7 K Kb & XYM MW/BHE- & Q R QVIRIDALY D@JIW
ODERUDWRU\
of Bollhoff company

Performance catalogue

Performance in the field of mechanical joining
technique

» Tests of mechanical values
» Tests of physical values
« Chemical material analysis

« Tests and consulting at customerrelated applications
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Laboratory-Team

Martin Reich Viktor Triebus Peter Buschmann
Testing technician Material tester Testing technician
Oliver Reins Dr. Cornelia Heermant  Heinrich Honerlage

Skilled worker for Graduate Engineer Testing technician
turning and milling
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The physical-technological testing laboratory

Performance of the testing laboratory and the benefit s of the
cooperation:

 The Bollhoff-Know-how in mechanical
technique for joining parts.

» To assure the quality of the fasteners
and continuous improvement

« Certainty by the cooperation with the
accredited testing laboratory Bollhoff.

» Cooperation with special departments
of several universities of applied
sciences at complex failure analysis.
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The physical-technological testing laboratory

Performance of the testing laboratory and the benefit of the

cooperation:

Comprehensive consultation for technological applications:

Detection of the task.

Concept for the interconnecting
technical solution.

Manufacturing of prototypes or using
existing fasteners.

Inspecting the suitability by
determining mechanical and physical
values.

Inspection in consideration of the
requirements related to practice.

Summary of the results in a report.
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The Bollhoff physical-technological

testing laboratory

accredited by the German Accreditation Council

under DAP-PL-3260.00

Tests accredited according

to DIN EN ISO 17025:

* mechanical-technological
tests

» metallographic tests

 Surfacetests and
measurements at fasteners
of metallic materials

» Analysis of low and high-
alloyed steels with sparks-
emission- spectrometry

* salt-spray-test
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The physical-technological testing

laboratory

Measuring systems and testing facilities

Tensile-and pressure-testing machine 5 kN (500 kg)

Tensile tests and
pressure tests up to 5 kN

Online-registration of the
measured values and
evaluation of the tests with the
software ,TestXpert®

Examples:

Screws up to » M4 class 8.8
DIN EN ISO 898-1

DIN EN ISO 898-6

screw nuts up to » M4 class 8
DIN EN 20 898-2

AMTEC

Thread insert for plastics
Determining of move-out values
in plastics
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The physical-technological testing

laboratory

Measuring systems and testing facilities

Tensile- and pressure-testing machine 100 kN (10t)
Tensile test according to DIN EN 10002-1 and DIN 51 221-1

Examples:

Screws up to M12 class
8.8 according to DIN EN
ISO 898-1 and DIN EN
ISO 898-6

loading tests with screw
nuts according to DIN EN
20898-2

HeliCoil wire (round and
profile wire)

flat samples, samples
from pressing technique
and rivettechnique

» Online-registration of the measured values and evaluation
of the tests with the software , TestXpert*

* Precison elongations-measurement possible
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The physical-technological testing laboratory
Measuring systems and testing facilities

Tensile- and pressure-testing machine 400 kN (40 t)
Tensile test according to DIN EN 10002-1 and DIN 51221-1

Online-registration of
the measured values
and evaluation of the
tests with the software
» 1 estXpert”

Examples:

Screws up to M24
class 8.8

loading tests with screw
nuts

(test load up to 400 kN)

standards

DIN EN ISO 898-1
DIN EN ISO 898-6
DIN EN 20898-2
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The physical-technological testing laboratory
Measuring systems and testing facilities

video measuring microscope with zoom-lens
magnification up to 100x

Objectives: Magnification from 4x up to 100x
Configuration of the instruments:
CCD-colour camera with data-link to the computer
and evaluation software
Connection to a database for pictures
Monitor with an electric cross wire with display
Video-printer for black-white-pictures
Adapted for:
Pictures for over-view
Assessment of the fracture surfaces
Direct measurement of length
Training courses
Documentation
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The physical-technological testing

laboratory

Measuring systems and testing facilities

Microscope typ: Zeiss, Axiotech 100 HD

Objective: Magnification from 50x up to 1000x

Configuration of the device:
CCD-colour camera with data-link to the computer

and evaluation software, connection to

DHS-databank for pictures respectively

CCD-camera, black-white-monitor with
electric cross wire with display,
video-printer for black-white-pictures

Adaptet for: determination of the actual state of
carburization of screws,
investigations for damage analysis,
length measurement,
check of the microstructure,
documentation
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The physical-technological testing
laboratory
Measuring systems and testing facilities

Coating thickness measurement according to X-ray
fluorescence-method DIN EN I1SO 3497

Measurement according to DIN EN ISO 4042:
Fasteners; galvanic suffusions
Article 10: Coating thickness measurement

Applications: Zn/Fe; Zn/Ni; Ni2Fe; Cu/Fe; Ag/Fe; Sn/Fe; Delta;
P/Fe; Ag/(CuZnPb); Cu/CuZn; Zn/CuZnPb; Ni/copper-
plated brass; Zn/Cu-CuAlloy; Dacromet/Fe; Delta
Tone/Fe; Sn/Ni-Cu-CuZn; Ni/CuZnPb;
Ag/(Ni/FeAlloy); Cd/Fe; Sn/Al-Ni-Fe-FeCoNi;
Cu/FeAlloy; ZnNi/Fe; Ni/Cu/Fe; Cr/Ni/Cu/CuZn;
Cr/Ni/Cul/Fe
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The physical-technological testing laboratory
Measuring systems and testing facilities

universal hardness testing device
for hardness testing according to Vickers
HV 0.1-HV 30

Computer-controlled Test:

Automatically loading, holding period to keep the force, reloading,
indentation measurement, calculate the hardness, generate the
report, export of results

hardness curves:

automatic testable with programmable X-Y-table

Indentation measurement:

automatically with analysis of the camera picture or manually on
the display

Objective:

Overview-camera and lenses with magnification up to 1300x zoom
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The physical-technological testing laboratory
Measuring systems and testing facilities

Different torque spanners and torque sensors

Measurement ranges:
O Nm up to 0.5 Nm

0.1 Nmupto 1.0 Nm
0.35 Nm up to 3.5 Nm
13 Nm up to 135 Nm

3 Nm up to 60 Nm

10 Nm up to 200 Nm
20 Nm up to 400 Nm
750 Nm up to 2000 Nm
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The physical-technological testing laboratory
Measuring systems and testing facilities

Screwing test bench

for the measurement of torques, rotation angles, pre-tensions*)
and frictional values of thread and head, for instance friction test
according to DIN EN 1SO 16047, ZFB 988 *)

Measurement ranges:
10 up to 240 Nm (M6-M16)
20 up to 200 U/min

Minimum length of the testing screws: 40 mm

Uses:

 Practice-oriented tests of large components

» Screw connection tests at test pieces
» Computer supported testing process
* Flexible arm allows different screwing directions

» Computer-aided data collection, graphical output,
report, analysis and data export possible

QRW DFFUHGLWHG WHVW
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The physical-technological testing

laboratory

Measuring systems and testing facilities

force-measurement-ring with measurement-amplifiers-

measurement of restraint forces*)

system —

With the beneath mapped KMR-Sensor (force-measurement-ring) we
can find out in the laboratory test the connection between

torques/rotation angles and the resulting pre-tensions.
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The physical-technological testing laboratory
Measuring systems and testing facilities

temperature-resistant force-measurement-ring with
measurement-amplifiers-system and climatic chamber

Measurement of losing of pre-tensions under temperat ure¥)
Temperature: from -40 T up to +150 T

Force: up to 50 KN

Dimension: up to M14

Use:

Measurement of losing of pre-tensions e.g. at connections with
Amtec-inserts for thread-amplification of synthetic materials or
at synthetic screw joints

» QRW DFFUHGLWHG WHVW

Bollhoff GmbH, Unternehmensbereich Archimedesstr. 1-4, 33649 Bielefeld, Germany www.boellhoff.com
Verbindungs- und Montagetechnik

Dr. Cornelia Heermant, Laborleiterin Tel.:+49 (0) 521-4482-441 Fax:+49 (0) 521-4482-542 cheermant@boellhoff.com

- 16/25- Stand: 31.08.2009



The physical-technological testing laboratory
Measuring systems and testing facilities

Analytical instrument for optical spectroscopy

Detection of chemical elements in metal

Diagnostic programms:

Steel low-alloyed (Cr < 5% and Ni < 5%)

Steel high-alloyed (Cr > 5% and Ni > 5%)

Free cutting steel (e.g. 11SMnPb30 / 9SMnPb28)

Al-base
Cu-basis brass Programmable material detection, also special
Cu-basis bronze qualities, e.g. Steel according to
Ni-basis DIN EN ISO 898-1, strength class: 8.8, 10.9, 12.9
DIN EN 20898/2, strength class: 8, 10, 12
VDA 231, strength class: 8.8, 10.9, 12.9
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The physical-technological testing laboratory
Measuring systems and testing facilities

Transverse vibration test machine by the Junker-Test-
Principle

For the dynamic test of self loosening of fasteners
according to DIN 65151

Determination of the loss of
the preload force over the time
by the impact of transverse
displacement.

Fasteners size: (M6) M8 — M16x1,5
Preload force: 0 — 200 kN

(applicably 20 kN — 160 kN)
Transverse displacement: max. £ 2mm

(continuously adjustable)
Frequency of tests: 12,5 — 59Hz

) QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory
Measuring systems and testing facilities

Testing device for testing of the spin according to the
wind around method (strand test)

For testing of spin structures of surfaces*), which can
affect the leak tightness of a constructional element.

Spin is a surface structure like a small thread at axial symmetric elements,
which caused by grinding the surface and effects an axial transport of fluids.
Therefore leaks could appearing.

Test results:

Appearance of spin or spin-free
Direction of the spin (right/left)

% QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory
Measuring systems and testing facilities

Fatigue testing machine

For determination of dynamic strength characteristics like
endurance strength, fatigue strength of screws, riveted sheets
and components under alternating or pulsating tensile or
compression forces for instance according to DIN 969 *)

e Operating principle:
high-frequency
resonance testing

e Maximum static force:
150 kN

« Maximum dynamic
force: +/- 75 kN

 Frequency: 45-260 Hz

e Size of the samples:

Bestimmung des . cylindrical samples,
Vorspannkraftverlustes tber screws: M4-M16

die Zeit infolge dpr Einwirkung plates up to 10 mm thick
von Querverschiebung

QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory
Measuring systems and testing facilities

Testing device for penetration test

for non-destructive testing of small irregularities, like cracks,
pores and overlaps. We are testing with the penetration test*)
defects, which are open to the surface of the constructional
element, for instance according to DIN EN 571-1.

Operator: qualifying und certifying
according to DIN EN 473 level 2

Sensitivity: Using of the calibration
block no.K2 according EN ISO 3452-3

Testing and evaluation: for instance
according DIN EN 571-1, DIN EN ISO
1371-1 or customer requirement

QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory

chemical laboratory

Applications:
 Preparation of metallographic
sections
- Preparation of samples
Binding, embedding
Separating
Grinding
Polishing
- Microstructure developing
Macro etching
Micro etching

* Residual dirtiness-tests*)
» Check of coating for free of Cr(VI) *)
» Hardening, annealing, quenching

and tempering (lab-furnace up to
1.000 )

QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory

chemical laboratory

Check of surfaces to be free from oil and grease

Determination of the surface tension with testing ink*) to
test the quality of the surface, for instance to evaluate the
process of cleaning or to check the pretreatment of the
coating process.

32 mN/m 38 mMN/m J 42 mN/m
34 mN/m 40 mN/m

Nuts coated with several testing ink to determine the
surface tension.

The higher the surface tension the far cleaner is the
surface and the higher is the adhesive strength of the
coating.

QRW DFFUHGLWHG WHVW
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The physical-technological testing laboratory

chemical laboratory

Material test machine for corrosion test of metal material
and protective coatings according to DIN EN 1ISO 922 7 (DIN
50 021-SS) and DIN EN 60068-2-11

Tests:
Assessment of the surface of the samples every workday.
There are different kinds of criteria:

- Surface corrosion (white corrosion)

- Fe-corrosion (red corrosion)

Functional description:

Testing of the corrosion resistance of the test piece with a
continuous sprayed, watery NaCl-solution with a
massconcentration of 5g/100 ml as corrosive medium. The
salt solution is sprayed with compressed air.
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The physical-technological testing laboratory

Prototg/Be construction
SURFHVVLQJ FKLQHYV

&1& WXUQLQJ PDFKLQH
WXUQLQJ PDFKLQH FRQYHQWLRQDOO\
PLOOLQJ PDFKLQH
JHQHUDO PDFKLQHV
SLOODU GULOO SUHVV
EHOW VDZ
EHOW VDQGHU
ZHW SODWHVDQGHU
FXWWLQJ PDFKLQH
KROH SXQFKLQJ PDFKLOHRBXFWY./(
+HDW 7UHDWPHQW /DE )XUQDFH
SRVVLELOPR@XHMWWXULQJ SURWRW\SHYV
SURGXFWLRQ RI VDPSOHV DQG SLORW
SURGXFWLRQ RI GHYLFHV WHQVLRQLQ
SURGXFWLRQ RI FXWWLQJ VDPSOHYV
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