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Lecture Outline/Learning Goals

� Simplification of a force and couple system

� Sample problem involving replacement of force and couple 

system by equivalent force and couple moment 

� Further simplification of a force and couple system

± Concurrent force system

± Coplanar force system

± Parallel force system

± Reduction to a wrench



Equivalence

� Central theme of lecture

� Consider force & (couple) moment systems which differ in detail 
(e.g. number of forces and/or couple moments, where forces 
and/or couple moments are applied) but which have identical 
physical effects

� Equivalence is often useful for simplifying descriptions of 
force/moment systems



Equivalence



4.7 Simplification of a Force and Couple System

� Force has potential to both translate and rotate a body, and the amount it does 
these depends on where and how the force is applied

� Will often be interested in simplifying system of forces and couple moments 
acting on a body to a single resultant force and a single couple moment acting at 
some specified point O.

� In performing this simplification, will want to ensure that resultant force/couple 
moment system produces identical external effects on body as the original 
force/couple moment system: will then say that the systems are equivalent

� Will now discuss how to maintain such an equivalency for the case where a 
single force applied to a body at some point A is relocated to another point O

� Two subcases to consider

± Point O is on the line of action of the force

± Point O is not on the line of action of the force



Point O is On the Line of Action of the Force

� This case is straightforward

� As shown in the figure, can relocate force from A to O via intermediate 
step (Fig (b)), in which we introduce a copy of F and its negative ±F at 
point O

� Force F at A cancels with force ±F at O, and we are left with single force F 
at O.  Cases (a) and (c) are thus equivalent (as is (b) for that matter)

� In general, then, can translate, or transmit, a force to any point in the body 
that lies along the line of action of the force, and an equivalent system will 
result



Relocation of force to point on line of action



Point O is Not On the Line of Action of the Force

� This case is slightly more tricky

� Again proceed via intermediate step in which we introduce F and ±F at point O

� Now note that F at A and ±F at O form a couple moment, M, defined by

� Couple moment is a free vector, so can be located at any point P on the body

� Combined system of force relocated to O and couple moment located at 
arbitrary point, P, is equivalent to the original force applied at point A

 uM r F



Relocation of force to point not on line of action



Resultants of  a Force and Couple System

� Now consider body acted on by system of forces and 
couple moments

� To study external effects of system, often advantageous to 
replace system by equivalent single resultant force acting 
at some point, O, and a resultant couple moment

� Consider figure: Point O is not along line of action of 
either force, so in relocating forces to O, must apply couple 
moments

to maintain equivalence

� Thus have (at point O)
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� NOTE:
± is independent of location of O in body

± are not independent of location of O

± Nonetheless,            is a free vector so can be applied at 
any point (typically at O)

� Generalizing to case where arbitrary number of forces, couple 
moments act, we have (again, at point O)

� SPECIAL CASE: If forces are all coplanar (say in the xy
plane), and all couple moments are perpendicular to the plane 
(i.e. in the      directions), then have following 3 scalar 
equations

Equivalent resultant force:

Equivalent resultant couple moment: ( )
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4.8 Further Simplification of a Force and Couple System 

Concurrent Force System

In a concurrent force system, all lines of action of 

the forces intersect at some point .  Thus there

are no moments produced about this point, and 

the system can be equivalently represented by

the sing
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