&5 PROBLEM 12-1a

Statement:

row & in Table P12-1, find the shaking force of the linkage when run unbalanced and design a
counterweight to statically balance the system. Work in a any consistent unit system you prefer.

Givan: Masses and radii:

mj = 0.20-kg rp=125m 81 = 30-deg

my = 040 kg r2i=225m 87 = 120-deg

Solution: See Figure 12-1, Table P12-1, and Mathcad file P1201a.

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

Ry = r;--cm’{ﬂ” Ri;=1083m Rpy:= rf-sm{'Ell} Rpy=0625m
Ray = rg-cur[ﬂz) Ry =-1.125m Ry = rg-sin{{:'lz) Ray=1949m
Solve equation 12.2¢ for the mass-radius product components.
mRpy =—mpRjy — ma Ry mRpy = 0.233 kg-m
mRpy = —mjp-Ryy — ma>Ray mR;,_-,, = 0904 kg-m
Solve equations 12.2d and 12.2e for the position angle and mass-radius product required.

8 = atan2(mR by, mRpy) B = ~75.524 deg

2
mRy = J ngxxz + mRpy mRp = 0.934 kg-m

A systemn of two coplanar arms on a common shaft, as shown in Figure 12-1, is to be designed. For



S PROBLEM 12-5a

Statement: A system of three non coplanar weights is arranged on a shafi generally as shown in Figure 12-3,
For row a in Table P12-2, find the shaking forces and shaking moment when run unbalanced at 100
rpm and specify the mR product and angle of the counterweights in planes A and 8 needed 1o
dynamically balance the system. The correction planes are 20 units apart. Work in a any

consistent unit system you prefer.
Given: Masses and radii:
mj = 020-kg rp:=125m 89 :=30-deg ff==2-m
m3 = 040-kg ry:=225m 87 = 120-deg i:=8m
mj:= 124-kg ry>=5350m B3 := -30-deg i3=17-m

Diistance between correction planes: Ig=20-m
Solution: See Figure 12-3, Table P12-2, and Mathcad file P1205a.

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.

Rjg:= r;-cas(&l} Rjy=10B3m Ry = r;~sl»(E|} Rpy=0625m
Rag = r;-cus{ﬁ:} Ray=-1.125m Ry = r;-sln[ﬁz} Rzy = 1949m
Rix = r;-cm{ﬂ;) Riz=4763m R3y = rj-stn(ﬁg} R3y = =2.750m

2. Solve equations 12.4e for summation of moments about O,

RpHy = (mzRag)-1z — (m3 Ryg)-1
mRg, = -{'” h} ! (MZI h] 2 {HI 'h] ! mRp, = 4862 kg-m
B

. -{n,.ﬁﬂ.}-f; - (m;-ﬂzy]*.f_g - {lr_r R_]J,.]-J'j
: n

mRp, mRgy = 2.574 kg-m

3. Solve equations 12.2d and 12.2¢e for the position angle and mass-radius product required in plane 8.
fg:= man?(mﬁg,.mﬂg},} Bg = 152,101 deg
mRg = ,‘ ng;z + mﬂg},z mRg = 5501 kg-m
4. Solve equations 12.4c¢ for forces in x and y directions in plane A.
mRgy:==-mp-Rjx = m>R2x — m3 Rix - mRpy mR 4y = <0811 kg-m
mR gy := —m]-Rjy = m> Ry — m3-R3y — mRpy mR 4y = ~0.069 kg-m
3. Solve equations 12.2d and 12.2¢ for the position angle and mass-radius product required in plane A.

84 := atan2(mR 4z, mR 4y) 84 = —175.160 deg

mR 4 :=,Jmk,.,’ + mR gy mR4 = 0.814 kg-m



& PROBLEM 12-29

Statement:

Units:
Given:

Solution:

Figure P12-11b shows a fourbar linkage and its dimensions in inches. All links have a uniform
0.5-in wide x .2-in thick cross-section and are made from steel. Link 3 has squared ends that
extend (.25 in from the pivot point centers. Links 2 and 4 have rounded ends that have a radius of
0.25 in. Design counterweights to force balance the linkage using the method of Berkof and
Lowen,

blob := Ibf-sec-in" |

Link lengths:
Link 2 ({2} to A) Ly:=2.75in Link 3 (A to B) L3:=326-in
Link 4 (8 to () Ly=275in Link 1 (O;t0 O4)  Lj:= 4.46-in
Link cross section: & := 0.50-in = 0.20-in Fi=0.25in
Mass center: br:=051L3 b3:=05-L3 by=05Ly

#2 = ﬂ.deg *3 ] ﬂ-dfg ’4 - ﬂ-ﬂrl?g

Mass density of steel:  p:=7.8- 10343-:::_ 3
See Figure P12-11 and Mathcad file P1229.

1. Calculate the mass of each link.

= (L;-h - ﬂ-rz}.*ﬁp my= {Lj + Z-r}-h-l-p my = (L;-}r + ﬂ'rz)'f*p
m2 = 2294 % 107 " blob m3=2744x 107 "blob  my=2294% 107 biob
2. Solve equations 12.8¢ and 12.8d for the total mR product components for links 2 and 4.
Lz —4 )
mhbagi=m3 b;-£—~cus(+3} - Ly mbzy = 3773 = 10 blob-in
3
Lz
mb2y = m3.| b j.L_,Jg,,(q,;] mb2y, = 0.000 bloh-in
3
Ly — 4 .
mbyy = -m3| b _;~L—-::ﬂs(¢3} mbyy = =3.773 x 10 blob-in
3
Ly
mbyy, = —m3: bj-r'.ﬂ?{!#—g} mb.gy = 0.000 blob-in
3
3. Determine the additional mR product components for links 2 and 4.
MR 2y = mb)y — m-bz-cos(h2) mR 2y = ~6.927 x 10~ blob-in
mR 2y, = mb 2p—m b z-sr'n{(bz} mE 2, = 0,000 blob-in
mRyx = mbgx — my-bgcos(pa) mRyx = ~6.927x 10 blob-in
mR gy = mbyy ~ my-bysin(ds) mR gy = 0.000 blob-in

Solve equations 12.2d and 12.2e for the position angle and additional mass-radius product required.

' !
miy = mR zxz + m}i.'gyz mRpz = 6927 = 10  blob-in

b2 := atan2(mR 2y, mR3y) B2 = 180.000 deg

MR p4 = ..) mR;xl + mﬂg}.z mRps = 6927 107 4 blob-in

b = atan2(mR 4, mR 4y) Bp4 = 180.000 deg





