Reduce the system to a force and couple at o. then find the
Intersection of a single resultant force with x axis and y axis.
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Rx=XFx=40+80 cos 30-60 cos 45=66.9 N—
Ry=2Fy=50+80 sin 30+60 cos 45=132.4 N1

R = /Rx*+ Ry* ==66.9% + 1324 = 1483 N

R, 132.4
tan O@=—2=
R, 66.9

OMo=X(Fd)= 140-50(5)60 cos 45%(4) -60 sin 45%(7)=-237 N




To find the location of the single resultant with x and y axis
1- put Fy in a vector form

R= Ryl + Ry =669i+132.4]

2- put (Mp), in a vector form

(M)o= —237 k
e tofind pointm=(xi+yj) (new point)
(Mp)y =7XR = om XR

=(xi+yj)X(669i+ 132.4j)=— 237 k
x*132.4-y*66.9 =—237 (1)
* Intersection with x axis at y=0 from (1)
x=—237/132.4=-1.79 (point m =(-1.79,0))
Intersection with y axis at x=0 from (1)
y=—237 /-66.9 =3.54 (point m =( 0, 3.54))



Replace this loading by an equivalent resultant force and
specify where the resultant’s line of action intersects the
column AB and BC.




5By = 3F; = -25010[3) - 1751b = -3051b = D5 e
F1By = SE; Fy = ~250b(2) - 601 = ~2601b = 2601b}
Fo= VBB + (2607 = di6 = tan @gg)_zs.’ﬁ o>
[+, = My = 15 (38) - 8 38 + KO 11 £) - SOBEISE) _ 71 1




To reduce the system to smgle resultant force

MRA = erR = Am xFR wherem = (x i + v j) is the new point
MRA =745k =(xi4+yj)x(-325i-260 ) =(325y-260 x) k

(325y-260 x) = 745 (1)

(325 y-260 x) =745 (1)
Intersection with AB at x=0
325y =745

y=2.29 ft
Intersection with BC at y=11
(325 *11 -260 x) = 745

x = 10.9 ft ;
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Find: The equivalent resultant force and couple moment at the

origin O. Also find the location (X, y) of the single
equivalent resultant force.

400 N
100 N




F,=100k & F,=-500k & F;=-400k
r1=30i & r,=@it4)p) & T3 =(4))
Frp= {100 k— 500 k— 400 K} = — 800 kN
Moo= (3 1) x (100 k) + (4 7+ 4 ) x (-500 £)

+ (4 J) x (-400 A)

= {-300 j + 2000 j— 2000 /— 1600 7}

={ 3600 7+ 1700 j}N'm

400 N

4 m




Frpo= —800 AN
Myoo={-3600 7+ 1700 s}
to find point p=(xi+yj+0k) (new point) (same like

moment) & o =(0,0,0)
(MR)o = FXF_R> = @)XF_R)
. =(xi+yj)X(Frk)=Mpx i+ Mpgyj

e =(xi+yj)X(—800k)=—-3600i+ 1700/
* y*x(Fr ) =Mpgx
y=-3600/-800 =4.5 m
~X *(Fp ) = Mgy
* -x=1700 /-800
e x=2.13m
* P=(2.13, 4.5, 0)



Replace the system by a force and find its point of application

<
F., = 300 Ib

2 in.

- T o LN



Fp=2F B =F 4B, 4B = {~300k} b + {-500K} Ib + {100K} b

= {=T00k} b
o= = 0, B+ (ax B+ e XB)

= [(4i) X (—300K)] +[(~4i + 2§) x (~500k)] + [(~4j) x (100Kk)|
= =120 X K) + 2000 k)~ 1000(§  K) = 400(j X k) = 1200 - 2000 - 1003 - 40



* To find the point of application of the resultant force

= 0P XFy =-1400i-800 ]

=-1400 i - 800 j
=-1400 i - 800 j




Given: F1 and F2 = 0. Find: The equivalent resultant force and couple moment at
the origin O. Also find the location (x,)) of the single equivalent resultant force.




F, =—-20k & F, = —50k
r, =101 & r,=4i+ 3]
Fpp = —20 k — 50 k=-70 k KN

Mo =(100) X (-20 k) + (41+3))x (-30k)= {200 + 200 - 150 7} KN'm
= {1507+ 400} KN'm



FRO =-70 k KN
My, = —150i + 400 |

to find point p=(xi+yj+0k) (new point)

(same like moment) & o =(0,0,0)
(MR)o = FXF_R> = @)XF_R)
. =(xi+yj)X(Frk)=Mpx i+ Mpgyj

e =(xi+yj)X(—70k)=—150i+ 400/
* yx(Fgr ) =Mpgy
y=-150/-70 =2.14 m
* X*(Fp )= Mpy
e -x=400/-70
e x=5.71m
 P=(5.71, 2.14, 0)



Wrench reduction

1- we have F_R> and M_R> as a force and couple at a point
For a reduction to a wrench

Fr .M

2- parallel moment = M, = R|F_’|R N.m
R

—  Fp.M

M" = & R*FR N.m

7l
Orthogonal moment=M. = M, — M, N.m

. My, Fgr.M
3-Pitch=P=—. = 2K
FRl |FR|

4- strength = F_R>‘ N

. Fp XMn
5- Central axis=7r = =& R

+)\FR m
|FR|

(A constant parameter)



Replace the system by a wrench(force and couple at o) and find
the intersection of the wrench with x-y plane.

%ma N-m
.




N 10H) N -1
C

Fi
[ F3 ]
. | _ ; B J,f’ff 100 N
a5 zﬁﬂ?m
F] ) {200 I‘} N Mc:.: 120 ™ -1
F, =200{cos43°1-sm 45° k} N = (1414 i~ 1414 k} N
F.? B {IOOJ}N M, ={100 k} N-m

M, = 180{cos45° i = sin 45°k}N-m ={127.3i—127.3k}N-m
r={0571}mr,={l.17}m,
r;={l97}m



IO N

FRG=ZFF: F1+ F2+ F3 MC' 180 N-m

= {300 k}+{141.4i-141.4 k} +{100}}
Fpo={141i+100/+ 159k} N

My, =X M.+X(r,xF))

={100K}+{12737-12738)

ik i
0050 o, 0 L0 |,
00300 14140 1414

Mo ={122i-183 k} N-m




Frp = (141,100,159) & Mgz, =(122,0,-183)
For the wrench

1- strength = |Fz|=v1412 + 1002 + 1592=234.86 N

2- parallel moment = M, = FR|F'_)1\|/1R
R
_ (141,100,159) . (122,0,-183) _ . oo n o
234.86
M, = My* & = _50.65* (141,100,159) _ 31.22.-35) N.m
|FR| 234.86

Orthogonal moment =M. = M, — M,
=(122,0,-183)- (-31,-22,-35) = (153,22,-148) N.m

3-Pitch =P = b = 2

Fr| 23486 0.22m




i Fr XMp
4- Central axis=7 = =X R

|_,|2 + )\F_R) (A constant parameter)
FR

_(141,100,159) x £122,0,—183) + ) (141,100,159)
234.86

=(-0.33, 0.82,-0.22) + A (141,100,159)

***The intersection with the x-y plane***

The point at the plane x-y = (x1,y1,0)

x1=-0.33 +141 A (1)

y1=0.82 +100 A (2)

0=-0.22 +159 A (3)

From (3) A =0.22/159=1.4/1000

From (1) x1=-0.133 & From (2) y1 =0.96
The point of intersection =(-0.133,0.96,0)




Replace the system by a wrench(force and couple at A) and find
the intersection of the wrench with x-y plane.

100
mm




Fso0 = 500(sin40, cos40cos45, cos40sin45)
Feoo = 600j

Fo00 = 700(sin60,0, cos60)

r4g = (0.08,0.12,0.05)

r4c = (0.04,0.12,—-0.06)

r4p = (0.1,0.03,—0.06)

—

R = F500 +Fg0+F700 = (928,871,621)




A_/f — Tap X Fsoo =
500

(008~ 0)i+ (0.12- 0)j+ (0.1~ 006)k x 500(isin 40 + jcosd0cosd5 +kcosd0sindd)

Mo o= o X F o= (004 40,127 - 006k) x 600(0i + 1j + O
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The couple of the civen wrench

M’ — 25(—sin40i —cos40cos45j
— co0s40si n4d45 &k
— — 1 G0 Fx — 13 .55 — 13 .54k N._ .72

My = Mgy + M oot My ot M = 49,41 = 9057 - 24,6k N.m

700 XN




- R=(928,871,621) & M, = (49.4,—90.5, —24.6)
For the wrench

1- strength = ‘ﬁ|= V9282 + 8712 + 6212= 1416 N

- parallel moment = M, = = |'§1\|/1A
_(928,871,621).(49.4,-90.5,—24.6) _

— 1216 =-34.1 N.m

— R 028,871,621

M, = M,* % — 341 Y ). (:22.3,-20.9 -14.9)

Orthogonal moment = M. = m — M[
=(49.4,—-90.5,—-24.6) - (-22.3,-20.9,-14.9) =( 71.7,-69.6, -9.7) N.m
M, 34.1

3-Pitch=P=—== —=0.024 m
|R| 1416



. o R X M
e 4- Central axis=7 = 4

+AR (A constant parameter)

_ (928,871,621)1);2429.4,—90.5,—24.6 )+ \(928,871,621)

=(0.017, 0.027,-0.063) + A (928,871,621)

e ***The intersection with the x-y plane***

* The point at the plane x-y = (x1,y1,0)
 x1=0.017 4928 A (1)

e v1=0.027 +871 A\ (2)

e 0=-0.063+621 A (3)

* From (3) A =0.063/621=1/10000

* From (1) x1=0.11 & From (2) y1 =0.114
* The point of intersection =(0.11, 0.114,0)
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