DESIGN OF MACHINERY

&S PROBLEM 11-3a

Statement:

SOLUTION MANUAL 11-3a-1

Table P11-1 shows kinematic and geometric data for several slider-crank linkages of the type and

orientation shown in Figure P11-1. The point locations are defined as described in the text. For
row a in the table, solve for forces and torques at the position shown. Also, compute the shaking
force and the shaking torque. Consider the coefficient of friction pu between slider and ground to

be zero.
. 2. -1
Units: blob = Ibf-sec -in
Given: Link lengths:
Link 2 (O, to 4) a:=4.00-in Link 3 (4 to B) b:=12.00-in
Offset ¢:= 0.00-in Friction: pi=0
Crank angle and motion: 95 := 45-deg w7 = 10-rad-sec” ! 63 := 166.40-deg
Coupler point: Rp3:=0.0-in Orp3:= 0.0-deg
Mass: m2 := 0.002.blob m3 := 0.020-blob my = 0.060-blob
Moment of inertia: I = O.I(J-blob-in2 I3 = 0.2()-blob~in2
Mass center: RcGg2 :=2.00-in 87 := 0-deg RcG3:=5.00-in 83 :=0-deg
Force and torque: Fp3:=0-Ibf OFp3 = 0-deg T3 :=20-Ibf"in
Accelerations:  q := 20-rad-sec 2 agy = 203.96.in-sec 2 84G2 = 213.69-deg
o3 = ~2.40-rad-sec 2 ag3 = 371.08-in-sec 2 04G3:=200.84-deg
ag4:=357.17-in-sec 2 04G4:= 180.0-deg
Solution: See Figure P11-1, Table P11-1, and Mathcad file P1103a.

1. Calculate the x and y components of the position vectors.

Ri2x = Reg2-cos(82 + 180-deg)

Ri2y = ReG2-sin(82 + 180-deg)

R32x = Rccz'COS(Bz)

R32y = Rccz~sin(02)

R)3x = RCG3-COS(9 3)

R23y = RCGJ-sin(es)

Ry3x = (b - Rcg3)-cos(03 + 180-deg)
Ry3y = (b - RcG3)-sin(03 + 180-deg)
Rp3x = Rp3-cos(83 + 180-deg + &gp3)

Rp3y = Rp3-sin(93 + 180-deg + 5Rp3)

Ryye=-1414in
Rj2y=-1414in
R30x = 1414in

=1414in

g
~
I

R23x = —4.860in
R)3y = 1.176in
Ry3x = 6.804 in
Ry3y = -1.646in
Rp3x = 0.000in

Rp3y = 0.000in
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SOLUTION MANUAL 11-3a-2

2. Calculate the x and y components of the acceleration of the CGs of all moving links in the global coordinate

system (GCS).
aGax = an-COS( 9AG2)
aGy = acz~sin( 6’AG2)
aGg3x = aG3-COS(0AG3)

aG3y = 0G3'Si"( 9AG3)

aG4x = a(;4-cos( 9AG4)

agax = —169.705 in-sec” 2

aGay = -113.136 in-sec 2

G 3x = ~346.803 in-sec >

aG3y = —-132.015 in-sec 2

aG4x = -357.170 in-sec 2

3. Calculate the x and y components of the external force at P on link 3 in the CGS.

Fp3x = FP3'COS(5FP3)

Fp3y = FP3-sin(5FP3)

Fp3yx = 0.000 /bf

Fp3y = 0.000 15f

4. Substitute these given and calculated values into the matrix equation 11.10g, modified for this problem. Note
that Mathcad requires that all elements in a matrix have the same dimension. Thus, the matrix and array in
equation 11.10g will be made dimensionless and the dimensions will be put back in after solving it.

1 0 1 0
0 1 0 1
-R R -R R
12y K]2x 32y 32x 0 0 |
in in in in
-1 0 1 0
C:=
0 0 -1 0 1
R23y —R23x —Ry43y Ry3
0 0 . y . x - y - x 0
in in in in
0 0 -1 0
0 0 -1
( -1
m2-aG2x Ibf
-1
my-aG2y Ibf
-1.-1
Igo-0r-Ibf  -in
-1
F = (m3‘aG3x - FP3X)'Ibf R:= C_ 1.

(m3-aG3y - Fpyy)-lbf ™"

-1 .
(IG3-a3 — Rp3x-Fp3y + Rp3y-Fp3x - T3)-1bf -in

-1
my-aG4x Ibf
0

-1




DESIGN OF MACHINERY
F32x = Ry-Ibf
Fy3x:= R lbf
Fl4y:= RyIbf

Tip:= R8-Ibf -in

Fiox = —28.71bf
F3py = 28.41bf
Fy3x =21416f
Fr4y = -8.741bf

T2 = 99.61bf-in

Fi2y = R, Ibf
F32 = R4-Ibf
Fq3y = R6-Ibf

5. Calculate the shaking force and shaking torque using equations 11.15.

F21:=-Fi2x - J-Fi2y

Fy:=F21 + Fqq

Magnitude:

Angle:

Ts:=-T;2

Fy:= |Fy|

OFs = arg(Fs)

Fq1:=-j-F14y

Fg = 28.706 + 2.867j ibf
Fg = 28.848 Ibf
Ors = 5.703 deg

Tg = ~99.6 Ibf-in

SOLUTION MANUAL 11-3a-3

Fiay = 58716f
F32y = —6.101bf

Fy3y = -8.741bf



5 PROBLEM 1112

Statemont: Figure P11-5b shows a fourbar linkage and its dimensions in meters, The sioel crank, coupler, and
rocker have uniform cross sections of 50 mm diameter, In the instantaneous position shown, the
crank (234 has o = -10 rad‘sec and @ = 10 rad/sec?, There is a horizontal force at P of F =300 M,
Find all pin forces and the torque needed to drive the crank at this instant.

Given: Link lengths:
Link 2 (X to A) a:=086m Lirk 3 (A to 5) b= 1.85m
Link4 (Bto @)  e:=0.86m Link 1 (0310 0y) o 1= 222m
Coupler point: Rpg = 133m By = O-deg F=300-5 Ty=0-N-m
Crank angle and motion: 05 :- -6-deg @3 = —I0rad-sec ' @3:= 10-rad-sec :
A == 50-mm

Material w— hriu-ﬂ.‘l"--il.]
Solution: See Figure P11-5b and Mathcad file P1112.
1. Use program FOURBAR to determine the position, velocity, and scceleration of links 3 and 4.

1 2

ay = —109287-rad-sec
2

By 1= 46.028-deg @4 = 1.285.rad sec

=1 -
By = 106.189-deg wq = 11417 rad sec @y == ~43.426-rad sec

2. Determine the distance to the CG in the LRCS on each of the three moving links.

Links2andd: Rpgs:=05a Regy = 0A430m Rogy:=05-c  Rogs = 0430m
Link 3: Regy =054 Ry =0925m
3. Determine the mass and moment of inertia of each link.
. 2
t-du? i ndink X diink M
my o= a-— mji= = iy = e—
4 g 4 g 4 £
my = 14.022 kg my = 30164 kg my = 14.022 kg
m
P I_:.G.a,..- e a’] Igz = 0866kgm”
m 2
Igy= —J-[i-d};ﬂ*: * ﬁz] I3 = §60Bkgm
12 44
M43 r
IGa= E-[:-#jmk: + f-']] Ipq = 0.866 kg m

4. Setup an LNCS xy coordinate system at the CG of each link, and draw all applicable vectors acting on the
system as shown in Figure 11-3. Draw a free-body diagram of each moving link as shown in Figure 11-3.
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(b) FBD of Link 2

Calcylate the x and v components of the position vectors,
Rize= RCGE'M{BI + IW-WE]

Ripp= R{‘g}sﬁ'{ﬂg + Iﬂﬂ-deg}

Rizc = Rogacos(8a)
Rizy = Roga-sin{82)
Rz1. = Rogaeos(83 + 180-deg)

R23y = Rogzsin{03 + 180.deg)

Rz = (Roga - B)cos(B3 + 180-deg)

Rigp:= I:Rcf_;j - b:l-.tﬂ'.{ﬂg + Iﬁﬂ-drg}
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(c) FBD of Link 3

Rjze=-0.348m

R‘I?}. = ﬂ_!,‘r}m

Rizy = 0348 m
Rz = 0253 m
B33 = 642 m

R-?.;) = 666 m

Ryir = 0.642m

Ry3y = 0.666m



Rygx = Regacos(oa) Rige = —0.120m

Rigy = Rogasin04) Rigy = 0413m
Ry = Rogacos(8g + 180-deg) Rpge=0.120m
Ridy = Rogasin(04 + 180-deg) Rigy= 0413 m
Rpx = (Rpq = Res)eos(B3) Rpc=0281m
Rpy = (Rpa - Regs)sin(03) Rpy=0291m

6.  Calculate the x and y components of the acceleration of the CGs of all moving links in the global coordinate
system (GCS),

8G2 = ReGraz{-si83) + j-cos(82)) - awz™(cos(82) + j-sin03))

aG2 = Re(sg) a2 = mmiz
aG2y = Im{aga) aG2y = 54028 L]
By = "“1“-’*{“1} + J"CH{B;H - a-n:z-{rm{ﬁl} +j -sﬁu{ﬂg}}
acGaa = Regray(-sin(8y) + j-cos(03)) ..
+-tcgyos® (con) + sofo)
8G3 = 84 + BCGIA ag iy = Re(agy) aG3x = 13&:%
agay = Infags) aGy = —19.864 LI

aG4 = Rogeag(-sin{Bg) + j-cos(0y)) - f-mf{m{ﬂﬂ + j-sinf84))

aGds = E:[lm] didx = -'W.IIT-L:
e
Gy = fu[im] agyy = -102.448 Lz
e

7. Calculate the x and ¥ components of the external force at P in the CGS.
Fpy=F Fpy:=0-N
B Substinse these given and calculated values into the matrix equation 11.9. Note that Mathcad requires that all

elements in & matrix have the same dimension. Thus, the matrix and array in equation 1 1.9 will be made
dimensionless and the dimensions will be put back in after solving it
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Fizg= RN Fizg = =1246 N Fizy = RyN Fiay = MON
Fi2g:= RyN Fi3y = 306N Fapy = RN Fizy = <183N
Fyiz = Ry N Fiiy = 451N Fazy= lﬁ-N Fyzy = <TR2N
Flag = ﬂ?u'i" Firag= 735N Fiap= ﬂ'fh" Firay = -2219N

Tiy= .Rq-ﬁl'-m Tiz=T.14N-m





