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Abstract- Ergonomic design is the application of the body of knowledge (about human abilities, human limitations and 
human characteristics that are relevant to design) to the design of tools, machines, systems, tasks, jobs, and environments for 
safe, comfortable and effective human use. The proposed study is aimed at assessing the status of Risk assessment and 
Postural study in bearing outer race manufacturing industry with regard to ergonomics perspectives. The risk Assessment of 
work by using OCRA method has been considered in this study. 
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I. INTRODUCTION: 
 
The primary work characteristics that are called 
ergonomic risk factors include task physical 
characteristics (interaction between the worker and 
the work setting; posture, force, velocity / 
acceleration, repetition, duration, recovery time, 
heavy dynamic exertion, and segmental vibration) 
and environmental characteristics (interaction 
between the worker and the work environment; heat 
stress, cold stress, whole body vibration, lighting, and 
noise). After evaluating and controlling the work risk 
factors, assessing the workplace for ergonomic risk 
conditions generally involves two steps of 
identification of the existence of ergonomic risks and 
quantification of the degree of ergonomic risk. 
Engineering, administrative and work practice 
controls are included in prevention and control of 
ergonomic risk conditions. 
 
Too often, ergonomics is relegated to being a ‘post-
design’ evaluation, leaving ergonomists little 
opportunity to make significant and important design 
changes. One way to start attacking this problem is to 
study the process of design and, in particular, 
ergonomics in design. 
 
II. RISK ASSESSMENTS  
 
There are different types of industries, few of them 
related to heavy works and few for light work. The 
type of work heavy or light doesn’t means that we are 
going to handle the heavy components or big or bulky 
machineries. The heavy work is what, where the 
worker is going to do his work in difficult conditions 
like pushing and pulling with at low or high base (in 
bending or stretching), manual handling of heavy part 
or components, health risk, Stretch his upper or lower 
limb every time in repetitions etc. If we are focusing 
on the productivity then we have to consider one 
important  
 

factor that is ‘risk assessment factor’ for the worker 
and machine environment. If the risk factor is low, 
then the workers can do their job effortlessly, 
resulting improving the productivity with employee 
satisfaction. The procedure shown in Figure 3.1 
should be adopted when carrying out a risk 
assessment of jobs involving the manual handling of 
low loads at high frequency. 
3.1 Hazard identification 
3.1.1. General 
The first step of the risk assessment is to identify 
whether hazards exist which may expose individuals 
to a risk of injury. If such hazards are present, then a 
more detailed risk assessment can be necessary. 
When determining if one or more of the following 
hazards is present, consideration should be given to 
the guidelines for avoiding them. 
3.1.2. Repetition 
Frequent repetitive movements give rise to a risk of 
injury that can vary depending on the context of the 
movement pattern and the individual. As the 
movement cycle increases and/or the cycle time 
decreases, the risk of injury increases. Repetitive 
movements should be avoided within a task or job. 
3.1.3. Posture and movement 
Sitting restricts overall movement of the body, 
particularly those of the lower leg and back. This may 
lead to increased and complex loading of the back 
and upper extremities. Standing for prolonged periods 
of time often results in pain/discomfort in the legs 
and lower back and can lead to venous pooling in the 
legs. Complex postures involving combined 
movements (e.g. flexed and twisted) can present 
greater risk (see ISO 11226). Whenever possible, 
workers should be given the option to vary between 
sitting and standing. Work tasks and operations 
should provide variations to the working posture: 
both whole-body postures and movement of specific 
limbs. In the work tasks, extreme ranges of joint 
movement should be avoided; there is also need to 
avoid prolonged static postures. 
3.1.4. Duration and insufficient recovery 
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Insufficient time for the body to recover between 
repetitive movements (i.e. lack of recovery time) 
increases the risk of injury. Duration can be broken 
down into different levels, i.e. work shift duration, 
job duration, task duration. The opportunity for 
recovery or rest may fall within each of these work 
periods. 
3.1.5. Vibration and impact forces 
Exposure to hand/arm vibration, shocks or impacts 
can lead to a desensitizing of the hand and increase 
the force necessary for gripping an object or tool. 
Prolonged exposure to these types of risk factors has 
also been linked to vascular and neurological 
disorders of the upper limbs.  
3.1.6. Environmental conditions (lighting, climate, 
noise, etc.) 
Inappropriate lighting, hot and cold environments and 
high levels of noise can impose additional hazards. 
Wet or contaminated surfaces are likely to inhibit the 
ability to exert forces and increase the risk of injury. 
The designer of products shall consider 
environmental conditions only within the limits of the 
foreseeable use of the product. 
3.1.7 Psychosocial factors (e.g. job complexity, job 
demands, job content) 
Psychological response to work and workplace 
conditions has an important influence on general 
health and, in particular, musculoskeletal health. 
These factors include the design, organization and 
management of work, the specific impact of 
workplace risk factors, such as work content, and the 
overall social environment (i.e. the context of work). 
Many of the effects of these psychosocial factors 
occur via stress-related processes, which can have a 
direct effect on biochemical and physiological 
responses. 
3.2 Simple Risk Assesment 
The procedure presented is preferred for the carrying 
out of the simple risk assessment.  
There are four parts to this assessment procedure: 

1. Preliminary information describing the job 
task; 

2. Hazard identification and risk estimation 
procedure and checklist; 

3. Overall evaluation of the risk; 
4. Remedial action to be taken. 

Risk estimation using this method should allow the 
classification of the risk by the three-zone approach 
(green, yellow and red) and determine the consequent 
action to be taken. The three risk zones are defined as 
follows. 
a) Green zone (acceptable risk) 
The risk of disease or injury is negligible or is at an 
acceptably low level for the entire working 
population. No action is required.  
b) Yellow zone (conditionally acceptable risk): 
There is a risk of disease or injury that cannot be 
neglected for the entire working population or part of 
it. The risk shall be further estimated & analyzed 
together with contributory risk factors and followed 
as soon as possible by redesign. Where redesign is 
not possible, other measures to control the risk shall 
be taken. 
c) Red zone (not acceptable) 
There is a considerable risk of disease or injury that 
cannot be neglected for the operator population. 
Immediate action to reduce the risk (e.g. redesign, 
work organization, worker instruction and training) is 
necessary. 
3.3 Detailed risk assessment 
If the risk estimated using simple method is 
considered to be YELLOW or RED, or if the job is 
composed of two or more repetitive tasks (multitask 
job), the performing of a more detailed risk 
assessment is recommended. This will also allow a 
better determination of the remedial measures to be 
taken. For detailed risk assessment, OCRA 
(occupational repetitive action) is the preferred 
method. It considers all the relevant risk factors, is 
also applicable to “multitask jobs”, and provides 
criteria based on extensive epidemiological data for 
forecasting the occurrence of UL-WMSD (upper limb 
work-related musculoskeletal disorders) in exposed 
working populations.  
 
3.3.1 OCRA method for detailed risk assessment 
The OCRA index is the ratio between the number of 
actual technical actions (ATA), carried out during a 
work shift and the number of reference technical 
actions (RTA), for each upper limb, specifically 
determined in the scenario under examination.  

 
Table 3.1 - Detailed Risk Assessment - Final assessment criteria 
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The OCRA risk assessment procedure consists of three basic steps: 
a) Step 1 
Calculate the frequency of technical actions/min and the overall number of ATA (Actual technical action) 
carried out in the shift (by each upper limb). 

 
Table 3.2: Steps to calculate the Overall number of ATA 

b) Step 2 

 
Table 3.3: Steps to calculate the Overall number of RTA 

 
c) Step 3 
Calculate the OCRA (Occupation repetitive action) index and perform a risk evaluation. 

OCRA Index =  nATA 
nRTA 

Table 3.4: Steps to calculate the OCRA Index & Risk Evaluation 
3.4 Calculations for OCRA Index: 

First step is to counting the technical actions: 
Material processing M/C 1 – Inner Race Machining Process – SET 1 

 Left Upper limb Right upper limb 

  Pick up the piece 

 Clean it with air gun  
 Open the gate  
  place it in the chuck 

 close the door of machine  

  
Switch on the machine (One side face and 
finish ID) 

  Switch off the machine 

 open the door of machine  

  
remove the piece from the chuck and rotate it 
and again place it in chuck 

 Close the door  

  
Switch on the machine (Other side face and 
finish ID) 

  Switch off the machine 

 open the door of machine Pick the new piece 

 Clean it with air gun remove the piece and place the next piece in 
the chuck 
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 Close the door Switch on the machine  and Rotate the 1st 
piece and inspect it visually 

  Put it in the tray 

Total technical action 8 11 

Cycle Time 25s 25s 
Frequency(f) 19.2 26.4 
Units per shift 1750 
Hours without recovery 10.91 
Recovery multiplier 0.85 
Constant of frequency 30 30 
 Right Left 
Force Multiplier, FM 1 0.85 
Posture Multiplier, PM 0.6 1 
Additional Multiplier, AM 1 1 
Repetitiveness Multiplier, ReM 1 1 
Cycle time, tC, s 25 25 
Frequency, f, TA/min 26.4 19.2 
Technical Action in cycle, nTC 11 8 
Total ATA 17292 12576 
Total RTA 10021 14197 
Duration multiplier, tm 1 1 

Table 3.5: Identification of technical action in cycle for each upper limb – Inner Race Machining Process 
–  
 
SET 1 
Number of actual technical action (nATA) for Inner Race Machining – SET 1: 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 26.4 per min. 
 f Left limb= 19.2 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 26.4 *655 = 17292 
 (nATAL) = 19.2 *655 = 12576 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*0.6*1*1*655)*0.85*1 
(nRTA)Right = 10021 
(nRTA)Left  = 30*(0.85*1*1*1*655)*0.85*1 
(nRTA)Left = 14197 
 

Material processing M/C 2 – Inner Race Machining Process– SET 2 

 Left Upper limb Right upper limb 

  Pick up the piece 

 Open the gate  
  place it in the chuck 

 close the door of machine  

  
Switch on the machine (One side face and finish 
ID) 

  Switch off the machine 

 open the door of machine  
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remove the piece from the chuck and place other 
piece in chuck 

  Switch ON the machine 

  
Hold the piece & Rotate the piece and inspect it 
visually 

Total technical action 
(nTC) 3 7 

Cycle Time 13s 13s 
Frequency(f) 13.84 32.30 
Repetitive work net time for each task 655 
Units per shift 1750 
Hours without recovery 10.91 
Recovery multiplier 0.85 
Constant of frequency 30 30 
 Right Left 
Force Multiplier, FM 1 0.85 
Posture Multiplier, PM 0.6 1 
Additional Multiplier, AM 1 1 
Repetitiveness Multiplier, ReM 0.7 0.7 
Cycle time, tC, s 13 13 
Frequency, f, TA/min 32.30 13.84 
Technical Action in cycle, nTC 7 3 
Total ATA 21156.5 9065 
Total RTA 7015 9937.98 
Duration multiplier, tm 1 1 

 
Table 3.6: Identification of technical action in cycle for each upper limb – Inner Race Machining Process– 
 
SET 2  
Number of actual technical action (nATA) Material processing M/C 2 – Inner Race Machining Process– 
SET 2: 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 32.3 per min. 
 f Left limb= 13.84 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 32.3*655 = 21156.5 
 (nATAL) = 13.84*655 = 9065 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*0.6*0.7*1*655)*0.85*1 
(nRTA)Right = 7015 
(nRTA)Left  = 30*(0.85*1*0.7*1*655)*0.85*1 
(nRTA)Left = 9937.98 

 
Inspection – Inner Race Machining 

 Left Upper limb Right upper limb 

 Face Check Up (One Side) Face Check Up (Other Side) 

 
Small Dia. Check Up 
(One Side) 

Small Dia. Check Up 
(Other Side) 

 
Track Dia. Check Up 
(One Side) 

Track Dia. Check Up 
(Other Side) 

 
Large Dia. Check Up 
(One Side) 

Large Dia. Check Up 
(Other Side) 
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Bore Check Up 
(One Side) 

Bore Check Up 
(Other Side) 

 
Visual Inspection 
(One Side) 

Visual Inspection 
(Other Side) 

Total technical 
action (nTC) 6 6 

Cycle Time 18s 18s 
Frequency(f) 20 20 
Repetitive work net time for each task 655 
Units per shift 1750 
Hours without recovery 10.91 
Recovery multiplier 0.9 
Constant of frequency 30 30 
 Right Left 
Force Multiplier, FM 1 0.85 
Posture Multiplier, PM 0.5 0.5 
Additional Multiplier, AM 1 1 
Repetitiveness Multiplier, ReM 0.7 0.7 
Cycle time, tC, s 18 18 
Frequency, f, TA/min 20 20 
Technical Action in cycle, nTC 6 6 
Total ATA 13100 13100 
Total RTA 6189 5261 
Duration multiplier, tm 1 1 

 
Table 3.7: Identification of technical action in cycle for each upper limb – Inspection – Inner Race 

Machining 
 
Number of actual technical action (nATA) Inspection – Inner Race Machining: 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 20 per min. 
 f Left limb= 20 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 20 *655 = 13100 
 (nATAL) = 20 *655 = 13100 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*0.5*0.7*1*655)*0.9*1 
(nRTA)Right = 6189 
(nRTA)Left  = 30*(0.85*0.5*0.7*1*655)*0.9*1 
(nRTA)Left = 5261 

Material processing M/C 1 – Outer Race Machining Process – SET 1 

 Left Upper limb Right upper limb 

  Pick up the piece 

 Clean it with air gun  
 Open the gate  
  place it in the chuck 

 Close the door of machine  

  
Switch on the machine (One side face and 
finish ID) 

  Switch off the machine 
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 Open the door of machine  

  
remove the piece from the chuck and rotate 
it and again place it in chuck 

 Close the door  

  
Switch on the machine (Other side face and 
finish ID) 

  Switch off the machine 

 open the door of machine Pick the new piece 

 Clean it with air gun remove the piece and place the next piece in 
the chuck 

 Close the door Switch on the machine  and Rotate the 1st 
piece and inspect it visually 

  Put it in the tray 
Total technical action (nTC) 8 11 
Cycle Time 28s 28s 
Frequency(f) 17.14 23.57 
Repetitive work net time for each task 655 
Units per shift 2000 
Hours without recovery 10.91 
Recovery multiplier 0.85 
Constant of frequency 30 30 
 Right Left 
Force Multiplier, FM 1 0.85 
Posture Multiplier, PM 0.6 1 
Additional Multiplier, AM 1 1 
Repetitiveness Multiplier, ReM 1 1 
Cycle time, tC, s 28 28 
Frequency, f, TA/min 23.57 17.14 
Technical Action in cycle, nTC 11 8 
Total ATA 15438.35 11226.7 
Total RTA 10021.5 14197 
Duration multiplier, tm 1 1 

 
Table 3.8: Identification of technical action in cycle for each upper limb Outer Race Machining Process – 
 
SET 1 
Number of actual technical action (nATA) Material processing M/C 1 – Outer Race Machining Process –     
 
SET 1: 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 23.57 per min. 
 f Left limb= 17.14 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 23.57 *655 = 15438.35 
 (nATAL) = 17.14 *655 = 11226.7 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*0.6*1*1*655)*0.85*1 
(nRTA)Right = 10021.5 
(nRTA)Left  = 30*(0.85*1*1*1*655)*0.85*1 
(nRTA)Left = 14197 
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Material processing M/C 2 – Outer Race Machining Process– SET 2 

 Left Upper limb Right upper limb 

  Pick up the piece 

 Open the gate  
  place it in the chuck 

 close the door of machine  

  
Switch on the machine (One side face and 
finish ID) 

  Switch off the machine 

 open the door of machine  

  
remove the piece from the chuck and place 
other piece in chuck 

  Switch ON the machine 

  
Hold the piece & Rotate the piece and 
inspect it visually 

Total technical action (nTC) 3 7 
Cycle Time 30s 30s 
Frequency(f) 6 14 
Repetitive work net time for each task 655 
Units per shift 2000 
Hours without recovery 10.91 
Recovery multiplier 0.75 
Constant of frequency 30 30 
 Right Left 
Force Multiplier, FM 1 0.85 
Posture Multiplier, PM 1 1 
Additional Multiplier, AM 1 1 
Repetitiveness Multiplier, ReM 0.35 1 
Cycle time, tC, s 30 30 
Frequency, f, TA/min 14 6 
Technical Action in cycle, nTC 7 3 
Total ATA 9170 3930 
Total RTA 5158 12526.87 
Duration multiplier, tm 1 1 

 
Table 3.9: Identification of technical action in cycle for each upper limb Outer Race Machining Process – 
SET 2 
 
Number of actual technical action (nATA) Material processing M/C 2 – Outer Race Machining Process–      
 
SET 2: 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 14 per min. 
 f Left limb= 6 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 14 *655 = 9170 
 (nATAL) = 6 *655 = 3930 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*1*0.35*1*655)*0.75*1 
(nRTA)Right = 5158 
(nRTA)Left  = 30*(0.85*1*1*1*655)*0.75*1 
(nRTA)Left = 12526.87 
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Inspection – Outer Race Machining 

 Left Upper limb Right upper limb 

 Face Check Up (One Side) Face Check Up (Other Side) 

 
Outer Dia. Check Up 
(One Side) 

Outer Dia. Check Up 
(Other Side) 

 
X-Y Distance Check Up 
(One Side) 

X-Y Distance Check Up 
(Other Side) 

 
Bore Check Up 
(One Side) 

Bore Check Up 
(Other Side) 

 
Visual Inspection 
(One Side) 

Visual Inspection 
(Other Side) 

Total technical action  5 5 

Cycle Time 14s 14s 

Frequency(f) 21.42 21.42 

Hours without recovery 10.91 

Recovery multiplier 0.9 

Constant of frequency 30 30 

 Right Left 

Force Multiplier, FM 1 0.85 

Posture Multiplier, PM 0.5 0.5 

Additional Multiplier, AM 1 1 

Repetitiveness Multiplier, ReM 0.7 0.7 

Cycle time, tC, s 18 18 

Frequency, f, TA/min 14 14 
Technical Action in cycle, nTC 5 5 
Total ATA 14030 14030 
Total RTA 6189 5261.28 
Duration multiplier, tm 1 1 

 
Table 3.10: Identification of technical action in cycle for each upper limb Inspection – Outer Race 

Machining 
Number of actual technical action (nATA) Inspection – Outer Race Machining: 
 
Step 1: Count the total number of action (nTC). 
Step 2: Evaluate their frequency (f): 
 f = (nTC)*60/Cycle time 
 f right limb= 21.42 per min. 
 f Left limb= 21.42 per min. 
Step 3: Calculate the (nATA):  

= f*shift time in minutes 
 (nATAR) = 21.42 *655 = 14030 
 (nATAL) = 21.42 *655 = 14030 
 
Number of reference technical actions (nRTA): 

(nRTA) = kf*(FM*PM*ReM*AM*t)*RcM*tM 
(nRTA)Right  = 30*(1*0.5*0.7*1*655)*0.9*1 

(nRTA)Right = 6189 
(nRTA)Left  = 30*(0.85*0.5*0.7*1*655)*0.9*1 
(nRTA)Left = 5261.28 
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OCRA Index 

Operation Right Left 
n(atar) n(rta)right n(atal) n(rta)left 

Inner Race 

Material 
processing M/C 1 
– Inner Race 
Machining 
Process– SET 1 

17292 10021 12576 14197 

Material 
processing M/C 2 
– Inner Race 
Machining 
Process– SET 2 

21156.5 7015 9065 9937.98 

Inspection – Inner 
Race Machining 13100 6189 13100 5261 

Total 51548.5 23225 34741  29395.98 
OCRA Index 2.2 1.18 

Outer Race 

Material 
processing M/C 1 
– Outer Race 
Machining 
Process– SET 1 

15438.35 10021.5 11226.7 14197 

Material 
processing M/C 2 
– Outer Race 
Machining 
Process– SET 2 

9170 5158 3930 12526.87 

Inspection – Outer 
Race Machining 14030 6189 14030 5261.28 

Total 38638.35 21368.5 29186.7 31985.15 
OCRA Index 1.80 0.912 

 
Table 3.11: Final Results for OCRA Index for each Upper limb for Both Inner and Outer Race Bearing  
 
CONCLUSION:  
 
As per stated in table 3.1, both the OCRA Index are 
in Acceptable limits or in Green band for right upper  
limbs i.e. 2.2 & 1.80 and for left upper limb i.e. 1.18 
& 0.912 respectively. So there is no need of 
improvement in repetitiveness of job. The reason 
behind that the workers have 8 seconds of relaxation 
while the machine works on specimen. At that time is 
the recovery time for the worker on the job. The total 
time of recovery interval that is uniformly distributed. 
Workers are working on the same machines for the 
two different operations.  
 
The cycle time is 38 & 58 sec. for inner and outer 
race processing respectively and in between the job 
when the machine is operated for the next action then 
the machine operation time will be as the recovery 
time. In cycle time the workers have the 8 second of 
relaxation time. So the job has adequate time for 
muscular recovery after repetitiveness of the technical 
actions. 
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