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Reducing waste in the machine shop

. . y = I

Pre-machining In-machining and Energy flow Degree of automation Traceability
productivity system utilization through machinery
No way to optimize <50% utilization of Only 1/3 of energy Key intelligence captured Only a fraction of data is
process and individual machines used for actual forming by experienced industrial recorded — and even if it
operation planning of manufactured parts practitioners who can'’t is, it's not often analyzed
due to poor input process data as effectively  or used for improvement
data quality as algorithms and prediction
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Import 1 2
Import 2
Tool Change 1:(46)NB T46 ME ~ interv: Legands | Data Display || Mouse Followers Limi

Radiall e /| Chip Thickness Removal Rate Deflection || Feedrate

Data Display
Original Total Force (N)
Time (min) 365
Subinterval 15331
Force (N)
Max Chip (mm)
Feedrate (mmimin

Line 2446

Tool Change NG T46 MG

Subinterval
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Maximum Chip Thickness (mm)
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Subinterval

L s 111
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VERICUT FORCE

Legend

ap = Axial depth of cut (mm)

ae = Radial depth of cut (mm)

vc = Cutting speed (m/min)

n = Spindle speed (rev/min)

vf = Feed speed (mm/min)

f = Feed per rev (mm/rev)

z = Number of teeth

fz = Feed per tooth (mm/tooth)

D = Cutter diameter (mm)

hm = Average chip thickness (mm)
hex = Maximum Chip Thickness

Q = Material removal rate (cm3 /min)
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ProjectTree 17 [ NC Program Revew -
& Fie e viies setngs

By =il
Setp  [Toopath Gaup-t

NG Program Unoplimized_ Force_Aerospace_Partui
Tool Display Solid v Line DisplayOn v|  Tool

I.4343 91,0396
13267

I-.2414 J.0827

9255
G2 3.2424 ¥-3.457 1-1.2449 37777

%4.1273 ¥-3.7485 1.5323 d-.3751

X.6285 ¥-4.611 1.1687 J-.9256
G2 %622 ¥-4.6436 I-.1666 .4091
%.1382 Y-4.502 10, 1.4417

L0676 ¥-4.0997 1.5673 4.5541
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Data Display.
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Import 1

Import2

OataDisplay 7] Mouse Followers (] Limis

Tool Change [1-(45) 6745 105 | Xds [Subinteval v Units lneh ] [Z]NC Program Ciick [] Legends
V| Total Force || RadialiAdal Force || Machine Force || PoweriTorque (V] Chip Thickness ||| Removal Rate || Deflection (V] Feedrate
1 a
° °

Total Force (Ibf)

£

] 100 200 300 w0 00 600 700
Subinterval
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Feedrate (IPM)
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NC Program| CNG_PROGE
Tool Display Solid v Line Display On v oo

N196 GI2 %-50.359 ¥132.033 115.795 J-111.198 FEOS.

N147 GOl %-44.574
N145 GOz %-2.834 ¥123.775 I-.544 J-112.369
N199 Go3 %2.834 12.834 07.073

NISO GOz %44.575 ¥132.033 142.284 J-104.111
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Original NC Program

‘aiOkuma Event Dec 2017 Chris Davala - mastercam\Unoptimized_Force_Aerospace_Part MIN E]

NC Program Type

G-Code Data v

Optimized NC Program

Unoptimized_Force_Aerospace_Part.opti

T
X4,

G1

4.
4.

G2
G3

4.

X4,
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G2

H4.
X3.
L2671 ¥-5.87686 I-.3821 J.5998

X3

Xa

Xa

Xa

G

@

X

o

B5L ¥-3.Z365 I-. oo
4577 ¥-3.2603 I0. J-.2552
¥4.4361 ¥-3.2716 Z2.9434 F49.01
3016 ¥-3.3725 2.9291

2756 ¥-3.4063 Z.9255

¥4.2424 Y-3.457 I-1.2449 J1.7777

¥4.2403 ¥-3.4602 I.0619 J-.0423

1273 ¥-3.7485 I.5323 J-.3751

0731 ¥-4.4476 I14.4308 J-.6938

0662 ¥-4.701 IS5.8332 J-1.2048
¥4.0683 ¥-4.7172 I-2.4409 J-.0162

0117 ¥-5.2398 I-2Z.441 J0O.
6492 ¥-5.7672 I-.5424 J.1907

L8279 ¥-5.7268 I0. J.7112

L4689 ¥-5.3062 I.8054 J1.0511

L3283 ¥-5.0594 I9.3896 J5.5141

X2.0524 ¥-4.7202 I-.9491 J-.49

L5923 ¥-4.5319 I-.6325 J-.8893
1.

177 ¥-4.4883 I-.4153 J-1.9565

-

F.565L f-3.Z565 I-. oo
¥4.4577 ¥-3.2603 I0D. J-.2552
G1E4.4361V-3.27162.9434F750.
X4.3016 ¥-3.3725 Z.9231
X4.2756Y-3.4063Z.9255F100.
G2H4.2593Y-3.43181-1.2443J0.7736

G2H4.2424Y-3.4571-1.225J0.8041F90.5
G3 ¥4.2403 Y-3.4602 I.0619 J-.0423
¥4.1992¥-3.526610.5324J-0.375F54.2

&

¥4.1423¥-3.6718I0.5734J-0.3085F51.3

X4.1273¥-3.7485I0.6303J-0.1633F54.2
¥4.1146¥-3.535314.4903J-0.6995F61.3

¥4.1036¥-3.922474.5035J-0.613F58.3

<! Orignalic Frogram |k
&)

X4.0765¥-4.272274.5145J-0.526F57. 6

¥4.074¥-4.359974.5416J-0.1761F56.3

¥4.0731¥-4.447614.5441J-0.08584F60.5
¥4.0713¥-4.5321T55.8392J-1.2065F61.9

¥4.0682¥-4.701155.58409J-1.122F60.5

G2E4.0683Y-4.71721-2.4409J-.0162F61.9

X4.0667Y-4.8051-2.441J0.FA0.5

X4.062F-4.6926T-2.4394J0.0878F59. 1

X4.0431Y-5.0671T-2.45347J0.1754F56.3

X4.0289Y-5.15371-2.4158J0.5499F59.1

X4.0117Y-5.2539681-2.4016J0.4365F60.5

X3.6492Y-5.76721-.64247.1907FAR1.9

X3.2671Y-5.87861-.36821.J.5996FA5. 3
X3.1106Y-5.8612T0.J0.7112
X3.0348Y-5.8539610.1565J0. A836F67. 4
X2 .9618Y-5.809710.2323.J0. 6722F65. 3
X2 .8925Y-5.77210.30553J0. 6423FA3 .7
X2.8279Y-5.726810.3746J0. 6046F61.9
X2.6262¥-5.55354T0.8055J1.051F6A0. 5
X2.5159%¥-5.386271.0072J0.8597F61.9
X2.4689Y-5.306211.1174J0.7104F57. 6
X2 .3978¥-5.183379.3902J5.513F6A0. &
X2 .3628¥-5.121479.4613.J5.359FA1.9
X2.3283Y¥-5.059419.4963.J5.3282F57. 6

G3EZ.235¥-4.910531-0.9497J-0.4901F54.2

Ty 1184¥-4.WVE5T-0.8557J-0. A393F5A. 7

2.0524Y-4.72021-0.7391J-0.7711F54.2

9825¥-4.67447-0.6325J-0.8893F558.3

S093¥-4.63411-0.5626J-0.9351F57.6

8332¥-4.59951-0.48594J-0.9754F55.5
Ao pV43¥-4.54831-0.4133J-1.01F54.8
X1.5923¥-4.53191-0.25447-1.0612F56.7
H1.177%-4.48831-.4153J-1.9565F57. 6
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Tool Component | Assembly

Revolved Cutter | Insert Cutter

D U VIR T § ela

Bull Mose End Mill

Force Settings

Treat Cutting Portion as Insert

Helix Angle(Degree) |30
Radial Rake(Degree) |5

Cutter Material

Edge Type

(
A |
@: o
A
a0
44 044
381 |
v v /ia
~« L
R 1.27 - - 254
Color . Default
Teeth 4

Spindle Direction (@ CW COwW

Alternate
Helix Angle « Radial

i{ﬁ\xial Rake) Rake
Angle

Carbide

Straight
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Cutting Limits | Optimization

Stock Material ;| Titanium+6AL+4V+HRC37
Machine : Default

TooliOperation Description ;| T46

Teath: |4
Cutting Limits
B Spindle Speed Min : {100 Max : (20000 RPM Default
@ rcedrate Min : |25 Max : |2286 mmimin Default
B Chip Thickness Min : {0.0003 Max: [5.715 Imm Default
B Axial Depth of Cut Max: [38.1 mm Default
B Radial Width of Cut Max: [25.4 ITm Default
B Surface Speed Min : [664.9704 Max: [132994.089 meter/min Default
B Volume Removal Rate Max : [2212253.64 mmmin Default
B Ramp Angle Max: |0 degree
- Tool Wear
B Cut Time Max: |0 min
B Cut Distance Max: |0 mm
B CutVolume Max: |0 mm?*
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Cutting Limits | Optimization

Stock Material : | Aluminum+7075+TE51+HRB77

ESEH Ol

ﬁ
K 7 ( A -I -6- TooliOperation Description : | APR-2 25x43 /R2 Ripper 60mm reach Z3

o=l e

Optimization Method ﬁ Chip Thickness & Force Advanced Settings...
e A=
o TIi=

Force Material File (®) Auto Select Choose File View Ranges

minum+7075+T651+HRB77_Carbide_Serrated_0207 =

Optimize Stock Cuts Air Cuts (@) Both
-6- -l- -I E K o| I [ Motion Breakup Modify Existing Cuts Only Add More Cuts
L. FCCF o IA 7\ : Resolution Auto v | mm 25
E o 6 T el Minimum Feedrate Change |25 mmimin ~ Default
Minimum Cut Feedrate 25 mm/min ~ Default
Maximum Cut Feedrate 2250 mm/min ~ Default
E I'i n |I°1I ql A I Air Cut Feedrate 4000 mmimin Default
=
Clean-up Feedrate 18001 mm/min ~ Default

Combined Chip and Force Method:
‘eedrate is adjusted to maintain either: 1) specified Chip Thickness, or 2) Force
~imit, whichewver produces a lower Feedrate.

\_.3 Optimization Settings 2
Chip Thickness mm %
Force Limit 4000 N
Maximum Tool Deflection | 0.0254 mm

Warn when Max Tool Deflection is exceeded.

Feed

Calculator <

Per @ Adjust Entry/Exit &
T th '@ AdiustPlunge/Retract Feed q
00 '@ AdiustChannel Cut q
'@ Adiust Hard Material <

O Adjust Ramp Feed/Angle i

VERICUT FORCE
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=15 A E[ElE baldv

LIS OI$AE .0055” = O1397mm

Inches per Toom (IPT)

T ZARZSY, TI BN, T
IRzl

) Optimization Settings )
Chip Thickness 0.1397 mm %
Force Limit 4000 M
Maximum Tool Deflection | 0.0254 mim

Warn when Max Tool Deflection is exceeded.
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s -
(PROGRAN - FORCE_AEROSPACE_PART 4140} =
(DATE=DD-MM-YY - 09-01-18 TIME=HH:MM - 13:4. B - i -
(NON-OPTIMISED MASTERCAM PROGRAM) (PROGRAN - FORCE_AEROSPACE_PART_4140) = (PROGRAM - FORCE_AEROSPACE_PART_4140) =
(MATERIAL - 4140 PHT STEEL) (DATE=DD-MN-YY - 09-01-18 TIME= MM - 13:4. (DAT! D-ME-YY - 09-01-18 TIME=HH:MM - 13:4.
(T700 - 0.984252 BULL-NOSED ENDMILL - H700) (NON-OPTINISED MASTERCAM PROGRAM) (NON-OPTIMISED MASTERCAN FROGRAHN)
(T701 - 2.5 FACE MILL / SHELL NILL - H701) (MATERIAL - 4140 PHT STEEL) (MATERTAL - 4140 PHT STEEL)
(T70z - 0.787402 BULL-NOSED ENDMILL - H70Z) (T?700 - 0.984252 BULL-NOSED ENDMILL - H700) (T700 - 0.984252 BULL-NOSED ENDMILL - H700)
(T703 - 1 BALL-NOSED ENDNILL - H703) (T701 - 2.5 FACE MILL / SHELL MILL - H701) (T701 - 2.5 FACE MILL / SHELL MILL - H701)
G20 (T70z - 0.787402 BULL-NOSED ENDMILL - H702) (T70z - 0.787402 BULL-NOSED ENDMILL - H702)
G90 G80 G40 GO (T703 - 1 BALL-NOSED ENDMILL - H703) (T?03 - 1 BALL-NOSED ENDMILL - H703)
(T700 - O ot Forcs (58 620 620
(OPTI-ROU 200 G90 GEO G40 GO G90 680 G40 GO
M6 T700 1 (T700 - 0 ot Force (b (T700 - © ot Force (b1
G15 H1 ' {OPTI-ROU* (OPTI-ROU ™
GO G9O X-* ue T700 us T700
52670 M3 Gis H1 ™ Gis H1 ™
Gs6 Hi 22 60 690 X~ 60 G90 X
21.4996 52670 M3 52670 M3
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