
Only ever hassle with 
projection welding? 

In 2019, approximately 4.7 million vehicles were pro-
duced in Germany. For the assembly of the so-called body 
shells, up to 400 nuts and screws are welded to different 
sheet metal parts. The standard technology for welding 
all types of connection elements is projection welding 
(see information box). 

If you convert this now to one of the 220 working days a 
year, then the car manufacturers and their suppliers are 
projection welding about 8.5 million times a day. So one 
could assume that such a frequently used manufacturing 
technology is fully researched, standardised and normal-
ised. 

But this actually only applies to the standard parts and the 
requirements for the weld joint. The designer has access 
to comprehensive factory standards from the automotive 
manufacturers. They not only describe the geometry of 
the approved screws and nuts but also specify which 
forces and loads the weld joint must absorb and how 
these are to be checked. 

 

Figure 1: M8 projection weld nut - DIN928 

This is similar for the welding pro-
cesses (see information box). 
These are classified and described 
in detail in the regulations and 
standards (for example, those of 
the German Welding Society 
(DVS)). There is also a lot of infor-
mation about handling different 
sheet metals, materials and coat-
ings. However, if you have a spe-
cific application and would like to 

know, for example, what the best (i.e. especially the most 
economical) technology would be, for example, for an M8 

projection weld nut according to DIN928, you will not find 
any generally accepted recommendations. 

 

If a process planning engineer now has to procure a pro-
jection welding system for a new product, they barely 
have any indication as to which technology and with 
which features the system should be equipped. As a rule, 
they can only rely on the in-house experience and will 
choose the type of system with which they have the best 
experience.  

 

If however, sheet metal materials, coatings or nuts that 
were not previously used for the new assembly compo-
nent are requested, they can no longer be certain 
whether the planned system can produce the product 
permanently in the required quality. 

However, the greater risks are offset by the experience of 
the welding system manufacturers. The know-how and 
decades of experience of the manufacturers are better 
documented in the welding systems and welding current 
controls than in any standard or in the experience of the 
designer. The standard products are well-engineered and 
in critical applications welding tests are carried out before 
an order is accepted. 

However, during the planning and implementation of a 
projection welding task, little attention is paid to the de-
sign of the welding device.  

Projection welding 
...is a resistance pressure welding process in which 
electrical current and force are fed to the workpieces 
to be connected through mostly large flat electrodes.  
 
The shape of the projection creates the current con-
centration at the joint. The projections are heated to 
melting temperature by the electrode force and re-
sistance heating during welding, thereby largely de-
forming and creating permanent connections. 

Projection welding processes 
There are three types of welding processes depend-
ing on the type of welding current: 
 
Single-phase alternating current 50 Hz 
Medium frequency 1000 Hz 
Capacitor discharge welding 
 
When selecting the right welding process, a balance 
is usually only made between the investment costs 
and the requirements for process safety. It is often 
overlooked how the construction and design of the 
welding device influence the process. 

Figure 2: M8 projec-
tion weld nut accord-
ing to DIN928 



With regard to the ever-different geometry of the compo-
nents, the type and number of welded parts and the de-
gree of automation, the designer's attention initially fo-
cuses only on criteria such as geometric accessibility, cy-
cle time and output. Design principles that are necessary 
for a stable process are quickly overlooked in order to 
achieve a guaranteed performance for the customer (see 
information box on FMEA for project welding devices). 

In contrast to arc welding, for example, the devices are 
subject to unavoidable and therefore planned wear dur-
ing projection welding. Wear in the electrodes due to 
welding force, heat, dirt, splashes and abrasion must be 
planned in such a way that the welding results remain sta-
ble for an acceptable period (for regular production at 
least for the duration of one shift). For this to succeed, the 
design of the live part of the device must support the wear 
resistance and therefore the service life of the electrode. 

 

Figure 3: Welding device adapted to the component 

What makes projection welding so diffi-
cult? 

This is actually easy to answer: Even if it doesn't appear 
so, each projection welding device is a simple, electrical 
circuit. Each component, and in particular the joints be-
tween the components, has a specific ohmic resistance. 

This means that electrical work is carried out in each com-
ponent and energy is consumed. 

Ideally, welding devices are then constructed in such a 
way that almost all the energy is consumed at the point 
of the greatest resistance, namely the projections. Con-
ductive materials, large cross-sections and tightly bolted 
transitions between the welding device components re-
duce the ohmic resistance of these device components to 
a minimum. 

However, wear in the elec-
trodes on the transition sur-
faces to the components to be 
welded is unavoidable.  

The contact surfaces of the 
bottom electrodes in particu-
lar are charged. Besides resi-
dues from burnt oil, coatings 
(zinc, etc.) and dirt, there are 
often splashes after welding 

and they press into the copper during the next cycle. The 
ohmic resistance between the electrode and the compo-
nent changes with each weld. 

Welding parameters are always determined with new, 
unused electrodes. The welding force, welding current 
and welding time parameters are adjusted so that the 
projection and the counter surface on the sheet metal 
reach melting temperature. 

In addition to the para-
metrisation, the strength of 
the weld seam is checked 
by means of a tensile test 
and macrosections provide 
information about the qual-
ity of the weld joint. 

If the weld is then set cor-
rectly, a process window is 
created in which the weld-
ing can be carried out safely 
but does not overheat. 

And the real problem is: 

Due to the electrodes that wear out during the manufac-
turing process, the contact point between the component 
and the electrode takes up more and more energy. How-
ever, since the amount of energy in the secondary circuit 
is constant, the welding point is at some point lacking so 
much energy that the welding temperature can no longer 
be achieved. 

FMEA for projection welding 
The process FMEA of a projection welding task is very 
extensive. In addition to the actual component geom-
etry, materials and coatings, the influences on the re-
sistance curve must primarily be considered.  
 
Projection welding is only possible if the welding cur-
rent rises very quickly against both the ohmic and in-
ductive resistance. As experience with machines and 
technology is often available, the greatest risks lie in 
the design of the welding device. 

Figure 4: Electrode with 
signs of wear 

Figure 5 Microsection for 
evaluating a weld 



Sooner or later the weld 
joint will fail. Often such er-
rors can still be detected 
and intercepted by quality 
assurance. However, since 
it is not possible to see from 
the outside whether the 
weld is still holding, incor-
rectly welded parts are de-
livered over and over again. 

 

If the welding fails only during the final assembly at the 
customer's site, this quickly incurs six-digit consequential 
costs. 

And what can be done about it? 

As described at the beginning, significant process risks lie 
in the design of the device. A variety of influencing factors 
(see information box) must be taken into account. The 
success of this regularly depends on the experience of the 
designer. 

As was already the case with the welding systems and 
controls, this experience can therefore be more safely 
documented in the standard products themselves. 

Dortmund-based DOCERAM GmbH 
has specialised in the manufacture 
of components made of engineering 

ceramics. 

It was recognised early on that the development of ce-
ramic components specially adapted to the requirements 
of resistance welding technology is only one element for 
a process-safe welding device. That is why the develop-
ment of a modular system of standard elements for re-
sistance welding began 20 years ago.  

A milestone in this development was marked in 2020 with 
the provision of the entire product range in a CAD portal 
hosted by the market leader CADENAS. 

This website (https://doceram.partcommunity.com) lists 
all the engineering ceramic components required for me-
chanical engineering and sheet metal forming and has the 
technical information as well as the CAD models available 
for download in all formats. 

Figure 7: Homepage of the CAD portal 

In addition, it is also possible to create ready-to-install 
complete electrodes using easy-to-use configurators. It 
seems that you only get the geometry for installing the 
electrode in a complete device. But in fact, this is a com-
plete solution that incorporates the experience of hun-
dreds of applications. 

 

Figure 8: Complete nut electrode M10 

With this combination of a CAD service for the construc-
tion of machines and devices and a proven solution for 
end-user manufacturing, DOCERAM has developed a 
unique selling point. 

This is particularly evident in the 
case of a premium product in re-
sistance welding technology. With 
the newly developed ModulMas-
ter-Pro©, DOCERAM presents a 
product which in the third genera-
tion meets all requirements for a 
projection welding device. It incor-
porates the experience from more 
than 500 systems already in use. 

Influencing factors 
When performing projection welding, many factors 
influence the welding quality. The designer should 
have an answer for everything listed below: 
 
Position and alignment of the weld nut - Size of the 
contact surfaces - Centring to the sheet metal hole - 
Sealing against welding splashes - Cooling of the elec-
trode - Specific resistance of the electrode - Cleaning 
air - Electrode material - Secure fastening in the 
holder - Quick electrode change - Deforming of the 
centring pin after welding - Guidance of weld bolts - 
Tolerance compensation – Wear limit and permissible 
electrode rework – etc. 

Figure 6: Fracture of a 
"cold" weld 

https://doceram.partcommunity.com/


We will describe below which experiences are meant here 
and how users have succeeded in solving complex tasks 
with the help of the ModulMaster©. 

It's all in the volume! 

Electric mobility presents new challenges for car manu-
facturers and their suppliers in bodywork design. For ex-
ample, Gestamp Griwe Haynrode GmbH had the task of 
gluing two metal sheets over a large area and precisely at 
a distance of one millimetre. 

Normally the corresponding areas would now be stamped 
in one of the metal sheets in the punching tool. However, 
since the component is made of press-hardened 
22MnB5+AS150, it cannot be easily implemented in this 
conventional way. 

The engineering at Haynrode's plant specialises in the 
manufacture of hot-formed, press-hardened components 
and it was quickly recognised that an alternative solution 
had to be developed here. 

 

Figure 9: Projection welding device with ModulMaster 

Special shims have therefore been developed to solve this 
problem, whereby the projection can be completely 
welded off and a constant distance between the two 
metal sheets can be guaranteed. However, the difficulty 
is to weld such precise structures on hot-formed and AlSi-
coated components. 

ARO Welding Technologies GmbH from 
Gersthofen near Augsburg has devel-
oped a special welding device for this 
purpose and combined this with a capac-
itor discharge welding system. 

The installation of a total of 12 ModulMaster retractable 
locating pin units on a movable CNC welding device guar-
antees the precise location and positioning of the shims 
at all times.  

Automatic feeders ensure the correct positioning and the 
ceramic pins in the ModulMaster ensure central and iso-
lated centring.  

 

Figure 10: Capacitor discharge (KE) welding machine with 
a feeder 

For easy removal of the components, ARO has added a 
nest-free function to the device. All ceramic pins are re-
moved and the finished product is ejected. What initially 
seems to be a complex solution is only a consistent con-
sideration of the factors already explained and therefore 
a successful example of a production-compatible design. 

No one looks anymore! 

Due to their size and design, body assemblies can often 
only be manufactured in automated processes. Not only 
do you have to relieve the operators of welding machines 
from handling heavy components but you also have to 
prevent complaints through inserting them incorrectly. 

 

Figure 11: Automated projection welding 



This is especially true for components that have to be con-
figured with several nuts or screws. Often these have sim-
ilar outer contours and an operator could not be expected 
to monitor the correct configuration 100% of the time. 

Kienberger Automation 
GmbH has specialised in the 
solution to such automated 
tasks. 

Short product cycles, small quantities and many variants 
demand flexible manufacturing cells. This starts with the 
insertion and detection of the body components and con-
tinues with the feeding and positioning of the welded 
parts. 

Kienberger has developed appropriate solutions for this. 
Components are picked directly from a bin or from a con-
veyor belt. The components can be positioned freely on 
the belt. Cameras detect the actual location and report 
the position to the handling robot. This picks up the com-
ponents and takes them to the projection welding sys-
tem. 

Flexible feed systems with Scara (4-axis) or six-axis robots 
select the correct nut or screw and place it in the welding 
position. 

 

Figure 12: Component placed in the welding position  
nut check OK 

The location and position of the nuts or bolts are now 
monitored closely before and during the welding process. 
Kienberger uses the DOCERAM ModulMaster locating pin 
units for this purpose. Before the welding is released, a 
position sensor is used to check whether the correct nut 
is welded in the correct location at the correct position 
and is positioned centrally to the hole in the sheet metal 
part. 

The welding is triggered and the quality assurance inte-
grated in the welding machines monitors the process. 

When the robots finally place the finished components in 
the appropriate bin, it is guaranteed that all nuts or bolts 
are welded to the required quality. And the whole thing 
although or perhaps even because nobody is looking any-
more. 

Better is the enemy of good! 

The standardisation of products has a number of ad-
vantages. This not only defines experiences but also lays 
the foundation for the further development of the prod-
ucts. 

Gatzsch Schweißtechnik GmbH 
from Attendorn recognised 
this connection early on and 

set its sights on consistent standardisation. Gatzsch is the 
first system manufacturer to make its products available 
to customers for free download in a CAD portal. 

 

Figure 13: Welding system in action 

The basis for a standard arises when you gather the expe-
rience from a large number of projects and improve your 
own products on this basis. 

Gatzsch was therefore also able to 
follow up an enquiry from Auto-
motive Center Südwestfalen 
(ACS). A joint project entitled 

"Process-safe short-time resistance welding of joining el-
ements on press-hardened steel with medium frequency 
technology" (ProWiS), is to examine whether an alterna-
tive to the current processes can be found. 

In the case of the projection welding of press-hardened 
steel, short welding times and a high current density are 
the main factors. At the moment, only capacitor discharge 
welding (CD welding) meets these requirements. ACS is 
now examining whether similar parameters can be 
achieved through the specific triggering of medium fre-
quency inverters. The aim is not only to save investment 
costs but above all to stabilise the sensitive processes 
when welding assemblies made of press-hardened steel. 



 

Figure 14: Gatzsch welding system at ACS 

Preliminary studies have determined that the Gatzsch sys-
tems have very good electrical properties. The special al-
uminium C-racks not only absorb the pressing forces in 
this type of system but also ensure excellent current 
transfer and low impedance with their large cross-sec-
tion. 

This property promises to make an essential contribution 
to the achievement of the development goal. It is also as-
sumed that changes in the design of the welding system 
regarding the discharge and the distance between the ter-
minals have only a minor influence on the electrical prop-
erties. This would allow the new short-term welding tech-
nology to be flexibly transferred to different system con-
cepts. 

Consequently, the tests are not only based on the Mod-
ulMaster locating pin units but also use a complete device 
made up of DOCERAM standard components. 

The project should be completed by the end of 2022 and 
the question is whether new possibilities for welding 
press-hardened steels will arise here. In any case, initial 
interim results show that the adjustment of the inverter 
control allows very short welding times and that the de-
sired effects for the welding quality can be demonstrated. 

What's next? 

As part of the ACS project, DOCERAM has also introduced 
the next generation of locating pin units under the name 
of ModulMaster-Pro. The main aim of this development 
was to extend the scope of application for these units. 

Thanks to a new design and an enlargement of the elec-
trical cross-sections, the ModulMasters can now also be 
used for KE applications over 100kA welding current and 
for medium frequency welding with currents over 65kA 
and a long duty cycle. Here is an overview of the new and 
improved features: 

• The cross-section of the basic housing has been en-
larged to 50x50 mm, thus increasing the current con-
ductivity. 

• The internal cooling ducts have been expanded to 
improve active and passive heat dissipation. 

• The contact surface of the alternating electrode has 
been increased for better current transfer and heat 
dissipation. At the same time, the geometry has 
been simplified. 

• The union nut has been enlarged to a wrench size of 
46 to accommodate higher welding currents and 
forces. 

• M6 drilling patterns have been incorporated on the 
body to enable the user to directly attach additional 
device elements. 

 

Figure 15: ModulMaster-Pro 

The new systems will be available to order from the 2nd 
quarter of 2022.  

DOCERAM GmbH, 03/2022© 
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