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Unit Objective
On completion of this unit you will be able to safely fit a drill chuck and adaptor sleeve, use drills and countersinks and locate datum’s and hole centres.
Introduction

Module three of this course covers milling. This is the fifth unit in module three and explains the techniques associated with fitting and removing drill chucks and adaptors. It also explains how to accurately drill and countersink a series of holes and countersinks in a workpiece. It is important to learn how to remove the chuck without damaging the drawbar, as this is an operation that may need to be performed by the Toolmaker several times per day.
Material properties such as, tensile strength, hardness, ductility, malleability, density etc., vary from material to material. Therefore for drilling different materials such as mild steel, aluminium, plastic etc., drills with different cutting configurations need to be used for optimum performance. In order to achieve high productivity, long tool life and a good surface finish, the correct speeds and feeds need to be used.
Nowadays, most milling machines are fitted with digital readouts, which provide for very accurate positioning of the table. Without the digital readout, there was a greater chance of error when adjusting the dials and due to backlash on the leadscrew.
By the end of this unit you will be able to:

· Safely fit a drill chuck to the milling machine
· Safely fit an adaptor sleeve for drilling large diameter holes.
· Select drills and countersinks for machining different materials.
· Locate datum edges and hole centres.
· Centre drill, drill holes and counter sink holes to the specification on supplied drawings using the quill feed.

1.0
Safely Fitting A Drill Chuck To The Milling Machine
Key Learning Points

Types of drill chuck (key, keyless). Use and care of drill chucks. Fitting of chucks on the milling machine. Safe removal of the drill chuck to avoid drawbar damage.
1.1
Types Of Drill Chuck (Key, Keyless)
There are two types of drill chuck, key and keyless. For the key type a special key is required for locking and unlocking the chuck. The keyless type is designed to be tightened and loosened by hand. 

Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 8 Drilling, sec. 8.2, Tooling holding, p. 130.

ISBN-13: 9780750660730
1.2
Use And Care Of Drill Chucks
It is important to clean the shank of the drill chuck to remove any swarf or debris, as this could become trapped between the mating Morse tapers and cause the chuck to run off-centre.
1.3
Fitting Of Chucks On The Milling Machine
The drill chuck should be inserted into the spindle and held in place, while at the same time hand tighten the drawbar at the top of the spindle into the shank of the drill chuck. A ring spanner can then be used to tighten the drawbar. It is important to remove the spanner from the draw bar immediately after the drill chuck has been tightened.
1.4
Safe Removal Of The Drill Chuck To Avoid Drawbar Damage
When removing the drill chuck, press on the spindle lock and unscrew the drawbar with the ring spanner a few turns only and then tap the drawbar with a mallet to break the lock between the Morse tapers. If the drawbar was actually unscrew fully and then hit with a mallet, this would result in the screw threads of the drawbar being damaged.
2.0
Safely Fitting An Adaptor Sleeve For Drilling Large Diameter Holes
Key Learning Points 

Fitting of adaptor sleeves on the milling machine. Use of adaptor sleeves for holding large drills.

2.1
Fitting Of Adaptor Sleeves On The Milling Machine
Cutters with parallel shanks cannot be fitted directly into the spindle, but instead can be inserted into and adaptor, which is then held in position with the drawbar. For cutters or drills with tapered shanks these can be held in a tapered shank, which is then inserted into the spindle.

Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 11, Milling, sec. 11.4, Cutter mounting, p. 182.

ISBN-13: 9780750660730
2.2 
Use Of Adaptor Sleeves For Holding Large Drills
For larger drills the taper may actually be bigger then that of the spindle, therefore adaptors are available for this. It is important that the drill or cutter is locked into the adaptor prior to it being inserted into the machine spindle. This is done by inserting the drill into the adaptor, place the tip of the cutter on a block of wood and tap the adaptor with a mallet to lock the mating tapers. The assembly can now be inserted into the spindle, as explained above.
3.0
Selecting Drills And Countersinks For Machining Different Materials


Key Learning Points

Drill type and material selection for machining various materials. Material properties, tensile strength, hardness, ductility, malleability, density, thermal properties.

3.1
Drill Type And Material Selection For Machining Various Materials
For general purpose use, e.g. when drilling mild steel, a standard drill High Speed Steel (HSS) is used with a 118º tip angle and a standard helix. For drilling aluminium, a HSS drill with a 100º and a quick helix is used. For drilling plastic, a HSS drill is used with a 60º tip and a slow helix. When drilling harder materials such as tool steel, which has a high carbon content, HSS drill can be used, but to increase the tool life, drills with Titanium Nitrate Coating (TiN) or with tungsten carbide tips need to be used.
Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 7, Cutting tools and fluids; Twist drills, p. 120.

ISBN-13: 9780750660730
3.2
Material Properties, Tensile Strength, Hardness, Ductility, Malleability, Density, Thermal Properties
Tensile strength measures the stress required to pull a metal bar to the point of fracture. Hardness is the resistance to permanent deformation and scratches. Ductility is the amount that a metal will deform before fracture, examples of ductile materials are lead or zinc. Malleability is the ability of a material to be deformed or shaped without cracking, such materials are aluminium and gold. Density is mass per unit volume. It is the ratio of the amount of matter in an object compared to its volume, e.g. a block of steel is denser than a block of wood. Thermal conductivity is the ability of a material to conduct heat, aluminium is a good conductor. 

Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 13, Materials, p. 211.

ISBN-13: 9780750660730
4.0
Locating Datum Edges And Hole Centres
Key Learning Points

Use of digital readout for linear dimensions.

4.1
Use Of Digital Readout For Linear Dimensions
The Edge finder, which rotates in the spindle, is used to accurately find the datum edge/s of a workpiece. When the spindle has been positioned at the datum edge the digital readout is set to zero for the X and Y axis. The workpiece can then be moved to the required position as specified on the drawing. The digital readout works by reading the signals generated by an encoder, which is installed along the machine axis and keeps track of the workpiece position.
5.0
Centre Drilling, Drilling Holes And Countersinking Holes Using The Quill Feed
Key Learning Points

Use of jig boring coordinate charts. Job planning, selection of tooling and order of use. Use of centre drill, pilot drills and countersinks. Table traverse and progression. Calculation of drill feeds and speeds using charts and formulae for countersinking. Use of quill feed to drill holes. Countersink holes to the required specification using the correct speeds and feeds.

5.1
Use Of Jig Boring Coordinate Charts
When a number of holes need to be machined on a workpiece that are equally spaced around a pitch circle diameter, then a jig boring machine can be used. The jig boring coordinate charts show the positions of these holes using the X and Y co-ordinates. These co-ordinates are shown as ratios and the position of each hole is calculated by multiplying the value shown on the chart by the pitch circle diameter, which will be specified on the part drawing.
Ref:
Zeus Precision Charts Ltd. 2007, Zeus precision data charts and reference tables for drawing office, toolroom & workshop, 2007 edn, Zeus Precision Charts Ltd, Co-ordinates for locating equally spaced holes.
ASIN: B0000CLZUO
5.2
Job Planning, Selection Of Tooling And Order Of Use
Job planning is important prior to starting any task. The drawing should first be studied and understood. The sequence of operations should be planned so as to minimise the number of setups in the vice. The correct drills and countersink tools should be selected and the speeds and feeds calculated before starting the drilling operations.

5.3
Use Of Centre Drill, Pilot Drills And Countersinks
The centre drill can be used to drill a small tapered hole into the machined face. The purpose of using a centre drill is to provide an accurate pilot hole to guide the drill. If a large hole needs to be drilled then a smaller pilot drill can be used first. The hole is then drilled to the required size. The countersink tool is then used to create a tapered hole, which will allow a countersunk screw to sit flush with the top surface. 
Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 8, Drilling, sec. 8.4, Cutting tools, p. 133.

ISBN-13: 9780750660730
5.4
Table Traverse And Progression
The Table is used support the workpiece and can be moved along the X (left or right), Y (back or forth) and Z (up or down) axes. When positioning the drill prior to drilling holes the table is moved either in the X axis by the table traverse hand wheel or in the Y axis by the cross feed hand wheel. 

Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 11, Milling, p. 174.

ISBN-13: 9780750660730
5.5
Calculation Of Drill Feeds And Speeds Using Charts And Formulae For Countersinking
The correct spindle speed needs to be set for each drill. This is calculated by entering the cutting speed and the cutter diameter into the RPM formula, where the Cutting Speed is expressed in meters per minute. Charts are available that recommend the correct cutting speed for a particular material, e.g. a typical cutting speed of 30 meters/min is used for mild steel and 20 metres/min for tool steel. Therefore the spindle speed will be lower for the tool steel when compared to that of mild steel. 

Recommended cutting speed in metres per minute:

	Material
	High Speed Steel 

(metres/min)
	Carbide Cutter

(metres/min)

	Tool Steel
	21 - 33
	68 – 158

	Mild Steel
	33 – 42
	98 – 188

	Cast Iron
	21 – 30
	68 – 98

	Brass
	42 – 75
	120 – 180

	Aluminium
	60 – 105
	180 - 350

	Plastic
	60 - 450
	unlimited


To find the correct RPM (revs per minute) setting of the spindle the following formula should be used;

RPM 
= Cutting Speeds in metres per minute x 1000


Circumference of cutter in millimetres


= S x 1000


л x D

For example, for a mild steel part a cutting speed of 30 m/min is chosen from the above table. If it is to be drilled with a 10mm High Speed Steel Drill, the RPM is calculated as follows:

RPM
= 30 x 1000
= 956


3.14 x 10

Feed Rate

Feed rate is the speed at which the workpiece is moved relative to the cutter.
0.05 is chosen from the cutter manufacturers tables. The feed rate is calculated as follows:

Feed Rate
= feed/tooth x No. of cutting teeth x RPM


= 0.05 x 2 x 956


= 96 mm/min

Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 9, p. 153.

ISBN-13: 9780750660730
5.6
Use Of Quill Feed To Drill Holes
An automatic feed can be used for drilling and countersinking. An adjustable stop can also be used to stop the drill at the correct depth.
5.7
Countersink Holes To The Required Specification Using The Correct Speeds And Feeds
When the datum edges on the workpiece have been established with the edge finder, the digital readout is used to position the spindle over the first hole to be drilled. The centre drill is inserted into the chuck and using the digital readout all hole positions can be centre drilled first. Then the table is moved back to the first hole position and the process is repeated with the drill and then the countersink tool. The correct spindle speed needs to be set for each tool, using the RPM formula as explained above.
Ref:
Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology, chapter 8, Drilling, sec. 8.4, Cutting tools, p. 134.

ISBN-13: 9780750660730
Summary

Safely fitting a drill chuck to the milling machine: It is important to clean the shank of the drill chuck to remove any swarf or debris, as this could become trapped between the mating Morse tapers and could cause the chuck to run off-centre. The drill chuck should be inserted into the spindle and held in place, while at the same time hand tighten the drawbar at the top of the spindle into the shank of the drill chuck. A ring spanner can then be used to tighten the drawbar. When removing the drill chuck, press on the spindle lock and unscrew the drawbar with the ring spanner a few turns only and then tap the drawbar with a mallet to break the lock between the morse tapers. If the drawbar was actually unscrew fully and then hit with a mallet, this would result in the screw threads of the drawbar being damaged. It is important to remove the spanner from the draw bar immediately after the drill chuck has been tightened or loosened.
There are two types of drill chuck, key and keyless. For the key type a special key is required for locking and unlocking the chuck. The keyless type is designed to be tightened and loosened by hand. 
Safely fitting an adaptor sleeve for drilling large diameter holes: Cutters with parallel shanks cannot be fitted directly into the spindle, but instead can be inserted into and adaptor, which is then held in position with the drawbar. For cutters or drills with tapered shanks these can be held in a tapered shank, which is then inserted into the spindle. For larger drills the taper may actually be bigger then that of the spindle, therefore adaptors are available for this. It is important that the drill or cutter is locked into the adaptor prior to it being inserted into the machine spindle. This is done by inserting the drill into the adaptor, place the tip of the cutter on a block of wood and tap the adaptor with a mallet to lock the mating tapers. The assembly can now be inserted into the spindle, as explained above.
Selecting drills and countersinks for machining different materials: For general purpose use, e.g. when drilling mild steel, a standard drill High Speed Steel (HSS) is used with a 118º tip angle and a standard helix. For drilling aluminium, a HSS drill with a 100º and a quick helix is used. For drilling plastic, a HSS drill is used with a 60º tip and a slow helix. When drilling harder materials such as tool steel, which have a higher carbon content, HSS drill can be used, but to increase the tool life, drills with Titanium Nitrate Coating (TiN) or with tungsten carbide tips need to be used. 
Locating datum edges and hole centres: The Edge finder, which rotates in the spindle, is used to accurately find the datum edge/s of a workpiece. When the spindle has been positioned at the datum edge the digital readout is set to zero for the X and Y axis. 
Centre drilling, drilling holes and countersinking using the quill feed: When a number of holes need to be bored, the centre drill is used to drill all centre holes first. Then, using the digital readout, the table is moved back to the first hole position and the process is repeated with the pilot drill, final drill and countersink tools. An automatic feed with an adjustable stop can be used for drilling and countersinking. The correct spindle speed needs to be set for each drill size, using the RPM formula.
Suggested Exercises

1. Explain how a drill chuck is fitted and removed form the spindle of a milling machine.
2. Explain the meaning of the following terms in relation to the properties of metals: (i) Hardness (ii) Ductility (iii) Malleability and (iv) Tensile Strength.
3. Setup a block of mild steel and using an edge finder, position the centre of the spindle over the bottom left corner of the workpiece.
4. Using the jig boring co-ordinates chart in the Zeus book, calculate the coordinates for drilling six holes on a PCD (Pitch Circle Diameter) of 50mm. 
5. What is the purpose of the centre drill.
Questions
6. Explain how a drill chuck is removed form the spindle of a milling machine.

7. What is the recommended angle of the drill tip for drilling the following materials: Mild Steel, Aluminium and Plastic?

8. What is the definition of Density?

9. Why is it necessary to use a centre drill prior to drilling a hole

10. Explain how an Edge finder is used to accurately locate the datum edge of a workpiece.
Answers
11. When removing the drill chuck, press on the spindle lock and unscrew the drawbar with the ring spanner a few turns only and then tap the drawbar with a mallet to break the lock between the Morse tapers. If the drawbar was actually unscrew fully and then hit with a mallet, this would result in the screw threads of the drawbar being damaged.

12. For Mild Steel the tip angle is 118º. For drilling aluminium the tip angle is 100º. For Plastic the tip angle is 60º.

13. Density is mass per unit volume (kg/m3). It is the ratio of the amount of matter in an object compared to its volume.

14. The centre drill creates pilot hole that is very accurately centred, which is then used to guide the drill. Drilling a hole without first using a centre drill may result in the drilled hole being off centre or being drilled at an angle. 

15. The Edge Finder is held in the spindle of the milling machine. The spindle is switched on and the rotating edge finder is touched slowly off the edge of the workpiece. When the lower part of the edge finder moves to the side, set the digital readout to zero and then raise the edge finder upwards, away from the workpiece. Traverse the table by half the diameter of the edge finder. The digital readout is again set to zero. The central axis of the spindle is now positioned directly over the datum edge of the workpiece.
Recommended Additional Resources

Reference Books

Black, Bruce J 2004, Workshop processes, practices and materials, 3rd edn, Elsevier Science & Technology.
ISBN-13: 9780750660730
Simmons, Colin H & Maguire, Dennis E 2004, Manual of engineering drawing, 2nd edn, Elsevier Science & Technology.
ISBN-13: 9780750651202
Bird, John 2005, Basic engineering mathematics, 4th edn, Elsevier Science & Technology.
ISBN-13: 9780750665759
Zeus Precision Charts Ltd. 2007, Zeus precision data charts and reference tables for drawing office, toolroom & workshop, 2007 edn, Zeus Precision Charts Ltd.

ASIN: B0000CLZUO
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