DESIGN OF MACHINERY SOLUTION MANUAL 7-6a-1

| PROBLEM 7-6a |

Statement: Thelink lengths and the values of 0,, @,, and a, for the some non inverted offset fourbar

slider-crank linkages are defined in Table P7-2. The general linkage configuration and terminol ogy
are shown in Figure P7-2. For row a, draw the linkage to scale and find the accel erations of the pin
joints Aand B the acceleration of dlip at the sliding joint using an analytical method.

Given: Link lengths:
Link2 a:= 14in Link3 b= 4in
Offset: c= 1in
. . . . rad rad
Link 2 position, velocity, and acceleration: 0, := 45-deg 0, = 10-— oy = 0——
Sec se02
Solution: See Figure P7-2 and Mathcad file PO706a.

1. Draw thelinkageto scale and label it.

3.010 4.990

3(CROSSED] ““-_A 3 (OPEN) iB

Ty N
./ 245,000 179.856° 1-(;00
‘1 | x

2. Determine6; and d using equations 4.16 and 4.17.

Open:
03, = asr(—ﬂbz)_cj + 7 05, = 180.144 deg
dp 1= a-c0§0,) - b-cos(0 1) dp = 4.990in
Crossed:
_r(asin(ez) - cj
03, = as T 05, =-0.144deg
di:= a'COE(ez) - b-cos(631) d; =-3.010in

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

cog 6 d
Open 03y = %ﬁ-@ 03 = —2.475%

cog 6 d
Crossed 03] = %ﬁ-@ 03] = 2.475%

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



DESIGN OF MACHINERY SOLUTION MANUAL 7-6a-2
A= a-y(-sin(0,) + j-cos(0,)) — awy(cog(0) + j -sin(0,))

Ap =—98.995 — 98.995] Lz Ap:= |Ag Opa:= arg(An)
sec

The acceleration of pinAis A, = 1400—1— & g, = —135.0deg
2
sec

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

a'OLz'COS(ez) - a~m22~sin(92) + b'(0322'5ir<932)

o) -
i " b-cos(03)
rad
a3y = 24.764——
SeCZ
Crossed Oal = a-otz-cos(ez) - a~m22-sin(92) + b-m312'5ir‘<931)
T b-cos(03)
rad
o3y = —24.764——
S€C2

6. Useequation 7.16efor the acceleration of pinB.

Open:

Agy = —a-ocz-sin(82) - a'O)zz'COiez) + b-a32~sir‘(632) + b-m322-cos(832)

Agy = —123.7l A negative sign means that A isto the left
2
Sec

Crossed:

Agy = —a-ocz-sin(82) - a'O)zz'COiez) + b-a31~sir‘(631) + b-m312-cos(831)

Ag1 = —74.2L A negative sign means that A isto the left
2
SeC
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| PROBLEM 7-7a |

Statement: Thelink lengths and the values of 0,, @,, and y 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 jointsA and B
and the acceleration of dlip 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= 2in Link 4 c= 4in Link 1 d = 6in

Angle between links 3 and 4 y = 90-deg

Link 2 position, velocity, and accel. 9, := 30-deg Wy = 10-@ oy = —25-@
Sec secz
Solution: See Figure P7-3 and Mathcad file PO707a.
1. Draw thelinkageto scale and label it.
B
y )
90.0°
b 127.333°
C
A 142.666°
a
30.000° q
& ! — x
0, 04

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

P:= a-sir‘(ez)-sin(y) + (a-cos(ez) - d)-cos(y) P =1.000in
Q:= —a-sin(8,)-cosly) + (a-cos(6;) — d)-sin(y) Q=-4.268in
R:= —csin(y) S=R-Q T=2P U=0Q+R

R =-4.000in S=0.268in T = 2.000in U=-8.268in
04:= 2-atan2((2-S),(—T+ ,[TZ - 4-S-U)—| 04 = 142.667 deg
03:= 04+ 7y 05 = 232.667 deg

b= asin(os) - o-snf0,) b= 1.793in

sin(0;)

3. Cdculate the angular velocity of links 3 and 4 and the slip velocity using equations 6.30.
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amz-cos(ez— 93)

@4 b+ c-cos(y)

bdot —awzslr(ez) + m4(b5|r(93) + C5|r(94))
005(93)

W3 = 04

4. Solvefor the accelerations using equations (7.26) and (7.27).
P:= a-az-cos(83 - 92)
2 .
Q=am; 'Sln(93 - 92)

R:= C'0)42~Sif‘<e4 - 93)
S = 2-bdot-w;
T=Db+ c-cos(63 - 94)

_P+Q+R-S

Oy
4 T

K e a.mzz.(b.cos(e3 ~0,) + c-cos(04 — 0))
L= aay(bsin(0; - 03) - c-sin(0, - 6,))
M= 01+ 2booodos o5

N := 2-bdot-C4-sin(04 - 03)

K+L+M+N
T

bddot =

SOLUTION MANUAL 7-7a-2

rad
w4 =-10.292 —
Sec

bdot = 33.461
Ssec

P - 46.138insec 2
2
Q=-77.075insec

R = -423.705in-sec 2
S— _688.757insec 2
T= 1.793in

-2
o4 = 130.56rad-sec
K =—-639.230insec 2
L = 150.000in%sec” 2

M= —2.035x 10°ir-sec 2

N = 2.755x 10°irt-sec 2

bddot = —128.48 iz
Sec

The acceleration of slipisbddot. Itisdirected alonglink 3, positive inward from B towards A, so that itsangleis

05. For the acceleration of the pin jointsAand B,

An:= a-or-(-8n(0,) + j-co5(6,)) - a-wy -(cos(05) + j-sin(0,))

in
Ap:= |Ag Ap= 206.155—2 Opa:= arg(An)
Ssec

Api= ~Coug(sin(04) —-co04)) — oo (cos(0,) + j-sin(0,))

in
Ag = |Ag]| Ag = 672.505—2 Opp = arg(Ag)
Ssec

Oan = —135.964deg

Op = —88.280deg
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| PROBLEM 7-8a |

Statement: Thelink lengths and the values of 0,, @,, and y 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 jointsA and B
and the acceleration of dlip at the sliding joint. Solve by the analytic vector loop method of Section
7.3 for the crossed configuration of the linkage.

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

Angle between links 3 and 4 v := 90-deg
Link 2 position, velocity, and accel. 9, := 30-deg 0y = 10— o= —25——
Sec
Solution: See Figure P7-3 and Mathcad file PO708a.
1. Draw thelinkageto scale and label it.

y

a

30.000° b

G ‘ d — X
0, 04
C
B
169.040°
79.041°

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

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

Q:= —a-sin(8,)-cosly) + (a-cos(6;) — d)-sin(y) Q=-4.268in
R:= —csin(y) S=R-Q T=2P Ui=Q+R

R =—4.000in S=0.268in T = 2.000in U =-8.268in
04:= 2-atan2((2-S),—T - \/TZ - 4SU 04 =-169.041 deg
03:=04—7 05 = —259.041 deg

a~sin(92) - c~sin(94)
sin(03)

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

b= b= 1.793in
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04 = a0y 050, - 05) o, = 3639729
T s ccosy) T s
bdot = “orsin0o) + oy (Bsinf0;) + os0)) belot = 33,4611
005(93) sec
W3 = 04

4. Solvefor the accelerations using equations (7.26) and (7.27).

P:= a-0p-c080; - 0,) P = _16312in-sec_ >
2 2
Q= am, sin(05 - 0,) Q = 189.057 insec
2 . 2
Ri=C-o4 -sin(04 - 03) R =52.961insec
S= 2-bdot-w; S= 243508in-sec 2
T:= b+ ccos(0; - 04) T=1.793in
P+Q+R-S -
oy = Qf a4 = -993radsec
2 .2 -2
K:= am, (bcog( 05 - 0,) + c-cos(04 - 0,)) K =-639.230in"sec
. . .2 -2
L= a-ay(bsin(0; - 03) — c-sin(0,4 + 0,)) L = —46.352in" sec
2 _
M= ol (62 + @+ 2bccogo, - 6)) M = -254.418in"seC 2
. .2 -2
N := 2-bdot-c-ms-sin(0,4 - 05) N = 974.033in"-sec
K+L+M+N in
bddot = —% badot = ~18.98——

sec

The acceleration of slipisbddot. Itisdirected alonglink 3, positive inward from B towards A, so that itsangleis
05. For the acceleration of the pin jointsAand B,

An = a-ay(-sin(0,) + j-c05(6,)) — &, -(co5(0,) + j sin(0,))

Ap:= |Ag Ap= 206,155 Opa:= arg(An) Opn = —135.964deg
sec?

Api= ~Coug(sin(04) —-co04)) — oo (cos(0,) + j-sin(0,))

Ag = |Ag]| Ag= 66.195i—n2 Opp = arg(Ag) Opp = 47.822 deg

sec
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| PROBLEM 7-12 |

Statement:

Units:

Given:

Solution:

You areriding on a carousel that isrotating 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 aradius. Y our
peak velocity with respect to the carousel is5 mph and occurs at aradius of 7 ft. What is your
maximum Coriolis accel eration magnitude and its direction with respect to the carousel ?

rpm:= 2.;-rad-min 1

Carousdl angular velocity  ® = 15-rpm o= 1.571r;iIOI
sec
. ft
Peak velocity Vsip = 5-mph Vgip= 7.333—
sec

Radius at peak velocity r.=7 ft

See Mathcad file PO712.

1. Draw aplan view of the carousel floor showing your position at peak velocity and the velocity and Coriolis
accel eration vectors.

Axis of Transmission

_~ Axis of Slip

The direction of your path defines the axis of slip. The transmission axisis 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.

Use equation 7.19 to calculate the magnitude of the Coriolis component of your accel eration.

ft in
ACZ= 2'Vs|ip'm AC = 23.038—2 AC = 276.46—2
Sec Sec
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| PROBLEM 7-13b |

Statement: The linkage in Figure P7-5a has the dimensions and crank angle given below. Find o, Aa, Ag, and

A for the position shown for @, = 15 rad/sec and a,, = 10 rad/sec? in the direction shown. Usean

analytical method.
Given: Link lengths:

Link2 a:= 08in Link3 b= 1.93in
Offset: c:= -0.38in
Coupler point datac. ~ p:= 1.33-in 83 := 38.6-deg

Link 2 position, velocity, and acceleration: 9, := 34.3-deg 0y = 15.@ oy = 10-ﬂ
Sec

Sec
Solution: See Figure P7-5a and Mathcad file PO713b.

1. Draw thelinkageto scale and label it.

34.300°
154.502°

2. Determine6; and d using equations 4.16 and 4.17.

03:= asin(—%j + 7 63 = 154.502 deg
d:= a~cos(62) - b-cos(93) d = 2.403in

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

a 005(92) rad

03 = ~ c05(63) -0y w3 = —5.691;

4. Using the Euler identity to expand equation 7.15b for A 5, determine itsmagnitude, and direction.
A= a-ay(-sin(0,) + j-cog0,)) — ay(cog(0) + j -sin(0,))
Ap = —153.206 — 94.826j iz Ar= |Anl Opni= arg(An)
Sec

The acceleration of pin Ais Ap= 180l a  fpn=-148.2deg
sec
5. Determine the angular acceleration of link 3 using equation 7.16d.
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a~a2-c05(92) - a'(’JZZ'Sir(ez) + b.m32-sin(63) a3 = 38.990 rad
; = 38990 —

% b~cos(93) 3902

6. Useequation 7.16e for the acceleration of pinB.

Ag = —a'OLQ'Sif‘(ez) - a'COQZ'COS(ez) + b-oc3-sin(83) + b-c032-cos(63)

Ag= 17720 A negative sign means that A isto the left
sec
7. Determine the acceleration of the coupler point C using equations 7.32. Note that 05 is defined from point Bin
Figure 7-6 and from point Ain Figure 7-9. To use equation 7.32 for aslider-crank we must redefine 6 5

05 := 05 — 180-deg 05 = —25.498 deg

Aca = p-a3-(—sin(63 + 83) + ] -cos(83 + 63))
+_p.m32-(cos(e3+ 85) +]-sin(05+ 85))

AC:= AA + ACA

Ac = —206.910 — 54.083] iz Ac:= |Ac| Oac = arg(Ac)
sec

The acceleration of point Cis  Ac = 213.861 An a  Opc =-165.352 deg
2
Sec
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| PROBLEM 7-15b |

Statement: The linkage in Figure P7-5¢ has the dimensions and coupler angle given below. Find o, Ag, and

A, for the position shown for V , = 10 in/sec and A , = 15 in/sec? in the directions shown. Use an
analytical method.

Given: Link lengths and angles:
Link 3 (Ato B) b= 18in
Coupler angle 05 := 128-deg
Slider 4 angle 0,4 := 59-deg
Coupler point:
DistanceAto C Rea = 1.44-in
Angle BAC 8z := —49deg
Input slider motion Vp = —10-insec ! Ap = 15in-sec 2
Solution: See Figure P7-5¢c 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
amodel.

Rs
R4

b 49.000°

59.000° 128.000°

L s Y

X
; Re A 2

2. Writethe vector loop equation, differentiate it, expand the result and separate into real and imaginary partsto
solve for mg and Vg,

: : |
-0 -0 -0
Ry + Ry:= R4' a-eJ >y b-eJ .- c-eJ N

where aisthe distance from the origin to point A, avariable; b isthe distance from Ato B, aconstant; and c is
the distance from the origin to point B, avariable. Angle6, is zero, 0 5 isthe angle that AB makes with the x axis,

and9,is the constant angle that slider 4 makes with the x axis. Differentiating,

j-0 j-0
d—a + j-b-co3-eJ 3= (d—c\-e] !
dt \dt )
Substituting the Euler equivalents,

ia + by (~sin(03) + j-cos(03)) : ( J (cog6s) + Sm(e“))l
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Separating into real and imaginary components and solving for w;. Note that dc/dt = Vg and da/dt =V,

VA'tan(94) rad
w3 = w3 = -13.288 —

b~(sin(63)-tan(94) + 005(93)) sec

3. Differentiate the velocity equation, expand it and solve for a5 and Ag.

]
2 i-0 2 j0 2 i.0
d—z(a+ b-oys-j -eJ y b-ws3 -eJ 3) = d—zc-el !
dt dt

Substituting the Euler equivalents,

2
j—tza + b-a3(—sin(83) + ] '005(93)) =0

¢ “b0s2(cos(03) +  5(63)) _g_tzzc.(cos(e4) ¢ jsin0,)

Separating into real and imaginary components and solving for a.; and Ag. Note that dc/dt? = Ag and d?a/dt? =
An

L Pwsin(eg ~boonsir(0, - 09 o = 479,922 724
3 b-cos(94 - 03) S sec’
2 .
AB _ b~oc3-COS(93) - b'(’33 'S|n(63) AB= —912662l
sin(94) sec2

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

Aca = Rca-a3-(—sir‘(63+ 83) + ] -005(83 + 63)) - Rca'(,l)32'(COS(93+ 83) + ] Slf‘(eg, + 63))

in
Aca = —726.910 — 117.729) ——
Secz

AA = AA AC:= AA + ACA

in in
Ac =-711.910 — 117.729 — |Ac| =721.579 — arg(Ac) =-170.610deg
Sec Sec
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| PROBLEM 7-22 |

Statement: The linkage in Figure P7-8a has the dimensions and crank angle given below. Find oy, A,, and Ag
in the global coordinate system for the position shown for w, = 15 rad/sec clockwise (CW) and .,
= 25 rad/sec2 CCW. Use an analytical method.

Given: Link lengths:

Link 2 (O,t0 A) a = 116-mm Link 3 (Ato B) b = 108-mm
Link 4 (Bto O,) c:= 110-mm Link 1 (0,10 0Oy) d:= 174-mm
Crank angle: 0,:= 62.deg  Local xy system
Input crank angular velocity 0y = —15-radsec 1 oy = 25-radsec 2
Coordinate rotation angle B:=-25deg Global XYsystemtolocal xy system
Solution: See Figure P7-8a and Mathcad file PO722.
1. Draw thelinkageto scale and label it.
. Y
2. Determine the values of the y
constants needed for finding 0, A
from equations 4.8aand 4.10a
d d ’
a c e /
K1 = 1.5000 K, = 1.5818 2 /3
2 2 2 2 0 : i 0,
a-b +c+d | X
Ks:= Kg = 17307
2-ac ,
02
A:=co90,) - K; —K»c086,) + Kz
{0, {0,) NESS
\
B:= -2:sin(0,) S 0,4
C:= Kl - (K2 + 1)-C0492) + K3
X
A=-0.0424 B=-17659 C =20186

3. Useequation 4.10b to find values of 0, for the crossed circuit.
04:= 2-(atan2(2~A, B+ \/ 82 -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.

d S PO

Kg= — Kg = Kgq =1.6111 Kg =-1.7280
b 2-a-b

D := cog(0,) — Ky + Kgcos(0,) + Ks D =-2.0021

E:=-2sin(0,) E=-1.7659

Fi= Ky + (Kg - 1)-co(0,) + Ks F = 0.0589
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5. Useequation 4.13 to find values of 05 for the crossed circuit.

05:= 2-(atan2(2-D, CE+E2- 4~D-F)) 05 = 275.133 deg

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

oy 22 810 203 0; = 138692
T b sin(05-0,) T e
- a.wz'sin(ez—%) o _8654@
T c Sin(64—93) T sec

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

A= a-y(-sin(0,) + j-cog(0,)) — a,(cog(0) + j -sin(0,))
. mm
Ap =-14814 - 21683]—2 Ap:= |Ag Opai= arg(An) + B
sec

The acceleration of PiNAis A, = 2626100 & g, = —149.3deg
2
SecC

8. Useequations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.

A:=c-sin(04) B:= b-sin(6;) D := c-coq04) E:= b-coq03)

A=-5145mm B =-107.567mm D =-109.880 mm E = 9.662 mm

C:= a-az-sin(ez) + a-a)zz-cos(ez) + b~c)32~cos(63) - c-m42-cos(64)

C =2.490 x 104 mm-sec 2

Fi= a-ay:0050,) - a-my -Sn(6,) — by sin(03) + c-oo,”-sin(0,)

F--1380x 10°mm-sec 2

CD-AF rad C-E-BF rad
oz =231.119— oy= ———— o4 =—7.768——
A-E-B-D 2

a3
2
Sec Ssec

~ AE-BD

9. Useequation 7.13c to determine the acceleration of point B for the crossed circuit.

A= cog(-sin(0) + j-005(6,)) — c-os(cog0) + j-sin(0,))

A = 8189 + 1239 m—”; Pe = |Ag| Opp = arg(Ag) + B
sec

Theacceleration of pinBis  Ag= gogp M1 a Qppg=-16.4deg  (Global)
2
sec
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| PROBLEM 7-28 |

Statement: The offset slider-crank linkage in Figure P7-8f has the dimensions and crank angle given below.
Find A, andAg inthe global coordinate system for the position shown for o, = 25 rad/sec CW,

constant. Use an analytical method.

Given: Link lengths:
Link 2 (O,t0 A) a = 63mm Link 3 (AtoB) b = 130-mm
Offset Cc = -52-mm
. . . . rad rad
Link 2 position, velocity, and acceleration: 9, := 141-deg 0y = —25-— oy = 0——
Sec
sec

Coordinate rotation angle: o := —90-deg
Solution: See Figure P7-8f and Mathcad file PO728.

1. Draw thelinkage to a convenient scale.

2. Determine, (inthelocal coordinate system) and d using equations

4.16 for the crossed circuit. 1
a-sin0,) —c¢

05:= asin(%j 03 = 44.828 deg

d = acos(0,) - b-cos(03) d = -141.160 mm

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

@
cog 0 __(O»
0y = = 1 2)-c02 oy = 1327629 . X

4. Usingthe Euler identity to expand equation 7.15b for Ag, determineits ‘

magnitude, and direction (global). X
A= a-y(-sin(0,) + j-cog(0,)) — aw,(cog(0) + j -sin(0,))
. mm
Aa = 30600.122 — 24779.490] — Ap:= |Ag Opai= arg(An) +
Ssec

The acceleration of pin Ais Ap= 39375m a  Oan=-129.0deg
2
sec

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

a~oc2-c05(92) - a'(ﬂzz'sm(eZ) M b'°°32'5in(63) a3 =-93.574 red
3= IoofaT

b- 005(93) secz

6. Useequation 7.16efor the acceleration of pinB.

a3 =

Ag = —a'OLQ'Sif‘(ez) - a'COQZ'COS(ez) + b-oc3-sin(93) + b'0)32'C0493)

Ag = 38274 mm A positive sign meansthat Ay is downward
sec
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| PROBLEM 7-31 |

Statement: The linkage in Figure P7-8d has the dimensions and crank angle given below. Find A, Ag, and
Apox intheglobal coordinate system for the position shown for w, = 30 rad/sec CW, constant.
Use an analytical method.

Given: Link lengths:
Link 2 (O, to A) a:= 30mm Link 3 (Ato B) b := 150-mm
Link 4 (O, to B) c:= 30-mm Link 1 (0,10 0Oy) d := 150-mm
Crank angle: 0, := 58-deg
Input crank angular velocity 0y = -30-rad-sec L oy = O-rad-sec 2
Solution: See Figure P7-8d and Mathcad file PO731.

1. Draw thelinkageto a convenient scale and label it.

=<

E

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

d d
Kl = - K2 = -
a c
K1 =5.0000 K, =5.0000
a2 - b2 + 02 + d2
Ks:= K3 = 1.0000
2-a-c

A= cos(0,) - Ky — Kp:cod05) + Kg
B:= -2:sin(0,)
C:= Kl - (K2 + 1)-C0492) + K3

A=-61197 B=-16961 C =2.8205
3. Useequation 4.10b to find values of 6 , for the open circuit.

04:= z(atanz(z.A, B-{B%-4 A-C)) 64 =-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.
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02— d2—a2— b2

Ky= % Kg = » K4 = 1.0000 K5 = —5.0000
D := cog(0,) — Ky + Kgcos(0,) + Ks D =-8.9402

E:=-2sin(0,) E =-1.6961

Fi= Ky + (Kg - 1)-co(0,) + Ks F = 0.0000

5. Useequation 4.13 to find values of 05 .

0;:= 2-(atan2(2-D, —E—+ E% - 4-D-F)) 63 = 360.000 deg

03 := 05 — 360-deg 05 = 0.000deg

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

0 a.wz'sin(64—92) o _OOOOLad
T b sin(05-0,) T e
g 22 S1(02-05) 04 = 30,000 22
T c Sin(64—93) ‘T . Sec

7. Using the Euler identity to expand equation 7.13afor A, Determine the magnitude, and direction.
A= a-ay(-sin(0,) + j-cog0,)) — aw, - (cog(0) + j -sin(0,))

. mm
Ap = —14308 - 22897|—2 Ap:= |Ag Opa:= arg(An)
sec

The acceleration of pin Ais Ap= 27000m a  Opn=-122.0deg
2
sec

8. Use equations 7.12 to determine the angular accelerations of links 3 and 4.
A:=c-sin(04) B:= b-sin(6;) D := c-coq04) E:= b-coq03)
A= 1002in B =0.000in D = 0.626in E =5.906in
Ci= 2y sin(0,) + 2wy -co{0,) + by -co03) - cy” -cof0,)
C = 0.000mm-sec >

Fi= a-ay:0050,) - a-my -Sn(6,) — by sin(03) + c-oo,”-sin(0,)

F = 0.000 mm-sec 2

CD-AF rad C-E-BF rad

o3 = ———— o3 =0.000—— oy= ———— o4 =0.000——
A-E-B-D 2 A-E-B-D 2

Sec Sec

9. Useequation 7.13c to determine the accel eration of point B.
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Ap = cog(-sin(0) + j-005(6,)) — c-os(cog0) + j-sin(0,))

. mm
Ag = —14308 — 22897|—2 Ag = |Ag]| Opp = arg(Ag)
sec

The acceleration of pin Bis Ag= 27000m a O,z =-122.0deg
Sec

10. Thisisaspecial 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.

Avox = Re(A)

The acceleration of thebox is A, = 14308 - a negative sign means A, isto the left
2
sec
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| PROBLEM 7-34 |

Statement: The linkage in Figure P7-8g has the dimensions and crank angle given below. Find oy, A,, and Ag

inthe global coordinate system for the position shown if o, = 15 rad/sec CW and o, = 10 rad/sec
CCW, constant. Use an analytical method.

Given: Link lengths:
Link 2 (O,t0 A) a = 49mm Link 3 (Ato B) b = 100-mm
Link 4 (O,to B) ¢ = 153-mm Link 1 (O,t00,) d= 87mm
Crank angle: 0, := 148-deg Local xy system (see layout below)
Input crank angular velocity o, = —15-radsec 1 oy = 10-radsec 2
Coordinate rotation angle B = —119-deg Global XY systemto local xy system
Solution: See Figure P7-8g and Mathcad file PO734.
1. Draw thelinkageto scale and labdl it. Y

2. Determinethe values of the constants needed for

finding 6 4 from equations 4.8aand 4.10a. o)
d d
Kl = - K2 = -
a c
Ky = 1.7755 K, = 0.5686 29'0{)0
a2—b2+ 02+ d2 (({l/i/'% X
Kz = K3 =1.5592 —

2-a-c ?“f
A= cos(0,) - Ky — Kp:cof05) + Kg
B:=-2:sin(0,)
C:= Ky — (Kp + 1)-co8(0,) + K3 119.000°
A=-05821 B=-10598 C=4.6650
3. Useequation 4.10b to find values of 0, for the crossed circuit.
0,:= 2-(atan2(2~A, B+B° -4 A-C)) 0, = 208.876 deg

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

02— d2—a2— b2

Ky= % Kg = » K4 = 0.8700 Ks = 0.3509
D := cog(0,) — Ky + Kgcos(0,) + Ks D =-3.0104

E:=-2sin(0,) E =-1.0598

Fi= Ky + (Kg - 1)-co(0,) + Ks F =2.2367

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

03:= 2-(atan2(2~D, B+ EX- 4~D-F)) 03 = 266.892 deg



DESIGN OF MACHINERY SOLUTION MANUAL 7-34-2

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

0 a.wz'sin(64—92) o __7570@
T b sin(05-0,) T e
o a.wz'sin(ez—%) o __4959@
T c Sin(64—93) ‘T . Sec

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

A= a-y(-sin(0,) + j-cos(0,)) — awy(cog(0) + j -sin(0,))
. mm
Aa = 9090 — 6258 - Ap:= |Ag Opai= arg(An) - B
Sec

The acceleration of pin Ais Ap= 11036m a  Oan=84.46deg
sec2
8. Useequations 7.12 to determine the angular accelerations of links 3 and 4 for the crossed circuit.

A:=c-sin(04) B:= b-sin(6;) D := c-coq04) E:= b-coq03)
A=-73.887mm B=-99.853mm  D=-133977mm  E=-5422mm
Ci= aaysin(0,) + 2wy -co{0,) + by -cof03) — oy -cof0,)

C=-6106x 10°mmsec

Fi= a-ay:0050,) - a-my -Sn(6,) — by sin(03) + c-oo,”-sin(0,)

F--2353x 10°mm-sec 2

CD-AF rad C-E-BF rad
I o3 =—49.646 — oy= ———— o4 = 15.552 —
A-E-B-D 2

a3
2
Sec Ssec

~ AE-BD

9. Useequation 7.13c to determine the acceleration of point B for the crossed circuit.

A= cog(-sin(0) + j-005(6,)) — c-s(cog0) + j-sin(0,))
. mm
Ag = 4444 — 267 - Ag = |Ag]| Opp:= arg(Ag) - B
Sec

The acceleration of pin Bis Ag = 4452m a  Opp=115.6deg
2
sec
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| PROBLEM 7-41 |

Statement: Figure P7-11 shows alinkage 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.

. . =1

Units: rpm:= 2-g-rad-min

Given: Link lengths:

Link 2 (O, to A) a = 2.000in Link 3 (Ato B) b = 8.375in
Link4 (Bto Oy c:= 7.187-in Link1(O,t00y) d = 9.625in
Input crank angular velocity ®» = 500-rpm o, = 52.360rad-sec 1

a, = Orad-sec 2
Solution: See Figure P7-11 and Mathcad file PO741.
1. Draw thelinkageto scale and label it.
2. Determine the range of motion for this Grashof crank rocker.
0, := 0-deg, 2-deg.. 360-deg

3. Determinethe values of the constants needed for
finding 6 4 from equations 4.8aand 4.10a.

d d
Ky= = Kp= —

a C
Ky =48125 Kz = 1.3392

a’-b?4 o2y d
Ks = Ks =2.7186

2-ac

A(6,) = cos(0,) - Ky — Kp-cos(0,) + K
B(0,) = —2:sin(6,) C(05) := Ky — (K2 + 1)-cos(0) + K3

4. Useequation 4.10b to find values of ¢ , for the open circuit.

0,4(0,) = 2- (atanz(z A6 JB - 4-A(62)~C(92)D

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

02 - d2 - a2 - b2
Kg = K, =1.1493 Kg = -3.4367
2-a-b

D(92> = 00492) - Kl + K4.(;05(92) + K5
E(0,) = —2:sin0,)
F(Gz) = Ky + (Ky- l)-cos(ez) + Kg

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

0,5(0,) = 2- (atanz(z D(6 \/E - 4.D(0,)- F(ez)))

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

Ky=

oo
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a0, sin(0,6,) - 0,)
b 9“(‘2(92) - ?4(‘;)2))
aw, sin6,- 0460,
| 034(92) = . | .sin(64(92) - 63(62)). |
8. Useequations 7.12 to determine the angular acceleration of link 4.
A6,) = c-sin(0,(0,)) B(0,) = b-sin(05(6,))
D(0,) := c-cos(0,(6,)) E(0,) = b-cos(0,(6,))

C(0,) = a-aysin(0,) + aw,-cos(6,) + boy(0,)%c0q05(0,)) - coy(0,)%cod0,(0,))
F(0,) = a-aycos(0,) - a, -sn(0,) — b-of0,)%sn(05(0,)) + co,(0,)%sin(0,(6,))

0,(0,) = o{0,)-E(0,) — B(0,)-F(0,)
27 A(6,)-E(6,) - B(6,)D(6,)
9. Determine the acceleration of point B using equations 7.13c.
Ag(05) = cay(6,)-(~sin(0,(0,)) + i -c05(0.(0,))) — c-0(0,)"(cos(0,(0,)) + j sin(0.(0,)))

Ag(6;) = |Ag(6,)| 0p5(0,) = argAg(6)))
10. Plot the magnitude and angle of the acceleration at point B.

0)3(62) =

MAGNITUDE OF ACCELERATION AT B

110
N
g
I 2
5 A{0,) 2 5000
B AB( 2) in
aj -
3
<
0
0 60 120 180 240 300 360
0
deg
DIRECTION OF ACCELERATION AT B
100
2 0
© 9A5(9 z)
o))
d
2 9
-200
0 60 120 180 240 300 360
0,

deg
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