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How to EDM Steel
and Copper Alloy
Simultaneously
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“Can | die sink EDM two different workpiece materials at the
same time?” is a frequently asked question, especially in mold
manufacturing where tool steels and copper alloys are often
involved. While plastic injection production molds are typically
made from common tool steels, copper alloy is common for
inserts with detail areas to dissipate heat and improve molding
cycle times. The challenge mold builders face is machining the
details when the part geometry falls across both materials.

Machining these materials separately requires multiple part
setups (one for the tool steel and one for the copper alloy)
and additional electrodes for separate burns with different
EDM operations. This approach increases machining time
for both electrodes’ fabrication and EDM, which leads to
higher manufacturing costs. Also, all this added effort can
result in the two details not matching up in the mold cor-
rectly, causing a mismatch or an out-of-tolerance part that
would then require additional machining, or possibly the re-
manufacturing of the detail inserts.

This article will examine what EDM operators need to know
to effectively and efficiently machine these materials at the
same time.

WORK METAL PROPERTIES

Work metal properties and characteristics will alter the EDM
approach. Understanding the physical property differences

between the two work metals in use and the way each will

affect EDM performance is critical (Chart 1).

The melting temperature and thermal conductivity of the work
metals may vary from one to another, and EDM operators may
need to adjust parameters such as on-time, amperage, and
polarity. If the same EDM approach is used regardless of the
work metal, the result could be vastly different.

Thermal conductivity is the physical property that makes the
biggest difference in EDM for the same reason it helps reduce
molding cycle time: higher thermal conductivity dissipates the
heat of the spark during EDM.

POWER SETTING PARAMETERS

To overcome thermal conductivity disparity of the work metals,
three primary power setting parameters may need to be
modified:

¢ On-time. EDM spark duration measured in microseconds.

» Peak current (amperage). The maximum current available
from each pulse from the power supply/generator.

o Polarity. The designation of positive or negative electrical

potential to the electrode.
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Chart 1: Work metal properties
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Typically, the EDM power settings for tool steel are
positive polarity and an on-time value between 50

— 100 psec (micro-seconds). These settings provide
the optimal combination of speed and electrode wear.
A higher on-time and positive polarity will yield lower
electrode wear. This result is achieved with a “replat-
ing” process during which molten particles from the
workpiece follow the electrical current flow to the
electrode and plate themselves to the surface of the
graphite electrode, reducing the amount of wear
caused by the EDM process.

When working with copper alloys, negative polarity
and lower on-time values (12 — 20 psec) are most
effective. "Replating” of the electrode does not occur
because the flow of electrical current is reversed and
now travels toward the workpiece. The molten
metallic particles are not forced to the electrode
surface. Graphite particles cannot replate the work-
piece since graphite does not melt; it transitions from
a solid to a gas. This is called sublimation.

The operator determines amperage by the size of the
frontal surface area for the detail being machined. The
amperage value will be higher when burning a copper
alloy workpiece to maintain the same spark intensity.
Spark intensity is the amount of energy in the spark
that is controlled by the on-time, peak current, and
voltage (on-time x peak current x voltage = spark
intensity).

For example, use 50 psec of on-time and 20 amps for
this detail. Then lower the on-time from 50 to 20 psec
to keep the same spark intensity, which requires an
increase in amperage from 20 to 50 amps.

MATERIAL CHOICE

The decision to use either a standard graphite or cop-
per-impregnated graphite electrode requires looking
at how each material will handle the conditions of
both electrode detail machining and the EDM process.
For example, electrode size, detail, and fabrication
time, cost, and performance during the EDM process,
meeting job priority expectations speed, wear, and
surface finish, and the number of cavities to burn.

Traditionally, to achieve lower electrode wear, a stand-
ard graphite would be used when EDMing tool steel

in positive polarity. When burning a copper alloy work-
piecein negative polarity,acopper-impregnated graph-
ite electrode is preferred. This is because a lower
electrical resistivity value allows for a greater percent-
age of the amperage to penetrate through the elec-
trode and into the burn area.

The material decision is not as abundantly clear since
more than one metal will be EDMed at the same time.
Operators must consider the aforementioned factors
when selecting the most effective electrode material
to optimize the EDM process and to improve overall
performance.

TESTING MATTERS

A team of application specialists performed a series

of tests to validate the impact of materials and EDM
parameters on the simultaneous die sinking of a tool
steel and a copper alloy. The objective was to deter-
mine what power setting and electrode material would
achieve the best metal removal rate (speed), lowest
electrode wear, and identify any dimensional or
surface finish variances from one metal to the other.

The team performed initial tests using a 0.500-inch
square electrode with both standard graphite and
copper-impregnated graphite programmed with
steel settings of 65 psec on-time, 20 peak amps,
and positive polarity. They used side flushing and

a jump cycle to keep the cutting condition clean.
The operator stopped each test after one hour and
took measurements. Overall, the metal removal rate
was lower, and the electrode wear was higher than
expected for steel machine settings (Table 1).

The team then conducted a second set of tests using
the same testing parameters but programmed with
machine parameters more applicable for a copper
alloy: 12 pysec on-time, 80 peak amps, and negative
polarity. Both the standard and copper-impregnated
graphite showed improvement with these settings as
compared to the steel settings in the first test (Table 1).
The combination of proper machine settings and the
copper-impregnated graphite electrode showed the
best overall performance.




Material Program parameters MRR End wear %
— Standard graphite Tool steel (+polarity) 0.047 cu. in/hr 20%
Copper impregnated graphite Tool steel (+polarity) 0.06 cu. in/hr 63%
Standard graphite Copper alloy (-polarity) 0.07 cu. in/hr 27%
TEST 2
Copper impregnated graphite Copper alloy (-polarity) 0.085 cu. in/hr 18%
Table 1

With these results, the team’s next step was to mimic
a tool steel cavity with a copper alloy insert and EDM
different details (Figures 1a and 1b). Four details were
burned into the top surface along the parting line of
the two workpiece materials (Figures 2a and 2b):

1. Rib: 0.040" x 1.000" x 1.000" deep 24 VDI

2. Square pocket: 0.500" x 0.500" x 0.250" deep
20 VDI

3. Dowel pin hole: 0.375" dia x 0.500" deep 20 VDI

4. Cross shape: 0.500" x 0.500" x 0.520" deep. 27 VDI

Figure la Figure 1b

Figure 2b

The EDM tests indicated that machine parameters
for copper alloys provided the most optimum per-
formance. The end wear was slightly higher on the
portion of the electrode EDMing the tool steel sec-
tion than on the copper alloy.

Since the tool steel portion of the burn resulted in
higher electrode wear, an additional electrode was
required to ensure consistency between the tool
steel and the copper alloy. Overall, the team used
four electrodes to fully complete each detail. The
final measurements of the test burn confirmed that
dimensional integrity and surface finish was consist-
ent for both materials.

RESULTS ARE IN

In the end, the answer to the frequently asked
question is, “Yes, you can die sink a tool steel and
copper alloy at the same time.” Preliminary testing
showed that both standard graphite and copper-
impregnated graphite can be used to accomplish
the part detail. The difference was in the overall
performance during the EDM.

Deciding which graphite to use requires a look at the
full spectrum of relative factors and will be unique
to each company’s objectives. The data presented
are derived from feasibility testing, so an expanded
investigation is planned to identify a more optimum
means to EDM different metals at the same time. This
investigation will include the most current machine
technologies available. Industry input to assist this
investigation is welcomed.



ABOUT ENTEGRIS

Entegris is a world-class supplier of advanced materials
and process solutions for the semiconductor and other
high-tech industries. Entegris is ISO 9001 certified and
has manufacturing, customer service, and/or research
facilities in the United States, Canada, China, France,
Germany, Israel, Japan, Malaysia, Singapore, South
Korea, and Taiwan. Additional information can be

found at entegris.com.

FOR MORE INFORMATION

Please call your local distributor to learn what our premium graphite solutions can do for you.
Visit poco.entegris.com/distributors for the location nearest you.

TERMS AND CONDITIONS OF SALE

All purchases are subject to Poco Graphite’s Terms and Conditions of Sale. To view and print this information,
visit poco.entegris.com/terms-and-conditions.

@ 300 Old Greenwood Road Customer Service
Decatur, Texas 76234 Tel +1 940 627 2121
Entegris

Fax +1 940 393 8366
POCO Materials Entegris® and the Entegris Rings Design® are trademarks of Entegris, Inc., and POCO® and other product names
are trademarks of Poco Graphite, Inc., as listed on entegris.com/trademarks. All third-party product names, logos,
and company names are trademarks or registered trademarks of their respective owners. Use of them does not
imply any affiliation, sponsorship, or endorsement by the trademark owner.

©2020 Entegris, Inc. All rights reserved. Printed in the USA 6207-11280ENT-0820

www.poco.entegris.com


http://www.poco.com
http://www.poco.com
https://www.entegris.com/content/en/home/about-us/legal-trademark-notices.html
http://www.entegris.com

