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ORDRE DES INGÉNIEURS DU QUÉBEC 

 

MAY 2018 SESSION 

 

 

Open-book examination 

Calculators : Only authorized models 

Duration : 3 hours 

 

 

14-IN-B2 Ergonomics 

 

 

1) Considering normal work clothing, determine the values to accommodate 95% of industrial 

workers (males and females) for the following elements (justify your answers with calculus 

using the anthropometric data provided in appendix): 

 

a) Minimum and maximum height of an adjustable work seat used to make precision work 

on a 91 cm high worktable. (10 pts) 

b) Minimum and maximum height of an adjustable worktable used to make coarse assembly 

in a standing posture. (10 pts) 

c) The fixed height of the center of an adjustable control screen on a CNC machine, 

considering a reading distance of 48 cm. (10 pts)  

 

2) A 52 years old female worker with an average fitness level and weighing 60 Kg carries out a 

task using the whole body, for which the average energy expenditure is estimated at 2.4 

Kcal/min.  Can this task be carried out for an 8 hours shift?  Justify your answer. (10 pts) 

 

3) Why is it said that tasks requiring both force and precision are generally incompatible with 

muscle anatomy and physiology? (5 pts) 

 

4) Based only on heart rate, what are the different physiological criteria that can be used to 

determine if a task in acceptable for a given worker (10 pts)? 
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5) List and discuss the different risk factors associated with work related musculoskeletal 

disorders of the upper limbs (10 pts). 

 

6) What are the design factors that need to be considered to determine the size of the characters 

on a sign to be installed in a work environment (5 pts)?  

 

7) A machine operator must push on a lever with a force of 18 N.  The lever is used every 5 

minutes, but must be pushed for 30 seconds each time. The arm of the operator is at a 45° 

angle with the body when pushing on the lever.  Determine if this situation is acceptable for a 

female worker with a 25
th

 percentile shoulder flexion force taken from Table 1.15, page 68 of 

Kodak. (15 pts) 

 

8) Workers are complaining about back and shoulder pain, which they associate to excessive 

weight of the loads that they must handle.  These loads are lifted from a conveyor at 65 cm 

from the floor, to a hook at shoulder height.  The loads are lifted 16 times per day (8 hours) 

and weigh 12.3 Kg. 

 

a) Using the NIOSH Manual Lifting Guidelines, determine the RWL for this task. (10 pts) 

b) Explain the hypothesis that you stated to obtain the answer in a). (5 pts) 

 

RWL (Kg) = 23 (HM) (VM) (DM) (AM) (CM) (FM) 

 HM (Horizontal Multiplier) = 25 / H where H = cm 

 VM (Vertical Multiplier) = (1 - (0.003 |V -75 |)) where V = cm 

 DM (Distance Multiplier) = (0.82 + 4.5 / D) where D = cm 

 AM (Asymmetry Multiplier) = (1 - (0. 0032 A)) where A = degrees 

 



Page 3 of 4 

Appendix 

 

Anthropometric data 
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Normal distribution table 

[z = (x – mean) / standard-deviation] 

 

 

p z p z p z p z

1 -2.33 26 -0.64 51 0.03 76 0.71
2 -2.05 27 -0.61 52 0.05 77 0.74
3 -1.88 28 -0.58 53 0.08 78 0.77
4 -1.75 29 -0.55 54 0.10 79 0.81
5 -1.64 30 -0.52 55 0.13 80 0.84
6 -1.55 31 -0.50 56 0.15 81 0.88
7 -1.48 32 -0.47 57 0.18 82 0.92
8 -1.41 33 -0.44 58 0.20 83 0.95
9 -1.34 34 -0.41 59 0.23 84 0.99

10 -1.28 35 -0.39 60 0.25 85 1.04
11 -1.23 36 -0.36 61 0.28 86 1.08
12 -1.18 37 -0.33 62 0.31 87 1.13
13 -1.13 38 -0.31 63 0.33 88 1.18
14 -1.08 39 -0.28 64 0.36 89 1.23
15 -1.04 40 -0.25 65 0.39 90 1.28
16 -0.99 41 -0.23 66 0.41 91 1.34
17 -0.95 42 -0.20 67 0.44 92 1.41
18 -0.92 43 -0.18 68 0.47 93 1.48
19 -0.88 44 -0.15 69 0.50 94 1.55
20 -0.84 45 -0.13 70 0.52 95 1.64
21 -0.81 46 -0.10 71 0.55 96 1.75
22 -0.77 47 -0.08 72 0.58 97 1.88
23 -0.74 48 -0.05 73 0.61 98 2.05
24 -0.71 49 -0.03 74 0.64 99 2.33
25 -0.67 50 0 75 0.67

 

 



 


