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AIM: To calibrate the given pressure gauge

APPARATUS: Pressure cell / sensor/ gauge, Dial type pressure cell indicator, Digital pressure Indicator

THEORY: Many techniques have been developed for the measurement of pressure and vacuum. Instruments used to measure pressure are called pressure gauges or vacuum gauges. A 'manometer' is an instrument that uses a column of liquid to measure pressure, although the term is often used nowadays to mean any pressure measuring instrument. A pressure sensor / gauges measures pressure, typically of gases or liquids. Pressure is an expression of the force required to stop a fluid from expanding, and is usually stated in terms of force per unit area. A pressure sensor usually acts as a transducer; it generates a signal as a function of the pressure imposed. Pressure sensors are used for control and monitoring in thousands of everyday applications. Pressure sensors can also be used to indirectly measure other variables such as fluid/gas flow, speed, water level, and altitude. Pressure sensors can alternatively be called pressure transducers, pressure transmitters, pressure senders, pressure indicators, piezometers and manometers, among other names.


SPECIFICATIONS:
Capacity: 10 kg / cm2.
Type: Strain gauge type.
Sensing Element: Resistances strain gauges.
Over Load: 10 % rated capacity.
Operating Temp: 100 C to 500 C
Excitation: 10 volts D C
Resistance in ohm‘s: 350 Ohms typical

[image: ]
Figure 1: Experimental Set up 


PROCEDURE:
1. Make sure that dead weight pressure tester is filled with oil. To fill oil, fill the oil fully in the oil cup provided. Move the plunger to and fro so that all the air inside the reservoir will be filled with oil completely.
2. Connect the pressure cell to the pressure indicator through given cable.
3. Connect the instrument to mains i.e., 230 volts power supply and switch on the instrument.
4. Check up the dead weight pressure tester plunger is to the extreme end so that there should not be any load or pressure on the piston.
5. Now adjust the zero point of the indicator, to indicate zero.
6. Apply the load of 10kg on the piston.
7. Move the plunger to apply pressure on the piston. When applied pressure reaches 10 kg/cm2, piston will start moving up.
8. Now read the pressure gauge reading and adjust the cal pot of the indicator to same pressure, as the analog reading. Now the given pressure cell is calculated. 
9. Release the pressure fully by rotating the plunger. 
10. Load the piston by one kg; apply the pressure by rotating the plunger. At a Pressure of one kg /cm2, piston starts lifting up. Note down the reading. 
11. Repeat the experiment for different loads on the piston step by step, and note down the readings of dial gauge and pressure indicator, simultaneously in every step.
12. Calculate the percentage error and plot the graph.

[image: ]
                                                       Figure 2: ????????????
 Result Table:
	S. No.
	Actual Pressure (Pa)             ( kg/cm2)

	Pressure shown in
digital indicator
(Pi )
(kg/cm2)
	Error
Pi – Pa
	% Error
(Pi – Pa) ×100 / Pa


	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	

	5.
	
	
	
	

	6.
	
	
	
	

	7.
	
	
	
	

	8.
	
	
	
	

	9.
	
	
	
	

	10.
	
	
	
	



Calculation: % Error = (Indicated Pressure – Actual Pressure) X 100
                                                           
                                                           Actual Pressure


Plot the Graphs as follows:
1. Indicated Pressure v/s Actual Pressure
2. Indicated Pressure v/s Percentage error

APPLICATIONS:

· Pressure gauges are used for variety of industrial and application-specific   pressure monitoring applications. Their uses include visual monitoring of air & gas pressure for compressors, vacuum equipment, process lines & specialty tank applications such as medical gas cylinders & fire extinguishers.
· Fluid pressure industrial hydraulic circuits.
· Measurement of steam pressure in power plants & boilers.
· Measurement of pressure in large pumping stations/ water works/ or minor/major irrigations.
	
RESULTS:
Finally the pressure gauge has been calibrated.
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AIM: To calibrate given load cell by actual load.
APPARATUS: Load cell of (10 kg capacity), dead weights and digital load indicator.
THEORY: Weighing load/force using spring deflection is widely accepted one. But the deflection of spring reading mechanically is very tedious and time consuming. One of the most effective & accurate method is using strain gauge based load cells. Using the principle of deflection of high tensile strength material when load is applied on it and converting it into proportional electrical signal by using strain gauges will give accurate way of measuring load. Strain gauges are bonded on the columns of corrosion resistance super tough alloy of high tensile strength steel that deforms very minutely under load. This deformation is converted to electrical signal through strain gauges bonded on the column and connected to form a wheat stone bridge. This electrical output is proportional to the load acting on the columns. The output of the load cell is calibrated with reference to some standard i.e. primary standard i.e. dead weights
[image: ]

PROCEDURE:
1. Connect the load cell to digital indicator inserting the corresponding color codes.

2. Connect the digital indicator to mains and switch on the indicator.

3. Adjust the zero knob of the indicator to 0000.

4. Apply the weights up to 08 kg.

5. Apply the ‗Cal ‘knob of the indicator to read 78.48 N. i.e. (9 x 9.81 N).

6. Remove weights form the load cell.

7. Set the zero knob to zero and repeat the calibration.

8. Now instrument is ready for measurement

9. Keep the weights one by one and take down the indicator reading.

10. Calculate the correction, error and % error.
Tabular Column	
	S. No
	Actual Load
La
in Kg
	Indicated Load
Li
in Kg
	Error
Li - La
	% Error
(Li – La)/ La x 100


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	





CALCULATION:

Error = Indicated Load - Actual Load
% Error = (Indicated Load – Actual Load)/ Actual Load X 100

PLOT THE GRAPH:
1. Indicated Load v/s Actual Load.
2. Indicated Load v/s % Error.



APPLICATION
1. Weighing systems are used in both static and dynamic applications.
2. In road and railway weigh bridges.

3. In electrical overhead travelling cranes.

4. Roll force measurement in steel plants/rolling mills.

5. Weigh bridges in conveyers & bunker 
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AIM: To calibrate the micrometer using slip gauges

APPARATUS: Micrometer, slip gauges

OBJECTIVES:
Students will be able to know, 
1. To know the use and working of slip gauges. 
2. To know the classification and working of slip gauges.

THEORY: Slip gauges are end standards used in linear measurements. They are used in workshop for work where a tolerance as low as 0.001mm is needed. Slip gauges were invented by Swedish engineer, C.E. Johnson, so they are also called Johnson gauges. Slip gauges are rectangular blocks, made of high grade steel, having cross section about 30mm X10mm. These blocks are made into required sizes and hardened to resist wear and allowed to stabilize so as to relieve internal stresses. This prevents occurrence of size and shape variations. After hardening the blocks, measuring faces are carefully finished to fine degree of surface finish, flatness and accuracy. This high grade surface finish is obtained by super finishing process known as lapping.

Wringing of slip gauges:
The measuring face of the gauges is flat and it possesses high surface finish. If two slip gauges are forced against each other on measuring faces, because of contact pressure, gauges stick together and considerable force is required to separate these blocks. This is known as wringing of slip gauges. Thus, wringing refers to condition of intimate and complete contact and of permanent adhesion between measuring faces. Slip gauges are wrung to build desired dimension. Slip gauges are wrung together by hand and no other external means. Figure shows 1) Parallel wringing of slip gauges and 2) Cross wringing of slip gauges.

In cross wringing – the two slip gauges are first cleaned to remove dirt and then they are placed together at right angles in the form of cross and then rotated through 90o, while being pressed together. This method causes less rubbing of surfaces. Almost any dimension may be built by suitable combination of gauges. Wringing phenomenon is purely due to surface contact and molecular adhesion of metal of blocks. Hence, ―wringing is defined as the property of measuring faces of gauge blocks of adhering, by sliding or pressing the gauge against measuring faces of other gauge blocks or reference faces or datum surfaces without the use of external means.‖
[image: ]

USES/APPLICATION OF SLIP GAUGES
1. as a reference standard.
2. for verification and calibration of measuring apparatus.

3. for adjustment of indicating devices.

4.  for direct measurement.

5. for setting of various types of comparators.

6.  Micrometers are used to measure the small or fine measurements of length, width, thickness and diameter of the job.
Tabular Column
	S. No.
	Slip gauge in combination
	Micrometer Reading in mm

	
	
	Increasing 
	Decreasing
	Average
	Error
	Correction

	1.
	
	
	
	
	
	

	2.
	
	
	
	
	
	

	3.
	
	
	
	
	
	

	4.
	
	
	
	
	
	

	5.
	
	
	
	
	
	

	6.
	
	
	
	
	
	

	7.
	
	
	
	
	
	

	8.
	
	
	
	
	
	

	9.
	
	
	
	
	
	

	10.
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Determining the dimension of 29.758mm by M45 slip gauge set:

Rule 1:-Minimum number of slip gauges should be used to build dimension.

Rule 2:- Always start with the last decimal place.

Hence to build the dimension of 29.758 we need slip gauges of 20mm, 6mm, 1.7mm,
1.05mm and 1.008mm.
PROCEDURE:
(1) Clean the fixed vice and micrometer

(2) Clamp the micrometer in vice putting cushioning material between micrometer and jaws
of vice to protect the micrometer from probable damage due to clamping force.

(3) Make pile of gauge blocks and insert between two anvils of the micrometer and take
reading.

(4) Increase the value of gauge blocks pile and take next few readings.

(5) Then decrease the value of gauge blocks pile and take same readings in decreasing order.

(6) Tabulate the readings

(7) After cleaning the place the gauge blocks should be placed in their respective places.
[image: ]






PLOT THE GRAPH:

(1) Slip gauges combination – Micrometer average

(2) Slip gauges combination – Error

(3) Micrometer average reading – correction

RESULT:
The given micrometer has been calibrated using M87 slip gauge set.
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AIM: To determine the taper angle of the given work piece and compare it with theoretical value by using sine bar.

APPARATUS: Surface plate, sine bar, slip gauge sets, Vernier calliper, cleaning agent, tapered work piece, clean dry soft cloth, clamping devices etc.

THEORY: Sine bar is a precision instrument used along with slip gauges for accurate angle measurements or angle setting. Sine bar consists of an accurate straight bar in which two accurately lapped cylindrical plugs or rollers are located with extreme position. The straight bar are made of high carbon, high chromium, corrosion resistant steel and the surfaces are hardened, grounded and lapped. Ends of the straight bar are stepped so that the plugs can be screwed at each step. Plugs are the two rollers of same diameter fixed at a distance L between them and is called as length of the bar. This distance L is the centre to centre distance of
plugs is which is generally 100, 200 and 300 mm and so on.	

Use of Sine bar: The work piece whose angle is to be measured is placed on sine bar. Below one roller of sine bar, slip gauges are placed. Slip gauges are added till the work piece surface is straight. Dial indicator is moved from one end of work piece till another end. Slip gauges are added till dial pointer does not move from zero position. The use of sine bar is based on the laws of trigonometry. When sine bar set up is made for the purpose of angle measurement, sine bar itself forms hypotenuse of right angle triangle and slip gauges form the side opposite to the required angle. Sin θ= (h/L), Therefore θ= sin-1(h/L), Angle θ is determined by an indirect method as a function of sine so this device is called as sine bar. Sine bar is always used in conjunction with slip gauge and dial indicator for the measurement of angle.

The angle is defined as the opening between the two lines or planes, which meet at a point. So angle is a thing which can be generated very easily requiring no absolute standard. Sine bars are used in junction with slip gauges constitute a very good device for the precision measurement of angles. Since sine bars are used either to measure angle very accurately or for locating any work to a given angle within very close limit. Sine bars are used only for measuring and setting any angle of the object having flat surface. Sine bars are also used to

OBSERVATION:
1. Least count of vernier calliper = ____________ mm

2. Least count of dial gauge = ____________ mm

3. Distance between the centre of rollers & side bar L = 200 mm

4. Length of specimen (taper length), l = ____________ mm
Tabular Column
	S.NO.
	Taper
length
of the
specimen
‗l‘
mm
	Height for
one side of
the work
piece
‗h‘1
mm
	Height for
another
side of the
work
piece
‗h2‘
mm
	Diff. of
height
dh =
(h2 - h1)
	App.
Ht. of
slip
gauge
Read.
Happ.
	Actual
Ht. of
slip
gauge
Read.
Hact
	Theore
tical
taper
angle,
th
	Actual
taper
angle,
act
	Error

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	



CALCULATION:
7) Height for one side of the work piece ‗h1‘ = -------------- mm
8) Height for another side of the work piece ‗h2‘ = -------------- mm
9) Difference in height dh = (h2- h1) = -------------- mm.
10) Approximate height of slip gauge used = Happ.
Happ. = dh x L -------------- mm
          √ dh2+l2
11) Theoretical taper angle, th = tan-1(dh/l) = ------------- Degrees
12) Actual taper angle, act = [ sin-1 (Hact)] /L = ----------- Degrees

13) Error act - the =--------------- Degrees




APPLICATION:
1. To measure and/ or set the angle accurately using a sine bar, the main requirement is that it must be accurate.
2. To check the flat surfaces in industry machine tools like lathe beds, milling machines columns, tables, apron & also saddle in lathe.
3. Rolling mills housing can be checked by sine bars.
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PROCEDURE:
1. Set the sine bar on the surface plate.
2. Measure the distance between rollers of center of sine bar.
3. Mark the position of the rollers on the surface plate which is advantage if the position of sine bar is changed.
4. The axial length of taper under test is noted by use of vernier calliper.
5. The work piece whose taper is required to be known is fixed on the upper surface of the sine bar by means of clamp and so positioned that easily access whole length of the taper to the dial gauge.
6. The dial gauge is fixed on its stand which in term is fixed on the slide way.
7. Note down the least count of the dial gauge used.
8. Adjust the slip gauge height on the taper to be measure in such a way that it easily takes slip on the smaller end and note down dial gauge reading at the entry end.
9. By sliding the dial gauge across the work piece length take reading of the dial gauge on other end.
10. Calculate approximate height of slip gauge required at smaller dimension end in order to become an upper surface of the work piece parallel to the reference plane.
11. Without altering the position of the roller place the slip gauge pile under the roller of small size end of the sine bar set up to equal approximate height.
12. Then test with dial gauge for null deflection. If there is any slight deflection in dial gauge then alter slip gauges pile until getting null deflection.
13. With the help of formulas given in, calculate the actual angle and theoretical angle of taper and error in taper.
Results: For a given component/ plug gauge , we found the theoretical taper angle is _______ degrees & also actual taper angle is __________ degrees.
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Aim: To calibrate and measure the given component by using vernier calliper.

Apparatus required: Slip gauges and Vernier Calliper.

Theory:
The Vernier Caliper is a precision instrument that can be used to measure internal and external distances extremely accurately. Measurements are interpreted from the scale by the user. This is more difficult than using a digital vernier caliper which has an LCD digital display on which the reading appears. Manually operated vernier calipers can still be bought and remain popular because they are much cheaper than the digital version. Also, the digital version requires a small battery whereas the manual version does not need any power source.
The main use of the vernier caliper is to measure the internal and the external diameters of an object. To measure using a vernier scale, the user first reads the finely marked "fixed" scale (in the diagram). This measure is typically between two of the scale's smallest graduations. The user then reads the finer vernier scale which measures between the smallest graduations on the fixed scale providing much greater accuracy.

Example: On decimal measuring instruments, as in the diagram below, the indicating scale has 10 graduations that cover the same length as 9 on the data scale. Note that the vernier
10th graduation is omitted.

The method to use a vernier scale or caliper with zero error is to use the formula: actual reading = main scale + vernier scale − (zero error). Zero error may arise due to knocks that cause the calibration at the 0.00 mm when the jaws are perfectly closed or just touching each other.
When the jaws are closed and if the reading is 0.10mm, the zero error is referred to as
+0.10mm. The method to use a vernier scale or caliper with zero error is to use the formula 'actual reading = main scale + vernier scale − (zero error)' thus the actual reading is 19.00 +
0.54 − (0.10) = 19.4

Positive zero error refers to the fact that when the jaws of the vernier caliper are just closed, the reading is a positive reading away from the actual reading of 0.00mm. If the reading is
0.10mm, the zero error is referred to as +0.10 mm.4 mm

CALIBRATION OF VERNIER CALIPER:
	S.No.
	Slip gauge in mm
	MSD
	VSD
	Out put value in mm
	Actual value in mm
	Error

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	



When the jaws are closed and if the reading is −0.08mm, the zero error is referred to as −0.08
mm. The method to use a vernier scale or caliper with zero error is to use the formula 'actual
reading = main scale + vernier scale − (zero error)' thus the actual reading is 19.00 + 0.36 −
(−0.08) = 19.44 mm

Negative zero error refers to the fact that when the jaws of the vernier caliper are just
closed, the reading is a negative reading away from the actual reading of 0.00mm. If the
reading is 0.08mm, the zero error is referred to as −0.08mm.
PRINCIPLE:
Vernier Calipers is the most commonly used instrument for measuring outer and inner
diameters. It works on the principle of Vernier Scale which is some fixed units of length (Ex:
49mm) divided into 1 less or 1 more parts of the unit(Ex: 49mm are divided into 50 parts).
The exact measurement with up to 0.02mm accuracy can be determined by the coinciding
line between Main Scale and Vernier Scale. Total Reading = M.S.R + L.C X V.C
Where:
M.S.R – Main Scale Reading
L.C – Least Count
V.C – Vernier Coincidence
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PROCEDURE:
Calibration
1. With the help of slip gauges as standard, calibrate the gauges.
2. Plot a graph of (i) STD Input vs Output and (ii) Standard Input vs Error .

MEASUREMENT
1. Place the work piece and the gauge appropriately and carry out the measurement of the job.
2. Prepare a report of the measurement and indicate the characteristics of the work pieces.

RESULT:
Calibrated the vernier calliper and measured the values of the given componen
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