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(F) (&I BHICI™ (General tolerance)
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B siqrere for g=ia:
5. @™t f56 (Clearance Fit)
Q. THRRFES 6 (Interference Fit)
©. Bfe== %5 (Transition Fit)

>. T2 %6 (Clearance Fit): 57 SaIta™T S SIdt A3 5 512 it faiam usfas =g
ﬂtﬂ]’ﬁ'ﬂm | a Clearance Fit
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iR Eﬂ
i
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® 1905
EXAMPLE #1

ESIGH
HOLE=BASIC SIZE

{A) CLEARANCE FIT

2. IORRFE 5 (Interference Fit): 375T% SeCI SR~k SEIH QF 66 B2 (LT 2F0RPICTT
GHlqe SR W7y e

Interference Fit

MAX OR DESIGN
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SHAFT TOLERANCE =f= -+ '] MIN DIAMETER OF SHAFT
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1 9490
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|
HOLE TOLERANCE -‘|- | MIN OR DESIGN SIZE OF -J 10.00
J {OLE*BASIC $1ZE Oig97 =

MAX DIAME TER OF HOLE —

EXAMPLE 73

(C) INTERFERENCE FIT
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Ted /4 (Answer Key) - 5.3
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FEN
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e

AfFe A YT for 2T 7o JI7e —
o IMINCHE 7§ (Front View)
o TOTEH P (Top View)
o ATCIF 7*F (Side View)

8. fox &ai Beiea™T @ i feryy
Tex:
o feifeig B&EA (Linear Tolerance)
o TN GENE (Geometric Tolerance)
o % BN (Surface Tolerance)
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&q 5 (Job Sheet) - 3.2.5
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TIF N ¢ GF IV Fe3a N g3 tofF 4 |

ey PR MR 8
o @i (Apron)

AT ForT Gk TFEATTS 8
o (AT (pencil)
e 34 (Eraser)
o T3 I (Drawing paper)
e T3 A (Drawing Board)
e @ A (Board Pin)
o 0 THRA (Tee Square)
e (3G CFITF (Set Square)
fCeigelx (Divider)
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e Drawing Board (22 @)
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Third Angle Projection
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(Information Sheet) - .

(Contents):
> H l
>
>
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>
>
>
CNC , ,
(Lubricant)
Slideway Oil, Spindle Oil, Hydraulic Oil Grease Viscosity
Grade ISOVG 32,46 68 ,
Shell Tellus, Mobil Vactra, Castrol Hyspin Total Azolla -10°C
+80°C Guideway, Ball Screw, Spindle Bearing
Gearbox- 1000
(Air Pressure)
Pneumatic ,
CNC 0.5 0.8 (MPa) 5 8 ,
5

O



(Hydraulic Pressure)

35 7.0 ISOVG 32 46 Anti-
Wear Hydraulic Oil Shell Tellus 46, Mobil DTE 25, Total Azolla ZS 46
10 30
10 30°C
60°C
(Coolant)
CNC Water-Soluble Emulsion  Synthetic Coolant
% % Blaser, Castrol, Shell Cimcool
0.1 0.3 pH 8.0
9.5

pH !

CNC (Computer Numerical Control) b

(Material Removal) ,

OO



Facing Tool (

Turning Tool (

Grooving Tool (

Drilling Tool (

Threading Tool (

-~
7
7

AN

%
AN
N\
*&\‘\\\\ \

a.-t“‘\ .
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Parting-off Tool ( - )

Taping Tool ( )
Boring Tool ( )
Knurling Tool ( )
Honing Tool ( )

lle



Finishing Tool ( )

CNC ,

Three Jaw Chuck (- )

Three Jaw Chuck ,

Four Jaw Chuck ( - )

Four Jaw Chuck ,

oY



Collet Chuck ( )
Collet Chuck
Collet Chuck

Live Center ( )
Live Center

Bar Feeder ( )
Bar Feeder

Part Catcher ( )
Part Catcher

Tool Center ( )
Tool Center

09



(SOP):

Live Center Bar Feeder

Part Catcher

5. Scratch Method ( )
?. Tool-Setting Device Method ( -

Scratch Method ( ):
Scratch Method

Ob



Tool-Setting Device Method ( - ):
Tool-Setting Device Method ,

[ ] -
°
°
°
°
°
] ]
Cutter position A
point
The knife
Origin of the Tool-setting
machine tool point
]
e Three Jaw Chuck:

e [our Jaw Chuck: -
Collet Chuck:

(Alignment / Centering):

(S



Live Center

TND-10kVA =
mEE
EAZRELL

\
B |

=

(Main Switch)

(Emergency Switch)
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(Machine Zero Point)

Machine Zero Point

Machine Zero Point

8>



Machine Zero Point

Machine Zero Point

83



. CNC Lathe

. Reference (Home) position

. Tool setup

. Coolant

. Safety interlock switch-

(Self Check) — .

89



(Answer Key)— .

. CNC Lathe ?
: , , ; coolant,
lubrication air supply

. Reference (Home) position ?
. Tool setup ?

: \ offset ; ;
. Coolant ?

, cutting surface ,

. Safety interlock switch- ?

88



. Reference (Home) position

. Tool offset work offset
. Coolant,

<\

PPE

(Job Sheet)— . .

8¢



(Specification Sheet) — . .

PPE:
Safety glass,
Hand gloves,
Ear plug,
Apron

CNC Lathe,
Chuck key,
Allen key set,
Tool holder,
Spanner

Workpiece (Mild Steel Bar)

| -
Simple cylindrical work setup layout

8Y



(Information Sheet) - .

(Contents):
>
>
G-code M-code
902 v+90.304 DR-
9 v+0.285
954 Y+18.095
571 VY+7.608 DR
993 v+15.383
CNC
CAD/CAM

Ethernet Network Cable

232 Serial Cable

89

CNC




e USB

Download
Transfer
Dry Run Simulation
Dry Run ,
, 'Dry Run
[ J
[
[ J
. 1
. ’ n n
: CNC
, G-code M-code
Dry Run

8v



CNC
CAD/CAM
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2 €52 Roustur 30

Firtah Fascrate RA_
Piresh s

MaRn

Notes
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(Cutting Parameter Inspection)

1

(Error Prevention):

Dry Run

(Safety Enhancement):

Dry Run

. Dry Run ( )
Dry Run CNC - )
, Dry Run

e LEEDE D RIS
P = = S T L

Dry Run

¢o



Dry Run .

(@]



(Self-check) — .

.CNC ?

()



(Answer Key) —

, G-code M-code ,

.CNC ?
.NC, . TXT .TAP G-code M-code

?

USB , Ethernet RS-232
Wi-Fi
?
Simulation
?

¢4V



(Job Sheet) — . .

. CAM
. USB
“Download” “Input”
o.
. Idle
o,

@8



PPE:
Anti-static wrist strap
Gloves

CNC controller
USB drive
Network cable

Digital program file (.nc/.txt)

(Specification Sheet) —

- . Controller communication layout
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(Information Sheet) — .

(Contents):
>
>
>

( ):
° Chuck / Collet/ Fixture (Three-jaw, Four-jaw, Collet)
e Live center/Dead center, Tailstock
e Dial indicator (0.01 mm ) magnetic base
e Chuck key/ Torque wrench ( )
e Cleaning brush, lint-free cloth, solvent ( )
e Safety PPE: , / , , ( )
e Soft jaws/mandrel / steady rest ( )
e Tool-setter - ( )

@Y



(Preparation)

S. : PPE

Q. : , chuck- -,

9, . Chuck, collet soft jaws- — ,

8. ; , / / steady rest
/ — -

— Chuck/Collet
S. chuck collet (
chuck)
Q. chuck , spindle taper chuck mounting surface

Fig1 Fig2

o. - ;
(unsupported length)

. Three-jaw- : - — ,

©. Collet- : collet- ;

( , )

— (Centering / Runout correction)

>. Dialindicator- magnetic base - ; indicator tip OD-
( )
R - runout (
): <0.01 mm; =< 0.02-0.03 mm
9. Three-jaw:. runout , chuck - ; soft
jaws

8. Four-jaw (independent jaws): dial indicator- -
— oD -runout , -runout
¢. Collet: centering ; axial misalignment , collet-seat

(@]



— Tailstock / Live center ( )
. tailstock live center tailstock-
spindle centerline-

3. Tailstock quill- - &2 —  shrinkage
deformation
0. Tailstock- pre-set alignment
— steady rest follow rest ( / )
. unsupported length (> recommended L/D), steady rest follow rest
Q. steady rest pads- : runout/deflection
o. —_— -
. -
9, — low RPM- spin vibration, noise  slip-
- ( [/ )
>. Dial indicator on OD: workpiece- indicator , 1-2 RPM- :
max-min runout
R. Face runout test: indicator - - face-runout
9, Testcut: OD- / —  ‘trial cut’ centre-
offset
8. Bartest/mandrelcheck: collet chuck- , known-true test mandrel
mandrel runout ,
, L/D (Rule of Thumb):
. unsupported length < 3 x diameter (L/D < 3)
. L/D <4-5 : steady rest
(Work Offset)
S. - G54 ( work offset)- - [ -
Z-zero
2. OD - Xy z - (Tool setter  edge finder
)
9, Dry Run offset-
Dry Run
. Dry Run —
¢ DryRun

(¢4



(Safety):
Chuck key chuck- ;

¢ PPE
Emergency stop-

(Operator Quick-check — SOP summary):

S. E-stop ?
2. Chuck- ?
o, Chuck/Collet ?
8.
¢. Dial indicator- runout ?
Y, Tailstock / steady rest ?
q. Soft jaws/mandrel ?
v». Dry Run clearance ?
5. (G54 ) ?
So. — , , PPE ?
(Maintenance tips):
e Chuck collet-seat
e Jaws- ;
e Tailstock center live center-
e Steady rest pad
. Facing ( )
Facing
Workpiece Rotation Depth to be Removed

~-D.=0

f

Feed Direction
Tool =yl

€5



.Turning( )
Turning

Feed direction

Turning tool

. Taper Turning ( )
Taper Turning

Yo



e CNC
[}

. Threading (

Threading

e CNC
[ ]
[ ]
. Drilling (
Drilling
CNC

e CNC

G76)

(  co1

LY

G81l

G83



. Boring ( ):
Boring

e CNC

. Tapping ( )
Tapping

° CNC
. G84
[
[ ]
. Parting-off (
Parting-off

Chuck

Tapping

Boring tool
Tool ]

rotation

Feed direction

Workpiece

Feed Direction
- Tool
Rotation

Parting-off tool

?Fm

U



CNC

(Corrective Action)

. (G-code M-code )

o (Feed, Speed, Depth of Cut)

VO



. Turning operation-

. Facing

. Threading-

. Boring operation

. Parting-off-

(Self-check) —

L8



(Answer Key) — .

. Turning operation- ?

. Facing ?

reference surface

. Threading- ?

Thread pitch, depth start position feed rate

. Boring operation ?

smooth surface

. Parting-off- ?

alignment : coolant

Sl



Work Offset
. Facing
. Turning, taper turning, threading

e Tool blunt
[}

(Job Sheet) —

LYy



(Specification Sheet) — . .

PPE:
Safety glass
Gloves
Apron

CNC lathe
Cutting tools
Coolant

Mild Steel rod

@50
@55

vq



(Information Sheet) - .

(Contents):

CNC Lathe Machine- ,
), (Specifications)

o,
(CAD Drawing) :
.
Measuring Instruments

o Vernier Caliper — , ,

o Micrometer —

o Dial Indicator —

o Height Gauge —

o Coordinate Measuring Machine (CMM) — 3D
O,

o Zero Setting

@)

o (Temperature variation

)

8.

Y



o “Hole diameter = 10.00 + 0.02 mm”,

¢.
Inspection Sheet Quality Control Report- \
b,
, rework, adjustment rejection-
e CNC
CNC -
CNC Lathe Machine- (Workpiece)
(Specification or Tolerance) : “ (Defective

Workpiece)”

(Identification of Defects):

(Dimensional Error):
(Surface Defect): ,  (Burrs),
(Positional Error):

)



(Shape Deviation): :
(Alignment Error):

(Mark/Tag) :
(Recording of Defects):

Inspection Record Sheet Defect Log Book-

(Quality Control) (Process Improvement)

(Reporting for Action):

Rework:

Repair:

Reject:

Root Cause Analysis:

, " CNC

qo



So.

Vernier Caliper
Micrometer
Dial Indicator

IICMMII

CNC -

(Self Check) — .

S



(Answer Key) — .

?

— (dimension),
(tolerance) (quality)

e Vernier Caliper

e Micrometer (Outside/Inside)

o Dial Indicator

e Height Gauge

e Surface Plate

« Coordinate Measuring Machine (CMM)

. Vernier Caliper ?

Vernier Caliper
0.02 0.001

. Micrometer ?

Micrometer

(. )

. Dial Indicator ?

Dial Indicator — , , (displacement)
"CMM" ?

CMM Coordinate Measuring Machine

— 3D XY, 2)

N



CNC - ?
CNC - —
. (Dimensional error)
. (G-code )
?

Inspection Report Quality Control Logbook-
Supervisors, Production Engineer

Qv

: (Defective)

Quality Control Department-



SN

Vernier Micrometer
Vernier Micrometer

Zero error

(Job Sheet) —

Qa8



PPE

Hand gloves
Safety glasses

. Apron

Vernier Caliper
Micrometer
. Surface Tester

MS

T = B

(Specification Sheet)— . .
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— ST L
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Click a dimension with the
blue box cursor to hi-lite it
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(Information Sheet) -

(Contents):
o. ) )
.
©.
8.
c.
b,
q.
CNC ’ )
(Lubricant)
Slideway Oil, Spindle Oil, Hydraulic Oil Grease Viscosity
Grade ISOVG 32,46 68
Shell Tellus, Mobil Vactra, Castrol Hyspin Total Azolla -10°C
+80°C Guideway, Ball Screw, Spindle Bearing
Gearbox- 1000

(Air Pressure)

Pneumatic

v



CNC 05 08 (MPa) 5 8

(Hydraulic Pressure)

35 7.0 ISOVG 32 46 Anti-
Wear Hydraulic Oil Shell Tellus 46, Mobil DTE 25, Total AzollaZS 46
10 30
10 30°C
60°C

(Coolant)

CNC Water-Soluble Emulsion  Synthetic Coolant
% % Blaser, Castrol, Shell Cimcool
0.1 0.3 pH 8.0
9.5
pH ,

CNC (Computer Numerical Control) -

(Material Removal)

W



Face / Bull Mill Cutter
Face Mill (flat)

. carbide insert
° Arbor hole Shank,
J (corner radius) : “Bull Mill”
. carbide coated material
End Mill Cutter:
End Mill : CNC
. Flute (spiral groove) ,
. (Double-ended type)
. Solid Carbide High Speed Steel (HSS)

* ( ) ) -

Ball Mill Cutter:
Ball Mill 3D surface contouring, die, mould

\

o (Hemispherical)

° 2-flute 4-flute



. Tungsten Carbide Coated HSS

Taper Mill Cutter:
Taper Mill (tapered)

. (conical shape),
. (  5°10°15° )
o Solid Carbide HSS

. (3-6) |

Drill Bits Cutter:
Drill Bit , (hole) CNC

hole-making operation-

—s oo oo o~
o

by



° Helical Flute

. Cutting Edge Chisel Edge

° Web thickness

. High Speed Steel (HSS) Carbide

° : Twist drill, Center drill, Spot drill
Reamers
Reamer

hole finishing operation-

° Cutting Blade Flute
o Guide section (alignment)
[ ] —_
° High Speed Steel (HSS) Carbide
. — Straight flute (hard material- ) Spiral flute (soft
metal- )
CNC
Angle Plate
Angle Plate “L” : °

w3



V-Block, U-Clamp

V-Block, U-Clamp C-Clamp

e V-Block:
e U-Clamp: “U”
e C-Clamp: “C”

Step Block
Step Block -

T-Slot Bolt
T-Slot Bolt

(hole)

b

“V"

T-slot-



° , T-slot-

Machine Vice
Machine Vice

. Fixed Jaw Movable Jaw

e Lead Screw Mechanism Movable Jaw
[ )

o Swivel Base- ,

Pneumatic Fastening Clamp
Pneumatic Clamp

Pneumatic Cylinder Piston
Lever Arm
Air Inlet System

b8



Jig and Fixture
Jig Fixture

, Fixture

Fixture:

Live Center

.

Fixture

Bar Feeder

Part Catcher

b ¢

Jig



©. Scratch Method ( )
8. Tool-Setting Device Method ( - )

Scratch Method ( ):
Scratch Method

Tool-Setting Device Method (- ):
Tool-Setting Device Method ,

by



Machine Vice ( ) —
Soft Jaws / Machinable Jaws —

Parallels ( ) —
Step Clamps / T-slot Clamps —

Toe Clamps / Low-profile Clamps —
Strap Clamps/Web Clamps —

(Alignment / Centering):

bq



Live Center

casy|m¥

=1
=

™ D-10kVA

|
(Main Switch)
(Emergency Switch)

bt



(Machine Zero Point)

Machine Zero Point

Machine Zero Point
[}
[ ]

Machine Zero Point

Machine Zero Point

be



fh ® 6 L v

(Self Check) -

CNC milling machine 2i%rss st (17 (I (a1t % (e 232
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(Answer Key) — .

. CNC Milling Machine ?

CNC Milling Machine

“Power On”
XY, Z

(X, Y, 2)

CNC Milling Machine-

N



v

¢ /R 06 Ly

CNC Milling Machine

PPE

(Job Sheet) —

Clamping

5



CNC Milling Machine

PPE
Safety goggles
Hand gloves
Safety shoes

Spanner set
Allen key
Cleaning brush

Cleaning cloth
MS Block

(Specification Sheet) — . .

Clamping

9



(Information Sheet) —

(Contents):

CNC
G-code M-code

s
gz, |B=1500.00

S = 4500 (p=

CNC
CAD/CAM

USB
Ethernet Network Cable
232 Serial Cable

58



[
e USB
Download
Transfer
Dry Run Simulation
Dry Run ,
, "Dry Run
[ J
[ J
[
L4 1
° ’ n n
, CNC
, G-code M-code
Dry Run

¢



CNC
CAD/CAM

(Tool Path Verification):

(Cutting Parameter Inspection):

1

)



(Error Prevention):

Dry Run

(Safety Enhancement):

Dry Run
. Dry Run ( )
Dry Run CNC - :

' Dry Run

Dry Run-

° . Dry Run ) ,

° : Dry Run

9



(Self-check) —

CNC ?

.

3

O, ?
8. “Program Verify” ?

(¢q

b



(Answer Key) —

.CNC ?

CNC .NC .TXT .CNC
G-code M-code ,

?
?
USB , Ethernet, RS-232 Serial Cable, Memory Card
Compact Flash Card CNC
. “Program Verify” ?
“Program Verify” CNC G-code M-code
?

>



f® 6 r Y

CNC

uSB

Program Verify

(Job Sheet) — . .

doo



CNC

PPE
Anti-static wrist band
Safety gloves

USB drive
Laptop/PC
CNC Control Panel

(NCL.TXT)

o) s (omwwenl WD s>

(Specification Sheet) —
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(Information Sheet) -

(Contents):
v

v
v

( ):

Chuck/ Collet/ Fixture (Three-jaw, Four-jaw, Collet)
e Live center/Dead center, Tailstock

e Dial indicator (0.01 mm ) magnetic base

e Chuck key/ Torque wrench ( )

e Cleaning brush, lint-free cloth, solvent ( )

e Safety PPE: : / : : ( )
e Soft jaws/mandrel / steady rest ( )

e Tool-setter - ( )

(Preparation)

S, : PPE

Q. : , chuck- -

9, . Chuck, collet soft jaws- — :

8. ; , / / steady rest

S0



— Chuck/Collet
S chuck collet (
chuck)
. chuck , spindle taper chuck mounting surface

o. - ;
(unsupported length)

. Three-jaw- : - — ,

9. Collet- : collet- ;

( ! )

— (Centering / Runout correction)

>. Dial indicator- magnetic base - , indicator tip
OD- ( )
2. - runout (
): <0.01 mm; = 0.02-0.03 mm
9. Three-jaw. runout , chuck - ;
soft jaws

8. Four-jaw (independent jaws): dial indicator- -

— oD -runout , -runout
¢. Collet: centering ; axial misalignment , collet-seat
— Tailstock / Live center ( )
d. tailstock live center tailstock-
spindle centerline-
3. Tailstock quill- & —  shrinkage
deformation
0. Tailstock- pre-set alignment
— steady rest follow rest ( / )
d. unsupported length (> recommended L/D), steady rest  follow rest
Q. steady rest pads- , runout/deflection

o)Vl



Q. -
— low RPM- spin vibration, noise  slip-
- ( 1/ )
>. Dial indicator on OD: workpiece- indicator |, 1-2 RPM-
max-min runout
R. Face runout test: indicator - - face-runout
9. Test cut: OD- / — ‘trial cut’
centre-offset
8. Bar test/ mandrel check: collet chuck- , known-true test
mandrel mandrel runout ,
,L/ID (Rule of Thumb):
. unsupported length < 3 x diameter (L/D < 3)
. L/D <4-5 X steady rest
(Work Offset)
S - G54 ( work offset)- -
Z-zero
. OD - XY z - (Tool setter edge finder
)
9, Dry Run offset-
Dry Run
o Dry Run —
¢ DryRun
(Safety):
e Chuck key chuck- ;
« PPE
¢ Emergency stop-
(Operator Quick-check — SOP summary):
S. E-stop ?
Q. Chuck- ?
o, Chuck/Collet ?

yo8



8.

¢. Dial indicator- runout ?
Y, Tailstock / steady rest ?
q. Soft jaws/mandrel ?

. Dry Run clearance ?

5. (G54 ) ?

do. — , , PPE ?

(Maintenance tips):

e Chuck collet-seat
e Jaws- ;
e Tailstock center live center-

e Steady rest pad

Facing Operation
Facing Milling-

\ Milling
Facing ,
.
e Reference surface
.
Pocket Milling Operation
Pocket Milling  Milling (cavity recessed
feature) Material Remove ,
\ recessed Pocket Milling- Depth Boundary
. cavity
e recessed feature machining
e Tool path Material Remove
Contour Milling Operation
Contour Milling  Milling Material
Remove Freeform Complex Geometry- Contour
Milling- Workpiece- , Shape Profile-
. outline shape

e Freeform geometry machining

Nelte



e Complex profile finishing
8. Parallel Milling Operation

Parallel Milling  Milling Path ( Slightly Curved)
Material Remove Slightly Curved Surface machining-
Parallel Milling- Step Over Tool Path Surface Finish
. Curved Surface
e Material Remove

o Efficient machining smooth finish
¢. Scallop Milling Operation

Scallop Milling  Ball End Mill Curved Freeform Surface-
Overlapping Cuts \ Surface Smooth
Curvature 3D Surface Milling- , Mold, Die, Complex

Contour Surface

e Freeform 3D Surface machining
e Smooth Finish Curvature
o Ball End Cutter Overlapping Cutting

CNC

o (G-code M-code )
oY



(Feed, Speed, Depth of Cut)

So19



f® 6 r Y

Facing Operation-
Pocket Milling
Contour Milling
Scallop Operation-

(Self Check) -

yobr



(Answer Key) —

. Facing Operation- ?

Facing Operation

. Pocket Milling ?
Pocket Milling
CNC
Milling Machine
. Contour Milling ?
Contour Milling
, Contour Milling

. Scallop Operation- ?

Scallop Operation

pYe)-}



v

<

f® 6 r Y

(Job Sheet) -

CNC Milling Operation

Dry Run
Milling Operation (Facing, Pocket, Contour)

. Coolant Flow

dd0



(Specification Sheet) —

CNC Milling Operation

PPE

Safety goggles
Ear protection

. Apron

Face Mill, End Mill, Drill Bit
Machine Vice
. Allen Key, Spanner

Mild Steel Aluminium Block

| -

99



(Information Sheet) - .

(Contents):

CNC Milling Machine-

), (Specifications)

q.
(CAD Drawing) :
b,
Measuring Instruments

o Vernier Caliper — , ,

o Micrometer —

o Dial Indicator —

o Height Gauge —

o Coordinate Measuring Machine (CMM) — 3D
>.

o Zero Setting

@)

o (Temperature variation

)

S0,

R



.

;R

o “Hole diameter = 10.00 + 0.02 mm”,

Inspection Sheet Quality Control Report-

, rework, adjustment

CNC

CNC Milling Machine- (Workpiece)
(Specification or Tolerance)

(Defective Workpiece)”

(Identification of Defects):

CNC
(Dimensional Error):
(Surface Defect): ,  (Burrs),
(Positional Error):
(Shape Deviation): :

259

rejection-



(Alignment Error):

(Mark/Tag) :
(Recording of Defects):

Inspection Record Sheet Defect Log Book-

(Quality Control) (Process Improvement)

(Reporting for Action):

Rework:

Repair:

Reject:

Root Cause Analysis:

o , " CNC

338



So.

Vernier Caliper
Micrometer
Dial Indicator

IICMMII

CNC -

(Self Check) — .

2¢



(Answer Key) — .

?

— (dimension),
(tolerance) (quality)

e Vernier Caliper

e Micrometer (Outside/Inside)

o Dial Indicator

e Height Gauge

e Surface Plate

« Coordinate Measuring Machine (CMM)

. Vernier Caliper ?

Vernier Caliper
0.02 0.001

. Micrometer ?

Micrometer

(. )

. Dial Indicator ?

Dial Indicator — , , (displacement)
"CMM" ?

CMM Coordinate Measuring Machine

— 3D XY, 2)

0N



CNC - ?
CNC - —
. (Dimensional error)
. (G-code )
?

Inspection Report Quality Control Logbook-
Supervisors, Production Engineer

214

: (Defective)

Quality Control Department-



¥ & 2 ¢

Vernier

Micrometer

(Job Sheet) —
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(Specification Sheet)— . .

PPE
Hand gloves
Safety glasses

. Vernier Caliper

Micrometer
Surface Tester

MS

L B = ]

Click a dimension with the
blue box cursor to hi-lite it
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CAD 3D Mold
SICIP-LE-CAD-04-O

30



, 3D

AR ® 6 v v

¥ I L &R ® 06 Ly

v v v v v v v
G AR ©© 6 L v O

:CAD

: SICIP-LE-CAD-04-O

CAD

, 3D

CAD

2D
3D
3D

Mold

Mold CAM

2D
2D

CAD

2D
2D

CAD

.3D
. 3D
.3D
.2D
.Mold 3D

.Mold CAM

.CAM Mold

3D

3D

Mold

3D
CAD
Mold

9D

Mold

Mold

, 2D
CAM



(Information Sheet) - .

- :CAD

(Contents):

. CAD

- (Hardware)
(Software)

(Hardware)

Processor ( )

, Intel AMD
Intel Corei5 AMD Ryzen 5

e

533



RAM( )
RAM Random Access Memory :
, RAM
RAM RAM ,
RAM

Graphics Card ( )
GPU ) '

NVIDIA GeForce RTX AMD Radeon

Storage ( )
— HDD (Hard Disk Drive)  SSD (Solid State Drive) HDD
, SSD SSD

3RV



Monitor ( )

: ) LED, IPS
Curved
Motherboard ( )
CPU, RAM,
Graphics Card, Storage—
Power Supply ( )
PSU (Alternating
Current) (Direct Current) :

38



Cooling System ( )

Keyboard ( )

Mouse( )

RE



Casing ( )

Sound System (

Network Card ( )
(LAN)
(Wi-Fi) -

oY



Operating System (

)
(©)
Q
£
IS
7 15
43
S

PO®@

3
(9
(2

5
[

S

529



02

Coordination
Between
S/w and User

06 ‘ Detection

\ RAM

Real-Time Mobile Operating
Batch Operating Operating System System
T —— T —
System
Time-Sharing

Operating System Types of Operating System

| —

Embedded ‘
Operating System
———

Multi-User
Operating System
| —

Distributed Operating Single-User
System A
. Operating System
Network Operating Multiprocessing  —
System y Operating System

e —————

Single User Operating System,
MS-DOS

oY



Multi User Operating System, \
Windows Server Linux

Multitasking Operating System, , Windows
10, macOS Android

Embedded Operating System, , , ,
Android i0S

Microsoft Windows, Linux, macOS, Android,
iOS
Windows ,
Linux
macOS
Android iOS

Software ( )

0B



(Set of Instructions),
— Microsoft Word- :
, RAM-

(System Software)

(Operating System), Windows,
Linux, macOS, Android
Driver Software Utility Software
( , , )
(Application Software)
— Microsoft Word , Excel , PowerPoint , Solidworks
, Photoshop , Chrome Edge

Microsoft Office, SolidWorks, AutoCAD, Mastercam, Siemens NX, CATIA, Rhino, Fusion
360, VLC Player, Adobe lllustrator, Google Chrome, Zoom, Tally

dvo



SolidWorks

P,
2S SOLIDWORKS

SolidWorks CAD (Computer-Aided Design)
, , Parametric
Modeling , .
SolidWorks- Simulation Module , , ,
SolidWorks CAM CNC 3D
STL
Bt 00080 Wane. — —
Mgy ks ,
B

[T Model 0 Vi | Maton Sty | T S
SOLIDWORKS Premien 2013 164 Edtion

29



SolidWorks ,
Assembly, Motion Study, Sheet Metal Design, Weldments, Mold Design, Surface

Modeling Electrical Routing

+ @ 5Upper Blocke1s Delouh< <
* & D Glower block<1> it
‘8 B

Maes - ®

SolidWorks ,

A sl .
8 G .
B ISy~
e O]
PEQR BB =)

L e e e e g e

b E(R|e|e)s
[ e

-

SolidWorks
CAD SolidWorks
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SolidWorks-

Routing
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Siemens NX

PLM Software

% SIEMENS
‘ NX

Siemens NX CAD/CAMI/CAE
, , Motion Simulation, Finite Element Analysis (FEA)
CNC Toolpath Generation NX- Advanced Surfacing, Sheet Metal Design,
Generative Design Digital Twin
NX ,
Assembly Management, Kinematics Simulation, Generative Design
Integrated CAM NX
NX ) ) ) !
NX
NX L) 1 L) 1
NX

NX- Advanced Surfacing, Sheet Metal Design, Motion Simulation, FEA, CFD,
Generative Design Digital Twin CAD, CAM CAE

NX ,
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CATIA

AY
DCA TIA

CATIA Dassault Systémes- \
, CATIA 3D Part
Modeling, Surface Design, Product Lifecycle Management (PLM), Kinematics Analysis

Digital Mockup

CATIA Advanced Surface Modeling, Digital
Mockup, Assembly Design, Kinematics Analysis, Electrical & Piping Design
CATIA
CATIA \ ' ,
CATIA
CATIA , , , ,
CATIA

CATIA Advanced Surface Modeling, Assembly Management, Kinematics, Digital
Mockup PLM

CATIA , -

AutoCAD
v »2 AUTODESK

AutoCAD

20¢



AutoCAD CAD 2D 3D ,
, , AutoCAD Blueprint, Floor
Plan, Technical Drawing, 2D Sketch 3D Model

AutoCAD , 2D Drafting, 3D Modeling,

Annotation Tools, Layer Management File Compatibility AutoCAD CAD

AutoCAD , , , ,
AutoCAD

AutoCAD , : b

AutoCAD 2D Drafting, 3D Modeling, Annotation, Layer Management, Xref (External
Reference), Plotting DWG/DXF File Compatibility

AutoCAD

Rhino

- Rhinoceros

N Powerful 3D design software for every industry
N
Rhino Freeform Design Complex Surface Modeling-
, , , Rhino-

NURBS Modeling ,

Rhino Surface
Modeling, Curve Creation, Mesh Editing, Rendering, Grasshopper (Parametric Design)
Plugin Support

MY



Rhino , , ,
Rhino

Rhino . ) )

Rhino NURBS-based Modeling Freeform Surface, Mesh, Rendering,
Parametric Design Plugin Integration

Rhino ,
Fusion 360
™ AUTODESK’
L FUSION 360
Fusion 360 Autodesk- - CAD/CAM/CAE
Fusion 360 , , , 3D CNC
Fusion 360 Collaborative Design- Parametric Design, Generative

Design, Simulation, Rendering, Data Management Cloud Collaboration

Fusion 360 \ ) )

Fusion 360 , ) )

Fusion 360 Parametric Design, Generative Design, Simulation, 3D Printing Preparation,
CAM Integration Cloud Collaboration
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Fusion 360 ,

/

CAD

CAD Software Installation Process:

THREE TYPES OF STUDENT PRODUCTS

Student Edition (SE) You can purchase the Student Edition through the
SOLIDWORKS Student Store. www.solidworks.com/studentstore

Student Premium (formerly Student Engineering Kit/Student Access — SEK) If
your school is eligible, students should receive a Serial Number (License Key) and
SEK-ID from their teacher. Once you have obtained both of these, go to
www.SOLIDWORKS.com/SEK and complete the Community Download form
shown below to start the download process.

Student Standard (formerly Student Design Kit - SDK) If you have obtained a
SDK-ID from your School/ University go to www.SOLIDWORKS.com/SDK and
complete the Community Download form shown below to start the download
process. You will receive your Serial Number after the download is requested
and will also receive a copy via email.

Note: Please check your junk mail if you do not see it within an hour of submitting the

form.

55 SOLIDWORKS IDEXPERIENCES Works  Praducts = ps Con vccess S y (o now )

SOLIDWORKS Community Download Instructions

Contact Information

Product Information

I already ha:

Yas

Mo

ve 3 Serial Humber that starts with 020 SOLIDWORKS Version

INSTALLATION GUIDE:
Student Edition, Student Premium (formerly SEK), and Student Standard (formerly

SDK)
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HOW TO DOWNLOAD SETUP FILE
Student Edition/Student Premium (formerly Student Engineering Kit/SEK)

a)
b)
c)
d)
e)

Go to the link www.solidworks.com/SEK

Select Yes for the Option "l already have a serial number that starts with 9020"
Choose the appropriate SOLIDWORKS version from the drop/down list

Select Request Download and accept terms and conditions

Click Download > SolidWorksSetup.exe will be downloaded

Student Standard (formerly Student Design Kit/SDK)

a.
b.

Go to the link www.solidworks.com/SDK

Select No for the Option "l already have a serial number that starts with 9020"
(Note: You will receive your Serial Number after the download is requested and
will also receive a copy via email.)

Enter your SDK-ID (This ID can be obtained from your teacher/professor at your
school/college/university)

Choose the appropriate SOLIDWORKS version from the drop/down list e. Select
Request Download and accept terms and conditions

Click Download > SolidWorksSetup.exe will be downloaded

‘775 SOLIDWORKS SOEXPERILNCE® Works Products » Sohstrons Community Swccess Support

SOLIDWORKS Community Download Instructions

Contact Information

Product Information

alveady have 2 Serial Number that starts wath 5020

INSTALLATION GUIDE:
Student Edition, Student Premium (formerly SEK), and Student Standard (formerly

SDK)

20


http://www.solidworks.com/SEK
http://www.solidworks.com/SDK

HOW TO INSTALL SOLIDWORKS

Troubleshooting Tips

s Open and unzip the downloaded SolidWorksSetup.exe file to start the Installation Manger.

¢ All the products you are entitled to are automatically selected for installation.
You don’t need a separate serial number for different products.

+ Student Standard only includes SOLIDWORKS Standard and SOLIDWORKS CAM. You will
receive a separate Serial Number for both products.
No Add-ins like Toolbox, Photoview, Simulation, etc. are included.

» Student do not have access to Log in option

s Please visit this link to learn what products are included in the Student Edition, Student
Premium and Student Standard: Please visit this link for more details:
https://www.solidworks.com/product/sclidworks-3d-cad

1. Once the Installation Manager is running, select the option Individual (on this
computer) and click the Next arrow

[ @ SOLIDWORKS Installation Manager - X

2
2S SOLIDWORKS

Welcome to the SOLIDWORKS Installation Manager
SOUDWORKS = v

Specify the type of installation

®) nstall on this computer
Create an administrative image to deploy to multiple computers
Install server components

Download and share all files. Create indwvidual installs or 3dminstrative images on muRiple machines with a single
download

Cancel Hep Next

INSTALLATION GUIDE:
Student Edition, Student Premium (formerly SEK), and Student Standard (formerly
SDK)

2. Input SOLIDWORKS CAD serial number under 3D Design and leave other fields
blank, click next.

380



The Installation Manager will now check and verify you have the system requirements
to run SOLIDWORKS. If something is amiss, you will be notified. This process may take
several minutes.

@ sovowoRss talancn Manaje - x

2
2S SOLIDWORKS

Serial Number

Enter your 1enal number information of log = to sutamutcally populate senal numbers Logm

“ 30 Design
< SOLIDWORKS v -

> Viwsalzation
> Simlaton
> owm (D

? Technical Commmnication

> Elecwical Devign
X ? < >
Cancel s Back et

3. Once your system has been checked, you will be taken to a summary screen
displaying all of the products you will be installing. Check the box marking that
you accept our terms and conditions and click Install Now.

Note: Products shown may vary depending on the version of SOLIDWORKS you are
using.

@ souowoRRs Inatallatson Mansger - x

2
PS SOLIDWORKS

Summary
Thes i & new imatallation of

v Products .'l.‘.‘:“)’

‘isoumxs Photesew 360, SOUDWORKS Toolben, SOLIDWORKS Routing, ScanTolD. Tebanabyst, |
CirounWerks, SOUDWORKS Cestng Design Chacker, Example Files, Manualy, Help Filex Al

| sotiowomxs Languages: £ngish |
eDrawings |

SOLIDWORKS Flow Simedation

| SOLIDWORKS Plastics |
SOUIDWORKS Electricat Electncal Chert (SOLIDWORKS Blectncat Schematic, SOUDWORKS Blectncsd 30), V]

J

LEdncaric ol Soneme IC sllaharatooe Sorces Grabie stinm Diata)

> Intallasion Location Chunge

 Toolbox/Mole Wizard Optices Qurge

Toolbor natallation location CASOUDWORXS Data ()
Toolbos installstsce method New Toolbox

) Bectrical Options Cungs
) | sccept the termm of the SOUDWORKS Estimated installation size: 19 GB (Space avallable: 18 GR)
Llense Agreement
X ? < =
Concel  Melp Back  Install Now

INSTALLATION GUIDE:
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Student Edition, Student Premium (formerly SEK), and Student Standard (formerly
SDK)

4. Once the installation is complete, click Finish to close the Installation Manager.
You will be able to use your SOLIDWORKS products after successful activation.

@ SOUDWORKS tallation Manager - X

2
PS SOLIDWORKS

Installation is Complete

1 Show me What's New in SOUDWORKS

Join the SOLIDWORKS Customer Experience Improvement Program
o Partiopation dwectly imgroves the wtabiity of SOLDWORKS prodhucts.
© Dats are continucunly analyzed to help determine cranh cautes, create sokations and identify itabiity trends
* System performance is not sifected by paticipating in th program
ekl me
Yes | want 1o jown

No, thank you

® Remind me later

Dotsaul Systemes SolWorks Corporatson does nat access or collect model dota o information obout amy of your ather

software cpplcations

? 2l
Firwh

Help

INSTALLATION GUIDE:
Student Edition, Student Premium (formerly SEK), and Student Standard (formerly

SDK)

HOW TO ACTIVATE SOLIDWORKS
On the first launch of SOLIDWORKS, you will be prompted to activate your license. You

@ SOLIDWORKS Product Activation

SOLIDWORKS Product Activation
Thank you for installing SOUDWORKS. You must actvate your

installation to fully enable all of the features. This wizard will
guide you through the activation process

What would you like to do 7
(®) 1 want to activate my SOLIDWORKS product now
You can use this computer or ancther computer connected to
the internet, |
|

There are O day(s) left in your grace period:

2
2S SOLIDWORKS

About... Back E Cancel Help

can either activate your license after a 30-day trial or activate your license straight

away.
583



To activate, proceed with the steps as shown below.

M SOUDWORKS Product Activation x

Activate/Deactivate Your SOLIDWORKS Product

To activate your SOUDWORKS produc you must request 2 license key from SOUDWORKS.
The Activation Wizard will help you collect the Information necessary to activate your
product

Product: LIDWORS Select AN

Deselect ANl

How would you like 1o activate?
(®) Automatically over the Internet (recommended)
O Manusily via e-mail

Contact Information (Reguired)

£-mait - J

We respeat your privacy. To learn about how D5 SoligWarks Corporation protects your
privacy, please review our Privacy Policy

pros e Taw i

M SOLIDWORKS Product Activstion x

Result

o Activation/Reactivation Succeeded.

Currently activated products:

Product Activation Expires

SOUDWORKS Premium

SOLDWORKS CAM Professional

SOUDWORKS Composer Professional

SOUDWORKS Electnical Professional

SOLDWORKS Flow Simulation

Electronics Module for SOUDWORKS Flow.., v
< >

Refresh

Join the SOUDWORKS Community

2 Find answers. Stay connected. Join now! T
PS5 SOLIDWORKS ’_'

e <t e

For any technical issues regarding download or installation please visit:
www.solidworks.com/studentsupport

INSTALLATION GUIDE:
Student Edition, Student Premium (formerly SEK), and Student Standard (formerly

SDK)
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ADDITIONAL RESOURCES

MySolidWorks Professional

Both the Student Edition and Student Premium are eligible for a year access to
MySolidWorks Professional for free. Please follow the video link below to learn how to
create an account and get access.

www.solidworks.com/mysolidworks_for_students

Industry Certifications

Any school or team that receives Student Premium is most likely eligible to receive our
Industry Certifications for free. These certifications are to further increase students
resumes and give them an edge when looking for jobs. These certifications prove the
students’ knowledge of 3d visualization. Please reach out to your teacher and Reseller
to learn how to administer these exams.

2
2S SOLIDWORKS

Basic parameters
CAD

User Interface, Units, Color and
Text Format User Interface , ,
Units , ,
Color and Text Format
Basic parameters :
,CNC

588


http://www.solidworks.com/mysolidworks_for_students

Document Properties - Units

System Options Document Properties £33 search Options

Drafting Standard Unit system
- Annotations O MKS (meter, kilogram, second)
Dimensions OCGS (centimeter, gram, second]
O MMGS (millimeter, gram, second)
@IPS (inch, pound, second]
DimxXpert O custom
Detailing
Grid/Snap
its - . - ~
Type Unit Decimals Fractions More
Maodel Display - -
Material Properties HasiclUnits
| li -
mage Quality Length inches a2
Sheet Metal MBD
Sheet Metal Dual Dimension Length  |millimeters Mone 2
Weldments
Plane Display Angle degrees A2
Configurations
Mass/Section Properties
Length inches a2
Mass pounds
Per Unit Volume inches*3
Motion Units
Time second a2 W
< >
Decimal rounding

8¢




User interface

Menu Bar

Standard Toolbar

D’SSOL’DWORKS File Edit View Insert Tooks Simuiation Window Help # @ D 'B)'E' & '@v . {g’:}v 2130001_Adapter | Bl user mterface oY g ?~ _ P ><

4 .
Swept Boss/Base @ ﬁ Swept Cut @ bR @ Rib .3 Wrap U r
9 Jﬁ [ElE) S 7] \21 i
= Hole Filet  Linear Reference Curves
Extruded  Revoived Extruded Revolved Instant3D Dome Cosmetic
5 Lofted Boss/Base é‘:ﬂ Wi i Lofted Cut Pattern % Draft @ Intersect  Geometry o ::md

Boss/Base Boss/Base fzard e
Shell ’}:ﬂmmr < =

@ Boundary Boss/Base - @ Boundary Cut

Features | Sketch | Sheet Metal | Weidments | Mold Tools | Evaluate | Dimxpert | sOLDWORKS Add-Jlfimulation | SOLIDWORKS MBD | Analysis Preparation | -~ =%

S ) P LR R 8- -Sf-0-
?Ga B& @

@ @ 2130001_Adapter (4 Inch<<Default>_PhotoWorks Dis,
» History

[3) Sensors
» [ Annotations

£ Plain Carbon Steel

Search Bar

CommandManager

=153

Heads Up View Toolbar

w5
Feature Manager
Design Tree B
) Graphics Area
s
.< Model Wwi
Part 1PS ®

SOLIDWORKS Student Edition - Academic Use Only

Status Bar

CAD User Interface

User Interface-

Drag and Drop , Contextual Menus, Shortcut
Keys Customizable Workspaces User Interface ,
Units

CAD , (mm) (inch)
Units , Units

CAD Metric System (mm, cm, m) Imperial System (inch, feet)

MKS {meter, kilogram, second)
CGS (centimeter, gram, second)
MMGS (millimeter, gram, |/{::ﬂ:;c:ntj)

IPS {inch, pound, second)

Edit Document Units...

d Editing Sketch1 8 IPS - &

28Y



Units ,

Units Simulation, CNC
3D -
Color and text format
CAD Color
) , Text format
, : , CAD Color

Text format
Blueprint, Drawing, Report
Custom Color Palettes Text Styles

oo SUDREIOIV.. o PN = V- WS NG A AP W e Wi nacannntt NI Vord Wag SRR S A
- @ @ ) @) possEdruder [ )
Q Assembly Colors (Default<Display Sta
» History

& Sensors
» &) Annotations

[*] Front Plane i

(1] Top Plane il

[1] Right Plane i

L, origin L
» @ () Cube<1> (Default<<Default>_D & @ 4
» | Cube<2> (Default<<Default>_Disp| @ & [2)
- @ () SubAssembly<1> (Default<Disp @ G [

; .’
» Mates in Assembly Colors B (@ cube-2@4ss.. [@] K

B [ sketchl

e &\@ 1"%&

History %
Sensors

» [&) Annotations
(] Front Plane i
(] Top Plane i} Any option selected below
(O onriee : b
1, origin B _

» @ () Cube<1> (Default<<Default @ @] Sub::;g?&;&ﬁﬁ;g;nde

» @ () Cube<2> (Default<<Default @ @ 4| ﬁgg‘et["c%:gﬂzf:g;:ﬂ

» 0f Mates

» [ Mates

L e ane NS YW L
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(Self Check) — .

CAD

“Serial Number” ?

“Activation” ?

S8b



(Answer Key) — .

. CAD 2
CAD (RAM, Processor,
Graphics Card, Storage), ,

“Serial Number” ?
“Serial Number”

“Activation” ?
“Activation”
“Trial Version” , ,

) “Help” “About”

285
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CAD

“Welcome”

Summary

(Job Sheet) - . .

“Individual Computer”

“Install Now”
“No Thank You” “Finish”

S¢o



CAD

Anti-static wrist band
Electrical safety shoes
Eye protection glass

(Specification Sheet) - . .

(DVD Setup File)

CAD Software Installer File (

: SolidWorks, AutoCAD)

User Manual Installation Guide

N(oY



(Information Sheet) - .

-.2D

(Contents):

° 2D

° 2D
e 2D

e 2D

e CAD

Sketch Tool (Solidworks)

Constrains
geometry
dimensionally

Modification Tools

| = .
@ /U v % @ l[ D:El::] Mirror Entities
Irim Convert
I Offset EIET
m v @ v A Entities Entities ¢ ..o e Linear Sketch Pattern v
< - =

v

4

'/
Exit Smart
Sketch | Dimension D

= = v v, < - ’DMove Entities v
CAD 2D
, 3D 2D Sketch tool
Sketch Environment
Sketch Mode- , plane surface
Sketch tool- constraint dimension
Sketch tool , 3D
2D CAD Sketch tool
Sketch Tool . Line, Centerline, Rectangle, Circle, Arc, Polygon, Ellipse, Parabola,

Slot, Spline, Point, Text, Trim Entities, Extend Entities, Offset Entities, Fillet, Chamfer,
Mirror Entities, Convert Entities, Offset on Surface, Intersection Curve, Dimension,
Relations, Construction Geometry

2R



Sketch Tool

@

|
|
|
|
|
|
|
! ‘
»;

Line
Horizontal, Vertical, Angular
2
JpS SOLIDWORKS ’1 o 0-®-
ZHO-V- ¥ ©
/ Line Trim  Conver
» y ntities Entitie!
+ Centerline
“, Midpoint Line - -
Features | Sketch | Surfaces I Sheet Metal l Markup | Evaluz
Al Al ol
Centerline ,
® L o o
z |
| |
e * o o
Rectangle

Rectangle, 3 Point Rectangle, Parallelogram

Corner Rectangle, Center

_JZ;SSOLIDWORKS File Edit WView Insert Tools Simulal

G & /-O-N- 2k

©

Convert

Smart = . Trim
Dimension D @ A Entities Entities L

Entities

= |D Corner Rectangle

il:

eatures | Sketch [ E Center Rectangle
‘Q: 3 Point Corner Rectangle

(% IE @: 3 Point Center Rectangle

? ﬂ Parallelogram
i o e e o e

Circle Center Circle ( )

Perimeter Circle ( )
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2
25 SOLIDWORKS File Edit View Insert Tools Window

C & /|G- D

Sketch Smart . ert
Dimension E‘ Gj Circle ies

= > @ - D Perimeter Circle
Features | Sketch | Surfaces | Sheet Metal | Mold Tools | Mesh Modeling

Arc 3 Point Arc, Tangent Arc,
Centerpoint Arc

2
25 SOLIDWORKS File Edit WView Insert Tools Wi
E ¢ [/ O-V-u ©
Sketch Smart r Conver
Dimension E‘ Mg @ - A Entitie:
o) Centerpoint Arc

Features | § -:) Tangent Arc Ve

"y 3 Point Arc

SEIBe[E ]

-

Polygon ) )
2
25 SOLIDWORKS File Edit View Insett Tc
| & /- @-NV- [
Sli(trih Dirir:::icon Ef-en- @ - A EnTEE]e
- - (=] _] - o -
Features | Sketch | Surfaagl#heet Metal | Mold Tor
! ° v g ENCLe
pr— L=
G B B|e &
G) Polygon
v
Options
[ For construction
Parameters La \
@ 6
© inscribed circle
O Circumscribed circle
@ 0.00
@ 0.00
@ 173.20508076
[ oo L
Ellipse
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pr
25 SOLIDWORKS File Edit View Inset Tools Window 2

Gl /O 0 s @ F

SkE:tIEh Dirir:::on ET - &) @Hi{\. EHT;:;L; Eﬁﬂl'.if En =
= - @ - @ | (@ Elipse

Features | Sketch | Surfaces | fh (s Partial Ellipse Mideli

o U Parabola

%‘| [g‘qﬂe [\ Conic

? | | B—

itie:

Parabola

D?S SOLIDWORKS File Edit View Inset Tools Window
G| & /J-@-N- # © C
Exit Smart 0 Trim Convert  Offsi

sketen | Dimension =1 7 €72 7| || A\ etities entities entit
> o @ - @ | (=) Elipse

Features | Sketch | Surfaces | Sh G Partial Ellipse Mode

° |U Parabola

@||[g|¢ @ [\ Conic

4 |

AL CRIC ACHID U A mfms bt o Pl

Slot
Arc Slot

Straight Slot, Centerpoint Slot, 3 Point Slot,

2.
PS SOLIDWORKS File Edit View Inset Tools Window A £ |

T & SOV % © C o}
Exit | Srpesh i s Offset
sketch | Dimdpsion | 21 2.8 © (J ° ZX | Entities Entities ntities El

. ! @ |- | _] - @ - .
Features | SHletch [ Straight Slot esh Modeling | Direct £
o| (@ Centerpoint Straight Slot

% | [E @ 3 Point Arc Slot

@ Slot @ Centerpoint Arc Slot
]
v

1 (Mefault<...

Spline

p)
P25 SOLIDWORKS File Edit View Insert Tools Window
G| & /-GN % [© C
Exit Smart -
Sketch | Dimension =] - % | [ spline

- - @] |@ || AF stytespline

Features | Sketch | Surfaces | 5 ".{9“ Equation Driven Curve

-

4 @ Lo u- T oeTs

EIEIE D

(@ Slot 62}

Point ,  Reference Hole Center

xee
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25 SOLIDWORKS File Edit View Insert Tools Window
G| & /- G- N- % ©
Exit Smart Trim Convert 1

Sketch | Dimension = - & - @ K Entities Entities En
- - el M

Features | Sketch | Surfaces | Sheet MetaWold Tools | Mesh Mc

- -

5 ENCLOSUR -1 (Def

G BRI ¢ €.
Text ) )

2
DS SOLIDWORKS ~ File Edit View Insert Tools window # % [ - [¥ -

G & /SOy D E (4] Mirror Entities

Exit Smart im Convert  Offset
Sketch | Dimension E £ - @

[l .
£\| enfties Entities  Entities ity HICZFL ]
Features | Sketch | Surfaces | Sheet Meti Sketches text on any set of continuous curves or edges. latn

Select the curve or edge, then enter the text to display
: ¥ under Text in the PropertyManager.
G| 8| E% B3k
Trim Entities Sketch

2
28 SOLIDWORKS File Edit View Insert Tools Window |- D -

G| & /-G-N- x| © C Bk wir

Exit Smart . - . [ Irim | Convert Offset [ETE}
Sketch | Dimension Ef - @ 3\ entities | Entities Entities G Line

- - e-@ M-
Features | Sketch | Surfaces | Sheet Metal l- Trim Entities irfct Editing
» 3 _:_ Extend Entities

@ BElB|le €.7
&Trim @
v

Extend Entities

;?S SOLIDWORKS File Edit View Insert Tools Window 2" Py
G| & /-G-N- % | C B
Exit Smart 7 Tri Convert Offset
Slceil:ch Dimr::sion 0 R - i @ M i;\f Emr::;]es Eﬁﬂ'{iis Enti:i:s
- @-® -] -
Features | Sketch | Surfaces | Sheet Metal | r-Trim Entities iret |

;ﬁ -:- Extend Entities
& 5] [% o é

% Trim

frar

Offset Entities
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25 SOLIDWORKS

File Edit View

Insert

Topls  Window

0 -B-& -

Exit
Sketch

-

& S-G-N-

Smart
Dimension

-

E-a-@- A

©-® >

Trim
ntities

#| @ | C

Convert | Offset
Entities | Entities

- -

C

[+

|}||{| Mirrar Entities

EE Linear Sketch Pattern

Features | Sketch | Surfaces | SheetMetal | Mold Todls| Mesh Modeling | Wlirect Editing | Evaluate |

G BB e &7

Fillet

Chamfer

Mirror Entities

» % EMCLOSURW-1 {Default<..

)
25 SOLIDWORKS

File Edit View

Insert

L

Exit Smart
Sketch | Dimension

S -GV
e

TR

&

Tri
Enti

L]

Lisatdatd | Mold

Featurez | Sketch | Surfaces |

v O EN
|
T T - R =
il
A
PS SOLIDWORKS File Edit View Insert Tools Window
G| & / g
Exit Smart o Trim Convert  Offsdt
Sketch | Dimension |1 ~ 42 @A Entities Entities Entitifs
= o @& - (D _1 | @ = =
Features | Sketch | Surfaced | Sh ) Sketch Fillet odding |
o Sketch Chamfer auk<<D
G B[R ¢l
™ Sketch Chamfer @
v x
‘Chamfer Parameters ~
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© Distance-distance
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=
-
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Hle  kdit  View  Insert  lools

Window A
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LT .
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T @5

Trim
1 Mirror Entities

B-@ -
surfaces | Sheet Meta

®le T

efault< < Default

& © C

Convert

Offset

ey

|[‘r'|t‘1] Mirror Entities
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reference. ] /_
Convert Entities
JWORKS ~ File Edit View Insert_Tools wingow | Y |9 - [¥% - |F -
& SOV & D | C [ Mirror ntities
smart im | Convert | Offset .
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E
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e
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7S SOLIDWORKS File Edit View Inset Tools window & Y [0 - - & -
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Dimension and Tolerance Check: (length, width, height, diameter)
tolerances ISO ASME standards tolerances
assembly mass production- part mismatch
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, SolidWorks- 3D systematized workflow
design integrity, manufacturing-readiness international standards accuracy
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2D Drawing Review and Finalization (SolidWorks)

SolidWorks- 2D 3D production-ready
drawing
design intent 2D drawing review-

Dimensions and Tolerances:
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Tolerance manufacturing part International
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Title Block and Sheet Format: Drawing sheet- title block- drawing
number, revision number, designer, checker, approval date, scale
company logo ISO ASME standard title block format
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printing production-
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globally manufacturing quality control understandable
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SolidWorks- drawing validation tools mass properties, area,
perimeter, hole table BOM (Bill of Materials) verify

Manufacturing-Ready Drawing: review adjustment drawing

production-ready CNC machining, injection molding, sheet

metal fabrication assembly- error ISO ASME standard
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potential defects production-ready mold
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Mold :
SolidWorks CAD mold 3D solid part-
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mold manufacturing
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TYPES OF PLASTIC MOLDING

INJECTION BLOW COMPRESSION
MOLDING MOLDING

EXTRUSION ROTATIONAL THERMOFORMING

MOLDING MOLDING
Scale
scale molten plastic metal
shrinkage SolidWorks- mold scaling
factor cooling- dimension
scaling factor , 1.005 1.02

SolidWorks Mold Design Steps Flowchart:

3D Model Preparation — Mold Tools Activation — Scale Application — Parting Line
Creation — Shut-off Surface Creation — Parting Surface Creation — Tooling Split —
Core & Cavity Separation — Mold Assembly Creation — Mold Validation

SolidWorks Mold Design Detailed Process

3D Model Preparation: SolidWorks- mold design 3D Solid Model
Closed Solid Body

production-ready draft angle International mold

standards vertical faces- 1° 3° draft mold

Mold Tools Activation: Mold Tools Tab , Insert> Mold > Tools

Mold Tools- Scale, Parting Line, Shut-off Surface, Parting
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Surface, Tooling Split- International standards mold

design documented traceable manufacturing team mold
Scale Application (Shrinkage Compensation): casting
shrinkage International standards shrinkage rate
molding process SolidWorks- Scale Tool
shrinkage Scale —Uniform Scaling,
Non-Uniform Scaling Center of Scaling Scale
feature proportional draft angles

Injection Molding Shrinkage

High

Shrinkage
High Cooling Rate

/ z”
High Crystallization Level

Low Cooling Rate Warped Part
High Crystallization Level

Parting Line Creation: Parting Line mold SolidWorks
Parting Line Tool draft surfaces parting line generate
International standards parting line mold
undercut interference Parting line mold assembly
machining
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Shut-off Surface Creation: holes core cavity-

open : shut-off surface SolidWorks- Insert > Mold >
Shut-off Surface International standards shut-off surface
smooth continuous molding defects flash burr
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Tooling Split (Core & Cavity Creation):. Tooling Split
solid body- —Core Block Cavity Block SolidWorks
core cavity International standards core cavity blocks
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Mold Assembly Creation: Core  Cavity mold assembly

International standards mold base, guide pins, ejector pins, runner
gate systems properly designed assembly drawing accurate
SolidWorks Mold Assembly assembly verified

1

L

1efric

Mold Validation (Analysis): Mold SolidWorks Mold Flow Mold
Analysis Tools validation injection flow, cooling
efficiency, shrinkage, warpage potential defects
International standards mold analysis documented
production-ready mold approval- validated

25 soLipworks > . a- @- Panel Cover *

w ~ O & e vty ¢
Video Recording Measure (@) Mesh Model Settings

- - - - - - - - [ Transparent Model and Help
Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | Analysis Preparation | SOLIDWORKS Plastics | Fiow Simulation |

— * & panel Cover (demo.. AL #B-©-v =]
WSTe[RTe[eT® n

) Results

B Show/Hide Domain & ‘

(B Flow

Available Results

Frozen Area at End of Fill

[[Jvelocity Vector at End of Fill

[Jweld tines
[Dair raps

| 18655 I —E

oo 3
Clipping Options

s[@l

Animation

T IEYE)
o v
Model | Motion Study 1 )

SOLIDWORKS G )
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(Self-check) — .

(Parting Line) ?

(Core) (Cavity) ?

00



(Answer Key) — .

?

CAD/ICAM SolidWorks,
CATIA, Siemens NX, AutoCAD Creo

(Parting Line) ?
(Core Cavity) :

(Core) (Cavity) ?

?
\ Draft Angle, ejector pin
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(Job Sheet) —
:3D
3D
Mold Tools Parting Line
Mold Base
Mold Assembly
Mold

Pull Direction

Mold Base Align
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(Specification Sheet) — . .

:3D

Safety Gloves
Safety Glasses
Safety Shoes

SolidWorks Mold Tools
CAD Workstation
Measuring Tools (Vernier Caliper, Scale)

3D
Mold Base Template

/ /-
(Core Cavity Mold Assembly Layout Diagram)

te | SOLIDWORKS Add-Ins | MBD

<%= Core
Side core 2 = Basket
‘ <= Cavity

e
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(Information Sheet) - .

- . Mold- CAM
(Contents):
e Mold- cAm
e CAM Mold
Mold- CAM
ADHEHE-8RY
HOME WIREFRAME SURFACES SOups MODEL PREP DRAFTING TRANSFORM MACHINE
B s B 3. 8 9 5 &
Contour Drill Dynamic Fady = % 3 Verity Masterca at ers\Austin T

Toolpaths

=88 MACHINE GROUP
4 Properties - Generic |
83 2D Pocket - Trochoid:

+8 1 - Facing - [WCS:

+8 2 - 2D High Speed
+80 3 - Pocket (Standar
+8 4 - Drill/Counterbor
+85 - Drill/Counterbor
+8 6 - Peck Drill - [WC
+@ 7 - Stock model - [
+8 8 - Peck Drill - [WC

>

[l

Toolpaths = Solids Planes Recent Functions

’ ’ ‘ T 1 Probe Y
2 ‘ i Muttiaxis Linking 7

3 CPLANE: TOP TPLANE: TOP WCSs: TOP

|
(=]
X

4276 of 4276

Peck drill - full s
N Canned Cycle
NID:8(Tof )

6 - 1/4 DRILL
ta 0.000; 0.000; 1.

2.194; 1.306; 2.4

4 Toolpath Info
th 1458.222
1h 3min 28.38s
4.154 /3389

1.990 / 1.988

n Report

Qo9

tream @ A

~

m 18

+s
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Mold-
SolidWorks-

mold CAM supported

manufacturing CNC machining

core, cavity, ejector pins, mold base

assembly CAM compatible

File Format Selection: Mold CAM export

STEP (.stepl/.stp), IGES (.iges/.igs), STL (.stl)

supported
interchange-
relationships

STL format

STEP

08

CAM Supported File- Export (SolidWorks)

IGES format
: geometry, faces, edges
3D printing

Mold design
final mold assembly

mold

native CAM software

3D CAD

simulation-

data

assembly



Data Preparation: Export mold assembly check Core

cavity blocks position , parting surfaces draft angles
: assembly errors SolidWorks- Validate, Check
Repair tools geometry consistency ensure
Scaling and Tolerances: CAM process- mold machining- scale
tolerances Material shrinkage, machining allowance
finishing allowance adjust Export tolerances
save CNC machining- final mold required dimension
Export Process: SolidWorks- Export Save As mold CAM
supported Export assembly structure maintain
core, cavity, mold base inserts CAM software
separate bodies features recognize ,  Exportoptions

assembly hierarchy
Post Export Verification: Exported file CAM software- import

geometry, assembly structure, orientation scaling CAM
software- mold machining, tool paths, cutting simulation injection
simulation ensure feature missing corrupted

Manufacturing Readiness: Exported mold file CAM compatible direct

CNC machining, milling, 3D printing injection molding simulation
production-ready mold accurate, dimensionally correct
design intent machining
, SolidWorks mold CAM supported design
manufacturing smooth workflow errors mismatch

CAM Mold-
Mold File Organization for CAM Programming (SolidwWorks)
SolidWorks- Mold design CAM programming-
systematized production-ready organized Mold
assembly , core, cavity, mold base, ejector pins
component body export geometry
assembly integrity proper folder structure
machining errors , time production-ready mold

Folder Structure Organization:

SolidWorks- exported mold files dedicated folder- Folder
structure- subfolders CAM
programming :

Ro¢



h All projects
L G e
L G cteen
L I Subcategory

k .
Files

Mold CAM Folder

Core (Core block files)

Cavity (Cavity block files)

Inserts (Mold inserts, pins, sliders)
Ejector Pins (Ejector system parts)
Assembly (Final mold assembly files)

structure CAM engineer load
Import from CAD/CAM files o
CAD /CAM files b impor 1 T, [ Mesge
{ |
Working Lirits File Fournat
() mem ®) DiF (C) Gebwar Cukter r—
%) cm () ABMA (HPGL e
() msters TIASTM C)DM-PL Box
() inches (JIGES () MicooJed
O teat O cabL On oL
() pards CIDFT [enckad) () SPF
TP
Seake factor 1.0 ] Don't buid Sizes
Qusaniity 1
Matenial

File Formats:
Exported files CAM-compatible format- save

STEP (.step/.stp) — 3D CAD data interchange

IGES (.igesl.igs) — Surface-based geometry transfer

STL (.stl) - 3D printing simulation

Native CAM formats — Direct CAM software integration

0Y

process



Naming Conventions:
Proper naming convention mold files
Core Block Ol.step
Cavity Block 01.step
Ejector_Pin_Set.stl
Assembly Final.step
approach , CAM programming file

Export Process Verification:
SolidWorks- Mold assembly finalize Export Save As

CAM supported convert Export geometry
assembly integrity Scale, shrinkage, machining tolerance
surface finish Exported file CAM software- import
validation geometry missing corrupted

Workflow Diagram (Text-based Representation).

3D Mold Assembly — Check & Validate Geometry — Separate Bodies
(Core, Cavity, Inserts, Ejector Pins) — Export CAM Compatible Files —
Organize in Dedicated Folder — Naming & Subfolder Structure — CAM
Import & Validation — Production-Ready Mold

Professional Note:

Organized file management production efficiency , machining

errors multiple engineers operators- communication
CAM programming- disciplined approach industry standard
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(Self-check) — .

CAM ?
. CAD CAM ?
. G-code ?

(Toolpath) ?

. CNC CAM ?
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. CAM ?
CAM

. CAD CAM
CAD CAM

.G-code ?
G-code CNC

(Toolpath) ?
CNC

.CNC CAM
CAM CNC

(Answer Key) — .

CNC

3D

05

CNC

CAM
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(Job Sheet) — . .

Mold CAM-

3D Mold Assembly
CAM ( :Fusion 360 CAM, MasterCAM)
Mold
Tool Library
Toolpath Generation

CAM-Compatible Format( :NC G-code)
CNC Toolpath

Toolpath Generation
Export
Simulation
CAM
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(Specification Sheet) — . .

: Mold CAM-

Safety Gloves
Safety Glasses
Safety Shoes

CAM Software (Fusion 360 CAM, MasterCAM)
CNC-Compatible Computer Workstation
Mouse & Keyboard

3D Mold Assembly File
Tool Library Data
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(cAM) -
SICIP-LE-CAD-05-O
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(Module) —

SICIP-LE-CAD-05-O

CAM ,
CAM , CAM ,
>. CAM
. CAM
o,
o, .
Q. CAM
o,
8. CAD (import) (orientation)
c.
b, - (Stock set-up)
Q. (Cutting tools)
. (Sequential toolpaths) : (verify)
5. G M (interpret)
So. (NC)
.
SN / (Dry run/Simulation)
O (Work piece)
58.
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CAM
(CAD

CAM

CAM

(Information Sheet) —

- :CAM

CAM
Computer Aided Manufacturing -
)
CNC
(Necessity of CAM):
o
o
o -
o
o
/ (Application of CAM):
b ’
o
. 1
o -
e CNC , EDM,
CAM (Types of Popular CAM Software):
CAM
Edgecam - CAD-CAM , - ,
MasterCAM - , ,
SolidCAM - SolidWorks- , Machining
PowerMill - 3D 5-Axis
ArtCAM )
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CAM
MasterCAM X5

MasterCAM X5 (Software Collection):
MasterCAM CAM

MasterCAM X5 MasterCAM

3.5, www.google.com
.. www.mecharofficial.blogspot.com

Q.
9,
MasterCAM X5
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>
€ @a Extract Compressed (Zipped) Folders
Select a Destination and Extract Files
Files will be extracted to this folder:
[DASons\Mastercam X5] Browse.
@ show extracted files when complete
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-
8. ‘ — Mastercam 3
7
T Mastercam X5 X [
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2 Training
T3 Screenshots
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Mastercam X5 - InstallShield Wizard >
M aste rCAM X5-W6b exe Select the language for the installation from the choices below.
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Next

Mastercam X5 - InstaliShield Wizard

10 the InstaliShield Wizard for Mastercam X5
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Finish

| Mastercam XS - InstalShiekd Wizard
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Tromnis

= Mastercam X5 X ¢
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Run as administrator
WinRAR >
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Troubleshoot compatibility
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. Scan with Microsoft Defender...
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Mastercam CAD/CAM CNC

Mastercam- System Parameters
System Parameters

System Parameters:
System Parameters  Mastercam

. (Metric  English)
. (Dimensioning, Line Types, Editing, Hatching)

(Selecting Measurement System)
Mastercam- )
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1. Metric System:
(mm)
2. English System (Imperial):
(inch)

Settings — Configuration — Start/Exit — System Unit Metric English
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(Self Check) - .

CAM ?

. CAM

. CAM

CAM
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(Answer Key) - .
>. CAM ?

CAM (Computer Aided Manufacturing) -

CAD

. CAM

2. (Mould & Die)
9. CNC , EDM

CAM

( ):
>. MasterCAM
Q. PowerMill
9. SolidCAM
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(Job Sheet) -

- CAM
Pen Drive
Paste
MasterCAM X5.zip Extract All
Extract
, MasterCAMX5-web.exe
OK
Next
Next
Next
Default Unit Type Metric Next
Install
Finish
MasterCAM X5 Crack
MasterCAM.exe
Desktop MasterCAM X5 Open File
Location
Paste
Replace
Continue
Restart
(PPE)
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(Specification Sheet) - . .

- CAM

o MasterCAM X5

/ -
Keyboard and Mouse -
Monitor -
USB Drive / Pen drive -
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(Information Sheet) - .

- . CAM

5. CAD (import) (orientation)

.

o, - (Stock set-up)

8. (Cutting tools)

G. (Sequential toolpaths) : (verify)

v, G M (interpret)

q, (NC)
CAD (import) (orientation)

(Design) (Manufacturing) CAD CAM
SolidWorks CAD , 2D
3D Mastercam CAM , CNC
SolidWorks- CAD Mastercam-
. SolidWorks
SolidWorks 3D Mastercam-
(Dimension)
(Shape) Origin :
CNC (Orientation) :
. SolidWorks Export
SolidWorks- Mastercam-
, Mastercam STEP, IGES Parasolid
CAD CAM
SolidWorks-
File —» Save As Save as type STEP, IGES
Parasolid
Mastercam-

CAD MasterCAM-
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>. Select All Operations

Oparatons Manager BE

Soids

W EPaW P ?

W ) | w a Backplo

88 Machine Group-1
+-1l1. Propertes - Ml Defoult MM
162 Fles
11§ Tool settngs
< Stock setup
Safety zone
=+-88 Toolpath Group-1

. Regenerate all selected Operations

88 Machine Group-1
-1l Propertes - M Default i

162 Fles

i~ Tool settings

< Stock setup

1A\ Safety zone
83 Toobpath Group-1

[ 1 - Facing - (wCs: TOP)

saneters
1-MS0.00 FACEMILL - 50 FACE M
Geometry - (1) chain(e)
Tookpath - 24,4 - MILLING PRACTICE|

[Tplane: TOP]

9. BackPlot

Opesations Manager -Ix
Toopaths Solds

w %% c1¥ |9 ?

6 = @ | v T ict celected operations

88 Machine Goup-1
-1l Propertes - Default 1M
162 Fles
i~ Tool settings
< Stock setup
. fety zone
=88 Toolpath Group-1

-l Geometry - (1) chain(s)

|88 Toobath - 24, Mg prACTICE

I b\ sacx;lot

¢. Verify

Operstions Manager ~ix
Toopaths  Solds

% %% %
B=Ew

8 Machine Group-1
=-1lL. Propertes - Ml Defoult MM
|62 Fles
i~ Tool settings
1< stodcsetip
1A\ safety zone
+-88 Toolpath Group-1

[ 7] 1 - Facing - [WCS: TOP] - [Tpiane: TOP).
| ) Parameters
| 1-MS0.00 FACEMILL - S0FACE
I il Geometry - (1) chain(s)
| |5 Toolpath - 24.4K - MILLING PRACTICE |
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NC file GCode e =
Active post Select Post
FAPLFAN PST
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© Ask NC extension:
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G M
CNC (Computer Numerical Control) :

—G (Preparatory Codes) M (Miscellaneous
Codes)
G : M

.G
G

G “Geometric” “Preparatory” ,

GO0 : Rapid positioning ( )
GO1: Linear interpolation ( )
GO02 : Circular interpolation, clockwise ( )

GO3: Circular interpolation, counter-clockwise ( )
G17 : XY plane selection
G21: Metric unit
G90 : Absolute programming mode
G91: Incremental programming mode
G

M Miscellaneous Code,
) ) 1 /

MOO : Program stop

MO3 : Spindle ON (Clockwise)

MO04 : Spindle ON (Counter-clockwise)
MO5 : Spindle stop

MO6 : Tool change

MO8 : Coolant ON

QLY



MO9 : Coolant OFF
M30 : Program end and reset

M G )

.G M
G M
G : M
G - !
M —" !

G M
CNC

NO1 G21 G17 G9O (Metric unit, XY plane, Absolute mode)
NO2 GOO X0 Y0 Z5 (Tool rapid to start position)

NO3 G01 Z-2 F100 (Cutting feed to depth)

NO4 G02 X50 YO 125 J0 (Clockwise circular path)

NO5 GO0 Z5 (Tool retract)
NO6 MO5 (Spindle stop)
NO7 M09 (Coolant off)
NO8 M30 (End of program)
G (G0o, G01, GO2 ),
M (MO05), (M09) (M30)
(NC)

NC (Numerical Control)

CNC (Computer Numerical Control)

NC —
. NC
NC )
Block
Block N,GM XY, ZFS
NO1 GOO X0 Y0 Z5

NO1 = Block Number
GO0 = Rapid positioning
X0, YO0, Z5 =

QO



. NC

.NC
NC
XY, Z
(S), (F), (2)
— Face Mill, End Mill, Drill
G M
(Simulation)
Dry Run
NC
Milling
00100 (Simple Milling Program)
NO1 G21 G17 G90
NO2 TO1 M06
NO3 GO0 X0 YO0 Z5

NO4 M03 S1200
NO5 GO1 Z-2 F100
NO6 GO1 X50 YO
NO7 GO1 X50 Y50
NO8 GO1 X0 Y50
NO9 GO01 X0 YO
N10 GO0 Z5

N11 MO5

N12 M30

%

QLY



00100 —

G21 —

TO1 M06 —
G00/GO01 —
MO03/MO05/M30 —

(Rapid/ Linear)

L8



(Information Sheet) — .

(Dry run/Simulation)
(Work piece)

© 6 g v
~

uUSB

/ (Dry run/Simulation):

HAAS
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. Pen-drive

Q. List Program
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€. uSB

v, USB
uSB

) [MEMORY Y USB DEVICE |

[l
;

I “ 'l -
| L \H
AHAREL
i 1@..
H |

”m‘ !' \‘\l ‘

|

DEVI(I 53 8 GB FREE (30’) Use LEFT I RIGHT arrow
| \ \ | 81 T 81 I ‘ vice. Press WRITE /
| crion || “ activate the device. F

S - - e —
M) [ MEMORY Juse prvice)

CURRENT DIRECTORY: USB DEVICE\
| A= CUSE DEVICE)

! gx:tﬁlc" Volune Infornation <DIR> 10-16-2075 15:27
i | 5540 10-16-2025 15:11
|

I
|
| |
| |
W,
e
| \[ I |
| J
I |
I W | i
i i
{0 I
I | |
|
I I |
| I |
Ly |
| I
ol
A I
li I |
2 FILES || EMPTY FILE SELECTION
E (30%) Use CURSOR keys to nav‘lqate Tisting
LS8 DEVIES e ( 2 and CANCEL toygo back_to_devices.
!l  : FILES IN SELE Pless HELP for Help listing.
[ | ® : acTIve Pnoauu (ommz)

CURRENT DIRECTORY: USRB DEVICE\

t. (USB DEVICE)

_¥y§tem Volume Information
VISAM. N

Ju9q



S0,

o,

R

Vb

MEMORY J USB DEVICE

CURRENT DIRECTORY: USRB DEVICE\

t.  (USB DEVICE)
Sx-:lem Volume Information

V[ SAM. NC

H\‘”‘“ H“ i

use nvacf 58.8 68 FREE (30%) ge LEFT / RIGHT arrow
it

U : FIles v seLECTION ||

vice. Press WRITE /
|| activate the device. F

Juse o

| UJREﬁf RY: |}
‘ 'lH(HEMonma R

MEMORY [[USB_ DEVICE ) ] i |
CURRENT DIRECTORY: MEMORY\ I
L H(MEMORY) | [ i
TS A [ L
i NOLA VISIT) ““J‘»‘l\
{ 000003 (0D TWIN GROOVE) | | a‘ 1 ‘
000004 (0D SINGLE GROOVE) i 1 | i
000005 (BORING) i ‘
| 000006 (IAHID)' il |
|| 000007 CLINER 0D TURNING |aND COLLER cno)
000008 (JAHID) | (i l
000009 (PROGRAM NAME — EEE) Lt |
000010 CPROGRAM NAME — EEE-1) ‘ \
000012 CPROGRAM NAME — VISIT nssr ane) \}
000014 (G71 ED Iw/Rounrhng 8) | ‘
000015 CLINER TWO GROOV) |
000016 COLLA |FACE AND' oD GROOV) | \
000017 [ i T i
000018 (GROOV, ‘ w L il
000019 i it ;‘la ‘ il
; 000020 e i
| 000021 il i \ | (it
|| 000022 CPrROGRAM NAME - 111) A H
000023 (SPIN) il i
63 PROGRAMS Jil | |EMPTY F
ikt
MEMORY 860 KB FREE1(87%)‘ Hse CURSOR
/ : FILES IN SELECTION
@ : ACTIVE PROGRAM (oooeoo)
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Select Program

A
Active Program
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5.

0.

Q0.

RR.

CAUTION

Q90



log

(Incorrect Machine Set-up)

(l ncorrect Parameter Setti nq)

233



(Incorrect Tool and Work Offset)

CNC

. (Work Offset)

(Defective Raw Materials)

293



do.

(Self Check) —

MasterCAM X5- Milling

Milling ?

Inch Millimeter ISO
?

G-code- Inch ?

G-code- Millimeter ?

MasterCAM X5-

99



(Answer Key) — .

3. MasterCAM X5- Milling

. Screen > Configuration > System Configuration > Units

2. Milling ?
: Millimeter (MM)
9. Inch Millimeter ISO
: Millimeter 1ISO
8 ?
. Inch
¢. G-code- Inch ?
: G20
Y. G-code- Millimeter ?
1 G21
q ?
Drawing/Model  Scale Toolpath
b ?
. Pocketing, Drilling Contour Cutting
5. MasterCAM X5- ?
. Status Bar Configuration Window
So. ?

398
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(Job Sheet) — .

MasterCAM X5- CNC Milling

MasterCAM X5
File - New — Mill

Drawing CAD (STEP/IGES/DXF)
View — Planes — Top WCS
Stock setup (X, Y, Z dimension)
Toolpath — Drill/Contour/Pocket/Face/3D Toolpath
Tool Library (End Mill, Face Mill, Drill )
Toolpath parameter (Cut Depth, Step over, Feed Rate)
Verify Toolpath Backplot
G-code Post Processor NC
.MCX .NC
Simulation Dry Run ( )
G-code USB CNC

Operator Panel

(PPE)

log-book-

Ra¢



(Specification Sheet) — .

MasterCAM X5- CNC Milling

o MasterCAM X5

/ -
Keyboard and Mouse -
Monitor -
USB Drive / Pen drive -

25.00

]O‘.OO

SECTION A-A

100.00

80.0(;1_ % _',A

105.00 o

125.00 N
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