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ABSTRACT

Due to an increased competitive situation in many metal working segments a more intense
focus is directed on lead time reduction and general cost savings. An adequate tooling
performance in relation to the production length is here of vital importance. Cold work tool
steels can be designed to resist various types of failure modes in metal working applications.
An advanced tool steel with low friction properties designed to counteract galling has proven
to be a complement or even an alternative to surface coated tool steels. The properties are
fundamentally different to tool steel grades used today due to a specific hard phase introduced
in the martensitic matrix. This paper gives a summary of the latest results in the use of the low

friction tool steel in various metal working processes.
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INTRODUCTION

The trend in stamping of sheet metal is to use automatic press lines with higher press speeds,
fewer stations working according to JIT, new steel sheet grades with higher strength levels,
less harmful lubricants and as long as possible only use the anti-rust/prelube oil applied at the
steel mill and thus no additional supply of press lubricant. This will inevitably allow boundary
lubrication conditions and metal to metal contact, which address different type of solutions to
avoid galling. These conditions will contribute to increased stresses at die radius, draw beads,
punch edges and other active tool parts as well as an increased interface temperature between
tool and sheet material leading to a more rapid degradation of the lubricant and a potential
welding of sheet asperities to tool material, which is the initiation stage of galling. The
gradual adherence of deformation hardened material fragments to tool surface and loose sheet
metal/tool steel fragments may result in scratching of the tool surface and the sheet material.
In the end unstable friction conditions with severe stick-slip makes it impossible to continue
the metal working process, which necessitates production interruptions for refurbishment by
polishing or replacement of critical tool components. Even with an optimal tool material
and/or surface coating galling can’t be avoided if the surface roughness of the tool
components is not adequately low, figure 1 [1]. It is thus necessary to prepare the active tool
components to acquire a fine and durable surface finish to secure a robust metal forming

process.

(a) (b)
Figure 1: Tranfer of work material to tool surface occurs at tool irregularities.

a) Severe transfer of stainless steel to the tool steel surface of Ra= 0,25 pm.

b) Tool steel surface of Ra= 0,10 um showing no signs of material transfer.

Using surface coated forming tools are common practice to reduce friction and galling in
various metal forming processes. Nitriding is attractive as it is performed at process
temperatures typically below 570°C avoiding size changes of the forming tools and the
process is capable of handling larger tools. However, for more severe metal forming
applications the nitriding layer has a tendency to flake off, figure 2, and single PVD/CVD/TD
coating processes or duplex processes as nitriding in combination with PVD coating is found

to be more robust alternatives [2].
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Figure 2: Nitrided die insert showing galling and later delamination of nitriding layer

resulting in adhesive wear.

Even if coating generally reduces the tendency to galling the geometry of the tooling may
prevent it from being surface coated due to geometrical restrictions or too narrow dimensional
tolerances. The high temperature, ~1000°C, coating processes like CVD/TD normally result
in a better adherence of the coating due to chemical reaction with the tool interface and also to
a thicker layer resistant to abrasive scratching. The drawback is that the dimensional tolerance
sometimes is hard to fulfill as the tool parts are subjected to a complete austenitizing,
hardening and tempering process after the coating process with potential size and distortion
changes of the tool components, which before have been adequately adjusted for the specific
metal processing operation. All coating processes have a specific processing time and are
normally not performed in-house and thus prolonging the usually short lead time for new
toolings. Also, severe stress conditions may result in wear, separation or abrasive penetration
of the coating, resulting in unacceptable product surface quality. In this case the tool set has to
be refurbished and recoated if this is possible or be replaced with new tool components with a

necessary increase of lead time and cost.

However, today new opportunities are possible as the properties of cold work tool steels can
be optimized to counteract galling by varying the distribution, size, amount, type and hardness
of the hard phase appearing in the martensitic matrix. Powder metallurgical produced nitrogen
alloyed tool steels can be designed to have anti-galling properties, which is unique also
among high performing powder metallurgy steel grades [3]. Nitrogen increases the stability of
vanadium nitride and the size and distribution of the hard phase becomes very small and fine
in the final steel. The high aspect ratio (height to width) and the low friction coefficient of the
hard phase (4) give this steel unique low friction properties. Cold welding of work material to
tool steel is thus avoided or significantly reduced as is schematically illustrated in figure 3.
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Figure 3: (a) Size and dlstrlbutlon of hard phase for three alloys and schematic illustration of

tendency for cold welding - initiation of galling - and (b) the low friction hard phase of
predominantly VN in Vancron 40 compared to MC, M7C3 or M6C for the two other grades.

Tool making and heat treatment of the new nitrogen alloyed tool steel are according to
standard procedures. If the tool needs refurbishment this can easily and with short lead time
be performed in-house by conventional procedures such as machining, grinding, electro
discharge machining and/or polishing as the low friction properties not are concentrated only

to the surface, but rather to the bulk material.

MATERIAL AND MICROSTRUCTURE

The chemical composition and the volume fraction of hard phases of four alloys are compared
in Table 1. All alloys have a high amount of hard phase forming elements as V, Cr, Mo and/or
W denoted M below. All reference grades have significantly less amount of hard phase, ca.
13-18%, compared to 24% for the high nitrogen alloy. Also, none of the reference

grades contain any MN-type of hard phase in the microstructure, figure 4.

Table 1: Chemical composition in weight percent. Volume percent of hard phases after
austenitizing at 1020-10500C (1 and 2 resp.). Calculated by Thermo-Calc.

C| N | Cr| Mo | W | V |MN|MC | MC | M;C;]| Total
Steel grade | T4 weight-% volume-%
Vancron40 | 2 (12| 1,8 4532 |37[85[ 20| - | 4 - | 24
Vanadis6 | 2 [21] 01 [68] 1,5 - [s4] - [ 11 [ - 7 | 18
Vanadis23 | 2 [13] 01 |42 50 6431 - | 6 | 10 | - 16
AISI D2 1 [15[001 1209 ] - Jo8] - | - - |13 [ 13
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(a) (b) (© (d)
Figure 4: Microstructure in hardened and tempered condition, 60-62 HRC, for a) Vancron 40,
b) Vanadis 6, c) Vanadis 23 and d) AISI D2.

PROPERTIES OF TOOL STEELS

Besides the mechanical properties also the manufacturing and maintenance properties are
important when selecting proper tool steels for metal processing. Important properties such as
hardness, compressive strength, ductility and fatigue resistance of Vancron 40 are very much
the same as for Vanadis 6 and significantly better than for AISI D2, Table 2. Abrasive wear
resistance measured via pin-on-disc test against SiO2 paper is worse than for the other grades,
i.e. the high nitrogen alloy is not designed for use in pure abrasive conditions. In applications
where galling is dominating or in mixed wear situations Vancron 40 has shown excellent
properties. This has been validated in several laboratory tests procedures [2, 5] and in

industrial application tests as will be discussed later.

Table 2: Absolute or relative comparison of mechanical properties.

Steel grade .

Property ATSI D2 Vanadis 6 Vancr on 40
Hardness = 61 HRC = 66 HRC = 66 HRC
Compressive vield strength = 2500 MPa = 3000 MPa = 3000 MPa
Ductility 2 10 10
Fatigue resistance 4 10 10
Abrasive wear resistance 7 10 3
Galling resistance 1 3 10

Relative scale: 1-10; 10 best

Important manufacturing and maintenance properties are e.g. heat treatment response,
dimension stability at heat treatment, machinability, grindability, polishability, wire electro
discharge machining (WDEM), surface treatment response (nitriding, PVD, CVD and TD).
Table 3 compares on a relative base some properties. Generally, machinability and also
grindability is reduced when more carbides, bigger and harder carbides are introduced in the
steel. Despite the high volume fraction of hard phase in the high nitrogen PM grade both
machinability and grindability are better than for the two other reference grades in Table 3.
This is mainly due to the smaller size of the hard phase in the high nitrogen grade. WEDM
properties are depending on the presence of bigger inclusions and sometimes also larger
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carbides, which might cause the wire to deflect or even break. PM manufactured steels are
preferred in this respect. Low temperature tempering, as sometimes is valid for D2, do result
in higher hardening and machining stresses and a higher sensitivity for cracking at both sink
and wire electrical discharge machining. Dimension stability at hardening is related to the
hardening temperature, hardenability of the steel and its microstructure. Once again, PM
manufactured steels are best in this respect. Surface coating is more advantageous to be used
on steels with a potential to reach a high hardness, 60 HRC or higher, after secondary
hardening, to withstand softening during the coating process and for CVD/TD-coating a
uniform carbide distribution, as is valid for PM-grades, is advantageous to maintain a high
dimensional stability. The high nitrogen alloyed grade is not intended to be surface coated as
the complete bulk material is composed of a martensitic matrix with low-friction vanadium
nitride particles. However, if the results are showing that surface coating would be

advantageous this grade has the same coating potential as other PM grades.

Table 3: Relative comparison of properties regarding die manufacturing and maintenance.

Steel grade .

Property AISI D2 Vanadis 6 VYancron 40
Machinability 8 5 10
Grindability 8 5 10
Polishability 4 10 10
WEDM ability 3 10 10
Heat treatment response 4 10 10
Temper resistance 2 8 10
Hardenability 4 8 10
Dimension stability 1 10 10
Surface treatment response 2 10 10- Not needed

Relative scale: 1-10; 10 best

INDUSTRIAL APPLICATIONS

Metal working processes like deep drawing, cutting, cold extrusion and powder pressing are
typically used to manufacture products made of e.g. austenitic stainless steel, mild and high
strength steel, aluminum, nickel or Titanium. However, severe problems often occur due to
galling and adhesive ear of the soft and adherent work material on the active tool surfaces,
hich necessitates production interruptions for refurbishment by polishing or replacement of
critical tool components. Table 4 and figure 5 show some applications where the low friction
tool steel has found good performance. However, the complex conditions prevailing at cold
metal working requires lose attention to surface smoothness, lubrication conditions, contact
pressure, production speed etc. in order to optimize the production outcome. Thus,
applications where no or smaller performance increases have been detected are also found for
the high nitrogen grade, but by altering the production conditions more significant

improvements are possible.
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Table 4: Performance of high nitrogen tool steel compared to several reference grades for

different metal working processes/work materials where galling is the main failure mode.

Metal Hardness / surface treatment / performance /
working Wor.k lubrication
material/
process/ . Vancron 40
thickness Reference grade
product - uncoated
Ni 62 HRC/ PM4V/62 HRC/uncoated/63 000/1
t=0,5 mm 165 000/1 PM4V/62 HRC/plasma nitrided/bad/1
Cutting/ 62 HRC/ Matrix/61 HRC/PVD-TiCN/
expanded 240 0002 100 000/1
metal Matrix/61 HRC/PVD-CrN/77 000/1
Ti 62 HRC/ D2/62 HRC/PVD-CrN/1
t=0,5 mm Double life/1
Cold forming/ | Al - 62 HRC/ Various grades/50-62 HRC/uncoated
steering part 8082-50 >10x more/ 3 | or nitrided/3
@50x25 mm
Deep AISI 304, 64 HRC/ PM23/62 HRC/uncoated/83 000/4
drawing/ t=0,5 mm >6 000 000 PM6/62 HRC/uncoated/800 000/4
pump housing PM10/62 HRC/Auncoated/1 900 000/4
PM23/62 HRC/CVD/6-8 000 000/4
Bending/ Uncoated 62 HRC/ 820Cr/62 HRC/CVD-T1N/>280 000/5
reinforce- Docol 800DP | >280 000/5
ment part t=2 mm
Powder Iron powder | 62 HRC/ D2/60 HRC/uncoated/6
pressing/ 3-15x more/
magnet parts 6

1=No lubrication; 2=Renoform 96; 3=solid soap; 4=60% chlorinated paraffin oil: 5=7% oil

emulsion; 6=Zn-stearate

By introducing a lubricant suitable for the application a further improvement of performance
is possible. This is exemplified in Table 4, where the knife for cutting Ni sheet is showing a

further significant improvement in lubricated condition.

Figure 5: Examples where Vancron 40 is showing excellent performance. (a) Stamping die for

producing parts in Docol DP 800 and (b) cold forming of Al steering column.

CONCLUSIONS

The properties of cold work tool steels can be optimized by varying the distribution, type,
size, amount and hardness of the hard phase appearing in the martensitic matrix. A low
friction alloy has been developed that show significant performance improvements compared
with high alloyed materials and similar or even better performance to surface coated steels in

various metal processing applications.
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Introduction

Failure mechanisms in metal processing

Introduction

Stamping of sheet metal parts —
tribological conditions

Production costs and product quality is
dependent on the tribological conditions at the
stamping process, which is influenced by e.g.:

» tool design

* press speed

+ stamping stresses

+ surface composition of tool and sheet material
+ topography of tool and sheet material

* lubricant properties
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Galling

Methods to improve
galling resistance

* Very good surface finish
= High surface hardness

« Efficient lubrication

* Proper surface coating

« Low friction materials
« Bronzes
+ Hard metal

« Anti-galling tool steel

Galling

Methods to improve
galling resistance

* Very good surface finish
= High surface hardness

« Efficient lubrication

* Proper surface coating

+ Low friction materials
« Bronzes
+ Hard metal

+ Anti-galling tool steel
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Sufficiently smooth surfaces give no galling. Dry test of
uncoated Vanadis 4, 65 HRC, versus 18/8 stainless steel,
AISI 304, in Uppsala load-scanner at 300 N load.

R,=0,10 pm

Galling

Methods to improve
galling resistance

* Very good surface finish
+ High surface hardness

« Efficient lubrication

* Proper surface coating

+ Low friction materials
« Bronzes
+ Hard metal

+ Anti-galling tool steel
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Characteristics of
new
anti-galling tool steel

* Intended to be used without
surface coating as it contains|
interior low friction particles

- distributed throughout the

_# bulk

' % + Readjustment of

- /| dimensions after heat
treatment is possible, which

¢ is not the case with surface

| coated dies

L + Surface condition can be
= restored by light polishing

-galling resistance

+ High volume fraction of hard phase

- Favourable distribution of hard phase
-no carbide networks and big carbides

+ High hardness of hard phase and
matrix

+ Low friction coefficient of hard phase

+ Lubrication reservoirs between hard
phases

Topographic
picture of polished
surface of Vancron 40
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Chemical composition

Chemical composition in weight percent of some tool steel grades.

Volume percent of hard phases after austenitizing calculated by Thermo-Calc

Steelgrade Ta C W V MN MC MC  ML: Total
{"C}) olume-%

AISI D2 1020 [15] 001 (12|09 - [08] - - - 13 13

VENEGIEN 1020 | 21 01 |68 15] - [54] - 11 - 7 18

VENGIE 1020 [1.1] 18 145(32[37(85] 20 - 4 - 24

Volume fraction {%) and carbide type calculated with Thermo-Calc

AISI D2 -13% M,C,
{1020°C + 500°C/2x2h; 60 HRC)

{1020°C + 525°Ci2x2h; 61 HRC)

Hardness. HV
MgC 1500
M,C; 1700
MC 2800
M(N,C) 2800

VANCRON 40 -20% M{N.C) + 4% M,C
{1020°C + 560°Ci3x1h; 62 HRC)
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Case study — Vancron 40

Cold forming of

Company: Grundfes A/S, Denmark
Product: Part for pump housing
‘Work material: AIS] 304, t=0,5 mm

Tool: Cold forming die,
B60/39x486 mm, 62 HRC

Lubrication: 0% chlorinated paraffin oil
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m Case study — Vancron 40

Cold forming of stainless steel -
results
Steel/ Vanadis 23 | Vanadis 23 | Vanadis 6 | Vanadis 10 | Vancron 40
surface coating CVD/Ref. | uncoated | uncoated | uncoated | uncoated
Produced parts 68 x 10° 83000 800 000 1900 000 >14 x 107
Hardness I 62HRC 64 HRC
Failure mechanism Delaminationl l Galling Running
Produced parts: 1 x 10¢ 3000 4,2x108

m Mechanism of anti-galling resistance

Topographic comparison of polished specimens of:
Yanadis 23 Vanadis 6 Yancron 40

Hard phase: 8%MC 11%MC 20%MN
s0nm 10%M,.C P PMC, 4%M.C

Galling 3 < ™

resistance: 1; um Low +=  Medium o High

A0um A0um

Local adherence between work and tool material
Relativ motion

—
Strong cold welding Weaker cold welding No cold welding

Work material W

Steel matrix

Hard phase Lubrication reservoir

OS 17



Vancron 40 - uncoated

Sleipner + CVD

I No galiiﬁg on neither Vancron 40 or Sleipner +CVD

Reinforcement to B-member.
325 000 left and right parts are
produced to w 637

Sheet steel
Grade: Uncoated Docol 800 DP

Thickness: 2 mm

Tool steel for bending operation

Uncoated Vancron 40 and CVD
coated Slelpner

Dimension: 217x108x80 mm
Hardness: 62 HRC

Surface roughness: Ra=0,1 um
Lubrication: 7% oil emulsion

Galling on
tooth of
somrated
knife

Tool:

Praduct:

Vancron 40

Hardness:

Work material:

Steal grada

Cutting of sheet

Serrated knife, 430x25x40 mm, against flat knife

62 HRG

Expandad motal

Surfaca
coaling

Lubrecation

Nickel, =05mm

Number of shaars
batween resharpaning

Fallure
mechanism

MNone None 50 000 - 75 000 Galling
Plasma | None Bad performance Galling
nitrided

PVD - HNone T7 000 - 123 000 Galling
TICN

PVD - HNone 54 000 - 100 000 Galling
CrN

Nene None 130000 - 200 000 Galling
Neone Renoform 96 | 220000 - 260 000 Galling

OS 18



Tool component: Die

Product: Steering column for Porsche
Work material: Aluminium, 6082-50
Lubrication: Solid soap

Tool dimension @100x195 mm, R,=0,2 um

Steel AlSI H13 and other grades Vancron 40
Parts produced 70-350 3000

Hardness 54 HRC 62 HRC

Failure mechanism Galling followed by poelishing Running

Comment Scratching of the produced tube. Nitriding is the only Removal of

coating not possible for holes deeper than 2xd.
However, today no surface treatment is used as the
positive effect is insignificant.

coating that can be used - prone to flake off. PVD old lubrication

Conclusions

The properties of cold work tool steels can be optimized by varying
the distribution, type, size, amount and hardness of the hard phase
appearing in the martensitic matrix.

A new low friction tool steel has been developed showing significant
performance improvements compared with high alloyed materials
and similar or even better performance to surface coated steels in
various metal processing applications.
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