
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 



diagram for the example shown in Figure 40 is the same as that in Figure 
70 with g added at the velocity origin. 

For each of the sketches in Figures 41-45 inclusive, identify w h m  
applicable: the link which has the input data, the basic chain, the 
appendages, and the first solvable point. 

Note: The basic chain is a four-link chain, which may be a slider-crank 
mechanism, and must include the link with the input data 

Figure 41 

Figure U 



Examp/. 1 

Figure 46(a) shows a piston engine. and Figure 46(b) shows the line 
position diagram. The crank OB, 0.05 m long, rotates at 250rad S-' 

(2387 rev min-l) anticlockwise. The length of the c o n n d n g  rod BP is 
0.2 m. How do we determine the sliding velocity of the piston and the 
angular velocity of the line BP? 

Cnnk thnm OB - 0.06 m 
Con-rod BP - 0.2 m 
Cnnk p k i o n  - W from bnmm dyd cMn 
Cnnk angu1.r vrlocilv - 260 n d  S antidockwisa 

Figure 46(a) Piston engine of Examp& 1 

Figwe 46(b) Position diagram (hal/scale) 

80Iullon 
The fixed points are 0 and G. The input data is for link OB. First solvable 
point is B. 

(U,), =? m S-' / (L to PB) p-line through b 

=? m S-' cr (parallel to the slidcr path at G) 
p-line through g 

The next step is to sketch the velocity diagram (Figure 47a) to determine 
its approximate shape and hence a suitable scale. ob is the longest length so 
this determines the scale for the velocity diagram. The velocity diagram, 
Figure 47(b), is drawn at a scale of 1 mm : 200 mm S-'. 

Figure 47(a) Ffgure 47(b) Velocity diagram W e  1 mm:200 mm S-' 



Hence (8,), =g@ = 47 X 0.2 c = 9.4 m s - l + 

Sheet V5 shows the position diagram of a two-cylinder engine with its 
pistons w m e m d  by a crankshah with two cranks (OB, OE) at W to 
each other. The piston at C moves towards 0 at 5 m S-' with OB making 
45" with CO as shown. Determine the sliding velocity of the piston at F 
and the angular velocities of the crankshaft (use line BO) and the 
connecting rod EF. 

4.2 Mechanisms derlved from the sllder-crank 
chaln 

E 

Figure 48 Figure 49 Figure M 

Figures 48, 49 and 50 show three mechanisms which are obtained by 
changing the link which is hed .  You may recognize Figure 48 as the 
slider-crank which was examined in Section 4.1. In Figure 49 the link OB 
is fixed instead of OD. This forms the basis of the Whitworth quick-return 
meohanism, which you studied in Unit 2. The third variant is obtained by 
fixing link BC (Figure 50); this mechanism is used in oscillating-cylinder 
steam engines. This process of obtaining different mechanisms from a 
given assembly of links is known as inwrsion. You will notice that in invaaio. 
Figure 49 the slider moves along a rotating body, and in Figure 50 the 
slider itself can now only rotate, but ODE moves through it. Figure 51 
shows the slider moving inside the link OE. Although this is physically 
diierent fkom Figure 49, it is kinematically identical. 



Figure 53 Position dMam 
Scale l mm:20 mm 

We will now sec how the velocity diagrams are constructed for these 
mechanisms. 

Lookiing in more detail, Figure 52 shows an enlarged view of the slider of 
Figure 51. Notia that in this caae the coincident point D is on a moving 
link, not on the frame. Until now you have always been able to mark d at 
the velocity origin. What are we going to do in this caae? Them. arc two 
important facts to remember: 

Because D is a point, on the link LE, at a fixed distance from 0, the 
direction of the velocity of D must be perpendicular to the line ODE; it 
is a tangential velocity. 
Since the slider is constrained to move only along the slot in OE, the 
velocity of C relative to D must be parallel to the line ODE. 

For the mechanism in Figure 53, find the sliding velocity of the slid- at B 
within the slot of CD, and the angular velocity of the link CD. 

What is the point S? It is the point, fixed on CD, instantaneously 
coincident with B. 

What is the basic chain? OBSC. 

In this exampk we arc given a list of all the dimed011s except CS. 
M-uring from the position diagram, Figure 53, 

V h i t r  .nrl* 
0 and C are fixed points. The input data is to link OB and hence B is the 
first solvable point. 

(h), =?m S-' at right angles to CD (s-line through c, 
tangential) 

= 7 m S-' 2' along the link CD (s-line through b, sliding) 

Now the velocity diagram is sketched and is shown in Figure 54. 

Drawing the velocity diagram to a Bcale of 1 mm: 100mms-l gives 
Figure 55. 

The basic chain is OBSC. D is an appendage to be found by proportion on 
CS extended - almost as an altcrthought in this case. The sliding velocity of 
B is the velocity of B relative to the coincident point S, 

Figwe 54 Velocity dkpnn sketch 



SA0 18 
Use the velocity diagram (Figure SS), and the technique of proportion to 
obtain the velocity of D. 

SA0 17 (W) 
Sheet V6 shows the position diagram for a slider inversion with the slider 
at B moving on the outside oflink CD. For the position shown, obtain the 
sliding velocity of the slider at B, and the angular velocity of CD. 

ExatnpIe 3 
Another inversion of a slider-crank is shown in Figure 56. 

Figure 56 Position diagram (fill dze )  

BC is a grounded link with an angular velocity of 200 rad S-' 3. 
CD is a link that slides through the tmnnion* at E. 

Figure 57 shows the velocity diagram. What does s represent7 

As in the previous examples involving a slider we need to use the idea of a 
wincident point to do the analysis. In this w e  we must choose the point 
on the link CD which is coincident with E. S is this point, represented by s 
on the velocity diagram. 

What is the sliding velocity of CD through the trunnion at E in the 
position shown7 The sliding velocity refers to the piece of CD within the 
trunnion, that is, the point S. The velocity of S with respect to E is 

What is the angular velocity of the link CD7 

SC has to be measured from the position diagram (Figure 56). 

SA0 l8 (y7) 

Sheet V7 shows a position diagram for a mechanism and enlarged details 
of the trunnion*. E is on the link BF coincident with D. Determine the 
velocity of the piston at C, the angular velocity of BF, and the velocity of 
sliding of BF in the trunnion D in the position shown. 

Figure 57 Velocity diagram 
Scale 1 mm : 100 mm S-' 

*A trmdon is a g r o d d  rotating link through which another link elida. W 




