion of the path, starting at 4.

From A to B the acceleration is zero since the belt velocity is constant Ayp = 0.2

sec
From B to C the tangential acceleration is zero since the belt velocity is constant The normal component is

2
A= rg04 Apc = 1.259 x 106’”—”;
sec
From C to D the acceleration is zero since the belt velocity is constant Acp = o.ﬂ
2
sec

From D to 4 the tangential acceleration is zero since the belt velocity is constant The normal component is

2
Ap4 = ryoo Apyg = 2.519 106ﬂ”-’2-

sec
4. Plot the acceleration over the entire path using a path variable of s.

§s:=0-mm,5mm.. L

Define a range function that will plot a variable only between two limits using the Heaviside step function @.
R(s,a,b) :=®(s —a) ~ P(s - b)

The acceleration function for the entire path is.
Let sp=1ILgp s2:=Lasp + Lpc s3:=ILap+ Lpc+ Lcp

A(s) = AAB'R(s,O-mm,sl) + ABc-R(s,sl,sg) + ACD-R(s,sg,sg) + ADA'R(s,sg,L)

BELT ACCELERATION ALONG PATH

3.10%

o~
<U 6
g 2.10
E sec

> A(s)-
§ mm
S ___
N
3 1-10°
O
<

0
0 500 1000 1500 2000

R

mm
Distance Along Path, mm

5. The graph shows the sudden change in acceleration as the belt enters and leaves a sheave. This results in
infinite jerk at these points. This results in belt "hop" at these points, a condition that will cause eventual
fatigue failure and wear in the belt. Because of the belt hop caused by infinite jerk at the initial belt/sheave
tangency points the span of the belt is continuously vibrating,



DESIGN OF MACHINERY

25 PROBLEM 7-58

SOLUTION MANUAL 7-58-1

Statement: Write a program using an equation solver or any computer language to solve for the
displacements, velocities, and accelerations in an offset slider-crank linkage as shown in Figure
P7-2. Plot the variation in all link's angular and pin's linear positions, velocities, and accelerations
with a constant angular velocity input to the crank over one revolution for both open and crossed
configurations of the linkage. To test the program, use data from row a of Table P7-2. Check your
results with program SLIDER.
Enter: Link lengths:
Link2 ag:=14-in Link3  b:=4.in
Offset: c:=1-in
Link 2 velocity and acceleration: w7 := 10.ﬂ oy = 0-ﬂ
sec 2
sec
Crank position range: 02 = 0-deg,2-deg..360-deg
Solution: See Figure P7-2 and Mathcad file P0758.
1. Draw the linkage and label it.
Y
‘
\ LB oy
| Ty
| s
[ A ////’// b l
e '
! / c
5 /> |
A% |
N [ I T
7
02 iT
: - d —
2. Determine 05 and d using equations 4.16 and 4.17.

Open: 932(62) = asin(—iﬁiiz—):) + 7

d2(92) = a-cos(Bg) - b-cos(e 32(62))

Crossed: 03] (9 2) = asin(i‘?h(?Tz):—c)
d 1(9 2) = a-cos(e 2) - b~cos(9 3 ](9 2))

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

Open
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Crossed 0)3](62) = f’..._cff@_zz__.mz

b cos(93 1(62))
4. Determine the velocity of pin A4 using equation 6.23a:

VA(Bz) =a-o 2-(—sin(92) + j-cos(ez))

VAx(Gz) = Re(VA(ez)) VAY(BZ) = Im(VA(QZ))

5. Determine the velocity of pin B using equation 6.22b:
Open Vg1(02) = ~a-w2-5if(82) + b-031(82)-si(631(62))
Crossed  Vpy(02):= —a-w2-sin(82) + b-032(82)-5in(832(82))

6. Using the Euler identity to expand equation 7.15b for A, determine its x and y components.
AA(02) = aop-(-sin(82) + j-cos(82)) - @02 (cos(02) + j-5in(62))
A1x(02) = Re(44(62)) 41v(02) = Im{A4(62))

7. Determine the angular acceleration of link 3 using equation 7.16d.

arazcos(02) - 07 -sin{82) + b-w3z(02)"sin(032(62))
b-cos(e 32(6 2))

Open a3(02) =

aaycos(82) - a0y -sin03) + b-031(62) sir{631(62))
b-cos(e 3 1(9 2))

Crossed a3y (e 2) =

8. Use equation 7.16e for the acceleration of pin B.

Open: Agg(ez) = —a-az-sin(ez) - a-mzz-cos(eg)
+ b-032(02) 5in(835(02)) + b-032(82) -cos(032(62))

Crossed: AR 1(62) = -—a-az-sin(ez) - ao 22-cos(62)
+b-a31(02)-sin(631(62)) + b-m31(92)2-cos(93|(92))

(See plots on the following pages.)
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SOLUTION MANUAL 7-58-3

9. Plot the angular position of link 3 and the distance of pin B from the y axis for open (solid) and crossed (dashed)

configurations.
ANGULAR POSITION OF LINK 3
250
200 \ ////"'——\\\
‘\___——_‘_-.—“‘
32(02) 150
%o deg
3 031(62) 100
X deg
""" 50
L e N _
-50
45 90 135 180 225 270 315 360
0,
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Crank Angle, deg
POSITION OF PIN B
6
]
5 //
4 /
afe;) 3
T 2
~ 1
¥
g d(0,) o
2 o, 1
R,
_3 -------- = — e S
._4 T Sy N - =
-5 N e — thd
)
0 45 20 135 180 225 270 315 360
02
deg

Crank Angle, deg
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10. Plot the angular velocity of link 3 and the velocities of pins 4 and B for open (solid) and crossed (dashed)
configurations.

ANGULAR VELOCITY OF LINK 3

- \\\ / \ ’/
2 : / /!
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o VAX(GZ)'—.— . -7
% in . v
2 sec 0 K ‘
sV (G ) _— ~ e
Q Yar\Vz) S .
§2
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VELOCITY OF PIN B
20
sec 10 4 / \-\\ \
g Vad02)— N \
2 /’ L
S 4 ~
% sec 0 \ 5 : / _ <
S Vii(62)— o7 N
- mn RS ’
R e R %
-10 MR p
=20
45 90 135 180 225 270 315 360
02
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11. Plot the angular acceleration of link 3 and the accelerations of pins 4 and B for open (solid) and crossed
(dashed) configurations.

ANGULAR ACCELERATION OF LINK 3

Anglular Acceleration, rad/sec™2
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&S PROBLEM 7-59

Statement: Write a program using an equation solver or any computer language to solve for the
displacements, velocities, and accelerations in an inverted slider-crank linkage as shown in Figure
P7-3. Plot the variation in all link's angular and pin's linear positions, velocities, and accelerations
with a constant angular velocity input to the crank over one revolution for both open and crossed
configurations of the linkage. To test the program, use data from row e of Table P7-3 except for the

value of o2, which will be set to zero for this exercise.

Enter: Link lengths:
Link 2 a:=4-in Link 4 c:=2-in Link 1 d:=8-in

Angle between links 3 and 4 Y := 30-deg

Link 2 velocity and accel. w7 = —45~L‘£ oy :=0- rad
sec

sec

Crank position range: 07 := 0-deg,2-deg.. 360-deg
Solution: See Figure P7-3 and Mathcad file P0759.

1. Draw the linkage and label it.

I~ g
/ \\‘ A~ /’
y 7
| SN
| N4 s
/3 N
b / \\
// \‘\ C
/ \\
a XA .
/// \\\
(& // * d S X
{ /) 1 -
0, 04

2. Use the equations in Section 4.7 to solve for the positions of links 3 and 4 and for the length b.
P(82) := a-sin(82)-sinly) + (a-cos(82) - d)-cos(y)
0(02) = —a-5in(82)-cos(y) + (a-cos(92) — d}-sinly)
R = —-sin(y) 5(62):= R- 0(62) 7(62):=2-P(62) U(82) = 0(e2) + R

Open: 64(02) = 2] (2:5(02)).(-1(02) + 02 - 45(02)-(e2))
931(92) = 941(92) +v

a-sin(ez) - c-sin(94](92))
b1(02) = sin{831(62))
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Crossed: 942(92) = 2-atan{(2's(62))’—7'(92) - \/7(92)2 B 48(62). U((-)z)J
032(02) == 042(02) - v
a-sin(B;)_) - C'Si”(942(92))
b2(02) = sin(635(62))

3. Calculate the angular velocity of links 3 and 4 and the slip velocity using equations 6.30.

. B a.mz-cos(ez - 631(92))
Open: (04](92) = (bl(ﬂz) + c-COS(Y))

—a-02-5if82) + 041(02)-(21(82)-5i(631(02)) + c-sir(841(62)))

cos(B 31 (9 2))

bdot](ez) =

0)31(92) = w41(92)

a-mz-cos(ez - 632(92))

(b 2(92) + c-cos(y))
—a-0p-5in(02) + 042(82)-(62(62)-5i(032(02)) + c-sif(8.42(82)))

cos(() 32(6 2))

Crossed: m42(6 2) =

bdot(87) :=

w32(92) = m42(92)

4. Solve for the accelerations using equations (7.26) and (7.27).

Open:
P1(02) = a-azcos(031(62) - 02) 01(02) = a0y -sin(831(82) - 62)
R](Bz) = c-m41(62)2-sin(641(92) - 931(92)) S](Oz) = 2-bdor1(92)-m3|(62)

T}(Gz) = b1(92) + c-cos(93](92) - 941(92))

P1(62) + 01(82) + Ri(62) - 51(62)
T1(92)

a41(92) =
K1(62) = a-02"(51(82)-cos(031(02) - 82) + c-cos(6.41(62) - 02))
L1(62) = a-a2-(b1(92)-sir(92 - 931(92)) - c-sin(94](92) + 62))

M1(62) = —m41(92)2-(b1(62)2 + 02 + 2-b1(92)-c-cos(941(62) - 931(62)))

N1(82) := 2-bdot 1(62)-c-0.41(82)-sir(0.41(82) ~ 031(62))
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Ki(62) + Li(62) + My(82) + Ni(62)

bddot/(9) := 703

AA(Gz) = a-az-(-—sin(ez) + j-cos(ez)) - ao 22-(cos(62) + j-sir(ﬁz))

AAx(Bz) = Re(AA(Gz)) A4 Y(92) = 1”’(AA(92))

Am(ez) = —c-a4|(62)-(sin(941(62)) - j-cos(941(92)))
+—c-041(02)*(cos(041(02)) + i-sin(0.41(62)))

ABI(Gz) = IAm(@z)l 6A31(92) = arg(Am(Gz))

Crossed:

Pz(ez) = a-az-cos(eg,z(ﬂz) - 92) Qz(ﬂz) = a-mzz-sin(932(92) - 92)
RA62) = c-0.42(82)" sin(0.42(62) - 032(62)) 52(82) := 2-bdor2(62)-032(62)

T;-(Gz) =b 2(92) + c-cos(e 32(62) - 942(02))

PA62) + 02(62) + R2A(02) — 52(62)
T2(92)

a42(9 2) =

KA82) = @02 -(6(02)-cos(032(82) - 02) + c-cos(8.42(82) - 62))

12(82) = a-0z-(62(82)-sif{82 — 032(02)) — c-sinf842(62) + 02))

M02) = —0.402) (5402 + & 1 2-5402) ¢ cos0.2(02) - 03:(02)))
N2(62) = 2-bdot(82) c-0.42(02) sir{0.42(02) - 032(62))

KA02) + Ly{(62) + MxA62) + Nx{82)
7402)

bddotz(e 2) =

Agz(ﬁz) = —c-a42(92)-(sin(642(92)) -j -cos(942(92)))
+—c-042(82)" (cos(042(62)) + j-sir(0.42(62)))

A 32(92) = |A32(62)| 0,432(92) = arg(ABz(ez))
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5. Plot the angular position of link 4 and the distance b for open (solid) and crossed (dashed) configurations.

ANGULAR POSITION OF LINK 4
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6. Plot the angular acceleration of link 4 and the accelerations of points 4 and B for open (solid) and crossed
(dashed) configurations.

. ANGULAR ACCELERATION OF LINK 4
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&S PROBLEM 7-60

Statement: Write a program using an equation solver or any computer language to solve for the
displacements, velocities, and accelerations in a geared fivebar linkage as shown in Figure P7-4.
Plot the variation in all link's angular and pin's linear positions, velocities, and accelerations with a
constant angular velocity input to the crank over one revolution for both open and crossed
configurations of the linkage. To test the program, use data from row a of Table P7-4. Check your

results with program FIVEBAR.
Enter: Link lengths:
Link 1 fi=6-in Link 3 b:=7-in Link 5 d:=4.in
Link 2 a:=1-in Link 4 c:=9in

Gear ratio, phase angle, and crank velocity and acceleration:
A=2 ¢ = 30-deg w7 = 10-rad-sec” ! a3 := 0-rad-sec 2

Coupler data: ~ Rpg := 6-in 83 := 30-deg
Solution: See Figure P7-4 and Mathcad file P0760.

1. Determine the angle of link 5 using the equation in Figure P6-4.

85(82) := 202 + ¢
2. Determine the values of the constants needed for finding 65 and 6, from equations 4.24h and 4.24i.

A(Oz) = 2-c-(d-cos(k-92 + ¢) - a-cos(ez) + )

B(Oz) = 2-c-(d-sin(k-02 + ¢) - a-sin(Gz))
C(Oz) = (a2 - b2 + 02 + 4 + f2) - 2~a-f-cos892)

+—[2-d-(a-cos(62) - f)-cos(x-ez + ¢)
+-2-a-d-sin(87)-sin(1-07 + ¢)

)=Clog)-4(02)  A02)=28(62)  F(02):= 4(62) + (02)

) 2-b- [—(d cos(l 09 + ¢)) + a- cos(62) f]

H(02) := 2.6 {d-sir(1-82 + ¢)) + a-sif(07)]

((-)2) (a +b - c +d +f ) 2-a-f-cos 92)
A

1{07) = K(62) - G(62) M(82) = 2-H(82) N(82) = G(82) + K(82)

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

OPEN 63](92) = 2-(atan2(2-L(92),—1‘492) + J M(GZ):z - 4‘L(92)'N (62)D

D(Bz

G(Bz

=

041(02) = 2 (wand 2.0(02).-8(02) - [E02) - #0(6)-70)))
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CROSSED  83,(62) := 2-(atan2(2-L(62),—M(62) - J M(82)2 - 4-L(62)-N(92)))

942(62) = 2-(atan2(2-D(62),—E(92) + \] L(ﬂz)z - 4'0(92)'F(92)))

4. Use equation 6.32c to findw;. os5:=X102

5. Calculate ©; and o, and the pin velocities using equations 6.33.
OPEN

) +2-5i{041(02))-(a-0 25102 - 041(02)) + d-05-5in{041(62) - 05(62)))]

‘031(92) = b-(cos(631(92) - 2'941(92)) - cos(631(02)))

a-0y-sin(02) + b-031(82)-si831(62)) - d-05-5in(05(65))

m41(92) = c-sin(641(92))

VA(82) := a-w2-(~sin(82) + j-cos(62))

/{02) = Re(VA(02) /ifoc) = im{va(6)
VBA1(02) = b-031(02)-(~sirf031(02)) + j-c05(031(02)))
V(82) = d-o s (~sif85(62)) + j-cos(05(62)))

Vm(ez) = VA(62) + VBA1(92)

VB1+(02) == Re(VB1(62)) VB1,{02) = Im(Ve1(62))
CROSSED
of62) = {2-5im(0.42(02))-(a-0 2-5ir{B; — 0.43(02)) + d-05-5in(0.42(82) - 05(62)))]

b-(cos(832(82) - 2-042(62)) — cos(632(62)))

0s2(02) = a-0y-sin(82) + b-032(02)-sin(032(62)) - d-0 5-5in(085(62))
' c-sin((-)42(62))

VBA2(02) := b-032(02)(~sin(832(62)) + j-cos(032(62)))
Vm(e 2) = VA(9 2) + VBAz(Bz)

ngx(e 2) = Re(Vnz(G 2)) VB2y(e 2) = I”'(VBZ(G 2))

6. Useequation7.28cto finda,. as:=21-ap

7. Calculate o; and o, and the pin accelerations using equations 7.29.
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OPEN

+b-031(02) -cos(031(02) - 041(82)) + d-ws -cos(65(62) ~ 041(62)) -
+d-assin{5(02) - 041(62)) + c-041(62)°

b-sin(931(92) - 941(92))

{—a-az-sin(ez - 041(02)) - a0y -cos(0 - 041(62)) ... }
)

0t31(92 =

+—c-041(82) -cos(831(02) - 641(62)) - d-0 5 -cos(831(62) - 05(62)) ...
+d-assin(831(62) - 05(62)) + - m31(92)2

[a-az-sin(ez - 631(62)) + a0 cos(ez 931(92)) ]
a41(82) = c-sin(041(62) - 031(62))

AA(GZ) = a-az-(—sin(ﬁz) +j -cos(ez)) - ao 22-(cos(62) +J -sin((-]z))

A Ax(ez) = Re(AA(Gz)) AAy(QZ) = Im(AA(GZ))

ABA1(82) = b-c31(82)-(~sir(831(02)) + j-cos(831(62))) .-
+-b-031(02)(cos(031(62)) + -sim(631(62)))
Am(ez) = AA(92) + ABA1(92)
Apix(02) := Re(AB1(92)) 4g1(02) = Im{Ap1(62))
Ac(02) = c-as(~sin(B5(62)) +j-cos(05(62))) -..
+-c0s(cos(05(62)) +J -sin(05(62)))
Acy{02) = Re(Ac(02)) Acy(02) = Im(Ac(62))

CROSSED

—a-az-sin(Gz - 942(62)) - a-mzz-cos(ez - 642(92))
+-b-03(82) cos(032(62) - 042(62)) + d-os -cos(05(62) - 042(62)) ..

a03) = +d-as-si(85(02) — 042(82)) + c-o 42(92)2
- b-sin(837(602) - 042(62))

+—c-04(02) -cos(032(62) - 042(82)) — d-s cos(632(62) - 05(62)) ..

{a-az-sin(ez - 932(62)) + a-wzz-cos(()g - 932(62)) }

an(02) = +d-as-sif83(02) - 05(62)) + b.m32(92)2
- c-sin{8.42(62) - 032(62))
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ABAZ(GZ) = b-a32(92)-(—sin(9 32(62)) +J -003(632(92)))
+-b-032(02)(cos(032(62)) + j-sin{032(62)))

A|;2(92) = AA(Bz) + ABA2(92)

A ng(e 2) = Re(A32(9 2)) A Bzy(e 2) = Im(A];z(G 2))



DESIGN OF MACHINERY SOLUTION MANUAL 7-61a-1

&< PROBLEM 7-61a

Statement: Find the acceleration of the slider in Figure 3-33 for 8, = 110 deg with respect to the global X axis
assumning a constant w, = 1 rad/sec CW. Use a graphical method.

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) c:=2310:in Link 1 (O, to Oy) d :=1.000-in
Link 5 (Bto C) e :=5.400-in
Coordinate angle 8:= —102-deg Crank angle: O2xy = 110-deg
Input crank angular velocity o7 = -1-rad-sec ! Cw
Input crank angular acceleration ap := 0-rad-sec 2

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((-}:)) if x>0
x
atan| | = | | + & otherwise
X

Solution: See Figure P6-33 and Mathcad file P0761a.

1. Draw the linkage to scale and label it.
Direction of AAt

Y

148.950° Direction of ABAt

Direction of ABt

158.818°
Lo 57, ; / \\
___)__<|,f_u_ﬁ,~_T1 S%JJ_;fi

VaVA
102.000° pyrection of AC

f._/

Direction of ACB

02:= Ooxy - 8 07 = 212.000 deg

2. Inorder to solve for the acceleration at point B, we will need 03, w3, and 6,. From the graphical position solution
above (in the local xy coordinate system),

03 := 148.950-deg — 180-deg — & 03 = 70.950 deg
04 := 57.635-deg — & 04 = 159.635 deg

Using equation (6.18),
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a0y sm(94 - 92)
®3:
P76 (sios - 04))
a-o) str(Bz 93)

4T e sinoa- 03))

3. The graphical solution for accelerations uses equation 7.4: (Ap'+ Ap")=(A/+ AN+ (Ap/ +Ap,")

03 = —0.832rad-sec

04 = —0.591 rad-sec

4. For point B, this becomes: (A5 + A" =(A//+A M +(Ag/ + Az, where

ABp:=co 42 Apn = 0.806 in-sec 2
04Bn =04 — 180-deg + & O4Bn = —122.365 deg
Agn:= a-wzz Agn=2.170in-sec 2
O4dn =07 + 180-deg + & G440 = 290.000 deg
Agy = a-ap Agr = 0.0in-sec 2
0441:= 02 + 90-deg + & B44¢ = 200.000 deg
ABan=b-0 32 Apan = 1.429 in-sec 2
04BAn =03 + 180-deg + & 04B4n = 148.950 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g at an angle of 6 45, + o and A 47 at an angle of 6 44, + .. From the tip of A /7, draw A 4 at an
angle of 0,44, + a.. From the tip of A , draw A g 4" at an angle of 6,4, + o. Now that the vectors with known
magnitudes are drawn, from the tips of A g7 and A 5,7, draw construction lines in the directions of A & and Ag,

respectively. The intersection of these two lines are the tips of A, A, and Ap /.

14 1
7\'\ [ X
0 1INS/S o 350 Ag /
[ . /
Acceleration Scale Ag — éﬁ \103 340“
A \ A‘
\AA
AB. ~_\ A
6. From the graphical solution above,
Acceleration scale factor kg == 1.000-——
sec2
Ag = Agn Ag=2170in-sec 2 at an angle of 290.0 deg
Ap:=0.850-k,4 Ap = 0.850 in-sec 2 at an angle of -103.340 deg

7. From Problem 6-70a, the angular velocity of link 5 is @5 := 0.145-rad -sec ! CCW. From the graphical layout,

05 := 158.818-deg in the global XY coordinate system.
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8. For point C, equation 7.4 becomes: A= Ag+(Acp'+ Ag") , where A is known and

2 -
ACBn = e-05 Acgn = 0.114 in-sec 2
0A4CBn = 05 04CBn = 158.818 deg
Y
—=t=— 0005
; Ac
A X
0 0.5IN/S/S
Lava 1 . /
Acs
Acoeleration Scale
A%

9. From the graphical solution above,

Acceleration scale factor kg = 0.50--—1'1—2

sec

Ac = 0.005-k, Ac = 0.0025 in-sec 2 at an angle of 0.000 deg
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&S PROBLEM 7-81b

Statement: Find the acceleration of the slider in Figure 3-33 for 6, = 110 deg with respect to the global X axis
assuming a constant , = 1 rad/sec CW. Use an analytical method.

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) c:=2310-in Link 1 (O; to Oy) d :=1.000-in
Link 5 (Bto C) e:=5.400-in
Coordinate angle 8 := -102-deg Crank angle: G2xy = 110-deg
Input crank angular velocity w2 :=—1-rad-sec ' cw
Input crank angular acceleration ap = 0-rad-sec 2
Solution: See Figure P6-33 and Mathcad file P0761b.
1. Draw the linkage to scale and label it.
Y

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

Transform crank angle to the local xy coordinate system:

02:= O2xy - 8 62 = 212.000 deg
d
K= 4 Ky:=—
a C
K] = 0.4608 K> = 0.4329
2 2 2 2
k3= & =0 *c +d K3 = 0.6755
(2-a-c)

A= cos(&z) - Ky - Kg-cos(ﬂz) + K3
B:= —2-sin(02)
C:=Kj- (Kg + 1)-cos(6’z) + K3

A=-02662 B=1.0598 C=23515
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3. Use equation 4.10b to find values of 8, for the open circuit.

Oyxy = 2~(atan2(2-A,—B - \I B2 - 4-A-C))

SOLUTION MANUAL 7-61b-2

O4xy = —200.365 deg

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

cz—a'z—az—b2
Ky:=

Ks:=

Sal %

(2-a-b)

D= cos(ag) - Kj+ K4-cos(02) + K5
E:.= —2-sin(62)
F=Kj+ (K4 - I)-cos(ﬂz) + K5

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

O3y = 2-(atan 2.D-E B - 4-D-F))

K4 = 0.4838

Ks = —0.5178
D = -2.2370

E =1.0598

F =0.3808

83xy = —289.050 deg

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

amw) sin(04xy - 62)
b sin(03xy - O4xy)
a-w; sin(8 - 63xy)
c .sin(04xy - 03xy)

w3 =

Wy =

d
w3 = —-0.832 =
sec

w4 = -0.591 794
sec

7. Use equations 7.12 to determine the angular accelerations of links 3 and 4.

B:= b-sin(03xy)

B=1954in

A= c-sin(64xy)

A =03804in

D=c cos( 04xy)

D =-2.166in

E:= b'cos(93;9,)

E=0675in

C=a az-sin(ﬂz) + a-wzz-cos(ag) + b-a)32-c0s(03xy) - c-a)42-cos(04xy)

in

C=-0.618
sec

F=a az-cos(ﬂg) -a a)zz-sin(az) - b-a)32-sin(03xy) + c-a)42-sin(04xy)

F= 0.07912
sec
C.D- AF d
a3= —— 22 a3 = 02672
A-E— B-D
sec

8. Transform 6, back to the global XY system.

O4:= 045y + 8 64 = -302.365 deg

9. Determine 05 using equation 4.17.

Offset: cc:=0-in

ay:=
A-E-BD

C-E-BF

rad

as=-0.120—

sec
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c-sin(6?4) - cc) o

e

G5 = asin(— 05 = 158.818 deg

10. Determine the angular velocity of link 5 using equation 6.22a:

_e.cos(6) 0145784
ws = e-cos(65) ‘w4 ws = 0.145 o

11. Determine the angular acceleration of link 5 using equation 7.16d.

c a4-cos(64) -c a)42-sin(64) + e-a)52~sin(95) rad

o eon(0) as = 0.156;

as =
12. Use equation 7.16e for the acceleration of pin C.
2 2
Ac:= —c-a4-sin(04) - Cc-w4 -cos(94) + e-a5-sin(95) + e-ws -cos(95)

Ac = 0.00161 L A positive sign means that A is to the right.
2
sec
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&S PROBLEM 7-62

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular acceleration of link 4 and the linear acceleration 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 v,
=1 rad/sec CW. Plot 4, both as a function of 6, and separately as a function of slider position as
shown in the figure.

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) c:=2.310-in Link 1 (O, to Oy) d :=1.000-in
Link 5 (Bto C) e = 5.400-in
Coordinate angle §:= -102-deg Crank angle: Boxy = 0-deg,1-deg.. 360-deg
Input crank angular velocity ®2 = -1-rad-sec ' cw
Input crank angular acceleration ay:=0-rad-sec 2
Solution: See Figure 3-33 and Mathcad file P0762.

1. Transform crank angle to the local xy coordinate system: &> ( Grxy ) =0Oxy -6
2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

d
K; :=§ K7 =04608 Kz::: K> =0.4329

2 2 2 2
—b
K3:=2 te +d K3 = 0.6755
(2-a-c)

A(Hzxy) = cas(ﬂz(ﬂzx}')) -K; - Kz-cos(ﬂg(&gxy)) + K3
B(02X}') = —2-sin(92(()zxy))

C(Bzxy) =K - (Kz + l)-cos(ﬂz(ﬁzxy)) + K3

3. Use equation 4.10b to find values of 0, for the open circuit.

94»,(62,\')') = 2~(atan2(2-A(02)(y),—B(ﬂzxy) - JB(HZX)')Z - 4-A(02Xy)-C(02X}')D

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

2 2 2 2
d & —a b

<z Ks:=< 4 Ky=04838  Ks5=-05178
b (2-a-b)

D(ngy) = cos(&z(&gxy)) -Kj+ K4-cos(62(92Xy)) + K5
E(Hzxy) = —2-sir(02(02xy))

F(Bzxy) =K;+ (K4 - l)-cos(&z(ezxy)) + K5

Ky:=

5. Use equation 4.13 to find values of 9 for the open circuit.

03)0,(6’2,\')') = 2-(a1an2(2-D(02XY),-E(Ozxy) - JE(&)X;')Z - 4-D(92Xy)-F(92)(y)D
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6. Determine the angular velocity of links 3 and 4 for the open circuit using equations 6.18.
awy sin( 94xy( Oox Y) - 92( O2xy ))
b Si”(03xy(92XY) - 6’4xy(92X7))
awy sin( 92(92XY) - ‘93xy(92XY ))
c sin(04xy(02)(y) - 03xy(02XY))

7. Use equations 7.12 to determine the angular acceleration of link 4.

0)3(02)()/) =

0)4( 02Xy) =

A( Hng) = c-sin(94xy(02)(y)) B(Bzxy) = b-sin(03xy(92Xy))
D(egxy) = c-cos(04xy(92)(y)) E(Hzxy) = b-cos( 03,0,(02 Xy))
C(Hzxy) = a-az-sin(&z(@zxy)) +a a)gz-cos(ﬂz(HZXy))

+b-3(82x7) -cos( B3 02x7)) - ¢ @ O2x7)"-cos( B4 (62x7))
F(62x7) = a-azcos(82(62xv)) - a3 ™-sin(62( 62x7)) ...

+ —b'0’3(92XY)2'Si"(93A3’(6’2XY)) + 0‘04(02XY)2'S""(94xy(92XY))

C(Gzn)-E(ngy) - B(Hng)-F(GZXy)
A(szy)-E(Hng) - B(Ong)-D(BZXy)

a4(02X}') =

ANGULAR ACCEL - LINK 4

/N

1
2
o) = /

-1
0 45 90 135 180 225 270 315 360

Ooxy
deg

8. Transform 0, back to the global XY system.
04(ngy) = 94,9,(6’2)()/) + 8

9. Determine 05 using equation 4.17. Offset: cc:=0-in

c-sin( 04 62xv)) - CCJ +

e

05(02)(}') = asin(
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10. Determine the angular velocity of link 5 using equation 6.22a:

11. Determine the angular acceleration of link 5 using equation 7.16d.

c-af Baxy)cos(6402x7)) - c- oA O2xv)-sin( 04 02x7)) ..

_te o5 92XY)2'Si”( 6{62x7))
a5( 92XY) = e-cos( 05( 92XY))

12. Use equation 7.16e for the acceleration of pin C.

Ac(HZXy) =—C- a4(02 Xy)-sin(04(¢92)(y)) - c- a)4(02 Xy)z-cos(04(02Xy))
+e- a5(02Xy)~sin(05(92Xy)) + e-w5(02Xy)2-cos(65(62Xy))

ACCELERATION - PINC

4 Ja\

A\

R N

—4

0 45 90 135 180 225 270 315 360

deg
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&S PROBLEM 7-83a

Statement: Find the angular acceleration of link 6 in Figure 3-34b for 6 = 90 deg with respect to the global X
axis assuming constant ®, = 10 rad/sec CW. Use a graphical method.

Given: Link lengths:
Link 2 (Oy to 4) g = 1.556-in Link 3 (4 to B) f:=4.248.in
Link 4 (O4t0o C) ¢:=2.125-in Link 5 (Cto 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 85 := 36.0-deg
Output rocker angle: 0¢:= 90-deg Global XY system
Input crank angular velocity ®7 := 10-rad-sec ! Ccw
Solution: See Figure 3-34b and Mathcad file P0763a.

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

Direction of AC

Direction of A

Direction of AC B

Direction of ABDt—

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 o and eventually find a value for a;. We will then multiply the magnitudes of all velocities
by the ratio of the actual o, to the found o,. Use Problem 6-73 for the link angular velocities.

Assume: ag = 100-rad-sec” 2 cew

From Problem 6-73 and the graphical layout (angles in the global XY coordinate system):

wg := 24.124.-rad-sec ! cw 06 := 90.000-deg
0s:= 14.64-rad-secc’’  CW 852 = 217.003-deg  Os) := 253.003-deg
W4 = 14.64-rad-sec_1 cw 04 := 144.195-deg

®3:= 3016.rad-sec”’  CW 03 := 144.628-deg
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o3 = 10.000-rad-sec | CW 0y = 221.690-deg

3. The graphical solution for accelerations uses equation 7.4: (Ap'+ Ap")=(A/+A M +(Ap/ + Ap™
4. For point C, this becomes: (A" + A =(Ap + AN +(Acp + Acp?) , where

Acn = c-m42 Acn = 455.450 in-sec
84Cn =04 + 180-deg B4Cn = 324.195 deg

App = a~m(,2 Apn = 897.394 in-sec” >
O4Dn = 0¢ + 180-deg 84Dn = 270.000 deg

Aps = a-og Apy = 154.200 in-sec 2
B4p¢ = 06 + 90-deg 84p; = 180.000 deg
ACDn = b5 ACDn = 462523 in-sec”
84CDn = 652 — 180-deg 84CDn = 37.003 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A" at an angle of 0 4¢, and A p7 at an angle of 6 45, From the tip of A", draw A pf at an angle of
041 + a. From the tip of Apf, draw Acp” at an angle of O¢p,,. Now that the vectors with known magnitudes are
drawn, from the tips of A" and Ap”, draw construction lines in the directions of A f and A-p!, respectively.

The intersection of these two lines are the tips of A/, A!, and A -5!.

0 200 IN'S/S

Loe o

Acceleration Scale

O
%.425
6. From the graphical solution above,

Acceleration scale factor kg = 2()0--12
sec

Acy = 1.755-k, Act = 351.00 in-sec 2

Ac -
oy = —ci aq = 165.176 rad-sec > CW
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Acpe = 0425k,

AcDy
as = b

Agpp = 701.715 in-sec

7.
ABpn = p-05

64BDn = 051 — 180-deg
ABpt =

Appt == p-as
64BDt = 04BDn + 90-deg

8. For point A, equation 7.4 becomes:
AS+AMN=Ag+ (A + AL, where

Agn = g-@2
8445 = 02 — 180-deg

A4Bn = f-03

0448n = 03 — 180-deg
0.153
Ag

f%

Ass

Acps = 85.00 in-

as = 39.388 rad-sec

For point B, equation 7.4 becomes: Az = A+ (Agy' + Apy™) , where
2

04BDn = 73.003 deg

SOLUTION MANUAL 7-63a-3

-2
sec

Cw

|

!

i

e
o0/ B
-2 / Ag /// /o
128.957 in-sec L 7_,110.995
—/
4
848Dt = 163.003 deg 0 00NSS /|
Lo // |
Acoeleration Scale /o
/o
Ak / /'
L =2 .
Agn = 155.600 in-sec /
B.4n = 41.690 deg /o
// /‘ A
~
Ay

AgBn = 38.641 in-sec

844Bn = -35.372deg

100 IN/S/S

Lo oy ]

Acceleration Scale

9. The requirement for this problem is that o = 0 (constant ;). For this to be so A 4/ must be zero. To do this the

magnitude of A g must be smaller as shown above.

Correction ratio:

pow 22153 r=-0.076
2.021

a6 = —7.571 1‘12

sec

ab = r-og

Corrected value of o
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&< PROBLEM 7-83b

Statement: Find the angular acceleration of link 6 in Figure 3-34b for 8 = 90 deg with respect to the global X
axis assuming constant ®, = 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) f = 4248.in
Link 4 (O4t0 O) c:=2.125-in Link 5 (C to D) b:=2.158-in
Link 6 (Og to D) a:=1.542-in Link 5 (B to D) p=3274in
Link 1 X-offset dy = 3.259-in Link 1 Y-offset dy := -2.905-in
Angle CDB 85 := 36.0-deg
Output rocker angle: 06 := 90-deg Global XY system
Input crank angular velocity ) = -10-rad-sec” ! Ccw
Input crank angular acceleration a2 :=0.0-rad-sec 2
Solution: See Figure P6-34b and Mathcad file P0763b.

1. Since this linkage is a Stephenson's II sixbar an iterative solution must be used. This problem is suited to a
longer-term project rather than a daily homework problem.
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&S PROBLEM 7-84

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular acceleration of link 6 in Figure 3-34b as a function of 6, for a
constant o, = 10 rad/sec CW.

Given: Link lengths:
Link 2 (O, to A) g:=1.556-in Link 3 (4 to B) f:=4248-in
Link 4 (04 to C) ¢:=2.125in Link 5 (C to D) b:=2.158-in
Link 6 (O¢ to D) a:=1.542-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 85 := 36.0-deg
Output rocker angle: 06 := 90-deg Global XY system
Input crank angular velocity w7 = -10-rad-sec I cw
Input crank angular acceleration a2 = 0.0-rad-sec 2
Solution: See Figure P6-34b and Mathcad file P0764.

1. Since this linkage is a Stephenson's II sixbar an iterative solution must be used. This problem is suited to a
longer-term project rather than a daily homework problem.
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&S PROBLEM 7-85a

Statement: Use a compass and straightedge to draw the linkage in Figure 3-35 with link 2 at 90 deg and find
the angular acceleration of link 6 assuming a constant @, = 10 rad/sec CCW. Use a graphical

method.
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) c:=1286-in Link 1 (O3 to Oy) d :=3.857-in
Link 4 (O4 to D) e:=1429-in Link 5 (D to E) f:=1286-in
Link 6 (Og to E) g:=0771-in Link 1 (O4 to Og) h:=0.786-in
Crank angle: 07 := 90-deg Angle BOyD 84 := 157-deg
Input crank angular velocity oy := 10-rad-sec ! CCwW
Input crank angular acceleration ap = 0-rad-sec 2
Solution: See Figure 3-35 and Mathcad file P0765a.

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

r~ Direction of AAt

Direction of ADt

35.228°

/\E
Direction of AEt

Direction of ABAt Direction of AEDt

Direction of ABt

2. In order to solve for the accelerations at points 4 and B, we will need 63, m3, and 05. From the graphical position
solution above,

03 := —33.359-deg 03 = -33.359deg
041 := —122.085-deg 041 = —122.085 deg
047 := —122.085-deg + 84 042 = 34.915deg

Using equation (6.18),

a-oy siRB41 - 6 -
. ”( 4 2) o3 = 1.398rad sec :

b (sif03 - 041))

a-® sinl6y — 0 -
2' "( 2 3) w4 = —6.496 rad-sec !

c (sin(941 - 63))

I

03

Wg4:
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SOLUTION MANUAL 7-65a-2

3. The graphical solution for accelerations uses equation 7.4: (Ap + A =(A/+A M +(Ap, +ApM

4. For point B, this becomes: (Ag' + Az =(A/+ A" +(Ag/ +Ag "), where

2
Apn=c04
84Bn = 041 + 180-deg

2
Agn=a-02
O44n =07 + 180-deg
Ags = |a-a2|
B44¢ =07 — 90-deg

2

ABan = b-03

O4BAn = 03 + 180-deg

Apn = 54275 in-sec 2
04Bn = 57915 deg
Agn = 100.000 in-sec 2
844n = 270.000 deg
Ay = 0.000 in-sec 2
844 = 0.000deg

ABdn = 7429 in-sec” >

64BAn = 146.641 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g at an angle of 0 45, and A 47 at an angle of 0,44,,. From the tip of A 47, draw A 4 at an angle of 0 44,
+a. From the tip of A 4!, draw A" at an angle of 0,4, Now that the vectors with known magnitudes are drawn,
from the tips of A g and A g/, draw construction lines in the directions of Az and A, respectively. The

intersection of these two lines are the tips of Ag, Ay, and A /.

6. From the graphical solution at right,

Acceleration scale factor kg = 25-%

Ap:=2.919-k,

at an angle of 15.969 deg

Aps = 1951-k, Ap; = 48.8in-sec 2
AB{ _
ag=— oy = 37.928 rad-sec 2
c

6. From the graphical layout,

05 := 100.938-deg — 180-deg 05

0¢ := —35.228-deg O¢

Using equation (6.18),

emy sin(66 - 942)

Ag=T730in-sec 2

°$= 7 Tofos — 09)

ewny sin(942 - 65)

P67 g (siros - 05))

/J' \\\
1951
A:/f \\ \\
/ TNA /
/
N\ A /\ -
R ?\\
- /
J— 15.989°
VLI
I/ \
\ \
\ / e
CCW J2919
A / 0 25 INIS/S
/ ]
~79.062 deg A / Acceleration Scale
/
35.228 deg /

o5 =-9.804rad-sec !

0g=—-15885rad-sec !
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7. For point E, this becomes: (A; + A/ = (A + Ay +(Agp' + Agp™) , where

SOLUTION MANUAL 7-65a-3

8.

2
Apn:=gw0¢
G4En = 0¢ + 180-deg
2
Appi=e-m4
04Dn = 042 + 180-deg
Apt=e04
84Dy =042 + 90-deg
2
AEDn = f-05

84EDn = 05 + 180-deg

AEn = 194.560 in-sec 2
O4Fn = 144.772 deg
Apn = 60.310 in-sec” 2
O4Dn = 214915 deg
Apy = 54.199 in-sec” >
O4pt = 124915 deg
AEDn = 123.597 in-sec >

84EDn = 100938 deg

0.239
V4
/\ . \‘\ t
A
AE RN \\\ \Agn
A? \\;\\\
) \i
WO
0 50 IN'S/S AW
[ ‘\s\ |
Acceleration Scale P N
A&\ \,;L/ —
\\/ e AE
From the graphical solution above,
. in
Acceleration scale factor kg = 50-——
2
sec
. -2
Ag; = 0239k, Ap; = 11.950 in-sec

ag = 15.499 rad-sec 2 cow



DESIGN OF MACHINERY

@S PROBLEM 7-85b

SOLUTION MANUAL 7-65b-1

Statement: Use a compass and straightedge to draw the linkage in Figure 3-35 with link 2 at 90 deg and find
the angular acceleration of link 6 assuming a constant @, = 10 rad/sec CCW. Use an analytical

method.
Given: Link lengths:

Link 2 (O, to A) a:= 1.000-in
Link 4 (O4 to B) c:=1.286-in
Link 4 (O4 to D) e:=1.429.in
Link 6 (Og to E) g:=0.771-in

Crank angle: 02 := 90-deg

Input crank angular velocity

Input crank angular acceleration

1. Draw the linkage to scale and label it.

Link 3 (4 to B) b :=3.800-in
Link 1 (O, to Oy) d :=3.857-in
Link 5 (D to E) f:=1286-in
Link 1 (O4 to Og) h:=0.786-in
Angle BOuD 64 := 157-deg

®2 = 10-rad-sec ' cow

-2
a2 = 0-rad-sec

Solution: See Figure P6-35 and Mathcad file P0765b.

100.938°

X
35.228°

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

d

K]Z=— K2:~_—£
a

K; =3.8570

K3:= a2—b2+c2+a’2

K = 2.9992

(2-a-c)

A= cos(az) - K- Kz-cos(ez) + K3

B= —2-sin( 02)

C=K;- (K2 + l)-cos(Bg) + K3

A=-26555 B=-2.0000 C=5.0585

K3 =12015

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

84) = 2-(atan2(2'A,—B + \‘ 32 - 4-A-C)}

047 = 237915 deg

4. Determine the values of the constants needed for finding 05 from equations 4.11b and 4.12.
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Kg:= % Ks:= - ‘(1;;:)2 -’ Kg=10150  Ks=-3.7714
D := cos(82) - K; + Ky-cos(62) + K D=-76284

E = -2.sin(62) E = —2.0000

F:= Ky + (Kg - 1)-cos(6) + Ks F = 0.0856

5. Use equation 4.13 to find values of 6, for the crossed circuit.

03 = 2-(alan2(2-D,—E + \/Ez - 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-o) sin( 641 - 02) rad
w3 = . w3 = 1398 —
b sin(03 - 041) sec
a-m) sin(ﬂz - 93) rad
4= . w0y = —6.496—
c sin(04 11— 03) sec
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 := 04) + 157-deg — 360-deg 842 = 34.915deg

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

h h
Kp=— Ky:=—

e g
K; =0.5500 K> =1.0195

2 2 2 2
k3= &=L X8 o o0me3
(2-e-g)

A= cos(042) -Kj - Kz-cos(042) + K3

B :=-2-sin( 642)
C:= Ki - (K2 + 1)-cos(642) + K3

A =0.1603 B=-1.1447 C=-0.3796
9. Use equation 4.10b to find values of 64 for the open circuit.

06 = 2-(atan2(2~A,—B - JBZ - 4-A-C)) 06 = —35.228 deg

10. Determine the values of the constants needed for finding 0 from equations 4.11b and 4.12.

Fonlo st

K4:=£- Ks5:= Ky4=10.6112
f (2-ef)
K5 =-1.0119
D= cos(042) -Kj+ K4-cos(942) + K5 D = -0.2408

E = -2-sin( 842) E=-1.1447
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F:= K + (K¢ - 1)-cos(842) + K5 F = —0.7807
11. Use equation 4.13 to find values of 85 for the open circuit.

85 := 2-(atan2(2~D,—E -~ JEZ - 4~D-F)) 65 = 280.938 deg

12. Determine the angular velocity of links 5 and 6 for the open circuit using equations 6.18.

ey siﬂ(96 - 6’42) rad
w5 = . w5 = —9.804 —
f sin( Os — 06) sec
e-wy Si"(942 - 95) rad
w6 = . wg = —-15.885—
g sin( Os - 05) sec
13. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.
A= c-sin(641) B:= b-sin(03) D:= c-cos(94]) E:= b-cos(93)
A =-1.090in B =-2.090in D =-0.683in E=3.174in

C=a ag-sirt( 02) + a-cu22~cos(92) + b-(o32-cos(03) - c-a)42-cos(041)

in

C =35.034
sec

F=a az-cos(Gg) - a a)zz-sin( 92) - b-w32-sin(63) + c-a)42-sin( 64])
F = —141.900 22
2
sec
C-D- AF rad C-E- BF rad

= a3 = 36.545 ay:= ay = 37931 =
A-E - B-D AE-BD 2
sec sec

as:

14. Use equations 7.12 to determine the angular accelerations of links 5 and 6 for the open circuit. Use link 4 as the
input to the second fourbar stage.

A= g-sin(ﬁg) B=f -sin(05) D= g-cos( 96) E=7f -cos(¢95)
A=-0.0371 B=-0.105ft D =0.0521t E=0.0201

C.=e- a4-sin(042) + e-w42-cos(942) + f—w52-cos(05) - g-a)62-cos(06)

ft
C =-4583
LA
2 2 2
F = e-a4-cos(042) —-ewy -sin(042) - f-os5 ~sin(65) + g-wg -sir(eg)
F= 1.588i
2
s€C
C-D - A-F ad C-E - B-F d
a5 = —— = as = —38.104 5= ——"" gg=15.486 =
A-FE - B-D A-E- B-D

sec sec
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&S PROBLEM 7-66

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular acceleration of link 6 in the sixbar linkage of Figure 3-35 as a function
of 8, for a constant m, = 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) c:=1.286-in Link 1 (O3 t0 Oy) d :=3.857-in
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 (O4 to Og) h = 0.786-in
Input crank angular velocity @y := l-rad-sec b cow oy = 0-rad-sec 2
Solution: See Figure 3-35 and Mathcad file P0766.

1. Define the range of the input angle: 65 := 0-deg, 1-deg .. 360 deg
2. Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.

K= 4 K> := 4
a [+
K] = 3.8570 K3 = 2.9992
2 2 2 2
- d
K=l =0 te ¥ K3 = 12015
(2-a-c)

A(Gz) = cos(ez) -K;j-K z-cos(ez) + K3

B(82) := ~2-sin(62)
C(Gz) =K - (K2 + 1)-cos(92) + K3

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

84(62) == 2-(atan2(2-A(92),—B(92) + J 3(92)2 - 4-A(92)-C(62)D

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

Eod b
Ks:= Kg=10150  Ks=-37714
2-ab)

Ky:=

SHEY

D(67) = cos(82) - K; + Ky-cos(82) + K

E(Bz) = —2-sin(92)
F(82) := K1 + (K¢ - 1)-cos(82) + K

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

05(62) = 2-(atand(2-0(03), -5(05) + (0" - #-D(62)-7(e2)))

6. Determine the angular velocity of links 3 and 4 for the crossed circuit using equations 6.18.
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o (9 )__ a-mz' sin(64(92) - 92)
W= b sin(93(92) - 94(62))
_aw Sin(ez - 93(92))
(04(92) T sin(94(92) - 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

942(92) = 64((-)2) + 157-deg — 360-deg

8. Determine the values of the constants needed for finding 64 from equations 4.8a and 4.10a.

2
Kj:= ﬁ Ky:=—
e g
K = 0.5500 K7 =1.0195
2 2 2 2
k3= o =S *8 *h K3 = 0.7263
(2-eg)

A’(Gz) = cos(042(92)) -K;j-K 2-cos(642(62)) + K3

B’(Bz) = —2-sin(642(92})
C'(82) := K1 — (K2 + 1)-cos(842(02)) + K3

9. Use equation 4.10b to find values of 8 for the open circuit.

06(62) = 2-(atan2(2-A’(92),—B'(02) - J 3(92)2 - 4-A(92)-c(ez)))

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

Ky4:=

Kq=06112 Ks=-1.0119

~ >
~
®
S

D1(07) := cos(842(82)) - K1 + Kg-cos(042(62)) + Ks

E(02) := ~2-5in{042(62))

F'(Gz) =K;+ (K4 - l)-cos(942(92)) + K5

11. Use equation 4.13 to find values of 8 for the open circuit.

05(62) == 2-(atanz(2-n(92),—5(92) - J E‘(92)2 - 4-D(82)-F’(92)D

12. Determine the angular velocity of link 6 for the open circuit using equations 6.18.
o5(02) = ( e.m4(ez))_ sin(06(62) - 042(62))
: f sin(95(02) - 96(92))

e-(n4(62) Si"(942(92) - 65(62))
m6(92) = ( g ) sin(96(92) - 65(92))

13. Use equations 7.12 to determine the angular acceleration of link 4.
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A(Gz) = c~sin(94(92)) 8(92) = b-sin(eg(ez))
D(Bz) = c~cos(94(62)) E(Oz) = b-cos(eg(ez))
C(0) = a-ouy-sin(8;) + @y -cos(8y) ...

+ b-m3(62)2-cos(63(62)) - c-m4(62)2-cos(64(92))
F (92) = a-az-cos(ez) - a-mzz-sin(ez)

+~b03(02) -5in(83(0,)) + c-0a(02) -sin(64(62))
er(02) = C(6a)-5(05) - B(62)-F(62)

~ 4(02)-B(02) - B(02)-D(e2)

14. Use equations 7.12 to determine the angular accelerations of links 5 and 6 for the open circuit. Use link 4 as the
input to the second fourbar stage.

4/(82) := g-sin(06(62)) B(82) := £-sin(05(82))
D'(Gz) = g-cos(eﬁ(ez)) E’(Bz) =f -cos(65(62))

C/(02) = e-as(02)-sim{042(82)) + e-0a(02)”cos(842(62)) -
+ f05(00)"-cos(05(02)) - g-06(0)"cos(66(62))

FY(02) = e-f(0)-cos(042(62)) — e-04(62)"-si{042(02)) ..
+=f-05(02) -sin(05(82)) + g-06(02) -sin(66(62))

o) C'(62)-E(82) - B(62)-F(602)
a6( 2) = A'(92)-E’(92) - B‘(QZ).D(QZ)

ANGULAR ACCELERATION - LINK 6

2 // N\

as6) S,Z: 0 — / \\\/

- N
/ \

—4

0 45 90 135 180 225 270 315 360

deg
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&< PROBLEM 7-67

SOLUTION MANUAL 7-67-1

Statement: Write a computer program or use an equation solver such as Mathcad, Matlab, or TKSolver to
calculate and plot the angular acceleration 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 (Z,) a:=0.450
Common rocker (O4B) c:=0.590
Common rocker (04C) a':=0.590
Output rocker (Lg) c'=0325
Link 7 (Ly) e:=0.938
Link 5 extension (DE) p:=0.3823
Angle BO,C o = 128.6-deg

Input crank angular velocity
Solution: See Figure 3-36 and Mathcad file P0767.

-1
®2 = 1-rad-sec

First coupler (L3) b:=0.990
First ground link (0,04) d :=1.000
Second coupler (CD) b':=0.325
Second ground link (040¢) d':=0.419
Link 8 (Lg) f=0572
Angle DCE 6 :=7.0-deg

CcCw

1. See problem 4-43 for the position solution. The velocity and acceleration solutions 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 7-68

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 acceleration of point P in Figure 3-37a as a
function of 6, for a constant , = 1 rad/sec CCW. Also calculate and plot the acceleration 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 (B to Oy) ¢ :=1.000 Link 1 (0210 04) d:=1414
Coupler point: Rpq = 2.000 63 := 0-deg
Crank speed: o2 := 1-rad-sec” ! ap := 0-rad-sec 2
Solution: See Figure 3-37a and Mathcad file PO768.

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 d
Kj=— Ky=—
a c
K;=10.3971 K> =1.4140
2 2 2 2
-b"+c +d
K3:=2 ¢ K3 = 74187

(2-a-c)

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

B(62) := ~2-5in(6>)
(92) K- (Kz +1 cos(ﬂz) + K3

3. Use equation 4.10b to find values of 0, for the open circuit.

04(02) = 2-{atand{ 2.4(62).-5(02) - {B(62)" — 4-4(02)-(62)))

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.
2 2 2 2
-d —-a -b
K=l k5= -4 —a Ky=14140  Ks=-7.4187
b (2-a-b)

D(ep_) = cos(ez) -K;+ K4-cos(92) + K5

E(62) = —2-sin(62)

F(Bz) K;+ K4— 1) 003(92)+K5

5. Use equation 4.13 to find values of 8, for the open circuit.

03(02) = 2-{atan 2-D(63).-5(63) - {{62)" - 4-D(62)-F(62)))

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

sin(62))

)
2))
02)) - c04(92) cos(0.4(02))

1)) + c0a(02) 5in(04(62))
C'(02)-E1(02) - B(62)-7(62)
41(02)-£1(92) - B(82)-0162) !

)+ 59)
3(02) + 83))

| 4402) = [Aa(0)
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GAA(QZ) = arg(A A(Gz))

DIRECTION

Vector Angle, deg
>
.
o
8o
&
\\

—135
—180

0 45 90 135 180 225 270 315 360
0

deg
Crank Angle, deg
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@S PROBLEM 7-69

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 acceleration of point P in Figure 3-37b as
a function of ©,. Also calculate and plot the velocity of point P versus point 4.

Given: Link lengths:
Input crank (L) a:=0.50 First coupler (4B) b:=1.00
Rocker 4 (O4B) c:=1.00 Rocker 5 (Ls) ¢’ :=1.00
Ground link (0,0,) d:=0.75 Second coupler 6 (CD) b':=1.00
Coupler point (DP) p =100 Distance to Op (0,0p) d':=1.50
Crank speed: 9 := l-rad-sec_l oy = O-rad-sec_2

Solution: See Figure 3-37b and Mathcad file P07-69.

1. Links 4, 5, BC, and CD form a paralielogram 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 R5 =R 4p and Rpp = -Ry, the position vector from O,
to PisP=R, + R,z - 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(93) - c-cos(94) Yp= b-sin(63) - c-sin(64)

2. Define one revolution of the input crank: 0, := 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).

Kp:= % Ky:= 5:— K3:= a - i;j +d’
K; = 1.5000 K2 = 0.7500 K3 = 0.8125

4(82) := cos(02) - Kj — K2-cos(82) + K3

B(82) := ~2-5in(02) c(62) = K1 - (K2 + 1)-cos(82) + K3

04(02) = 2.(atand{ 2. (82) -8(62) - [B(o2)" - 4-4(02)C(03))) - 2.2

4. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

d c2 - - a2 - b2
Ky:= ; K5 := 2ab) K4 =0.7500 K5 =-0.8125
D(ez) = cos(ez) - K+ K4-cos(92) + K5 E(92) = —2-sin(62)

F(Gz) =K+ (K4 - l)-cos(ﬂz) + K5

5. Use equation 4.13 to find values of 85 for the crossed circuit.

03(82) = 2-(atan2(2-D(92),—E(62) - JE(ez)z - 4-D(62)-F(92)D - 2n
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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(@g) =d+ b-cos(93(92)) - c-cos(94(92)) -d
yp(ﬂz) = b~sin(93(92)) - c~sin(94(92))
7. Use equations 6.18 to calculate 05 and 4.

a-®y sin(94(62) B 62)
@3(02) = — 5in(03(02) - 04(0,))

(9 ) a0 sin(92 - 93(92))
A T in(04(02) - 03(02))
8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.

4(02) = c-sin(0.4(62)) BY(02) = b-sin(03(02))

D1(02) = c-cos(04(62)) E'(02) = b-cos(03(62))

C'(602) = a-ay-sin02) + - -cos(02) + b-03(02)"cos(03(62)) - c-w4(62) cos(04(02))

F(02) = a-o-cos(02) — aag-sin(03) — b-o3(02) -sir{03(62)) + c-04(02)"sin(04(67))

(02) = C'(62)-D162) - 41(02)-7(62) (03) = C'(02)-E(02) - B(62)-F(62)
VT 1(00) £(02) - B(0) Do) H =02 E(0,) - B(02)D(02)

9. Differentiate the position equations twice with respect to time to get the acceleration components.

Ap0) = b 03(02)-5in{03(03)) + @3(02)"-cos(03(62)) ) .

+e a4(62)-sin(94(92)) + (94(92)2-00.7(94(62))

Apy0) = b-c3(02)-cos(03(62)) - 03(62)>sin(65(02)) ..

+_c.(a4(92)‘cos(94(92)) - ®4(92)2’5in(94(92))
4p(62) : J (4rd02))” + (4p(02))"

MAGNITUDE

0.5 P =
a" A
. ~
s o
- .~
4 N
.

\ /\ T - r”
0 45 920 135 180 225 270 315 360
0

deg
Crank Angle, deg
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&< PROBLEM 7-70a

Statement: Find the angular accelerations of links 3 and 4 and the linear accelerations of points 4, B and P, in
the XY coordinate system for the linkage in Figure P7-27 in the position shown. Assume that 6, =
45 deg in the XY coordinate system and o, = 10 rad/sec, constant. 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 (O, to A) a:= 14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (O, to B) ¢:=51.26-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: 09 := 45-deg
Coordinate rotation angle o := 126.582-deg  Global XY system to local xy system

Input crank angular velocity o := 10-rad-sec I cow o= 0-rad-sec 2

Solution: See Figure P7-27 and Mathcad file P0O770a.
1. Draw the linkage to a convenient scale. Indicate the directions of the velocity acceleration of interest.

Direction of ABt
/ Direction of ABAt

Direction of AP1t

07 :=45-deg — a

0, = —81.582 deg B

¥

2. In order to solve for the accelerations at points 4 and B, we will need 03, ®3, and 84. From the graphical position
solution above (in the local xy coordinate system),

03 :=99.055-deg — a 03 = —27.527 deg
04:=29.063-deg — a 04 = -97.519deg
Using equation (6.18),

_awy sin(64 - 92)

U270 (oo - 04))

03 =—-0.511rad-sec :
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a-wy simby — 03 _
. n( ) w4 = 2.353 rad-sec !

T e (oo - 03)

3. The graphical solution for accelerations uses equation 7.4:  (Ap'+Ap")=(A/+A,/) +(Ap/+Ap"

4. For point B, this becomes: (Ag + Ag") =(A/+ A/ +(Ag, +Ap"), where

Apn=c04 App = 283.838 in-sec”
048n .= 04 — 180-deg O4Bn = 277.519deg
Agn = a-(o22 Agn = 1400.0 in-sec_2
O44n = 02 + 180-deg O44n = 98.418 deg

Agr = a-ap Agqr=0.0 in-sec_2
044::= 02 + 90-deg G44:=8418deg

ABan = b-m32 Apan = 20.921 in-sec”2
04BAn =03 — 180-deg 84BAn = —207.527 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 0 45, + a and A 4" at an angle of 0 44, + a.. From the tip of A /7, draw A / at an
angle of 0 44, + a. From the tip of A 4, draw A g, at an angle of 0,4, + o. Now that the vectors with known
magnitudes are drawn, from the tips of A z” and A 34", draw construction lines in the directions of A g and Ag//,

respectively. The intersection of these two lines are the tips of A/, Ay, and Ap /.

0 20 invsl/s
Lo |
Acceleration Scale

6. From the graphical solution above,

in

Acceleration scale factor kg :=20.0-

sec
Aq:=Agn Ay = 1400 in-sec 2 at an angle of -135.00 deg
Ap = 42.136-k, Ap=8427insec > atanangle of -80.62 deg

Ay = 39.675-k, A, = 793.500 in-sec > at an angle of -60.937 deg
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Ap: -
oy = -—c— og = 15.480 rad-sec 2

7. Determine the distance from Oy to P, and the angle O4P makes with the x axis.

Distance 0,04: d:= dez + dy2 d=179.701in

Distance P;0y: ui=(px—d)* +py u = 48219 in
Py
Angle O4P;: 84 := atan 84 = 43.497 deg
px—d
4. Determine the acceleration at point P;.
Apjy = woq Apj; = 146431 in-sec > at an angle of 80.079 deg
2 . -2
Apin:=u-04 ApJp = 267.001 in-sec at an angle of -9.921 deg

Apj = ‘}APUZ + Ap],,z Ap] = 792.748 in-sec_2 at an angle of 60.397 deg

Apis
atan - 9.921-deg = 60.397 deg
Apin
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&5 PROBLEM 7-70b

Statement:

Given:

Find the angular accelerations of links 3 and 4 and the linear accelerations of points 4, B and P, in
the XY coordinate system for the linkage in Figure P7-27 in the position shown. Assume that 6, =
45 deg in the XY coordinate system and o, = 10 rad/sec, constant. 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.

Link lengths:
Link 2 (O to 4)
Link 4 (O, to B)
Link 1 X-offset

a:= 14.00-in Link 3 (4 to B)
c:=51.26-in
dy :=47.5-in

Dx:=114.68-in

b:=80.00-in

Link 1 Y-offset dy := 76.00-in — 12.00-in

Coupler point x-offset Coupler point y-offset Py=33.19:in

Crank angle:

Coordinate rotation angle

Input crank angular velocity

Solution:
1. Draw the linkage to scale and label it.

02:= Gxy — a
0, = —81.582 deg

O2xy := 45-deg
o = 126.582-deg  Global X7 system to local xy system

-2
oy = 0-rad-sec

CCwW

02 = 10-rad-sec L

See Figure P7-27 and Mathcad file PO770b.

d :=JdX2 +dy?

d =179.701in

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

K= 4
a
K| =5.6929
a2 - b2 + c2 + d2
K3:=
(2.a-c)

d
Ky:=—

c
K> =1.5548
K3 =1.9340

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

B :=~2-sir(62)

C:=Kj - (K2 + 1)-cos(82) + K3
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A=-38401 B=19785 C=72529

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

04:= 2-(atan2(2-A,—B + \/ B - 4-A-C)) 04 = 262.482 deg

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

A2

Ky:= % Ks: ab) K4 = 0.9963 K5 = —4.6074
D := cos(02) - K1 + Ky-cos(62) + K D = -10.0081

E := -2-s5in(82) E=19785

F:=Kj +(Kq - 1)-cos(82) + K5 F = 1.0849

5. Use equation 4.13 to find values of 0; for the crossed circuit.

03:= 2-(atan 2.D,-E+ \IEZ - 4-D-F)) 03 =332.475deg

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

©3 _a-wz_sin(e4-92) 03 = ~0.5117%4
b sin(93 - 64) sec
oni a-mz_sirl(92—93) m4=2353_r£
c sin(94 -0 3) sec
7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction (in the global
coordinate system).

Ap = a-az-(—sir(ﬂz) +j -cos(92)) - a-a)22-(cos(92) +j -sin(Gz))

Ap =-205+ 1385iiL2 Ay = |AA| 044 = arg(AA) +a
sec

The acceleration of pin Ais Ay = 1400—’"; at  Gqq = 225deg
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.
A= c-sin(64) B .= b-sin(93) D= c'cos(94) E:= b-cos(93)
=-1.291 x 103 mm B=-939044mm D =-170343mm E=1.802x 1()3 mm
C:= a-az-sin(Bz) +aw zz-cos(ez) + bo 32-cos(6 3) - c-m42-cos(94)
C = 260.638 in-sec”

F = a’az-cos(ez) - a-mzz-sin(eg) - b-m32-sin(63) + c-m42-sin(64)

F=1.113x 10" insec >
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C-D - AF d C-E- BF
a3 = —— = a3 = -1422722 ag= SEZBE - 15479774
A-E— BD I A-E— BD I

9. Use equation 7.13c to determine the acceleration of point B for the crossed circuit.

Apg = c-a4~(—sin(64) +j -cos(94)) - c-m42-(cos(94) +j -sin(64))
Ag = -749 + 385i iz Ap = |ag| 04 = arg(Pp) + o
sec

The acceleration of pin Bis ~ Ap = 342.7—"'—2 at  @qp=2794deg (Global)
sec

10. Use equation 7.31 to determine the acceleration of the point P; on link 4.

u= ,‘(px - d)2 + py2 u=48219in

Py
px—d

84 :=360-deg — 04 + atan( ) 04 = 141.014 deg

Apj = u-a4-(—sin(94 + 54) +j-cos(04 + 84)) - u-m42-(cos(94 + 84) +j-sin(64 + 84))

in

Apy = 320 — 725i App = IApll 04pP1 = arg(Apl) +a

sec

The acceleration of point Py is Ap; = 792.712 at  g4qp;=60.39deg (Global)
sec
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&S PROBLEM 7-71

Statement: Find the angular accelerations of links 3 and 4 and the linear accelerations of points 4, B and P, in
the XY coordinate system for the linkage in Figure P7-27 in the position shown. Assume that 0, =
45 deg in the XY coordinate system and w, = 10 rad/sec, constant. 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 A) a:= 14.00-in Link 3 (4 to B) b := 80.00-in
Link 4 (O, to B) ¢:=5126-in
Link 1 X-offset dy:=475-in Link 1 Y-offset dy = 76.00-in — 12.00-in

Link 1 (021000  d ;=,/dX2 +dy?  d=79.701in

Coupler point x-offset  py:= 114.68-in Coupler point y-offset  p), := 33.19-in
Crank angle: 62 := 0-deg, 1-deg.. 360-deg
Coordinate rotation angle o := 126.582-deg  Global XY system to local xy system

Input crank angular velocity  ©5 := 10-rad-sec ! cCcw oy := 0-rad-sec 2
Solution: See Figure P7-27 and Mathcad file P0O771.
1. Draw the linkage to scale and label it.

il

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

d

Kj=— K2:=£
a c

K = 5.6929 Ky = 1.5548
2 2 2 2

Ky & =0 *tc +d K3 = 1.9340

(2-a-c)

A(Gz) = cos(ez) -K;j-K g-cos(Bz) + K3

B(Bz) = —2-sin(62)



DESIGN OF MACHINERY SOLUTION MANUAL 7-71-2

C(Bz) =Kj - (Kz + 1)‘cos(62) + K3

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

04(62) = 2 atand 2. a(82).-8(82) + [B(ex)’ - 4-4(62)-C(62)))

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

d F o d b
Ky:=— Ks5:= K4 =0.9963 Ks=-4.6074
b (2-a-b)

D(Bz) = cos(ez) -Kj+ K4-cos(92) + K5
B(82) := ~2-5in(67)
F(92) =K;+ (K4 - 1)'cos(62) + K5

5. Use equation 4.13 to find values of 0; for the crossed circuit.

03(62) := 2.(atanz(2-0(92),—5(92) + J 15(92)2 - 4-D(62)-F(92)))

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

@y sin(94(62) - 92)

©3(62) = b sin(03(6;) - 04(65))

ao sin(92 - 03(92))

w4(62) = c .sin(94(92) - 63(62))

7. Use equations 7.12 to determine the angular acceleration of link 4.

A'(Bz) = c-sirl(64(92)) B’(Gz) = b-sin(e 3(92))

D‘(Gz) = c~cos(94(62)) E’(Gz) = b-cos(Bg,(Bz))

C’(ez) = a-az-sit(ez) +ao 22-cos(62) + b-w 3(92)2-cos(63(62)) - c-m4(62)2-cos(64(92))

F '(92) = a.az-cOS(92) - a-mzz.si"(GZ) - bo 3(62)2_sin(6 3(62)) ¥ co 4(92)2, Sin(64(02))
. 0 (0
A’(Gz)- E'(ez) - B’(Gz). D(ez)

8. Use equation 7.31 to determine and plot the acceleration of the point P; on link 4.
2
u= ’ pe—d) + p, u=48219in

84 := 141.067-deg

Ap1(62) = w-as(62)-(~sin(04(62) + 84) + j-cos(04(62) + 84)) ...
+—u-m4(62)2-(cos(94(92) + 84) +j -sin(94(92) + 84))



DESIGN OF MACHINERY SOLUTION MANUAL 7-71-3
Api(62) = |ap1(62)| 04p1(02) = arg(Ap1(62)) + o

64 p1(92) = if(HA p](ez) > 100-deg, 64p 1(92) -2-m,64 p](Gz))

MAGNITUDE OF Ap
2000
1500 /
secz
Api (92)'-_1000 /_\\ )
m
/
500 \ \/

0 45 90 135 180 225 270 315 360
)
deg
0 DIRECTION OF Ap (Global)
10

N ahh

9AP1(92)
deg

/

_ \\ -

-150 -
0 45 90 135 180 225 270 315 360

6,

deg

Ap1(~81.582-deg) = 792.706 iz 0,4p1(~81.582-deg) = 60.447 deg
sec
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&S PROBLEM 7-72a

Statement: Find the angular accelerations of links 3 and 4 and the linear acceleration of point P in the XY
coordinate system for the linkage in Figure P7-28 in the position shown. Assume that 6, =-94.121
deg in the XY coordinate system, ®, = 1 rad/sec, and o, = 10 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 A) a:=9.17in Link 3 (4 to B) b:=1297-in
Link 4 (O4 to B) ¢:=9.57in
Link 1 X-offset dy :=2.79-in Link 1 Y-offset dy .= —6.95-in
Coupler point data: p:=15.00-in 53 = 0-deg
Crank angle: 02 := -26.000-deg
Coordinate rotation angle a := —68.121-deg  Global XY system to local xy system
Input crank angular velocity 2 = 1-rad-sec : CW  qay:=10-rad-sec 2
Solution: See Figure P7-28 and Mathcad file P0772a.

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

y
0, Y
= X
/ Direction ABAt
2
»6 000" I\ \ 88121 Direction APAt
00p” | /
¢ 04 { [l 1
| Rl P B\ ~
! f— i Ip
Direction AAt— ~ - A —— - A—-—77 "~ A
72.224° -
3
60.472° o
Direction ABt
X

2. Inorder to solve for the accelerations at points 4 and B, we will need 03, @3, and 64. From the graphical position

3.

solution above (in the local xy coordinate system),
013 := 72.224-deg 03 = 72224 deg
04 :=60.472-deg 04 = 60.472 deg

Using equation (6.18),

aw?y sin(64 - 62)

— . = 3. - - l
®3: » (sin(63 - 94)) ®3 = 3.465 rad-sec
04 := a-a)z‘ sin(ez _ 93) 04 = 4.656 rad-sec :

o Tooa—02)

The graphical solution for accelerations uses equation 7.4: (A, "+ A =(A/+ AN+ (Ap/+ApM
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4. For point B, this becomes: (Ag + Az =(A/+ A +(Ag/+Ag/), where

Apn=c0q App = 207.476 in-sec” >
04Bn =04 + 180-deg + o 04Bn = 172.351 deg
Agn:= a-u)22 Agn= 9.170 in-sec 2
O44n =907 + 180-deg + a B44n = 85.879 deg
Agr=aw Ags = 91.700 in-sec 2
044::=09 + 90-deg + 8441 = 4121 deg

ABAn == b-m32 ABan = 155.694 in-sec—2
64B4n =03 + 180-deg + 84B4n = 184.103 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 0,4, + o and A 4” at an angle of 0,44, + a.. From the tip of A 47, draw A / at an
angle of 0,44, + a. From the tip of A £, draw A g at an angle of Op4, + o. Now that the vectors with known
magnitudes are drawn, from the tips of A g7 and A 4”7, draw construction lines in the directions of Az and Az,

respectively. The intersection of these two lines are the tips of A, A, and Ag /.

6. From the graphical solution at right,

at an angle of 1.590 deg

Acceleration scale factor kg o= 10.0—2 T
sec \
Agq:=0922-k, Ag=9.220 in-sec_2 \

Ap = 7.156-k, Ap = 71.560 in-sec_ > \
at an angle of 99.204 deg \

Ap4t:=7.169-kg  Apqs = 71.690 in-sec > 7.169

ApAr _
oy = —— o3 = 5.527 rad-sec 2 \\
b

7. For point P, equation 7.4 becomes: \
Ap=A, +(Ap/S+Ap™, where \

2 -
Apan = p-03 Apgn = 180.062 in-sec 2

P

O4P4n =03 + 53 + 180-deg + a

84pAn = 184.103 deg x

-2
Apygt = p-a3 Ap4; = 82911 in-sec ?_LL *ZJO INSIS

04PAt = 04pan — 90-deg 84P4r = 94.103 deg Acceleration Scale
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SOLUTION MANUAL 7-72a-3
8. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction
A e }1
/ h }\ Ab
/ \\\
// A- \\\\ \1
/ T \
~ T |
~ |
T~ 157174 |
T \\\\ / 4 AN
~. T / N\
~ ~ v \
— - |
9.065 &‘\\\ | y \\‘
0 20 INS/S T~ U E R
[0 | \\ /i \\\
Acosleration Scale S / \\ A
. — y
- / «
v
9. From the graphical solution above,
Acceleration scale factor kg = 10.0- o
sec
-2
Ap:=9.065-k, Ap = 90.650 in-sec

at an angle of 157.174 deg
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&< PROBLEM 7-72b

SOLUTION MANUAL 7-72b-1

Statement: Find the angular accelerations of links 3 and 4 and the linear acceleration of point P in the XY
coordinate system for the linkage in Figure P7-28 in the position shown. Assume that 6, = -94.121
deg in the XY coordinate system, @, = 1 rad/sec, and o = 10 rad/sec2. 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, to A) 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

Link 1(0,t00y)  d ::,f A’ +dy>  d=7487in

Coupler point data: Rpq := 15.00-in 63 := 0-deg

Crank angle: 07 := —26.000-deg

Coordinate rotation angle o ;= —68.121-deg  Global XY system to local xy system

Input crank angular velocity ®7 = 1-rad-sec” ' cw ap = 10-rad-sec 2
Solution: See Figure P7-28 and Mathcad file P0772b.

1.

Draw the linkage to scale and label it.

Y
o Yy
\[ / X
2
| 1 68.121°
26.000° |||
4
1 04
L ’ I S —— B p
A4 P - — -‘”_’ -
72.224°
3
=
60.472°
X

Determine the values of the constants needed for finding 9, from equations 4.8a and 4.10a.

d d
Kj.=— Ky:=—
a c
K; = 0.8161 K = 07821
2 2 2
- b
K3=2 v vd K3 = 03622
(2-a-0)

A= cos(Bz) - Ky - Kg-cos(eg) + K3

B:= —2~sin(9 2)

C=Kj- (Kg + l)-cos(ez) + K3
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A=-02581 B=08767 C=-04234

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

04:= 2-(atan2(2-A,—B + JBz - 4-A-C)) 04 = —299.512deg

04 := 04 + 360-deg 04 = 60.488 deg

4. Determine the values of the constants needed for finding 65 from equations 4.11b and 4.12.

Kg:= % Ks:= ¢ ‘:2;:)2 - Kq=05772 Ks=-09111
D= cos(82) - K1 + Kgcos(02) + K5 D = -0.3096

E = -2.5in(07) E = 08767

F:= K1+ (Kg— 1)-cos(82) + K5 F = -0.4749

5. Use equation 4.13 to find values of 65 .

03:= 2-(atan 2-D,-E + JEZ - 4-D-F)) 03 = —287.764 deg

03 := 03 + 360-deg 63 = 72.236 deg
6. Determine the angular velocity of links 3 and 4 using equations 6.18.

03 “"“2.“:"(64 - 02) o3 = 3467722
b slr(93 - 94) sec
04:= a’mz.sf"(ez - 03) 04 = 4658794
c szn(64 - 63) sec

7. Using the Euler identity to expand equation 7.13a for A4 Determine the magnitude, and direction.

Ap:= a-az-(—sin(ez) +j »cos(ﬂz)) -ae 22-(cos(62) +Jj -sir(ﬂz))

2
sec

Ap =32.0 + 86.5j Agq:= |AA| 044 = arg(AA) +a

The acceleration of pin 4 is Agq=92.198 —% at G44=1590deg (Global)
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.
A:= cAsin(94) B:= b-sin(93) D= c-cos(94) E:= b-cos(93)
A=28331lin B=12353in D=4716in E=3957in
C:= a-az-sin(Gz) +ao 22-005(62) +bo 32-003(9 3) - c-m42-cos(64)
C = -86.722in-sec

F:= a-az-cos(ﬂz) - a-mzz-sin(ez) - bo 32-sir(63) + c-m42-sin(94)

F = 118753 in-sec_ >
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C-D - AF d C-E-BF
S a3 = 55.307 2 agm CEZBE = 71596704
A-E— BD A-E-BD 2

sec sec

a3:
9. Use equation 7.13c to determine the acceleration of point B.

An = caq(~sin(04) + j-cos(84)) - c-04-(cos(04) + j-sin(4))

Ap = —698.8 + 156.9j —

Ap:= |AB| 84p:= arg(AB) +a

sec

The acceleration of pin B is Ap=1716.18 _m_2 at  G4p =99.228deg
sec

10. Use equations 7.32 to find the acceleration of the point P.
App = Rpa-ag,-(—sir(ﬁg + 83) + j-cos(93 + 53))
+—Rogars -(cos(03 + 83) + j-sim(03 + 83))
Ap:=Ap +App

Ap:= |ag| Ap= 830—""—2 arg(Ap) + o = 100.214 deg
sec
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&S PROBLEM 7-73

Statement: For the linkage in Figure P7-28, write a computer program or use an equation solver to calculate
and plot the angular velocity and acceleration of links 3 and 4, and the magnitude and direction of
the velocity and acceleration of point P as a function of 9, through its possible range of motion
starting at the position shown. The position of the coupler point P on link 3 with respect to point
Ais: p=15.00,8; =0 deg. Assume that, att=0, 0, =-94.121 deg in the XY coordinate system, ®, =

0, and o, = 10 rad/sec?, constant.

Given: Link lengths:
Link 2 (O, to A) 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
Lik 10000 do=d +dy? d=7487in
Coupler point data: Rpq := 15.00-in 83 := 0-deg
Crank angle: 07 := —26.000-deg,-25.9-deg.. —15-deg 020 1= —26-deg
Coordinate rotation angle o ;= —68.121-deg  Global XY system to local xy system
Input crank angular velocity 029 := 0-rad-sec ! ap = 10-rad-sec 2
Solution: See Figure P7-28 and Mathcad file P0773.

1. Draw the linkage to scale and label it.

X

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

Kj:= 4 K= .‘i
a c
Kj = 0.8161 K> = 0.7821
2 2 2 2
- d
Kz=d b e K3 = 03622
(2-a-c)

A(92) = cos(ﬂz) -Kj- Kz-cos(ez) + K3

B(Q 2) = —2-sir(6 2)
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(62) = K1 - (K2 + 1)-cos(82) + K3

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

04(62) = 2-(atand{ 2. 4(02),-5(62) + [B(62)" - 4-4(02)-(62)))

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

g cz—dz—a2—b2
b

Ky:= Ks = K4 =05772 K5 =-09111

(2-a-b)

D(B 2) = cos(ez) - K+ K4-cos(9 2) + K5

E(Bz) = —2-sin(82)
F(Bz) = K] + (K4 - 1)-cos(92) + K35

5. Use equation 4.13 to find values of 05 .

03(63) = 2-{atan2( 2.0(0),—(62) + [E(02) - 4-0(62)-7(62)))

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

mz(ez) ::W
03(02) = a.mz(G ) sir(64(92) - 09)

b sin(G 3(9 2) - 94(9 2))

04(62) := a-mz(ez)' sin62 - 03(02))

c sin(04(92) - 93(92))

/ 60
/ 40 |
“’2(92)",% 1 04(02) — /
- / - 20

0 / 0

=30 -25 —20 =15 —26 —24 22 —20
02 ‘ 0
deg deg

7. Using the Euler identity to expand equation 7.13a for A, Determine the magnitude, and direction.

AA(Bg) = a-(xg-(—sin(ez) +j -cos(ez)) - a-mz(ez)zt(cos(ez) +j -sin(ez))
8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.

A/(02) = c-sin(8.4(02)) B(02) = b-sin(83(62))
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D‘(Gz) = c-cos(64(92))

C1(02) = avoug-s5in(82) + a-0(02) -cos(02) + b-03(02) -cos(83(02)) - c-w4(02)-cos(04(62))

E(07) := b-cos(03(62))

SOLUTION MANUAL 7-73-3

F’(Bz) = a-otz-cos(ﬂz) - ao 2(92)2-Sin(92) -bw 3(62)2-Sin(9 3(92)) + c-m4(92)2~sin(04(92))

c(02)-E(02) - B(02)-F(62)

s(03) = c'(02)-01(02) - 4762)-F(62) sf0) =
T 400 (0) - B(0)-0(62) - 41(02)-£(02) - B(02)-0(62)
15 200 /
150
s202 sec‘2 /
@ rad 1 oc4(92)- rad 1% 4
o 50 ,/
230 -25 -20 -15 Lo -24 -22 -20
92 92
deg deg
9. Use equations 7.32 to find the acceleration of the point P.
ApA(Gz) = Rpa~0c3(92)-(—sin(9 3(92) + 83) + j-cos(93(92) + 83))
+—Rog03(02) -(cos(03(0) + 83) + j-sin(03(67) + 53))
Ap(Bz) = AA(G 2) + APA(Bz)
Ap(62) = |ap(62)] 04p(02) = arg(p(62)) + «
04p(02) = #(04(82) <0, 845(82) + 27, 6.4{62))
. MAGNITUDE DIRECTION
1-10 200
150
AP(GZ)'g 5000 : BAZEGZ) //"'—
in g
T / 100 T .
/ "
0 50
—26 24 -22 -2( -26 24 -22 -20
92 e2
deg deg
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&S PROBLEM 7-74

Statement: Derive analytical expressions for the accelerations of points 4 and B in Figure P7-29 as a function
of 65, w3, oy and the length 4B of link 3. Use a vector loop equation.
Solution: See Figure P7-29 and Mathcad file P0774.

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 R}y, Ry, Ry, R3, and R, as shown below.

2. Write the vector loop equation: R;y+ R; + Rj - R;x- Ry = 0 then substitute the complex number notation for
each position vector. The equation then becomes:

£
2 7(0)

dy-e + a-e + c-e

T

w_, 5
](03) - d)(-ej(o) - be 2) = 0

3. Differentiate this equation with respect to time.

1) i’-b-eJG) =0

_d..a + j'C'(l)3'e —
dt dt

3. Substituting the Euler identity into this equation gives:
Vg + jc-u)3-(cos(03) + j-sin(03)) - Vp-j=0
4. Separate this equation into its real (x component) and imaginary (y component) parts, setting each equal to zero.

Va - c-w3-sir(03) =0 c-mg-cos(03) -Vp=0
5. Solve for the two unknowns ¥, and ¥}, in terms of the independent variables 6; and w5

Va= c-m3-sir(03) Vp = c-w3-cos(03)
6. Differentiate again with respect to time to get the accelerations.

Ag= c-m32-cos(03) Ap = —c-m32-sin(03)
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&S PROBLEM 7-75

Statement: The linkage in Figure P7-30a has link 2 at 120 deg in the global XY coordinate system. Find o and
A in the global XY coordinate system for the position shown if w, = 10 rad/sec CCW and o, = 50

rad/sec2 CW. Use the acceleration difference graphical 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
Link 3 (4to C) p=225-in 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 83 := 0.0-deg Angle BOD 04 := 110.0-deg
Input rocker angle: 07 := 120-deg Global XY system
Input crank angular velocity o7 := 10-rad-sec ! CcCw o = —50-rad-sec 2
Solution: See Figure P7-30a and Mathcad file P0775.

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

Direction of AA
Direction of ACA(

Axis of slip

120°

Axis of transmission .465°

Direction of ADCt

03 := -113.057-deg

Direction of AB! Direction of ABAt

04 := 11.709-deg

Coordinate rotation angle: 8 := 175.455-deg

2. Inorder to solve for the accelerations at points 4 and B, we will need 63, ®3, and 8,4. From the graphical position
solution above (in the local xy coordinate system),

O2xy =02+ 8 02xy = 295.455 deg
O4xy =04 + 6 O4xy = 187.164 deg

Using equation (6.18),
a0 sin(94xy - ngy)

-1
03 = I (si "(93xy - 04})))) @3 = 15924 rad-sec
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_aog sin(Bg,y - 9313,)

T (sin O4zy - 0317))

SOLUTION MANUAL 7-75-2

04 = —20.107 rad-sec !

3. The graphical solution for accelerations uses equation 7.4: (Ap'+ Ap")=(A/+A M+ (Ap/+Ap™
4. For point B, this becomes: (Ag'+Ag") =(Af+A M)+ (Ap/ +Ag/), where

2
ABp:=c04
G4Bn = 04 + 180-deg
2
Agn=a-w)
B44n =07 + 180-deg
Ags = !a-az'
B44¢:= 02 — 90-deg
2
ABAn = b-03

64BAn = 03 + 180-deg

Apy = 1212.852 in-sec” >
04Bn = 191.709 deg

Aygn = 620.000 in-sec 2
G44n = 300.000 deg

Agq = 310.000 in-sec 2
844: = 30.000 deg

Apan = 1141131 in-sec 2

04BAn = 66.943 deg

- . ‘\ /’ -
A ¢ ™
e T A 5727
,/\\/ A é \ \\\\\\ S~ ~
/, . \\ \ ‘\\\ \\\ \\\\\\\‘
P e \\ \\ AB\\\ \\\‘ ~ -
e \\ \ AN T~ N
¢ \\ \ \\\ \\
' \ \ \\‘\ //
4‘ 1 58 \ \\ . Y \\l /
\ : /
\. \ ) N /// 131 %89 ‘// An
\ . / A
o <
o) R T
R P A
L AN
0 500 IN/SIS N /// \ Al\Ag/’ 33.435°
Lo AN e ’ A’ \\/ A /
- AN\
Acceleration Scale N AN ’
N yd /
N 1.386
. o

6. From the graphical solution above,
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Acceleration scale factor

Ayg:= 1386k,

Ap:=4.814-k,

Apas:=5.727-kq

ABAt
a3 =
377
Aps = 4.158-k,4
Apt
ag:=—
c

SOLUTION MANUAL 7-75-3

in
kg := 500-——
“ 2
sec
Ay = 693.0in-sec 2 at an angle of -33.435 deg
Ap = 2407.0 in-sec 2 at an angle of 131.968 deg

Ap4; = 28635 in-sec 2
-2
a3 = 636.333 rad-sec Ccw
. -2
Apt = 2079.0 in-sec

oy = 693.000 rad-sec 2 CCW

7. For point C, equation 7.4 becomes: A-= A+ (Ac, + Ac,") , where

2
ACAn = p-®3

04CAn = 03 + 180-deg

Acat = p-o3

04CA4t = 04Can + 90-deg

0 500 IN/S/S
Loy oo

Acceleration Scale

8. From the graphical solution above,

Acceleration scale factor

Ac = 1.745-k,4

and

From the velocity analysis (see Problem 6-91)

2
ApCn = €05

BApCn = 177.972-deg + 180-deg

ACdn = 570.566 in-sec 2
04CAn = 66.943 deg
Acq: = 14318 in-sec 2
B4C4r = 156.943 deg
v Ry
e A;\\ \%\
\ N 126220
\ \ L \ e,

in

kg := 500-
sec

Ac = 872.50 in-sec 2 at an angle of 126.220 deg

Determining the acceleration of point D requires the (graphical) solution of two equations simultaneously. They
are: AD= AC +(ADCI + AD(’J') ﬂ.lldADz AD’ + AD"+ A

peer + Apsip | where A is known from the above analysis

-1 -
o5 = -35.13.rad sec Vsiip := 136.20-in-sec !
ApCn = 6911 in-sec 2

OADCn = 357972 deg
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Apt:= f-o4

04Dt ;= 04 + 84 + 90-deg

2
Apn = f-04

04Dn = B4p¢ + 90-deg

ADcor = |2- Vslip-®@ 4

04Dcor = 64Ds — 180-deg

SOLUTION MANUAL 7-754
. -2
Apys = 2343.7 in-sec
B4pt = 211.709 deg

Apn = 13673 in-sec 2

04pn = 301.709 deg

ADcor = 5477.1 in-sec 2

BADcor = 31.709 deg

Y
f
e Anc
S
/// 7 N |
AB ///// N 7 # N )
- T 33485° f
Q - Sy \ :
'\2\/\,\/ AD" ~2 s
AL\ S A
D . ~ Y
~ \ \ ) A
3.700 Ap 1T
0 2000 IN/S/S o \
Lo N i
Acceleration Scale S
~y
\//
8. From the graphical solution above,
Acceleration scale factor kg = 2000.12
sec
Ap = 3.700-k, Ap = 7400 in-sec > at an angle of 33.485 deg

ag == 04 ae = 693.0rad-sec 2
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&S PROBLEM 7-76

Statement: The linkage in Figure P7-30a has link 2 at 120 deg in the global XY coordinate system. Find o and

Ap in the global XY coordinate system for the position shown if w5 = 10 rad/sec CCW and a, = 50
rad/sec2 CW. Use an analytical method.

Given: Link lengths:

Link 2 (O, t0 A) a:=6.20-in Link 3 (4 to B) b:=4.50-in
Link 4 (O4 to B) ¢ = 3.00-in Link 5 (C to D) €:=5.60-in
Link 3 (4 to 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 BO4D 84 :=110.0-deg

Input rocker angle: Orxy := 120-deg  Global XY system

Coordinate transformation angle: 8:= 175455 -deg

Input crank angular velocity ®2 = 10-rad-sec I cow

Input crank angular acceleration a2 = 10-rad-sec 2 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)J if x>0
x
atan((l)) + 7 otherwise
x

Solution: See Figure P7-30a and Mathcad file P0776.

1.

2.

Draw the linkage to scale and label it.

120°
?5.455°
X
y
Calculate the distance 0,0y: d:= J d)(z + dy2 d=17825in
Transform 6,y into the local coordinate system: 02:=6@rxy - 6 87 = -55.455 deg

Determine the values of the constants needed for finding 6, from equations 4.8a and 4.10a.
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d
K= 4 Ky:=—
a c
K; =1.2620 K7 = 2.6082
2 2 2 2
-b +d
K3:=2 re K3 = 23767
(2-a-c)

A= cos(02) -Kj- Kg-cos(ﬁz) + K3
B:= —2-sin(492)

C=K;- (Kg + 1)-cos(92) + K3

A =02028 B=16474 C=15927
3. Use equation 4.10b to find values of 6, for the open circuit.

0y = 2‘(atan2(2-A,—B - JBz - 4-A-C)) 04 = —163.746 deg

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

'_ r:z—a'z—az—b2

d
Ky=~ Ks: Gab) K4 =1.7388
Ks=-1.9877
D := cos(62) - K1 + Kgcos(62) + Ks D = -1.6967
E := -2.sin(82) E= 16474
F =K+ (Kq~ 1)-cos(62) + Ks F = -0.3067

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

03:= 2~(atan2(2-D,—E - JEz - 4-D-F)) -2z 03 = 71.488 deg

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

03 0'0)2'51.’(041 - 02) w3 = 15 924’ﬂ
T b si{63- 64) e

os i a-(oz. sin(gz - 6’3) w4 = —20.107ﬂ
¢ sin(941 - 93) e

7. Use equations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.
A= c-sin(041) B:= b-sin(03) D= c-cos(H,”) E:= b-cos(03)
A=-21.328mm B =108.386 mm D = -73.154 mm E =36291 mm
C=a ag-sin(ﬁz) + a-wzz-cos(ez) + b-® 32-cos(493) - c~m42-cos(041)
C=1827x 103 in-sec 2

F=a az-cos(&z) -a wzz-sin(@) -bo 32-sin(03) + c-m42-sin(941)
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F = —875.698 in-sec_

C-D - AF d C-E-BF d
== a3 = —540.822 22 Q4= ——— T 4= 572346 =%
A-E - BD 2

sec sec

ay =
A-E - B-D

8. Use equation 7.13c to determine the acceleration of point B for the crossed circuit.

Ap:= c.a4-(—sin(941) +j-cos(041)) - c-m42-(cos(041) +j—sin(941))

Ag = 1645 — 1309i —

A= [ 64 = arg{a)

sec
The acceleration of pin B is Ap=121022 —’-n—z- at f4p=-385deg (Global)

sec

9. To proceed from here, define a vector loop for links 4, 5, and 6; write the loop equations and differentiate
following the development for the inverted slider-crank linkage.
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& PROBLEM 777

Statement: The linkage in Figure P7-30b has link 3 perpendicular to the X-axis and links 2 and 4 are parallel to
each other. Find o4, Ay, Ap, and Apif w, = 15 rad/sec CW and o, = 100 rad/sec2 CW. Use the
acceleration difference graphical method.

Given: Link lengths:
Link 2 (O, to 4) a:=2.75in Link 3 (4 to B) b:=3.26-in
Link 4 (O4 to B) ¢:=2.75-in Link 1 (04 to B) d:=443in
Coupler point data: p:=1.63in 83 := 0-deg
Input crank angular velocity 02 :=—15-rad-sec ! Cw ap := —100-rad-sec 2
Solution: See Figure P7-30b and Mathcad file P0777.

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

Direction of ABt .

,,,,,, S

S

N
)0
/

\‘ \ \‘\\ s |
) 36.351°

\\\L\_ ,

. /
A

07 1= —36.352-deg AN

\
“ Direction of AAt

2. In order to solve for the accelerations at points A and B, we will need 65, @3, and 6. From the graphical position
solution above (in the local xy coordinate system),

03 := 90.000-deg 03 = 90.000 deg
04 := 180-deg + 62 04 = 143.648 deg

Using equation (6.18),

03 = —0.000rad-sec !

3T (sinfes - 04))

. (05 — 0 -
4= az)z-(:::ej - 92)) w4 = 15.000 rad-sec !

3. The graphical solution for accelerations uses equation 7.4: (Ap + Ap")=(A/+A /) +(Ap+Ap™
4. For point B, this becomes: (A5’ + Ag) =(A/+ AN+ (Ag/ +Ag/"), where

a0y sin(64 - 62)
)

2 -
ABpi=c04 App = 618.750 in-sec 2
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848n =04 + 180-deg
2
Agn:= a2
B844n:= 062 + 180-deg
Age = |a-a2|
0441 :=92 — 90-deg
2
Apdn = b-w3

G4BAn =93 + 180-deg

04Bn = 323.648 deg

Agn = 618.750 in-sec”

O44n = 143.648 deg

Agr = 275.000 in-sec 2

O44r = —126.352 deg

AB4n = 0.000 in-sec—2

84BAn = 270.000 deg

SOLUTION MANUAL 7-77-2

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A z” at an angle of 6 45, + o and A 4" at an angle of 6,44, + a.. From the tip of A 47, draw A 4/ at an
angle of 44, + a. From the tip of A 4, draw A g at an angle of 854, + o. Now that the vectors with known
magnitudes are drawn, from the tips of A g and A 4", draw construction lines in the directions of A g and A/,

respectively. The intersection of these two lines are the tips of Ag', A/, and A /.

o 3841
| \
| - 167610° |
¢ yd . Ag \
AA/ A Y, \ / \
A w N
0 400 IN/SIS  S——f—> S
Lo [ AT //';%/ \\ ' I
/ R ,
celeration Scale L / \\-\ /A \ ,:
1693 | \ S \
\ A
\ /,j\
\ 2218
“'/
6. From the graphical solution above,
Acceleration scale factor kg = 400.1
sec2
Ayq:=1.693-k, Ag=67172 in-sec~2 at an angle of 167.610 deg
Ap:=2218-k, Ap = 887.2 in-sec_2 at an angle of 9.425 deg

Apys:=3.841:k,

Apat
b

aj =

Apar = 1536.4 insec 2

az = 471.288 rad-sec” cw

7. For point P, equation 7.4 becomes: Ap = A+ (Ap,' + Ap ™) , where

2
Apan:= p-o3

04PAn =03 + 83 + 180-deg

Apgs = p-a3

64PAt = 04P4n + 90-deg

Apgpn = 0.000 in-sec_2
04pP4n = 270.000 deg
Apgs = 768.2 in-sec 2

O4pA4r = 360.000 deg

8. Since @; = 0 the acceleration at P is one-half that at B and is in the same direction as A .
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@S PROBLEM 7-78

SOLUTION MANUAL 7-78-1

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 a4, Ay, Ap, and Apif @, = 15 rad/sec CW and o, = 100 rad/sec2 CW. Use an
analytical method.

Given: Link lengths:

Link 2 (O, to A) a:=2.75in Link 3 (4 to B) b:=3.26-in
Link 4 (O4t0 B) c:=2.75in Link 1 (O4 to B) d:=4.43-in
Coupler point data: Rpq:=1.63-in 03 := 0-deg
Input crank angular velocity w2 = —15-rad-sec” ! Cw
Input crank angular acceleration ay = —100-rad-sec 2 cw
Solution: See Figure P6-33b and Mathcad file P0778.
1. Draw the linkage to scale and label it.
Y
B
(0)
O4
02 S f @'\ A X
36.351°
RS
PRV
From the figure, 02 :=36.351-deg

2. From the problem statement we have:

03 := 90-deg

84:= 67 + 180-deg

04 =216351deg

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

a-w) sin(64 - 92)

3=

b 'sin(03 - 94)
_ao sin(ﬂz— 03)
@ c .sin(94 - 93)

d
w3 = —0.000 =
sec
wg=15000"2%  ccw
sec

4. Using the Euler identity to expand equation 7.13a for A, Determine the magnitude, and direction.

Ap = a-a)-(—sin(Gz) +j'003(92)) -a (ozz-(cos(ﬂz) +j-sin(02))

Ap =335 sssii2
sec

The acceleration of pin 4 is

Aq = 677.1 iz at

sec

5. Use equations 7.12 to determine the angular accelerations of links 3 and 4.

G44 = arg(AA)

644 = -1197deg
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A= c-sin 04) B := b-sin{ 63) D := c-cos(84) E := b-cos(63)
A=-1630in B =3260in D=-2215in E:=0.0-in
C:= aaysin(82) + a3 -cos(8) + b3 -cos(03)  c-q -cos(64)

C = 833.683 in-sec

F=a az-cos(az) -a mzz-sir(ﬂz) -bw 32-sir(03) +c (n42-sin(04)

F = -954.989 in-sec 2

C-D - AF ad C-E - BF

== az = —471.320 = ag= g = 43117574
A-E - B-D A-E - BD 2

sec sec

a3:

6. Use equation 7.13c to determine the acceleration of point 5.

Ag:= c-a4-(—sin(94) +j -cos(94)) -c a)42-(cos(04) +J -sin(04))

Ap = 30509 — 1494|i”’—”; Ap:= |Ag| 04p = arg(hg)
sec

The acceleration of pin B is Ag = 13375 ﬂ—; at @4p = —26.092 deg

sec

7. Use equations 7.32 to find the acceleration of the point P.
App = RPA-a3-(—sir(93 + 53) + j-cos(03 + 53))
+-Rp,4-a)32-(cos(93 + 63) + j-sin(03 + 53))

Ap = AA + APA

in

Ap:= lApI Ap = 73037 arg(Ap) = ~53.649 deg

sec
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&5 PROBLEM 7-79

Statement: The crosshead linkage shown in Figure P7-30c has 2 DOF with inputs at cross heads 2 and 5. Find

Ag, Aps, and A p, if the crossheads are each moving toward the origin of the XY coordinate system
with a speed of 20 in/sec and are decelerating at 75 in/sec2. 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:=595-in Link 5 X-offset d:=57in
Coupler point data: AP3:=31.5-in BP3:=222.in
BP4:=41.52.in  CPg:=27.0:in
Input velocities: Vay = —20-in-sec ! Vsx = —20-in-sec !
Input accelerations Ag:=—75-in-sec 2 Ac = -75-in-sec 2
Solution: See Figure P7-30c and Mathcad file P0779.

I.

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

2 Direction of AP3At
/ \,P/ Direction of ABAt
- R Direction of ABCt
Al a,,//

Direction of AA \ H Direction of AP4Ct

Direction of AC

In order to solve for the accelerations at point B, we will need 053, w3, 04, and ®3. From the velocity solution
(Problem 6-98),

03 :=320.123-deg 04:=122.718-deg

03 = l.749-rad-sec—1 ccw 04 = —l.l77~rad-sec—l Cw

Use equation 7.4 to (graphically) determine the magnitude of the acceleration at point B, the magnitude of the
relative accelerations Ag,, Apcand the angular accelerations of links 3 and 4. The equations to be solved

(simultaneously) graphically are

Ap=A 4+ Apy Ap=Ac+Apc
Eliminating A g by combing equations and expanding,

Ayt (Agy +Ap)=Ac+(Apc+ Apc)

| 44| = 75.000 in-sec™ > 044 = 270-deg

|Ac| = 75.000 in-sec” 2 04c = 180-deg

SOLUTION MANUAL 7-79-1
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Apan = b-ws ABan = 104.985 in-sec” >
04B4n =03 — 180-deg 84BAn = 140.123 deg
ABCn = c‘(n42 ABCn = 69.821 in-sec
O4BCn =04 — 180-deg 84BCn = -57.282 deg

Choose a convenient velocity scale and layout the known vectors A 4 and A~
From the tip of A ;, draw known vector Ag /.
From the tip of A -, draw known vector A p-".

From the tips of A" and A 5" draw construction lines in the known directions of these vectors.

From the origin, draw a construction line to the intersection of the two construction lines in step d.
Complete the vector triangle by drawing A g, from the tip of A 4 to the intersection of the A g construction
lme and drawing A g from the tail of A 4 to the intersection of the A g4 construction line. And then do the same
with the Ap vector

1m0 a0 oo

////v g // ) P / ‘\\ P . /f'\\ N ’,! 41 . 3900
//,,/ ) / p P \ n
: f B A

P
// // e - 0 50 IN/'S/S

y t -
T A 409 ~
SN ~ Acceleration Scale

6. From the graphical solution above,

Acceleration scale factor kg = 50-—'-"—5
sec

Apg:=5.701-k, Ap =1285.0 irl-sec_2 at an angle of -141.390 deg

ABgs = 4.409-k, Apgs = 220.5 in-sec”
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a3 = AI;A' a3 = 6.423 rad-sec” > cw
Apcti=4436-k;  Apcy=2218insec 2
o4 = AiCt og4 = 4.401 rad-sec CCW
7. From the graphical solution, the angles from 4 to P53 and C to P4 are
0p3:=9.250-deg Opy = 67.313-deg
8. The accelerations of points P; and P, with respect to 4 are:

2
Ap34n = AP3-03

Ap34t:= AP303

2
Apycn:= CPgog
Ap4ct = CPsoy

3. Use equation 7.4 to (graphically)
determine the magnitude of the
acceleration at points P53 and Py

Ap; = A, +(Apss + Apy")
Aps=Act(Apy '+ Apyc)
From the graphical solution
at right,
Acceleration scale factor

kg = 200 ——
2
sec
Ap3i= 4577k, Aps=9154insec >
at an angle of -87.517 deg
Apyi= 2832k Apg= 5664 insec

at an angle of 164.000 deg

Ap34n = 96.359 in-sec.2

Ap3ar = 202336 in-sec

Apscn = 37404 in-sec 2

Apygcy = 118.821 in-sec—2

64pP34n = Op3 — 180-deg

04pP34¢:= Op3 — 90-deg

04pP4Cn = Op4 — 180-deg

84p4Ct = Opg + 90-deg

SOLUTION MANUAL 7-79-3

04pP34n = —170.750 deg

64P34: = —80.750 deg

84p4Cn = —112.687 deg

B4p4ct = 157.313 deg

2832
Yy /
AP4 ) 1640/000
Mo e X
A" . }
PeC 87.517° |
|
0 200 IN/S/S i‘\
Lot i |
Acceleration Scale |

Ae;
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&S PROBLEM 7-80

SOLUTION MANUAL 7-80-1

The crosshead linkage shown in Figure P7-30c has 2 DOF with inputs at cross heads 2 and 5. Find

Ap, Aps, and A p, if the crossheads are each moving toward the origin of the XY coordinate system
with a speed of 20 in/sec and are decelerating at 75 in/sec?. Use an analytical method.

Statement:
Given: Link lengths:
Link 3 (4 to B)
Link 2 Y-offset
Coupler point data:
Input velocities:
Input accelerations
Solution:

b:=34.32-in Link 4 (Bto C)
a:=59.5-in Link 5 X-offset
AP3:=31.5-in BP3:=222-in
BP4:=41.52:in CP4:=27.0-in

Voy = —20-in-sec !

Aq = —T75-in-sec 2

See Figure P7-30c and Mathcad file P0780.

1. Draw the linkage to a convenient scale and lable it.

(Problem 6-98),

03 :=320.123-deg

03 = 1.749-rad-sec_ | CCW

-1
Vsx = =20-in-sec

Ac = -15-in-sec 2

04:= 122.718-deg

o4 :=-1.177-rad -sec !

c:=504-in
d:=57in

In order to solve for the accelerations at point B, we will need 03, ®3, 04, and @3. From the velocity solution

Cw

Use equation 7.4 to (analytically) determine the magnitude of the acceleration at point B, the magnitude of the

relative accelerations Ag,, Apgcand the angular accelerations of links 3 and 4. The equations to be solved

simultaneously are

Ap=A +Apy

Ag=Ac+ Apc

Eliminating A g by combing equations and expanding,
Ayt (Aps + Ap)=Ac+(Apc'+ ApcT)

| 44] = 75.000 in-sec” >

|4c| = 75.000 in-sec™

044 :=270-deg

84¢:= 180-deg
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2
ABAn = b-03

04BAn = 03 — 180-deg

2
ABCn = c-04

04BCn =04 — 180-deg

Agy:=—|A4|
ABAnx = ABAn-COS(HABAn)
ABany = ABAn-sin(HABAn)
Acx = -] Ac]|
ABCnx = ABCn~COS(0ABCn)

ABCny = ABcn~sin( GABCn)

64BAt = 04BA4n — 90-deg

O4BCt = 04BCn + 90-deg

mpCy = tan( 0ABCt)
MmpBA¢ = !a"( 9ABAt)

Apgn = 104.985 in-sec >

B84BAn = 140.123 deg

ABCn = 69.821 in-sec 2

04BCn = —57.282 deg

Agy = -75.000 in-sec 2

ABAnx = —80.568 in-sec 2

ABAny = 67310 in-sec 2

Acx = -75.000 in-sec”

-2
ABCnx = 37.738 in-sec

-2
ABCny = —58.743 in-sec

04841 = 50.123 deg
B4pct = 32.718 deg

mpcy = 0.642
mpqs = 1.197

SOLUTION MANUAL 7-80-2

Write the equations for the two lines that represent the vectors A g4, and A g, and solve them simultaneously to
find the coordinates of A 5:

Apyx =

mpcr(Acx + ABCnx) ~ mBar ABAnx — ABCny + (AAy + ABAny)

Apy = ~222.804 in-sec” >

2 2
Ap ::JA)_!;)r + Apy

04B = atanZ(ABx, ABy)

mpCt — MBAt

Ay = mpcr[px — (Acx + ABCns)] + ABCny

-2
ABy = -177.941 in-sec

-2
Ap = 285.140 in-sec

048 = —141.388 deg

A similar approach can be taken to find Ap; and Ap,.
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&S PROBLEM 7-81

Statement: The crosshead linkage shown in Figure P7-30c has 2 DOF with inputs at cross heads 2 and 5. Att
=0, crosshead 2 is at rest at the origin of the global XY coordinate system and crosshead 5 is at
rest at (70,0). Write a computer program to find and plot A p; and A p4 for the first 5 sec of motion if
A, =0.5 in/sec? upward and A = 0.5 in/sec? to the left.

Given: Link lengths:

Link 3 (4 to B) b :=3432-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 83 := 39.128-deg
BP4:=41.52-in CPy:=27.0-in 84 := —55.405-deg
Input accelerations Ay = 0.5-insec > A 5= ~0.5-in-sec
Solution: See Figure P7-30c and Mathcad file P0781.

1. Draw the linkage to a convenient scale and lable it.

Y
Al
T N
a
l 5
N —X
[r———— d —]
t .= 0-sec,0.1-sec..5-sec ag:= 0-in dp = 70-in

d(t) == dp + 0.5A45-"
Vs(t) := A5t

a(t)=ap+ 0.5-A2-12
Va(t) .= Ayt
2. Define a vector loop as shown above. Summing the vectors around the loop,
R + R3— Rg-Rg=0
b-cos(93) - c-cos(64) -d=90
a+ b-sirz(93) - c-sin(94) =0

3. Substitute the polar notation and Euler equivalents and solve for 85 and 8, using the method of Section 4.5 and
the identities in equations 4.9.

- v d)’
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A(D) =K (1) - d( B(H) = 2-a(p C(r) =Kj(2) + d(¥)

04(f) = 2-atan2(2-A(t),—B(t) - J B(f)” - 4-A(t)-C(t))

a®? + 2 = & + )’
2b

KX0 =

D(f) := Kxt) — d(D E(®) = -2-a(1) F():=Kx0 +d(r)

03(1) == 2-atan2(2-D(t),—E(t) - \IE(t)2 - 4-D(t)-F(t))

4. Differentiate the position equations with respect to time and solve for o5 and w,.
~b-w3-5in(83) — c-04-sif(B4) - V5= 0
Va+ b—m3-cos(93) - c~m4-cos(94) =0

V20)-sin(84(D)) + Vs(2)-cos(B4(0))
b-sin(B3(2) + 04(1))

w3(f) = —

VA1)-sin(83(£)) — Vs(1)-cos(03(1))
c-si(3(1) + 04(1))

w4(t) ==

5. Differentiate the velocity equations with respect to time and solve for a; and a,.

b ay-sin(03) + @3 -cos(63)) - c-( o sin0) + wacos{0a)) - 45 =0
a3+ 5 oz-con(83) - w3 sin(6s)) - -(ourcas(04) - w4 sin(0s)) = 0
A1) = ~b-sin(83(1)) B(t) = —-sin(04(1))

C1(1) = ~b-03(0) -cos(03(0)) - c-03(1) -cos(0a(0)) - 4

D1 := b-cos(03(1)) EX(f) := —-cos(0(1))

F(t) := —b-m3(t)2-sin(63(t)) + c-u)3(t)2-sin(64(t)) + A2

az(f) = B(n)-F(1) — C'()-E()

a(ty = SO~ AW F(D)
A'(1)-EX?) - B(1)-D() T A0)-EXf) - B(8)-DYY)

6. Using equations 6.32, solve for the accelerations at Ps3.

Apaa(0) = 4P3] az()-(~sir(B3() + 83) + j-cos(03() + 83)) ...
+ -(n3(t)2-(cos(93(t) + 83) + j-sir(83(1) + 83))

Ap3(9) :=j-A2 + Ap3a(?) 4p3(9) = |Ap3(9)] 04p3(1) := arg(Ap3(n))

0.4p3(0) = if(64P31) < 0,04p3(0) + 21, 4px(1))
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7. Plot the magnitude and direction of the acceleration at P5.

MAGNITUDE - P3

80
60
2
A (t) sec
PR 40
) / '
__._'..———"/
% 1 2 3 4 5
L
sec
DIRECTION - P3
200

190 /
O4p3(1) /

deg 180 /

/

N
7

160
0

. sec
8. Using equations 6.32, solve for the accelerations at P,.

Apaa(D) = CP4 ag(t)-(~sin(Ba(t) + 84) + j-cos(04(2) + 84)) ..
+ 040 (cos(04(0) + 84) + j-sin(0a(t) + 54)
Apa(/) = j-As + Apaa(f) ApL(1) = |Rpa()] 04pA(1) = arg(Apa())

04P4(D) = if(04P4(D) < 0,64PA0) + 27, O4p A1)
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9. Plot the magnitude and direction of the acceleration at P;.

MAGNITUDE - P4

40

. /

4 4(1) sec2
P n 20
10— /
‘____,,,__—-——‘—/
0
0 1 2 3 4 5
1
sec
DIRECTION - P3
350
348
o,pit) 346 ~
deg \ _/
N\ﬁu.-—_-—--
344
342
340
0 1 2 3 4 5
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&S PROBLEM 7-82

Statement: The linkage in Figure P7-30d has the path of slider 6 perpendicular to the global X-axis and link 2
aligned with the global X-axis. Find o, and A 4 in the position shown if the velocity of the slider is
constant at 20 in/sec downward. Use the acceleration difference graphical method.

Given: Link lengths:
Link 2 (O, to 4) a:=12-in Link 3 (A4 to B) b :=24-in
Link 4 (O4 to B) c:=18-in Link 5 (C to D) f:=24-in
Link 4 (04 to 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
Input slider velocity Vp = 20-in-sec ! Oyp = -90.0-deg
Solution: See Figure P7-30d and Mathcad file P0782.

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

\ Direction of ACD
i
e

Direction of ACt

Direction of ABt \

Direction of AD

Direction of AABt

N

2. In order to solve for the accelerations at points 4, B and C, we will need 0,, ®,, 03, @3, and 6, @4. From the
graphical position solution above and the velocity solution (see Problem 6-99),

Direction of AAt

0, := 0.000-deg 0o = 1.648-rad-sec | ccw
03 := 114.410-deg 03 := 0.282-rad-sec | ccw
047 := 199.963-deg 04 := 1.003-rad-sec_ " cw

042 := 19.963-deg

85 := 116.161-deg 5 = 0.286-rad-sec ' cw

3. The graphical solution for accelerations uses equation 7.4: (A" + Ay =(A [+ AN+ (Ap/+Ap



DESIGN OF MACHINERY

4. For point C, this becomes: (A'+ A =Ap+(Acp'+Acp™ , where

2 -
Acn = e-w4 Acn = 18.108 in-sec 2

84Cn =042 + 180-deg B4cn = 199.963 deg

-2
Ap = 0-in-sec

2 _
Acpn = f-05 Acpn = 1.963 in-sec 2

84CDn = 05 + 180-deg 84CDn = 296.161 deg

5. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A" at an angle of 8,4, + o and A ;" at an angle of 0 4p,, + . From the tip of Ap”, draw Ap' at an
angle of 0 4p, + . From the tip of Ay, draw Ap” at an angle of 8¢p, + a. Now that the vectors with known
magnitudes are drawn, from the tips of A" and A -p”, draw construction lines in the directions of A.f and Ay,
respectively. The intersection of these two lines are the tips of A/, A, and A’

0 5IN/S/IS
Lol ’ /\
Acceleration Scale TN Y
eration P - \ 5
P u
3.706 \1
/’// //7 ” n ‘ X
B // - //: e Ao /
p _ P - /
A ,.
e N
L\ 1S
0788
v
6. From the graphical solution above,
Acceleration scale factor kg = 5.0-—l
sec
AC = 3.706-k, AC = 18.530 in-sec at an angle of -147.759 deg
Acy = 0.788-k, Acy = 3.940 imsec
AC‘ _
4= — o4 = 0.219 rad-sec 2 Ccw
e

Since link 4 is straight and the distance from Oy to B is the same as to C,

Ag = 18.530 in-sec
7. For point A, equation 7.4 becomes: (A, + A ") =Ap+ (A 5 + A p"), where

Ap:=Ac at an angle of 32.241 deg

SOLUTION MANUAL 7-82-2

2
Agn=a-0)

O44n = 07 + 180-deg

2
AqBn = b-03

644Bn =03

Agn = 32.591 in-sec” >

044n = 180.000 deg

A4gBn = 1.909 in-sec 2

844Bn = 114.410deg
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0 10 INIS/S .

) - ) Ass

Acceleration Scale Yﬁ A
A s
- — X
f , —\ /
0.993 - /

8. From the graphical solution above,
Acceleration scale factor

Agq:=3.407-k,
Agr:=0.993-k,
Agt

o =—
a

kg = 10—

sec

Aq = 34.070 insec >

Agr = 9.930 in-sec”

oy = 0.828 rad-sec 2

at an angle of -163.062 deg

Ccw
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&S PROBLEM 7-83

Statement: The linkage in Figure P7-30d has the path of slider 6 perpendicular to the global X-axis and link 2
aligned with the global X-axis. Find a, and A 4 in the position shown if the velocity of the slider is
constant at 20 in/sec downward. Use an analytical method.

Given: Link lengths:

Link 2 (O, to 4) ¢:i=12-in Link 3 (4 to B) b= 24-in
Link 4 (O4 to B) a:=18-in Link 5 (C to D) fi=24-in
Link 4 (O4t0 C) e:=18-in
Link 1 X-offset dy = 19-in Link | Y-offset dy := 28-in
Link1(0,100) d :=,}dX2 +dy?  d=33838in

Axis rotation angle: 8 := —124.160-deg

Input slider velocity Vp := 20-in-sec ' Downward (positive x’ direction)

Input slider acceleration Ap := 0-in-sec 2
Solution: See Figure P7-30d and Mathcad file P0783.
1. Draw the linkage to a convenient scale and label it.

124.160°

2. From the graphical position solution above and the velocity solution (see Problem 6-99),

Local x"y” coordinate system:

Output 6, := 124.160-deg w3 = 1.648-rad-sec” ' ccw
03 := 58.570-deg 03 = 0.282-rad-sec | ccw
Input 041 := 324.123-deg ©4:=—1.003-rad -sec” : Ccw

Local x'y’ coordinate system:
847 := 109.963-deg 04:= —1.003-rad-sec | CW

05 := 206.161-deg w5 := -0286-rad-sec | Ccw
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3. Solve equations 7.16b and ¢ for o, (which is o, in this case):

_ AD-cm(Gs) + e'm42'cos(95 - 942) - f "’)52 aq = —0.219rad-sec_2

- e-sin(95 - 942)
4. Use equations 7.12 to determine the angular accelerations of link 2.

A = c-sin(0) B := b-sin(63) D := c-cos(62) E := b-cos(03)
A=9930in B =20479in D =-6738in E=12515in
C = aaysif41) + v -cos(841) + b-ws -cos(83) - c-ay -cos(82)

C = 36278 in-sec

F = aagcos(041) - a-oq -sin04;) - b3 -sin(©3) + c-0y-sin(0;)

F =32.758 imsec >

C-E£E-BF ay = —0.827 rad

ap =
A-E- B-D sec

9. Use equation 7.13c to determine the acceleration of point 4.

Ap = c-az-(—sb{ez) +j -cos(Oz)) - c-mzz-(cos(ez) +j -sit(ez))

Ap = 26.510 — 21.397j iz A4:= |24 044 := arg(Ap) + &
sec

The acceleration of pin A is A4 = 34.068 Lz at @44 = —163.068deg (Global)
sec
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&S PROBLEM 7-84

Statement: The linkage in Figure P7-30a has the path of slider 6 perpendicular to the global X-axis and link 2
aligned with the global X-axis at t = 0. Write a computer program or use an equation solver to find
and plot A, as a function of 6,, over the possible range of motion of link 2, in the global XY

coordinate system.
Given: Link lengths:
Link 2 (O, to 4) a:= 12-in Link 3 (4 to B) b= 24-in
Link 4 (O4 to B) ¢:=18-in Link 5 (Cto D) f:=24in
Link 4 (O4t0 C) e:=18-in
Link 1 X-offset dy = 19in Link 1 Y-offset dy = 28.in
Link 1 (05 to Oy) d :=JdX2 + dy2 d =33.838in
Axis rotation angle: 81 := 55.840-deg 8o := —90.000-deg
Input velocity & accel: @) := 1-rad-sec ! ay:=0-rad-sec 2
Crank angle: B2xy = ~10-deg,~69-deg.. 180-deg 8 62xy) = O2xy - &1
Solution: See Figure P7-30d and Mathcad file P0784.

1. Draw the linkage to a convenient scale and label it.

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

d d
Kj=% K;=28198  K;=2  K;=18799
a c
2 2 2
—b d
K3:=2 rer K3 = 2.4005
(2-a-c)

A(Osz) = cos(az(azxy)) - Ky - Kz-cos(az(é’gxy)) + K3

B(OQXY) = —2-sir<02(02)(y))
C(szy) =K; - (K2 + 1)-cos(02(02Xy)) + K3

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

040 62xY) = 2-(aranz(z-A(92Xy),—B(02Xy) - Hegxy)Z - 4~A(02)(y)-C(02)(y)))




DESIGN OF MACHINERY SOLUTION MANUAL 7-84-2

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

(:2 - d2 - a2 - b2
Ks:= Ky =1.4099 K5 =-2.6753
(2-a-b)

Ky:=

S EW

D(02xy) = cos(6A 82x7)) - K1 + Kycos(8A82xy)) + K5
B(02x) = ~2-in 0{021)
F(O2xy) = Ky + (Kg - 1)-cos(0A 82x7)) + K5

5. Use equation 4.13 to find values of 8, for the open circuit.

ley(ﬁzxy) = 2-(atan2(2~D(02)(y),—E(02Xy) - ‘lb(agxy)z - 4-D(02Xy)-F(02,\fy)))

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

a-w) Sir(94xy(32XY) - 92(92-’{7 ))

b sir(03x(02xY) - O4ry(62xY))

awz sirl(02(92)(}’) - 93xy(92XY))
c sin(04xy(ﬂgxy) - 93xy(92){}'))

a)g(egxy) =

m4( Hzxy) =

7. Use equations 7.12 to determine the angular acceleration of link 4.

A(02x7) = c-sin{ B4{ 02x)) B(62xy) := b-si{ 035 82x7))

D( ) Xy) = c-cos( 04xy(t92 Xy)) E( 0> Xy) = b-cos( 03xy(62 Xy))

C(6’2Xy) = a-az-sin(éz(ﬂzxy)) + a-wzz-cos(ez(azxy))

+ b-w3(92Xy)2-cos(03xy(62Xy)) - c-w4(62xy)2-cos(04nz(32/\’]’))

F(ﬂzxy) =a ag-co.v(02(02)(y)) - a wzz-sin(eg(ez)(y))
+ b3 02x7)" sir B3 62x7)) + ¢ 04 B2x7)" 51 By O2x7))

(O2x)- B 02x7) - B(62xv)- F(6241)

ad 02xv) = A(62xv)-E(62xv) — B(62xy)-D{@2x7)

8. Transform 0, to the local x"y" coordinate system and add 180 deg to get the link from O, to C, which is the input
angle to the crank-slider portion of the linkage.

04 02xr) = O4x{ O2xy) + 180-deg + 8| - &
9. Determine 8, in the x"y" coordinate system using equation 4.17. Offset: cc:=27.5in

05(02xy) = asz‘r{ e sinl 04 02x)) - cc) +x

s

10. Determine the angular velocity of link 5 using equation 6.22a:

05(92)()/) = 7-W-G)Aﬂzxy)
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11. Determine the angular acceleration of link 5 using equation 7.16d.

e-a4(92XY)-cos(04(02)(y)) - 9'0)4(92XY)2-Sin(04(02Xy))
as{(62xy) = s 02x)"sin{ 05 0217))
. f~cos(05(02Xy))

12. Use equation 7.16e for the acceleration of pin D.

AD(ngy) = —e-a4(6'gxy)-sin(04(02)(y)) -e a)4(62Xy)2-cos(04(62)(y))
+ 1-as(02xy)-sif 05(82xy)) + £-@5(B2xv) -cos( 05(02x7))

ACCELERATION - PIN D
25 /
20

- / N—1

AN,
/

—100 -50 0 50 100 150 200

sec

- Ap( O2x7)—

Orxy

deg

Positive is up (positive ¥ direction in the global coordinate system).
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&S PROBLEM 7-85

Statement:

Given:

Solution:

For the linkage of Figure P7-30e, write a computer program or use an equation solver to find and
plot A, in the global coordinate system for one revolution of link 2 if @, is constant at 10 rad/sec
Cw.

Link lengths:
Link 2 (O, to A) a:=5.0-in Link 3 (4 to B) b:=50-in
Link 4 (O4 to B) ¢c:=6.0-in Link 1 (O; to Oy) d:=25-in
Link 5 (Bto C) e:=15in Angle BO,C 8:= 83.621-deg

Crank angle: 2 = 0-deg, 1-deg..360-deg
Input crank angular velocity w2 = 10-rad-sec ! a2 := 0-rad-sec” 2

See Figure P7-30e and Mathcad file P0785.

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.

2. Determine the values of the constants needed for finding 0, from equations 4.8a and 4.10a.

d
K;=— K;=0.5000 Kz::g Ky =04167
a [+
2 2 2
-b
K3=2 rlrd K3 = 0.7042
(2-a-c)

A(Og) = cos(Bz) -Kj- Kz-cos(eg) + K3

3(02) = —2-sir(02)

C(Bz) =K - (Kg + l)‘cos(Gz) + K3

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

041(62) = 2 (ctand 2. 4(02),-8(02) - [8(05) - 4-4(02) (02)))

4. Determine the values of the constants needed for finding 0, from equations 4.11b and 4.12.

Ky4:= Ks:= K4 =0.5000 K5 =-0.4050

d C-d-d b
b (2-a-b)

D(H;_)) = cos(ﬂz) -K;+ K4-cos(02) + K5

E(Gz) = —2-sin(02)

F(Hz) =K;+ (K4 - 1)-;:os(82) + K5

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

0402) = 2(wand2.0(02)-5(2) - (o2} - 0{e2) #(02)))

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

a-w2 sit(041(02) - 02)

03(02) = b si(0562) - 041(62))




DESIGN OF MACHINERY SOLUTION MANUAL 7-85-2

a-wy sin(Hg - 93(02))
¢ sin(04/(62) - 63(62))
7. Use equations 7.12 to determine the angular acceleration of link 4.
A( 92) = c-sin(04 ](62)) B(Hz) = b-sin(63(62))

D( 92) = c-cos( 04 1(02)) E(HZ) = b'COS(93(92))

a)4( 92) =

C(Bz) =a ag-sin(eg) + a-wzz-cos(ez)
+b-03(8)cos(63(62)) — c-04(82)-cos(0.41(62))

F(Hz) = a-az-cos(az) - a-w22-sin(62)
+b-03(82)-5in{0(62)) + - 02)-sin( 0,41(65))

ad0) = c(62)-B(62) - B(62)-F(62)
" 4(62)-E(62) - B(62)-D(62)

ANGULAR ACCEL - LINK 4

200

100
2 / \
sec

rad 0 / - \
W
—200
0 45 90 135 180 225 270 315 360
6>
deg

8. Transform 0, to the slider-crank coordinate system (origin at O,) system.

042(92) = 6’41(02) -8

9. Determine 05 using equation 4.17. Offset: cc = 0-in

65(65) = asin( o sin04462)) - cc) +r

e

10. Determine the angular velocity of link 5 using equation 6.22a:

a)j(ez) = E-%-wd&ﬂ
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11. Determine the angular acceleration of link 5 using equation 7.16d.

c-a(02)-cos(042(62)) - - w(02) -sin{ 04(62)) ..

— +e-a)5(92)2'8i"(95(02))
a 5( 92) = e cos( 95( 92))

12. Use equation 7.16¢ for the acceleration of pin D.

AD(Hz) =—c- a4(02)-sin(042( 62)) - c-w4(02)2-cos(042(02))

+e-a5(92)‘Si"(95(92)) + e-w5(02)2-cos(95(02))

ACCELERATION - PIN D

2000

1500

1000
sec 2 \ /
Ap(6)—

=500 \— /

—1000
0 45 90 135 180 225 270 315

360
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&S PROBLEM 7-86

SOLUTION MANUAL 7-86-1

Statement: The linkage of Figure P6-33f has link 2 at 130 deg in the global XY coordinate system. Find A in
the global coordinate system for the position shown if®, = 15 rad/sec CW and a; = 50 rad/sec?

CW. Use the acceleration difference graphical method.

Given: Link lengths:
Link 2 (O to 4) a:=5.0-in Link 3 (4 to B) b= 8.4-in
Link 4 (O4 to B) c:=2.5-in Link 1 (O, to Oy) dy = 12.5-in
Link 5 (Cto E) e:=89-in Link 5 (C to D) h:=59-in
Link 6 (Og to E) f=32-in Link 7 (D to F) k= 6.4-in
Link 1 (O, to Og) dz:=10.5-in Link 3 (4 to C) g:=24-in

Crank angle: 87 = 130-deg

Slider axis offset and angle: s=11.7-in 87 := 150-deg

Input crank angular velocity @y = 15-rad-sec ! Ccw
Input crank angular acceleration ay = 50-rad-sec 2 Cw
Solution: See Figure P6-33f and Mathcad file P0786.

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

Direction of VF Y
Direction of VFD——— =" r~——— Direction of VE
Direction of VE -~ ~

),
Os

_ P . Direction of VA
Direction VBA—*‘——'".\
Direction of VB
X
04 (@)
Angles measured from layout:

Oyp := 24.351-deg Byp4 == —79.348.deg Ovca = OvB4

OyE = 64.594.deg OvEC == 162.461 -deg Ovpc = OyvEC

Oy := 150.00-deg OyEp = 198.690-deg 03 := -169.348-deg

84 := 65.649-deg 05 := 72.461-deg 06 := 154.594-deg 67 := 108.690-deg

2. Use equation 6.7 to calculate the magnitude of the velocity at point 4.
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Vq=aw; V4= 75.000 —
sec
Oy4:= 82 — 90-deg Oy 4 = 40.000 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 equations to be solved graphically are

Vp=V4+Vpy and V=V, +Vg,
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 54, magnitude unknown.
From the tail of V ,, 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
ine and drawing V g from the tail of V 4 to the intersection of the V g4 construction line.

poop

-

4. Fron the velocity polygon we have:

Velocity scale factor:
V= 3.192-ink, Vg = 79.800 — Oy = —24.351 deg
sec

VB
wg=— 04=31920"4 cw

C sec
Vg4 = 3.302-ink, Vg4 = 82.550 — Oyg4 = ~79.348 deg

sec

VB4 ad

w3 = — w3 =982712%%  ccw
b sec

5. Calculate the magnitude and direction of V4 and determine the magnitude and velocity of V- from the velocity

polygon above.
VcA =g w3 Vca= 23.586£ Oycq = —-79.348 deg
sec
. Yca .
Length of V4 on velocity polygon: vCy = — veq = 0943 in

ky
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Ve = 2.668-in-k, Ve = 66.700 — Oy = 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 g, and the angular velocity of link 5. The equations to be solved graphically are

Veg=Ve+Vge 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 z construction
line and drawing V z from the tail of V- to the intersection of the V g~ construction line.
"/‘\\ ~-
/ 1821
: —~
/R 207/
v /
X /
0 25 inlsec N
R S O A -?><// Ve
45.938°
ol / P2
S
) X
\ 1.900
7. From the velocity polygon we have:
Velocity scale factor: ky = 25—m:sec
in
V= 1.716-inky VE = 42.900 — OvE = 64.594 deg
sec
VE d
@6 = — w6 = 13406 = CW
f sec
VEC = 1.821-in-k, Vi = 45.525 - OvEC = 162.461 deg
sec
Vec d
w5 = —— ws =511525  ccw
e sec

8. Calculate the magnitude and direction of V pz and determine the magnitude and velocity of V, from the velocity
polygon above.

Ve i= h-os Vpe = 30.179 — 8ypc = 162.461 deg
sec
. VbpC .
Length of V p¢ on velocity polygon: vpC = T vpc = 1.207in
Vp = 1.900-in-k, Vp = 47.500 — Oyp = 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 g, and the angular velocity of link 5. The equation to be solved graphically is
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Vp=Vp+Vpp

a.
b.
c.
d.

SOLUTION MANUAL 7-86-4

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

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

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

Complete the vector triangle by drawing V g, from the tip of V5, to the intersection of the V 5 construction

line and drawing V - from the tail of V p, to the intersection of the V g, construction line.

2454 \
Y, 7
iy e 0 25 infsec
\ -~ /& b
.V N N R N N
\ FD/,// 4 AN
<~ 150000° 45.934°
Al ] \'\ \
S~
A O | x
1.158
\\/

10. From the velocity polygon we have:
Velocity scale factor:
VE = 1.158-in-k,
ViEp :=2.454-in-k,
VED

w7 = ——
=%

11. The graphical solution for accelerations uses equation 7.4:

-1
ky = 25-m:sec
in

Vi = 28.950 —
sec

Byr = 150.000 deg

Vip = 61.350 —
sec

w7 =9.5867%
sec

CCwW

(Ap"+AP) = (AL + A +(Aps + Aps™)

12. For point B, this becomes: (A +Ag) =(A/+ A/ +(Ap/+ A, where

2
App:=c-wy

04Bn = 04— 180-deg

2
Agn=a w)

O44n = 02 — 180-deg

Agr:=aa2

0441 = 02 — 90-deg
2

ABAn = b-w3

O4BAn:= 63 — 180-deg

Apn = 25472 in-sec 2
04Bn = -114.351 deg
Agn= 11250 in-sec” 2
B44n = —50.000 deg
A4t = 250.0 in-sec -2
G441 = 40.000 deg

-2
ABan = 8113 in-sec

O4BAn = —349.348 deg

13. Choose a convenient acceleration scale and draw the vectors with known magnitude and direction. From the
origin, draw A g” at an angle of 0 45, and A 4” at an angle of 0,44,. From the tip of A 47, draw A / at an angle of
0,44, From the tip of A 4, draw A g, at an angle of 04, Now that the vectors with known magnitudes are
drawn, from the tips of A g” and A 4", draw construction lines in the directions of A g and Ag//, respectively.

The intersection of these two lines are the tips of A, A, and A /.
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0 1000 in/s/s

|
{ t

celeration Scale

14. From the graphical solution above,

Acceleration scale factor kg = 1000 ——
sec
Agq:=1.152-k, Ag=1152 in-sec—2 044 = -37.471-deg
. -2
Apqr = 3358k, Apas = 3358 in-sec
Apat d
aj:= _Z)— a3z = 399.762 Ia—z Ccw
sec

15. ForpointC,: A-=A, +(Ac +Ac,") , where

Y
|
L P X
3 -2 N |
Ag=1.152x 10 in-sec 044 = -37.471 deg \ \\\\AA !
N\ 505020
O44n = 62 — 180-deg 044n = —50.000 deg N N .
\\ \\ N A
-2 e ~ ca
Acar =g a3 Ac4r = 959.4 in-sec \\\ . N
\\ \\.
AN
84CAt = 63 + 90-deg 04Car = —79.348 deg A . Ag Al
5 . 4150 N . “
ACAn = g @3 Acan=231.8 in-sec N ‘\
0 500insls . N\
04Can = 03— 180-deg  O4Can = —349.348 deg . . \‘\‘
\cceleration Scale AN

16. From the graphical solution above, \\ 7
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DESIGN OF MACHINERY
Acceleration scale factor kg = 500- L
sec
Ac:=4.150-k, Ac = 2075 in»sec_2 84c = -50.502-deg
17. Forpoint £: (Ag + A =Ac+(Agd + Apc™) , where Yy 0 500 in/s/s
2 -2 Lo
Afgn = f-o6 Afgn = 575.1in-sec I Accsleration Scal
O4Fn = 65— 180-deg O4Fn = —25.406 deg o X
P -\\‘\\ Ag
2 ) Y
AECn = e- @5 AEcn = 232.9 in-sec N/
OAECH = O5 — 180-deg O4ECn = ~107.539 deg | y AN
. /N
Acceleration scale factor kg = 5()0-—”'—2 / AN
sec A | /A
_2 £ [ / AN
Agcy = 2.697-k, Agct = 1349 in-sec M AN
4 d e N
ECi / Tl
PO as=1515172%  ccw / T \
e 2 AEC T /
sec /‘\\ e ] Agc
2697
\\‘/
18. ForpointD,: Ap=A-+(Aps +Ap™) , where
Ac = 2075.0 in-sec 2 84c = —50.502 deg y 0 500 in/sfe
N [ Lo 1]
Apct= h-as Apct = 893.9 in-sec 2 7 N tooeleration Scale
X
84DCt = 05 + 90-deg 84pct = 162.461 deg S/ ! 7
/ y | //
4 hws A 154.4in-sec” > / - /
DCn = N @5 DCn = a1 ‘
3194 SN 25t
04DCn = 05 — 180-deg 04DCn = —107.539 deg / // |
. /// /'// {[
Acceleration scale factor kg= 500._"_15 / A, // |
sec \<\ /// AE (
p ,
/ ‘
Ap = 3.194-k, Ac = 2075 insec > N (\ ‘
e _.
04D = —125.841-deg Aoc ) Al

19. ForpointF,: Ap=Ap+ (Agy + A", where

2
Appn = k-@7

04FDn = 67 - 180-deg

-2
Afpp = 588.10 in-sec

84FDn = —71.310 deg
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// \\\‘
Y / -
/ .
0 500 in/s/s / 4,033
Lo /
X
sceleration Scale / f -
/ o
/
/ S
) Vs \ 30.000°
/ ~_ /
/ “\
/ . AF
/S \;\
AD //
///,
/ / /'/‘
\ -
‘\ ‘ /,//
A:D \\\ ///,
n\ /f/
‘/’/
Acceleration scale factor kg = SOO-L2
sec

AF = 4.033-k, Ap = 2017 in-sec_2

SOLUTION MANUAL 7-86-7

84p :=-30.00-deg
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PROBLEMS 7-3 AND 74

Open Open 4, A, Crossed Crossed 4, A4,
Row a, Q, Mag Ang a, a, Mag Ang
a 26.1 533 419 240.4 77.9 50.7 298 -11.3
b -29826 11390 273911 241.7 29792 -11425 275939 62.3
c -154.4 -71.6 4400 238.9 -65.2 -148.0 3554 100.6
d 1025.6 1489.4 8085.2 188.9 1771.0 13074 6466.4 63.2
e 331.9 275.6 10260 264.8 1287.7 1344.1 19340 -65.5
f -7518.2 -5343.2 90564 -64.7 -4158.2 -6333.2 139742 843
g -23510 -19783 172688 191 43709 47436 273634 -63
h -625.3 72299 63043 226.5 7229.9 -652.3 5663.5 116.1
i -344.6 505.3 9492 -81.1 121.9 -728.0 27871 150
j -1475.6 22252 9437.6 220.5 3017.5 -683.3 3062.5 214.4
k -2693 4054 56271 220.2 311.0 1672.1 27759 -39.1
1 -1565.6 -2462.2 49368 236.7 7876.7 87733 86597 218.2
m 680.8 149.2 35149 261.5 9266.1 10303 63831 103.9
n -6.95 -127.3 1765.9 -46.5 -26.2 94.2 1776.8 263.8

PROBLEMS 7-5 AND 7-6
Row l\;l“gg Aﬁfg Oap:m l\fgg :rfg Cr(:;;SEd I\jl4§g 1;\4: g
a 140 -135 24.8 123.7 180 -24.8 743 180
b 288 -122 52.7 57.6 0 -52.7 362.9 180
c 676 153 -29.0 709.1 180 29.0 490.0 180
d 2016 300 173.8 1192.9 0 -173.8 847.3 0
€ 12500 45 -447.1 6652.7 447.1 11095.7 0
f 6077 -81.4 473.8 2263.7 -473.8 4493 180
g 70000 150 -1136.0 62688 180 1136.0 58430 180

PROBLEMS 7-7 AND 7-8
Open Open Open  Crossed Crossed Crossed
Row a] a4 slip a} u4 slip
a 130.5 130.5 -3111.7 9.9 9.9 1125.2
b -1.31 -1.31 1129.3 -113.3 -113.3 748.12
c -212.9 -212.9 3327.9 217.8 -217.8 6776.4
d 9523.1 9523.1 -7462.1 2564.5 2564.5 13136
e 896.3 896.3 2020.1 595.6 595.6 -10444
f 1942 1942 75148 -2645.7  -2645.7 9459

7-A-1
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PROBLEM 7-9
Open Open  Crossed Crossed
Row a, a a, a,
a 3191 2492 -6648 -5949
b 549 6997 476 289
c 314 228 87.2 147
d 960 -1397 37.1 -584.6
€ 2171 6524 7781 5414
f 248 2699 3271 -183.5
g -22064 -23717 -5529 -29133
h 18218 -42880 -4373 7133
i -5697 -3380 2593 -7184

7-A-2



