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F_=F sinlr-

RS TR

LB
F =-Fcooslr—f)

F =Fcos(f-a)
FI= Fsin(f - )

b=
<

Fy

- .

R =

-

F, + Fy= (Fi i+ F j) + (Fyi + Fpj)

Ri + Rj = (Fy + F)i + (F, + Fy)j

R, =
R, =

¥

Fy + Fy = 3F,
Fy, + Fy = 3F,
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FeJF 4 BF +F°
F=Fi+Fj+Fk
F = F(icos 6, + jcos 6, + k cos 6,)

l=cosfl, m=

2 3 3
I+ m< + n=°

cos 6, n = cos 6,

ng = li + mj + nk,

935 310 3 (09

AB (Xg — x )i + (yg — )i + (25 — 21)k

= Fecos ¢
= Fsin ¢

vixa — % F+ Oa — yllz A+ 2 — 21]2

F, = F,,cos 8 = F cos ¢ cos 8
F, = F,,sin 8 = F cos ¢ sin 0
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F=F&1M=F9_é—= 100[_3‘_1.31““_5"}
0A V8 + 42 + 5?

= 100[0.424i + 0.566j + 0.707k]
= 424i + 56.6] + 70.Tk N

F=1D0 N

A\t

OB _ 6i + 6j + 2k
nop - 2 - BTG + 2 _ 6asi + 0688 + 0229k
OB

i

Fop = Frngp = (42.4i + 56.6§ + 70.7k) -(0.688i + 0.688j + 0.229k)
= (42.4)(0.688) + (56.6)(0.688) + (70.7)(0.229)

=844 N

Fop = F-nggngg
84.4(0.6881 + 0.688] + 0.229k)

= 58.1i + 58.1j + 19.35k N
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M=r,xXF +rgx(-F) =(ry —rg) xF

i A DS s |y Z jemme Jo T ygliaS 1 Jlw
15m
= 10kN 12i — 15§ + 9k
T=10 kN T=Tn‘w=10[ i — 15§ + 9 ]
! 1 V(22 + (152 + (9
O.

= 10(0.5661 — 0.707j + 0.424k) kN

B
il M, = 15§ % 10(0.566i — 0.707j + 0.424k)
A = 150(—0.566k + 0.424i) kN-m
X I“':
//M,_ M, = 150(—0.566k + 0.424i)-k = —84.9 kN-m
O
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P9 09,

J152 + 122/J15% + 122 + 92 = 0.906,

T,, = 10(0.906) = 9.06 kN

d. = 15;1—L =937Tm
J122 + 152
M. = 9.06(9.37) = 849 kN-m
Pg 9
12//9% + 122 + 152 = 0.566
T, = 10(0.566)
M. = 5.66(15) = 849 kN'm
30N

ysxn M, =180sin60° = 1.559N-m

M,=-250 + 1.80cos60° = —1.600 N-m

M= /(155972 + (-1.600)% = 223N-m

#= tan~! i‘g?z = tan"10.974 = 44.3°
F = % = 223N
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! V i . M = Fd = 40(9.43) = 377 Ib-in.
o N et
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2 e 0= tan"! 2 = 320°
gy wul o (o
(R=F, + F; + Fy + -++ = SF
M=M, +M,+ M;+ - =Z2rxF)

R,=3F, R,=3F, R,=3F,
R = J(3F,) + GF,? + CF,?
M =3rxF), M=3rxF), M=3rxF),
M=/MZ+MZ+M2?
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[R, = 5F,] R, = 500 sin 40° + 700 sin 60° = 928 N

R, = ZF,] R, = 600 + 500 cos 40° cos 45° = 871 N

[R, = ZF,) . = 700 cos 60° + 500 cos 40° sin 45° = 621 N
Thus, R = 928i + 871j + 621k N

and R = V(928 + (871)% + (621)> = 1416 N

[M =1 x F| M;, = (0.08i + 0.12§ + 0.05k) x 500(i sin 40°
+ j cos 40° cos 45° + k cos 40° sin 45°)

M;o, = 18951 — 5.59f — 16.90k N:m
Mg, = (600)(0.060)i + (600)(0.040)k
=36.0i + 24.0k N'm

Moo = (700 cos 60°)(0.030) — [(700 sin 60°)(0.060)
+ (700 cos 60°/0.100)]j — (700 sin 60°)(0.030)k
= 1051 — 71.4j — 18.19k N-m
M’ = 25.0(—i sin 40° — j cos 40° cos 45° — k cos 40° sin 45%
= ~16.07i - 13.54j - 1354k N-m
M = 49.4i — 905 — 246k N-m

M = (494 + (90.5° + (24.6)> = 106.0 N'm
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Solution. Transfer of all forces to point O results in the force-coupla system
R = 3F = (200 + 500 — 300 - 50)j = 350 N

M, = [5010.35) — 300(0.35)1i + [-50(0.50) — 200(0.50)]k
-87.51 - 120k N'm

n

The placement of R so that it alone represents the above force-couple system is
determined by the prineiple of moments in vector form

rxR=M,
{xi + yj + zk) x 350j = -B7.5i - 125k
350rk — 350d = ~875i — 125k -
From the one vector equation we may obtain the two scalar equations x, ,1.\: I~
bl S
30y = -125  and  -30: = ~875 /:_f_\rﬂ R
R
Hence, & = =0.357 m and z = 0.250 m are the coordinates through which the |x IN T
line of action of R must pass. The value of y may, of course, be any value, as _R \i\\ IM SR i
(1) permitted by the principle of t ibility. Thus, as expected, the variable y y” 3

drops out of the above vector analysis.

2l aht Slaisie 9 s @) So Sz |y hlie JSE (22 9)ls 59508 s il e
sl Cews 4 9,308 T 5l g, o 1, XY axao

R = 20i + 40j + 40klb R = /(202 + (40)® + (40)® = 60 Ib

cos B, = 20/60 = 1/3 cos 0, = 40/60 = 2/3 cos 0, = 40/60 = 2/3

(M) = 20yk Ib-in.
(M) = —40(3) — 40xk lb-in.

401b (M) = 4004 — y)i — 40(5 — x)j Ib-in.

M = (40 — 40v)i + (=200 + 40x)j + (—40x + 20y)k lb-in.

40 — 40y =
cos B, = (40 — 40y)/M
cos 8, = (-200 + 40x)/M —200 + 40x
cos 6, = (—40x + 20y)/M

([

w|B ol =

-40x + 20y =

M= -1201lbsin. x=8in. y = 2in.
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1. Flexible cable, belt,
chain, or rope

Weight of cable g
negligible

Weight of cable gt

not negligible e

2, Smooth surfaces

3. Rough surfaces

£ £

—

4. Roller support

5. Freely sliding guide

6. Pin connection

=

Pin Pin
free not frec
to turn  to turn
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7. Built-in or fixed support

A
or

8. Gravitational attraction

T

9. Spring action .
Linear
Neutral ¥
position |
|
|

Bt /.

!'1- : —
F —

Weld

W=mg

MNonlinear

F
IHu.n.'lvmng F

|
l Softenin
—_—x

1. Plane truss

Weight of truss /
assumed negligible /
compared with P _-'1 .

A !-— ——\-d(—— b B
i B

2. Cantilever beam

g & 31

]A Mass m

W 2 .)‘)'T)‘Qj.o.; LS‘)-.’ LJL"“ R

A, +A ¢fﬁll x
% N
' M ¢ f

W=mg
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4. Rigid system of interconnected bodies
analyzed as a single unit
P - Weight of mechanism
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=0 IM.=0

LM, = 0 satisfied

Jols Yol S50 sl 90

IM,=0|
XF,=0 |

satisfied

(@) (&)

My =0

My = El} satisfied

4. Roller support

- o
-
=
(=} 1 ) E

6. Pin connection

=

i

&

:Lm..\,,s
oy a8 ) e8> i j0 Cogume

5. Freely sliding guide

a8 o

7. Built-in or fixed support

A A
or

Weld
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Solution I (scalar algebra). For the x-y axes as shown we have

[BF, = 0] 8+ Teos40° + Cein20° - 16 = 0

0.766T + 0.342C = 8 (a)
[yy:o] Tsind)” — Ccos20° -3 =0

0.643T — 0.940C = 3 [{:3]

Simultaneous solution of Eqs. (a) and (5) produces
T=909kN C=303kN Ans.

Solution I (scaler algebra). To avoid a simultaneous solution, we may use
axes x'-y' with the first summation in the y’-direction to eliminate reference to

T. Thus,

[EF, = 0] —C cos 20° — 3 cos 40° — 8 sin 40° + 16 sin 40° = 0
C=3.03kN Ans.

[EF,. = 0] T + Bcos 40° — 16 cos 40° — 3 sin 40° — 3.03 sin 20° = 0
T = 9.09 kN Ans.

16 kN

Jbo Jo alsl

Solution Il (vector algebra). With unit vectors i and j in the z- and y-direc-
tions, the zero summation of forees for equilibrium yields the vector equation

[EF = 0] 8i + (T cos 4071 + (T sin 40°)f — 3j + (C sin 20°)i
= (Ceos 20°) — 16i = 0
Equating the coefficients of the i- and j-terms to zero gives
B+ Tcos40° + Csin20° — 16 = 0
Tsin40° — § — Ceos 20° = 0

which are the same, of course, as Eqs. (a) and (h), which we solved above.

Solution IV ﬁgeomeln‘r}. The polygon representing the zero vector sum of the
five forces ig shown. Equations (z) and (b) are seen immediately to give the pro-
jections of the vectors onto the x- and y-directions. Similarly, projections onto
the x'- and y'-directions give the alternative equations in Solution II.
A pgraphical solution is easily obtained. The known vectors are laid off head-
3kN {o-tail to some convenient scale, and the directions of T and C are then drawn
to close the polygon. The resulting intersection at point P completes the solution,
thus enabling us to measure the magnitudes of T and C directly from the drawing
to whatever degree of accuracy we incorporate in the construction.
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[ZMg = 0] A Sdr=4 ., iy=1s
[ZF, = 0] Ty+T,-1000=0 27, =1000 T,=T,=5001b

Ty = Ty = Ty/2 = 250 1b
T=Ty o T=200

[XF, = 0] 250 cos 30° — F, = 0 F, =217l

[EE, =.0] F, + 250 sin 30° — 250 = 0 F, =125 1bh

¥

F=JF2+FA F=Ji2172 + 1265 = 250 b

Sas s 53 Jolos Lyl (g

ZF =40 ar

M = or

BkE

s
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1. Member in contact with smooth
surface, or ball-supported member
z z

2. Member in contact z
with rough
surface

e dw 50 g, il gludane

3. Roller or wheel support -
with lateral
constraint

4. Ball-and-socket joint
z

e dw 50 g, Sl gludone
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5. Fixed connection (embedded or welded)

e dw 50 g, il gludane

z

x ¥
6. Thrust-bearing support T
z
y
_'||"
x

6m W A

Jbo

The uniform 7-m steel shaft has a mass of 200 kg and is supported by a ball-
and-socket joint at A in the horizontal floor. The ball end B rests against the
smooth vertical walls as shown. Compute the forces exerted by the walls and the
floor on the ends of the shaft.

Pag = -li -3 +15km and rug=-2i-6+3km

[EM, = 0] rap X (B, + B+ ryo xW =10
(=2i - fj + 3k) x (B,i + B, j) + (—i - 3j + 1.5k) x (—1962k) = 0
i Gk e k
=2 =6 S+ |=1.-8 L5 =10
B B0 0 0 -1962

(-3B, + 5890} + (3B, — 1962)j + (-2B, + 6B, )k = 0
Equating the coefficients of 1, j, and k to zero and solving give
B, =64N ad B, =192N

[SF = 0] (654 — ADi + (1962 — A)j + (~1962 + A)k = 0
and A = 654N A - 192N A, = 1962 N
Finally A=vAZ+ AP+ A2

= Ji654)° + (1962 + (1962)* = 2850 N
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Scalar solution. Evaluating the scalar moment equations about axes through
A parallel, respectively, to the x- and y-axes, gives

[EM, = 0] 1962(3) — 3B, =0 B, = 1962 N
EM, = 0] —1962(1) + 3B, =0 B, = 654 N

The I.'.un'e equations give, simply,

[EF, = 0] ~A, + 604 =0 A, =654N

[)ZFJ,:O] '-,4.,-'-1962:0 Ay:1952N
[EF, = 0] A, — 1962 = 0 A, = 1962 N

75 200 N

/ Wi o |, elad 55,0 i B oBbL Llie UKt o e
S Wy e aSee Jod 55 ) ose 538 A UL s

4~ Radial & . )
l’ bearing - Thrust Oy A -))‘5 e A Le;lsbb )'l S5 » as |) LSCL'*‘:’ 9
- bearing
n
Dimensions in millimeters "\?"S
x F the x- jecti
—_— rom the x-y projection
Ml corn  IEMg =01 10008lm) - 25001732) = 0 m = 4.1 kg

From the x-z projection

[EM, = 0] 1508, + 175(70.7) — 250(70.7) = 0 B, = 354N
[EF, = 0] A +354-T07=0 A, = 354N
The y-z view gives

[EM4 = 0] 1508, + 175(1732) — 250(44.1)(9.81) =0 B, = 520N
IEF, = 0] A, + 520 - 173.2 — (44.1)(9.81) = 0 A, = 868N
[EF, =01 A, =T707N

o+

The total radial forces on the bearings become

s e SN A
4 = Va2 + A7 A, = J(354)° + (86.8)% = 935N
[B = VB? + B B = J(354)% + (5202 = 521N

mg =9.81m
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1 u 1
n=————-—(46]§ + 6k) = =(3j + 4k).
V6 + 4.5° :

T
T's —1{2i + 2.5 - 6k) F = 2j kN
462

ry=-i+28m 1 =26i+6km

[EMqp = 0] (=i + 2.5) % L 2(2i + 2,55 — 6k)-L3j + 4k)

+ (251 + 6k) x (2§)-13) + 4l = 0

~ 48T L30-0 T-283kN

V46.2

T, = 0833kN T, = L042kN T, = —250kN

M, = 0] 2(2.5) — 4.5B, — 1.042(3) = 0 B, = 0417 kN

EM, = 0] 458, — 2(6) — 1.042(6) = 0 B, = 4.06 kN

IZF, = 0] A, +0417+0.833=0 A, = -1250 kN
[ZF, = 0] A, +2+1042=0 A, =-304kN
[ZF, = 0] A, +406-250=0 A, = -1556kN




