
2. l Simple links 
The next stage in our analysis is to consider a grounded link on which is 
pivoted another link. An example is shown in Figure 22. 

Rm link 

Figure 22 A three-link chain Scale 1 mm : l0 mm 

The point Q on the link PQ is moving at the instant shown at 2 m S-' in a 
horizontal direction + relative to the fixed link. I want to find (Up)O and 
the angular velocities of the links OP and PQ. 

We can locate o in the velocity diagram as 0 is fixed. We cannot locate p 
yet, as we only have the orientation \, (L to OP). We can, however, 
determine the position of q from the input data given, namely 2 m S-' +. 

Figure 23 Figwe 24 

Velocity d y s i s  
The fixed point is 0. The next known point is Q. 

(BQ)o = 2 m S- -r = W, locating q from o (Figure 23) 

No magnitude is available yet for but its direction is at right angles 
to the link PQ, although at this stage we cannot say whether it is generally 
'up' or 'down'. This unartainty about the sense of the velocity is indicated 
by the twin arrowheads: 2. You may wonder why we can say that the 
d i o n  of is at right angles to the link. Because the link is regarded 
as a 'rigid' or undcfonnable body, point P cannot move directly away 
from, or towards, Q, as this would imply that the link was being stretched 
or compressed. The only movement that P can have, relative to Q, is 
therefore in a direction which is at right angles to the line joining P and Q. 
This is why we can specify the direction of as I. Velocity (&)Q is 
represented on our diagram by the 'p-line' through q (-re 24). 



Continuing with the velocity analysis, 

Figure 25 

The magnitude of (G), is unknown, but since OP is a grounded link, 
pivoted at 0, it is easy to see that the direction of (Vp), is at right-angles to 
OP. Again the sense of the velocity is uncertain. Velocity (U,), is 
represented on our diagram as the 'p-line' through o (Figure 25). Where 
the two p-lines intersect locates the point p. If the diagram is drawn to 
scale, the unknown velocities and (Vp), may be estimated. Figure 26 
shows the velocity diagram drawn accurately. 

Figure 26 Velocity diagram for basic chain Scale 1 mm:50 mm S-' 

The drawing sequence was: 
1 co-ordinate axes, 
2 point 0, 

3 point q, 
4 line qp\, p-line through q (L to QP) 
5 line op\, pline through o (L to OP) 
6 point p is at the interwtion of the pl ies .  

Note that the order in which the p l i e s  are drawn is not important - we 
could equally well have drawn the pline through o before that through q. 

Using the scale of 1 mm : 50 mm S-', the velocity of P relative to the 6xcd 
Link is 

(V,), = op = (92 X 50 X 10-)) = 4.6 m S-' 

(v,), = 4.6 m s-'Y45" 

and the velocity of P relative to Q is 

qp=(69 X 50 X 10-3) =3.45m S-' 

(F&= 3.45ms-'Y7O0 

Now, the magnitude of the angular velocity is given by 

(")Q (using W = V/,) WPP=QP 

3.45 =-- - 6.9 rad S-' 
0.5 

The sense of the angular velocity is determined by the direction of a 
tangential velocity of one point on the l i d  relative to another. 



The method I use, essentially practical, I term the 'two-finger method'. It 
works as follows: 

is required. Observe, nay, from Q. Put a finger on Q in the position 
diagram. Put another finger on q in the velocity diagram. In the velocity 
diagram, which way is p moving relative to q7 Answer \. . Transfer this 
tangential velocity to P on the position diagram and this produces an 
anticlockwise motion for the link PQ (Figure 27). 

Try it yourself observing from P. The same sense should result. Hence, I 
F@we 27 % = 6.9 rad S-'> 

Similarly for m, (Figure 28) 

and 

C&,= 11.5 rad S-'3 
We now know (B,),, % and mop as required. 

F i g w  28 
SA0 7 
Using the information of SAQ 6, and takiig the ninth velocity diagram 
sketch of Figure 2l(b) to be correct, use the 'two-finger method' to find the 
sense of the angular velocity of the link. 

SA0 8 (v1) 
Sheet V1 of the Unit 6 V-sheets shows another example of a three-link 
chain. The velocity of the point C is 6 m S-' relative to the Exed link, in the 
direction shown at an angle of 5" below the horizontal. Draw the velocity 
diagram and hence obtain the velocity of B relative to the fixed link and 
the angular velocities of the links BC and OB. Use the axes on Sheet V1 
and the m l e  1 mm : 100mm a-' for the velocity diagram. 

In SAQ 8 the point M is located at the mid-point of link BC. Determine 
the velocity of M relative to the fixed link using your solution of SAQ 8. 
Remember that bmc must be an image of BMC. 

SA0 10 (v21 
Sheet V2 shows a grounded link OB of length 0.5 m pivoted to link BP at 
B. The length of BP is 2 m. A point M is located 0.5 m from P on the link 
BP. At the instant shown P moves horizontally towards 0 at 10m S-'. 

(a) Is M used in the solution of the velocity diagram for OBP? 
(b) Which is the first 'solvable' point? 

h a w  the velocity diagram on V2 and hence determine: 
(C) the angular velocities of B 0  and BP; 
(d) the velocity of M with respect to the frame. 

In SAQ 10 you were asked to find the first solvable point after the fixed 
point had been plotted. It is important to be able to find the first soluable lkd sdnUo CJia 
point because this is where you really get started on drawing the velocity 
diagram. The first solvable point is always on the link for which the input 
data is given. Once the first solvable point is known you can prognss 
steadily round the mechanism producing the velocity diagram. 



2.2 Compound llnks 
We have already considered a three-link chain and also a compound link. 
Fifiure 29 shows a mechanism involving both of theac ideas. In this case I 
w i t  to determine %Q and (Q0. 

- 

The input data is given at Q for the link PRQ; Q is the first solvable point. 
The velocity diagram analysis is considered in two parts. OPQ is a three- 
link chain, so the velocity of P can be found. Alter that, the velocity of R 
a n  be found h u s c  PQR is a compound link. 

We have already analysed exactly the anme baaic chain OPQ in the 
example of Seotion 2.1. This is reproduced in the sketch, Figure M. 

The remaining analysia is to detennine the velocity for the point R, which 
will give a velocity image. of the compound link PQR in the velocity 
diagram. Now, how do we go on to find R We continue using the principle 
that the relative tangential velocity of two points on a body is per- 
psndicular (L) to the line joining them. (4). is L to RP so we draw an r- 
lime through p (shown in Figure 30). (E&, is L to RQ so we can draw 
another r-line, this time through q (sec Figure 31a). 

The intersection of thew two r-lines locates the point r. This is drawn to 
soale in Figure 31(b). 

0 0 

F m  31 (a) Velocity dia#rmn sketch 



Quedi011: Can we check our solution by another method? 

Answer: Yes, the 'image' method. rpq is certainly triangular and looh 
the right shape. It is rotated 90" relative to triangle RPQ and 
the lettering rpq corresponds to RPQ. 

SA0 11 

Using the complete velocity diagram, Figure 31(b), determine the velocity 
of R relative to 0. 

What is the angular velocity of the link PQR? Any of the lines PQ, QR or 
RP can be used to find the angular velocity of the link. 

Figure 32 

Using the line RQ, Figure 32, 

= 6.90 rad S-' 3 
I suggeat you now check this solution by choosing another line on the link 
PQR. 




