PRECISION MACHINING TECHNOLOGY SHOW

Pushing Productivity to the Limit:
High Speed Machining of Brasses

Adam Estelle
April 25, 2017

[PE PRODUCTS
FINISHING



Copper Development Association, Inc. (CDA)

WWW.Copper.org

* Not-for-profit trade association of the North American copper industry

e Mission: defend and grow existing markets and explore new applications for
copper and copper based metals (i.e. brass)

» Secretariat of the Unified Numbering System for copper alloys (i.e. C36000)

Copper Development
Cu Association Inc.

Copper Alliance



http://www.copper.org/
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Agenda

The opportunity: Machinability of brass is underutilized

CDA testing on leaded & lead-free brasses: How fast can we go?

e Data highlights on single point turning and drilling operations
Business case and productivity implications

Video demo: Seeing is believing
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The opportunity: Machinability of brass is underutilized

Observations:

* Shops are machining brass much slower than what is possible...
by as much as 85%!

* Current handbook values for brass understate the capabilities

* Shops can increase profitability by going faster with brass

* Lower cost per part



Seizing the opportunity: High Speed Machining Testing
Objectives:

* Understand the practical high speed machining capabilities of
leaded and lead-free brasses across common operations

* Single point turning, drilling, peripheral end milling

 Arm shops with the data and knowledge they need to machine
brass at higher speeds and feeds in production settings

* Develop the business case to understand ROI



CDA High Speed Machining Testing: Research Partners

Copper Development
Cu Association Inc.

Copper Alliance

CHASE BRASS

AND COPPER COMPANY, LLC

TeChEolve

MANUFACTURING &
MACHINING EXPERTS

CHICAGO EXTRUDED METALS

Engineered Extruded Brass Shapes




High Speed Machining Testing: Project Scope i

Materials — 2 leaded brasses and 3 lead-free brasses

* How does lead-free compare to leaded alloys at high speeds?

e Leaded: C36000, C38500; Lead-free: C27450, C69240, NBM 3 I

e 1.5” round bar and 2.5” x 2.5” square bar




High Speed Machining Testing: Project Scope i

Operational analysis of turning, drilling and milling

* Tool wear: What are the practical production periods at high speeds? I

* Power Factor: How do higher speeds/feeds impact efficiency?

e Chip formation: Is chip formation acceptable at high speeds?
pMTO




Single Point Turning Setup: Makino Vertical Machining Center

Chuck Collet

Dynamometer and
mounting block

20,000 RPM
spindle capacity

Work Piece

Tool Holder with
Carbide Insert




4 hr. tool wear test on lead-free brass: Can a carbide insert be
worn out in a reasonable timeframe at high speeds?
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Material Removal (inch”3)

| _End of 4 hour test
500 SFM
@ 3,000 SFM
End of 4 hour test
@ 3,000 SFM
0 100 200 300 400 500

600

0.045 in. depth of cut and 0.003 IPR feed rate

Same amount of metal
removed in 1/6t" the time
with identical tool wear

Higher cutting speeds yield
similar tool wear —still in
break-in period after 4 hrs

Productivity Impact:
4 hours at 3,000 SFM =
several shifts at 500 SFM



How do higher speeds, feeds and depths of cut impact efficiency?

Test Matrix for Single Point Turning

Speed (SFPM)

Feed Rate (In., Rev.)

Depth of Cut (in.)

500

0.003

0.005

0.007

0.010

0.015

0.020

0.045

0.070

0.090

0.125

1000

0.003

0.005

0.007

0.010

0.015

0.020

0.045

0.070

0.090

0.125

2000

0.003

0.005

0.007

0.010

0.015

0.020

0.045

0.070

0.090

0.125

3000

0.003

0.005

0.007

0.010

0.015

0.020

0.045

0.070

0.090

0.125

4000

0.003

0.005

0.007

0.010

0.015

0.020

0.045

0.070

0.090

0.125

Cutting forces measured across
a range of parameters from
slow to fast

Forces and cut parameters
used to calculate efficiency as
Power Factor values

Power Factor: HP/(in3/min)
Lower Power Factor signifies
a more efficient operation

Power Factor data can be
modeled to understand trends



Power Factor (carbide): Leaded/lead-free brasses across a range of speeds/feeds

Estimated Response Surface Estimated Response Surface
DOC=0.09 DOC=0.09

MIN. PF

15 4 Speed

15 4 Speed
(X 0.001) (X 0.001)

C36000 Avg. for 3 lead-free alloys

* Significant efficiency gains at higher feeds (leaded and lead-free)
* Significant efficiency gains at higher cutting speeds (lead-free only)



High speed turning chip formation (ISO 3865): Leaded brasses

CL 7: Elemental CL 5.2: Short Conical CL 5.1: Long Conical

Vast majority Occasionally observed Occasionally observed
across all tests at lighter feed rates at lighter feed rates

* Overall, both leaded alloys produced acceptable chips across the complete
range of speeds, feeds and depths of cut



High speed turning chip formation (ISO 3865): Lead-free brasses
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CL 7: Elemental CL5.2: Short Conical CL5.1: Long Conical CL 2.1: Long Tubular
Most common Common Common Rarely
(higher feeds) (lighter feeds) (lighter feeds) (lighter feeds)

* Majority of chips fell between Class 7 and Class 5.1 with occasional Class 2.1
* Lead-free alloys performed best at feeds above 0.005 IPR
* Data suggests deeper chip breaker groove is needed for lighter finish passes



Conclusions: High speed turning on leaded alloys et

* Increasing cutting speed had little to no effect on efficiency

* Increasing feed rate by 500% improved efficiency by ~“30%

* Increasing depth of cut by 625% improved efficiency by “15%
— Data not shown

* Chip formation ideal at higher speeds/feeds




Conclusions: High speed turning on lead-free alloys (avg.)

‘ "'. 1‘

Tool wear for carbide inserts consistent at higher speeds
— Metal removed 6X faster for same wear

Increasing cutting speed by 800% improved efficiency by ~“15%

Increasing feed rate by 500% improved efficiency by “23%

Increasing depth of cut by 625% improved efficiency by ~10%
— Data not shown

Chip formation acceptable at high speeds; best at feed
rates >0.005 IPR



High Speed Drilling Setup: Makino Vertical Machining Center

Round specimen for

measuring forces

25" x2.5"%

* 0.50” D Kennametal uncoated carbide drill selected based on performance




Drilling tool wear: Uncoated carbide drill on lead-free at 2,000 SFPM
Lead-free alloy #1 after 1,100 holes (minor chipping)

4 [ 0.0007inch 13 [ 0.0013inch ]
2 [ 0.0021inch ]

Flute 1: Rake face

Lead-free alloy #2 after 1,100 holes (no chipping)

1 [ 0.0008inch ]

2 [ 0.0019inch ]

-

FIte 1: Flank wear 0.002 in. T Flute 2: Flank wear 0.0008



How do higher speeds and feeds impact efficiency of drilling?

Test Matrix for 0.5” uncoated carbide drill

Speed (SFPM) Feed Rate (in. / Rev.) Depth of Cut (in.) e Cutti ng fO rces (tO rq Ue)

measured across a range of
0.005 0.007 0.010 0.015 1.500 pa rameters from SIOW to fast

* Forces and cut parameters
0.005 0.007 0.010 0.015 1.500 used to calculate efficiency

* Power Factor: HP/(in3/min)
0.005 0.007 0.010 0.015 1.500 Lower Power Factor signifies
a more efficient operation

0.005 0.007 0.010 0.015 1.500 e Speeds up to 20X faster than
some handbook values; feeds
up to 4X faster




C36000

Drilling power factor profiles (carbide): Leaded/lead-free brasses

Estimated Response Surface

Estimated Response Surface
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C36000 Avg. for 3 lead-free alloys

Efficiency of leaded alloy is relatively flat across tested range of speeds/feeds
Significant efficiency gains for lead-free alloys at higher speeds and feeds
Chips were elemental for all alloys at all feeds and speeds; ideal for drilling



Conclusions: High speed drilling of brasses

* Carbide drills can be run at aggressive speeds and feeds with
minimal wear after >1,100 holes

— 2,000 SFPM is a practical speed for drilling lead-free with carbide

* Increasing both the feed and speed for drilling improves
efficiency for some lead-free alloys (up to 69%)

* Chip formation ideal for all alloys across tested range



Business case: Assume we are making a basic part in C36000

Turn down a 0.75” diameter cylinder to 0.575” diameter
0.751n 0. 575 in

Scrap Ratio
0.70

0.364 in3 of material
removed to make part

Starting Volume Final Volume
0.884 in3 0.520 in3



Set cutting parameters for comparison: Slow vs. fast

TURNING
SLOW
Cutting speed (SFPM) 500
Feed rate (IPR) 0.007
Depth of cut (in) 0.125

8X speed;
2.1X feed




Productivity/cost comparison: Time in the cut only

Slow Fast
Metal removal rate 5.25in3/min | 90.0 in3/min
Cycle time 4.16 sec 0.24 sec
Parts/hr. 865 15,000
Labor/1,000 parts ($75/hr.) _

>17X productivity increase M-rs
° P 2017
>94% savings per part on labor



Key takeaways: High speed machining of brass

* High speed machining feasible for leaded and lead-free brass with practical
tool life and acceptable chip formation

* Max. speeds/feeds achieved for sustained production periods (>2 hrs.)

— Turning (carbide): 4,000 SFPM (>15K RPM for 1” bar), 0.015 IPR, 0.125 DOC
* Higher speeds likely possible; limited by 20,000 RPM spindle capacity of Makino

— Drilling (carbide): 2,000 SFPM, 0.015 IPR, 1.5” hole depth for 1,100+ holes

* Peripheral end milling (data not shown): 2,500+ SFPM
achieved with indexable carbide insert for >2 hrs.




Key takeaways: High speed machining of brass

L A

 Efficiency of leaded alloys constant with increasing speed;
significant improvements observed by increasing feed rate and
depth of cut in turning

 Efficiency of lead-free alloys can be improved significantly by
increasing speed, feed rate and depth of cut

— Machinability gap between leaded/lead-free decreases at higher speeds

* High speed machining can increase productivity/profitability
— Lower cost per part
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Seeing is believing: High speed machining of brass



Thank you!

For more information, please contact:

Adam Estelle
Copper Development Association, Inc.
adam.estelle@copperalliance.us

Copper Development
ol Association Inc.

Copper Alliance
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