MECH 343 Theory of
Machines |

Time: W 17:45-20:15

Lecture 11



Example

In the four bar link crank 2 is riven by
input torque M, and external load P =
120lb @ 220° acts at point Q on link 4. For
this position, find all the forces and
reactions for the link to be in equilibrium

Draw FBD of link 3 EHﬂ! = (2.38 in)(120 Ib) — (B.63 in)Fa4 = 0.

Draw FBD of link 2 Fsa = 33.11b,
Draw FBD of link 4, using P and direction

of F;, (partially known from F,; in step 3)
and moment along O,, find a, b moment
arms and then find F;, direction and mag Fu
Using F,,, and P, draw force polygon to

Fy

find F,, both direction and magnitude © @

Substitute this in steps 1 and 2 to find F,

A \\\55‘-
- - 1\ ul’
Using moment about O,, find moment arm 4 o,
C and then find M, in magnitude and @ w
direction @ Foure 135 Grphic siution fr Example 1.1 Rao, = 61, R = 1810, Roro, = i,

R.o=lzhs.udkm-sh_



Example

EXAMPLE 13.1 4

The four-bar linkage of Fig. 13.5q has crank 2 driven by an input torque M3; an external
load P = 120 1b£220° acts at point Q on link 4. For the position shown, find all fe
constraint forces and their reactions necessary for the linkage to be in equilibrium. '

GRAPHIC SOLUTION

1. W:dnwm:linhg:mdlhugiﬂnfmmmfummmmuiﬂmmhdh
Fig. 13.5a. The size scale shown here is about 6.25 in/in, meaning that 1 in of
mammﬁ.zsiﬂurmwmmmmumhmm
Ihﬁu;thniia,nvmﬂlmlhhngrq:mnhlfmufgﬂh

2. %hgindrnwinpufthaﬁw—hudydhmafmhufthemﬁngmﬁ
illustrated in Figs. 13.5b, 13.5e, and 13.57. At this stage, all known information,
such as the positions and the force P, should be drawn to scale. Unknown

information, such as other applied forces on each link, are sketched lightly on the
free-body diagrams, but will be redrawn to scale once they become known.

3. 'We ensure that all free-body diagrams are complete, that 1s, that all pertinent
information is shown. For example, we must now either find the weights and
centers of gravity of all links and the direction of gravity or, as done here, assume
that the gravitationa) forces are small in comparison with the applied force P and
that they can safely be ignored.

4. mem:frw-hodydiagmm.m:unwnhﬁm:ﬂutlinkiisnmu-fmmﬂmhu-_
m@wdhglnm¢MEmmhm“mmsmm1hﬁufm1
of Fas and Fy3 along the axis defined by points 4 and B in Fig. 13.3e. Becanse |
anﬁunandrmﬁmfnmesmusth:aqun!mduppmim_thmdsuuﬂusﬂt]hu
of action of Fi; on link 2 in Fig. 13.5f and F34 on link 4 in Fig. 13.5b.

=
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5a. We proceed next to link 4, as il lustrated in Fig. 13.5b, where neither the magnitoade

Example

3b.

nor the direction of the frame reaction F4 is known as yetL. One method for |
continuation is to measure the moment arms P and F34 sbout Oy, which are 2.38
in and 8.63 hhrﬁpe:ﬁlﬂy.mmﬂkmgmmwﬂmw"mmmmpuﬂiﬁm
Egs. (13.8) gives

Y Mo, = (238 in)(120 1b) - (8.63 in)Fs = 0.

The solution is F3s = 33.11b, where the fact that the result is positive confirms
the sense shown for Fia in Fig. 13.5b.

As an alternative approach to Step Ja, we could note that link 4 is a three-force
member. therefore, when the lines of action of P and Fis are extended, they
intersect at the point of concurrency C and define the line of action of Fyq, a8
illustrated in Fig. 13.5¢.

No matier whether Step 5a or Step 5b is used, the force polygon illustrated
Fig. 13.5d can now be used to graphically solve the equation

EF-P+F3.|+F]4=0,

giving Fas = 33.1 lhandFu:!EF.ﬂlbwiﬂlﬂi:wﬁunsnﬁhldimtndhnhtfbm
polygon. Note that this avoids the need for the moment equation of Step 5a; it 15
satisfied by the concurrency at point C.

From the free-body diagram of link 3, Fig. 13.5e, and the nature of action and
reaction forces, we note that F3 = —Fa3 = Fa. For & two-force member,
itishnpmmmmuuuwhﬂhﬁihclinkisinwminnminmmpmsﬂm In the
case of tension, the link would fail as a result of yielding; however, in the
case of compression, the link could fail by either yielding or buckling. Hence,
bunﬂiughecumesmimummpininmmhim design and is addressed m
Sections 13.14-13.17.
Hﬂcﬂlﬁﬁszn-Fn.thishmwnﬁ)mmhcil]ushﬂtﬁmﬂmﬁet-hodfdil'
gram of link 2 in Fig. 13.5/. Because link 2 is subjected to two forces and a
torque, Fj; must be equal and opposite to F3z. Alternatively, from the sum-
mation of forces on the free-body diagram of link 2 in Fig. 13.37, we see that

Fi2 = —F3;. When the moment arm of Fi; about point O; is measured, it ® | |

o e em i e .



Example

found to be 5.54 in. Therefore, taking counterclockwise moments as positive, we
obtain

3 Mo, = (5.54in)Fy — My; = 0,
which yields
Miz = (554 n)(33.11b) = 183 in - Ib, Ans,
where the positive sign confimms the clockwise sense illustrated in Fig, 13,5y



1.

Example

In the slider crank, external load P = 100lb horizontal acts at point Q on link 4. block B is
8X3in and the pin is centrally located. Q is 1in above the center line. Determine the torque
M, to hold the mechanism in static equilibrium. Ignore gravity forces

Draw FBD of link 3 and since 2 force, show F,; and F,; (direction partially known) these
tell us the LOA F;,0n link 4 and F5, on link 2.

Draw FBD of link 2 with LOAs for F5, and F,, (direction partially known from step 1

Draw FBD of link 4, magnitude of F,, unknown but L to ground. o~ _,
Link 4 is 3 force member so, F;, and P LOAs should intersect and M
the point will be where F,, will be —d><i

Draw force polygon, with P and LOA
of F,,, and F,, to get their direction
and magnitude

)
In steps 1 use Fy, = - F,3 =F,3 and in

Step 2 use F23 = - F32 = F12 i F

Using moment about O,, find moment == p =
arm h (4”) and then find M, in E g -
magnitude and direction © @ ©

Q Flgure 13.8 Graphic solution for Example 13.2: R40, = 6 inand Ry, = 18 in.
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EXAMPLE 13.2

Thsﬁh—nmkmMUfFi:,l!hhsumﬂl horizon-

_ 3 13. load P = 100 Ib acti ]

E!Lﬂquhfﬂnnlmkiﬂlmk. :ssmmwahmﬂmmmﬁmm
Qs | inabove mtu'hmDnhnmingﬂlanuMuthmmhumﬁdhﬁnﬂ

. We draw the mechanism and the given force to scale, as illustrated in Fig, 13.8¢

The size scale used here is 15 in/in and the force scale is 140 Ib/in.

. We draw the free-body diagrams of each moving link, as illustrated in Figs. 13.8

13.8¢, and 13 8e.

. We observe that link 3 is a two-force member. Thus, we can show the lines of

action of F»3 and F41 along the axis defined by points A and 2 in Fig. 13.8b. Theg
also tell us the lines of action of Fi4 on link 4 n Fig. 13.8¢ and F3; on link 2 g
Fig, 13.8e.

. We proceed to link 4 where neither the magnitude nor the location of the frame

reaction force Fy4 is known as yel. However, the direction of this force mmy
be perpendicular to the ground because friction is neglected. Link 4 is a thres.
force member; therefore, when the lines of action of P and F34 are extended, they
intersect at the point of concurrency C and define the line of action of Fi4, &
illustrated in Fig. 13 .8c.




Exam p|e ~'5. Weuse the force polygon illustrated in Fig. 13.8d to graphically solve the equation
Y F=P+Fu+Fua=0,
giving
Fi=1051b and Fiq=311b.

6. From the free-body diagram of link 3, Fig. 13.85, and the nature of action amd
reaction forces, we note that F;3 = —F43 = Fy. Link 3 is in compressiom
therefore, the problem of buckling should be investigated (see Sections 13.14-
13.17).

7. From the free-body diagram of link 2, Fig. 13.8e, and the nature of action and
reaction forces, we note that Fi; = —Fx;. From the summation of forces on the
free-body diagram of link 2, we find Fj3 = —F32. When the moment amm of
F32 about point (7 is measured, it is determined to be 4 in. Therefore, talong
counterclockwise moments as positive, we obtain

Y Mo, = (4in)F — My =0,
which yields
Mz = (4 in)(105 Ib) = 420 in - b, Am.

where the positive sign confirms the clockwise sense illustrated in Fig. 13.8e




