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Module 7 – Introduction to CNC Sheet Metal Manufacturing

Unit 7 – CNC Setting & Operation

Duration – 20.5 Hours

Learning Outcome:

By the end of this unit each apprentice will be able to:

· Produce simple components on a CNC Punch Press having prepared a part program

· Produce simple components on a CNC Press Brake having prepared a part program

Key Learning Points:

	Sk Rk
	Correct selection and installation of tooling/die clearance. Position of workpiece relative to machine datum, start-up and referencing CNC machines.

	Sk
	Generation of part programs.

	Rk
	Data transfer.

	H
	Hazards associated with setting and operating CNC machines. Safety precautions associated with material removal from punching zone.

	Rk
	Know where emergency stop buttons are.


Training Resources:

· CNC Punch Press

· CNC Press Brake

· Prepared part programs

Key Learning Points Code:

M = Maths
           D= Drawing     RK = Related Knowledge Sc = Science

P = Personal Skills
Sk = Skill
   H = Hazards

Turret Punch Press XE "Turret Punch Press" 
Turret press brake can have a large number of stations in the turret. A skilled operator will easily select the correct tooling for the job. While the machine may have a limited number of work stations the company may have extra tooling stored nearby.

Die clearance is an important aspect of tool selection.

The workpiece will be positioned using the datum points of the clamps and the locating pin. This gives us our X and Y axis. Start-up and referencing of machine will be demonstrated by the instructor.

Bending Sequence XE "Bending Sequence" 
The operator must work out accurately any bend allowances in the job. These calculations will influence the positions of holes/apertures punched and nibbled. The operator should also be sure the correct bend sequence is decided and used. With new programmes it is advisable to run a test piece.

Punching Sequence XE "Punching Sequence" 
1. Single holes


2. Line of holes


3. Grids


4. Slots of tool size


5. Apertures, i.e. any shape bigger than the tool size


6. Punch the perimeter

Material Specification for Common Materials XE "Material Specification for Common Materials" 
[image: image1.jpg]Shear Strength Material Recommended Die Clear-
Description Hardness PSI N/mm2  Multiplier  ance in % Of Thickness

Low Carbon H.R. Sheet Rb 70 50,000 345 1.0 20%
Low Carbon C.R. Sheet Rb 40,000 276 .80 25%
Low Carbon C.R. Soft Rb 45-60 42,000 290 .84 25%
- 1/4 Hard Rb 60-75 45,000 310 9 25%
- 1/2 Hard Rb 70-85 50,000 345 1.0 25%
- Hard Rb 80-95 61,000 421 1.22 25%
.45 - .50 Carbon HR Sheet BHN 200 80,000 552 1.60 25%
Spring Steel 1074 Annealed Rb 90 75,000 517 1.50 30%
Spring Steel 1095 Annealed Rb 95 80,000 552 16 30%
Spring Steel 1074, 1095
Hardened to Spring Temper Rc 45-50 200,000 1,380 4.0 30%
Abrasive Resistant H.R. Sheet BHN 200/245 100,000 690 2.0 30%
COR - TEN STEEL BHN 120 55,000 379 1.1 20%
TRI-TEN BHN 260 50,000 345 1.0 30%

202 Annealed Rb 95 90,000 620 1.8 THICKNESS 1%
302, 303, 304 Annealed Rb 85 75000 517 15 Dedieni. 5%
310 Annealed Rb 90 90,000 620 1.8 .060-.120in.  20%
316, 321, 430 Annealed Rb 90 75,000 517 1.5 1.5-3.0mm
410 Annealed Rb 85 75000 517 15 oo Janin, 80%
ALUMINUM BASE ALLOY(S) AND TEMPER(S)
1100-0 BHN 23 9,000 62 18 15%
1100-H14 BHN 32 11,000 76 22 18%
2024-0 BHN 47 18,000 124 .36 18%
2024-T3 BHN 120 41,000 283 .82 20%
3003-0 BHN 28 11,000 76 22 15%
3003-H14, H16 BHN 40-47 15,000 103 .30 18%
3105-H25 BHN 47 16,000 110 .32 18%
5005-H34 BHN 41 14,000 97 .28 18%
5052-0 BHN 47 18,000 124 .36 18%
5052-H32 BHN 60 20,000 138 .40 20%
6061-0 BHN 30 12,000 83 24 15%
6061-T6 BHN 95 30,000 207 .60 20%
7075-0 BHN 60 22,000 152 44 20%
7075-T6 BHN 150 48,000 331 .96 20%
110 Electrolitic Copper: - .050 mm GS Rb 40 22,000 152 44 15%
-1/2Hard Rb 40 26,000 179 52 20%
- Hard Rb 50 28,000 193 .56 25%
220 Comm Bronze 90%: - 1/2Hard  Rb 55 35,000 241 .70 15%
230 Red Brass 85%: -1/4Hard Rb55 35,000 241 .70 15%
260 Cartridge Brass: - .035mm GS ~ Rb 68 34,000 234 .68 15%
-1/2Hard Rb 70 40,000 276 .80 18%
- Spring Rb 91 48,000 331 .96 20%
342 A High Lead 1/2 Hard Rb 70 40,000 276 .80 18%
675 Manganese Bronze Rb 65 42,000 290 .84 18%

Titanium - Unalloyed Rb 23-29 50,000 345 1.20 25%

NOTE: Shear strengths and, therefore, material multipliers will be greater for material hardnesses other than annealed as shown
above. Higher multipliers will be required and should be adjusted proportionately 1o the annealed state.

For other materials not shown above, material multipliers may be determined by dividing material shear strength in PSI by 50,000 or
material shear strength in N/mm? by 345.





Figure 1 - Material Specification for Common Materials

Workpiece and Tool Setting XE "Workpiece and Tool Setting" 
The machine datum is the point within the machine's range of movement from which the machine makes its programmed dimensional moves. It is an exact point on each axis that the machine can find even after power loss - this is the point the machine slides move to when you reference the machine. It is often called the zero datum or the machine reference point. Three axis machines usually have the Z axis datum position as the spindle fully retracted. When a workpiece is clamped, on the m/c table the workpiece datum and the machine datum will not normally coincide. In order to relate the two a floating zero facility is provided. This means that the operator can arbitrarily designate as zero any point on each axes within the range of slide displacement.
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Figure 2 - Machine Datum and Workpiece Datum

Setting Axis Datums XE "Workpiece and Tool Setting:Setting Axis Datums" 
On CNC machines employing fully floating datum facilities it is common to position the workpiece or workholding device on the machine table, for convenience. The tool, or setting probe, is then jogged manually to touch the component in each axis in turn. With the tool or setting probe in the correct setting position (component datum position), one of two actions may be taken. The choice will depend on the machine tool.

The first action involves setting the relevant axis register to zero, by entering at the console. A button marked 'axis zero' may also have to be depressed to confirm the action. Thereafter, the machine zero position is assumed to be that point. All subsequently programmed positional moves will be made with reference to this zero point.
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Figure 3 - CNC Setting & Operation 1
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Figure 4 - CNC Setting & Operation 2
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Figure 5 - CNC Setting & Operation 3
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Figure 6 - CNC Setting & Operation 4
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Figure 7 - CNC Setting & Operation 5

[image: image8.jpg]200

79

170

140

40

30

12 HOLES.

20

35 80

HOLE HOLE
SYMBOL | SIZE
A 3,0

B 500

NOTE: DEAD ZONE - 100mm
MATERIAL THICKNESS

Tmm




Figure 8 - CNC Setting & Operation 6

Information Contained in the Title Block of a Drawing XE "Information Contained in the Title Block of a Drawing" 
1. Project title

2. Date of original drawing

3. Job no.

4. Drawing no.

5. Scale

6. Name of Draughtsman

7. Name of Architect

8. Name of Engineer

Turret NO1 XE "Turret NO1" 
STATION 1
RECTANGLE

X = 85   Y = 5   A = 0°
LARGE STATION


STATION 2
ROUND

D = 14


STATION 3
ROUND

D = 12


STATION 4
RECTANGLE

X = 15   Y = 15   A = 0°


STATION 5
RECTANGLE

X = 9   Y = 9   A = 0°


STATION 6
RECTANGLE

X = 85   Y = 5   A = 90°
LARGE STATION


STATION 7
ROUND

D = 3


STATION 8
RECTANGLE

X = 25   Y = 5   A = 90°


STATION 9
RECTANGLE

X = 25   Y = 5   A = 0°


STATION 10
ROUND

D = 6

Prepare Task Plan XE "Prepare Task Plan" 
1. Read the component drawing to identify material type and thickness

2. Identify equipment needed (punches and dies)

3. Develop out the coordinate drawing

4. Identify the punches required

5. Identify the G codes required

6. Write the programme

Data Sheets Codes XE "Data Sheets Codes" 
For the purposes of this examination, select your program codes from the following list:

[image: image9.jpg]GO0t i, Program Stop
GOl it v Positioning and No Punch

Go02. Single Punch

GO03... ...Program End

L T Sheet Load Position

N L0 Repositioning

G11.. ...Repositioning Reset

LG 3710 ———————— Co-ordinate System Offset

G2l e, Offset Release

...Nibble a Row

G61...XYIJL ATF....Punching Pattern at Line

G63...XYIJPLRTF... Window Frame Punching Pattern, (X) with Micro-Joint
G64...XYIJPLRTF...Window Frame Punching Pattern, (Y) with Micro-Joint
G65...XYIJLRTF... Window Punching Pattern, (X) Full-Window Punching
G66...XYIJLRTF.... Window Punching Pattern, (Y) Full-Window Punching
G70 e i, Repeat Pattern

G71..XYIAHTF..... Holes at Line

G72...XYRABHT..... Holes at Arc

G73..XYIJHKTF Grd-(X) —
G74...XYIJHKTF...Gdd-(Y) 4

G80...XYPLASTF.. Nibbling at Line

G8I... XY PRABSTF.Nibbling at Arc

G83 . e Multiple Punching Pattern (X)
GB84 it e Multiple Punching Pattern (Y)
G90.... ..Absolute Code

LG Delay After Punch

G 98 e e, Release
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Figure 9 - G Codes

G Codes XE "G Codes" 
The following 'G' Codes refer to the code required to enable the machine to function.

The 'X' and 'Y' refer to dimensions from the datum point to the centre of the tool being used, (unless stated otherwise).

'T' and 'F' refer to the TURRET STATION NUMBER (i.e. T2) and to the FEED RATE required (i.e. F20).

PUNCH A SINGLE HIT

G02XYTF

PUNCH A ROW OF HOLES:
G71XYIAHTF





I = Centres between holes





A = Angle of travel of row 






(in increments of 0.01 degree)





H = Number of hits (holes) required

PUNCHING A LINE
G61XYIJLATF

Please note X = The corner start position of the slot 




required

Please note Y= The corner start position of the slot 




required

I = Size of tool in the direction of travel

J = Width of tool

Please note 'J' has two variables

Using for example a 25 x 5 tool

J5 produces a slot to the left of direction of travel

J-5 produces a slot to the right

L = Length of Line

A = Angle of Direction

CIRCULAR PATTERN
G72XYRABHTF

R = Radius

A = Starting angle

B = Incremental angle between holes

H = Number of hits required

GRID OF HOLES IN X
G73XYIJAHKTF

I = Centres between holes in the X direction

J = Centres between holes in the Y direction

A = Angle of the Grid

H = Number of hits required in the X axis

K = Number of hits required in the Y axis

GRID OF HOLES IN Y

G74XYIJAHKTF





Note G74 Uses the same parameters as G73 above.

NIBBLING A SLOT


G80XYPLASTF





P = The diameter of tool being used for nibbling





Please note 'P' has three variables



P = 0 (will nibble a slot along the centre line)



P = 12 (using a 12 dia. punch, this will nibble to the 
left of centre)



P = -12 (using a 12 dia. punch, this will nibble to the right of centre)





L = Length of slot required





A = Angle at which the slot is generated



S = 1 to 10 (this corresponds to the pitch of each blow)



S10 is a pitch of approx. 6.0mm.



S1 therefore is equal to a pitch of approx. 0.6mm



S3 (= 6\10 x 3 = approx. 1.8mm pitch)

NIBBLING A CIRCLE

G81XYPRABSTF





P = The diameter of tool being used for nibbling





Please note 'P' has three variables



P = 0 (will nibble a slot along the centre line)



P = 12 (using a 12 dia. punch, this will nibble to the 
left of centre, 




outside the circle)



P = -12 (using a 12 dia. Punch, this will nibble to the right of 




centre, inside the circle)





R = Radius Required





A = Starting Angle





B = Finishing Angle



S = 1 to 10 (this corresponds to the pitch of each blow)



S10 is a pitch of approx. 6.0mm.



S1 therefore is equal to a pitch of approx. 0.6mm



S3 (= 6\10 x 3 = approx. 1.8mm pitch)

PUNCHING AN APPERATURE
G63XYIJPLRTF
IN X AXIS



I = Tool dimension in X





J = Tool dimension in Y





P = Width of micro-joint





L = Length of aperture along the X axis





R = Width of aperture along the Y axis



Please note X = The comer start position of the aperture required



Please note Y = The comer start position of the aperture required



Using this code holds the scrap centre area in position with micro-



tags.



Micro-tag = 20% - 25% thickness of metal

PUNCHING AN APPERTURE
G64XYIJPLRTF
IN Y AXIS



Note G64 uses the same parameters as G63 above.

WINDOW PUNCHING

G65XYIJLRTF
PATTERN IN X AXIS

I = Tool dimension in X





J = Tool dimension in Y





L = Length of aperture along the X axis





R = Width of aperture along the Y axis




Please note X = The corner start position of the aperture required



Please note Y = The corner start position of the aperture required



Using this code clears the area completely.

WINDOW PUNCHING

G66XYIJLRTF
PATTERN IN Y AXIS

Note G66 uses the same parameters as G65 above.

Planning Sheet XE "Planning Sheet" 
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Figure 10 - Planning Sheet

Programming Sheet XE "Programming Sheet" 
Test: P1 NISIMBO MAP-500

[image: image12.jpg]



Figure 11 - Programming Sheet

Note: Can be applied to individual machine requirements.

Punching Exercise Example XE "Punching Exercise Example" 
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Figure 12 - Punching Exercise Example

Planning Sheet XE "Planning Sheet" 
Test: P1 NISHIMBO MAP-500
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Figure 13 - Planning Sheet 2

Note: Can be applied to individual machine requirements.

Self Assessment XE "Self Assessment" 
Questions on Background Notes – Module 7.Unit 7

1.     List the Punching Sequence.

	         


2.    List the Task Plan. 

	


Answers to Questions 1-2. Module 7.Unit 7

1.

	                      Punching Sequence: 
                      a.   Single Holes

                      b.   Line of Holes

                      c.   Grids

                      d.   Slots of Tool Size

                      e.   Apertures

                      f.    Punch the Perimeter     


2.

	                      Task Plan:

                      a.   Read the component drawing to identify material type
                            and thickness.

                      b.   Identify equipment needed.
                      c.   Develop out the coordinate drawing.  

                      d.   Identify the punches needed.   

                      e.   Identify the G codes required.
                      f.    Write the programme. 
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