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AB=06in, EC=121in, AE=81n

BC=18in, ED=51n
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A -pump used for pumping drilling mud in oil-well
drilling has IWQ double-acting cylinders. s 3
The linkage of the piston to the crankshaft for each
cylinder is arranged as shown in Fig.
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Newton’s second law F =ma
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Newton's second law are all that are needed to solve any
dynamic force system by the Newtonian method.

Jean le Rond d' Alembert (1717-1783), a French
mathematician, rearranged Newton's equations to create a
"quasi-static" situation from a dynamic one.

D' Alembert's versions of equations Newton's second law:

Ferdowsi University of Mashad
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An automobile has a total weight of W = 4000 Ib
distance between the front and rear axle centers b+c =90 in,
and its center of mass is b=40in behind the front axle center.
the center of mass is h = 25in above the ground.
The wheel radius isr =14.5in, and on a good surface
the coefficient of friction between the tires and road is 0.8.
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Front-wheel Drive
Zf; ={ —F} +p,;~ =
r[i-]

2 F =0: W=N,+N, re

DM =0 Ny =bN, +huN, a[bﬂ: ]
=C
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A fly-ball governor
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The valve is fully closed when the
angle 0 is 75°. Compute the speed at
which the valve is dosed if the effective
centers of mass of the arms are in the
locations G and G’ and other inertia can
be neglected. The weight of each arm
Is 0.25 Ib. The adjusting nut is set So
that the spring is at its natural or free
length when 6=8°. The stiffness of the
spring is 20 Ib/in. The lengths of the
links are given.

AB=BC=AB'=B'C'=1.5In.
CG=C'G'=2.438in, and CC =1.25 In.
G and G'are center of mass

Ferdows/i University of Mashad
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r=2438sin 75" + 0.625 = 2.97% in

N F, =0 Fpy +F —F,sin75°=0
ag = ra’ =(2.979/12)w’ =0.248 w®

Y F, =0 F;—F,c0s75°=0

Y M=t
L AC =2 x1.5¢0s 75°= 0,776 in
F!

—— AC=2x15c0s5°=2989 in
x = 2.989 -0.776 = 2212 in
" 2F, =20x2212=4424 1b

F, =22.121b

F, = ma;(0.25/32.2) x0.248w" =0.001930°
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F g = F;[cos 75° =22.12[cos 75° = 8547 Ib

1.5sin30° [.5s5in30°
o e e _85.47=101.58 1b
2.438sin15° 2.438sin15°

w' =F, [0.00193 = 101.58/0.00193

w= 2191 rpm

speed at which the governor will close the valve
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c¥olan gy = LeaslSe oy Julos
Al hes b g3l
a mass, being rotated at the end of link

at a constant angular velocity (® and

constant radius 7.

Ferdows/i University of Mashad



leaslSn Sanlis 5 SeSliol sl Joows Vo fund

"pure" free-body diagrams of both members in this system,
the ground link (1) the rotating link (2).
The only real force acting on link 2 is F12,
angular acceleration a Is zero in this example,
the acceleration acting on the
link is only the rw? component,

which Is a centripetal acceleration,
l.e., directed toward the center.

Fiz =mrﬂ}2

Ferdowsi University of Mashad
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free-body diagrams done according to
the principle of d' Alembert

a negative ma inertia force /
applied to the mass on link 2

F‘lz —mrﬂ)z =0

Fi2 = mrﬁ)z
12

21
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FORCE ANALYSIS OF A FOURBAR LINKAGE

linear accelerations of
CGs, and link angular
accelerations and
velocities have been
previously determined
from a kinematic analysis

B X
find the forces acting at all "
the pin joint of the linkage T W "
for one or more positions v \ GGy B
o
0)2’/ 4 ) 94
)
1 0,

Ferdowsi University of Mashad \_/ §
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Linkage has three moving links
three equations for any link or rigid body in motion

D F =ma, Y F, =ma, Y =10

expect to have nine equations in nine unknowns for this problem

An external force F D IS shown acting on link 3 at point P. Also an external
forque T 4is shown acting on link 4.

To solve for the pin forces it is necessary that these applied external
forces and torques be defined for all positions of interest

Ferdowsi University of Mashad
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The linkage kinematic parameters are defined with respect to a global XY
system (GCS) whose origin is at the driver pivot 0, and whose X axis
goes through link 4's fixed pivot 0,.

The CG of each link is initially defined within each link with respect to a
local moving and rotating axis system (LRCS) embedded in the link
because the CG is an unchanging physical property of the link.

We need to define each link's dynamic parameters and force locations
with respect to a local, moving, but nonrotating axis system (LNCS) x, )
located at its CG as shown on each free-body diagram

Ferdowsi University of Mashad
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link 2

by, +F3, =mag,

Fa, + 3, =mag,

T +[R12,_,F12}, — Ry Fi2, )+

(Raz_x Fyp, —Ryy F3p ) =1g, 0,

Ferdows/i University of Mashad
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link 3

Foz, —Fy +Fp =myag,
Fio —Fy +Fp =maa
13, ~ P, +Fp =miag,

(R43J¢F43y _R43yF43x )_(R23IF32}* _Rz?’?&z-‘ ]+

(RP.:: FPy —pr pr ) = IG3'13
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Link 4

Ra, —Fy3, =myag,

Fi. —Fxx =mya
l4y 43y 4 G4y

(R14x Fa, =Ry Frg, )—

(R34x Fa3, = Ray Fy3, )+ Iy=1g,04

Ferdows/i University of Mashad
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There are nine unknowns present in these nine equations,
Fi20 F120 Faz0 Faop Fazo Fazp Frae F14y @10 T,
so we can solve them simultaneously.

10 1 0 0 0 0 0 0] [R.1 T myag,
0 1 0 1 0 0 0 0 O Flz}, myag,
~Ri;, Ry, Ry, Ry 0 0 O Ig, o
0 0 -1 0 1 0 0 0 0 F32y m3ag, —Fp,
0 0 0 -1 0 1 0 0 0fx Fis | = myag, - Fp
0 0 Ry, -—Ry, —Ry, Ry, 0 0 0 Fya, Ig,03—Rp Fp +Rp Fp,
0 o0 0 0o -1 0 10 0] |F, maag,
o o0 o0 0 0 -1 0 1 0 |R, maag,
0 0 0 0 Ry, R, —Ru, Ry 0] [T, ] | Ig, 0414
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