Problem 12-13

¥12-14 Figure P12-4 shows a system with two weights on a rotating shaft. W;=151b @ 30°
at a 4-in radius and W, =20 1b @ 270° at a 6-in radius. Determine the radii and
angles of the balance weights needed to dynamically balance the system. The
balance weight in plane 3 weighs 15 Ib and in plane 4 weighs 30 1b.

t12-15 Figure P12-5 shows a system with two weights on a rotating shaft. W; = 101b @ 90°
at a 3-in radius and W5 = 15 Ib @ 240° at a 3-in radius. Determine the magnitudes
and angles of the balance weights needed to dynamically balance the system. The
balance weights in planes 3 and 4 are placed at a 3-in radius.

t12-16 Figure P12-6 shows a system with three weights on a rotating shaft. W; =91b @ 90°
at a 4-in radius, W, =9 1b @ 225° at a 6-in radius, and W3=61b @ 315° ata 10-in
radius. Determine the magnitudes and angles of the balance weights needed to
dynamically balance the system. The balance weights in planes 4 and 5 are placed at
a 3-in radius.

112-17 Figure P12-7 shows a system with three weights on a rotating shaft. W,=101b @
90° at a 3-in radius, W3 =10 1b @ 180° at a 4-in radius, and W3 =8 1b @ 315° ata 4-
in radius. Determine the magnitudes and angles of the balance weights needed to
dynamically balance the system. The balance weight in plane 1 is placed at a radius
of 4 in and in plane 5 of 3 in.
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DESIGN OF MACHINERY SOLUTION MANUAL 12-15-1

S PROBLEM 12-15

Statement: Figure P12-5 shows a system with two weights on 2 rotating shafl. For the given data below,
determine the magnitudes and angles of the balance weights needed to dynamically balance the

system.

Given: Weights and radii:
W= 10081 rj:=3-in 81 :=90-deg ly:=3-in
W= 1518 ry:= 3-in 87 := 240-deg l2:=T-in

Distance between correction planes: Ig:= 12in
Correction weight radii: Plane 4 Ry:=3-in Plane 3 Rp:=3-in
Solution: See Figure P12-5 and Mathcad file P1215.

1. Resolve the position vectors into xy components in the arbitrary coordinate system associated with the freeze-
frame position of the linkage chosen for analysis.

Ryy = rpcos(0)) Rix = 0.000in Ryy:= rpsinf0)) Riy = 3.000in
Ry := rz-raa{ﬂ';) Ry = =1.500in Ry = rz-.h‘.n(ﬂz) Ry = =2.598in
2. Solve equations 12.4¢ for summation of moments about 0, which is at plane 4.

_ {WrRix) 1y - (WrR2) 2

mRp; - mRgy = 13.125 in-1b
BE
Wy Riy)1y (W Ry )
mxgj..z_{ Ryl - (72 Ry mRg, = 15233 in b
Igg

3. Solve equations 12.2d and 12.2¢ for the position angle and mass-radius product required in plane B (3). Also,
solve for the weight required at the given radius.

8p:= atanmR gy, mRgy) 8g = 49252 deg
’_ I .
mRg:= [mRp. + mRpy mRg = 20.108 in-ip
mR
= i W= 670061
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Hg:= atan\mK gy, mK gy)

2
mRg = .‘ng,z + mRg,

mRgg
R

W;:=

g = AV LdLdeg

mRg = 20.108 in-Ib

W3 = 6.701bf

4. Solve equations 12.4¢ for forces in x and y directions in plane A (4).

~W)Rjxy = WrRay

MR_,“ =
g

~Wi-Rpy = WrRyy

MR“ =
a4 E

mR g = 9.375 in-Ib

mR 4y, = 6262 in-Ib

3. Solve equations 12.2d and 12 2e for the position angle and mass-radius product required in plane A (4).

DESIGN OF MACHINERY

By:= a:an)[mRA,.mRAy)

mR4:= ,‘ B'I'RA'JI + nR‘qyz

mR4 g

W=
L) R4
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04 = =33.741 deg

mRy= 1124 in b

Wy= 37616
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DESIGN OF MACHINERY SOLUTION MANUAL 12-16-1

&< PROBLEM 12-16

Statement: Figure P12-6 shows a system with three weights on a rotating shaft. For the given data below,
determine the magnitudes and angles of the balance weights needed to dynamically balance the

system.
Given: Weights and radii:
=905 rji=4-in By :=%0-deg 1pi=-14.in
W3 =905 ry:=b6in B7:= 225-deg {r=4-in
W3:=6-1bf ri:=10in B3:=315-deg {3:=—A-in

Distance between correction planes: lg:= 14-in
Correction weight radii: Plane 4 Ryq:=3:in Plane 5 Rg:=1in
Solution: See Figure P12-6 and Mathcad file P1216.

1. Resolve the position vectors into xy components in the arbitrary coordinate system associated with the freeze-
frame position of the linkage chosen for analysis.

Rix:= rpm(en} Rix = 0.000in Ripy = r,hm(ﬂ [) Riy = 4.000in
Ry im r;-co.v(ﬂg} Rzy = 4243 in Ry = rz.n'n(ﬂ ;) Ry = 4243 in
Rjy = rycos(03) Rix = 7.071 in R3y = rysin(03) Ryy = =707 in

2. Solve equations 12.4e for summation of moments about O, which is at plane 4,

Wi Riz)t; = (Wz Rax)-I2 - (W3- Ra) 13

mRp; = Ing mRg, = 13.031 in-1b
W Ry g — (W Ray)l — (W3- R3)M
mkg,,:='{ i - ‘Lf} 2~ (Ws Ry} s mRpy = 34.788 in 15

3. Solve equations 12.2d and 12.2¢ for the position angle and mass-radius product required in plane B (5). Also,
solve for the weight required at the given radius.

0g:= atan2mRgx,mRpy) 8 = 56.493 deg

mRp = .‘ ng,z + MRB)-I mRg=41.721in-1b
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k= ‘mﬂgrz + mRg,? mRg = 41.721 in-h

mRg-g
Rg

Wsm= Ws= 139110

4. Solve equations 12.4c for forces in x and y directions in plane A (4).

~Wp-Rpz — WrRyy — Wi-Ry,

mR gy = — mRpy MRy = =27.274 in-1b
g
~WpRpy — Wr-Ra, — Wi-R
mRyy = il S Y mRp, mR 4y = 9.822 in-Ib
4
DESIGN OF MACHINERY SOLUTION MANUAL 12-18-2

3. Solve equations 12.2d and 12.2e for the position angle and mass-radius product required in plane A (4).

8y:= ang{mRh.mRAy} 04 = 160.194 deg
] 2
mRy = ,‘ mRpx + mRqy mRyq = 28.989 in-Ih
mR -
g W = 9.661bf
R4
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DESIGN OF MACHINERY SOLUTION MAMUAL 12-17-1

&S PROBLEM 1217

Statement: Figure P12-6 shows a system with three weights on a rotating shaft. For the given data below,
determine the magnitudes and angles of the balance weights needed to dynamically balance the

system.
Given: Weights and radii:
Wom |OIBf rp:=3.in B3 := 90-deg Ip:=6-in
Wii= 1008 3= 4ein B3:= 180.deg 13:= 12:in
Wyim B.16f re=4.in 04:= J15.deg l4:=8:in
Distance between correction planes: lg:=8in
Correction weight radii: Plane | Ry=4.in Plane 5 Rg:=3-in
Solution: See Figure P12-7 and Mathcad file P1217.

1. Resolve the position vectors into xy components in the arbitrary coordinate system associated with the freeze-
frame position of the linkage chosen for analysis.

Rax = rycos(02) R3¢ = 0.000 in Ray 1= ra-sin(93) Rpy = 3.000in
Ry = ry-cos(83) Rig = —4.000in R3y 1= r3-5in(03) R3y = 0.000in
Rys = rycos(B4) Rix = 2828 in Riy := resin(04) R4y = ~2.828in

2. Solve equations 12.4e for summation of moments about O, which is at plane 1.

AWz R 12 = (Wi Rax) 13~ (Wa-Ras)la

mR g mRg, = 37373 im-Ib
lpg
WaRou)la = (Wi Ry )3 — |Wy-Ryy )l
ngy:z-{ zRy)12- T:’l 3= (WeRy)la mRg, = 0.127in-lb
5

3. Solve equations 12.2d and 12 2¢ for the position angle and mass-radius product required in plane B (5). Also,
solve for the weight required at the given radius.

Eg:= afanZ{mR&,mRay] fp=0.195deg
-
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3. Solve equations 12.2d and 12 2¢ for the position angle and mass-radius product required in plane B (5). Also,
solve for the weight required at the given radius,

g := atanXmRpy,mR py) g = 0.195 deg
2 2 :
mRg:= JMRRJ + mRpy mRpg=37373 in-Ib
mR
We= i Ws= 1246151
Rs

4. Solve equations 12.4¢ for forces in x and y directions in plane 4 (1).

-WrRy - WyRye - WeRyy

mRyz = a - mRgy mRqy = -20.000 in-1h
-WyRy, - WiR3, - Wy Ry
mR gy = L = 2 > - mRpy mR 4y = ~1.500 in-Ib
DESIGN OF MACHINERY SOLUTION MANUAL 12-17-2

3. Solve equations 12.2d and 12 2¢ for the position angle and mass-radius product required in plane 4 (1).

= mu?{mkg_.,mk‘ly} 84 =-159444 deg
2 2
mR 4 .‘=.|‘M.R_.h + mR 4, mRy = 21360 in-[b
i MEAE
1= ry W =5341K
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