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INTRODUCTION

� A machine is a device that performs work and, as such, 
transmits energy by means mechanical force from a power 
source to a driven load. 

� It is necessary in the design machine mechanisms to know the 
manner in which forces are transmitted from input to the 
output, so that the components of the machine can be 

2

output, so that the components of the machine can be 
properly sized to withstand the stresses that are developed.

� If the members are not designed to be strong enough, then 
failure will occur during machine operation; if, on the other 
hand, the machine is over designed to have much more 
strength than required, then the machine may not be 
competitive with others in terms of cost, weight, size, power 
requirements, or other criteria.



INTRODUCTION

� Static force analysis makes direct use of static force 
equilibrium equations. 

� An analysis that includes inertia effects is called a dynamic-
force analysis and will be discussed in the next chapter.

� For an analytical solution formulation one must draw the 
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� For an analytical solution formulation one must draw the 
free-body diagram of each rigid body and must identify 
the unknown forces.

� Next, one must write the static force equilibrium equations 
for each link. If a correct formulation is performed, the 
resulting equations will be equal to the number of unknown 
force components and these equations will be linear in terms 
of the unknowns.



Static Force Analysis

� Consider the simple four-
bar system shown:

� The system is in 
equilibrium under the 
action of the external 
force F14 and T12. 
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force F14 and T12. 

� The magnitude and 
direction (h) of the force 
F14 are known. We are to 
determine T12 and the 
forces acting at the joints. 
In free-body diagrams of 
the moving links are 
shown. 



Free Body Diagram
5

On the free-body diagrams the unknown joint force components (Fijx and Fijy) are 

all shown acting in the positive x and y directions. a negative value is obtained in 

the result, it means that force component is in the opposite direction. 



Analysis
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� If the displacement analysis is performed beforehand, 
e.g. if Ɵ13, Ɵ14 values are determined for different Ɵ12

values, the above equations can be used for every 
position of the mechanism.

� Another important point is that this formulation is very � Another important point is that this formulation is very 
general. It can be used for mechanisms where there are 
several external forces acting on the same or different 
links and in cases where we have resisting forces at the 
joints. However, the resulting number of equations is 
usually too large (if there are l links in the mechanism 
there will be 3(l-1) equilibrium equations).
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� One can reduce the number of equations to be solved if the free-

body diagrams are analysed to some detail.

� One need not write the forces in terms of its x and y components

if the direction is known and one can identify the forces that are

of equal magnitude before attempting for a solution. The free-

body diagrams of the links in the four-bar mechanism are

redrawn below.
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� In this case to simplify the calculations we note that

Fij = -Fji for the joint forces. Furthermore, since link 3 

is a two-force member, F23 and F43 are equal, 

opposite and their line of action is along AB. 

� Hence F23 =F23 <Ɵ13, and Ɵ13 is known from the 

kinematic analysis. Also link 2 is a two-force plus a 

moment member. Therefore: 

� F13 = - G12

� Hence:

� F 43= -F32 =-F34= -G12= -F23
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There are four equations with four unknowns (F34, T12, G14, Fi,  or F34, T12, G14x, G14y). 

If the magnitudes come out negative, the direction of the force or torque is opposite to 

that indicated on the free-body diagram. 



If we generalise the above result, we 

can see that:
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� a) For two-force members you don't have to write the 
equilibrium equations. You can simply state that the 
forces are equal and opposite and their line of action 
coincides with the line joining the points of applications.

� b) For two-force plus a moment members you must � b) For two-force plus a moment members you must 
write the moment equilibrium equation only. The two 
forces are equal and opposite and they form a couple 
equal and opposite to the moment applied.

� c) In case of three or four force members, the three 
equilibrium equations 

(must be written.

0,0,0 === ∑∑∑ MFF yx



Static Force Analysis of slider-crank 

mechanism 
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The system is in static equilibrium for all crank angles under the 

action of a known force F14 acting on link 4 and unknown torque 

T12 acting on link 2. We are to determine the joint forces and the 

input torque, T12 .
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� The force G14 can be placed anywhere on link 4. Since link 4 is in 
static equilibrium, this will change the magnitude of the moment M14

� If the line of action of G14 passes through the point of intersection of
F14 and F34 , the moment M14 will be zero and rigid body will be in 
equilibrium under the action of three forces.

� If the point of concurrency, O, of the three forces lie within the 
physical boundaries of the sliding joint, there will be surface contact 
If the point of concurrency, O, of the three forces lie within the 
physical boundaries of the sliding joint, there will be surface contact 
between links 1 and 4. (In the figure the contact is at the bottom 
surface, 

� If the direction of G14 is downwards instead of upwards, contact will 
be at the top surface) and link 4 will not be subjected to a rotary 
motion within the slide. However, if the point of concurrency, O, lies 
outside the boundaries (b), the force G14 is a fictitious force which is 
the resultant of the forces acting at the contact region (Due to 
equilibrium under the action of the three forces: G14 +F34 +F14 =0). 
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EXAMPLE
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Figure shows Whithworth quick-return motion mechanism. We want to determine driving 

torque and the joint forces when the system is assumed to be in static equilibrium when the 

input crank angle θ12=300. After performing the kinematic analysis (either graphically or 

analytically) at the position shown, the position variables have the following values:

B0A = 158.75 mm; θ 14= 49.110 B0C = 285.13 mm; θ 15 = 169.550



FBD
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Solution

19 � We note that links 3 and 5 are two-force and link 2 is a two-
force plus a moment member.

� For link 6 if we assume that there is a single joint force 
between links 1 and 6, we note that the point of concurrency 
and the resultant joint force, G16 is outside the boundaries of 
the points of contact and that it is of mode is III . 

� We have: � We have: 

F56 = - F65 = F45 = -F54
F34 = - F43 = F23 = -F32 = G12
F56 = - F56 u5

where u5= 1 < 169.950 = cos(169.950)i +sin(169.950)j

F16 = -100 i (N)

G”16 = G”16j and G’16 = -G’16j
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� Force equilibrium of link 6 results: 

(G”16- G’16)j - F56 u5 - 100 j = 0

or

(G”16- G’16)- F56 sin(169.950) = 0(G”16- G’16)- F56 sin(169.950) = 0

- F56 cos(169.950) -100 = 0
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