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Lecture A7

Analysis of Structures

STRUCTURAL ANALYSIS
FRAMES
MACHINES
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CHAPTER INTRODUCTION

» In the previous lecture we studied how to analyse trusses by the using the
method of joints and the method of sections.

» Under trusses, we have considered structures consisting entirely of pins and
straight two-force members.

» The forces acting on the two-force members were known to be directed
along the members themselves. For further understanding on how to analysis
trusses click: https://www.youtube.com/watch?v=Hn_1ozUo9m4

» \We now consider structures in which at least one of the members Is a
multiforce member, 1.e., a member acted upon by three or more forces.
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CHAPTER INTRODUCTION

» These forces will generally not be directed along the members on which
they act; their direction is unknown, and they should be represented therefore

by two unknown components.
» After this lecture students should be able to:
» Draw a FBD of a frame or machine and its members

)

< Determine the forces acting at the joints and supports of a frame or machine

< Differentiate a truss from frames/machines
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FRAMES AND MACHINES

» A structure 1s called a frame or machine if at least one of its individual members
IS a multiforce member.

» A multiforce member Is defined as one with three or more forces acting on it, or
one with two or more forces and one or more couples acting on it.

» Frames are structures which are designed to support applied loads and are usually
fixed in position.

» Machines are structures which contain moving parts and are designed to transmit
Input forces or couples to output forces or couples.
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FRAMES AND MACHINES

» To determine the forces internal to an engineering structure (frames and
machines), we must first dismember the structure and analyze separate FBD of
Individual members or combinations of those members

» This analysis requires careful application of Newton's third law, which states that
each action Is accompanied by an equal and opposite reaction.

» In this treatment we consider only statically determinate structures, which do not
have more supporting constraints than are necessary to maintain an equilibrium
configuration
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ANALYSIS OF FRAMES

» As a first example of analysing a frame, the crane
shown, which carries a given load W will be
considered.

» The free-body diagram of the entire frame is
shown in Fig.

» This FBD can be used to determine the external
forces acting on the frame.

EY 5

&
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ANALYSIS OF FRAMES

» Summing moments about A, we first 5 é
determine the force T exerted by the cable; W
summing X and y components, we then :
determine the components Ax and Ay of the

reaction at the pin A. D
» In order to determine the internal forces ‘/ R
holding the various parts of a frame together, we e l,

must dismember the frame and draw a FBD for
each of its component parts. —= 3
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ANALYSIS OF FRAMES

» First, the two-force members should be considered.

» In this frame, member BE is the only two-force
member.

» The forces acting at each end of this member must
have the same magnitude, same line of action, and
opposite sense

» They are therefore directed along i.e BE and will be
denoted, respectively, by Fee and -FBE.
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ANALYSIS OF FRAMES

» The sense of the internal forces will be arbitrarily
assumed as shown in Fig. shown; later the sign
obtained for the common magnitude Fse of the two
forces will confirm or deny this assumption.

» Next, we consider the multiforce members, I.e., the
members which are acted upon by three or more
forces.

» According to Newton’s third law, the force exerted
at B by member BE on member AD must be equal and
opposite to the force Fee exerted by AD on BE.

Ay
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ANALYSIS OF FRAMES

A, S E
y ) / ‘.:.' /0 f"
- T ! Cy
¥} ' ]-I.,I. .

» In this similar manner, the force exerted at E by /, G E W
member BE on member CF must be equal and ! V'
opposite to the force -FBe exerted by CF on BE. N E

» Thus the forces that the two-force member BE _"1: /°
exerts on AD and CF are equal to -Fse and Fek, "
respectively;

» They have the same magnitude Fse and opposite
sense and should be directed as shown in Fig.
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ANALYSIS OF FRAMES

» At C two multi-force members are connected. Since
neither the direction nor the magnitude of the forces
acting at C is known,

> T
com

> T

nese forces will be represented by their x and y
ponents.

ne components Cx and Cy of the force acting on

member AD will be arbitrarily directed to the right and
upward.
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ANALYSIS OF FRAMES

» Since, according to Newton’s third law, the forces
exerted by member CF on AD and by member AD on CF
are equal and opposite,

» The components of the force acting on member CF
must be directed to the left and down-ward; they will be
denoted, respectively, by -Cx and -Cy.
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ANALYSIS OF FRAMES

» Whether the force Cx is actually directed to the right ) /L 4—1 2 l,,
and the force -Cx Is actually directed to the left will be ¢ <
determined later from the sign of their common ﬁ/ o ;/
magnitude CXx, E

» a plus (positive +) sign indicating that the assumption _"'1 : /°
made was correct and a minus sign that it was wrong. " |

» The free-body diagrams of the multiforce members are
completed by showing the external forces acting at A, D,
and F.

JaL 2020-05-12
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ANALYSIS OF FRAMES

» The internal forces can now be determined by
considering the FBD of either of the two multi-force
members.

» Choosing the FBD of CF, for example, we write the
equations  IM. = 0. 3M; = 0, and 3F, = 0

» which yield the values of the magnitudes Fee, Cy, and
CX, respectively.

» These values can be checked by verifying that
member AD is also in equilibrium.

2020-05-12



JaL

ANALYSIS OF FRAMES

» When a pin connects three or more members, or when a
pin connects a support and two or more members, or when a

load

Is applied to a pin, a clear decision must be made In

choosing the member to which the pin will be assumed to
belong.

> If
attac

> T
clear

multiforce members are involved, the pin should be
ned to one of these members

ne various forces exerted on the pin should then be
y identified. This is illustrated in one example

A,
* k _-‘

()
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ANALYSIS OF FRAMES

Question

» In the frame shown, members ACE and BCD are B

connected by a pin at C and by the link DE. For the e\ ™
loading shown, determine the force in link DE and ALK 9
the components of the force exerted at C on oo \:f_f,:’!--””’
member BCD —| =150 mm —

2020-05-12
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ANALYSIS OF FRAMES

Solutions

Free End}' Entire Frame. Since the external reactions involve unh three
unknowns, we compute t the reactions hx conside ring the free- h{:d\ n:lmtfrmn

of the entire frame.

-I-TEF_,, =0 A, —480N=0 A = +480N A= 480 N1
+iZEM, = 0 —g-l":[} N)(100 mm) + B(160 mm) = 0
B=+300N B =300 N—
SxF =0 B+A =10
JO0N+A =0 A, = —-300N A, = 300 Ne—

Members. We now dismember the frame. Since only two members are
connected at C, the components of the unknown forces acting on ACE and

n BCD are, respectively, equal and opposite and are assumed directed as
shown. We assume that link DE is in tension and exerts equal and opposite
forces at D and E, directed as shown.

JaL
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ANALYSIS OF FRAMES

60 mm 100 mm

R 160 mm
: | =— Lol mm—
Solutions T \H ‘ ‘ o
'ulI.'}'\ ! - S\ lh N
F i i AT ¥ b,
Free Body: Member BCD. Using the free body BCD, we write ﬁ{ \ Ly 150 N \ Mol /./»g,_
< L' .
HEM, = 0: B0mm D
(Fpg sin @)(250 mm) + (300 N)(80 mm) + (480 N)(100 mam) = 0 } \ ; 5 e
Fpr = =561 N Fpe =561 N C - 160+ wm R
F y DE e ["‘ & = tan Iﬁ= 25.07
—>‘\"P1 = 0 ("l = Fl)l': cos a + 300 N =) ; {' ".L' -
C; — (=561 N) cos 28.07° + 300N =0 C,=-79 N i &
+12F, =0: C, — Fpgsina — 480N =0 DE
C, — (=561 N) sin 2807° — 480N =0 C, = +216 N
From the signs obtained for C, and C, we conclude that the force compo-
nents C, and C, exerted on member BCD are directed, respectively, to the sl
left and up. We have 1__1 -
fal® J00 N DE
C. = 795 N, C, = 216 N} f__,,g/"
D
220 mm ,-f":_:"df
E
Free Body: Member ACE (Check). The computations are checked by - Fpp
considering the free body ACE. For example, T *"—1 ¢ .
’ — 80 mm - b o
+52ZM, = (Fpg cos @)(300 mm) + (Fpg sin a)(100 mm) — C,(220 mm) | M
= (=561 cos a)(300) + (=561 sin a)(100) — (=795)(220) = 0 |ﬂm|" 2020-05-12
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ANALYSIS OF FRAMES

Question
» Determine the components of the forces acting on each member of the frame shown.

2.7 m \ 12“:"'?‘;
_ | T [
—— e ¥, 2>
B
2.7 m
- RE ~ F

4.8 m

2020-05-12
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ANALYSIS OF FRAMES

1.2 m
|-o— 2.4 ||'|—=-|-|—=—|

B Cy 2400 N
Y
B:. B Cl G 2.7 m

Solutions

Free Eod}(: Enfire Frame. Since the external reactions involve only three

unknowns, we compute the reactions by considering the free-body ciiagr;un - -/
of the entire frame. I 1 N | |
2.7 m ’ - 4.8 m |
+52ZMg = 0: —(2400 N)(3.6 m) + F(48m) =0 1‘ [
F=+1800N F=1800N1 H
-I-'[‘Z}F_J'r =0 —2400N + 1800N + E, =0 27 m
E, = +600 N E, = 600 N1 1B L
- _ . - . _ Iﬂ M
_}EFI B ﬂ LI' E fh-::-ll ) tlHn::-II N
Members. The frame is now dismembered: since only two members are o | 6 m
connected at each joint, equal and opposite components are shown on each ol
member at each joint. 2400 N
o 'l'
Free Body: Member BCD o= e I
+5ZM; = O —(2400 N)(3.6 m) + C,(24 m)=0 C,=+3600N
+EM = O —(2400 N)(1.2 m) + B(24m) =0 B, =+1200N
D2F, =0 —-B,+C, =0 SR ‘ji" E i F
E, F
| s | 2020-05-12
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ANALYSIS OF FRAMES

1.2 m
|-o— o 4 ||'|—9-|-|—5-|

Solutions P 4o 2o

N2 L =i 27
We note that neither B, nor C, can be obtained by considering only member B. B clC 2.4 m
BCD. The positive e ] B, and C, indicate that “the force

components B, and C, are directed as assumed.

|-' 4.8 m !

Free Body: Member ABE

+5EMy =0:  B/(27m) =0 3. =0
S2F, =0 +B, —A, =10 A =0
+1ZF, = 0: —A, +B, + 600N =0 -— i £ iz;-‘
—A, + 1200N + 600N = 0 A, = +1800 N 600 N LS00 N
Free Body: Member BCD. Returning now to member BCD, we write | e
ISF =0 -B,+C,=0 0+C, =0 C, =0 "‘N \
2400 N

Free Body: Member ACF (Check). All unknown components have now m\{_. ly
been found: to check the results, we verify that member ACF is in H [ bt DD
equilibrium.
+5ZM- = (1800 N)(24 m) — A,/(24m) — A (2.7 m) y N

= (1500 N)(24 m) — (1800 N)(24m) - 0=10 (checks) E, }’f'_: f}'

. . 2020-05-12
JaL | 4.5 m |



ANALYSIS OF FRAMES

Question

» A 600-Ib horizontal force is applied to pin A of the frame shown. Determine the
forces acting on the two vertical members of the frame.

G600 b A
ﬁg‘l"ﬂ-._\_ 1
T~ 25 fi
@_"x B—1
25t
- ENIJ —1
e 25 ft
|
Cle =
25 ft
E s E’ﬁ: I L
SR

2020-05-12
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ANALYSIS OF FRAMES

SOIUtlonS “t* ~_ —e) 10ft
Free Body: Entire Frame. The entire frame is chosen as a free body: '“"”*:;. B & xﬁ,f::::,.,a-f* D
although the reactions involve four unknowns, E, and F, may be deter- n%:‘j‘}\l; ce—
mined by writing b p

f = I ! - ]I-' - J
1My = 0: —(600 Ib)(10 ft) + F,(6 ft) = 0 @‘T’ —llg =y
F, = +1000 Ib F, = 1000 b c_ 1‘,_;“ 1‘]
+1%F,=0: E,+F,=0 Fop &~ [—6 ft—]
E, = —1000 Ib E, = 1000 1b|
Members. The ec uations of equilibrium of the entire frame are not suffi- i,m. A
cient to determine E; and F,. The free-body diagrams of the various mem- T"‘%}
bers must now be considered in order to proceed with the solution. In b T\\"f B
dismembering the frame, we will assume that pin A is attached to the mul- <5 R zi i
tiforce member ACE and, thus, that the 600-Ib force is applied to that lp—t
member. We also note that AB and CD are two-force members. a%r?-‘f# [
+-c o-'rr S 51t
Free Body: Member ACE 23 ft B \'
; 5 —elo) [ eglo)F—1
+12F, = 0:  —1Fus + 5Fep — 10001b =0 E, if- F, T
HEME = 0: —(600 Ib)(10 ft) — (3F,s)(10 ft) — (3Fcp)(25ft) = 0 e
2020-05-12
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ANALYSIS OF FRAMES

Solutions

-~ - -
e - o ] I.]

Solving these equations simultaneously, we find *ho;\I; = T
F.s = —10401b  F., = +1560 Ib n . .
. . . . — - I ﬁ- I- ol F r
The signs obtained indicate that the sense assumed for F.;, was correct and il ! E ¥

the sense for F.g incorrect. Sumn’nin:af1 now X -:_ﬂn'npl:nwnts,

IS5F, = O: 600 Ib + 13(—1040 Ib) + &(+1560 1b) + E, = 0 "
E. = —1080 1b E, = 1080 |be

W]
\
L1
\
\"\.
I"\. I".,
\ \"\
\
\
\
\
—— 1
———'n.u

Free Body: Entire Frame. Since E, has been determined, we can return

to the free-body diagram of the entire frame and write ——n \'11
I . 12 _
SxF. = 0: G600 1b — 1080 b + F, =0 Fag -1??‘\\
F.= +480 b F, = 4580 Ib— Fag P[5BT
75 ft lfj: Ft
Free Body: Member BDF (Check). We can check our computations by 12 4T JJT
verifying that the equation 2My = 0 is satisfied by the forces acting on /,,;""T: Fop
member BDF. T C9F,, 3 fit
i 25f \'
+EMp = —(2Fep)(25 ) + (F)(7.5 i) 2.8 8
= —1(1560 Ib)(2.5 ft) + (450 Ib)(7.5 ft) L 1 - T -
= —36001b - ft + 36001b - ft =0  (checks) By = 10001 | Fy - 100015

2020-05-12
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ANALYSIS OF FRAMES

Question

» The frame supports the 400-kg load in the manner shown. Neglect the weights of
the members compared with the forces induced by the load and compute the horizontal
and vertical components of all forces acting on each of the members.

= 3m —re—2 m >
i A
1.56m

{ 0.5 m%
0.5 m C = )
F

| B
1.5m E

1.5m
—-H&p 400 kg
2020-05-12
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ANALYSIS OF FRAMES B i

1.5m

{ 0.5 m®
05m -

I B
1.5m

~d

1.5m

Solutions

Solution. We observe first that the three supporting members which consti-
tute the frame form a rigid assembly that can be analyzed as a single unit. We
also observe that the arrangement of the external supports makes the frame stat-
ically determinate. = 3.92 kN 3.92 kN
From the free-body diagram of the entire frame we determine the external A;T - A,
Pd §

\
reactions. Thus, 3.92kN 5 ¢ j y
A= | 3.92 kNl 3.92kN A

|

[SM, = 0] 5.5(0.4)(9.81) — 5D =0 D = 432 kN 4.32kN|g 00 1 3.92 kN
P Ex
[SF, = 0] A, — 432 =0 A, = 4.32 kN B, K;.. t<_
1—’] -
2B

| B, 3.92 kN
= —~ 392 =0 A, = 3.92 kN 1. W *
[ZF, = 0] A, ¥ 2Cx { B, 0.4(9.81)

2 | ’ =3.92kN
Next we dismember the frame and draw a separate free-body diagram of 1 I E,
each member. The diagrams are arranged in their approximate relative positions C; P D‘*x)\

400 kg

(e
=)

Il

to aid in keeping track of the common forces of interaction. The external reac- ED\;

tions just obtained are entered onto the diagram for AD. Other known forces are 4.32 kN
the 3.92-kN forces exerted by the shaft of the pulley on the member BF, as ob-
tained from the free-body diagram of the pulley. The cable tension of 3.92 kN is
also shown acting on AD at its attachment point.
Next, the components of all unknown forces are shown on the diagrams.
Here we observe that CE is a two-force member. The force components on CE
have equal and opposite reactions, which are shown on BF at E and on AD at C.
We may not recognize the actual sense of the components at B at first glance, so

they may be arbitrarily but consistently assigned.
Jal
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ANALYSIS OF FRAMES

Solutions

The solution may proceed by use of a moment equation about B or E for

member BF, followed by the two force equations. Thus,

[EMj = 0] 3.92(5) - 3E,(3) =0  E, = 13.08 kN Ans.
[SF, = 0] B,+392 - 13.08)2=0 B, =262kN Ans.
[ZF, = 0] B,+392-1308=0 B,=9.15kN Ans.

Positive numerical values of the unknowns mean that we assumed their direc-
tions correctly on the free-body diagrams. The value of C, = E, = 13.08 kN ob-
tained by inspection of the free-body diagram of CE is now entered onto the
diagram for AD, along with the values of B, and B, just determined. The equa-
tions of equilibrium may now be applied to member AD as a check, since all the
forces acting on it have already been computed. The equations give

[(ZMc = 0] 4.32(3.5) + 4.32(1.5) — 3.92(2) — 9.15(1.5) = 0
[ZF, = 0] 432 — 13.08 +9.15 + 392 + 432 =0
[ZF, = 0] -13.08/2 + 262 + 392 =0

JaL

‘ B@)u 400 kg

A,
J .‘y
A<
|
————X
%
0.4(9.81)
=3.92kN
p—>()
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ANALYSIS OF FRAMES

Question
» Neglect the weight of the frame and compute the forces acting on all of its members.

500 mm

2020-05-12
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Solutions

Solution. We note first that the frame is not a rigid unit when removed from
its supports since BDEF is a movable quadrilateral and not a rigid triangle. Con-
sequently, the external reactions cannot be completely determined until the indi-
vidual members are analyzed. However, we can determine the vertical
components of the reactions at A and C from the free-body diagram of the frame
as a whole. Thus,

240 N Ans.

[ZMc = 0] 200(0.3) + 120(0.1) — 0.7564, = 0 A,

(2F, = 0] C, — 200(4/5) — 240 = 0 C,= 400N Ans.

y

Next we dismember the frame and draw the free-body diagram of each part.
Since EF is a two-force member, the direction of the force at E on ED and at F on
AB i8 known. We assume that the 120-N force is applied to the pin as a part of
member BC. There should be no difficulty in assigning the correct directions for
forces E, F, D, and B,. The direction of B,, however, may not be assigned by inspec-
tion and therefore i8 arbitrarily shown as downward on AB and upward on BC.

Member ED. The two unknowns are easily obtained by

[ZMp = 0] 200(0.3) - 03E =0 E =200N Ans.

[ZF = 0] D — 200 — 200 =0 D =400 N Ans.

F\'
NN,

& =

=400 N

2020-05-12
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Solutions

Member EF. Clearly F is equal and opposite to E with the magnitude of 200 N.

Member AB. Since F is now known, we solve for B,,A,, and B, from

[(2M, = 0] 200(3/5)(0.5) - B,(1.0) =0 B, =60N Ans.
[XF, = 0] A, +60 —200(3/5)=0 A, =60N Ans.
[SF, = 0] 200(4/5) — 240 ~B,=0 B, = —-80N Ans

The minus sign shows that we assigned B_, in the wrong direction.

Member BC. The results for B,, B_,, and D are now transferred to BC, and the
remaining unknown C, is found from

[ZF, = 0] 120 + 400(3/5) - 60 - C, =0 C,=300N Ans.

We may apply the remaining two equilibrium equations as a check. Thus,

[ZF, = 0] 400 + (—B0) — 400(4/5) = 0
[EM¢ = 0] (120 — 60)(1.0) + (—80)(0.75) = 0

2020-05-12
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» Machines are structures designed to transmit and modify forces.

» Whether they are simple tools or include complicated mechanisms, their main
purpose is to transform input forces into output forces.

» Consider, for example, a pair of cutting pliers used to cut a wire in Fig. shown.

» |If we apply two equal and opposite forces P and -P on their handles, they will exert
two equal and opposite forces Q and -Q on the wire (that is a couple).

2020-05-12



T | ANALYSIS OF A MACHINE

—_—

-
o,

=
T;;;:_:_ i—;:j,/é??
_Pp u |

4

» To determine the magnitude Q of the output forces when the S

Py -
magnitude P of the input forces is known (or, conversely, to - i\g\i
determine P when Q is known), we draw a free-body diagram .

of the pliers alone, showing the input forces P and -P and the
reactions -Q and Q that the wire exerts on the pliers (Fig. J
shown) —-

» However, since a pair of pliers forms a nonrigid structure, we 0
must use one of the component parts as a free body In order to
determine the unknown forces.

JaL 2020-05-12



» Considering Fig. above, for example, and taking moments 4
about A, we obtain the relation Pa = Qb, which defines the
magnitude Q in terms of P or P in terms of Q. 1

» The same free-body diagram can be used to determine the %_,\ .,
components of the internal force at A; we find Ax =0 and Ay = P f“j/ -

+ Q.

» In the case of more complicated machines, it generally will be
necessary to use several FBD and, possibly, to solve simultaneous
equations involving various internal forces.

JaL 2020-05-12



ANALYSIS OF A MACHINE

» The free bodies should be chosen to include the input forces and the reactions to
the output forces,

» And the total number of unknown force components involved should not exceed
the number of available independent equations.

» It Is advisable, before attempting to solve a problem, to determine whether the
structure considered Is determinate or not.

» There Is no point In discussing the rigidity of a machine, since a machine
Includes moving parts and thus must be nonrigid.

JaL 2020-05-12




ANALYSIS OF A MACHINE

Question
» For the frame shown in Fig. below, draw the free-body diagram of the following:
(a) each member,

(b) the pins at B and A, and

(c) the two members connected together..

2020-05-12
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A Effect of
ﬁl ember A8
) On pin

Solutions

Part (a). By inspection, members BA and BC are not two-force
members. Instead, as shown on the free-body diagrams, Fig. 6215, BC
is subjected to a force from each of the pins at B and C and the external
force P. Likewise, AB is subjected to a force from each of the pins at
A and B and the external couple moment M. The pin forces are
represented by their x and v components.

Part (b). The pin at B is subjected to only two forces, i.e., the force of
member BC and the force of member AB. For equilibriuim these forces
{or their respective components) must be equal but opposite, Fig. 6—21c.
Realize that Newton's third law is applied between the pin and its
connected members, i.e., the effect of the pin on the two members,
Fig. 6-21b, and the equal but opposite effect of the two members on
the pin, Fig. 6-21c. In the same manner, there are three forces on pin A,
Fig. 6-21d. caused by the force components of member AB and each
of the two pin leafs.

Part (c). The free-body diagram of both members connected
together, yvet removed from the supporting pins at A and C, is shown
in Fig. 6-21e. The force components B, and B, are not shown on this
diagram since they are internal forces (Fig. 6-21b) and therefore cancel
out. Also, to be consistent when later applying the equilibrium
equations, the unknown force components at A and C must act in the
same sense as those shown in Fig. 6-215.

B, Effect of
member BC
on the pin
By
Effect of J_\
member AR
on the pin
Pin B
Ay C,
()

2020-05-12
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ANALYSIS OF A MACHINE

Question

» A hydraulic-lift table i1s used to raise a 1000-kg crate. It
consists of a platform and two identical linkages on which
hydraulic cylinders exert equal forces. (Only one linkage and
one cylinder are shown) Members EDB and CG are each of
length 2a, and member AD is pinned to the midpoint of EDB. If
the crate iIs placed on the table, so that half of its weight is
supported by the system shown, determine the force exerted by
each cylinder in raising the crate for 6 60°, a = 0.70 m, and L =
3.20 m. Show that the result obtained is independent of the
distance d.

2020-05-12



Solutions

The machine considered consists of the platform and of the link-
age. Its free-body tlmgmm includes an input force Fpy; exerted
ln the cylinder, the weight 3 W, equal and opposite to the output
force, and reactions at E and G that we assume to be directed
;15 shown. Since more than three unknowns are involved, this

diagram will not be used. The mechanism is dismembered and
a free-body diagram is drawn for each of its component parts.
We note that {D BC. and CG are two-force members. We
already assumed member CG to be in compression; we now
assume that AD and BC are in tension and direct as shown the
forces exerted on them. Equal and opposite vectors will be used
to represent the forces exerted by the two-force members on the
platform, on member BDE, and on roller C.
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Solutions i |
L |

Free Body: Platform ABC. -
53F, = 0 F,ycos =0 Ko —0 ‘*_ d _*l-‘
+13F,=0: B+C-3W=0 B+C=3W (1)

Free Body: Roller C. We draw a force triangle and obtain Fy. = C cot 6.

Free Body: Member BDE. Recalling that F,;, = 0, g
) . '\*E
+52M; = 0 Fpy cos (& — 90°)a — B(2a cos 8) — Fye(2a sin 0) = 0 T.—f.::-,-‘ﬂ
Fppa sin ¢ — B(2a cos 8) — (C cot 0)(2a sin 8) = 0 _
Fpysing —2(B + C)cos@ =0 =,
2020-05-12
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Solutions

Recalling Eq. (1), we have

cos :
F = W (2)
DH sin ¢
and we observe that the result obtained is independent of d.
Applying first the law of sines to triangle EDH, we write
sin sin @ H .
Equ == sin b = — sin @ (3)

Using now the law of cosines, we have

(DHY = a® + L* — 2al. cos 8
= (0.70)* + (3.207 — 2(0.70)(3.20) cos 6B0°
(DH)® = 8.49 DH =291 m

We also note that
W = mg = (1000 kg}{ﬁ.-"il mfst) = 9510 N = 9.581 kN

Substituting for sin ¢ from (3) into (2) and using the numerical data, we
write

2.91 m
cot @ = (9.81 kN)— cot 60°
3.20 m

.Ir'._| T — -3 I;._J L.‘\-

F = “"DH
pH = EH
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ANALYSIS OF A MACHINE

Question
» Determine the force required to hold the 100-Ib weight in equilibrium
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ANALYSIS OF A MACHINE

Solutions

Equations of Equilibrium: Applying the force equation of equilibrium along the
y axis of pulley A on the free - body diagram, Fig. a,

+TEF}.=D: 2, -100=10 Ir,=51b

Applying 2F = 0 to the free - body diagram of pulley B, Fig. b,

+13F, =0; 2Ty -350=0 Tp=251b

From the free - body diagram of pulley C, Fig. c,

+12F, =0: 2P -25=0 P =125 Ans.

2020-05-12
JaL



ANALYSIS OF A MACHINE

Question

» In each case, determine the force P required to maintain equilibrium. The block weighs
100 Ib.
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Solutions ’
Egquations of Egquilibrium: i 1 O
a) +T1=F, = o0; 4P — 100 = 0 ’C) N
: e (¢
P = 2501b /C‘ , ¥
by +T=F,6 =0 3P — 100 = 0 ¥
- 3
P =3331b { P=33331b
i) 100 1b
© +T=F, =0: 3P — 100 =0 . 100 1h ©
b
P’ = 33331b 4 )
+T=F, = 0; 3P — 3333 =0
P =11.11b
2020-05-12
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ANALYSIS OF A MACHINE

Question
» Determine the horizontal and vertical components of force that pins A and B exert on the

frame.

C 2kN/m

— i 1
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ANALYSIS OF A MACHINE

—r A Fa
! 3m |
Solutions
Free Body Diagram. The frame will be dismembered into members BC and AC. r
The solution will be very much simplified if one recognizes that member AC is a
two force member. The FBDs of member BC and pin A are shown in Figs. @ and b,
respectively. <
Equations of Equilibrium. Consider the equilibrium of member BC, Fig. a,
3
C+XMp = 0; 2(4)(2) — FAC(E)(J’} =0 F, = 6.6667kN * '264) KN
C+EZMc=10; By(4) —2(4)(2) =0 B, =400kN Ans.
4 2m
+13F = 0; 6.6667 (E) — B, =0 By, =5333kN = 533kN Ans.
Then, the equilibrium of pin A gives S
3
BIF =0 A, — 6.6667 (g) =0 A, =400kN Ans.
4
+12F =0 A, — 6.6667 (E) =0 Ay, =5333kN = 533kN Ans.
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FRAMES AND MACHINES

6-66, 6-8, 6-73, 6-75, 6-79, 6-81, 6-86, 6-88, 6-91, 6-99, 6-101, 6-108, 6-112 ,6-115, 6-117
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FRAMES AND MACHINES

THE END — THANK YOU
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