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Classification of system of forces
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A Force in space: The force system which is acting in different planes is called as
non-coplanar force system or space forces.

A Force is said to be in space if its line of action makes an angle a, B and y with
respect to rectangular co-ordinate axes X, Y and Z respectively as shown the Fig.
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Forces In space

Noncoplanar system of forces (Forces in Space) and Thelr Classifications

System of forces which do not lie in a single plane is called non-coplanar system of
forces(Forces in space ).

A typical noncoplanar system of forces (forces in space) is shown in the Fig. below

Noncoplanar system of forces(Forces in space) can
be broadly classified into three categories. They
are

Fa

e 1. Concurrent noncoplanar system of forces

2. Non-concurrent noncoplanar system of forces

3. Noncoplanar parallel system of forces
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1. Concurrent noncoplanar system of

forces: Forces which meet at a point
with their lines of action do not lie in a
plane are called “Concurrent
noncoplanar system of forces”. A
typical system of Concurrent
noncoplanar system of forces is shown
In the Fig.

Fa

2. Non-concurrent noncoplanar system of
forces: Forces which do not meet at a point
and their lines of action do not lie in a plane,
such forces are called ‘“Non-concurrent
noncoplanar system of forces”. A typical
system of non-concurrent noncoplanar system
of forces is shown in the Fig.
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3. Noncoplanar parallel system of forces: If lines of action of
all the forces in a system are parallel and they do not lie in a
plane such a system is called Non-coplanar parallel system of
forces. If all the forces are pointing in one direction then they
are called Like parallel forces otherwise they are called unlike
parallel forces as shown in the Fig.

]i’ g e S UY]“’KQ

#3» SOMAIYA

@ s VIDYAVIHAR UNIVERSITY
<

. S
“avie¥® K J Somaiya College of Engineering



Rectangular components of a force In space

Y

« With the angles between F and the axes,
F,=Fcost, F,=Fcos6, F,=Fcoso,

F=FJi+F,j+F.k
= F(cos Oyi +cos6,, j +cos HZE)
=FA

A =cosOyi +cosb),j +cosl.k

» 1 is a unit vector along the line of
action of F; cosé,, cos 0,,, and cos 6.
are the direction cosines
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Now applying Pythagorean theorem to the triangles OAB and OCD

F2=(OA)2 =0B? + BA? = F2 +F2 -----mmmmmmmmev (1)
Fi2=0C2 =0D? +DC? = F2 +F2  -mmmemmemmeeee (2)
Substituting equation (2) into the equation (1), we get
F2=F2 +F/* + F? y

F= VFZ +F2 +F2 - (3)
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From the above Figure (Fig.)
F,=F Cos 0,, F,=F Cos0,, F, = F C0s0, ------------ (4)

Where 0y, 0y, 0; are the angles formed by the force F with X, Y, Z axes respectively.
Fx, Fy, F; are the rectangular components of the force F in the directions of X, Y, Z axes respectively.

Cos Ox=Fyx/F; Cosby = Fy/F; Cos0;=F,/F

Substituting equation (4) into the equation (3), we get

F=VFe + F2+F2

F = \/ FZCOSZGX + cmoszey + FZCOSZGZ
F2 — FZ ( Coszex + Coszey + COSZOZ )

1= Co0s%y + Cos?0y + C0s%0;  ------------- (5)
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Force In vector form

Fig. shows a force of magnitude F in d
o :
Bpace passing thruugh+ A (X1, y1, 1) and (X2 Y2, 2,) o F
(%2, Vo, z2). The force in vector form is /I/'
F= Féa )
ﬂ —_— —
F = F{(Xz‘xl)i+(}’2‘Y1)1+(Zz‘zl)k / -
\/(XQ-x1)2+(}’2‘}’1)2+(32‘21)2 ;
F = Fri+F,j+Fk Note: i, j and k printed in bold type

... Force in vector form denote unit vectors along the x, y and z
axis respectively.
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Moment of a force

Step 1: Put the force in vector form i.e. v
F =Fi+Fj+Fk
. C (x4, v, Z,)
Step 2: Find the position vector extending from the moment centre tg any i .
on the forceie. 1 =rci+rnj+r:k . E

{Kz. ¥, 2
0

—_\\\;
" Alx,y, z,) )

Step 3: Perform the cross product of the position vector and the force vector t
get the moment vector

1.e.
ﬁ]:;nir‘ll. = ; X ﬁ
i j k
= Iy Iy Ty
F}'{ F:-, F?
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Rectangular Components in Space

Direction of the force is defined by the location of two points

M{xy,¥1,21) and N(x2,¥2,25)

d is the vector joining M and N
Newyem)  d = dgl+dyjrdgk
dy=(x2—x1) dy=0Qz—y)

d; = (2; — 7,)

(%2 — ¥4}

(72— 20) dd + dyjrd K
M (Ill}'ll 21] (IE - Il} = ‘F
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Resultant of concurrent forces in Space:-
Resolve all the forces into their rectangular components in X, Y and Z axes directions. Adding

algebraically all the horizontal components in the x direction gives

Rx = 2 Fx,
Similarly adding algebraically all the components in y and z directions yield the following
relations

Ry =2 Fy,

R:=2F;

Thus magnitude of resultant

R=VRZ+R2 +R/?

Angles 6, 0y, 6, resultant forms with the axes of coordinates are obtained by
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Problems:

(1) A tower guy wire is anchored by means of a bolt at A is shown in the following
Figure. The tension in the wire is 6000N. Determine
(2) The components F,, F,, F, of the forces acting on the bolt.
(b) The angles 6,, 6,, 0, defining the direction of the force.
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Solution: (a) Here dx =50m, dy =200m, d, =-100m
Total distance Ato B
d = dy2 + dy2 + d,?
= v (50)2 + (200)2 + (-100)2
=229.13 m
Using the equation, Fx/dy = Fy/dy = FJ/d; =F/d
Fx=dx.(F/d) = (50x6000)/229.13 =1309.3 N
Fy=dy. (F/d) = (200 x 6000)/ 229.13 =5237.20 N
=d;.(F/d) = (-100 x 6000)/ 229.13 =-2618.6 N
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(b) Directions of the force:
Cos Ox = dx/d, 6x=Cos(50/229.13) = 77.4°
Oy = Cos (dy/d) = Cos™ (200/229.13) = 29.2°

0, = Cos? (d;/d) = Cos (-100/229.13) = 115.88°
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Example: Find the resultant of the three concurrent forces (passing through origin) shown in the figure. The
100N force lies in the X-Y plane.
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Let us first represent these forces as vectors in rectangular Cartesian coordinate system as follows:
_ 4 ). 3 .. .
F =100 it 740k |=(80f +60 + 0N
1 [[JaﬁfJ {Jaﬁf] J ( )
F, =50 [ ) ]h[ : ]}+[ ° ]E =(n§+4ﬂ}'+3n£)n
Jor+82+6° ) \N0P+82+67 ) 0P +82 46

E=141[ ! ]h[ 0 Jj#[ 4 JE :(1ﬂﬂf+-:]_}"+mﬂ£)1~1
NE+02 142 ) (Y8 +02+42 ) (Y4024 4

R=F+F,+F, =180i +100j+130k N

180 . 100 i 130 .
=/180% +1007 +130° { ]i{ ]j+{ ]k N
J1807 +100% +130° J180% +100% +130? J1802 +100% +130°

= :—344([}.?45 +041j+ n.53ﬁE)N
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* Aforce of magnitude 50 KN Is acting at point A (2,3,4) m towards point
B (6, -2, -3) m. Find the moment of the given force about a point D (-1,
1, 2) m
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The tower is held in place by three cables. If the force of each cable acting
on the tower Is as shown In figure, determine the resultant.

D(0.0.24)m

C(4.60)m
F,=400 N o

-
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The resultant of the three concurrent space forces at A is R = -788j N. Find
the magnitude of F1, F2 and F3 force.
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A square foundation mat supports the four columns as shown in figure.

Determine the magnitude and point of application of the resultant of the
four loads.
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Determine the resultant force and couple moment about the origin of the
force system shown in figure. L(OA) =4 m, L(OC) =5m, L(OE) =3 m
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Three forces P, Q and T acts at point B. Find the resultant of these forces.
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"he lines of actions of three forces concurrent at origin O pass respectively
through point A(-1,2,4), B(3,0,-3), C(2,-2,4). Force F1 = 40 N passes
through A, F2 =10 N passes through B, F3 = 30 N passes through C. Find
the magnitude and direction of their resultant.
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