D

DEUTSCHER SCHRAUBENVERBAND E.V.
HERSTELLER MECHANISCHER VERBINDUNGSELEMENTE

Working Group Surface Coating Systems

DSV-Round Robin 2023 coefficient of friction

Bastian BulRmann
Thomas Schmidt
Michael Stahler
31.07.2024

Seite 1 von 6



D

DEUTSCHER SCHRAUBENVERBAND E.V.
HERSTELLER MECHANISCHER VERBINDUNGSELEMENTE

Working Group Surface Coating Systems

1 Introduction

Quantitative knowledge of the coefficients of friction is an essential prerequisite for the
calculation and reliable assembly of bolted connections in order to ensure a suitable
preload force for the application. The friction coefficients are determined using sensors
that can measure the preload force F, tightening torque T, friction torque in the bearing
surface Tp and / or thread torque Tw. The standard DIN EN ISO 16047 [2] only specifies
the test itself, the reference parts and the formulae to be used to calculate the friction
coefficients. Quantitative specifications for friction coefficients in practical applications,
including repeat assembly, are for example contained in VDA test sheet VDA 235-101

[1].

The standard DIN EN ISO 16047 [2] only sets out basic requirements for the design and
function of the sensors used. As a result, a wide range of different test equipment is
used in practice today, which is not easy for the comparability of results. The round robin
tests carried out in the past in the working group for surface protection systems of the
German Fastener Association and in the ISO/TC 2/SC 11 + SC12 Ad hoc Group (2023,
as part of the revision of ISO 16047) show that a satisfactory solution for the correct
determination and comparison of friction coefficients has not yet been found.

2 Objectives

The 2023 round robin test continued the series of round robin tests to determine the
ability of test rigs/sensors to determine the friction coefficients of mechanical fasteners.
The aim of the 2023 round robin test was also to record the behaviour of the measuring
equipment in the case of multiple tightenings, as well as to assess different nominal
thread diameters and thus also sensors with different capacities and to compare them
within the nominal thread diameters.

As with the 2014 round robin test, the objectives were to determine the practical
suitability of the sensors, based on DIN EN ISO 16047 and VDA 235-101, and to
determine their ability to determine friction coefficients.

3  Task definition

The tests were carried out on bolts of different dimensions in order to give a larger
number of users the opportunity to match their sensors. Whereas in the past the tests
were always limited to the nominal thread size M10, this time a smaller thread size (M6)
and a larger thread size (M24) were also tested, so that considerably more sensors
could be recorded.

The round robin test created a sufficiently large number of test results to test individual
sensors on a basic population.
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4 Test parts
Nominal thread size M6:
Test bolt
designation: external hexalobular flange bolt M6 x 40 - 10.9
surface condition: ZnNi, black + lubrication

Reference nut
designation: hexagon nut M6 — 10, DIN EN I1SO 4032 [3]
surface condition: plain, degreased, according to DIN EN ISO 16047 [2]

Reference bearing plate
designation: washer, type HH
surface condition: plain, degreased, according to DIN EN ISO 16047 [2]

Nominal thread size M10:

Test bolt
designation: hexagon flange bolt M10 x 60 - 10.9
surface condition: ZnNi, black + lubrication

Reference nut
designation: hexagon nut M10 — 10, DIN EN ISO 4032 [3]
surface condition: plain, degreased according to DIN EN I1SO 16047 [2]

Reference bearing plate (1-step-tightening, 20 rpm / 2-steps-tightening, 200/20 rpm)

designation: E-coat-bar, to clean with alcohol before test
Nominal thread size M24:
Test bolt
designation: hexagon bolt M24 x 120 - 10.9
surface condition: ZnNi, black + lubrication
Reference nut
designation: hexagon nut M24 — 10, DIN EN ISO 4032 [3]
surface condition: ZnNi, black + lubrication

Reference bearing plate
designation: washer, type HH
surface condition: plain, degreased, according to DIN EN ISO 16047 [2]

The cleaning of the reference parts required by DIN EN ISO 16047 [2] was carried out

centrally in advance.
After cleaning, the nuts and washers were put into airtight bags.
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5 Carrying out the tests

A test series with 25 individual tests (M6 / M10) or 20 individual tests was to be carried
out for each sensor. The reference-nuts and —washers were to be fixed against turning
during the tightening process. The E-coat reference bar was to be held in a suitable
device.

The test was carried out in accordance with the specifications of DIN EN ISO 16047 [2].
Depending on the thread dimension and the property-class of the test screw, the preload
force at the switch-off point was set at F = 80% Fp and at the evaluation point at F = 75%
Fo. The corresponding values were taken from the respective evaluation sheet.

A standardized automated evaluation scheme was specified for all measurements,
which automatically converted the values to be entered for the preload force F and the
torques into the friction coefficients. The participants were asked to measure the contact
pattern diameters themselves and enter them into the evaluation scheme. These values
were displayed in a diagram for each measurement in order to document the scattering
of the very subjective values to be determined.

For the final evaluation, a fixed value for the friction torque in the bearing surface Dy was
specified for all individual evaluations (of one dimension) in order to achieve
comparability of the total friction coefficient uwot and the bearing friction coefficient .

The friction coefficient calculation was based on the following relationships:
T P

o= —F 1
ot 0,578 d, + 0,5 D,

2Ty
Hp = D,F
Ton _ P
Uy = F__ 2nm
th ™ 0,578 d,

The mean values and standard deviations were calculated for all measurement series.
However, results from a sensor whose measured values are outside the calibration
range were shown in the diagrams but not taken into account when calculating the mean
values and standard deviations.
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6 Testresults

A comprehensive anonymized presentation of the sensor results is shown below. The
numbering of the sensors is arbitrary and does not correlate with the alphabetical order
of the participants.

7 Summary

A total of 176 sensors with 3 different nominal thread sizes took part in the 2023 round
robin test. As there were no decision criteria for the assessment and the test material
of the different dimensions came from a single batch, the results were assumed to be
normally distributed:

e Practical suitability of the test based on DIN EN ISO 16047 and VDA 235-101 [1]

o The standard deviations of the tightening torques T are in most cases
significantly lower than those of the partial torques Tb / Tin.

o Capability of the sensors

o The sensors were categorized into three quality classes Co, C1 and C2 with
regard to the friction coefficient window of the VDA 235-101 [1]
recommendation.

o 65 % of the participating sensors whose measured values were within the
calibration ranges could be assigned to quality class Co. For the remaining 35 %,
it is recommended to check / calibrate the sensor.

o In many cases, the sensors were not categorized in quality class Co due to a
major deviation in the partial friction coefficients.

o Compared to the results of the 2014 DSV round robin test (66%), which was
carried out exclusively with the M10 thread dimension, a slight deterioration is
recognisable (63.5% of the M10 dimension could be assigned to quality class Co).
However, there is no perfect comparability with the results of the 2014 round robin
test, as there were differences in the coating system, the reference parts and the
bearing surface of the bolt head.

o For the thread size M24, the reference nut was also coated with ZnNi black +
lubricant. This resulted in lower scattering of the thread friction coefficients and
no assignment to quality class Co.

e As with the 2014 round robin test, 2023 also shows that

o the determination of the effective diameter for the friction torque in the bearing
surface Do is subject to considerable scatter. There is still great potential for
improvement here, as this diameter has a major influence on the calculated
friction coefficients, but can currently only be assessed very subjectively.

The organizers would like to thank the DSV members Wilhelm Schumacher GmbH
Schraubenfabrik, August Friedberg GmbH, WHW Walter Hillebrand GmbH & Co. KG
and Doérken Coatings GmbH & Co. KG for providing the test material, the sample
coatings and the cleaning of the reference parts.
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symbols and formula characters DEUTSCHER SCHRAUBENVERBAND E.V.
D, inside diameter of the effective bearing surface mm
D, outside diameter of the effective bearing surface mm
D, effective diameter for the friction torque at the bolt head or nut bearing area mm

clamp force kN
T tightening torque Nm
T, bearing surface friction torque Nm
L thread torque Nm
Miot coefficient of total friction -/-
Ky, coefficient of friction between bearing surfaces -/-
T coefficient of friction between threads -/-
Co test bench without complaints

test bench where the calibration status and/or sensor function of individual measured
variables are likely to be impaired

G test bench shows clear indications of malfunctions
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Participants

M6 66 sensors 34 companies / laboratories
17 sensors 12 companies / laboratories
69 sensors 32 companies / laboratories
24 sensors 20 companies / laboratories
176 sensors 41 companies / laboratories
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bearing surface diameter

M24 effective friction diameter D, = 30,0 mm
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friction coefficient range VDA 235-101 limits for quality classes
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quality classes of sensors

quality class description

sensor with proper function

coefficient of friction range according to VDA 235 — 101
6

C Xmean Of all sensors —
0 < Xmean Of sensor
coefficient of friction range according to VDA 235 — 101
6
sensor with propable adverse effects on the calibrating condition of single measurement values
and / or the sensor function
coefficient of friction range according to VDA 235 — 101

< Xmean Of all sensors +

Xmean Of all sensors —

3
< Xmean Of Sensor
coefficient of frictionrange according to VDA 235 — 101
Cl < Xmean Of all sensors — 3
coefficient of friction range according to VDA 235 — 101
Xmean Of all sensors + 3

< Xmean Of sensor

coefficient of frictionrange according to VDA 235 — 101
3

< Xmean Of all sensors —

sensor with distinct indications of malfunction

coefficient of friction range according to VDA 235 — 101
3

coefficient of friction range according to VDA 235 — 101
3

CZ Xmean Of S€NSor < Xp.qn Of all sensors —

Xmean Of SENSOT > Xpean Of all sensors +
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quality classes example values with VDA-friction coefficient range!

3
S
s spreads show the min / mean
E and max values of all results
Y
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g quality classes refer to the
o VDA friction coefficient ranges
WpA-range (see also RRT 2014)
lJ—mean + 3
HyDA-range
p-mean + 6
G Hmean
HVDA—range
Mmean — 6
IJ-VDA—range
Hmean — 3

X y z Sensor-No.
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final evaluation

DEUTSCHER SCHRAUBENVERBAND E.V.

quality classes example values with VDA-friction coefficient range!

assignment to quality class is
based on mean value, not on
scatter.
C
_——m—mmmEmEsmEsmET = 1 _=—= umean+3$
G Hmean

=1
c
o
2
©
‘=
[
[T
o
o)
c
2
G
&
[}
]
o
HyDA-range
Hmean T
3
HyDA-range
Hmean T
6
u HVDA—range
mean 6
IJ-VDA—range
Wmean — 3

15.10.2024

_________ = === Wnean — 38

y z Sensor-No.

Deutscher Schraubenverband e.V. 12



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

quality classes

no allocation to quality classes, only
additional assessment option.

coefficient of friction p
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basis for assessment

Size of the areas only dependent
on the VDA window. Position
dependent on the mean value.

Size of the ranges depends on the
variance of the results. Position
dependent on the mean value.

coefficient of friction p
coefficient of friction p
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comparison of VDA-range to standard deviation

Size of the ranges depends on the
variance of the results. Position
dependent on the mean value.

Size of the areas only depends
on the VDA window. Position
dependent on the mean value.

coefficient of friction p
coefficient of friction p

- +3s +3s

VDA :
3 T P --=- +2s
,vpa s
6
X X

Example with high scatter of
results.

X y z Sensor-No. X y z Sensor-No.
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filter for analysis explanation of the 3 groups

A

Example sensor x:

All mean values of the measured values
(F/T/T,/T,,) are within the calibration range.

The result of the calculated friction coefficients is
unremarkable. | feeedee
Only these values are taken into account for the
mean values and the standard deviation!

0,

coefficient of friction p

Lower calibration value
automatically raised to 10% of max value

===—"—"""| Example sensor y:

: At least one measured value is outside the
calibration range. The result of the calculated
friction coefficients may be unremarkable.

calibrated range

Example sensor z:
Independent of suitable calibration range.

Calculated friction coefficients indicate incorrect
measurement.

>
X Yy z Sensor-No. Xy yz X
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calibrated range clamp force F

M6 min-value = 0: increase to 10% of the max-value!
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calibrated range tightening torque T

M6 min-value = 0: increase to 10% of the max-value!

550 lower limit calibration range tightening torque "T"" = 10% of Tmax
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calibrated range bearing torque T,

M6 min-value = 0: increase to 10% of the max-value!

300 lower limit calibration range bearing torque "Th" = 10% of Tbmax

275

250 M r

225

200 | AR - - -

175

150 1 M r

125

(range / meanvalues of 25 parts)

100 r r

75

calibrated range of torque in the bearing surface Ty, in Nm

50

25
ol o o
o
m

0 ujjw

L N = RN

94 |

=
o

66
72

m w o
o NN

100
105
111
119
128
133
139
141
142
144
146
147
150
152
154
158
159
160
165
166
167
169
170

(o]
ol
o—
o] [
we | ————

[« ]
(o] [
o1

2 M —]
o I
o
o [
QT
[#] L
Q I
o]
[«




round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range thread torque T,

M6 min-value = 0: increase to 10% of the max-value!

300 lower limit calibration range thread torque "Tth" = 10% of Tthmax
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final evaluation
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final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!
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final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,
M6

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!
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final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,
M6

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

o
=
a

coefficient of friction between bearing surfaces u,,
{min / mean/ maxof 25 parts)
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Incorrect measurement, not included in evaluation!
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final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,
M6

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

/ mean/ maxof 25 parts)

coefficient of friction between threads p,
{min

0,04

0,00

“N"'m“““:usam:am:mm:mn:@sssssasg:sz:a:m::g;gggg;g;gggggggg;;gggg;g
ensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,
M6

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

coefficient of friction between threads p,
{min / mean/ maxof 25 parts)

0,04

Incorrect measurement, not included in evaluation!

0,00
T mme e :asam:am:mm:ﬁnsg:sssagsg:sz:a:m::g;gg;g;a;ggggggg;;;gggg;g
ensor
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round robin test 2023 coefficient of friction @

fl Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range clamp force F

min-value = 0: increase to 10% of the max-value!

M10 - 20 rpm

280 lower limit calibration range clamp force "F" = 10% of Fmax

260

240

220

200 — —

180

160

140

(range / mean values of 25 parts)
=
N
o

=
[=]
o

calibrated range of clamp force Fin kN

60

40 L

20 I

e 2 R g 2 2 N = 2

Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.
calibrated range tightening torque T . .
getie gtorq min-value = 0: increase to 10% of the max-value!
M10 - 20 rpm
1000 lower limit calibration range tightening torque "T" = 10% of Tmax
900
800

~
(=]
o

o
Q
(=]

calibrated range of tightening torque Tin Nm
(range / meanvalues of 25 parts)
=3 [,
8 8

200

S B a 9 2 R N 2 2

Sensor

84
100
104
106
172
174
182
183




round robin test 2023 coefficient of friction @

fin al evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range bearing torque T,

min-value = 0: increase to 10% of the max-value!

M10 - 20 rpm

1000 lower limit calibration range bearing torque "Th" = 10% of Tbmax

900
E
= 800
E
La
|—
g
S 700
h=
0
B0
c
‘T o 600 —
8 ~
2%

vl
£5
= c 500 ]
c

S8
g E
2 7 a00
Y= 0o
O c
o O
2=
c
€ 300
°
7]
! re— [r—
o
=
= 200
(=]

100 — —

o Lo | <] °
0 1
3 3 a 2 3 = S 2 = 3 g 3 E = 2 3 2

Sensor




round robin test 2023 coefficient of friction @

fin al evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range thread torque T,

min-value = 0: increase to 10% of the max-value!

M10 - 20 rpm

300 lower limit calibration range thread torque "Tth" = 10% of Tthmax

275

250 —

= = = N N
N a ~ Q N
a =] a =] 4]

range / mean values of 25 parts)

(
[y
[=]
o

75

calibrated range of torque in the thread Ty, in Nm

50 —

25

S B a 9 2 R N 2 2

Sensor

84
100
104
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

0,16

o
=
N

x+VDA/3
I

x+VDA/6 | |

— _
X-VDA/6 | |:| i:' I:l
0,08 x—VDAIS.

coefficient of total friction p,,,
(min/ mean/ maxof 25 parts)

0,04

Incorrect measurement, not included in evaluation!

0,00

o g (1] [=1] o o~ b= (1] o = o o = o~ (]
- - - - - -
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

0,16

o
=
N

B OB e
G ':S'i""'I':.'l“'."""'.'“'f'“'.“'.""j“'.'“'.“"j """ I —— I ey

coefficient of total friction
(min/ mean/ maxof 25 parts)

0,04
Incorrect measurement, not included in evaluation!
0,00
3 & a 2 3 R N ES 2 2 2 3 2 e = 2 g
- - - - - -
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,

M10 - 20 rpm
measured values < lower limit of calibration range (% of max.
value) notincluded in evaluation!

0,16
=]
=
w
Q
o
©
b=
S
"
£z
A
© 3 0,12
2 0 X+VDA/3
C oy
@ ©
@  x

@ x+VDA/6

Q ~
£ c
- 3 p— mean
== _— |
L~ o0s
= E x-VDA/6
"6 =
E X-VDA/3
=
b=
)
8 X-3s

0,04

0,00

a & a 2 3 R N S R 3 s 3 3 [N = 3 2
- - - - - - -
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,

M10 - 20 rpm

measured values < lower limit of calibration range (% of max.
value) notincluded in evaluation!

s
=
5

x+3s

Iy 0

] _

(min/ mean/ maxof 25 parts)

coefficient of friction between bearing surfaces p,,

0,04
Incorrect measurement, not included in evaluation!
0,00
! o 3 (=] L] [=1] o o~ b= (1] E o = o o = o~ (]
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,
M10 - 20 rpm

0,20 measured values < lower limit of calibration range (% of max.
value) notincluded in evaluation!

x+VDA/3

x+VDA/6
N Ealin

X-VDA/6

X-VDA/3
0,08

coefficient of friction between threads p,
{min / mean/ maxof 25 parts)

0,04
Incorrect measurement, not included in evaluation!
0,00
- o~ L3 ] ~ ~ ~ ~ o o o ~ ~ L] -]
- - - - Ll - -
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,

M10 - 20 rpm

measured values < lower limit of calibration range (% of max.
value) notincluded in evaluation!

s
=
5

x+3s

Iy 0

] _

(min/ mean/ maxof 25 parts)

coefficient of friction between bearing surfaces p,,

0,04
Incorrect measurement, not included in evaluation!
0,00
! o 3 (=] L] [=1] o o~ b= (1] E o = o o = o~ (]
Sensor
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DEUTSCHER SCHRAUBENVERBAND E.V.

round robin test 2023 coefficient of friction

final evaluation
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range tightening torque T . . o I
min-value = 0: increase to 10% of the max-value!
M10 - 200 rpm
600 lower limit calibration range tightening torque "T" = 10% of Tmax
550
500 - - N - - o .
E 450 M
=
£
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— 400
32
=
T ~ 350
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Sensor




round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range bearing torque T,

. _0 o : |
M10 - 200 rpm min-value = 0: increase to 10% of the max-value!

600 lower limit calibration range bearing torque "Th" = 10% of Tbmax

550

500 M

450 M

400

350

300

250 M M r

range / meanvalues of 25 parts)

(
N
(=]
o

]
]
| |
]
]

150 M

calibrated range of torque in the bearing surface T, in Nm
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round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range thread torque T,

. _0 o : |
M10 - 200 rpm min-value = 0: increase to 10% of the max-value!

600 lower limit calibration range thread torque "Tth" = 10% of Tthmax

550

500

450

400

350

300 r

250 AN - - 0 AN - x

(range / meanvalues of 25 parts)

200 - - - -

150 x - AN x - - NN

calibrated range of torque in the thread T, in Nm
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

0,16

o

1§+VDA/3 E 1 T : : T = X + 3s
i - -
x+VDA/6

=
g
w

coefficient of total friction p,,
(min/ mean/ maxof 25 parts)
o
©
m 0
5
¥

0,04

0,00

TN nEM BNl A AN RS R AR S YRS IR AR R 2R
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

coefficient of total friction p,,
(min/ mean/ maxof 25 parts)

Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

0,16

/ mean/ maxof 25 parts)

(min

coefficient of friction between bearing surfaces p,

0,04

0,00

Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,
M10, 1. tightening, 200 rpm

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

0,16

0,12

0,08 xs

coefficient of friction between bearing surfaces p,
(min/ mean/ maxof 25 parts)

0,04

Sensor
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round robin test 2023 coefficient of friction

DEUTSCHER SCHRAUBENVERBAND E.V.

final evaluation
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,
M10, 1. tightening, 200 rpm

0,20 measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!
0,16
=
8
o
=
@
-
5%
S o012
g
S
U x
=
c E
2 =
= £
b ‘E 0,08
tE
m —
=
E
]
<]
(=]
0,04
0,00 z
g
Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

5. tightening

coefficient of total friction p,,
(min/ mean/ maxof 25 parts)

0,00

MMM e AR I NN R AR B R AR YIS SRR EB BRI S A ARSI 223830858888 ¢8¢
Sensor
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round robin test 2023 coefficient of friction

final evaluation

D

DEUTSCHER SCHRAUBENVERBAND E.V.

0,16

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

5. tightening

o
[=]
[

{min / mean/ maxof 25 parts)

x-VDA/6

x-VDA/3

coefficient of friction between bearing surfaces p,

0,04

X-3s

REBBEBERFIEERA
Sensor

§388 088585858
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

5. tightening

coefficient of friction between thraeds p,
(min / mean / maxof 25 parts)

wwwww SHANRNANRARRRERAY ISR RAAEBEEBRRIRIBEEHORAES3E53800 8888 88RERBREZE
]
Sensor
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round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of total friction p,,

. . . |
1. + 5. tightening, M10 - 200 rpm all available results without filters!

0,20 Il. tighteningHutotHS. tighteningl

0,16

o
~

=

N

o
~

[=]

[}

coefficient of total friction p,,
(min / mean / maxof 25 parts)

0,04

0,00
! HNme e BN NANERRERRAY T ERAAEEEEERRIEFRAIYERREE3E23805338E88¢8

Sensor
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round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,

all available results without filters!

1. + 5. tightening, M10 - 200 rpm
0,20 1. tightening m 5. tightening

0,16

0,12 l] ﬂ “ |
'\I ‘Hl ! III ll"'““l HIl\ ‘|"|| I|| II ||'| H‘I i III |||

coefficient of friction between bearing surfaces p,,
(min / mean / maxof 25 parts)

0,04

0,00

“Nms RN N A RAARRERERRAY S

46
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Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.
coefficient of friction between threads p,, . . .
. . all available results without filters!

1. + 5. tightening, M10 - 200 rpm

0,20 Il. tightening H_uth H 5. tightening }

0,16
=
4
m
m —
§ Eo,lz H N ‘ H
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= H II
= E
S~
= £
G 0,08 N
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i et
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0,04

0,00
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of total friction . . .
Heot all available results without filters!
changes, M10 - 200 rpm
0,04 change 1. tightening / 5. tightening
0,03
0,02

o
-

o

=

o
-
-

coefficient of total friction i,
(min / mean/ maxof 25 parts)
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces . . .
& Mo all available results without filters!
changes, M10 - 200 rpm
0,04 change 1. tightening / 5. tightening
0,03

o
-

o

]

o
-

o

=

[=]

o
-

o

=

A i i HH i )

-0,02 i

coefficient of friction between bearing surfaces p,,
(min { mean/ maxof 25 parts)
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

fficient of friction bet thread . . .
coetticient of friction beEtween threads He all available results without filters!
changes, M10 - 200 rpm

0,04 change 1. tightening / 5. tightening

0,02

0,01

—
—

J
—
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o
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—T1—nM

(min / mean/ maxof 25 parts)
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coefficient of friction between threads p,,
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of total friction p,,
comparison tightening 1- / 2-steps

020 200 rpm

measured values < lower limit of calibration range (10 % of max. value)
not included in evaluation!

0,16

e
- Ty
c =
o 4]
g o012 3s
B x+VDA/3
= 5 I
T x x+VDA/6
E = mean
e
S § x-VDA/E
[= ! i
£ i
£ 0,08VPAB 3s
E £ £
v E
=
[§)

0,04

Incorrect measurement, not included in evaluation!
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Sensor
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,
comparison tightening 1- / 2-steps

0,20

measured values < lower limit of calibration range (10 % of max.
value) notincluded in evaluation!

0,16

X+3s

0,12
x+VDA/3

x+VDA/6

{min / mean/ maxof 25 parts)

coefficient of friction between bearing surfaces p,

0,04

Incorrect measurement, not included in evaluation!
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,
comparison tightening 1- / 2-steps

0,20

measured values < lower limit of calibration range (10 % of max.
value) notincluded in evaluation!

0,16

x+VDA/3

x+VDA/[6 | |
0,12 | | L 4 IHOn 1na I e nm H AR

coefficient of friction between threads p,,
{min / mean/ maxof 25 parts)

0,04

Incorrect measurement, not included in evaluation!
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round robin test 2023 coefficient of friction

final evaluation

D

DEUTSCHER SCHRAUBENVERBAND E.V.

stop point
with 2steps-tightening

2x uniform values, 9x no mode of drive

69 sensors, 11x no data (stop point)

32

I 1. tightening

—| matar||—| 5. tightening

31
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| 1. tightening

|shaftl |5. tightening
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round robin test 2023 coefficient of friction @

fin al evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

stop point 69 sensors, 11x no data (stop point)
with 2steps-tightening 2x uniform values, 9x no mode of drive

D

DEUTSCHER SCHRAUBENVERBAND E.V.

program Of fi rst tightening Step to the test stand must meet the boundary conditions
. of DIN EN 150 16047.
0,3x0,8 x F, =11,5 kN (documentation of F ., ,ca !). | =ecpoints-points orihis fow char
- - - - use of new test and reference parts.
tlghtenlng WIth n= 200 rpm an angle of min. 720° or 2 x P as distance from
the test part to the bearing surface is required so
that the spindle has sufficient time to accelerate.

~__ tr ef?.".:iff??ri?s_.____: — untightsn for st lesst 720° ‘ 5. load at the shift point is programmed to 30 % of
B T the maximum force of 0.8 x FP (11.5 kN).The
7 actuallv achieved max. force value of the fast
program of first tightening step to 0,3 x 0,8 X F, 3 : H
TZi15kN [qg_c_qme,\tiim O Fovvae v ] " pretightening must be documented

v

_‘”‘i“’"f”"h":m+ 6. simulation of the static friction at the transition of
b the tightening steps by a short break (1 s). The

R e e 2l 2 el e I D tightening torque must be relieved to zero during

~——_unioaded? e | in the parameterization the break.
> hldng e, : the maximum force of 0.8 x FP (11.5 kN).The

| m¢1 5. load at the shift point is programmed to 30 % of
untighten for ?ZOLI\::‘tr;pD:JIZO rpm .
= actually achieved max. force value of the fast

] . .
| sore reorded date pretightening must be documented
Tor - = 5
_,_—F'—"_!'_Erqqi_re_nl_e[v_t_s:ﬁf“"—mh____\___ 10 ensured that the test piece has cooled down.
{i—-ﬁ._ multifnlﬁﬁshg';??_ening — Accordingly, a waiting time of 5 s is also required
=R here.
ne _______."—1‘-!_?'5_'_____ " 11. The determination of the friction coefficients is to
— %%iﬁ::ﬁ—i:s Tm— be carried out on 25 test parts.
no T feste whed? —— .
—~ Ii;s_ 12. Evaluation at 75% of the test force Fp (36.1 kN).
T end of test T 12
C s D, -




round robin test 2023 coefficient of friction

D

DEUTSCHER SCHRAUBENVERBAND E.V.

final evaluation

69 sensors, 11x no data (stop point)
with 2steps-tightening 2x uniform values, 9x no mode of drive
12;232 Switch point tggl DEZ?ifng thrzﬂaf ds clamp force ti%gtrizi:g h;;r:_lneg IE:EES Switch point
surfaces
Ting in Nm Pttt Br1 I4h1 Fsin kN Tsin Nm |Tesin Nm  |Tys in Nm
x x x
x x x X x x
31,55| 10,95 0,087 0,081 0,122 36,13 51,26 20,44 3[],83' 10,95
3[].55' 10,95 0,095 0,081 0,117 36,12 48,34 20,31 EE.UEI 10.95
EH.EEII 10,95 0,085 0,073 0,110 36,11 46,47 19.04 2?,43' 10,95
3[].38' 10,95 0,087 0,084 0,116 36,13 50,38 21,74 28,64 10,95
Standardised switching point, but no indication of the maximum preload force values.Value of
10.95 kN not comprehensible. Possibly selected in order to have actually switched at 11.5 kN?




round robin test 2023 coefficient of friction @

fin al evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

stop point 69 sensors, 11x no data (stop point)
with 2steps-tightening 2x uniform values, 9x no mode of drive
Type of machine: Kastler

Dirive unit: 200 rpm

Date of last calibration: |01.06.2023

Term ‘drive’ not clear? The max. speed or sensor capacity is often mentioned.




round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range clamp force F

M24 min-value = 0: increase to 10% of the max-value!

1000 lower limit calibration range clamp force "F" = 10% of Fmax

900

800

700 —

600 —

500 — — — — —

(range / meanvalues of 20 parts)

300 | — — — 11— —

calibrated range of clamp force Fin kN

200

100 L o L L

136
140
146
156
163
174
175
178
181-1
186

ﬁ -
Sensor




round robin test 2023 coefficient of friction @

ﬁ Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range tightening torque T

min-value = 0: increase to 10% of the max-value!

M24

5000 lower limit calibration range tightening torque "T" = 10% of Tmax

4500

4000 —

3500

3000

2500

2000 — — — — — —

calibrated range of tightening torque T in Nm
(range / meanvalues of 20 parts)

1500

1000 —

500 — —




round robin test 2023 coefficient of friction @

fl Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range bearing torque T,

M24 min-value = 0: increase to 10% of the max-value!

4000 lower limit calibration range bearing torque "Th" = 10% of Tbmax

3750

3500

3250

3000

2750

2500

2250

2000 — — — —

1750

1500

(range/ meanvalues of 20 parts)

1250

1000

750

calibrated range of torque in the bearing surface T, in Nm

500 —

250 o o |o e} o

lo
0
d

lo

1
13
22
28
3
a0
a4
75
81
96

103
107
= 113
122
136
140
146
156
163
174
175
178
181-1
186




round robin test 2023 coefficient of friction @

fl Na | eva | uation DEUTSCHER SCHRAUBENVERBAND E.V.

calibrated range thread torque T . .
th min-value = 0: increase to 10% of the max-value!
M24
2000 lower limit calibration range thread torque "Tth" = 10% of Tthmax
1750
E
2 1500
£
=
T —
o
£ w1250
RS
L e
= O
£ §
o =
5 w1000 — _— — — " — ] ] ]
gz
28
5 E
Q w
& 2 750
P
==
2
o
£
= 500 [ — — —
m
(%]
o ol |© o o o o °l lo ©
o o) o| i©
250
0 — - ~ -
a A B R B = R = 8 g 3 g 8 8 g - g & 8 g2 g
Sensor A




round robin test 2023 coefficient of friction

final evaluation

D

DEUTSCHER SCHRAUBENVERBAND E.V.

0,16

0,12

*+VDA/3
I

_h_

|1

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

x-l-IVDAISIJ -
-

I

I
x-VDA/3

coefficient of total friction p;
(min / mean/ maxof 20 parts)

0,04

0,00

L) o
- o

O'GSx-VDNSF——-!-——‘———(-——-l-——.——-l--——i———!———:.-;-

30
75

m ~ m
o -

122

136
140
146

(=]
§enso?

156
163
174
175

178
186

181-1

15.10.2024

Deutscher Schraubenverband e.V.
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round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

measured values < lower limit of calibration range (10% of max. value)
not included in evaluation!

k]
S
e s
8 o
Eg
“‘-‘—
= o
m X
bl T
9.
S~
B c
‘ES
o E
g
= c
% E
g =
(%]

Incorrect measurement, not included in evaluation!

15.10.2024 Deutscher Schraubenverband e.V.




round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between bearing surfaces p,,

M24

measured values < lower limit of calibration range (% of max. value)
not included in evaluation!

0,16

XA/ |:|'L|B:H} H ‘ 1 | Ell_
| T H . '

0,08 il
*-VDA/6 I ] E

LLL ]

(min / mean/ maxvon 20 Teilen)

0,04

coefficient of friction between bearing surfaces p,,

Incorrect measurement, not included in evaluation!

- a a & a g 3 2 a8 & 2

0,00

~

13
122

136
140
146
156
163
174
175
178
181-1
186

3 Ll
Sensor

15.10.2024 Deutscher Schraubenverband e.V. 69



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

0,20 measured values < lower limit of calibration range (% of max. value)
not included in evaluation!

0,16
£
=
1%
5}
(=]
o
g =
=
©w
o S
£ 2 012
= o
g [
2 &
g S
g s
23
@ E
£ ~
c =
S § o08
g E
_— =
= c
5 E
=l
c
2
i
&=
7}
S 0,04

0,00

- a & & a g 3 R b= a S S a a - E = A 2 = R 2 oy 2
- o o - =1 - - - = 2 - - E - - g =1
Sensor E]

15.10.2024 Deutscher Schraubenverband e.V. 70



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

coefficient of friction between threads p,,

M24

measured values < lower limit of calibration range (% of max. value)
not included in evaluation!

0,16

X+VDA/6 |

L |
8

0,08

x-VDAf6 ] I

coefficient of friction between threads p,
(min / mean / max of 20 parts)

0,04

0,00
’ - o ol -] [=] (7.1 - {r-] o ~ o o -] (=] o r- m = w L] - <O
- =l - - Ll - - - - Ll 0 -
Sensor e

15.10.2024 Deutscher Schraubenverband e.V. 71



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

0,20 measured values < lower limit of calibration range (% of max. value)
not included in evaluation!

0,16

0,08

coefficient of friction between threads p,
(min / mean / max of 20 parts)

0,04
0,00
’ - o ol -] [=] (7.1 - {r-] o ~ o o -] (=] o r- m = w L] - <O
- =l - - Ll - - - - Ll 0 -
Sensor e

15.10.2024 Deutscher Schraubenverband e.V. 72



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

sensor xy Q-class: C...

0,16

c 2

83 012

gz

il

S 3

o £ x+VDA/3

o~

,g s X+VDA/6 |

1) _._

N —0—— _____41 L ___[™1_____1  hEeeeeeteoeqo—--. mean

g ~ R e I IR [ —O—

o E 0,08 L . voase : | T
x-VDA/3

0,04

0,00
Htot pb pth

15.10.2024 Deutscher Schraubenverband e.V. 73



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.

sensor xy

0,16

0,12

coefficients of friction
{min/ mean/ maxof xy parts)

0,04

0,00

Htot pb uth

15.10.2024 Deutscher Schraubenverband e.V. 74



round robin test 2023 coefficient of friction

DEUTSCHER SCHRAUBENVERBAND E.V.

final evaluation

pb pth overall

ptot

M24

w
=
=]
“
c
Q
“
[=2]
o

pb pth overall

ptot

M10/200 rpm

all sensors

17 sensors

pb uth overall

ptot

M10-20 rpm

66 sensors

pb pth overall

ptot

Mé

=X =X R R S S S R
=) =) o =) =) =) =) o
S - @ ™~ © [ < N

sasse[d A)jenb o} synsaJ Jo Juawusisse

20%

10%

0%

Cl mc2

mCo

75

Deutscher Schraubenverband e.V.

15.10.2024



round robin test 2023 coefficient of friction @

final evaluation DEUTSCHER SCHRAUBENVERBAND E.V.
. without n.i.O. calibration range
percentage of quality classes . .
without incorrect measurement
sensors filtered
100%
e 4% | | 6% : o M ;
1 8% 1 9% 1 !
16% | | 15% ' L !
90% 15% | 23% 21% il :
' B 17% : 28% ' 3% 135% 3%
80% : ; 1133% ' a1%
- . | 27% . !
Q 1 1 1 1
m 1 1 1 |
8 70% i i i i
o 1 1 1 1
Z | i | i
S 60% ! ! : |
ta 1 1 1 1
o 1 1 1 1
8 | | | !
L 5oy . ! : |
2 96% : i | :
E 1 1 1 1
e ! ! B5% ! !
_S 40% s 80% 7% 79% i S i i
5 ] o 75% ] ] ]
| - | 70% | |
£ [ | | 64% ' g3 | (OF |65% | gaz|
& A0 | | : | [59%
= | | : |
20% i i : i
10% 1 ' ' ;
pfofofoflcfofoiollcfojcollo oo o
U% 1 1 1 1
ptot ub uth overall | ptot ub pth overall | ptot ub pth overall | ptot ub pth overall
M6 M10-20 rpm M10/200 rpm M24
co c2
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