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For further information please refer to
our Diamond Innovations Wire Die brochure.




Prevention of Failure Modes in Wire Dies

Wire die fabrication and use is a demanding process

with numerous steps involved. Each step is subject to Carbide ring

.. . : supporting the
new opportunities for error. Diamond Innovations has Cap PCD core PCD core
extensive background knowledge on the failure modes Sintering powder

of wire dies. This experience enables us to provide Steel casing
our wire die customers with a comprehensive profile ;
of typical failure modes and causes. The following I

analysis identifies the potential causes and is a valuable
help to prevent such issues from reoccurring.

Most frequently occurring defects
in wire dies

e Cracks or fractures
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¢ Broken die nib

¢ Thermal and mechanical stress

Design component of a wire die in vertical cross section

The 4 Primary Types of Cracks or Fractures
Seen in Returned Wire Dies

Cracks or fractures are almost always formed by a
release of stress in the part. Stress is inherent in any
material structure. Compressive stress makes a dia-
mond microstructure stronger. However, as material is
removed the microstructure is subject to greater stress,
making it more susceptible to cracking or breaking.

U-Shaped Cracks i o : 5

L . An uneven compression
=~ load has been applied
across the carbide and
diamond surface.
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Description

Vertical fractures/cracks that turn downward at the
entrance approach and then turn upwards at the
bearing zone.

Causes

¢ Excessive mechanical stress applied to one side of
the die due to misalignment in the casing.

e Voids or uneven distribution of materials in the
sintered matrix.

U-Shaped Fracture



Laser Start and/or
Stopping point
(Hole in PCD Core)

Pitting

Description
One or several voids in the diamond table. Can be

either a diamond crystal pull out or a loss of metal
binder.

Carbide Support Ring Diamond Core

Laser Fabrication Damage

Excessive thermal damage
due to laser, sintering or
wire drawing operation

Crystal pullout and enlarged
grain boundaries induced
during fabrication (excessive
thermal stress)

Causes

e Excessive laser burn on one or more isolated
regions that did not clean during fabrication.

¢ Metal pool in diamond structure.

¢ Agglomeration of small diamond crystals that
pulls out when overheated.

Wear Rings

Description

One or more horizontal grooves or fractures in the
bearing area or on the top of the reduction area.
Sometimes cracks can develop if not caught in time.

Causes

¢ Excessive use of die beyond the recommended
re-cut time.

¢ Interrupted lubrication flow during the wire
drawing process causing abrasion from material
fines.
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Wear ring generated during
wire drawing process.

Wear ring generated during

wire drawing process (possible

lubrication interruption).
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This die was used for
drawing wire beyond
the proper recut time.




Vertical Cracks

Description

Cracks travelling from top to bottom of the die bore.

Causes

® Mechanical stress caused by die bore drilled off
center.

¢ Die misaligned when mounted.

¢ Insufficient diamond wall thickness due to oversized

entrance or die bore.

¢ Drill bit contact with diamond table when casing
was opened.

¢ Residual stress relief from cobalt pool in the
diamond table.

¢ Hole bored before mounting of nib.
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Two or more vertical cracks
in the diamond core that are
approximately the same dis-
tance apart are normally due to
mechanical or thermal stress.
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Large gaps in
braze alloy.

Horizontal Cracks

Description
Cracks travel around the bore diameter.

Causes

¢ Development of wear ring serving as a stress riser.

¢ Gaps in braze alloy after sintering cause
mechanical stress.

® Gaps from press fit cause mechanical stress.

¢ Nib abrading steel casing during mounting
operation.

¢ Overheating during laser drilling or sintering
process.

Wear ring generated during
wire drawing process (possible
lubrication interruption)

Compax Diamond
Blank Core

Compax Diamond
Blank Core

Tungsten Carbide Ring

Thermal stress cracks induced
during mounting operation




Web or Multiple Cracks

Description
Numerous cracks travelling in non-uniform directions.

Causes

® Wear ring generated during wire drawing process.

* Misaligned die during mounting process induces
stress.

* Excessive thermal damage either from laser,
sintering, wire drawing or re-cutting.

¢ Thin diamond wall from oversize bore diameter.

Large Operation at Reduction Zone

Braze Alloy

_ Entrance and approach is

too large causing a thin
diamond wall thickness.
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Web Type Fractures
(Mechanical Stress)

Mechanical
Stress

Thin Diamond

Wire Exit

Rough Diamond Surface

Description

A rough diamond surface is an area in the bore hole
that is difficult or impossible to polish due to voids
between the diamond crystals. This area can be gran-
ular in appearance. Pull out of diamond crystals may
occur due to melting of the cobalt secondary phase
between the diamond grain.

Causes

* Excessive thermal damage either from laser drilling,
sintering or wire drawing.

® Wear caused from interrupted lubrication.

¢ Unsintered diamond or cold spot. Usually isolated
to a localized region of the diamond table.

Thermal damage from wire
drawing process (possible
lubrication interruption).
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Die Breakage

Description
Die cracks through the diamond table and/or carbide
ring.

Causes

® Oversize bore diameter.

¢ Drill contacting diamond during casing operation.

¢ Thermal stress from excessive temperatures during
mounting process.

¢ Non-uniform stress applied to die during mounting.

¢ Laser drilling before mounting.

® Excessive mechanical stress in the nib prior to
manufacturing operation.

Drill bit contacted diamond
table when drilling open
the casing.

Important Guidelines for Wire Die End Users

e Follow maximum recommended bore diameter for soft
non-ferrous wire. Hard ferrous wire should not exceed 65 %
of this diameter.

¢ Recut or repolish die on observation of wear ring in area
of wire contact to maximize die life.

e Filter lubricant to remove metal fines to maximize
lubricant flow, wire finish and die life.

e Decrease bearing length for higher speed drawing.

e Use finer grain die blanks for improved wire surface finish
and in drawing ferrous and plated wires.

o Use coarser grain die blanks for drawing larger size non-
ferrous wire to provide longer die life and improved wire
dimensianal control.

¢ |n high temperature drawing of tungsten and molybdenum
wire maintain reducing atmosphere in drawing zone to
minimize detrimental oxidation effects and maximize die life.

o Use matched elongation die sets in multi-wire drawing
machines.

* Trademark of Diamond Innovations, USA
© Copyright 2004 Diamond Innovations, USA

Mechanical stress caus- . .
ing web type fractures.

The under cut on the bot-
tom of the steel casing has
been machined to the same
size of the carbide support
ring. This will induce ex-
cessive stress during the
mounting process and will
cause cracks in the PCD
core as pressure is being
applied to the cap.

This corner of the
support ring is wedged
against the steel casing.

Drill bit contacted diamond
table when drilling open
the casing.

Important Guidelines for Material Returns

e Customer Service must issue a VOC case number before the product
is returned to Diamond Innovations.

e AVOC case number is required on the outside of the receptacle which
the product is being returned in.

e |f the product is mounted in a steel casing, the customer must identify
the product type (i.e. 5025TS) on the outside of the steel with a
permanent marker.

e Please provide some background information if possible, i.e. where
did the die blank fail, during the mounting operation, polishing/drilling
or during a drawing application. Please be as specific as possible.

e |f the die blanks failed when the end-user was drawing wire, please
provide the type of material drawn during the application.

e |f the die blanks have been re-bored more than once, please include
this information.

e |ist the type of flaws or voids which the die blanks were rejected for.
¢ Include Diamond Innovations batch and/or lot numbers if available.

e Any background information, comments and concerns is highly helpful
as this allows us to evaluate our products on a continuing basis.
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