
        
            
                
            
        



    
        
          Workshop Machines  and  Machining

        

        
        
          For newly employed technicians and engineers in heavy industry, especially the steel industry.

        

        
        
          Mohamed Hamdy

        

        
          Published by Mohamed Hamdy, 2025.

        

    



  
    
    
      While every precaution has been taken in the preparation of this book, the publisher assumes no responsibility for errors or omissions, or for damages resulting from the use of the information contained herein.

    
    

    
      WORKSHOP MACHINES  AND  MACHINING

    

    
      First edition. December 2, 2025.

      Copyright © 2025 Mohamed Hamdy.

    

    
    
      ISBN: 979-8233015267

    

    
    
      Written by Mohamed Hamdy.

    

    
      10 9 8 7 6 5 4 3 2 1

    

  


	 

Workshop Machines 

and 

Machining

 

 

 

 

 

 

 

 

 

 

 

 

 

Table of Contents

How to use this Book?
General Objectives
Health and Occupational Safety Information
Who Will Benefit?
Book Description


Chapter 1:

An Introduction to Machining Technology

Chapter 2: Measurement

Test Your Knowledge

Chapter 3: Jigs and Fixtures

Test Your Knowledge

Chapter 4: Drilling Machines

Test Your Knowledge

Chapter 5: The Lathe

Test your Knowledge

Chapter 6:Cutting Tapers and Screw Threads on the Lathe 

Test your knowledge

Chapter 7: Other Lathe Operations

Test your knowledge

Chapter 8: The Milling Machine

Test your knowledge

Chapter 9: Milling Machine Operations

Test Your Knowledge



 

 


How to use this Book

Overview

This book was written by an easy manner so that you can study it in an easy way, by following the steps in this book and implementing the practical exercises that enable you to understand the contents, this Book consists of:


		Principal Information:



 Includes details on the basic concepts which are explained in a scientific way.


		Practical Exercises:



 Which helps to gain practical skills and remember basic information.


		Reading the Technical Documentation:



Help you on how to read the technical drawings used.


		Action Plan: 



Help you to apply what you have learned gradually.


		Preventing Accidents and Damages:



 Help to take into consideration health and occupational safety measures and the protection of non-exposure to hazards.


		Job performance: 



Help you to understand and raise the level of Job performance for different practical applications, and the ways to solve practical problems.

 


General Objectives

After completion of this Book, the student would be able of recognize:


		Know the major common types of machines.

		Able to know the difference between several process during machining and what each machine is able to do.

		Know the special process for each type of commercial machine.



 

 

 


Health and Occupational Safety Information


		The necessity of using and preparing equipment correctly.

		Pay attention and caution during work.

		Wear personal safety equipment during work, to maintain public health.

		Keep the floors clean as well as the shoes to prevent slipping.

		Lift loads in a correct way to keep the worker safety.

		Be aware of moving parts and loads. 

		Be aware of the flying chips.



 

 


Who Will Benefit

This book of machining fundamentals is designed for junior engineers who are concerned with the several types of machining process and the manufacturing process.

After studying this book, you will be able to make a suitable classification for the process and the correct method to design and manufacture a new part.

 


Book Description

The book offers a practical understanding of machining fundamentals and theory and its function and effect during manufacturing process.

Topics to be covered included:


	- Measurements (methods and equipment)

	- Milling Process

	- Turning Process.

	- Drilling and Tapping Process.

	- Announces of commercial machine types. 



 

 

 

 

 

 

 

 

 

 

 




Chapter 1: 

An Introduction to Machining Technology

Learning Objectives

After studying this chapter, you will be able to:


	- Discuss how modern machine technology affects the workforce.

	- Give a brief explanation of the evolution of machine tools

	- Provide an overview of machining processes

	- Explain how CNC machining equipment operates

	- Describe the role of the machinist.



Important Terms


		
				Band machining 

				Machinist

		

		
				Computer numerical

				Milling machine

		

		
				Control (CNC)

				Numerical control (NC)

		

		
				Drill press

				Precision grinding

		

		
				Lathe

				Skill standards

		

		
				Machine tools

				 

		

	

 

A study of technology will show that industry has progressed from the time when everything was made by hand to the present fully automated manufacturing of products. Machine tools have played an essential role in all technological advances. 

Without machine tools, Figure 1-1, there would be no airplanes, automobiles, television sets, or computers. Many of the other industrial, medical, recreational, and domestic products we take for granted would not have been developed. For example, if machine tools were not available to manufacture tractors and farming implements, farmers might still be plowing with oxen and hand-forged plowshares. It is difficult to name a product that does not require, either directly or indirectly, the use of a machine tool somewhere in its manufacture. Today, no country can hope to compete successfully in global economy without making use of the most advanced machine tools. 

There is one very important point that must emphasized concerning modern manufacturing technology. The high-paying skilled jobs in manufacturing, such as tool-and-die making and precision machining, require aptitudes comparable to HI' of college graduates. Jobs that require few or no ski have almost disappeared.

[image: Image]      

Fig1-1 Machine tools have made it possible to manufacture parts with the precision and speed necessary for low-cost mass production. Without machine tools, most products on the market today would not be available or affordable. (Courtesy of SURFCAM by Surf ware)

The Evolution of Machine Tools

Machine tools are the class of machines which, taken as a group, can reproduce themselves (manufacture other machine tools). There are many variations of each type of machine tool, and they are available in many sizes. Tools range from those small enough to fit on a bench top to machines weighing several hundred tons.

The evolution of machine tools is somewhat akin to the old question, “Which came first, the chicken or the egg?” you could also ask, “How could there be machine tools, when there were no machine tools to make them?”

 


Early Machine Tools

The first machine tools, the bow lathe and bow drill, were hand-made. They have been dated back to about 1200 BC. Until the end of the 17th Century, the lathe could only be used to turn softer materials, such as wood, ivory, or at most, soft metals like lead or copper. All of them were human-powered. Eventually, the bow lathe with its reciprocating (bath-and-forth) motion gave way to treadle power, which made possible work rotation that was continuous in one direction. Later, machines were powered by a "great wheel" turned by flowing water or by a person or animal walking on a treadmill. Power was transmitted from the wheel to one or more machines by a belt and pulley system.

When inventor James Watt first experimented with his steam engine, the need for perfectly bored cylinders soon became apparent. This brought about the development of the first true machine tool. It was a form of the lathe and was called a “boring mill”, figure 1-2. The Water-powered tool was developed in 1774 by Englishman John Wilkinson. 

This machine was capable of turning a cylinder 36” in diameter to an accuracy of a “thin-worn shilling” (an English coin). However, operation of the boring mill, like all metal cutting lathes at the time, was hampered by the lack of tool control. The “mechanic” (the first machinist) had to unbolt and reposition the cutting tool after each cut.

About 1800, the first lathe capable of cutting accurate screw threads was designed and constructed by Henry Maudslay, an English master mechanic and machine toolmaker. As shown in Figure 1-3, a hand-made screw thread was geared to the spindle and moved a cutting tool along the work. Maudslay also devised a slide rest ad fitted it to his lathe. It allowed the cutting tool to be accurately repositioned after each cut. Maudslay’s lathe is considered the “granddaddy” of all modern chip-making machine tools.

 


 

[image: Image]

Fig1-2: The first true machine tool is thought to be the boring mill invented by John Wilkinson in 1774. It enable James Watt to complete the first successful steam engine. The boring bar was rigidly supported at both ends, and was rotated by waterpower. It could bore a 36” diameter cylinder to an accuracy of less than 1/16”. (DoALL Co.)

[image: Image]

Fig1-3: Henry Maudslay's screw-cutting lathe. This machine tool, constructed on a heavy frame, combined a master lead screw and a movable slide rest. The lead screw had to be changed when a different thread pitch was required. (DoALL Co.)


 

[image: Image]

Fig1-4: One of the first practical milling machines manufactured in America. Eli Whitney used it and similar machines to mass-produce musket parts that were interchangeable. (DoALL Co.)

In retrospect, the Industrial Revolution could not have taken place if there had not been a cheap, convenient source of power: the steam engine. Until the advent of the steam engine, industry had to locate near sources of water power. This was often some distance from raw materials and workers. With cheap power, industry could locate where workers were plentiful and where the products they produced were needed. The steam engine, in turn, would not have been possible without machine tools. Until the boring mill and lathe were developed to the point where metal could be machined with some degree of accuracy, there could be no steam engine.

The milling machine was the next important development in machine tools. It also evolved from the lathe. In 1820, Eli Whitney, an American inventor and manufacturer, devised a system to mass pro-duce muskets (guns). Whitney began using a milling machine, Figure 1-4, to make interchangeable musket parts. Until then, muskets were made individually by hand, so parts from one musket would not fit in another. Whitney's milling machine even had power feed, but it had one defect. There was no provision to raise the worktable. The part had to be raised by shimming after each cut. Since each machine was used to produce the same part again and again, this shortcoming was not a great problem. It wasn't too much later that this problem was corrected.

Whitney had another problem, however. His ideas were used in several armories producing gun parts. There was no standard of measurement at that time, so parts made in one armory were not interchangeable with parts in another armory. It was not until the mid-1860s that the United States adopted a standard measuring system. 

By 1875, basic machine tools such as the lathe, the milling machine, and the drill press, Figure 1-5, were capable of attaining accuracies of one one-thousandth of an inch. America was well on its way to becoming the greatest industrial nation in the world.

Power Sources

As machine tools were improved, so was the way they were powered. At first, the changes were very slow, taking hundreds of years. The great changes have come only in the last 150 years or so. 


	- Hand power. The bow lathe and bow drill are examples. Direction of rotation changed at each stroke of the bow. 

	- Foot power. A treadle or a treadmill made possible continuous rotation of the work in one direction. 

	- Animal power. Treadmills were used to power early devices for boring cannon barrels. Human foot power was not sufficiently strong for this work.



 

 

[image: Image]

Fig1-5: Illustrations of Pratt & Whitney machine tools from an 1876 advertisement. Built from heavy iron castings, the machines were driven by overhead pulleys and belting. A central steam engine or large electric motor powered the overhead pulleys in factories until the 1920s.


	- Water power. Not always dependable as a power source, because of lack of water during dry seasons. 

	- Steam power. The first real source of depend-able power. A centrally located steam engine turned shafts and overhead pulleys that were belted to the individual machines.

	- Central electrical power. Large electric motors simply replaced the steam engines. Power transmission to the machines did not change. 

	- Individual electrical power. Motors were built into the individual machine tools. Overhead belting was eliminated.



Basic Machine Tool Operation

Almost all machine tools have evolved from the lathe, Figure 1-6. This machine tool performs one of the most important machining operations. It operates on the principle of work being rotated against the edge of a cutting tool, Figure 1-7. Many other operations-drilling, boring, thread cutting, milling, and grinding-can also be performed on a lathe. The most advanced version of the lathe is the CNC turning center, Figure 1-8. 

[image: Image]

Fig1-6: modern lathe using digital technology to perform operations such as maintaining a constant surface speed, automatic threading cycle, automatic radius cutting, and taper turning. Note the safety shield that moves with the carriage. Except those tools that perform nontraditional machining operations, all machine tools have evolved from the lathe. (Harrison/Rem Sales, Inc.)

Drill Press

A drill press, Figure1-9, rotates a cutting tool (drill) against the material with sufficient pressure to cause the tool to penetrate the material. It is primarily used for cutting round holes. See Figure 1-10. Drill presses are available in many versions. Some are designed to machine holes as small as 0.0016” (0.04mm) in diameter. See Chapter 10.

[image: Image]

Fig1-7: The lathe operates on the principle of the work being rotate against the edge of a cutting tool

 

[image: Image]

Fig1-8: Slant bed CNC lathe with hydraulic chucking and an electronically indexed 12 station turret (Clausing Industrial, Inc.)

 

 

 

 

 

 

 

[image: Image]

Fig1-9: A typical 20” variable-speed gear head drill press with power feed. It can drill holes up to 1 ½” in diameter cast iron. (Willis Machinery and Tools Corp.)

 

 

[image: Image]

Fig1-10: A drill press operates by rotating a cutting tool(drill) against the material with sufficient pressure to use the tool to penetrate the material

 

 

Grinding Machines

Grinding, Figure 1-11, is an operation that removes metal by rotating a grinding wheel or abrasive belt against the work. The process falls into two basic categories.


	- Offhand grinding. Work that does not require great accuracy is hand-held and manipulated until ground to the desired shape. 



 

 

 

 

 


	- [image: Image]



Fig1-11: Grinding is a cutting operation, like turning drilling, milling, or sawing. However, instead of the one, two, or multiple-edge cutting tools used in other applications. Grinding employs an abrasive fool composed of thousands of cutting edges.

 


	- Precision grinding. Only a small amount of material is removed with each pass of the grinding wheel, so that a smooth, accurate surface is generated. Precision grinding is a finishing operation. 










Band Machines



Band machining, Figure 1-12, is a widely employed technique that makes use of a continuous saw blade. Chip removal is rapid and accuracy can be held to close tolerances, eliminating or minimizing many secondary machining operations.

 

[image: Image]

Fig1-12: Band machining makes use of a continuous saw blade, with each tooth functioning as a precision cutting tool.

 


Milling Machine

A milling machine rotates a multitoothed cutter into the work, Figure 1-13. A wide variety of cutting operations can be performed on milling machines.

[image: Image]

Fig1-13: Milling removes material by rotating a multitoothed cutter into the work. A-With peripheral milling, the surface being machined is parallel to periphery of the cutter. B-End mills have cutting edges on the circumference and the end

 


Broaching Machines

Broaching machines are designed to push or pull a multitool lied cutter across the work, Figure 1-14. Each tooth of the broach (cutting tool) removes only a small amount of the material being machined.

[image: Image]

Fig1-14: A broach is a multitoothed cutting tool that moves against the work. Each tooth removes only a small portion of the maternal being machined. The cutting operation may be on a vertical or horizontal plane.

Nontraditional Machining Processes

There are a number of machining operations that have not evolved from the lathe. They are classified as nontraditional machining processes. These processes include: 


	- Electrical discharge machining (EDM). An advanced machining process that uses a fine, accurately controlled electrical spark to erode metal. 

	- Electrochemical machining (ECM). A method of material removal that shapes a work piece by removing electrons from its surface atoms. In effect, ECM is exactly the opposite of electroplating. 

	- Chemical milling. A process in which chemicals are employed to etch away selected portions of metal.

	- Chemical blanking. A material removal method in which chemicals are employed to produce small, intricate, ultrathin parts by etching away unwanted material. 

	- Hydrodynamic machining (MDM). A computer-controlled technique that uses a 55,000 psi water jet to cut complex shapes with mini-mum waste. The work can be accomplished with or without abrasives added to the jet. 

	- Ultrasonic machining. A method that uses ultrasonic sound waves and an abrasive slurry to remove metal. 

	- Electron beam machining (EBM). A thermoelectric process that focuses a high-speed beam of electrons on the workpiece. The heat that is generated vaporizes the metal. 

	- Laser machining. The laser produces an intense beam of light that can he focused onto an area only a few microns in diameter. It is useful for cutting and drilling. 

	- Hexapods. CNC has made possible unconventional machine tools that use new work-positioning and tool-positioning concepts. See Figure 1-15. These tools, already available to industry, utilize the same movement principles developed for the flight simulators that train aircraft pilots. They offer basic advantages in stiffness, accuracy, speed, dexterity, and scaling (making larger or smaller versions of the same part).



 

 

 

 

 

Automating the machining Process

In the late 1940s, the United States Air Force was searching for ways to increase production on complex parts for the new jet aircraft and missiles then going into production. 

The Parsons Corporation, a manufacturer of air-craft parts, had developed a two-axis technique for generating data to check helicopter blade airfoil pat-terns. This system used punched-card tabulating equipment. To determine the accuracy of the data, a pattern was mounted on a Bridgeport milling machine. With a dial indicator in place, the X and Y points were called out to a machinist operating the machine's X-axis handwheel and another machinist who controlled the Y-axis handwheel. With enough reference points established, the generated data proved accurate to ±0.0015" (0.038 mm).

 

 

 

 

 

 

 

 

 

 

 




Chapter 2: Measurement

Learning Objectives

After studying this chapter, you will be able to: 


	- Measure to 1 /64" (0.3 mm; with a steel rule. 

	- Measure to 0.0001" (0.002 mm) using a Vernier micrometer caliper 

	- Measure to 0.001" (0.02 min) using Vernier measuring, tools. 

	- Measure angles to 0°5' using a universal Vernier bevel. 

	- Identify and use various types of gages found in a machine shop. 

	- Use a dial indicator. 

	- Employ the various helper measuring tools found in a machine shop.



Important Terms


		
				Dial indicators

				Metrology

		

		
				Gage blocks

				Micrometer caliper

		

		
				Gaging

				Steel rule

		

		
				Graduations

				Vernier caliper

		

		
				Helper measuring tools

				 

		

		
				International system of units

				 

		

	

 

Without some form of accurate measurement, modem industry could not exist. The science that deals with systems of measurement is called metrology. Today, industry can make measurements accurate to one microinch (one-millionth of an inch). If a microinch were as thick as a dime, one inch would be as high as four Empire State Buildings (about 5000' total). An engineer once estimated, with tongue in cheek, that a steel railroad rail sup-ported at both ends would sag one-millionth of an inch when a "fat horsefly" landed on it in the middle. In addition to using US Conventional units of measure (inch, foot, etc.), industry is gradually converting to metric units of measure (millimeter, meter, etc.), called the International System of Units (abbreviated SI). A micrometer is one-millionth of a meter (0.000001 m). 

All of the familiar measuring tools are available with scales graduated in metric units, Figure 2-1. An SI Metric (millimeter) rule is compared with conventional fractional and decimal rules in Figure 4-2. Metric-based measuring tools should offer no problems for the user. As a matter of fact, they are often easier to read than inch-based measuring tools. 

Although you will measure in very tiny units when you go to work in industry, you must first learn to read a rule to 1/64" and 0.5 mm. Then, you can progress through 1/1000” (0.001") and 1/100 mm (0.01 mm) by learning to use micrometer and Vernier-type measuring tools. Finally, you can progress to 1/10,000" (0.0001") and 1/500 mm (0.002 mm) by using the Vernier scale on some micrometers.

[image: Image]

Fig2-1: This rule can be used to make measurements in both US Conventional and SI Metric units.

 

 

The Rule

The steel rule, often incorrectly called a scale, is the simplest of the measuring tools found in the shop. Figure 2-2 shows the three basic types of rule graduations. A few of the many rule styles are shown in Figure 2-3.

 


 

[image: Image]

Fig2-2: Compare the metric (millimeter-graduated) rule with the more familiar rules graduated in fractional and decimal inch units 

Reading the Rule (US Conventional)

A careful study of the enlarged rule section will show the different fractional divisions of the inch from 1/8 to 1/64 Figure 2-4. The lines representing the divisions are called graduations. On many rules, every fourth graduation is numbered on the 1/32 edge, and every eighth graduation on the 1/64 edge.

To become familiar with the rule, begin by measuring objects on the 1/8 and 1/16 scales. Once you become comfortable with these scales, begin using the 1/32 and 1/64 scales. Practice until you can quickly and accurately read measurements. Some rules are graduated in 10ths, 20ths, 50ths, and 100ths. Additional practice will be necessary to read these rules.

Fractional measurements are always reduced to the lowest terms. A measurement of 14/16” is reduced to 7/8” becomes ¼”, and so on.

Reading the Rule (Metric)

Most metric rules are divided into millimeter or one-half millimeter graduations they are numbered every 10 mm. See Figure 2-5. The measurement is determined by counting the number of millimeters.

 

[image: Image]

Fig2-3: Many different types of rules are used to make measuring quicker and more accurate (L. S. Starrett Co.)

 


 

 

 

[image: Image]

Fig2-4: These are the fractional gradations found on a rule. Measurements are taken by counting the number of graduations

 

 

[image: Image]

Fig2-5: Most metric rules are graduated in millimeters and half-millimeters. They are available in a variety of sizes

 


Care of the Rule

The steel rule is precision-made and, like all tools, its accuracy depends upon the care it receives.

Here are a few suggestions:


	- Use the rule for measurements only. Do not adjust screws or open paint cans with it. Be careful not to bend your rule. 

	- Keep the rule clear of moving machinery. Never use it to clean metal chips as they form on the cutting tool. This is extremely dangerous and will ruin the rule. 

	- Avoid laying other tools on the rule.

	- Wipe steel rules with an oily cloth before storing. This will prevent rust. If the rule is to be stored for a prolonged period, coat it with wax or rust preventative. 

	- Clean the rule with steel wool to keep the graduations legible. 

	- Make measurements and tool settings from the 1" line (10 mm line on a metric rule) or other major graduations, rather than from the end of the rule. 

	- Store rules separately. Do not throw them in a drawer with other tools. 

	- Use the rule with care to protect the ends from nicks and wear. 

	- Use the correct rule for the job being done. 

	-  



The Micrometer Caliper 

A Frenchman, Jean Palmer, devised and patented a measuring tool that made use of a screw thread, making it possible to read measurements quickly and accurately without calculations. It incorporated a series of engraved lines on the sleeve and around the thimble. The device, called steme Palmer, is the basis for the modern micrometer caliper, Figure 2-6.

 

 


 

[image: Image]

Fig2-6: The micrometer caliper, past and present. A- A drawing of the System Palmer measuring device- These modern micrometer calipers operate on the same principle as the original 1848 invention

 

The micrometer caliper, also known as a "mike," is a precision tool capable of measuring to 0.001" or 0.01 mm. When fitted with a Vernier scale, it will read to 0.0001" or 0.002mm. 

 


Types of Micrometers 

Micrometers are produced in a wide variety of models. Digital display is included in many micrometers, making measuring easier. Some of the most popular models are the following: 


	- An outside micrometer measures external diameters and thickness, Figure 2-7.



[image: Image]

Fig2-7: This digital outside micrometer can be used to measure in both US Conventional and SI Metric units (Mitutoyo/MTI Corp)


	- An inside micrometer has many uses, including measuring internal diameters of cylinders, rings, and slots. The range of a conventional inside micrometer can be extended by fitting longer rods to the micrometer head. The range of a jaw-type inside micrometer is limited to 1" or 25 mm. The jaw-type inside micrometer has a scale graduated from right to left. See Figure 2-8.

	- A micrometer depth gage measures the depths of holes, slots, and projections. See Figure 2-9. The measuring range can be increased by changing to longer spindles. Measurements are read from right to left. 

	- A screw-thread micrometer has a pointed spindle and a double-V anvil shaped to con-tact the screw thread, Figure 2-10. It measures the pitch diameter of the thread, which equals the outside (major) diameter of the thread minus the depth of one thread. Since each thread micrometer is designed to measure only a limited number of threads per inch, a set of thread micrometers is necessary to mea-sure a full range of thread pitches.



 


 

[image: Image]

Fig2-8: Inside micrometers. A- A conventional inside micrometer. B- The caliper jaws on this inside micrometer allow quick and accurate measurements. The divisions on the sleeve are numbered in the reverse order of a conventional out-side micrometer. (L. S. Starrett Co.)

[image: Image]

Fig2-9: A standard micrometer depth gage

 


 

[image: Image]

Fig2-10: This screw thread micrometer can measure threads as wide as 7/8” (L. S. Starrett Co.)

Tolerances so critical on some aerospace and other applications, it is important that countersunk holes and tapers on fasteners meet specifications. A chamfer micrometer makes it possible to check these critical areas. 

Special micrometers are available for other applications. These micrometers are devised to handle nonstandard measurement tasks. 

Reading an Inch-Based Micrometer 

A micrometer uses a very precisely made screw thread that rotates in a fixed nut. The screw thread is ground on the spindle and is attached to the thimble. The spindle advances or recedes from the anvil as the thimble is rotated. See Figure 2-11. The threaded section has 40 threads per inch; therefore, each revolution of the thimble moves the spindle 1/40" (0.025").

[image: Image]

Fig 4-11: Basic parts of a micrometer caliper

The line engraved lengthwise on the sleeve is divided into 40 equal parts per inch (corresponding to the number of threads per inch on the spindle). Each vertical line equals 1/40", or 0.025". Every fourth division is numbered, representing 0.100', 0.200", etc. 

The beveled edge of the thimble is divided into 25 equal parts around its circumference. Each division equals 1/1000" (0.001"). On some micrometers, every division is numbered, while every fifth division is numbered on others. 

The micrometer is read by recording the highest number on the sleeve (1 = 0.100, 2 = 0.200, etc.). To this number, add the number of vertical lines visible between the number and thimble edge (1 = 0.025, 2 = 0.050, etc.). To this total, add the number of thousandths indicated by the line that coincides with the horizontal sleeve line.

 

[image: Image]

Example 1

Add the readings from the sleeve and the thimble: 


		
				4 large graduations:

				4 x 0.100 = 0.400

		

		
				2 small graduations:

				2 X 0.025 = 0.050

		

		
				8 thimble graduations:

				8 x 0.001 = 0.008

		

		
				Total mike reading

				= 0.458"

		

	

 

 

 


 

[image: Image]

Example 2

Add the readings from the sleeve and the thimble: 


		
				2 large graduations:

				2 x 0.100 = 0.200

		

		
				3 small graduations:

				3 X 0.025 = 0.075

		

		
				14 thimble graduations:

				14 X 0.001 = 0.014

		

		
				Total mike reading

				= 0.289"
 

		

	

[image: Image]

Example 3

Add the readings from the sleeve and the thimble: 


		
				4 large graduations:

				3 x 0.100 = 0.300

		

		
				2 small graduations:

				2 x 0.025 = 0.050

		

		
				3 thimble graduations:

				3 x 0.001 = 0.003

		

		
				Total mike reading

				= 0.353"

		

	

 







Reading a Vernier Micrometer 

On occasion, it is necessary to measure more precisely than 0.001". A Vernier micrometer caliper is used in these situations. This micrometer has a third scale around the sleeve that will furnish the 1/10,000" (0.0001") reading. See Figure 2-12. 

[image: Image]

Fig2-12: A Vernier micrometer caliper includes a Venier scale on the sleeve

The Vernier scale has 11 parallel lines that occupy the same space as 10 lines on the thimble. The lines around the sleeve are numbered 1 to 10. The difference between the spaces on the sleeve and those on the thimble is one-tenth of a thousandth of an inch. 

To read the Vernier scale, first obtain the thousandths reading, then observe which of the lines on the Vernier scale coincides (lines up) with a line on the thimble. Only one of them can line up. If the line is 1, add 0.0001 to the reading; if line 2, add 0.0002 to the reading, etc. See Figure 2-13.

 

Reading a Metric-Based Micrometer 

The metric-based micrometer is read as shown in Figure 2-14. If you are able to read the conventional inch-based micrometer, reading the metric-based tool will offer no difficulties.
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