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Instructions : 1. Attempt Question No. 7 and any five from the rest. 
2. Maximum marks are shown against each question. 
3. Answers should be short, and to the point. 

Q.1 (a) State any three reasons for studying of ergonomics of manual material 
handling. Iden.tify the kinds of evaluation that are needed for any manual 
material handling task. State also the reasons of such evaluation. (3 + 3 + 3) 

(b) State and briefly explain the NIOSH lifting equation. What are its 
limitations? (5 + 2) 

Q.2 (a) A worker has to lift a load symmetrically at a distance of 40 em from the 
body from a height of 30 em to a height of 90 em. The lift is carried out 
once per minute over an 8-hour day. Use the NIOSH equation to determine 
the RWL. (6) 

What is the effect on the RWL of the following conditions: 

(i) Lifting asymmetrically at an angle of 50 degrees to stance. (2) 
(ii) Putting handles on the load. (2) 

(b) What are the factors considered in EC guidelines for manual material 
handling tasks? Mention the conditions for each of these factors that 
minimize the risk of back injury. (2.5 + 3.5) 

Q.3 (a) Noise is not acceptable in a working environment. Why? (2) 

(b) Compare and contrast Poulton's and Broadbent's theories on the effects of 
noise on human performance. (8) 

(c) Two kinds of analyses are recommended to identify critical frequencies (in 
respect of a job) for reduction of noise. Briefly explain these analyses. (6) 
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Q.4 (a) A company is trying to estimate how the assembly time of a machine part will 
decrease in the future when the operator has more experience. They plan to 
use the predicted assembly time to estimate future manufacturing cost. The 
assembly time of the operator was measured. For the 500th trail the assembly 
time was 121.8 sec and for the 10001h trial the assembly time was 105 sec. 
What is the expected assembly time for the 20,000th trial? Discuss also the 
results obtained. (5) 

(b) The task to be analyzed requires that a male worker picks a container off a 
conveyor (located 35 em above the floor) and lift the container to a cart 
(shelf located 65 em above the f)oor). The container has a mass of 15kg. 
This task is performed 360 times per shift. The ta~k is illustrated in the 
figures below. (11) 

The following measurements were taken from the male worker: 
Distance from wrist to center of mass (c.m.) of hand (SL1) = 0.07 
Distance from wrist to elbow (SL2) = 0.28 
Distance from elbow to shoulder (SL3) = 0.30 
Distance from shoulder to L5/S 1 disk (SL4) = 0.3.6 
Angle ofhand from horizontal (81) = 30° 
Angle of forearm from horizontal (82) =:=30° 
Angle of upper arm from horizontal (83) = 80° 
Angle of trunk from horizontal (84) = 45° 
Body weight (mass)= 70 kg 
Mass of hand segment= 0.006 (70 kg) 
Mass of lower arm segment= 0.017 (70 kg) 
Mass of upper arm segment= 0.028 (70 kg) 
Mass of trunk segment= 0.45 (70 kg) 
Moment arm of erector spinae muscle group from L5/S 1 = 0.04 m 

Calculate (i) External work being done by this job, 
(ii)The forces and moments for all the segments, 
(iii)The compressive and shear forces on L5/S 1 disk, and 
(iv)The required muscle force of the erector spinae muscles to 

maintain static equilibrium using static biomechanical analysis. 
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Figure-1: A 70-kg man lifts 15-kg part containers from a 35-cm height conveyor and 

places them onto a cart 65 em above the floor 



Figure-2: A Free body diagram showing the forces and body postures 

Q.5 (a) How do you conclude that work posture is poor? Provide a comprehensive 
framework for such an analysis citing two to three examples from 
industries. (10) 

(b) Cite two examples each, from industrial situations, for sitting, standing, and 
sit-standing postures with their justifications. (2 x 3 = 6) 

Q.6 (a) You are asked to devise a methodology for computation of ergonomic cost of 
a worksystem. Propose such a methodology and apply it for a task where 
'human is primarily influenced by environment'. (9 + 3) 

(b) In a manufacturing plant, sitting workstations will be used for light assembly. 
Assuming a· female population of workers (for which sitting elbow height: 
18.1 to 28.1cm, Popliteal height: 35.5 to 48.6 em, thigh clearance: 10.6 to 
17.5 em against 5th to 95th percentile group) and that the hand is held at 
elbow height minus 5 em, the hand height above the floor is 55 - 73 em. 
Assume further that the product has a handling height of H/2 ern, where H is 
the product height. What is the maximum product height if the worktable is 
3 ern thick? Assume acceptable dimension for 'shoe height'. (4) 

Q. 7 (a) Briefly explain the use of PNC curves and PSIL in the context of inference 
of noise with spoken communication. ( 4 + 4) 

(b) State the steps required for ergonomic design of a product. (7) 

(c) State and briefly explain the major aspects of design for maintainability. (5) 
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TABLE 6-12 VALUES OF FM FOR USE IN THE 1991 NIOSH EQUATION FOR DETERMINING RWL 

Work duration 

;21 h ;22h 38h 

Frequency 
(lifts/min) v < 75 v s 75 v < 75 v ~ 75 v < 75 v ~ 75 

0.2 1.00 1.00 0.95 0.95 0.85 0.85 
0.5 0.97 0.97 0.92 0.92 0.81 0.81 

1 0.94 0.94 0.88 0.88 0.81 0.81 
2 0.91 0.91 0.84 0.84 0.65 0.65 
3 0.88 0.88 0.79 0.79 0.55 0.55 
4 0.84 0.84 0.72 0.72 0.45 0.45 
5 0.80 0.80 0.60 0.60 0.35 0.35 
6 0.75 0.75 0.50 0.50 0.27 0.27 
7 0.70 0.70 0.42 0.42 0.22 0.22 
8 0.60 0.60 0.35 0.35 0.18 0.18 
9 0.52 0.52 0.30 0.30 0.00 0.15 

10 0.45 0.45 0.26 0.26 0.00 0.13 
11 0.41 0.41 0.00 0.23 \0.00 0.00 
12 0.37 0.37 0.00 0.21 G,OO 0.00 
13 0.00 0.34 0.00 0.00 o.qo 0.00 
14 0.00 0.31 0.00 0.00 0.00 0.00 
15 0.00 0.28 0.00 0.00 0.00 0.00 

>15 0.00 0.00 0.00 0.00 0.00 0.00 

·v = vert1cal distance of the hands from the floor (in centimeters). 

TABLE 6-13 VALUES OF CM FOR USE IN THE 1991 NIOSH EQUATION FOR DETERMINING RWL 

Coupling v < 75* 

Good 1.00 

Fair 0.95 

Poor 0.90 

• V = vertical distance of the hands from the floor (in centimeters). 

v ~ 75 

1.00 

0.95 

0.90 




