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Fig. 1 shows a pneumatically walking robot.

Fig. 1

Movement in the direction of the arrow is achieved by lifting the rear of the robot. The legs are then
swung underneath before the robot is lowered. Both legs move out together, propelling the robot forward
on its wheels. The camera and light rotates to view inaccessible places.
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Manufacturers of robots use computers to:

(a)

(b)

(c)

aid the design process;
test out circuits;
control pneumatically operated machines during the making of the robot.

State three advantages of using CAD to draw circuit design layouts when designing a
pneumatic circuit.

1 [1]
2 [1]
3 [1]

State two reasons why computers are often used to simulate the operation of a pneumatic
circuit.

1 [1]

2 [1]

A manufacturing company is considering changing its manually operated machines to
computer control.

State two possible effects on the workforce.
1 1]

2 [1]
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A reed switch cylinder is an important part of the interface between the pneumatic operation and
the computer control in the robotic systems.

reed switch A
/ cylinder barrel

/
/

L

piston rod

Fig. 2
Fig. 2 shows a simplified version of a reed switch cylinder.

(d) (i) Name the component A in Fig. 2.

[1]

(ii) Describe how feedback is provided to the computer when the piston moves in the
direction of the arrow shown.

[2]

[Total: 10]
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Fig. 3 shows the top of one leg and the piston rod of an operating cylinder of the walking robot
shown in Fig. 1.

The piston rod must be attached to the leg and allow the cylinder to fully outstroke and instroke to
create a walking movement.

@10 piston rod

T leg with

@8 hole

@8 pivot pin

Fig. 3

(a) Using notes and sketches, complete Fig. 3 to show a component that will fit on the threaded
end of the piston rod and attach to the end of the leg allowing the two parts to move as

required. [5]
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Fig. 4 shows the rear of the cylinder that operates the leg. This cylinder must be attached to the
mounting lug on the chassis and allowed to move as required.

leg operating 0
cylinder

0 mounting lug
@ with @10 hole

4 holes M6
5mm deep

Fig. 4
(b) Draw on Fig. 4 a bracket that will secure the cylinder to the mounting lug of the chassis and
allow the correct movement of the cylinder. [5]
[Total: 10]
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3 Itis important for the working of the robot that the two legs shown in Fig. 1 are identical.

(a) Explain why it is important that the legs are identical.

[2]

Fig. 5 shows a pneumatically controlled jig for holding the leg when it is being drilled.

leg to be drilled cylinder C

moves the drill M~
up and down

cylinders A and B
move the jig

drilling jig

Fig. 5
Each leg is located in the drilling jig ready to be drilled automatically.

The drilling jig is attached to a pair of cylinders A and B that are connected in tandem. The jig
moves allowing each of the three holes to be drilled.

Cylinder C has a drill attached to it. When instructed, cylinder C will outstroke and drill a hole and
then instroke to return to its rest position.

© OCR 2010
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Fig. 6 shows the relative positions of the holes to be drilled and the relative sizes of the operating
cylinders.

The distance between holes 1 and 2 = the stroke of cylinder A
The distance between holes 2 and 3 = the stroke of cylinder B

stroke of
cylinder B
cylinder cylinder B
) y (D (+ +  +
3 2 1
stroke of
cylinder A

Fig. 6
At the start of the drilling operation all the cylinders are instroked.
The sequence of operation is:
hole 1 is drilled when the jig is in the start position;
the jig moves position and hole 2 is drilled;
the jig moves position and hole 3 is drilled;
the jig returns to the start position.

(b) Put the numbers of the processes into the flow diagram below in the correct sequence for one
complete cycle of the operation.

The first two have been done for you.

1 Outstroke B 4 Instroke A
2 Instroke B 5 QOutstroke C
3 Outstroke A 6 Instroke C

[8]

[Total: 10]
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4 (a

(b)

10

A suitable cylinder is required for the rotation of the camera and light as shown in Fig. 1.
The cylinder chosen for this operation has a bore of @10mm and a piston rod of @4 mm.

Tests showed that a force of 20N was required to rotate the camera and light through 90° on
the outstroke.

Calculate the minimum air pressure required to rotate the camera and light on the outstroke.
Use the formula F=P x A Area of circle = nr?

[5]

When the system was tested, the camera and light turned, but when the ‘operating valve’ for

the cylinder to instroke was actuated, nothing happened. The components and circuitry had
been correctly connected.

Explain why the camera and light refused to rotate on the instroke.

[4]

(c) Describe how the problem could be solved without changing any of the components.

© OCR 2010
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5 If the robot hits an obstruction, an air bleed occlusion circuit reverses the direction of travel.

This circuit uses a diaphragm operated spring return valve.

wall
)
‘ ___________
®
signal to reverse the
direction of travel
Fig.7

(@) Complete Fig. 7 by drawing the diaphragm valve needed to send a signal to reverse the
direction of travel. Add any other component needed to operate the system safely. [5]

(b) Explain how an air bleed occlusion circuit operates.

[5]

[Total: 10]
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