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Vector Mechanics for Engineers: Statics
6.4 wgos alius

SOLUTION:

* Create a free-body diagram for the
complete frame and solve for the support

160 mm

L reactions.
m‘#““‘ W * Define a free-body diagram for member
80 mm BCD. The force exerted by the link DE
g | J has a known line of action but unknown
et —150mm magnitude. It is determined by summing
moments about C.
Members ACE and BCDare + With the force on the link DE known, the

connected by a pin at C'and by the
link DE. For the loading shown,
determine the force in link DFE and the

components of the force exerted at C
on member BCD. * With member ACE as a free-body,

check the solution by summing
moments about A.

sum of forces in the x and y directions
may be used to find the force
components at C.

S rllal Crmmtazms 1l 5 (55108

Vector Mechanics for Engineers: Statics
Sample Problem 6.4

SOLUTION:

* Create a free-body diagram for the complete frame
and solve for the support reactions.

Y F,=0=4,-480N 4, =480N T

> M 4 =0=—(480 N)(100 mm)+ B(160 mm)
SF =0=B+4,

Note:

— a1 80 _ o
a =tan 150—28.07

S rtlls (oo kil 5 (5505
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Vector Mechanics for Engineers: Statics
Sample Problem 6.4

* Define a free-body diagram for member ‘ FO'—nT‘-m—mﬂ-I-—nso mm
BCD. The force exerted by the link DEhasa st ¢ T
known line of action but unknown 80 mm D

magnitude. It is determined by summing
moments about C!

S M =0=(Fpg sina)(250 mm)+ (300 N)(60 mm)-+ (480 N)(100 mm)
Fpp ==S61N

* Sum of forces in the x and y directions may be used to find the force
components at C.

Y F,=0=C,—Fpgcosa+300N

0=C, —(~561N)cosax+300N

Y F,=0=C, - Fpgsina—-480N

0=C,—(~561N)sina—480 N

Vector Mechanics for Engineers: Statics
Sample Problem 6.4

» With member ACE as a free-body, check
the solution by summing moments about A.

> M 4 =(Fpg cosa)(300 mm)+ (Fp sina (100 mm)—C,. (220 mm)
=(~561cosa (300 mm)+(—561sin ¢ )(100 mm)—(—795)(220 mm) = 0

(checks)

Sl ez oeiSS 5 (50,8
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Example 1: All members are pin-connected. Determine
the force acting on each member in terms of W.

6 1n | F 3in
4‘; ® Z0)

6 C E

mn

| f

B
6 lin M
i 8 in 8 in
iy pmmams a5 5 55915, 6—Y)/68

Example 2: Determine the forces on member BCD.

| 400 Ibs

| 6 ft

8yl oo 10l 5 (555105 6 — YY/R8
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Example 4: A manufacturer is having trouble with the bolt
cutters they produce. Specifically, link AD has a short life
span. Rather than design by trial and error, the manufacturer
would like to know what force is transmitted by the link.

lin 3in 10 in

A: F,p=80 P TP

(S gl Crmrazme 1l 5 (55105 6— Y168
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Analysis and Design

What is the force P?

We should probably pick the maximum force that
a person could possibly apply to the bolt cutter.

A force of about P=100 1b is a reasonable choice.
Even if 100 Ib is far more than is needed to
generate satisfactory cutting action at the bolt,
when designing products, we need to anticipate MF8
how the product will be used (and miss-used!).
Assuming P=100 b, draw FBDs and apply
equations of equilibrium to find internal forces in
members.

Once internal forces are known, more detailed
design of member geometry can be carried out.

(S il (rmrazms 1l 5 (55105 6—YVv/68

R
..... L/
:;%;:1—(1;:14& I.‘!gl-— S4cm —J i

Solution:  Element AB: The moment about A is
ZM4=—|05—54r =0,

where F =90 N. From which B = —486 N. The sum of the forces:
z;-g.=a| +B-F=0,

from which

Element BC: The moment about C:

3 Mc=-168-8Fc =0,

from which the cutting force is| Fe =972 N

Sl G dame 10 i 5 (5l 8 6 — YA/
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Problem 6.146 (Bedford & Fowler, 4™ eds.)

Determine the force exerted on the bolt by the bolt cutters and

the magnitude of the force the members exert on each other at
the pin connection A.

80 160 | 100
mm| mm |[mm

Sl i daine kS 5 (5591 ,5

6 — Yi/68

Example 5: The 600-1b weight of the scoop acts at a point M
1.5 ft to the right of the vertical line CE. The line ADE'is
horizontal. The hydraulic actuator AB can be treated as a
two-force member. Determine the axial force in the

hydraulic actuator AB and the forces exerted on the scoop at
Cand E.

(S gl Crmrazme 1l 5 (55105
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Solution: The free body diagrams are shown
at the right. Place the coordinate origin at A
with the x axis horizontal. The coordinates (in
ft) of the points necessary to write the needed
unit vectors are A (0,0), B (6, 2), C (8.5, 1.5),
and D (5, 0). The unit vectors needed for this
problem are
ug, = - 0.949i -0.316j,
ug- = 0.981i - 0.196j,
and ugp = - 0.447i - 0.894j.

00p

6 —Y¥\/68

The scoop: The equilibrium equations forth 7,
> Fx=Tcpupex T Ex =0,

> Fy =Tegupey TEy - 600 =0,
and ) M = 1.5Ey - 1.5(600 1b) = 0.
Solving, we get

Ey =600 b, y
Ey =480 Ib, " I
and Tz =611.9 1b. o

Tep

Joint B: The equilibrium equations for the scoop are

Z FX — TBAuBAX+ TBDuBDX +TCBuBCX - 09

and Z Fy = Teauay * Topuspy T Tepusey = 0-
Solving, we get

PSRN

6 —YY/68

12/1/2025
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example: Draw FBDs for all of the parts of the machine
press shown. All members are pin-connected.

’l

]
H

6 YY/68

6—Y:/68
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Draw FBDs for AEC,
AB, BFD, and EF

Sl > dazme 1l 5 55005

6 — Yo/68

"
X drill press

table

Draw FBDs for A, B,
CDE, and DEF

6 — Y168
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Structural Analysis

The cable and pulleys are used to lift the 600-1b stone. Determine the force
that must be exerted on the cable at A and the magnitude of the resultant
force the pulley at C must exert on the pin B when the cables are in the
position shown.

Given: cable and pulleys, W
Find: P, reactions at B

Solution:

il G sazme ipalaS 5 533108 6-—*V/68

Structural Analysis

TTT

D
600

8yl oo 105 5 (555105 6 YAIGS
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$ample Problem 6.9

o g

600

6—Yi/68

600

Sl e dazms iS5 (50,5

§ample Protiiom 6.9 - Solution

1. Break assembly into parts B and D
2. Solve equilibrium equations for both parts

Part D (Pulley )

> F. =0
27 -600=0
T =3001b

Part B(Suppon Reactions)

S F.=0 SF,=0 T T1T"'T
B_—300sin30° =0 B, —300—300cos 30° =0
B_=1501b B, =559.81b

F, =B+ B? =/(150) +(559.8) =5801b

6—¢:/68

12/1/2025
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Structural Analysis

Determine the horizontal and vertical components of force at pins A,B,C,
and the reactions of the fixed support D of the three-member frame.
2kN2KkN2kN2kN
Given: three member frame and
loading

Find: forces on A,B,C and
reactions at D.
Solution:
iy pmmams a5 5 55915, 6-—:1/68 |
. Structural Analysis .
2KN2KN2KN2 kN

m

8yl oo 105 5 (555105 6—¢%/68

12/1/2025
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Sanmpie Promiem 6.10 - Soludon

4
(24, =0; zuu)+z(1)+2(151+2(2)-.=;¢(§)u.5)=o
Fic=8333kN

4

+T35=0; B, +s.333(5)-2-2-z-z=o

B, = 1.333 kN =133 kN

SEE =0, B, -s.asz@]-o

B, =5.00kN Ans

(8 el (oo 1SS 5 (55505 6— £Y/68

Sanmpie Promem 6.10 - Soludon

Sample Problems

(+2Mp =0 5.00(4) —8.333@)(2)—»1,, =0
M, =100kN m

4
+T3F=0; D,- 1.333-8.333(-5-)=0
D, =8.00kN

5 EF =0 s.sss@)-s.oo-p, =0

&:0

8yl oo 105 5 (555105 6— £:/68

12/1/2025
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>~
"

a.333(§)= 5.00 kN

"
Pl
a
N
IR IR
s
1]

= s.333(§) = 6.67 kN

C,
"‘:‘-‘Cy=5r:(‘

(8 el (oo 1SS 5 (55505 6 — £5/G8

Structural Analysis

The hoist supports the 125-kg engine. Determine the force the load creates
in member DB and in member FB, which contains the hydraulic cylinder H.

Im ﬁ 2m -i

Given: hoist, m

Find: load in members DB and
FB

il oz el 5 55915, 6—¢1/68 |

12/1/2025
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Structural Analysis

Syl G dazms 10ida5 g (g l0 5 6—¢V/68 |

3
My =0, 122625(3)-F =0
B [}
Frp = 193887 N = 194 kN

3
+TZF =0, 193887 - 1226.25-E =0
g (Vﬁ] %
E, = 613.125N

. 1
-’n;- =0; ;‘193'.”[?}-0
10
E =613125N

8yl oo 105 5 (555105 6 — ¢A/B8

12/1/2025
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(8 el (oo 1SS 5 (55505

> M. =0
613.125(3) — Fypsin45’ =0
Fyp =2.60kN

6— £3/68

Structural Analysis

member BD.

Solution:

8yl oo 105 5 (555105

Determine the horizontal and vertical components of reaction at A and B.
The pin at C is fixed to member AE and fits through a smooth slot in

Given: two member device and load

Find: reactions at A and B

6-2./68 |

12/1/2025
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Structural Analysis

E 18016

af:

il G sazme ipalaS 5 533108 6—0°'/68 |

fzu. =0, ~-180(6.5) + Ne(5) = 0

Nc =2341b
. 3
=LIF =0 B,-g(m)so

B, = 1401b Ans

+TLF =0 ;(234)" 180 -8, =0

B, = 7.201b Ans

G riellayl G dazms taelaii g (5,915,5 6 — °Y/68

12/1/2025
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Sanie Prablen .12 - Soluden

+TZF = 0 A -3@9+180=0
A =720b Ans
33 =0 1ao+§(234)-4,.o

A =320b Ans

(za = o ~3@H @+ 100 - My =0

My =511b- ft  Ams

il G sazme ipalaS 5 533108 6 — oY/A8

Structural Analysis

O o
Sample Problem 6.13
The two disks each have a mass of 20 kg and are attached at their centers by
an elastic cord that has a stiffness of k=2 kN/m. Determine the stretch of the
cord when the system is in equilibrium, and the angle 0 of the cord.

Given: two disk system, m, k
Find: s, O for equilibrium

Sl rsazme ol 5 55105 6-—0¢/68 |

12/1/2025
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Structural Analysis

iy pmmams a5 5 55915, 6_ ool

N, = 490.5N
Np = 294.3N

6 = 33.69° = 33.7°

+12F, =0 N,.G)-Z(I%.Z’) =0

GEro = 0. My Usin6) = 196.21c08 6 = 0

il e domn s 5 (5915, o suen

12/1/2025
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12/1/2025

5OLF, =0, —-Tcos33.69°+2943 =0
T = 353.70N
F, = kx, 353.70 = 2000x

x=20177m=1T7Tom

(8 el (oo 1SS 5 (55505

6—°V/68

Structural Analysis

Determine the horizontal and vertical components of force which the pins
exert on member EDC of the frame.

Given: frame and load 001>
Find: forces on EDC

, 3 ft 3 fi

500 1b
6-oM68 |

Sl e dazms iS5 (50,5
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Structural Analysis

Sample Problem 6.14
300 1b

(8 el (oo 1SS 5 (55505

6—°4/68

Sample Probiem 6,04 - Soluion

eu(, -0 -300sin60° 3) + gr.,(s) s

Fap = 1624D

8yl oo 105 5 (555105

6—1./68

12/1/2025
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Samle Probiem 6,04 - Soluion

(ode =0 -500 - ‘-5‘(162.4)(3“ ;Fw @) =0

Fyp = 141241

iy pmmams a5 5 55915, 6 — 1)/68

Sample Probiem 6,04 - Soluion

E, -1624|= |-14124{- |=0

—IF = (; 3

E,=9%45Db Ans

8yl oo 105 5 (555105 6 —1Y/68

12/1/2025
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Samle Probiem 6,04 - Soluion

+TIF =0 -E uuu(i)-nsu@)-soo-u

E = 500D Ans

iy pmmams a5 5 55915, 6 _ 1Y/R8

Samle Froliem 6.9 - Soldon
Pin D
SIE =0 D, -gusu) - %(mm =0
D.=9%45B Ans
+1I8, =0; -D, - g(mm -;-(:4114) =0

D, = 1000b Asms

8yl oo 105 5 (555105 6 —1¢/68

12/1/2025
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Structural Analysis

Determine the force in each member of the truss and state if the members
are in tension or compression.

Given: truss and load

Find: force in members

2
T
2
3 m
! 3m Im
Sl i daine kS 5 (5591 ,5 6—"°/68 |
o Structural Analysis o

il G sazme i9alaiS 5 31,5 6—11/68

12/1/2025
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Sl Proliem 6,14 - Solrin

Fpg = Fe=0

e fgho

Fep = 17.89kN (C) = 17.9kN(O)

3HIF =0 17.39(%)-3-5_., =0
Fcn = 8.00 kN (n

iy pmmams a5 5 55915, 6 — 1V/68

Samule Probiem 614 - Soluion

TIE =0, Fip- 17.39(l)=o

’ &

Fog=800kN (T)

e e O 6 _ TA/G]

12/1/2025
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