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Answer all the questions.

1 Toothbrushes are used to clean the teeth and gums of children and adults.

 Fig. 1.1 shows two views of a manual toothbrush.

 Fig. 1.2 shows two views of an electric toothbrush which has a battery powered oscillating brush.

 

brush

brush

handle
main body

 Fig. 1.1  Fig. 1.2
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 (a) Both toothbrushes use injection moulding in the manufacture of the handle.

  (i) Identify a suitable specific material for the main body of the manual toothbrush in 
Fig. 1.1.

 ...................................................................................................................................... [1]

  (ii) Give two reasons why the material identified in part (a)(i) is suitable.

1  ........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................
[2]

  (iii) Describe how the handle of the electric toothbrush in Fig. 1.2 would be manufactured to 
incorporate two different colours of plastic.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (b) The electric toothbrush in Fig. 1.2 is manufactured using a fully automated process.

  (i) Describe what is meant by fully automated manufacture.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Justify why this process is suitable.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]



4

© OCR 2022

 (c) Describe one way in which the toothbrush shown in Fig. 1.2 could be made more inclusive 
for a wider range of users.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (d) (i) Identify three possible environmental issues that could be caused by the design of the 
toothbrush shown in Fig. 1.1.

   Justify each of your answers.

1  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

3  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
 [6]
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  (ii) Explain three ways in which the design of the toothbrushes could be developed to 
further reduce their environmental impact.

   Refer to Fig. 1.1 and/or Fig. 1.2 in your answer.

1  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

3  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
[6]
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2 Musicians in an orchestra are usually seated to play their instruments. They use a music stand to 
hold the sheet music.

 Fig. 2.1 shows a music stand with an adjustable height. The music holder is made from sheet 
metal.

 

music holder

music stand

    Fig. 2.1

 (a) Identify a suitable metal for the music holder.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Identify a suitable surface finish for the metal you have identified in part (a). Describe the 
method of application.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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 The music holder has 45 holes punched through it.

 Fig. 2.2 shows an orthographic drawing of the music holder.

 Fig. 2.3 shows an isometric drawing of the music holder.

 

475 mm

34
0 

m
m

50 mm

 Fig. 2.2  Fig. 2.3
 (not to scale)

 (c) (i) The diameter of each hole in the music holder is 20 mm.

   Calculate the total area of the 45 holes in the music holder. Give your answer in mm2 
and show your working. [3]

    Total area of 45 holes  ............................  mm2
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  Fig. 2.4 shows part of the music holder. 

  Fig. 2.5 shows a close up of one of the rounded corners of the music holder.

  

30 mm

waste
metal

 Fig. 2.4 Fig. 2.5
  (not to scale)

  (ii) The thickness of the metal used is 1 mm.

   Calculate the total amount of waste metal that would be created when shaping the top 
corners of the music stand. Give your answer in mm3 to 2 decimal places and show 
your working.

   The formula for calculating the area of a curve = πr2 / 4  [5]

    Total amount of waste metal  ............................  mm3
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  (iii) Use your calculations in part (c)(i) and part (c)(ii) to calculate the overall surface area 
of the music holder as shown in Fig. 2.2 and Fig. 2.3. Give your answer in mm2 and 
show your working. [3]

   Repeat of Fig. 2.2/Fig. 2.3:
   

475 mm

34
0 

m
m

50 mm

 Fig. 2.2 Fig. 2.3
 (not to scale)

    Overall surface area  ............................  mm2
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  Fig. 2.6 shows the arrangement of holes for the music holder.

  

x 35 mm

475 mm

   Fig. 2.6
   (not to scale)

 (d) Calculate distance x in mm if the holes are evenly distributed. Show your working. [2]

   Distance x  .....................................  mm
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 Fig. 2.7 shows anthropometric data in a table and reference diagrams.
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290
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490
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800
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280
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530
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Sitting height

Combined (Percentiles) Combined (Percentiles) Men (Percentiles) Women (Percentiles)

Sitting eye height
Sitting shoulder
Sitting elbow height
Thigh thickness
Popliteal height (lower leg length)
Knee height
Buttock-popliteal length
Buttock-knee length
Abdominal depth
Chest depth

Dimensions (mm)
Age Range 5–9 Age Range 13–19 Age Range 19–65

Fig. 2.7

 (e) (i) The music stand will have an adjustable height and the sitting eye height of the users 
must be considered.

   Use the information in Fig. 2.7 to identify the minimum and maximum sitting eye height 
for 90% of both adults and children over 13. [2]

   

 Minimum sitting eye height  .............................. mm

 Maximum sitting eye height  .............................. mm

  (ii) Justify your answer to part (e)(i).

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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  (iii) The music stand will be used by equal numbers of men, women and children over 13.

   Use the information in Fig. 2.7 to calculate the mean sitting eye height. Give your 
answer to the nearest mm. Show your working.   [2]

   Mean sitting eye height  .............................. mm
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3 Designers assess whether a design solution meets its stakeholder requirements.

 (a) (i) State two organisations that issue standards that need to be met in the design of 
products.

1  ........................................................................................................................................

2  ........................................................................................................................................
 [2]

  (ii) Explain two ways in which product designers and manufacturers could test their 
products to ensure they meet relevant standards.

   Make reference to products in your answer.

1  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
 [4]
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 (b)* Designers and manufacturers need to determine whether design solutions are commercially 
viable.

  Discuss the value of a feasibility study to determine the commercial viability of a product.

  Refer to specific examples in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [8]
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4 Fig. 4.1 shows a swing seat manufactured from hardwood.

 The swing seat has three main parts which include the seat, the frame and the chains. The 
chains allow the seat to hang and swing.

seat base

chains frame

seat back

seat arm

 Fig. 4.1

 (a) Describe two features of the frame of the swing seat that improve its structural integrity.

1  ................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

2  ................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................
[4]
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 (b) Identify a suitable hardwood for the manufacture of the swing seat.

  Justify your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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 (c) The swing seat shown in Fig. 4.1 is manufactured as a batch of 100 from hardwood.

  Use annotated sketches and/or notes to show how the seat could be manufactured.

  Your answer must include the following:

• seat base and back
• seat arms.

  Identify any relevant equipment, machinery and materials. [8]
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 (d) A metal chain connects the swing seat to the frame.

  (i) Identify a suitable metal for the manufacture of the chain.

   Justify your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Name a synthetic fibre that could be used in the form of a rope to hang the swing seat 
from the frame, as a possible alternative to the chain.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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 (e) Discuss the sustainability issues that would need to be considered in the design and 
manufacture of the swing seat.

  Refer to specific examples from the swing seat in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]
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