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 ■ PFERDFOCUS: Additive manufacturing (3D printing) of metal components

TRUST BLUE

PFERD tools 
for reworking additively manufactured components



PFERD tools for additive manufacturing
Table of contents, company

August Rüggeberg GmbH & Co. KG, Marienheide/Germany develops, 
produces and distributes tools for surface finishing and cutting 
materials under the PFERD brand. For over 200 years PFERD has been an 
unmistakeable brand representing excellent quality, top performance, as 
well as economic efficiency.

PFERD produces a comprehensive range of tools which fulfil various requirements 
for reworking components created through additive manufacturing.

We have collected our many years of experience and our up-to-date expertise in 
specific machining and performance characteristics for reworking components 
produced through additive manufacturing in this PFERDFOCUS brochure for you. 
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You can find an overview of all PFERD subsidiaries and trading partner representatives at www.pferd.com

PFERD worldwide

www.pferd.com 

Use PFERDFOCUS together with 
the search functions on our web-
site to select the perfect tools for 
reworking components produced 
through additive manufactur-
ing, in just a few clicks. For more 
information about this, please see 
page 8.
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Additive manufacturing
Explanation and history

What does additive manufacturing mean?

Compared to conventional manufacturing processes such as casting or forging with 
traditional machining processes (turning, milling, drilling, grinding, etc.) additive 
manufacturing (coll. 3D printing) involves creating three-dimensional objects through 
selectively joining materials in layers. 

A digital 3D model of the component serves as basis for the production; it has 
been divided into layers and is built up one after the other in the manufacturing 
process. This layered method of building up allows additive manufacturing to offer 
advantages when compared to conventional processes, and new possibilities in 
component design. 

For example in this way, complex geometries with internal structures can be created, which would not be possible to produce 
with conventional manufacturing processes. This level of geometric freedom also offers the option of a significant reduction 
in component weight and material. Due to the high degree of flexibility and the fact that no tools are used, additive 
manufacturing allows for small quantities to be produced in an individualised manner, and often significantly faster and with 
increased economic efficiency when compared with conventional manufacturing processes.

How has additive manufacturing developed?

Additive manufacturing may still be in its infancy when compared to traditional manufacturing processes, which date back 
to the Stone Age; however, it has already made impressive progress. In the beginning, additive manufacturing was only 
used in prototype construction (rapid prototyping). Consistent further developments have allowed it to gain increasingly 
more acceptance in the past few years. This development has certainly not yet reached its peak and additive manufacturing 
processes will, in the future, become increasingly important.

The 1980s
 ■ The American Charles Hull invented stereolithography in 1984, 
in which a photosensitive polymer fluid is cured with UV light. 
In 1986, Hull introduced the first 3D printer to the market.

 ■ In 1988, the American Carl Deckard registered a patent for  
selective laser sintering, in which a plastic powder is melted 
with a laser. 

The 1990s
 ■ In 1992, the world’s first selective laser sintering machine was 
produced. 

 ■ In the following years, the cornerstones for the development of 
the binder jetting process were laid, in which the liquid binding 
agent is applied over metal powder. It was then possible to also 
process metal by the end of the 90s.

The 2000s
 ■ Tools and casting moulds have been produced through additive 
manufacturing.

 ■ First highlights in the medical industry:  
3D-printed organs were produced in miniature and prosthetic 
legs, dental crowns, hearing aids as well as surgical instruments 
were printed from complex components.

 ■ When the patent protection for the FDM process ran out in 2009, 
the prices for 3D printers fell and the technology became acces-
sible for many.

The 2010s
 ■ In 2010, the first 3D-printed car prototype was produced; its 
housing was produced entirely by a 3D printer. 

 ■ In 2011, the first 3D food printer was created, which was used 
by NASA to investigate how astronauts in space could print their 
own food. 

 ■ In 2012, the first jaw prosthesis was 3D printed and implanted, 
followed by the first bone reproductions in 2016.

 ■ New research allowed for glass to be 3D printed for the first 
time in 2017. 

 ■ In 2019, the first bridge created through additive manufactur-
ing was produced in China.

Future prospects
 ■ Additive manufacturing is developing in all directions and it will be possible to manufacture a greater number of components with a higher 
degree of complexity using 3D printing. Productivity and accuracy will increase, process stability and process understanding will improve.  
It will be exciting to see how additive manufacturing will influence our future. 
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What are the most common manufacturing processes?

Many manufacturers of production 
plants give their processes their own 
names; this makes a clear distinction 
or categorisation difficult. Apart from 
the oldest process – stereolithography 
– which involves work with liquids, the 
remaining processes can be divided 
into powder bed processes and free-
form processes.

Free-form process:

In free-form processes, the component 
is built up on a platform into the free 
space above. 

Powder bed process:

With the powder bed process, the 
component is built up on a platform 
located beneath a powder bed which 
lowers layer by layer during the pro-
cess.

Additive manufacturing
Process

Stereolithography

Laser

Photopolymer

A photopolymer (liquid plastic) is 
polymerised layer by layer using a 
moving laser source, thereby creating a 
solid 3D structure.

Advantages:
■■  Very high degree of accuracy
■■  Very high surface quality

Disadvantages:
■■  Low degree of component strength

Laser metal deposition

Laser

Metal

A metal wire or metal powder blown 
through a nozzle is melted with a laser 
beam and applied locally, layer by layer.

Advantages:
■■  High degree of component strength
■■  High build-up rate

Disadvantages:
■■  Low degree of accuracy
■■  Low surface quality 

Selective laser melting

Laser

Material
powder

Metal or ceramic powder is melted 
locally by a moving laser beam, layer by 
layer – thereby creating a 3D structure. 
The powder must afterwards be 
removed from hollow areas.

Advantages:
■■  High degree of component strength
■■  High degree of accuracy
■■  High surface quality

Disadvantages:
■■  Powder must afterwards be removed 
from hollow areas 

Fused deposition modelling

Hot

Polymer-
wire

Plastic filament is melted in a heated 
nozzle and applied locally, layer by layer.

Advantages:
■■  High build-up rate
■■  Low costs

Disadvantages:
■■  Low degree of component strength
■■  Low degree of accuracy
■■  Low surface quality

Selective laser sintering

Laser

Material
powder

Polymer powder is sintered locally with 
a moving laser beam, layer by layer – 
thereby creating a 3D structure. 

Advantages:
■■  High degree of component strength
■■  High degree of accuracy
■■  High surface quality
■■  No support structures required

Disadvantages:
■■  Powder must afterwards be removed 
from hollow areas

Binder jetting

Binder

Material
powder

Nozzles are used to apply drops of 
binding agent locally, layer by layer, 
onto the material powder (metal, 
ceramic, plastic, etc.), thereby binding 
the powder. This is often followed by 
another process (e.g. sintering), through 
which the component obtains its final 
strength.

Advantages:
■■ Nearly any material can be processed

Disadvantages:
■■ An additional process step is required
■■ Often low component density
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Additive manufacturing
Materials

Which materials can be processed?

With additive manufacturing processes, a wide spectrum of materials can now be processed. In this regard, the current 
spectrum ranges from ceramic materials such as aluminium oxide or silicon carbide to plastics (polyamide, ABS, PEEK, epoxy 
resins, etc.) and extremely various metals. Aluminium alloys, tool and stainless steels as well as high-temperature-resistant 
alloys from aerospace engineering, such as titanium and nickel-based alloys, are processed especially frequently.

While there are great differences in the manufacturing and in the geometry of components produced through additive 
manufacturing, when compared to those which are conventionally manufactured, there are few differences in the machining 
process. Thus, when it comes to reworking additively manufactured components, the same tools can be used as for the 
machining of conventionally manufactured components.  
It is to be taken into account that additively manufactured components are often thin-walled structures with, in some 
instances, intricate geometries.

Overview of the material groups and their machining properties:

Mate-
rial

Sub-groups  Examples/brands Properties Recommendations for use
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Steels up to 
1,200 N/mm² 
(below 38 HRC)

Construction steels, carbon 
steels, tool steels, non-al-
loyed steels, case-hardened 
steels, tempering steels

 ■ Easy to machine
 ■ Good heat con-
ductor

 ■ Use tools at the maximum cutting speed to achieve the most 
economic results.

 ■ Use a high drive output to increase economic efficiency.
 ■ Preferably use tools with the designations STEEL, STEELOX or ST.
 ■ To machine steels up to 1,200 N/mm², use files for the workshop. 
For high-temperature-resistant steels, files with the designation 
CORINOX are suitable.

Hardened, heat-
treated steels over 
1,200 N/mm² 
(over 38 HRC)

Tool steels, tempering 
steels, alloyed steels

 ■ Difficult to 
machine

 ■ Good heat 
conductor
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Rust and acid-
resistant steels

Austenitic and ferritic 
stainless steels, e.g. 
Name EN AISI 
V2A 1.4301 304
V2A 1.4310 301
V4A 1.4401 316
V4A 1.4571 316Ti

 ■ Tough material 
that is therefore 
difficult to 
machine

 ■ Very poor heat 
conductor

 ■ Discolours at 
a heat of over 
300°C

 ■ Reducing the cutting speed and contact pressure increases the 
tool life and efficiency.

 ■ Preferably use tools with the designations INOX, STEELOX, COOL, 
FREEZE, INOX-TOTAL or CORINOX.

 ■ To avoid corrosion, remove discolouration and possible adhered 
particles.

 ■ To avoid corrosion, do not use tools alternately on steel and 
stainless steel (INOX).
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Soft aluminium 
alloys

Non-hardening and hard-
ening wrought alloys

 ■ Very good heat 
conductors

 ■ Lubricates very 
quickly

 ■ Use burrs at the maximum cutting speed to achieve the most 
economic results.

 ■ Preferably use tools with the designations ALU or COOL.
 ■ Use files with a wide chip space to prevent clogging the file.  
Use milled tooth files or files with a German cut 1 as well as 
Swiss cut 0 or 00.

 ■ Grinding, brushing and polishing aluminium generates flammable 
dust which, when mixed with air, can create an explosion-prone 
atmosphere. Adhere to appropriate protective measures accord-
ing to current regulations. 

Tough aluminium 
alloys

Aluminium-cast alloys with 
a low percentage of silicon

Hard aluminium 
alloys

Aluminium-cast alloys 
without silicon

Soft non-ferrous 
metals

Brass, copper, zinc  ■ Very good heat 
conductors

Hard  
non-ferrous 
metals

Bronze, titanium, 
titanium alloys

 ■ Very poor heat 
conductor

 ■ Reducing the cutting speed and contact pressure increases the 
tool life and efficiency.

 ■ Preferably use tools with ceramic oxide grain (CO) or diamond as 
abrasives, or tools with the designation COOL.High-temper-

ature-resistant 
materials

Nickel-based and cobalt-
based alloys (Inconel, 
Hastelloy), titanium

 ■ Very poor heat 
conductor

Te
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Silicon carbide, boron carbide and tungsten 
carbide,  
aluminium oxide and zirconium oxide, alu-
minium nitride and silicon nitride

 ■ Very hard  
material

 ■  Brittle-hard,  
creates dust dur-
ing machining

 ■ Preferably use tools with diamond impregnation.
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Additive manufacturing
Manufacturing process

1 Preparation/set-up 3 Separation/removal from 
the build platform

Removal of excess metal powder and 
removal of the workpieces

Checking of the end result in terms of 
requirements

Removal of components through sawing 
or wire-eroding

Designing of the 3D component

Finish machining, e.g. of the bearing 
seats and connections

5  
Machine reworking 6 Quality assurance

In the production of additively manufactured components, the core process (work step 2) is only a small part of the process 
chain. From the initial idea to the finished component, many process steps are carried out. The digital 3D model is the basis 
for the printing process. Manual and machine reworking determines the quality of the finished component. 

For work step 4 – manual reworking – PFERD provides a wide range of appropriate tools and drives. See pages 8–13 for an 
overview.

4 Manual reworking

Rough machining of the surface contour SuperfinishingSeparating the support structure

2 Building up process 
incl. removal
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Additive manufacturing
Work results

What could a component look like after machining with PFERD tools?

Unprocessed After machining

Unprocessed After machining

Component made of aluminium: 

Component made of titanium alloy: 
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Applications and suitable PFERD tools
The fast way to the best tool

Separating the support structure Page 9

In many cases, the support structures are broken off. Use cutting tools to prevent 
damage to the component. Select the tool that is appropriate for the material.

Product highlights:
■  SG STEELOX cut-off wheels for straight grinders
■  Diamond cut-off wheels, electroplated bond

Rough machining of the surface structure Page 10

The main task of manual reworking is to adjust the connection points of the 
support structures to the required end geometries. In the first step, the surface 
must be roughly prepared. This is carried out with relatively coarse tools which 
make machining very easy.

 Product highlights: 
■  Machinist’s files, key files, needle files 

and riffler files
■ Diamond files
■ TC burrs INOX, ALU and TITANIUM
■■HSS spiral drills
■■HSS countersinks

■  STEEL, INOX, ALU 
and TOUGH grinding points

■■COMBIDISC abrasive discs 
■■Abrasive spiral bands
■■POLIROLL cartridge rolls
■■Short belts

Finishing Page 12

When it comes to finishing, the surfaces of the already rough-machined areas are 
ground finely and small, difficult-to-reach areas are also machined using intricate 
tools. In this step, fine grit sizes, special tool geometries as well as an adjusted cut 
are used.

Product highlights: 
■■Diamond files and grinding points
■■TC burrs MICRO
■■COMBIDISC abrasive discs
■■POLICAP abrasive caps

■■Mounted flap wheels
■■PSA discs
■■Short belts
■■POLISTAR

Superfinishing Page 13

In this work step, surfaces are finished. Here, the areas which have already been 
ground (if need be, also the areas which have not yet been worked), receive their 
surface finish. In most cases, this task involves the use of non-woven abrasive 
tools.

Product highlights: 
■■COMBIDISC non-woven discs
■■■POLINOX grinding stars, unitised wheels 

and grinding points

■■Poliflex tools
■■Non-woven short belts

Online direct search and product finder

Use the keywords marked in blue to use direct search on our website 
www.pferd.com to select the right products for reworking additively 
manufactured components. Or use the PFERD product finder. It allows 
you to select the right tools using three criteria: material, drive and 
application. 
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Applications and suitable PFERD tools
Separating the support structure

For aluminium and stainless steel 
components, STEELOX cut-off wheels 
for straight grinders are used. The 
PFERD range includes cut-off wheels 
for straight grinders from 30–76 
mm, so that even hard-to-reach and 
intricate components can be processed. 
For titanium components, use diamond 
cut-off wheels.
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Applications and suitable PFERD tools
Rough machining of the surface structure

Files are used particularly for reworking 
remnants left behind by support struc-
tures which have been separated. The 
comprehensive range includes files for 
hard-to-reach areas in various shapes 
and dimensions.

Machinist’s files, key files, needle files 
and riffler files are used for machining 
steels up to 1,200 N/mm². Diamond 
files are especially suitable for hard 
materials.

TC burrs with INOX, ALU or TITANIUM 
cuts are best suited for rough work on 
surfaces. Every cut is a specialist within 
its own material type. 

INOX HSS spiral drills and HSS 
countersinks of Co5 design are also 
used in this work step. They were 
developed especially for INOX 
machining.
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Of the range of ceramic-bonded and 
resinoid-bonded grinding points, when 
it comes to rough reworking of com-
ponent surfaces, the STEEL versions are 
especially suited for steel components, 
INOX for stainless steel components, 
ALU for aluminium components, as 
well as TOUGH for titanium compo-
nents. 

Applications and suitable PFERD tools
Rough machining of the surface structure

D

T

PRPRK
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O

Fine grinding and polishing tools such 
as COMBIDISC abrasive discs, abrasive 
spiral bands, POLIROLL cartridge rolls 
or short belts can be used in a versatile 
manner for rough machining following 
the removal of the support structure. 
There is the appropriate abrasive 
available for the various materials in 
order to rework effectively.
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Applications and suitable PFERD tools
Finishing

COMBIDISC abrasive discs, POLICAP 
abrasive caps, mounted flap wheels, 
PSA discs, short belts and POLISTAR 
are ideal for finishing in a quick, 
effective and precise manner, 
especially in the case of small, intricate 
components.

TC burrs with MICRO cut are specially 
designed for fine stock removal. Their 
excellent stock removal rate and high 
surface quality are especially 
suited for machining additively 
manufactured steel and INOX 
components.

The properties of titanium  
require tools which are 
characterised by a long 
tool life.  
In this regard, diamond 
files and grinding 
points are the most 
suitable.
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Applications and suitable PFERD tools
Superfinishing

COMBIDISC non-woven discs, 
POLINOX grinding stars/unitised 
wheels/grinding points, Poliflex tools 
and non-woven short belts are used to 
give the workpiece a finishing grind. 
This work step determines the degree 
of fineness of the component surface.
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Applications and suitable PFERD tools
Matching tool drives, customer consulting, oSa

PFERD customer support

As a tool manufacturer with over 200 years of experience, PFERD can call on comprehensive expertise in the manufacture of 
tool solutions. The findings from our internal research and development, as well as from day-to-day practice on site with our 
customers, contribute to the development of each individual PFERD tool. 

Our production plant works with state-of-the-art technology and there are many ways in which we can respond to individual 
needs. If you cannot find the solution for your particular application in our comprehensive catalogue range, we are happy to 
produce tools in high-performance PFERD quality to meet your wishes and requirements. 

Our sales representatives and technical advisers will be happy to assist you in the analysis of your task.  
In doing so, we always take your wishes and requirements into consideration. Just get in touch! You can find our worldwide 
sales office addresses at www.pferd.com.

■■ Micro motor system  
MIM STG3S 3/800

■■ Air-powered straight grinder 
PGAS 2/800 E, PGAS 8/220 VS-HV

■■ Air-powered angle grinder 
PWSA 5/160 HV

■■ Air-powered belt grinder 
PBS 3/200 DH

■■ Electric angle grinder  
UWER 5/200 SI

■■ Flexible shaft drive Record Universal Motor  
RUER 8/180 SI

Additional tools from the PFERD range

If the surface achieved using non-woven tools is not fine enough, PFERD also 
provides tools for polishing. You can use these to polish your workpiece to a 
mirror-finish surface.

Fine grinding and polishing tools

4

Additional information 
and the right tools for 
polishing can be found 
in catalogue section 4 of 
our Tool Manual 23 or at  
www.pferd.com.

PFERD is a founding member of oSa

Together with other renowned manufacturers, PFERD has 
voluntarily undertaken to produce quality tools conforming 
to the most exacting safety standards.

Member companies of oSa (the Organization for the Safety 
of Abrasives) are committed to continuous product safety 
and quality monitoring.

PFERD tools carry the oSa mark.

Do you have questions about safety during 
grinding operations? Whether at seminars held at our 
PFERDACADEMY or by our field staff on-site – PFERD 
will advise you gladly.
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PFERDWEB: 
Finding products with just a few clicks

You can also find all information and products online on our website 
www.pferd.com. You’ll have the option to search by keyword, or use our 
product finder and the selection criteria (drive, material, application) to find the 
right tools for your applications, and order them in just a few clicks. Use our 
rotational speed calculator to determine the exact required rotational speed for 
your tool and to achieve the best performance.

PFERDVALUE – your added value with PFERD

Results from the PFERD test laboratories as well as from the product tests by 
independent testing institutes prove: PFERD tools offer measurable added value.

Discover PFERDERGONOMICS and PFERDEFFICIENCY:

As part of PFERDERGONOMICS, PFERD 
offers ergonomically optimized tools 
and tool drives that contribute to 
greater safety and working comfort, 
and thus to health protection.

      

As part of PFERDEFFICIENCY, PFERD 
offers innovative, high-performance 
tool solutions and tool drives with 
outstanding added value.  

      

For more infor-
mation on this 
topic, please refer 
to our brochure 
“PFERDVALUE – 
Your added value 
with PFERD“. 

PFERD 
VALUE
Your added value with PFERD
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 ■ PFERDERGONOMICS – The focus is on people

 ■ PFERDEFFICIENCY – Increase productivity, reduce costs

TRUST BLUE

Additive manufacturing
Tips and tricks

? !

In this PFERDFOCUS edition you can find plenty of guidelines and information about machining additively manufactured 
components. PFERD has collected the most important tips and tricks for you in bite-sized format on this page:

■■ Remove the support structures by means of cut-off 
grinding and not breaking them off, in order to prevent 
damage to the component. 

■■ Ensure a clean and safe working environment and use 
personal protective equipment. Suction off grinding dust 
as far as possible.

■■ Provide sufficiently powerful drives in order to work 
efficiently.

■■ Select suitable machining parameters (rotational 
speed/cutting speed, abrasives, cuts or bonds) for the 
material to be machined. 

■■ When it comes to finish machining surfaces, ensure that 
no sparks land and burn into the surface.
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OF AMERICA VENEZUELA ARGENTINA AUSTRALIA  BELGIQUE BOSNA I HERCEGOVINA BRASIL 
БЪЛГАРИЯ CHILE COSTA RICA DANMARK DEUTSCHLAND REPÚBLICA DOMINICANA ECUADOR EL 

SALVADOR EESTI SUOMI FRANCE ΕΛΛΆΔΑ UNITED KINGDOM GUATEMALA 香港 भारत INDONESIA 
 ÉIRE ÍSLAND  ITALIA 日本 CANADA ҚАЗАҚСТАН COLOMBIA 조선 한국 KOSOVA HRVATS-

KA CUBA LATVIJA  LIETUVA MALAYSIA MÉXICO NEW ZEALAND NICARAGUA NEDERLAND NOR-
GE ÖSTERREICH PANAMÁ  PERÚ PILIPINAS POLSKA PORTUGAL ROMÂNIA РОССИЯ SVERIGE 

 SVIZZERA СРБИЈА SINGAPORE SLOVENSKO SLOVENIJA ESPAÑA SUID AFRIKA 
中华人民共和国 ราชอาณาจกัรไทย ČESKÁ REPUBLIKA TÜRKIYE УКРАЇНА MAGYARORSZÁG URUGUAY 

 UNITED STATES OF AMERICA VENEZUELA ARGENTINA AUSTRALIA  BELGIË 
BOSNA I HERCEGOVINA BRASIL БЪЛГАРИЯ CHILE COSTA RICA DANMARK DEUTSCHLAND REPÚBLICA 

DOMINICANA ECUADOR EL SALVADOR EESTI SUOMI FRANCE ΕΛΛΆΔΑ UNITED KINGDOM GUATE-
MALA 香港 भारत INDONESIA  ÉIRE ÍSLAND  ITALIA 日本 CANADA ҚАЗАҚСТАН COLOMBIA 
조선 한국 KOSOVA HRVATSKA CUBA LATVIJA  LIETUVA MALAYSIA MÉXICO NEW ZEALAND NI-
CARAGUA NEDERLAND NORGE ÖSTERREICH PANAMÁ  PERÚ PILIPINAS POLSKA PORTUGAL 
ROMÂNIA РОССИЯ SVERIGE  SCHWEIZ СРБИЈА SINGAPORE SLOVENSKO SLO-

VENIJA ESPAÑA SUID AFRIKA 中华人民共和国 ราชอาณาจกัรไทย ČESKÁ REPUBLIKA TÜRKIYE УКРАЇНА 
MAGYARORSZÁG URUGUAY  UNITED STATES OF AMERICA VENEZUELA ARGEN-

TINA AUSTRALIA  BELGIQUE BOSNA I HERCEGOVINA BRASIL БЪЛГАРИЯ CHILE COSTA RICA 
DANMARK DEUTSCHLAND REPÚBLICA DOMINICANA ECUADOR EL SALVADOR EESTI SUOMI FRANCE 

ΕΛΛΆΔΑ UNITED KINGDOM GUATEMALA 香港 भारत INDONESIA  ÉIRE ÍSLAND  ITALIA 日
本 CANADA ҚАЗАҚСТАН COLOMBIA 조선  한국 KOSOVA HRVATSKA CUBA LATVIJA  LIETUVA 

MALAYSIA MÉXICO NEW ZEALAND NICARAGUA NEDERLAND NORGE ÖSTERREICH PANAMÁ  
PERÚ PILIPINAS POLSKA PORTUGAL ROMÂNIA РОССИЯ SVERIGE  SUISSE 

СРБИЈА SINGAPORE SLOVENSKO SLOVENIJA ESPAÑA SUID AFRIKA 中华人民共和国 ราชอาณาจกัรไทย 
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www.pferd.com · info@pferd.com
PFERD quality certifi ed according to ISO 9001.
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