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Abstract— The main objective of the paper is investigating 

the claim of mechanical optical comparator by developing 

the demonstrative model of comparator. The device is being 

developed in the form of advancement by implementing the 

laser light instead of normal light source. We have 

constructed this using a pivoted lever mechanism, a front 

reflecting mirror, laser light source, base made of wood, etc. 

The instrument is satisfying the requirements of measuring 

standards and can be modified in future in its construction 

for improving its accuracy. 
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I. INTRODUCTION 

Nowadays, industries are growing fully because of the 

quality and accuracy of the product and services they 

provide. The inspection of components is given more 

importance and its sometimes difficult when the case is of 

mass production. Still comparators are proved to be the best 

inspection tool for mass production. There are numbers of 

comparators available in the market according to the 

application but still the problem of time required for 

inspection exist. This can be overcome by making 

advancement in the comparators and making combinational 

devices to achieve high magnification. As to achieve higher 

degree of magnification we developed an advanced model 

of mechanical optical comparator by using the prior 

concepts and principles of mechanical and optical 

comparators. The future research and study of the same can 

be now directly carried out from our results and conclusion. 

A. Problem Statement: 

As when there is manufacturing of components there is 

inspection of the same component and it means the 

requirement of measuring instrument exist. In industries 

various devices used to carry out inspection are based on 

principle such as mechanical, optical, electrical, pneumatic, 

etc. In mass production manufacturing of component is done 

in bulk quantity. The inspection of components in some 

cases of mass production using this principle based 

mechanical comparators are very difficult and using optical 

devices are very costly. So as to achieve higher degree of 

magnification, ease of measuring and for low cost inspection 

we can use a combinational device advance mechanical 

optical comparator. 

B. Objective of project: 

To achieve the satisfactory results, we set few objectives for 

our project as follows: 

1) To develop the working model of mechanical optical 

comparator.  

2) To verify the principle of mechanical optical 

comparator. 

3) To make the advancement in the stated principle. 

4) To construct the accurate and precise instrument. 

C. Scope: 

The scope of the project at the initial stage was of 

developing the demonstration model of the comparator. The 

design of structure of the comparator are been carried out by 

considering the standards of metrology. Also the 

specifications and the parameters were set such that its main 

measuring parameter will be deviation in the height or 

thickness of the work pieces. As with keeping the same 

range and the other specifications were also set for the 

instrument. In this comparator there are two stages of 

magnification out of which one is mechanical magnification 

which was decided to be set as one and so we kept the pivot 

at the center distance of the lever. The total magnification 

achieved by our measuring instrument is 1:4 mm. The least 

count of the instrument we developed is 0.2mm and the 

height range that can be measured through it is 5mm to 

15mm. 

II. LITERATURE REVIEW 

A. Literature Review: 

A.H. Ingle et al. (2017) “The profile projector is a very 

useful optical instrument that is used in industries for the 

purpose of analysis of the shapes of the components used in 

different product. The profile projector males it easy to 

measure the dimensions of the specimen with high accuracy. 

The instrument can be used for the measurement of the 

components that have irregular shapes that cannot be 

measured with conventional methods. This projection screen 

displays the profile of the specimen and is magnified for 

better ease of calculating linear measurements. An edge of 

the specimen to examine may be lined up with the grid on 

the screen”. [1] 

Dr Brelot et al. (1974) “The variable relative 

distanced between the comparator and a test surface is 

measured by means of an optical system comprising a first 

glass-fiber bundle which directs a luminous flux to the 

surface and is sur rounded by a second glass-fiber bundle 

which receives the reflected flux and directs the flux to a 

receiver. The bundle of receiving fibers consists of three 

juxtaposed layers, namely a first layer which is adjacent to 

the emitting bundle and the fibers of which are directed 

towards a first receiver, a second intermediate layer in 

which 50 percent of the fibers are directed towards the first 

receiver and 50 percent of the fibers are directed towards a 

second receiver, and a third external layer of fibers directed 

towards the second receiver”. [2] 

L. B. Fuller et al. (1957) “In this paper the 

invention relates to optical comparators for the inspection 

and measurement of structural parts and objects, by 

comparison with a master chart or out line on which a 
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magnified shadow of the part or object is projected. In a 

well-known type of optical comparator, a parallel beam of 

light is directed upon a part to be inspected or measured.”. 

[3] 

B. Research Gap: 

From the above literature review we found that there are 

many types of comparators available in the present but still 

the scope of the innovation and research exist. The 

mechanical comparators which are available in the market 

have very much difficulty of handling, measuring and also 

the measuring procedure. Similarly, there are many optical 

comparators which can be found to be used but the problem 

using them is the space required the maintenance, 

operational procedure, etc. This gives an opportunity of 

developing new solution for inspection and measurement 

purpose as per requirement of metrology in industry. As an 

alternative solution for this a mechanical optical comparator 

can be developed for achieving the double magnification i.e. 

mechanical magnification due to pivoted lever mechanism 

and optical arrangement as mirror and light source. 

 

III. MANUFACTURING OF UNIT 

1) At the initial stage we begin with the material cutting 

for the model as per decided dimensions previously. 

2) The base was taken first and then the lever material was 

finished up followed by pivot for the lever. 

3) To keep the mechanical magnification as 1 we kept the 

position of pivot at the center of the lever. 

4) Then we used the stainless steel rod of diameter 3mm as 

the plunger and made its one end pointed by carrying 

out grinding operation on grinding machine. 

5) The plunger is fixed to the front end of the lever arm 

with the help of sheet metal strip of 1mm thickness and 

screws. 

6) Similarly, the supporter is mounted at the rear end of 

the lever arm with screw to support the mirror on it and 

transfer deflection of plunger to the mirror. 

7) Then we went for manufacturing of a fixed assembly of 

mirror with bearing and shaft arrangement. 

8) The mirror used here is front reflecting mirror and 

having one directional movement by provision of 

bearing. 

9) The bearing is pressed fitted on the shaft and the M seal 

material is used to fix the mirror over the bearing as 

shown in the fig. 1. 

 
Fig. 1: Shaft, Bearing & Mirror Assembly. 

1) After that raw material cutting was done for the support 

columns so to place the mirror over the supporter. 

2) During the same we fixed the pivot and lever arm on the 

base by using small nails and the wood strips. 

3) Then the drilling operation was carried out using drill 

bit of 8mm diameter on vertical drilling machine for the 

support columns. 

4) The mango wood shaft was manufactured with mini 

jack planner of 8mm diameter and bearing fixed with 

mirror was press fitted on the shaft. 

5) Then the scale frame as per above part drawing was cut 

on the jig saw cutting machine. 

6) The laser is used as the light source which is placed at 

the top of the support columns and it is placed inside the 

enclosed box type casing. 

7) At the final stage we manufactured the casing for the 

remaining body and provided it with screwing 

arrangement so that it can be dismantled whenever any 

repair is to be carried out. 

8) To improve its look and aesthetics we gave an oil paint 

colors such as greenish blue, white, grey, etc. 

 
Fig 2: Manufactured Assembly of Model. 

IV. CONSTRUCTION 

The construction of Advance Mechanical Optical 

Comparator consists of following parts such as:  

1) Base: A ply wood base is used to provide a 

combinational function of support for the instrument 

and the work table as well. It gives a comfort for 

placement of work piece. It has the dimensions such as 

350mm length and 150mm width having 20mm 

thickness.  

2) 2. Lever arm: It is the main mechanical element for 

transmission of deflection from plunger to the supporter 

followed by the tilting of mirror. It is made of small ply 

wood strip of length 260mm having the minimal 

thickness of 4mm and effective width of 20mm.  

3) 3. Pivot: It is the fixed element supported vertically 

over the flat base using the small wood cut piece. Its 

dimensions are 120mm height and 18mm width having 

the small thickness of 4mm. Its function is to hold the 

lever at specific height with provision of revolving 

movement.  

4) 4. Plunger: It is the circular rod having sharp pointed tip 

at one end. The diameter of the rod used is 3mm having 

the length of 100mm. Its function is to detect the height 

from the base by its upward and downward motion. It is 

fixed to the front end of the lever arm with the help of 

screw and sheet metal strip. 

5) 5. Supporter: It is the plain metal strip of length 

100mm, width 10mm and thickness 1mm. The 

supporter has round circumference at the upper end 
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which provides single point of contact with the mirror. 

It is fixed using nails to the back end of the lever arm. 

6) 6. Laser light: It is used as the light source for the 

operation of the instrument. It is placed at the top of the 

support columns within the casing which have switch 

for actuation of laser light. The laser is button cell 

operated laser.  

7) 7. Mirror: It is the reflecting source used on which the 

laser light is incident and get reflected over the scale 

from back. It is the square front reflecting mirror having 

thickness of 2mm and square length of 76mm. 

8) 8. Bearing: The bearing is mounted to the mirror with 

the help of M seal material. The outer diameter of 

bearing is 26mm whereas the inner diameter is 8mm. 

The bearing used is ball bearing and its function is to 

provide rotary motion to the mirror. 

9) 9. Shaft: A shaft is the circular rod of dimeter 8mm and 

has a length of 180mm. The material used for 

manufacturing of shaft is mango wood as it has high 

strength and is filled material. The shaft is fixed with 

pressed fit bearing on it.  

10) 10. Support columns: These are the two vertical 

columns made of using ply wood of length 300mm and 

the width of 50mm having the thickness of 6mm. They 

are used to mount the mirror assembly at the specified 

height. 

11) 11. Scale frame: The scale frame is the rectangular 

slotted part which is used to mount the scale. Its 

external dimensions are 175x80mm and internal 

dimensions are 145x60mm having the thickness of 

4mm. 

12) 12. Laser Casing: The laser casing is the rectangular 

box made up of ply wood of thickness 8mm and the 

dimensional height of box is 80mm. There is the 

provision of slot on the front side of the box where the 

ON/OFF switch is fixed in that slot. There are also three 

small gaps created at the front bottom for the proper 

fixing of box over the screws. The box carries the 

switch along with the laser light unit. 

13) 13. Laminated scale: The laminated scale is the vertical 

quadrant scale of range +5mm to     -5mm. We have 

designed this scale in the “Auto-Cad Designing 

Software”. Then it is laminated in the lamination plastic 

paper.  

14) 14. Body casing: The whole casing is made of wood 

and has been designed such that it can be dismantled 

whenever require for any repair. This is due to fully 

screwing arrangement provision to the casing.   

This whole assembly is very easy to build and can 

be disassembled as screwing arrangement is provided 

throughout the body of instrument. The mechanical 

elements such as pivoted lever mechanism are one complete 

fixed assembly. Similarly, the mirror, bearing and shaft are 

fixed with each other. As there are less no of moving parts 

in the assembly many frictional losses are get reduced. As 

the body is constructed in wood material the weight of the 

comparator is comparatively less than the other ones. The 

constructional assembly of the model is as shown in the 

figure below. 

 
Fig. 3: Front View of Actual Model. 

V. WORKING 

The mechanical optical comparator works on the principle 

of part mechanical amplification and part optical 

amplification. The master piece is placed over the work 

table and with the help of the laser zero settling is done for 

that particular work piece. Then after zero settling the 

components to be inspected are placed over the same. The 

laser light is injected to front reflecting mirror and hence get 

reflect over the scale. The plunger movement is transmitted 

to the mirror by means of pivoted lever arm and supporter. 

The magnification achieved by us in our model is 

1mm=4mm. 

A. Measuring Procedure: 

1) First select the dimension of the components to be 

measured. 

2) Clean the work piece table before placing the 

component to be measured. 

3) Select the standard sized component as master 

component with which others to be compared. 

4) Then switch ON the laser and place the mirror on the 

supporter. 

5) Now place the selected master size component on the 

work table and set the zero with the help of laser 

position. 

6) After zero setting take away the master component. 

7) Now one by one place the components to be inspected 

and note down the readings from the scale. 

8) Note down the readings for the respective components 

in the observation table.  

9) Then on the basis of the results obtained make the 

decision of acceptance and rejection of the components. 

10) The observation table required for the same is as given 

below. 
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B. Observation Table: 

Masters 

Dimension 

Work 

pieces 

Comparator 

Readings 
Avg. 

values 

Deviation 

+/- 
1 2 3 

 

 

For 

Example 

10 mm. 

1      

2      

3      

4      

5      

Table 1: Sample Observation table 

C. Specification: 

1) Range of instrument           -   +5mm to -5mm. 

2) Measuring range of height  -    5mm to 15mm. 

3) Set point of instrument       -   10mm. 

4) Least Count (L.C)               -  0.2mm. 

5) Accuracy of instrument      -   0.4mm. 

6) Laser point Dia.                  -   1mm. 

VI. ADVANTAGES, DISADVANTAGES & APPLICATIONS 

A. Advantages: 

1) It has small number of moving parts and hence a higher 

accuracy. 

2) In the optical comparators, the scale can be made to 

move past a datum line and thus 

3) have high range and no parallax errors. 

4) It has very high magnification. 

5) It does not require skilled labor. 

6) The comparator is very easy to handle and operate. 

7) Less weight compared to other comparators due to 

fewer parts. 

B. Disadvantages: 

1) Cosine error can be occurred due to circular travel of 

plunger. 

2) To achieve fine point of laser high quality expensive 

laser is required. 

3) It is comparatively big in size. 

C. Applications: 

4) In mass production, where components are to be 

checked at a very fast rate.  

5) As laboratory standards from which working or 

inspection gauges are set and correlated.  

6) For inspecting newly purchased gauges.  

7) Attached with some machines, comparators can be used 

as working gauges to prevent work spoilage and to 

maintain required tolerances at all stages of 

manufacturing. 

8) In selective assembly of parts, where parts are graded in 

three or more groups depending upon their tolerances. 

9) For quick and low cost inspection of components. 

VII. RESULTS & DISCUSSIONS 

A. Results: 

After the study of the experimental results and the validation 

results it can be stated that the accuracy of the instrument 

can be defined as 0.4mm and the resolution of the 

instrument is 0.2mm. Through this results the magnification 

achieved by our instrument which is 1:4mm has been 

verified. This results will prove beneficial for the future 

research and development of the instrument. The instrument 

validation certificate and the results obtain are shown below. 

 
Fig. 4: Validation Certificate. 

B. Discussions: 

At the final stage we developed the Advance Mechanical 

Optical Comparator without disturbing the standards of 

metrology and quality control. All the set objectives of the 

project have been achieved with higher accuracy and 

precision. The claim of principle of mechanical optical 

comparator is proved to be true after the completion of 

project. The results are satisfactorily validated and shows 

that the instrument has some errors also. These errors can be 

eliminated. 

C. Future Scope: 

1) The device required fully automation to be done so that 

it can compete with the existing comparators. 

2) If calibrated spring pressure is provided to the plunger, 

then the chances of human errors can be eliminated. 

3) The high quality fine source laser can be implemented 

to increase the degree of accuracy of measurement. The 

parallax error can be eliminated by this changes. 

4) The instrument can be developed and designed into 

metal body to increase its precision and durability. Also 

the instrument becomes reliable for measurement. 
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VIII. CONCLUSION 

After completion of the project we have reached to the 

conclusion that this device is beneficial for the inspection of 

components in mass quantity. The device we developed 

needs more advancement such as automation of inspection 

method. The research and study carried out by us will prove 

the future scope stated and the device can be developed for 

achieving the higher standards of metrology and quality 

control. 
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