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ABSTRACT 

Nowadays the concept of ergonomics design is being employed widely in manufacturing 

industries to achieve improved working conditions, reduced physical work load, improved work 

postures, reduced efforts of certain movements. The workers in industries are experiencing high 

level of fatigue level while doing a work consisting repetitive tasks. In order to reduce the fatigue 

level of the workers, it is required to develop a scientific basis or an index for defining fatigue 

level. This paper presents the overview of an effort and ergonomy index (EEI) and its 

applicability to reduce the fatigue level of the worker. Also a case study on ergonomic design of 

fuel tank of an automobile is presented to better illustrate the calculation of EEI and its 

implications on reduction of worker fatigue level. 
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1. INTRODUCTION 

Ergonomics is a scientific discipline that concerns with the interactions between the human and 

the environment where people participate to work in industries. Ergonomics also known as 

human engineering and human factors engineering is to study of the relationship between human 

and their working environments. Ergonomics is concerned with creating laws to suit various 

works.  Ergonomics play a vital role in enhancing productivity. It is true that ergonomics does not 

produce anything and if properly exploited as an indispensable function in industry, it is capable 

of producing significant results. Ergonomics approaches the problem from the point that 

machines and workplaces should be designed around capabilities of man where there will be less 

human fatigue and error which ultimately helps in satisfaction of job. Enrico Del Fabbro and 

Daria Santarossa [1] developed a tool simulating the manufacturing process and getting a precise 

ergonomic analysis before having at disposal any physical prototypes to perform the assessment. 

Moussavi et al. [2] stated that the output of the model is an optimal ergonomic worker 

assignment to different posts that can be changed from a day to another during a given planning 

period. Guy H. Walker et al. [3] stated that control rooms have co-evolved with their highly 

experienced users and care needs to be taken in how ergonomic issues are tackled. Rafaela 

Q.Barros et al. [4] presented ergonomic recommendations for improvements in the physical, 

organizational and cognitive conditions in the work environment. Aarão Pereira de and Araújo 

Júnior [5] et al stated that the parameters of the Workplace Ergonomic Assessment (WEA) 

helped the diagnosis and suggestions for achieving for the ergonomic comfort. Marco Bortolini 

et al. [6] stated that the aim of the developed model for the ALBP is the simultaneous 

minimization of the assembly line takt time and ergonomic risk. Divyaksh Subhash Chander and 

Maria Pia Cavatorta [7] proposes a method, Postural Ergonomic Risk Assessment (PERA) 

suitable to evaluate the postural ergonomic risk of short cyclic assembly work. Enrico Del 

Fabbro and Daria Santarossa [8] investigated the human interaction with the workplace and the 

assigned activities of the ergonomic aspects. Bianca Cirjaliu & Anca Draghici [9] stated that lean 
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system is complex and can bring ergonomical issues. Madjid Tavana et al. [10] considered the 

anthropometric measurements of the hand, developing an ergonomic computer mouse. 

KaterinaSekulova et al. [11] summarizes the ergonomic analysis of firearms with regard to 

anthropometric dimensions of selected populations. Alena Otto and Olga Battaïa [12] provided 

an overview of the existing optimization approaches to assembly line balancing considered the 

physical ergonomic risks. Pierre Plantard et al. [13] proposed RULA ergonomic assessment in 

real work conditions using recently published occlusion-resistant Kinect skeleton data correction. 

Dan Gläser et al. [14] stated that the latest developments and the performance of current 

implementations of automatic ergonomic assessment within digital human models. Moema 

Fachin Greca Luiz and Ricardo Moreira [15] analyzing the critical points of acoustic and thermal 

comfort, concerning temperature variation in different seasons, not taking regular breaks to rest, 

which is causing muscle fatigue in the joints of the upper limbs 

 

2. EFFORT AND ERGONOMY INDEX 
        The Effort and Ergonomy Index (EEI) is based on the movement of products follows 

consistently by repeating the patterns. Repeated patterns in the sequence of standard table have 

been consolidated. Abrahamson [16] stated that the index values represent ranges of motions 

where precise measurement is not required and very accurate results are produced because 

ranges are statically derived. The result is the reduction analysis effort with little impact on 

accuracy. Index values are built in consideration with the average skilled operator and the 

average performance level or normal pace. Waldemar Karwowski, and William Steven Marras 

[17] stated that the work is performed by humans and is variable the index values represent 

ranges or „engineered deviations‟. The system has always a balancing effect. The balancing 

effect results from the combination of individual derivations (+ and -) for a smaller total 

deviation. 

 

2.1. Scientific Method of Arriving at Index Values 

         A scientific technique used for studying the work content by splitting the motions of every 

manual activity into measurable elements like walking steps, body bending, finger/hand motions 

and tool usage, etc. Through sequence models, applying appropriate index values based on the 

extent of effort level and arriving at elemental/activity level index values. These values applied 

are based on body motions are organized into sequence models which describe activities. 

 

2.2. Maynard Operation Sequence Techniques 

MOST (Maynard Operation Sequence Technique) is a technique for work measurement 

developed by H. B. Maynard and Company, Inc. in the Unites States. MOST has been already 

introduced in most of the industries such as aerospace, automotive, electronics. The 

measurement of work needed for the business but companies hesitate to maintain the 

measurement system due to its complicated procedure. MOST is a work measurement system 

which can be easily implemented and practically maintained. MOST can be used for any type of 

work and the method can be defined for many companies in a broad range of industries.  

 

2.3. Calculation of Index Values 

           Industrial engineers are taught that with sufficient study any method can be improved, 

many efforts have been made simply the work measurement analyst‟s task. Hogan Joyce and 

Edwin Fleishman [18] stated that the result was the creation of the concept as MOST. This 
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technique basically has a set of assigned values according to the corresponding movement of the 

tasks. Though the concept was called as the MOST concept, later on due to certain issues this 

MOST technique was called as the index values. This index values is a system to measure work. 

This concept provides the basis for the sequence models. The activity sequences are needed in 

index values for describing manual work. 

(i) The General Move Sequence Model is used for the spatial movement of an object freely 

through the air. 

(ii) The Controlled Move Sequence Model is used for movement of an object when it remains in 

contact with a surface or is attached to another object during the movement  

 

3. GENERAL MOVE SEQUENCE MODEL 

 General move is defined as moving objects manually from one location to another freely 

through the air. To account for the various ways in which a general move can occur, the activity 

sequence is made up of four parameters: A- Action Distance, B- Body Motion, G- Gain Control 

and P- Placement. These parameters are arranged in a sequence model with series of letters and 

organized in a logical sequence. Marklin and Wilzbacher [19] staed the sequence model defines 

the events or actions that always take place in a prescribed order when an object is being moved 

away from one location to another. An exception to this is the Body Motion that may occur 

before an Action Distance in a sequence model. 

 

 

3.1. Parameter Definitions 

              There are basically four important parameters used in this General Move Sequence 

method are  

(1) ‘A’ Action Distance: Action distance covers all spatial movement or actions of the fingers, 

hands and/ or feet, either loaded or unloaded. Any control of these actions by the surroundings 

requires the use of other parameters. 

(2) ‘B’ Body Motion: As with stand and bend, the combined body motion of bend and sit 

applies when a bend and arise is required followed by a sit prior to or after placing the object. 

The index value for bend and sit most commonly appears on the B parameter in the put phase of 

the sequence model. 

(3) ‘G’ Gain Control: Gain control covers all manual motions employed to obtain complete 

manual control of an object and include one or several short motions whose objective is to gain 

full control of the object before it is moved to another location. 

(4) ‘P’ Placement: Placement refers to action occurring at the final stage of an object‟s 

displacement to align, orient and/or engage the object with another before control of the object is 

relinquished. Although weight may influence the difficulty in placement, it is the difficulty of the 

method that determines the value chosen for P, not the weight.  

 

3.2. Phases of General Move Sequence Model 

           The general move sequence model is the most commonly used sequence model. Phillip 

Drinkaus [20] stated that the parameters included in the sequence are assigned time-related index 

values based on the motion content of the sub-activity. For the general move sequence model, 

these index values are easily memorized from a data card. The fully indexed general move 

sequence model represented as: 

A6       B6       G1       A1       B0       P3       A0 
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where   

 A6 = Walk three to four steps to object location 

 B6   = Bend and arise to gain control of the object 

 G1   = Gain control of one light object 

 A1   = Move object a distance within reach 

 B0   = No body motion 

 P3   = Place object with adjustments 

 A0   = No return 

 General move is by far the most frequently used of the three sequence models. Roughly 

50% of all manual work occurs as a general move, with higher percentages for assembly, paper 

processing, retail, warehouse distribution and material handling and lower percentages for 

machine shop operations. 

 

4. CONTROLLED MOVE SEQUENCE MODEL 

             Controlled move describes the manual displacement of an object over a controlled path. 

The movement of the object is restricted in at least one direction by contact with or attachment to 

anther object or the nature of the work demands that the object be deliberately moved along a 

specific or controlled path. Similar to the General Move Sequence model, the Controlled Move 

Sequence model following steps are:  

(i) Reach with one or two hands a distance to the object either directly or with body motions. 

(ii) Gain manual control of the object. 

(iii) Move the object over a controlled path. 

(iv) Allow time for a machine process to occur. 

(v) Align the object following the move controlled of the process time. 

(vi) Return to the workplace. 

        

4.1. The Sequence Model 

 The sequence model takes the form of a series of letters (parameters) representing each of 

the various sub-activities of controlled move. The words represent by A    B    G    M    X    I    A 

are                

A   = Action Distance 

B   =  Body Motion 

G   = Gain Control 

M  = Move Controlled 

X   = Process Time 

 I   =  Alignment 

 

4.2. Parameter Definitions        

 Only three new parameters are introduced in controlled move. The A, B and G parameters 

were discussed with the General Move Sequence Model and remain unchanged. 

(i) ‘M’ Move Controlled: This parameter is used to analyze manually guided movements and 

actions over a controlled path. 

(ii) ‘X’ Process Time: This parameter is used to account for the time for work controlled by 

electronic or mechanical devices or machines.  

(Iii) ‘I’ Alignment: This parameter is used to analyze manual actions following the move 

control of process time for the alignment of objects. 
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4.3. Phases of Controlled Move Sequence Model 

 A controlled move is performed under one of the three conditions. 

(i) The object is restrained by its attachment to another object such as a button, lever and door. 

(ii) It is controlled during the move by the contact it makes with the surface of another object. 

(iii) The object must be moved on a controlled path to accomplish the activity such as folding a 

cloth, coiling a rope, winding a spool or moving a balanced item or to avoid a hazard. If the 

object can be moved freely through space and remain unaffected by any of these conditions, its 

movement must be analyzed as a general move. A breakdown of the controlled move sequence 

model reveals that, like general move, three phases occur during the controlled move activity. 

The Get and Return phases of controlled Move carry the same parameters found in the general 

move sequence model and therefore describe the same sub-activities.  

 

5. TOOL USE SEQUENCE MODEL 

 This sequence model covers the use of hand tools for such activities as fastening or 

loosening, cutting, cleaning, measuring and writing. The processes can be classified as tool use, 

such as reading and inspecting. The tool use sequence model is a combination of general and 

controlled move activities.  

       The use of wrench might be described by the following sequence: 

A1    B0    G1    A1    B0    P3    F10    A1    B0    P1    A0 

where 

     A1    = Reach to wrench within reach 

     B0    = No body motion 

     G1    = Grasp wrench 

     A1    = Move wrench to a fastener within reach 

     B0    = No body motion 

     P3    = Place wrench on fastener 

     F10 = Tighten fastener with wrench (three wrist strokes) 

     A1 = Move wrench a distance within reach 

     B0    = No body motion 

     P1    = lay wrench aside 

     A0   = No return 

 

6. ACTUAL PROCESSES IN THE INDUSTRIES 

 A case study is carried out in an automobile industry near Chennai, Tanilnadu. In 

automobile industries for each and every shop there are 3 to 4 workers employed per shift 

constantly for transporting the waste from the respective shops to the dump ground where the 

waste materials are stored and then transported to the foundries for recycling. There are basically 

two types of waste they are transporting from the shop. They are scrap and burr, as shown in 

Figure 1(a) and Figure 1(b) below. 
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  Figure 1(a)      Figure 1(b)  

These burr type materials are transported from the shop using these trolleys. The crushed burr is 

taken directly to the dumping ground where it is unloaded and from there directly it is taken to 

the foundry plant by means of truck where the material is reused. The spiral burr is taken to a 

different place, where it is crushed to finer particles before being taken to the foundries plant. 

Here the spiral burr is loaded in this trolley and then taken behind Shop II which is more than 

hundred meters away, there these spiral burr‟s are crushed using the Spur Cutting machine and 

from there it is sent to the foundries for recycling of the material. These waste materials are taken 

from different machines present in the chassis assembly shop. There are a total of 22 machines 

present. The machines are double spindle drilling machine, multi drilling machine, radial drilling 

machine, milling machine, and thread cutting machine. These five types of machines are used for 

drilling holes in front axle beam and also used for drilling machining and thread cutting 

operations for the axle arm. This is the actual process of transporting the waste from the shops.  

However, in the shop floor the workers basically use a shovel to pick the waste from different 

machines present in the shop and load it into a trolley where they push the trolleys to the dump 

ground which is present a certain distance away from the shop. In order to eliminating this, this 

hopper design was used as shown in the Figure 2.  

 

 
     Figure 2. Hopper design using Pro-E 

This pro-E design shows the hopper at the normal position. Behind the hopper there 

exists a lever which when pulled releases the hopper to an inclination of 90 degree. The actual 

dimensions of the hopper are given in the CADD design. To this particular design the index 

value calculation, work study tables have been put up to show the reduction of work after the 

design of this hopper.  
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7. SELF DUMPING HOOPERS 

7.1. Calculation of Index Values and Work Study before Design 

 The flow process chart is presented below to explain regarding how the work is being 

carried out actually in this workshop as shown in the Table 1 below.  

Table 1. Flow process chart for the trolley movement 

FLOW PROCESS CHART                                                                                       MAN TYPE 

CHART NO.1 

SHEET NO. 1 OF 1 

SUMMARY 

SUBJECT CHARTED: 

 

DISPOSAL OF BURRS 

ACTIVITY PRESENT PROPOSED SAVINGS 

OPEARATION 4   

TRANSPORTATION 5   

ACTIVITY: 

TRANSPORT DIFFERENT 

TYPES OF BURR AND 

DISPOSE FOR REUSE 

DELAY    

INSPECTION    

STORAGE 
   

 

METHOD : PRESENT 

DISTANCE(m) 2634   

COST:LABOURMATERIAL 

 

Rs.12000 per 

shift/3 month 

  

TOTAL (capital) Rs 1,44,000   

DESCRIPTION 

(original method) 

DISTANCE 

(m) 

SYMBOL 

О     

Move trolley to double spindle machine 

used for front axle beam 

4      

Pick the waste materials in that 

machine 

-      

Move trolley to next machine(multi 

drilling machine) 

5      

Pick waste materials -      

Move again to next machine 5      

Pick waste materials -      

Once full move trolley to dumping 

place 

432      

Unload the waste into the dump -      

Return to shop 432      

Total distance for first cycle 878 4 5    

Repeat cycle for two more times 1756 8 10    

TOTAL 2634 12 15    

The above flow process chart gives a clear idea of how the materials are transported and how 

long it does take for transporting the burr. With relevance to the above flow process chart the 

index values can be easily calculated. Before calculating the index values few values are to be 

considered. The waste material is collected from 5 types of machine which are being used for the 

front axle beam and the front axle arm.  

For the front axle beam for drilling holes in it these machines are used: 

(i)  Three double spindle machines are used for drilling holes at both ends. 
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(ii)  Two Multi spindle machines are used for drilling holes in the middle. 

(iii)  Two Radial Drilling machines are used for drilling holes in the side. 

For the axle arm also drilling holes certain machines are used: 

(i)  Five Milling machines are used for machining the surface of the axle arm. 

(ii)  Two Double spindle machines are used for drilling operations. 

(iii)  Eight Radial drilling machines are used for also drilling operations. 

(iv)  Two Thread cutting machines are used for threading operations. 

The waste materials are taken from these machine waste deposits and then transported 

using a trolley to a different dumping ground. The index value is calculated only for the spiral 

burr because even for the burr it is the same expect for the amount of time and distance taken in 

transporting and depositing the burr which is 240 meters away. The index value calculated is 

done for the present method of disposal of these burrs as shown in the Table 2 below.  

Table 2 Calculation of the Index value trolley movement 

EEI Calculation Get 

Phase 

Put Phase Tool usage RET TOTAL 

S. 

No. 

Method Description A B G A B P M X I F A B P A 

1. 

The trolley is pushed 

and placed within 

reach near the double 

spindle machine used 

for front axle beam 

operation 

1 0 3 1 0 3 0 0 0 0 0 0 0 0 1 8 

2. 

Grab hold of a shovel 

within reach walk 2-3 

steps towards the 

machine 

1 0 3 6 0 1 0 0 0 0 0 0 0 0 1 11 

3. 

Within reach, using 

the shovel bend and 

pick the spiral burr 

and once again walk 

back to the trolley 2-3 

steps and place in the 

trolley 

1 6 3 6 0 6 0 0 0 0 0 0 0 0 2 32 

4. 

Within reach the 

trolley is picked up 

and is once again 

pushed 2-3 steps 

towards the next 

machine and placed 

1 0 3 6 0 3 0 0 0 0 0 0 0 0 3 39 

5. 

Grab hold of a shovel 

within reach walk 2-3 

steps towards the 

machine 

1 0 3 6 0 1 0 0 0 0 0 0 0 0 1 11 

6. 
Within reach, using 

the shovel bend and 
1 6 3 6 0 6 0 0 0 0 0 0 0 0 2 32 
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pick the spiral burr 

and once again walk 

back to the trolley 2-3 

steps and place in the 

trolley 

7. 

After the trolley is 

full, push trolley 550 

steps and deposit the 

waste in the dump 

ground and is once 

again brought back to 

the shop pushing the 

trolley back again by 

550 steps 

1 0 3 980 0 6 0 0 0 0 0 0 0 980 2 3940 

 TOTAL 4073 

 

 

8. CONCLUSIONS 

This paper presented the overview of an effort and ergonomy index and how it can be computed 

for an activity through the case study carried on ergonomic design of fuel tank of an automobile. 

EEI measures the effort level of human physical activity and using EEI values one can 

scientifically identify the critical areas and map the physically intensive activities and thereby 

find out the most ergonomic ways of doing it. The ergonomic design coupled with the use of EEI 

would (i) reduce the worker fatigue level significantly, (ii) improved worker safety, (iii) enhance 

motivation of workers and (iv) improved product quality. 
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