
3 Four-link chains 

3.1 Slmple llnks 
In Block 1 you became familiar with the mechanism of a four-link 
chain. Figure 1 of this Unit shows a car suspension with a four-link chain. 
0 and D arc h c d  points (on the car chassis) while B and C arc at the ball 
joints on which the wheel hub section BC pivots. 

The 6x4 link has been chosen as the car chassis for wnvenimoc. The 
Earth itseU(the road) wuld have been chosen but this makes the solution 
difficult. 

Let us consider a four-link chain that has already been reduced to a line 
diagram (Figure 33). I want to determine the angular velocities of the links 
BC and CD and the velocity of C relative to 0. 

08 = 0.5 m 
BC = 0.8 m 
CD = 0.8 m C 
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Figwe 33 Position diagram W e  1 mm : 20 mm 

Q u e h  Figure 33 shows that the input B is U) rad S-'> wnstant. 
What is the signi6cana of the word 'wnstant'? 

A n r m c  = 0 at the instant being wnsidered. 

Also note that in this cxample OB can rotate through 360" without the 
mechanism locking unlike the car suspension. However, the method of 
analysis remains the same. 

Consider this four-link chain separated into two parts, OB and BCD. You 
already know how to deal with both of these. 

PLUS 

v* ulll 
Fixed points are 0 and D, giving o and d (Figure 36). The input data is to 
the link OB. The first solvable point is B. 

Link BO: 

(~B)o=o,xOB\ =20x0.5\ - toms- ' \  =a 



The next point to solve is C, on links BC and DC. 

(*c)a = ?m S- ' 2, b as reference ( I  to BC) 

( Q D  = 7 m S-'W, d as reference (l to CD) 

We now sketch the velocity diagram in the ordcr ob, c-lie through b. then 
a second c-line through d (Figure 37a). 

I have chosen a scale of 1 mm : 100 mm a-' to draw the velocity diagram 
(Figure 3%). 
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Figure 37(a) Vsloclty dlagrm sketch 

&=7.4rads-'> 

(direction of% obtained by fingers on c and C, Figure 38). 

For the velocity of C 

(ffc),, = = E = 6 m S-'2-4" 

F ~ Y  

&,= 7.5 rad S-') 

(finw on d and D, F i p  39). 

In Block 1 you lemed tbat the basis of any mechanism is the four- 
link chaia You now know how to draw the velocity diagram for the type 
shown in Figure 33, and later in the Unit you will also be doing it for the 
other main typc, the slidcr-crank. When you arc faced with a more 
complicated mechanism it is helpful to identify the underlying four-link 
chain because this is the part for which the velocity diagram can be drawn 
first. The other extraneous parts can be dealt with afterwards. I shall refer 
to the underlying four-link chain as the basic chain, and the rest as the 
appendages. In a complicated mechanism you may be able to see more 
than one four-link chain. but the basic chain is always one that includes 
the link with the input data. 

5.2 Compound links 
The following SAQs have been included for you to gain experience and to 
consolidate the work taught in the Unit so far. They particularly involve 
(1) choosing the basic chain; (2) the use of i n t d  and external 
proportion. 



SA0 12 (m) 
Sheet V3 shows a position diagram for the four-link chain PQRS. PQ is 
rotating at a constant speed of 10 rad B-' anticlockwise with PQ making 
an angle of 45" to the horizontal as shown. Determine the angular 
velocities of the links QR and RS, and the velocity of a point M relative to 
the fixed frame if it is located on the link QR, 0.2 m from Q. 

The following questions will help your solution. What is the input data? 
What is the basic chain? What is the first solvable point? Does the point M 
matter in the solution of the basic chain? 

SA0 13 (V4) 

Sheet V4 shows the instantaneous position of a four-link-chain mechanism 
RSTUW with TUW a rigid link. RU is rotating anticlockwise at 
10 rad S-', and has an angular acceleration of 40 rad S-' clockwise. 
Determine the angular velocity of the link TUW and the velocity of W. 
Think about these questions before you start. Does the presence of angular 
acceleration have any effect on the velocity analysis at this instant? What is 
the fixed link? What is the basic chain? 

I hope you have successfully negotiated these two SA@. If not, write down 
the steps that caused you difficulty, or were confusing. Does the SAQ 
solution make all things clear? If you still have trouble, go to the part of 
the Unit that deals with the step or procedure that caused difficulty - 
remember also that you have a tutor. 

4 Slider-crank mechanisms 

4.1 The simple sllder-crank 
The position diagram for SAQ 10 on sheet V2 shows a chain of links which 
has the end P of link BP moving horizontally towards 0. If the position 
diagram is modified to that of Figure 40, what difference is there? 

Figure 40 Slider-crank mechanism 

There is very little difference except that at P there is now an extra link, 
a piston constrained to move horizontally. This is sometimes termed a 
constrained slider. In a constrained slider the motion is restricted to a 
specified path. As you saw in Block 1, the mechanism of Figure 40 is 
known as a slider-crank. The velocity of the piston at P relative to the 
cylinder G is termed the sliding velocity (&.),. The operation of this 
slider-crank system is such that the slider translates along the path PO 
and the motion of the connecting rod, PB, produces rotation of the crank 
OB. This is the basic mechanism of most reciprocating engines. The 
slider-crank is, of course, a four-link chain. The basic chain is OBPG, 
where G is a point 6 x 4  on the frame OG which at this instant is 
coincident with P. This is an example of an instantaneously coincident 
point, which is always required where there is a slider. The velocity 




