DESIGN OF MACHINERY

&S PROBLEM 8-2

SOLUTION MANUAL 8-2-1

Statement: Figure P8-1 shows the cam and follower from Problem 6-65. Using graphical methods, find the
pressure angle at the position shown.
Solution: See Figure P8-1 and Mathcad file P0802.

1. Draw the cam and follower to scale.
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2. As defined in Section 8.6 and Figure 8-41, the pressure angle is the angle between the direction of motion of the
follower and the direction of the axis of transmission. Establish those two directions and measure the angle

between them.
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&S PROBLEM 8.7

Statement: Design a double-dwell cam to move a follower from 0 to 2.5 in in 60 deg, dwell for 120 deg, fall 2.5 i
in 30 deg and dwell for the remainder. The total cycle must take 4 sec. Choose suitable programs
for rise and fall to minimize accelerations. Plot the s v a j diagrams.

Given: RISE DWELL FALL DWELL
B = 60-deg B2 :=120-deg B3:=30-deg B4 :=150-deg
hj:=25-in hy:=0-in h3:=2.5:in hy:=0-in

Cycletime: 1 :=4-sec

Solution: See Mathcad file P0807.
1. The camshaft turns 27 rad during the time for one cycle. Thus, its speed is
_ 2mrad o= 157174
T sec

2. From Table 8-3, the motion program with lowest acceleration that does not have infinite jerk is the modified
trapezoidal. The modified trapezoidal motion is defined in local coordinates by equations 8.15 through 8.19. The
numerical constants in these SCCA equations are given in Table 8-2.

b:=025 c:=0.50 d =025
Cy:=2.0000 Cq:=4.8881] Cj:=61.426

3. The SCCA equations for the rise or fall interval (§) are divided into 5 subintervals. These are:

for 0 <=x <= b/2 where, for these equations, x is a local coordinate that ranges from 0 to 1,

2
7 C”'[x'ﬁ - ('b') 'Si{ﬁ' )] Vi) = ca-i'(‘ - cos(i. ))
T n b n b
)= Ca-sin(%‘x) y'x) = Ca-g.cos(%.x)

forbR2 <=x<=(1-d)2

2
x 11 2(1 1 o (1 1
yg(x) =Cqy 7 + b(; - E)x +b (E - —-Z-J y'aAx) =Cq l:x + b (n 2)]

Y'Ax) = Cq y'Ax) =0

for(1-d)2 <=x<=(1+d)2

2 2 2
P A T 2(1 1Y)y (- (ay (= 1-4d
y3(x) = C,4 (n +2)x+(n) +b (8 nz) . (n) co:[d (x . )j|
iy et e 4 Jnf 1-d
y3(x)._C,,|:1t +2+nszr{d (x > ):”
1-d -
Y3) = ca-co:[g-( - )] Y73x) = —Ca-g-si{g-( . 2”’)}
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for(1+d)2<=x<=1-5bR2

2
x b b 2 2y (1 1 1
=Cgl-—+|—+1-—}x+2d -b )| —-=]-—
y4(x) a 2 ( 2) ( )(2 ) 4

b1 8
s
’ b b ” "
y'i(x) =Cqy —x+—+l—-—2- Y a(x) = —C,4 y"x)=0
R

forl-bR<=x<=1

2 2 2 2 2
B
T

4 s
T
Y's(x) = Ca-g{ 1- co:{lt—-(x - l)ﬂ
T b
Y'5(x) = Coesi %-(x - 1)} y75(x) = ca-f-co:[f-(x - 1)]

4. The above equations can be used for a rise or fall by using the proper values of 0, 8, and h. To plot the SVAJ
curves, first define a range function that has a value of one between the values of a and b and zero elsewhere.

R(x,x1,x2) = if[(x>xI) A (x < x2),1,0]

5. The global SVAJ equations are composed of four intervals (rise, dwell, fall, and dwell). The local equations
above must be assembled into a single equation each for S, ¥, 4, and J that applies over the range 0 <= 0 <= 360
deg.

6. Write the local svaj equations for the first interval, 0 <=0 <= . Note that each subinterval function is
multiplied by the range function so that it will have nonzero values only over its subinterval.

For0 <=6 <=B, (Rise)

b b 1- -
515) = hy- R(x,O,E)-yl(x) . R(x,z,Td)-yz(x) . R(x, ! : d 1 . d)-ys(x)
1+d b b
+R(x,T,l - 5)-y4(x) + R(x,l - 5,1)-y5(x)

hy b b 1-d 1-d 1+d
vi(x) = —- x,0,— -y 1(x) + ,—,—— |-¥2(x) + R| x, " P'3(x) ...
1(x) 7 R( 2)}’1() R( 22 )yz() R( 5 5 )y3()
1+d b b
+ Rl x, A —-=1yx)+ Rix, 1 ——,1[|y5s(x
R( 5 2)yzt() R( 5 )y5()
hy b b 1-d 1-d 1+d
a](x):: ° R(x’oa— 'J’"I(x)'*’R( s s '.V"Z(x)‘*‘l(JC, ’ )'J’"_?(x) vae
ﬂ12 12 p , 22 , 2 2
+
+R| x, == 19"4x)+ R x,1 — —,11-y"s5(x
R( > 2)}'4() R( 5 )y5()

, hy b b 1-d 1-d 1+d
j](x) = * x,O,— ‘)’"'I(x) + X, =, 'y"'Z(x) + X, > 'y,".?(x) e
3 2 27 2 2 2
ﬁl + x 1_+€ 1 — 2 e (x) + x 1 _ 2 1 re (x)
s 2 ? 2 y 4 b 2 i y 5
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7. Write the local svaj equations for the second interval, B; <=0 <=+ B,. For this interval, the value of S is the
value of § at the end of the previous interval and the values of ¥, 4, and J are zero because of the dwell.

For B, <=8 <=B,+B,
s2x):=hj vx)=0 ax)x):=0 JAx)=0
8. Write the local svaj equations for the third interval, B, + B, <=0 <= ,.+ B, + B;.

ForB, + B, <=0 <=B,.+B,+B;

b b 1-d 1-d 1+d
s3(x):=h71 - R(x,O,;)-y1(x)+R( ,E,—E—)-yz(x)+ R(x, > ; )-y_;(x)
1+d b b
+ R(x, > 1= —2-) y4(x) + R(x,l - —2-,1)-y5(x)
h _ _
vi(x) := ——ﬁ—? R(x,o,g)-yﬁ(x) + R( ,g,l-—d)-y'z(x) + R(x, ! > d R ! ;d)-y}(x)
1+d b b
+R(x, ; ,1 - 5) Vi(x) + R(x,l - 5— 1) y'5(x)
) + R( -’3,—‘;‘1) y20 + x4 ;d)-y"a(x)

)»
E ; d b b
1+
+ R x, A== 19"dx) + R x,1 — —,1 |-y"5(x
o221 Db 2

; . _h_3_ e _b__ _li s, l—d l+d "
J3(x) = - 3-R( ) (x)+R( 3 ) 2(x) + ) ) 3() ...
B3 b

AR A

9.  Write the local svaj equations for the fourth interval, B, + 5 + B3 <=0 <=f,.+ B, + B3 + B4. For this interval, the
values of S, V, 4, and J are zero because of the dwell.

o8]

ForB,+ B, +P;<=0<=B,;.+ P, +B;+B,
s4(x):=0 vg(x) =0 ay(x):=0 J4(x):=0

10. Write the complete global equation for the displacement and plot it over one rotation of the cam, which is the
sum of the four intervals defined above.

Let 01:=pi 02:=61+ p2 03:= 02+ B3 04:= 63+ Py
8- 6y
s(8):=s 0,61,6
Os(-2) do.0n0e] 3= |
8- 6, G- 03
+R(8,6,,03)s 0,63,6
K(0,0,,09) 3(03-92  K(0,05,00)s (94_03]

0 :=0-deg,0.5-deg.. 360-deg
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11. Write the complete global equation for the velocity and plot it over one rotation of the cam, which is the sum of
the four intervals defined above.
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12. Write the complete global equation for the acceleration and plot it over one rotation of the cam, which is the sum
of the four intervals defined above.

0 6-6;
A\B) :=ajl — |+ R(6,01,02)
o 2] 00009 of 72

6-6 6-6
+R(6, 62, 03)-a3(63_ 022 + R(6, 93,94)-a4(0 3)
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13. Write the complete global equation for the jerk and plot it over one rotation of the cam, which is the sum of the
four intervals defined above.
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&S PROBLEM 8.9

Statement: Design a single-dwell cam to move a follower from 0 to 2.0 in in 60 deg, fall 2.0 in in 90 deg and
dwell for the remainder. The total cycle must take 2 sec. Choose suitable programs for rise and fall
to minimize velocities. Plot the SVA4J diagrams.

Given: RISE/FALL DWELL
B := 150-deg B3:=210-deg
h:=2.0:in h3:=0.0-in

Cycle time: 7 :=2.sec

Solution: See Mathcad file P0809.
1. The camshaft turns 27 rad during the time for one cycle. Thus, its speed is
0 = Zmrad o= 3.142££
T sec

2. Use atwo-segment polynomial. Let the rise and fall, together, be one segment and the dwell be the second
segment. Then, the boundary conditions are:

at 0=0: s=0, v=0, a=0
0=B, s=h, v=0
6=p: s=0, v=0, a=0

This is a minimum set of 8 BCs. The v =0 condition at® = B is required to keep the displacement from over-
shooting the lift, 7. Define the total lift, the rise interval, the fall interval, and the ratio of rise to the total interval.

Total lift: h =2.000in

. B
Rise interval: B1 = 60-deg A= Fl A =0400
Fall interval: B2 :=90-deg

3. Use the 8 BCs and equation 8.23 to write 8 equations in s, v, and a similar to those in example 8-9 but with 8
terms in the equation for s (the highest term will be seventh degree).

For0=0: s=v=a=0
0:= col 0:= 01' 0:=c2
For@=B: s=h v=0
4
h:= c3-A3 +cgA + ¢:5-A5 + c6-A6 +c7-A

]
0:= 3-c3-A2 + 4-c,4-A3 + 5~C5-A4 + 6-05-A5 + 7-07-A6

For0=B: s=v=a=0

[
O:=c3+cgy+c5+cg+cy
0:=3.c3+4c4g+5c5+6-c+ 7-4:'7l

0:= 6-c3 + 12-c4 + 20-c5 + 30-c + 42-c7
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4. Solve for the unknown polynomial coefficients. Note that Cy through C, are zero

\ \
£ o4& 8 L h c3
C.

3.4° 44’ 5.4t 6a 7.4° 0 N
c=l", . 1 1 He=l0 es|=ctm

3 4 5 6 7 0 ¢6

6 12 20 30 42 0 c7)
¢3 = 289352 in cq = —1229745in ¢5 = 1953.125in

c6=—1374.421in c7=1361.690in

5. Write the SVAJ equations for the rise/fall segment.
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6. Plotthe dispiacement, velocity, acceleration, and jerk over the interval 0 <=6 <=f.

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