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Fastener retention

Unsuitable fastener retention methods

Some unsuitable fastener retention methods are
still widely-used today, even though they no
longer comply with the state of the art. The rele-
vant product standards have been withdrawn.
Such components have been incorrectly cate-
gorised as “unscrewing prevention devices” and
“retaining devices”. The compressible spring ele-
ments are ineffective for high strength threaded
connections with high preload and, under un-
favourable  circumstances, may even promote
setting and corresponding loss of preload force.
This applies in particular to:
• Spring lock washers as in DIN 127 (already

withdrawn in 1993), DIN 128 and DIN 6905
• Curved spring washers as in DIN 137 and 

DIN 6904
• Serrated lock washers as in DIN 6798 and 

DIN 6907
• Toothed lock washers as in DIN 6797
• Tab washers as in DIN 93, DIN 432 and 

DIN 463
• Safety cups as in DIN 526
• Self-locking nuts as in DIN 7967

In these cases, it has been demonstrated that
the intended retention effect is not achieved.
This may be, for example, because the washers
are already fully compressed even at relatively
low preload forces and no spring action is
 produced, or because the mechanical function
anticipated for these products cannot be
 realised.
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DIN 50900-1 describes corrosion as “the reac-
tion of a metallic material with its environment,
which produces measurable change in the
 material and can impair the function of a metal
component or a complete system”.

Most damage to fasteners is caused by corro-
sion. But corrosion is unavoidable. Corrosion
protection should therefore be understood as a
measure that controls and delays the develop-
ment of corrosion.

Of the numerous different types of corrosion, the
following are of particular relevance to fasteners:

Surface corrosion is a virtually uniform attack
over the complete surface.

Pitting corrosion only on small areas of the
surface, e.g. as a result of protective coatings
being damaged.

Crevice corrosion occurs in crevices in the
material or between connected components.

Contact corrosion occurs as a result of
 differing metals coming into contact with an
electrolyte.

Stress corrosion cracking occurs as a result
of the  action of a corrosive medium in the
 presence of mechanical stress.

Electrolyte
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Fasteners form part of a larger corrosion system that must be considered as a complete entity by the
user.

A differentiation is made between active and
passive corrosion protection.

If the fasteners used are made from a material
that is, broadly speaking, resistant to corrosion
then this is referred to as active protection.
This includes, for example, stainless steels,
 corrosion resistant steels and nonferrous metals.

If steel fasteners are provided with a protective
coating, this is known as passive corrosion
protection. This should be understood to
 include all types of surface treatment.

A few examples of common types of surface
coatings for fasteners are presented on the
 following pages.

Threaded connection corrosion system

Trueness to gauge of threadStress corrosion cracking

Friction coefficient

Intercrystalline corrosion

ForcesMaterials

Surface-eroding corrosion, pitting corrosion

Crevice corrosion

Contact corrosion

TimeMedium
Moist - dry - cold - hot

Phase boundary
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Metallic protective coatings are subdivided into:

– Anodic coatings, e.g. zinc
– Cathodic coatings, e.g. nickel and

chromium

Zinc is very commonly used in various types of
coatings. Zinc has the property of being less
noble than the steel of the fastener. If a part of
the zinc coating is damaged, then the area
 affected will be resealed due to the reaction of
the zinc.

This is explained by the anodic effect, whereby
the zinc reacts before the base metal, hence
“sacrificing” itself for the steel component.

This reaction is also utilised for subterranean
pipelines and ships hulls made from steel by
 attaching a sacrificial anode. This also applies 
to the plain threads on hot-dip galvanised nuts,
which are protected by the zinc layer on the
 external thread of the fastener.

The most common surface coating techniques
are electroplating and galvanising. The designa-
tion systems for electroplated coatings are
 specified in DIN EN ISO 4042.

Common surface coatings

Inorganic Metallic Organic

Electroplated Thin film Hot-dipped Mechanical

Phosphating Zinc Dacromet Zinc Zinc Delta-Seal

Black finishing Copper Geomet Tin Zinc-tin Polyseal

Passivating

Sealing

Brass

Nickel

Nickel/chromium

Delta Protekt Zinc-aluminium
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Surfaces for fasteners

The surface treatment on a fastener is not just
for corrosion protection, rather it is a system with
multifunctional properties that has to do a lot
more that “just” protection against corrosion!

This notwithstanding, particular attention must
be paid to the protection of fasteners against
corrosion. A proportionally small number of
cases of real-word failures are caused by
 mechanical loads; very many more are due to
destruction through corrosion. In this respect, 
it is particularly important to give thought to the
fact that the fastener used with a component
must not be associated with any weak points.
Combined with other design requirements, the 

need to choose a suitable anti-corrosion coating
means that a complex approach is necessary
(see diagram).

In addition to this, it is also necessary to con-
sider the latest market developments, in order
that the surface protection systems used for
new products meet the following requirements:
a)  Up-to-date, future-proof
b)  Long-term availability
c)  Economical
Why? Because every change to an existing
product already in standard production costs a
lot of money and can lead to bottlenecks and
quality problems.

Essential technical
 requirements for the surface

■ Corrosion protection
■ Electrical conductivity
■ Friction coefficients
■ Mechanical properties
■ Thermal stability

Application techniques

■ Mechanical
■ Chemical

■ Dipping/spinning
■ Spraying

Design requirements

■ Colour
■ Gloss level

■ Surface structure
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One such market development is the introduc-
tion of a ban on chromium (VI) in the key
 automotive and electronics sectors, to which
suppliers and electroplating technology has 
had to adapt.

According to the VDA and DIN 50993, the limit
of detection for Cr(VI) is 0.1 μg/cm2.

The following figures from the VDA can be con-
sidered as a guide to the chromium (VI) content
of various coatings:

The various systems all have advantages and
disadvantages when compared to each other.
Some chromium(VI)-free systems require addi-
tional surface sealing due to the absence of the
self-healing effect. In the medium term, however,
all users and sectors will be unable to avoid

 converting to environmentally-friendly
chromium(VI)-free coatings.

Our recommendations for the selection of a
 surface coating are based on the modern 
“non-poisonous” systems.

Yellow Olive Black Zinc flake coatings 
chromated chromated chromated as in DIN EN ISO 

10683, FlZnyc 
(e.g. Dacromet)

Approx. content in Approx. content in Approx. content in Approx. content in
μg/cm2 μg/cm2 μg/cm2 μg/cm2

10 15 16 20

Reference surface containing Cr(VI) Zinc Base metal Designation
As in DIN EN ISO 4042 (minimum coating thickness of 8 μm) corrosion [h] corrosion [h]

Zn, yellow chromated 72 120 A3C
ZnFe, black chromated 72 360 R3R

The figures in the above table are calculated guideline values for barrel plated fasteners.
The degree of corrosion protection varies according to dimensions and geometry.
Requirements for other functional properties and the means of assembly must also be assessed.
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Corrosion resistance of Cr(VI)-free surfaces in salt spray tests

Coating Coating DIN EN ISO 9227 DIN EN ISO 9227 Böllhoff surface
thickness [μm] SS white rust [h] SS red rust [h]

Zn (thin film) 5 12 36 C1
passivated,

8 24 72 C2no surface sealing

Zn (thin film) 5 72 96 V1
passivated, with 

8 72 120 V2surface sealing

Zn (thick film) 5 48 72 C5
passivated, 

8 72 120 C6no surface sealing

Zn (thick film) 5 96 168 V5
passivated, with

8 96 240 V6surface sealing

ZnFe black, 5 120 168 E8
with surface sealing

8 120 360 E9

ZnFe transparent, 5 72 168 E1
no surface sealing

8 72 360 E2

ZnFe transparent, 5 120 240 E3
with surface sealing

8 120 360 E4

ZnNi transparent, 5 120 360 N0
no surface sealing

8 120 600 N1

ZnNi transparent, 5 144 480 N3
with surface sealing

8 144 720 N4

ZnNi black passivated,
8 * 24 360 N7no surface sealing

ZnNi black, with 5 120 480 N8
surface sealing

8 120 720 N9

Zn, black passivated, 8 * 12 72 C9with surface sealing
Zinc flake ~ 8 – 480 Examples: 
coating, e.g. G1 = Geomet 321 A,
DIN EN ISO 10683 - L0 = Delta Protekt KL100,
flZnnc-480 h L8=Magni Flake
Zinc flake ~ 10 – 720 Examples: 
coating G7=Geomet 321 B+VL,
DIN EN ISO 10683 - L1 = Delta Protekt
flZnnc-720 h-L KL 100 + VH 301 GZ
Zinc flake ~ 10 – 480 Example: 
coating G9 = Geomet 500 A
DIN EN ISO 10683 -
flZnncL-480 h
Zinc flake ~ 8 120 480 Examples: 
coating L4 = Delta-Protekt
DIN EN ISO 10683 - KL 100 B + Delta Seal,
flZnnc-480 h black L9 = Zintek 300

+ Techseal SL

The values given are guideline values for barrel plated products tested immediately after coating.
* Recommended minimum coating thickness.
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Coating metal/alloy Letter
Short name Element symbol

Zn Zinc A

Cd1) Cadmium B

Cu Copper C

CuZn Copper-zinc D

Ni Nickel E

Ni Cr2) Nickel-chromium F

CuNi Copper-nickel G

CuNi Cr2) Copper-nickel-chromium H

Sn Tin J

CuSn Copper-tin K

Ag Silver L

CuAg Copper-silver N

ZnNi Zinc-nickel P

ZnCo Zinc-cobalt Q

ZnFe Zinc-iron R

Finish Passivation by chromating1) Letter symbol
Colour

Dull No colour A

Dull Bluish to bluish iridescent B

Dull Yellowish to yellowish-brown, iridescent C

Dull Olive green to olive brown D

Semi-bright No colour E

Semi-bright Bluish to bluish iridescent F

Semi-bright Yellowish glistening to yellowish-brown, iridescent G

Semi-bright Olive green to olive brown H

Bright No colour J

Bright Bluish to bluish iridescent K

Bright Yellowish glistening to yellowish-brown, iridescent L

Bright Olive green to olive brown M

High-bright No colour N

Optional As B, C or D P

Dull Brownish black to black R

Semi-bright Brownish black to black S

Bright Brownish black to black T

All finishes No chromate treatmentc) U

Coating thickness (total deposit thickness) in μm Code
Single coating metal Two coating metals1) number

No coating thickness 
specified – 0

3 – 1

5 2 + 3 2

8 3 + 5 3

10 4 + 6 9

12 4 + 8 4

15 5 + 10 5

20 8 + 12 6

25 10 + 15 7

30 12 + 18 8

Designation of electroplated coatings as in DIN EN ISO 4042

1) For environmental reasons, the use of cadmium is partially
 restricted.

2) Thickness of the chromium layer = 0.3 μm

1) The thicknesses specified for the first and second coating
metals apply for all combinations of coatings, with the
 exception that if chromium is the topmost layer it always has
a thickness of 0.3 μm.

Passivating is used for zinc, zinc alloy and cadmium coatings. Some colours are only available for zinc coatings.
1) Cr(VI)-free passivation is not yet covered by standards. Therefore these coatings must be specially identified and specially  ordered,

e.g. Cr(VI)-free, thin or thick film passivation. See overview on page 89.

Example of designation of a 5 μm zinc-coated, bluish, dull, passivated fastener: A 2 B
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Electroplating

Fasteners are degreased and pickled before
being electrolytically coated with the coating
metal in an electrolyte bath. For fasteners and
small components, this is predominantly carried
out using barrel plating systems. Large fasteners
and bulky components are rack plated in order
to avoid damage being caused by the high self-
weight of the compent.

The metal is not deposited on the surface of 
the steel evenly when this method is used.
 Protruding areas are coated more thickly, while
recessed areas and notches are more thinly
coated.

Specific measurement points are therefore
 provided for the evaluation of coating thickness.

For long, thin fasteners, electroplating can cause
problems with trueness to gauge due to the
 unevenness of the coating.

Various metals can be deposited using electro-
plating. The most common coating metals are
zinc, nickel, chromium, copper, brass and tin.

Measuring points for local coating thickness measurement

Measuring point
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Zinc

Zinc is well suited for electroplated surface
 coatings due to its anodic effect.

Thanks to Faraday’s Law, it is possible to
 regulate the quantity of zinc deposited on the
fastener (and therefore the coating thickness) 
as required by varying the electrical current and
electroplating time.

Fasteners are usually coated and passivated
with a 5–7 μm thick zinc coating.

Zinc alloy coatings

This process is characterised by the use of coat-
ings based on alloys of zinc with other elements.
A final transparent or black passivation treatment
can be applied.

ZnFe contains 0.3% to 1% iron. ZnNi 8% to
15% nickel.

Due to the low levels of corrosion products
formed by alloy coatings, zinc alloy coatings are
increasingly gaining in importance.

Nickel and chromium

In contrast to the non-noble metals such as zinc,
nickel and chromium provide protection by form-
ing a hard layer. The metals are more noble than
steel. If the surface is damaged, then rust creep
will occur below the coating metal, causing it to
break away.

Both metals are used for decorative purposes.

Chromium surfaces are particularly hard, durable
to abrasion, and do not tarnish.

Usually, chromium surfaces are not applied
 directly onto the steel surface. First the steel is
plated with copper, then with nickel and only
then is the chromium applied.

The electroplated chromium coating is usually
applied using a rack coating technique.

Copper

Copper surfaces serve as intermediate layers 
for nickel and chromium surfaces and also have
high electrical conductivity.
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Brass

Fasteners with electroplated brass coatings are
predominantly used for decorative purposes.

Tin

Parts with a tin surface are easier to solder.

Barrel plating



94

Corrosion protection

9

Post-treatment of electrolytically applied
zinc coatings

Electrolytically deposited coatings are commonly
post-treated to improve their corrosion resist-
ance.

Passivation

A conversion layer is created by a reaction with 
a post-dip solution. This layer has a specific
technical purpose and increases the corrosion
resistance. Passivations are applied chemically
and completely cover the electroplated protec-
tive coating, meaning that pores at the surface
of the zinc are closed. 
Thin-film passivation. Is available in Cr(VI)-free
versions and is the standard post-treatment for
Zn, ZnFe and ZnNi. Additional  protection against
the susceptibility to corrosion of the zinc coating
can be provided by
Thick-film passivation. This can also be  
Cr(III)-based and is therefore in compliance with
legal requirements for the absence of Cr(VI).
Passivation layers have an iridescent appear-
ance with blue-silver-rainbow colours and can
also be  additionally coloured. 
Chromating1). Passivation layer containing
Cr(VI). Yellowish moving to black with increasing
Cr(VI) content.Yellow chromated surfaces offer
good corrosion protection, however chromating
is only thermally stable up to approximately
70°C.

Gradual delamination of the more conservative
blue chromating, which is applied by thin-film
passivation, should be expected. The corrosion
protection values are comparable.

Topcoats

In general, these are additional film-forming
 layers intended to increase the level of corrosion
protection or to add colour.

Surface sealants

Surface sealing is generally provided by sub-
stances containing silicates that bond with the
passivation layer. Surface sealants heighten the
visual effect of passivation coatings and can be
used to adjust the coefficient of friction.

1) The previously most common method of chromating is
now no longer permissible due to EU regulations relat-
ing to the protection of human health and the environ-
ment. This also means that it is necessary for fasteners
to use an alternative treatment or coating system.
Cr(VI)-free passivations, with or without surface sealing,
are an option here.
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Example of surface structure

0.3 – 2 μm

0.4 μm

3 – 20 μm

Surface sealant or topcoat

Thin-film passivation, approx. 0.1 μm,
thick-film passivation, approx. 0.4 μm or
or chromating, approx. 0.4 μm

Electroplated metallic coating, e.g.: 
Zinc  (Zn)
Zinc-iron (ZnFe)
Zinc-nickel (ZnNi)

Base metal (fastener)

Hydrogen embrittlement

Manufacturers and users forming the Mechani-
cal Fasteners Standards Committee (FMV) have
agreed on important wording relating to this
complicated technical process, which has been
incorporated into DIN EN ISO 4042.

Hydrogen induced cracking
This is the failure of components due to the
 interaction of atomically diffused hydrogen and
internal tensile stresses and/or tensile load
 induced stresses.

Risks from hydrogen embrittlement
With the processes in use today for the deposi-
tion of metal coatings from aqueous solutions 

(applied in compliance with the requirements for
steel fasteners relating to minimum alloying com-
ponents and minimum tempering temperatures,
as specified in DIN EN ISO 898-1), it is not
 possible to exclude with certainty the possibility
of hydrogen induced delayed cracking. This ap-
plies to steel components with tensile strengths 
Rm > 1000 N/mm2, corresponding to 300 HV.
This phenomenon can generally be avoided by
 selecting a material that is particularly well suited
to the application of electroplated surface
 protection, in conjunction with the use of mod-
ern surface treatment processes, including
 appropriate post-treatment.
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There is an increased risk of brittle fracture in
sprung accessory components with hardnesses
greater than 400 HV. Special precautions must
therefore be taken with regard to material selec-
tion, heat treatment and surface treatment.

Other mechanical fasteners should be checked
on a case-by-case basis with regard to the
 circumstances under which hydrogen induced
embrittlement might occur. Should a correspon-
ding risk be identified, appropriate measures
should be taken to avoid hydrogen induced em-
brittlement.

How does the hydrogen get into the steel?
The harmful hydrogen may be diffused into the
steel during pickling or electroplating, or may be
a side-effect of corrosion.

The sensitivity of a material to hydrogen induced
embrittlement increases with increasing strength
of the steel. Susceptibility to brittle fracture can
be largely avoided by choosing a sufficiently
ductile material with a minimum tempering tem-
perature of +500°C and also by using a suitable
surface treatment process plus suitable post-
treatment. (Suitable post-treatment should be
understood to mean heating to between +190
and +200°C with a holding time from two to four
hours...).

This means that there is a certain risk associated
with subsequently applying an electroplated
 surface treatment to fasteners that only meet the
minimum requirements with regard to material
and tempering temperature for property classes
10.9 and 12.9, as specified in DIN EN ISO 898-1.

High-strength material

Mechanical
fracture

Erosion 
corrosion

Surrounding
media 

(H-donating)

Stress

Brittling of material

*) K. Kayser: VDI-Z Vol. 126 No. 20

Interaction of the conditions that lead to hydrogen induced delayed cracking*)
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Zinc flake coatings

After cleaning and degreasing the surface, the
parts are dipped into an aqueous or solvent-
based, dispersive solution containing a mixture
of zinc and aluminium flakes.

The parts are then spun to remove any excess
coating metal.

Large and bulky parts are treated by spraying.

Once the coating has been applied it is cured at
180 °C or 300 °C.

After one cycle the coating thickness is approxi-
mately 4 μm. At least two layers are applied,
meaning that the coating is 8-10 μm in total; this

technique is therefore unsuitable for use on
 fasteners with a small thread diameter.

Coating process

Degreasing

Curing

Blast-cleaning Dipping/spinning
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Parts treated with this type of dispersion coating
are dull grey in appearance and have a high
 degree of corrosion protection, which is far
greater than that achieved by electroplated zinc
coatings. 

Surface sealants and topcoats can also be
subsequently applied. Lubricants can be inte-
grated into a coating or applied in a final post-
treatment. Friction coefficients can be adjusted
with a relatively high degree of accuracy.

When using this coating technique there is no
risk of hydrogen embrittlement.

Zinc flake coatings are commonly known as thin
coatings or dispersion coatings, and sold
under the trade names Dacromet, Geomet and
Delta Protekt, among others.

DIN EN ISO 10683 describes these coatings as
non-electrolytically applied zinc flake coatings.

The standard designation is flZn. The required
duration of salt spray test, in hours, is also given.
The parts must not show any signs of rust after
these periods. 

flZn – 480 h Zinc flake coating with a test
duration of 480 h

flZnL – 240 h Zinc flake coating with a test
duration of 240 h and an
 integral lubricant

flZn – 720 h – L Zinc flake coating with a test
duration of 720 h and a sub-
sequently applied lubricant

flZnnc – 240 h Zinc flake coating with a test
duration of 240 h, Cr(VI)-free

flZnyc – 480 h Zinc flake coating with a test
duration of 480 h, with Cr(VI)

The thickness of coating can be inferred from
the test duration indicated. A part that with-
stands 480 hours in the salt spray test will
 require a coating (flZn) of 5 μm with Cr(VI), or 
8 μm without Cr(VI).

Where subsequent coatings are applied to stock
parts, the thread tolerances and the possible
coating thicknesses must be taken into account.
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Thin paint film (topcoat)

This refers to topcoats based on an organic
compound that is applied in the liquid state.
The fasteners are either dipped or have the
 topcoat sprayed on; they are then heated to 
200 °C. This causes the paint film to harden.

The protective layer can be applied on top of
 another surface coating in many different
colours. Lubricants can be incorporated into 
this protective layer, thereby giving the thread 
a favourable, consistent coefficient of friction.

This process is known by the trade names
“Delta Seal” and “Polyseal”.

Hot-dip galvanising

Hot zinc plating (tZn) is carried out in a bath con-
taining molten zinc at a temperature of around
500°C. Due to the high temperature, zinc and
iron react to form a layer of zinc-iron alloy. This
layer is not damaged during the treatment.

After dipping, excess zinc is removed from the
fasteners by spinning. External threads must not
be cut after galvanising.

DIN EN ISO 10684 specifies a minimum coating
thickness of 40 μm. The thickness of the protec-
tive coating and the zinc-iron layer underneath
provide a very high level of corrosion protection.

The thick coating must be considered in the de-
sign of the thread to ensure that the fastener can
still be screwed in once it has been zinc plated.
The thread must therefore be manufactured with
a large minus allowance to accommodate the
zinc plating.

This also has the effect of reducing the stressed
cross section and the contact surface at the
flanks. For this reason, different proof forces are
specified for hot-dip galvanised fasteners and
fasteners with electroplated coatings (DIN EN
ISO 10684).

For the same reasons, it is not advisable to use
hot-dip galvanising for bolts and screws of sizes
below M10. Internal threads are only cut after
the hot-dip galvanising process and therefore do
not have a zinc coating. The internal thread is
protected indirectly by the zinc present on the
external thread.

For hot-dip galvanised HV connections,  DIN EN
14399 should also be followed (until September
2007 also DIN 18800).

Phosphating and bonding

This dark-grey to black coloured surface protec-
tion is produced by dipping into a zinc phos-
phate solution. The phosphate coating provides
good adhesion for paint coats and lubricants.
Phosphating is also commonly used to achieve
better frictional characteristics prior to cold form-
ing.

Phosphate coatings only provide a low level of
corrosion protection

Black finishing

Black finishing involves dipping parts of plain
 ferrous  materials into an oxidising solution at
140°C. This produces a brownish-black iron
oxide film on the surface. The black finished
parts are then oiled or waxed.

The degree of corrosion protection is very low.
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Blackening

Blackening of high-strength threaded fasteners
is produced during heat treatment by cooling the
parts in an oil emulsion after tempering. The oil
penetrates into the hot surface and gives the
part a black colour.

This treatment provides a simple method of cor-
rosion protection prior to storage or transporta-
tion.

Mechanical coatings

The fasteners are placed in a drum with a glass
bead mixture which, through the motion of the
drum, causes metallic particles to be deposited
(plated). The mixture of glass beads varies de-
pending on the size and shape of the parts.

This process is also referred to as “Mechanical
plating” or “3M zinc plating”.

Chemical nickel plating

Coating is carried out without any electrical
 current in a nickel salt solution. This allows a
very even thickness of coating to be achieved 
at the microscopic level, even at corners and
 inside holes.

This type of coating is therefore suitable for use
on small, complicated components. The surface
hardness is high because nickel is used as the
coating metal.

Guideline values for the service life of surface treatments

Service life in years until formation of red rust Surface Coating 
for various corrosive atmospheres protection thickness
Countryside City climate Industrial climate Ocean climate
climate

03 – 08 1 – 04 unter 1 1 – 3 Zinc coated, 5 – 8 μm
05 – 12 2 – 06 1 – 2 1 – 4 passivated 12 μm
10 – 20 5 – 10 2 – 3 2 – 5 20 μm

05 – 13 1 – 07 1 1 – 5 Zinc coated, 5 – 8 μm
08 – 20 3 – 10 1 – 3 1 – 7 yellow chromated 12 μm
17 – 34 8 – 17 3 – 5 3 – 8 thick-film passivated 20 μm

50 25 5 7 Hot-dip 60 μm
galvanised,
M6 and above
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ECOTECH – Application technology consulting
at Böllhoff (ECOnomic TECHnical Engineering)

Whatever the type of fastening technology, its
main purpose is to fulfil its intended function.
The focus of economical fastening technology is
to fulfil this function with minimum complexity at
the lowest possible cost.

This results in the necessity to be clearly aware
of how the total cost of a connection is distributed.
Investigations around this subject repeatedly
show that the price of the fastener itself only has
a small influence on the commercial assessment
of cost. Of much greater significance are the
system costs.

The term 'system costs' encompasses outlay 
for procurement, storage, quality assurance,
 assembly, administration, internal transportation,
and so on. This opens up many possible

 approaches to cost reduction, in contrast to
those relating to the cost of the product itself.
The table illustrates a few possible options and
strategies.

20% price of parts

80% system costs

Rationalisation of fastener E.g. multi-functional fasteners, 
functionality self-tapping fasteners

Standardisation of the range of products Drive types, dimensions, surfaces, 
property classes, etc.

Simplified assembly Select drive types that make assembly easier
Reduce movements during assembly
Use combination parts
Aim to use automated solutions

Select lower cost fastener types Snap connections
Clips

Supplier and logistics management Reduce transportation routes 
Minimise sources of supply
Utilise distribution systems

Design modifications Reduce the number of directions in which parts connect; 
think sandwich construction
Make it easy to join parts (lead-in chamfers, locating pins, etc.)
Improve accessibility
Reduce number of contact surfaces

10
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Even by itself, the selection and validation of a
suitable fastener from the wide range of stan-
dardised parts can cost a lot of time during the
design phase, bringing with it associated costs.
These costs can be reduced by engaging the

services of an experienced partner company. In
addition to this, it is often the case that the user
does not possess relevant design experience or
sufficient knowledge of possible alternatives.

Special requirements often demand customised
solutions, and this is where the greatest potential
for savings is to be found – in establishing the
ideal solution to a fastening technology problem,
whatever form it might take.

In fact, the commercially and technically ideal
solution is often to be found outside the range of
standardised components.

Fastening technology is often taken into consid-
eration relatively late in the design process.
 Unfortunately, the opportunities to  influence
costs decrease the later this is postponed. It is
therefore advisable to consult an expert in
 fastening technology right at the start of product
development.

Planning Development Manufacture Distribution Maintenance Recycling

Opportunities to
 influence costs

Total costs,
 cumulative

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%
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Chromium-nickel-steel 34
Chromium oxide 33
Chromium (VI) 88
Clearance fit 53
Coating metals 90
Coating thickness 56
Cold forming 44
Cone point 19
Contact corrosion 84
Copper plating 92
Corrosion protection 84
Corrosion system 85
Corrosion type 84
Crevice corrosion 84
Cup point 19

D
Dacromet 98
Delta Protekt 98
Delta PT screw 72
Delta Seal 99
Designation System 27
Dimensions 16
DIN 21
Disc spring 76
Drill tip 68

E
ECOTECH 101
Electroplated coatings 90
Electroplating 91
Elongation at break 40
Embrittlement 95
EN 21
Extrusion 45

F
Fastener retention 75
Ferritic steels 33
Flat point 19
Forming stages 46
Friction 13
Functional standard 16

G
Geomet 98
Grain structure 46

H
Hardening 51
Hardness class 32
Hardness testing 41
Head forging 46
Heat treatment 50
HELICOIL® 15
Hexalobular internal driving feature (Torx) 64
Hole 73
Hot-dip galvanising 99
Hot forming 46
Hydrogen embrittlement 95
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Inspection certificate 42
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K
Knuckle thread 57

L
Lead-in points 19
Left-hand thread 57
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M
Machining 47
Machining steel 47
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Manufacture 44
Marking 29
Martensitic steels 33
Materials 26
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Mechanical coatings 100
Mechanical plating 100
Mechanical properties 39
Metric thread 57
Microencapsulation 80
Minor diameter 52
Minus allowance 55

N
Nickel plating 100
Nominal diameter 52
Nominal dimensions 53
Nonferrous metals 38
Nut height 23

O
Operational force 11

P
Phosphating 99
Pipe thread 57
Pitch diameter 52
Pitting corrosion 84
Plasbolt 82
Pozidriv 20
Precote 82
Preload force 11
Product standard 16
Proof load values 30
Proof strength 40
Property classes 27
PT screw 72
Punched parts 50

Q
Quenching and tempering 51

R
Rockwell 41
Rounded short dog point 19

S
Scotch Grip 82
Scrape point 20
Screw and washer assembly 48
SCREWLOC® 76
Securing hole 20
Self-drilling screws 68
Self-tapping screws 70
Shaft 53
Short dog point 20
Simplification of assembly 63
Split pin hole 19
Stainless steels 33
Standards 16
Steels with specific elevated 
temperature properties 36
Steel conduit thread 57
Steel with specific low temperature properties 36
Stress corrosion 84
Surface coating 86
Surface sealing 94
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T
Tapping screws 68
Tempering 51
Tensile strength 40
Tensile test 39
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Test report 42
Thick-film passivation 94
Thin paint film 99
Threads 52
Thread forming screw 67
Thread manufacture 48
Thread profile 48
Thread pitch 52
Thread, rolled 70
Tightening torque 66
Tin plating 93
Tolerances 55
Tolerance classes 54
Tolerance grade 54
Tolerance position 54
Trapezoidal thread 57
TRD 42
Trilobular thread form 70
Turning 47
Types of thread 57

U
Undercut 19
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V
VDI 2230 11
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W
Weldability 43
Width across flats 22

Y
Yield point 40

Z
Zero line 53
Zinc coating 92
Zinc flake coatings 97
Zinc plating 99
3M zinc plating 100
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