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CHAPTER-1

GENERAL

 1.0 Introduction

Increasing demand for product reliability & efficiency has placed a corresponding emphasis on the geometric integrity of components, and their assembly. In engineering applications one often comes across the problems of measurement, of geometrical parameters such as alignment, straightness, squareness, flatness etc. Here we are discussing about the straightness of length measuring instrument.  At many places it is required that the surfaces must be perfectly straight e.g., in a lathe it is desired that tool must move in a straight path to generate perfect cylinder & it is possible only when the controlling guide ways are themselves straight.  Also straight line or plane is the basis of most methods of measurements.  The quality of straightness in Precision Engineering is represented by straight edge. 

Straightness, is a fundamental concept of linear measurements, and is also a functionally important condition of many Engineering products.  The obvious method for establishing or checking the straightness of a surface element is by means of direct contact comparison with a tool of known and adequate straightness.  The sensitivity of such direct comparison is, of course, limited.  The straight edge represents the most commonly used tool for that type of limited sensitivity straightness measurement.  The fundamental principle about straightness measurement is given by Bryan. 

(1) According to Bryan principle, a straightness measuring system should be in line with the functional point at which straightness is to be measured.  

(2) If this is not possible, either the slide ways that transfer the measurement must be free of angular motion or angular motion data must be used to calculate the consequences of the offset.

1.1 General concept of measurement

Measurement is usually done by some kind of comparison, generally by comparing the quantity to be measured with a standard whose value is known in terms of the unit of that quantity. A unit remains a purely abstract concept and cannot be utilized as a practical basis of measurement unless it is defined in terms of a standard, which can be either an arbitrary material representation of a unit or it can be some natural phenomenon.

However, the actual realization even of the primary standards is not simple and they are not in every case ideal, that is to say unchanging and invariable.

1.2 Metrology

Metrology is defined as the science of measurement, and broadly speaking it encompasses the bulk of experimental physics. Man’s knowledge of nature, the universe, and how to adapt nature to his purpose, advances in steps with his ability to measure precisely. 

The primary function of Metrology is to provide uniform standards of measurement, either for purposes of trade or for science and technology, because the standards undeniably constitute the foundations of measurement. But the degree of precision required in the standards for scientific and technological measurement which is a great deal higher than is ordinarily necessary for trade trends to become more exacting with every advance in knowledge, and especially so for the limited number of basic standards upon which a comprehensive system of measurement may be founded. Thus the urge is ever present to improve the basic standards as well as the methods of measurement and to ensure that the system of measurement founded on these standards is sufficiently comprehensive to meet not only all present requirements but also those which may only be foreseen. 

          Measurement is usually done by some kind of comparison, generally by comparing the quantity to be measured with a standard whose value is known in terms of the unit of that quantity. A unit remains a purely abstract concept and cannot be utilized as a practical basis of measurement unless it is defined in terms of a standard, which can be either an arbitrary material representation of a unit or it can be some natural phenomenon.

  The origins of the meter go back to at least the 18th century. At that time, there were two competing approaches to the definition of a standard unit of length. Some suggested defining the meter as the length of a pendulum having a half-period of one second; others suggested defining the meter as one ten-millionth of the length of the earth's meridian along a quadrant (one fourth the circumference of the earth). In 1791, soon after the French Revolution, the French Academy of Sciences chose the meridian definition over the pendulum definition because the force of gravity varies slightly over the surface of the earth, affecting the period of the pendulum. 

       Thus, the meter was intended to equal 10-7 or one ten-millionth of the length of the meridian through Paris from pole to the equator. However, the first prototype was short by 0.2 millimeters because researchers miscalculated the flattening of the earth due to its rotation. Still this length became the standard. In 1889, a new international prototype was made of an alloy of platinum with 10 percent iridium, that was to be measured at the melting point of ice.  

       The 1889 definition of the meter, based upon the artifact international prototype of platinum-iridium, was replaced by the CGPM in 1960 using a definition based upon a wavelength of krypton-86 radiation. This definition was adopted in order to reduce the uncertainty with which the meter may be realized. In turn, to further reduce the uncertainty, in 1983 the CGPM replaced this latter definition by the following definition: 

The meter is the length of the path traveled by light in vacuum during a time interval of 1/299 792 458 of a second.

The effect of this definition is to fix the speed of light in vacuum at exactly 299 792 458 m·s-1. 

Definition of straightness of a line in two planes

A line is said to be straight over a given length, if the variation of the distance of its points from two planes perpendicular to each other and parallel to the general direction of the line remains within the specified tolerance limits, the reference planes being so chosen that their intersection is parallel to the straight line joining two points suitably located on the line to be tested and the two points being close to the ends of the lengths to be measured.  The tolerance on the straightness of a line is defined as the maximum deviation in relation to the reference straight line joining the two extremities of the line to be checked.
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It is the usual practice to state the range of measurement, i.e., the length to be checked, and the position of the tolerance in relation to the reference straight line.  In most of the  cases, the parts are very close to the ends and often have local errors of no great importance. Then we may neglect such type of errors. 

1.3 Straightness measurement and its importance

At many places it is required that the surfaces must be perfectly straight e.g., in a lathe it is desired that tool must move in a straight path to generate perfect cylinder & it is possible only when the controlling guide ways are themselves straight.  Also straight line or plane is the basis of most methods of measurements. The quality of straightness in Precision Engineering is represented by straight edge. Straightness, is a fundamental concept of linear measurements, is also a functionally important condition in many engineering products.  The obvious method for establishing or checking the straightness of a surface element is by means of direct contact comparison with a tool of known and adequate straightness.  The sensitivity of such direct comparison is, of course, limited.  The straight edge represents the most commonly used tool for that type of limited sensitivity straightness measurement.  The fundamental principle about straightness measurement is given by Bryan. According to Bryan principle, a straightness measuring system should be in line with the functional point at which straightness is to be measured. If this is not possible, either the slide ways that transfer the measurement must be free of angular motion or angular motion data must be used to calculate the consequences of the offset.

1.4 Different methods of Straightness measurement

There are so many contact and non-contact methods for straightness measurement. Some of the commonly used methods are: 

(1) Contact type – Using three- dimensional CMM, this measurement is made by defining the coordinate system along with the plane and using straight edge as a reference. The other methods may be using electronic probe and reference cylinder using slip gauges. 

(2) Non-contact type – In the non-contact method the most commonly used is Laser Interferometer using special straightness optics . Interference in terms of differential length measurement (Straightness) is measured. Normally a special software is attached in the Laser Interferometer system to find out the standard deviation in the straightness measurement. Autocollimator is another important and accurate instrument to measure the straightness / flatness of a surface. It is world wide used for measurement / calibration because of its high accuracy.      

1.41 Contact Vs Non-contact methods 

(1) Contact method: In the contact method, probe or stylus is normally touched with the measuring surface like in 3D CMM and electronic probe. In the contact type method normally the uncertainty of measurement is higher in comparison with non-contact method. 

(2) Non-contact method: In the non-contact method normally the surface is not touched by the measuring systems. There are many systems available which have highest accuracy in range of 0.1-0.2 sec of arc. The measuring instruments are Laser interferometer and Auto collimator and image processing systems using CCD camera and special software.   

traightness measurement and its importance

At many places it is required that the surfaces must be perfectly straight e.g., in a lathe it is desired that tool must move in a straight path to generate perfect cylinder & it is possible only when the controlling guide ways are themselves straight.  Also straight line or plane is the basis of most methods of measurements. The quality of straightness in Precision Engineering is represented by straight edge. Straightness, is a fundamental concept of linear measurements, is also a functionally important condition in many engineering products.  The obvious method for establishing or checking the straightness of a surface element is by means of direct contact comparison with a tool of known and adequate straightness.  The sensitivity of such direct comparison is, of course, limited.  The straight edge represents the most commonly used tool for that type of limited sensitivity straightness measurement.  The fundamental principle about straightness measurement is given by Bryan. According to Bryan principle, a straightness measuring system should be in line with the functional point at which straightness is to be measured. If this is not possible, either the slide ways that transfer the measurement must be free of angular motion or angular motion data must be used to calculate the consequences of the offset.

2.2 Components of Autocollimator 

  The description of  autocollimator assemblies is given below:-

1) Auto collimator measuring head.

2) Evaluation unit

(1) Autocollimation Measuring head:- The autocollimator measuring head consists of an objective tube with objective lens and the auto collimation head.  The auto collimation measuring head contains the illumination unit, the optical beam splitter and two CCD lines with electronics for signal processing. The autocollimator is connected to the evaluation unit via cable.

(2)  Evaluation unit: -The evaluation unit contains the power supply unit and the complete unit for electronic processing of measuring signals, and the digital indicator for measuring values. Figure 4 and figure 5 shows the evaluation unit.

Menu Guided Evaluation Unit 

After switching on the ELCOMAT 2000, we will read on the display:-

‘Auto Collimator’

‘Choose function’

If we find on the display:-

‘Auto Collimator not calibrated’

‘Choose function’

This means that a measuring head which is connected  is not calibrated.

For recalling the single programs depress once the corresponding program button and using this button we may leave the program All program steps which are performed will be confirmed by an audible signal.

2.3 Allignment Procedure 

This program assists during the alignment of the autocollimator.

If this program is selected and no base mirror is aligned to the measuring head, the following message will appear by depressing the button (ALIGN):


‘No signal on X’


‘No signal on Y’

If a mirror is installed and aligned, the measuring data are indicated in ‘arc seconds’.

The stated arc data are absolute values which are related to the optical axis of the autocollimator.

Interchanging between the channels X and Y is performed by buttons ‘NEXT’ and ‘LAST’.  If a channel is not aligned, the following message appears:


‘No signal on X (Y)’


‘Try other channel’

Figure.6 shows the operating cycle of the program ALIGNS.


[image: image1.wmf]
Fig. 6  Operating cycle ‘Align’

2.4 Applications of Autocollimators 

The autocollimators are used for : - 

(1) Measurements of straightness of a straight edge or a machine bed.

(2) Alignment of machine beds or machine slides, or alignment of perpendicular surfaces.

(3) Measurement of flatness of a surface plate or any flat surface. 

(4) Measurement of squareness of an engineers square, optical square or any square. 

(5) Calibration of angle gauge blocks, polygons, V-blocks or any other angular artifacts.

(6) Calibration of angle measuring device fitted with a circular graduated scale, or an indexing fixture.

(7) Measurement of small angular displacements, or small mechanical movements.

CHAPTER – 3

LASER

3.0 Laser

LASER is an acronym for Light Amplification by Stimulated Emission of Radiation.  In a laser the process of stimulated emission is used for amplifying light waves. Einstein first predicted the existence of two different kinds of processes by which an atom can emit radiation, these are called spontaneous and stimulated emissions.

3.1 Types of Laser 

  There are following types of laser :-

(a) Solid state lasers : ruby , Nd : YAG , Nd : glass ; 

(b) Gas lasers : He-Ne , argon ion and CO2 

(c) Liquid lasers : dyes ; 

(d) Semiconductor lasers

(a) Solid state lasers

 Ruby lasers:  In this laser emission occurs at an output wavelength of 6943 Å . The ruby laser is also attractive from an application point of view since its output lies in the visible region where photographic emulsions and photo detectors are much more sensitive then they are in infrared region . Ruby lasers find applications in pulsed holography, in laser ranging etc.

     Neodymium based lasers: 

The Nd : YAG laser ( YAG stands for yttrium aluminium garnet which is Y3Al5O12 ) and the Nd : glass laser are two very important solid state laser systems in which the energy levels of the neodymium ion take part in laser emission. Nd : YAG lasers find many applications in range finders , illuminators with Q- switched operation giving about 10-50 pulses per second with output energies in the range of 100mJ per pulse and pulse width ~ 10ns . They also finds applications in resistor trimming, scribing , micro machining operations as well as welding , Hole drilling etc.     

(b) Gas lasers

 He – Ne laser: The He – Ne laser consists of a long and narrow discharge tube (diameter ~ 2-8 mm and length 10-100 cm ) which is filled with helium and neon with typical pressures of 1mm Hg and 0.1 mm Hg. The two important wavelengths from He-Ne laser are 1.15 m and 3.39 m.      

Argon ion laser : In an argon ion laser the energy levels of the ionized argon atom is used and the laser emits various discrete lines in the 3500-5200 Å wavelength region . 

The CO2 laser : In a CO2 laser the transition occurs between different vibrational states of the carbon dioxide molecule. CO2 laser is used in open air communications . 

(c) Liquid lasers : 

     Dye lasers :  The most widely used tunable lasers in the visible region is the organic dye laser. The dyes used in the lasers are organic substances which are dissolved in solvents such as water, ethyl alcohol , methanol , ethylene glycol etc.

(d) Semi conductor lasers :   

The semiconductor laser is also known as junction laser or the diode laser. It is one of the most important type of laser with its very important application in fibre optic communication. Its output varies with the change in the diode current. These lasers use semiconductors as the lasing medium and are characterized by specific advantages such as the capability of direct modulation into the gigahertz  region , small size and low cost, the capability of monolithic integration with electronic circuitry , direct pumping with conventional electronic circuitry and compatibility with optical fibres . Its wavelength range is in near visible to infrared light.  

3.2 Application of Diode Laser 

Its output varies with the change in diode current. Its main applications are : 

(1) Fibre optic communication

(2) Metrology – measurement

(3) Research and development 

(4) Biomedical / Medical 

3.3 Laser Attachment :- 

The laser attachment is used for easier adjustment of telescopes and autocollimators in relation to plane mirrors or to other plane optical components (prisms, polygons, plane plates).  The laser attachment is designed for autocollimators and telescopes with a tube diameter of 65 mm. (fig.7)

 The laser attachment consists of : - 

Housing

Laser diode with driver electronics 

Socket for power supply of Laser diode

A locking screw


The laser beam emitted from a laser diode is reflected at the plane reflector (mirror, polished plane plate or prism).  The adjustment of the mirror or autocollimator is performed if the emitted laser beam is imaged in itself.  This is achieved by a relevant tilt of the reflector or the autocollimator.  The principle of functioning is shown in figure.8

CHAPTER-4

HEIGHT GAUGE

4.0 Construction / Function of Height Gauge :-

INSTRUMENT CONSTRUCTION   (fig.9)

1. Cast iron column with lapped stainless steel guiding surfaces 

2. Capacitive scale, SYLVAC system

3. Cast iron base having three stainless steel supporting pants 

4. Three point air bearing, symmetrical weight distribution (air cushion thickness: max. 2m)

5. Adjustable operating handle including press – button to activate the air cushion 

6. Measuring head, guided on precision ball races 

7. Incorporated electronic display unit, SYLVAC system 

8. Displacement of the measuring carriage by hand wheel which embodies locking lever and fine adjustment screw

9. Floating, damped probe suspension allows dynamic or static touch with very low measuring pressure (set to 1,2 N, adjustable 0.7 – 3N)

10. Interchangeable holders and measuring inserts

11. Locking knobs to fix the interchangeable holders 

12. Top plate with integrated rechargeable battery pack (6V/4Ah) Operational time: 30 hours 

13. ON / OFF switch

14. Connection for charging unit / main power supply

15. RS 232C data output

16. Location for standard printer 

17. TRANSPORT SAFETY DEVICE 

A screw locks the counter-weight of the measuring carriage during transport.

 ELECTRONIC DISPLAY UNIT 

FUNCTIONS OF THE INCORPORATED ELECTRONIC DISPLAY UNIT   (fig.10)

1) Clearly defined display (DOT matrix), 10 segments, green, dialog mode operation

2) Basic functions

3) Additional functions 

4) Plug for connection of a SYLVAC probe

5) Locking screw: locks the floating probe suspension 

6) Adjustment screw: controls the adjustment of the measuring pressure from 0.7 – 3N

7) Transport Safety Device for the balance control of the floating probe suspension (screw)

8) Control screw to adjust the floating probe suspension 

BASIC FUNCTIONS

· Surface to surface measurements,

· Surface to centerline,

· Centerline dimensions of bores and shafts,

· Internal and external diameters etc.

ADDITIONAL FUNCTIONS ENABLE 

· The print-out of all accepted values,

· The programming of a measuring sequence 

· Input of tolerances for batch quantities,

· Evaluation of X-Y coordinate values, P.C.D., radius and angle, alignment of a component,

· Measuring of squareness using the SYLVAC probe which will be directly connected to the digital indication unit,

· Measuring with two references 

4.1   Application of Height Gauge


Height Gauge is used for the measurement of internal diameter and outer diameter of object as well as linear dimension like step gauges . It can also be used for the measurement of taper . 

4.2   Accuracy of Height Gauge 

Accuracy over the full range
:
3 + ( L mm / 300 ) m

Repetitive accuracy

:
0.001 mm or  0.0001” 

CHAPTER – 5

Experimental set up

5.0
Alignment of auto collimator:-


Alignment of the autocollimator with the electronic alignment aid and the viewfinder prism  The autocollimator is placed on the granite table.


 Then we locate a base mirror in front of the autocollimator with only little space.


The image of the autocollimator may be caught quickly and simply via electronic alignment aid.  Then the program ‘ALIGNS’, measures height and width . 
Then by using button ‘ALIGN’ we recall the program for aligning the measuring setup. Normally the following message appears:


‘No signal on X’


‘No signal on Y’


For finding the auto collimation signal of the X-axis, the base mirror should slightly be turned.  After the ‘beep’ signal, depress the button ‘NEXT’ to find the Y-axis. 


A poor signal might be caused by the fact that the optical axes of the base mirror and of the autocollimator are parallelly misaligned.  This may be remedied by lateral and height adjustment of the base mirror.

   The measuring accuracy depends on the number of measuring points along the line. Many measuring points cause a lower accuracy. The number of measuring points is determined by the base length of the mirror. 


     Straightness measurement of height gauge using Autocollimator

Procedure: 

1) The autocollimator is placed on the granite table. Then after aligning the autocollimator we proceed for the further measurements. 

2) Then we replace the base mirror by a retro-reflector and place it in front of the autocollimator. 

3) Then we paste a paper with a circular spot on it on the probe attached with the height gauge and align the beam.

4) After aligning the beam we paste the mirror on the probe attached with the height gauge whose straightness is to be measured and is placed just above the retro reflector so that the laser beam coming from the autocollimator will reflect back.

5) The autocollimator light beam is aimed at the center of the mirror. Then we move the mirror to the end of the height gauge and see whether the signal is measured

6) If there is no any signal then we tilt the mirror at an angle such that we get a signal.

7) Then once we adjust the mirror and get a signal then we will not change the adjustment of it. Then the mirror is moved to the end of the height gauge and the signal can be measured at different position of the height gauge.

8) Ray diagram is shown in figure.11.

5.1 Measurement Result 

Below are given some tables giving the variations in X and Y direction while placing the reflecting mirror at different positions of height gauge. From these observation we will find the standard deviation which is the positive square root of the variance and then using this we will find the uncertainty in X and Y.

Components of uncertainty may be categorized according to the method used to evaluate them:

 (1)
  Type A evaluation:
Method of evolution of uncertainty by the statistical analysis of series of observations.

(2)
Type B evaluation:
Method of evolution of uncertainty by means other than the statistical analysis of series of observations.

Standard Uncertainty:
Each component of uncertainty is represented by an estimated standard deviation, termed as standard uncertainty with symbol ui    and is equal to the positive square root of the estimate variance ui2     

A Type A evaluation of standard uncertainty may be based on any valid statistical method for treating data. In a type A evaluation we consider an input quantity Xi whose value is estimated from N independent observations Xi ,k of Xi obtained under the same condition of measurement. 

In this case the input estimate xi is usually the sample mean –





xi
=
Xi






=
1/n  Xi, k

And the standard uncertainty u(xi) to be associated with xi is the estimated standard deviation of the mean





u (xi)
=
s ( Xi )





u (xi)
=
 1/n  ( Xi, k - Xi )2  1/2

A Type B evaluation of standard uncertainty needs the following relevant information:

Measurement data

Experience with, or general knowledge of, the behavior and property of relevant materials and instruments

Manufacturer’s specifications

Data provided in calibration and other reports

Uncertainties assigned to reference data taken from handbooks.  

	Distance 
	 Up
	Down
	Mean
	 Up
	 Down
	Mean
	 Up
	Down
	Mean
	 Up
	Down
	Mean
	 Up
	 Down
	Mean

	(mm)
	
	
	 X1 (sec)
	
	
	X2 (sec)
	
	
	X3 (sec)
	
	
	X4 (sec)
	
	
	X5

(sec)

	 0.000
	258
	252
	255
	256
	252
	254
	256
	253
	254.5
	257
	251
	254
	269
	265
	267

	200
	284
	278
	281
	279
	277
	278
	278
	277
	277.5
	281
	277
	279
	294
	290
	292

	400
	282
	276
	279
	278
	276
	277
	277
	276
	276.5
	277
	277
	277
	294
	292
	293

	600
	295
	290
	292.5
	294
	290
	292
	294
	290
	292
	293
	289
	291
	303
	303
	303

	800
	346
	342
	344
	346
	342
	344
	346
	342
	344
	345
	342
	343.5
	359
	355
	357


Variation in X-axis by moving mirror up and down along height gauge at its different height

Variation  in X-axis by moving mirror up and down along height gauge at its different height


Straightness  along  X–axis  after  mathematical  alignment  @  16 sec./200 mm  

	Height (mm)
	  X1

(sec)
	  X2

(sec)
	  X3

(sec)
	  X4

(sec)
	  X5

(sec)
	  Mean

(sec)
	Value after mathematical alignment @ 16sec/200mm  

	0.000
	  0
	   0
	   0
	   0
	    0
	  0
	  0

	200
	 26
	  24
	  23
	  25
	   25
	 24.6
	 8.6

	400
	 24
	  23
	  22
	  23
	   26
	 23.6
	- 8.4

	600
	 37.5
	  38
	  37.5
	  37
	   36
	 37.2
	- 10.8

	800
	 89
	  90
	  89.5
	  89.5
	   90
	 89.6
	 25.6


Table for Standard Deviation

	Distance (mm) 
	Mean of (ai--a1) = x
	[(ai--a1) – x]2
	[(ai--a1) – x]2 / n
	[(ai--a1) - x]2  / n

	0.000
	0
	0
	0
	0

	200
	24.6
	5.2
	1.04
	1.019

	400
	23.6
	9.2
	1.84
	1.356

	600
	37.2
	0.58
	0.116
	0.341

	800
	89.6
	0.54
	0.108
	0.329


Capability of Auto collimator

u1
=
0.25 sec.

Height Gauge



u2
=
0.4 sec.

Least count of the auto collimator
u3
=
0.1 sec.

Highest value of standard deviation 
u4
=
1.36 sec.

Combined Std deviation
                        =    ui2 

                                                                        =    (0.25)2 + (0.4)2 + (0.1)2 + (1.36)2 

                                                                        =    2.083  

                                                                        =     1.443 sec.

     Total Uncertainty          =      2 x Combined Standard Deviation

                                           =      2 x 1.443

                                           =      2.886 sec.

Variation in Y by moving the mirror up and down along the height gauge at different distances


Straightness along Y- axis after mathematical alignment @ 2sec/200mm

	Distance (mm)
	 Y1 (sec)
	 Y2(sec)
	 Y3(sec)
	 Y4(sec)
	 Y5 (sec)
	Mean (sec)
	Value after mathematical alignment @ 2sec/200mm

	0.000
	 0
	 0 
	 0
	 0
	 0 
	 0
	   0

	200
	 0.5
	 2
	 1
	 0.5
	 0.5
	 0.9
	-1.1

	400
	 4
	 4.5
	 4
	 4.5
	 3.5
	 4.1
	  0.1

	600            
	 7
	 8
	 6.5
	 6.5
	 7.5
	 7.1
	  1.1 

	800
	 7.5
	 8
	 7
	 7
	 7.5
	 7.4
	- 0.6


Table for Standard Deviation

Capability of Auto collimator

u1
=
0.25 sec.

Height Gauge



u2
=
0.4 sec

Least Count of the auto collimator
u3
=
0.1 sec

Highest value of standard deviation
u4
=
0.58 sec.

Combined standard deviation     =         ui2         






=
 (0.25)2+(0.4)2+(0.1)2+(0.58)2






=
 0.573

=
0.757 sec.

Total uncertainty
= 
2x combined standard deviation 




=
2x 0.757
=
1.514 sec.

Variation in X by moving the mirror up and down along height gauge at its different distances 

	Distance

(mm)
	X1(sec)
	ai-a1

i =1,---5
	X2(sec)
	ai-a1

i =1,---5
	X3(sec)
	ai-a1

i =1,---5
	X4(sec)
	ai-a1

i =1,---5
	X5(sec)
	ai-a1

i =1,---5

	0.000


	-740 (a1)
	0
	-735.5 (a1)
	0
	-733 (a1) 
	0
	-663.5 (a1) 
	0
	-665 (a1)
	0

	200


	-713.5 (a2)
	26.5
	-711.5 (a2)
	24
	-709 (a2)
	24
	-640.5 (a2)
	23
	-640.5 (a2)
	24.5

	400


	-716 (a3)
	24
	-714 (a3)
	21.5
	712.5 (a3)
	20.5
	-643 (a3)
	20.5
	-642.5 (a3)
	22.5

	600


	-704  (a4)
	36
	-700.5 (a4)
	35
	-699 (a4)
	34
	-629.5 (a4)
	34


	-631.5 (a4)
	33.5

	800


	-652.5 (a5)
	87.5
	-649.5 (a5)
	86
	-648 (a5)
	85
	-579.5 (a5)
	86
	-580 (a5)
	85


Straightness along X-axis after mathematical alignment @ 16sec/200mm

	Distance (mm)
	 X1 (sec)
	  X2(sec)
	 X3(sec)
	 X4(sec)
	  X5(sec)
	    Mean (sec)
	Value after mathematical alignment @ 16sec/200mm

	0.000
	  0
	  0
	  0
	  0
	  0
	  0
	  0

	200
	  26.5
	  24
	  24
	  23
	  24.5
	  24.4
	  8.4

	400
	  24
	  21.5
	  20.5
	  20.5
	  22.5
	  21.8
	 -10.2

	600
	  36
	  35
	  34
	  34
	  33.5
	  34.5
	 -13.5

	800
	  87.5
	  86
	  85
	  84
	  85
	  85.5
	  21.5


Table for Standard Deviation

	Distance (mm) 
	Mean of (ai--a1) = x
	[(ai--a1) - x]2
	[(ai--a1) - x]2 / n
	[(ai—a1) – x]2  / n

	0.000
	0
	0
	0
	0

	200
	24.4
	6.7
	1.34
	1.158

	400
	21.8
	8.8
	1.76
	1.327

	600
	34.5
	4.0
	0.8
	0.894

	800
	85.5
	7.0
	1.4
	1.183


Capability of Auto collimator

u1
=
0.25 sec.

Height Gauge



u2
=
0.4 sec

Least Count of the auto collimator
u3
=
0.1 sec

Highest value of standard deviation
u4
=
1.33 sec.

Combined standard deviation =           ui2






=
 (0.25)2+(0.4)2+(0.1)2+(1.33)2






=
 2.002

=
1.415 sec.

total uncertainty
= 
2x combined standard deviation 




=
2x 1.415
=
2.83 sec.

Variation in Y by moving the mirror up and down along the height gauge at its different distances

	Distance (mm )
	Y1 (sec)
	ai-a1

i =1,---5
	Y2(sec)
	ai-a1

i =1,---5
	Y3(sec)
	ai-a1

i =1,---5
	Y4(sec)
	ai-a1

i =1,---5
	Y5(sec)
	ai-a1

i =1,---5

	0.000


	-128.5 (a1)
	0
	-119 (a1) 
	0
	-113 (a1)
	0
	-52.5 (a1)
	0
	-49 (a1)
	0

	200


	-126.5 (a2) 
	2
	-117 (a2)
	2
	-112.5 (a2) 
	0.5
	-51.5 (a2)
	1
	-47 (a2)
	2

	400


	-123.5  (a3)
	5
	-114 (a3)
	5
	-107.5 (a3)
	5.5
	-48.5 (a3)
	4
	-44.5 (a3)
	4.5

	600


	-120.5 (a4)
	8
	-110 (a4)
	9
	-106 (a4)
	7
	-46 (a4)
	-6.5
	-42 (a4)
	7

	800


	-118.5 (a5)
	10
	-108 (a5) 
	11
	-103.5 (a5)
	9.5
	-43.5 (a5) 
	9
	-39.5 (a5)
	9.5


Straightness along Y-axis after mathematical alignment @ 2sec/200mm

	Distance (mm)
	 Y1 (sec)
	 Y2 (sec)
	  Y3 (sec)
	  Y4 (sec)
	  Y5 (sec)
	  Mean (sec)
	 Value after mathematical alignment @ 2sec/200mm

	0.000
	  0
	  0
	  0
	  0
	  0
	  0
	  0

	200
	  2
	  2
	  0.5
	  1
	  2
	  1.5
	 -0.5

	400
	  5
	  5
	  5.5
	  4
	  4.5
	  4.8
	  0.8

	600
	  8
	  9
	  7
	 -6.5
	  7
	  7.5
	  1.5

	800
	  10
	  11
	  9.5
	  9
	  9.5
	  9.8
	  1.8


Table for Standard Deviation

	Distance (mm ) 
	Mean of (ai--a1) = y
	[(ai--a1) - y]2
	[(ai--a1) - y]2 / n
	[(ai--a1) - y]2 / n 

	0.000
	0
	0
	0
	0

	200
	1.5
	1.7
	0.34
	0.583

	400
	4.8
	1.3
	0.26
	0.509

	600
	7.5
	2.5
	0.50
	0.707

	800
	9.8
	0.12
	0.024
	0.155


Capability of Auto collimator

u1
=
0.25 sec.

Height Gauge



u2
=
0.4 sec

Least Count of the auto collimator
u3
=
0.1 sec

Highest value of standard deviation
u4
=
0.71 sec.

Combined standard deviation    =           ui2






=
 (0.25)2+(0.4)2+(0.1)2+(0.71)2






=
 0.737

=
0.858 sec.

Total uncertainty
= 
2x combined standard deviation 




=
2x 0.858
=
1.716 sec.

CHAPTER-6

CONCLUSION

We made the measurement using high accuracy autocollimator with Laser attachment for straightness measurement. It is realized that the system is quite simple in use and gives a very good repeatability. In our case the angular straightness of the height gauge along X-Y directions comes out to be 


Angular straightness of the height gauge along X-direction

-
35.7 sec.


Angular straightness of the height gauge along Y-direction

-
2.25 sec.

The uncertainty of measurement comes out to be-


Uncertainty in X-axis






-
2.858 sec.


Uncertainty in Y-axis






-
1.615 sec.

Application :-

 The method for measuring the straightness deviations of a translatory stage constitute essential straightness error measurements for different types of precision length measuring machine beds such as metroscopes, workshop microscopes, co-ordinate measuring machines, milling machines and various types of CNC (COMPUTER NUMERICAL CONTROL) machines etc.
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Distance (mm)�
X1(sec)�
ai-a1


 I =1,---5�
X2(sec)�
ai-a1


 i =1,---5�
X3(sec)�
ai-a1


 i =1,---5�
X4(sec)�
ai-a1


 i =1,---5�
X5(sec)�
ai-a1


 i =1,---5�
�
0.000


�
255 (a1)�
0�
254 (a1)�
0�
254.5 (a1)�
0�
254 (a1)�
0�
267 (a1)�
0�
�
200


�
281 (a2)�
26�
278 (a2)�
24�
277.5 (a2)�
23�
279 (a2)�
25�
292 (a2)�
25�
�
400


�
279 (a3)�
24�
277 (a3)�
23�
276.5 (a3)


�
22�
277 (a3)�
23�
293 (a3)�
26�
�
600


�
292.5 (a4)�
37.5�
292 (a4)�
38�
292 (a4)�
37.5�
291 (a4)�
37�
303 (a4)�
36�
�
800


�
344 (a5)�
89�
344 (a5)�
90�
344 (a5)�
89.5�
343.5 (a5)�
89.5�
357 (a5)�
90�
�



Distance (mm)�
Y1 (sec)�
ai-a1


i =1,---5�
Y2(sec)�
ai-a1


i =1,---5�
Y3(sec)�
ai-a1


i =1,---5�
Y4(sec)�
ai-a1


i =1,---5�
Y5(sec)�
ai-a1


i =1,---5�
�
0.000


�
32 (a1)�
0�
38.5 (a1)�
0�
41.5 (a1)�
0�
42.5 (a1)�
0�
53.5 (a1)�
0�
�
200


�
32.5 (a2)�
0.5�
40.5 (a2)�
2�
42.5 (a2)�
1�
43 (a2)�
0.5�
54 (a2)�
0.5�
�
400


�
36 (a3)�
4�
43 (a3)�
4.5�
45.5 (a3)�
4�
47 (a3)�
4.5�
57 (a3)�
3.5�
�
600


�
39 (a4)�
7�
46.5 (a4)�
8�
48 (a4)�
6.5�
49 (a4)�
6.5�
61 (a4)�
7.5�
�
800


�
39.5 (a5)�
7.5�
46.5 (a5)�
8�
48.5 (a5)�
7�
49.5 (a5)�
7�
61 (a5)�
7.5�
�



Distance (mm)�
Mean of (ai--a1) = y�
[(ai--a1) - y]2�
[(ai--a1) - y]2 / n �
[(ai--a1) - y]2  / n�
�
0.000�
0.0�
0�
0�
0�
�
200�
0.9�
1.7�
0.34�
0.583�
�
400�
4.1�
0.7�
0.14�
0.374�
�
600�
7.1�
1.7�
0.34�
0.583�
�
800�
7.4�
0.7�
0.14�
0.374�
�
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