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About the test method

The basic principle of the double flank tests is based on the fact that a test specimen with a theoretically faultless 
mating gear (master gear) rolls backlash-free under the influence of a force acting in the direction of the centre distan-
ce (measuring force). Under the influence of the measuring force, a right and a left flank always remain in mesh: the 
two-flank contact. The testing device is designed in such a way that one axis of rotation is fixed and one axis of rotation 
is variably mounted (= measuring slide). The measuring slide movements or the changes of the centre distance „a“ are 
measured during one rotation of the gear to be measured (test specimen). The basic characteristic values „Fi“, „fi“ and 
„Fr“, which are typical for the double flank test, are determined here and serve as the basis for assessing the gearing 
with regard to the production-related faults.

Fundamentals of the double flank test:

Δa

What we can offer you: 

Client-specific design:
Optimal adaptation to your
demands

Suitable for manufacturing:
Highest precision under
toughest conditions

Sophisticated know-how
Special calibration artefacts,
low-wear construction,
temperature compensation

Own software:
Fast support for questions
and problems

Service:
Carried out by FRENCO
specialists

Retrofit:
Mechanical and
electronic upgrade of
older devices
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Applications

 Spur gears  Helical gears

 Oil pump gear Worms

   The double flank test is a fast and simple functional test method for gears.

The basic characteristic of the double flank test is to evaluate all occurring centre distance fluctuations or centre 
distance changes „Δa“ during one test piece rotation as a total error. The the double flank test is therefore a classic 
sum error test. 
Sum error testing means, on the one hand, that the measurement result is composed of the sum of the errors 
of the two gears to be rolled off (all determined errors, also the errors of the master gear existing in practice, are 
assigned to the test piece) and, on the other hand, of the sum of all individual errors of both flanks together (dou-
ble flank contact!), which occur on both gears to be rolled off, such as concentricity errors, pitch errors, flank line 
errors, etc. The result of the measurement is also determined by the sum of the errors of the two gears to be rolled 
off. 
Conclusions as to which error is caused by which gear or which part is caused by which individual error cannot 
usually be drawn! 
The double flank test is a functional test that approximately reflects the later fitting situation and therefore tests the 
later mounted condition very practically.
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Product range
The right instrument for every application.

ZWP 06 ZWP 14/14M/24M

ZWP 28

ZWP 30

Automatable devices

For small internal and external toothed spur gears, 
worm gears and worms

For externally toothed spur gears, worm gears
and worms

For internal and external spur gears,
worm wheels and worms | Measuring room suitable

For internal and external toothed gears | Peumatic 
measuring slide - flexible for conversion to other
centre distances | PROFINET interface

For large and heavy internally 
and externally toothed
spur gears, shafts
and worms
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Product range
The technical data in comparison.

ZWP 06 ZWP 14  
(24 M/MP)* ZWP  28 ZWP 30

single end between 
tips single end between 

tips single end between 
tips

single 
end

between 
tips

Range of centre 
distance  

(depending on 
version)

12 – 85 
mm

12 – 85 
mm

50 – 320 
(50 – 390)* 

mm

50 – 150 
(50-220)* 

mm

38  – 128 
mm

38  – 128 
mm

62 – 360 
mm

62 - 360 
mm

Minimum centre 
distance (special 
fixtures reguired)

10 mm 10 mm 20 mm 20 mm 20 mm 20 mm - -

Max. diameter of 
specimen 80 mm 80 mm 400 mm 160 mm 180 mm* 180 mm* 460 

mm* 460 mm*

Centre height size 
with steady centre 

attachment
- 40  - 100 

mm -
0  - 370 

(0  - 420)* 
mm

- 0  - 360 
mm* - 190  - 790 

mm*

Range for height 
adjustable single end 

mounting
• on request • •

2nd steady centre 
attachment - ο ο ο

Adjustment of 
measuring force 0  - 5 N

3  - 30 N  
(adjustable by cylinder 

MP)*
2,5  - 19 N adjustable by 

cylinder

Glass scale ο - ο ο

Sensor for corrections 
of deviations of  

master gears
on request ο - on request

Range of application small workpieces and 
plastic gears

large workpieces; 
robust for shop floor 

use

medium-sized work-
pieces; suitable 
for inspection 
laboratories

large wheels, worms 
and shafts, designed 

for heavy weights

Motor drive • ο • •

    • standard  ο optional

*The specified technical data are standard values an can be adjusted on request to customer wishes.

5



Model ZWP 06
Specialist for small and high precision gears

The double flank tester is specially designed for small 
high-precision gears. It is also suitable for plastic gears. 
The measuring force can be lowered to 0 N.

The sophisticated design is extraordinarily precise and 
sensitive. The measuring carriage is supported free from 
backlash on four leaf springs. This so-called parallelo-
gram suspension is very sensitive and registers even the 
smallest change in centre distance.

The measurement process is motor driven by default. 
We recommend the FRENCO Software ‘FGI pro’ for the 
evaluation. This will enable you to control the quality of 
your workpieces easily, efficiently and reliably.
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Gear + Spline Technology
Jakob-Baier-Str. 3  •  D  - 90518 Altdorf 

www.frenco.com

Technical Data
Centre distance
with special mounting

12 - 85 mm
≥ 10 mm

Max. specimen diameter 80 mm

Height adjustable yes

Steady centre attachment on both sides no

Measuring force setting 0  - 5N
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Accessories 

Pin arbor  
atacchment 

steady centre attachment 

centre fixture 

s = 40 - 100 mm 
a = 40 mm 

Pin 
d = 0,6 - 8 mm 

s =15 - 50 mm 
a = 20 mm 

fixture for worms, 
fixture between tips 

d = 8 mm 
e = 60 mm 

fixture for internal gears 
and splines 

s = 15 - 50 mm 
a = 16 mm 

a s 

a 

s d 

e 

 

a 
s 

For small centre distances: 

Accessories
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Modell ZWP 14 / 24 
Simple, robust, designed for shop-floor use

The variants of the ZWP 14/24 are robust double flank inspec-
tion machines and are therefore particularly suitable for use on 
the shop-floor. They differ in the composition and length of the 
machine base. The construction of the measuring slide and the 
mounting of the fixtures in the device bed slot are the same for 
all variants 

The device can be operated manually as well as by motor. There 
are two possibilities for motor operation: The in-house measuring 
electronics MEG32 with extensive software evaluation FGI pro or 
the operation with a simple motor control. The measurement re-
sults are displayed either on a fine pointer or a digital dial gauge.

As an alternative to the cast version of the ZWP 14, it is also availa-
ble in a modular design as the ZWP 14M and in a longer, modular 
design as the ZWP 24M. The device can also be equipped with 
a pneumatically controlled measuring slide as ZWP 24MP. The 
modular design as well as a wide range of accessories allow an 
individual adaptation to your needs. Individual solutions for your 
measuring tasks are also possible.

Technical Data
ZWP 14 ZWP 24 M/MP

Centre distance
with special mounting

50 - 320 mm
≥ 20 mm

50 - 390 mm
≥ 20 mm

Max. specimen diameter 400 mm 400 mm

Height adjustable on request on request

Steady centre attach-
ment on both sides

optional optional

Measuring force setting 3 - 30N
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Accessories 
steady centre 

attachment small 
sMAX = 370 mm 
a = 82 mm 

a = 80 mm 

sMAX = 420 mm 
a = 160 mm 

a = 80 mm 

steady centre 
attachment large 

a 
s 

a 
s 

Adapter for small centre distances: 
centre fixture 

 sMAX = 140 mm 
a = 46 mm 

a = 45 mm 

Fixture for worms, 
mounting between tips 

Fixture for worms, 
mounting trough prisms 

(bearing seat as reference)  
 sMAX = 150 mm  w = ±45° 

a = 40 mm 

a = 40 mm 

sMAX = 250 mm 
a = 40 mm  

a = 40 mm 
s 

a w a 

s 

Adapter for small centre distances: 
Pin arbor attachment 

pin 
d = 1-16 mm 

Fixture for worms, height adjustable 
through crank handle, fixed version 

Fine adjustment 
 

pin 
d = 4-22 mm 

St
ro
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 m
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Adjustable 
quill 
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ZWP 24M

ZWP for internal gears
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There are 2 options here:
The MEG32 measuring electronic runs with the FGI pro 
evaluation software (for details see page 16/17). This is 
our comfortable package with large evaluation options. 
A high-quality slot PC can be built into the MEG32 elec-
tronics or an external PC can be connected.

The other option is the FRENCO Motion Control. It has 
the functions: Motor start / stop, direction change, 
speed control knob and emergency stop switch.

In combination with a digital dial gauge with MAX-MIN 
function, the double flank gear rolling error Fi‘‘ can be 
determined. The dial gauge should have a fast mode 
that can record at least 50 measured values per second.

The drive control can also be integrated into the front 
panelof the inspection machine.

FRENCO drive control

Automatable devices

ZWP 14 A

The ZWP14A is an automatable double flank gear roll 
inspection instrument. The measuring slide moves 
pneumatically forwards and backwards. There is one 
variant for internal and one variant for external gearing.

The device can be connected to the handling system via 
I/O ports or Profinet® (Profibus®).
Communication via I/O ports is a simplified solution. 
Here, the ZWP 14A is connected directly to the hand-
ling system via 16 digital input-output ports. In this case, 
communication is limited to what is absolutely necessa-
ry. The feedback after the measurement is reduced, for 
example, to whether the measured part is within (OK) or 
outside (NO) the tolerance or intervention limits.

If the connection is done via Profinet®, the Inspection 
Task Manager (ITM) is used as FRENCO‘s own inter-
face between ‚FGI pro‘ and Profinet®. The ITM controls 
‚FGI pro‘ on the one hand and communicates with the 
handling system on the other. For example, it transfers 
the current status of the measuring instrument (ready, 
loaded, empty, finished), the individual measurement 
results and the inspection plan name to the handling 
system.

Frenco measuring electronics MEG32 for control 
and evaluation
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ZWP 28
Robust design with granite machine base for highest accuracy

The high-quality ZWP 28 is characterized by an extremely stable 
construction and thus enables measurements of highest accuracy.  
The setting value of the axis distance is kept by a scale, even if the 
carriage is moved.  An exact height adjustment at the steady centre
attachment is done by cranks. The very flexible construction makes 
adjustments as well as the assembly of many accessories possible 
without any problems. Optionally, the ZWP 28 is also available in a flying 
version - i.e. without accessories for the upper tip. 

Technical Data
Centre distance
with special mounting

38  - 128 mm 
≥ 20 mm

Max. specimen diameter 180 mm

Height adjustable yes

Steady centre attachment on 
both sides

optional

Measuring force setting 2,5 -19 N
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ZWP 28
Robust design with granite machine base for highest accuracy

The high-quality ZWP 28 is characterized by an extremely stable 
construction and thus enables measurements of highest accuracy.  
The setting value of the axis distance is kept by a scale, even if the 
carriage is moved.  An exact height adjustment at the steady centre
attachment is done by cranks. The very flexible construction makes 
adjustments as well as the assembly of many accessories possible 
without any problems. Optionally, the ZWP 28 is also available in a flying 
version - i.e. without accessories for the upper tip. 

Technical Data
Centre distance
with special mounting

38  - 128 mm 
≥ 20 mm

Max. specimen diameter 180 mm

Height adjustable yes

Steady centre attachment on 
both sides

optional

Measuring force setting 2,5 -19 N

Optionales Zubehör
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Accessories 
steady centre attachment 

sMAX = 370 mm 
a= 82 mm 

a = 80 mm 

a 
s 

Adapter for small centre distances: 
centre fixture 

 

Fixture for worms, 
Mounting between tips 

sMAX = 150 mm  w = ±45° 
a = 40 mm 

a = 40 mm 

Adapter for small centre distances: 
Pin arbour attachment 

pin 
eMIN = 16 mm 

pin 
eMIN = 22 mm 

Mounting for internal gear 
inspection, for mounting  

of master gear 
 

Fixture for worms, 
mounting trough prisms 

(bearing seat as reference) 

sMAX = 250 mm 
a= 40 mm 

a = 40 mm s 

a w 
a 

s 

Fixture for worms, height adjustable 
through crank handle, fixed version 
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sMAX = 140 mm 
a= 46 mm 

a = 45 mm 
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ZWP 30
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Our Specialist for large Gears, Shafts and Worms

Workpieces:  Gears with borehole, shafts between tips

Characteristics: Composite deviations of double flank gear rolling
 inspection, centre distance

Measuring time: 10 to 20 sec.

Accuracy: Minimum tolerance of workpiece Tmin ≥ 10 µm,
 determined by method 2 made with master pieces.

Solution: • large machine with steady centre attachment
 • compact frame incl. electronics and PC
 • linear scale within the whole measurement range

Software: • user-friendly software FGIpro
 • graphical display of values 
 • extensive options, data export, various languages

Features: • high precise granite base
 • ergonomic arrangement of controls
 • height widely adjustable, 30 mm opening path

Options: Fixture for worms

Technical Data
Centre distance 70 – 330 mm

Max. diameter of specimen 500 mm

Centre height size with
steady centre attachment

160 – 750 mm

Adjustment of measuring force 4 - 40 N, adjustable by cylinder

Length x width x height 1185 mm x 620 mm x 2010 mm

Weight 770 kg
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FGIpro

FRENCO - Software for Gear Evaluation on Double Flank Tester

FGI pro includes both, the control of the drive 
via MEG32 and the evaluation software. The 
software is in-house developed and program-
med by FRENCO specialists. This enables us to 
offer you the best possible support.

The software determines the following 
values:

●  total radial composite deviation Fi“
●  tooth-to-tooth radial composite deviation fi“
● runout deviation by composite test Fr“
● short-wave component fk“

and after center distance adjustment:

● centre distance Cd“
● dimension over balls Dob“
● tooth thickness Sn" and span size Wk"

The roll scan curve can also be subjected to 
an FFT analysis. The amplitude spectrum for 
rough estimation of noise development is de-
termined this way.

● Colour coding and tolerance bar for fast o.k. / n.o.k. evaluation
● Easy input and modification of test option
● Automatic positioning on damages after measurement
   (Features selectable)
● Flexible language selection (German, English, French, Polish, 
    Portuguese, Hungarian, Chinese)
● Different program and output languages (Unicode support)
● Archiving function saves all measurements
● Central statistical evaluation through interfaces fast and easy 
    realizable (qs-STAT ®and ASCII interface)
● Integrated user administration with user groups
● Customer-specific expansion options
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If the actual centre distance is to be measured, it is necessary to calibrate the machine with known centre distances. The ea-
siest way to do that is by using shafts, discs and gauge blocks. Please note that the measurement uncertainty increases when 
tolerances (e.g. of the bore of the workpiece) are large. In this case, the actual dimension of the bore can be measured (see 
page 19). A toothed version is also available for automation.

Kennwerte 

Zweiflanken-Wälzabweichung Fi“ 

Fi“ ist die Schwankung des 
Wälzachsabstandes a, das heißt, Fi“ 
ist die Differenz zwischen dem 
größten und dem kleinsten 
Achsabstand a bei einer 
Prüflingsumdrehung 
(DIN 21772/3963). 

Zweiflanken-Wälzsprung fi“ 

fi“ ist der größte Unterschied 
des Wälzachsabstandes a, der 
innerhalb der Dauer eines 
Zahneingriffes 
entsprechenden Drehwinkels 
auftritt (DIN 21772/3963). 

Rundlaufabweichung Fr“ 

Fr“ ist der langwellige Anteil 
der Zweiflanken-
Wälzabweichung. Man erhält 
ihn durch Einzeichnen des 
ausmittelnden Linienzuges, 
bei dem die kurzwelligen 
Anteile unterdrückt werden. 
Die Rundlaufabweichung Fr“ 
ist folglich der Abstand 
zwischen dem höchsten und 
tiefsten Punkt des 
ausmittelnden Linienzuges 
(DIN 21772/3963). 

Indirekte Ermittlung von Zweikugelmaß und Zahndicke 

Soll das Istmaß des Achsabstandes bei der Zweiflankenwälzprüfung mit gemessen werden, so ist es 
notwendig, das Gerät mit bekannten Abständen einzustellen. Dies ist mit Wellen, Scheiben und 
Endmaßen am einfachsten möglich. Es ist darauf hinzuweisen, dass sich bei großen Toleranzen, z. B. der 
Bohrung, die Messunsicherheit erhöht. 

Einstellmeister Welle - 
Endmaß - Welle 

Einstellmeister mit 
Wellenscheiben 

Einstellmeister  
Scheibe - Scheibe 

Einstellmeister 
 Welle - Scheibe 
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Setting master shaft - 
gauge block - shaft

Setting master
disc - disc

Setting master
shaft - disc

Setting master with 
discs on shafts

Indirect determining of dimension over two balls, span size and tooth thickness

FGIpro

FRENCO - Software for Gear Evaluation on Double Flank Tester

FGI pro includes both, the control of the drive 
via MEG32 and the evaluation software. The 
software is in-house developed and program-
med by FRENCO specialists. This enables us to 
offer you the best possible support.

The software determines the following 
values:

●  total radial composite deviation Fi“
●  tooth-to-tooth radial composite deviation fi“
● runout deviation by composite test Fr“
● short-wave component fk“

and after center distance adjustment:

● centre distance Cd“
● dimension over balls Dob“
● tooth thickness Sn" and span size Wk"

The roll scan curve can also be subjected to 
an FFT analysis. The amplitude spectrum for 
rough estimation of noise development is de-
termined this way.

● Colour coding and tolerance bar for fast o.k. / n.o.k. evaluation
● Easy input and modification of test option
● Automatic positioning on damages after measurement
   (Features selectable)
● Flexible language selection (German, English, French, Polish, 
    Portuguese, Hungarian, Chinese)
● Different program and output languages (Unicode support)
● Archiving function saves all measurements
● Central statistical evaluation through interfaces fast and easy 
    realizable (qs-STAT ®and ASCII interface)
● Integrated user administration with user groups
● Customer-specific expansion options
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Parameters

Radial composite error Fi“

Fi“ is the fluctuation of the centre distance Cd“, i. e., Fi“ is 
the difference between the largest and the smallest cent-
re distance Cd“ during one rotation of the inspected gear 
(DIN 21772/3963).

Radial tooth-to-tooth composite error fi“

fi“ is the largest difference between the centre distan-
ce Cd“, which occurs at an angle of rotation correspon-
ding to the duration of engagement of one tooth (DIN 
21772/3963.

Radial run-out Fr“

Fr“ is the long wave-length component of the radial -com-
posite deviation. It is obtained by adding the mean line to 
the inspection graph of the double flank -measurement, 
in which the short wave-length components are sup-
pressed. The radial run-out Fr“ is therefore the distance 
between the highest and lowest point of the ‘mean line’ 
(DIN 21772/3963).

Records
A log file is created for each measurement; this file contains 
all inspection plan data and all of the raw data. It is therefore 
possible to re-evaluate the entire measurement at any time 
and to graphically display the results. Each inspection record 
can also be printed out.
It is also possible to combine several measurements and 
print a summary.

The letter symbols of the features include the two additional quotation marks “ (Fi“, fi“, Fr“, Cd“, …) so that they can be 
easily distinguished from other measurement techniques.

Data export
The FGIpro software exports all calculated features in the 
qs-STAT® ASCII transfer format2. The configuration of the 
K fields is achieved via a modifiable definition file. 
The measurement values and results can also be saved to 
normal text files or Excel® spreadsheets. Sample files and 
placeholders can be used to detail the layout of these 
files.
Additional export formats on request.
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Calculating the Dimension over Balls DOB“

For the double flank gear test, the va-
riations in centre distance during one 
full rotation are detected and displayed 
as a roll curve.

The roll curve comes up to the radial 
changing of the specimen compared to 
a master gear, almost free from errors. 
Adjusting the gear tester with known 
centre distances (setting masters) the 
absolute value is known and can be 
converted to the radial ball dimension 
of the specimen.

To receive an estimate of the dimen-
sion over balls DOB” all opposed radial 
ball dimensions  MrK” (+180° at even 
number of teeth) are added.

Similar to a real measurement, an ec-
centricity does not affect this value.
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(At odd number of teeth: +180° + π/z)

Roll curve

D
im

en
si

on
 o

ve
r B

al
ls

 D
O

B"

180°0°
Wheel rotation

90°

DOB"-curve

DOB"(z) = MrK"i + MrK"i+180° DOB"(1) = MrK"0° + MrK"180°

in example:

DOB"(1)

 

+1
80

°

Mrk"0°

Mrk"180°

• Consideration of even/odd number of teeth
• Independence of eccentricity 
• Determination of the bore diameter

FRENCO-procedure for a reliable DOB“-Calculation at a glance:
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Optimisation by determining 
the bore diameter

Size inspection of the workpiece bore

For larger tolerances in the mounting bore of the work-
piece, the actual dimension of the bore should be recor-
ded and used for the respective calculation of the centre 
distance. This considerably increases the accuracy of the 
calculated values for dimension over two balls, span size 
and tooth thickness.
The actual dimension of the bore can be measured e.g. 
with a bore measuring mandrel (air or tactile), which is 
already integrated in the mandrel of the workpiece.
Alternatively, the actual measurement can also be ent-
ered manually before the measurement if the value is 
recorded externally.

Nozzle boring mandrel - here designed as workpiece 
holding mandrel

To provide best possible estimates of the dimension over 
balls, the bore diameter is required. It has an immediate 
effect on the dimension calculated from the centre dis-
tance.

When the bore diameter is too large the measuring force 
pushes the arbor against the side of the master gear and 
the absolute dimension will be incorrect.
 

Only if the bore diameter is known,  - including the  
diameter of the arbor - the offset can be calculated and 
compensated by the software.

 

a

a

Master gearSpecimen

Bore
Arbor

Measuring force

a

d
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Correction of Deviations of Master Gears
Used to reduce the measurement uncertainty.

Master gears are manufactured with 
the same precision as gauges, they 
are high-precision items. However 
small form variations cannot be avoi-
ded. Especially the runout deviation 
causes a deviation in the double flank 
gear roll inspection which cannot be 
disregarded. The actual runout de-
viation of the master gear is consi-
dered in the measuring uncertainty 
with twice its value, because the 
deviations of the master gear and the 
workpiece superimpose each other 
positively or negatively depending on 
the angular position.
If the runout deviation of the master 
gear is 0.006 mm, the measuring 
uncertainty increases by 0.012 mm.
This influence can be minimized by 
an increased accuracy of the master 
gear (e.g. using quality A according 
to the DIN 3970 (FRENCO QF)). By 
applying the correction of deviations 
of master gears this influence can be 
nearly completely avoided.
 
Correction of deviations of master 
gears:

The master gear or the driver has got 
a marking for the angular position 
which is read by a sensor. With a 
check master fitting to the master 
gear (number of teeth of the check 
master and number of teeth of the 
specimen must not have a common 
divisor) a correction run with multip-
le rotations is carried out. During this 
process the correction values are cal-
culated and saved in the measuring 
electronic. With these calculated va-
lues the following measuring results 
are fully automatically corrected.  
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Correction of Deviations of Master Gears 
Master gears are manufactured with 
the same precision as gauges, they 
are high-precision items. However 
small form variations cannot be 
avoided. Especially the runout devi-
ation causes a deviation in the dou-
ble flank gear roll inspection which 
cannot be disregarded. The actual 
runout deviation of the master gear 
is considered in the measuring un-
certainty with twice its value, be-
cause the deviations of the master 
gear and the workpiece superim-
pose each other positively or nega-
tively depending on the angular 
position. 

If the runout deviation of the master 
gear is 0.006 mm, the measuring 
uncertainty increases by 0.012 mm. 

This influence can be minimized by 
an increased accuracy of the master 
gear (e.g. using quality A according 
to the DIN 3970 (FRENCO QF)). By 
applying the correction of deviations 
of master gears this influence can be 
nearly completely avoided. 
 

Correction of deviations of master 
gears: 

The master gear or the driver has 
got a marking for the angular posi-
tion which is read by a sensor. With 
a check master fitting to the master 
gear (number of teeth of the check 
master and number of teeth of the 
specimen must not have a common 
divisor) a correction run with multi-
ple rotations is carried out. During 
this process the correction values 
are calculated and saved in the 
measuring electronic. With these 
calculated values the following 
measuring results are fully automat-
ically corrected. 
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Rundlauf Lehrzahnrad

Rundlauf Prüfling Rundlauf Prüfling

Rundlauf Lehrzahnrad

Zufälliges Zusammentreffen phasenverschoben Zufälliges Zusammentreffen phasengleich

runout  master gear runout  master gear 

runout  specimen runout  specimen 

coincidental concurrence out-of-phase coincidental concurrence in phase 
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FRENCO calibrates double flank tester with its own limit value calibration kit. For the parameters of the double flank 
testn Fi“, Fr“ and fi“ are non-traceable parameters, as there are no reference values of the PTB (Physikalisch Technische 
Bundesanstalt) for them. For this reason, FRENCO has developed its own toothed „ Artefact set“. Such a set consists of 
5 masters. During the acceptance, maintenance and service, a calibration certificate is issued with the deviations that 
have occurred, which is suitable as the basis for test equipment monitoring, audits and certifications.

Reference Master
● is used as reference master
● no modifications
● tooth 1 is marked
● Rolling off with the other four 
    masters

Fr“ - Calibration Master
● Has a runout modification
● leads to long-wave, sinusoidal
    Fr“ deviation

fi“ - Calibration Master
● Has a tooth thickness-
    modification
● leads to short-wave fi“
    deviation

Setting master Centre distance
● has a certain tooth thickness
● is used to calibrate the 
    centre distance

Control Master
● has a different tooth thickness than the 
    Setting master Centre distance
● vspecified nominal dimension that can be       
    used as a Actual dimension must be 
    displayed
● is used to verify linearityt

Grenzwertkalibriersatz 
Dient der Rückführung und Bestimmung der Messunsicherheiten. 

Komplette Kalibrierungen von Zweiflankenwälzprüfgeräten sind nur mit einem Grenzwertkalibriersatz 
möglich. Ein solcher Satz besteht aus 5 Meistern. Bei der Durchführung von Abnahme, Wartung und 
Service wird ein Kalibrierschein mit den aufgetretenen Abweichungen erstellt, der als Grundlage der 
Prüfmittelüberwachung, für Audits und Zertifizierungen geeignet ist. 

Bezugsmeister 
• dient als Referenzmeister
• keine Modifikationen
• Zahn 1 markiert
• Abwälzung mit den

anderen vier Meistern

Fr“ - Kalibriermeister 
• Besitzt eine

Rundlaufmodifikation
• führt zu langwelliger,

sinusartiger Fr“
Abweichung

fi“ - Kalibriermeister 
• Besitzt eine

Zahndickenmodifikation
• führt zu kurzwelliger fi“

Abweichung

Einstellmeister Achsabstand 
• hat eine bestimmte Zahndicke
• dient zum Einmessen des

Achsabstandes

Kontrollmeister 
• hat eine andere Zahndicke als der

Einstellmeister Achsabstand
• vorgegebenes Sollmaß, dass als

Istmaß angezeigt werden muss
• dient dem Nachweis der Linearität
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FRENCO Calibration Process
Used for traceability and determination of measurement uncertainties.
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Traceability

The Physikalisch-Technische Bundesanstalt (PTB) does not offer traceability for characteristic values of the double flank 
test. This means, Fi’’, fi’’, Fr’’ and fk’’ are not calibrated there.
FRENCO is probably the only company in the world that is able to calibrate the parameters Fi’’, fi’’, Fr’’ and fk’’ of  double 
flank testers and gears.

For this purpose, a limit value calibration set consisting of 5 masters was measured approx. 2000 times on 75 different 
double flank gear roll inspection machines from all over the world under calibration conditions.

Rückführung

2 

Messunsicherheit 

Die Physikalisch-Technische Bundesanstalt (PTB) bietet keine Rückführung für Kennwerte der 
Zweiflankenwälzprüfung an. Das heißt, Fi’’, fi’’, Fr’’ und fk’’ werden dort nicht kalibriert. 
FRENCO ist vermutlich weltweit als einziges Unternehmen in der Lage, die Kennwerte Fi’’, fi’’, Fr’’ und fk’’ 
von Zweiflankenwälzprüfgeräten und von Zahnrädern dennoch kalibrieren zu können. 

Dazu wurde ein Grenzwertkalibriersatz, bestehend aus 5 Meistern, auf 75 unterschiedlichen 
Zweiflankenwälzprüfgeräten aus aller Welt unter Kalibrierbedingungen ca. 2000 mal gemessen. 

5 
Meister 

75 
Geräte weltweit 

2000 
Messungen (ca.) 

Alle Messergebnisse wurden mit statistischen Methoden analysiert, Ausreißer eliminiert und schließlich 
Mittelwerte und Eingriffsgrenzen errechnet. Schließlich können daraus  die Kalibrierwerte Fi’’, fi’’, Fr’’, 
fk’’sowie die Messunsicherheit UFi’’, Ufi’’, UFr’’ und Ufk’’ errechnet werden. Mittlerweile existieren weltweit 
12 solcher Grenzwertkalibriersätze, davon 5 Stück mit unterschiedlichen Geometrien bei FRENCO. 

Kalibrierwerte und 
Messunsicherheiten 

Wozu wird das benötigt? 

 zur Kalibrierung der Zweiflankenwälzprüfgeräte
 zur Beurteilung der Zweiflankenwälzprüfung

 zum Bestimmen der Messunsicherheit
 zur Konformitätsbewertungen

Durch den Grenzwertkalibriersatz ist es möglich, die Messunsicherheit eines Zweiflankenwälzprüfgeräts zu 
ermitteln. Es wird das standardisierte Verfahren UMS nach VDA-5 angewendet. Zu Grunde gelegte 
Kennwerte und Toleranzen stimmen wir mit Ihnen ab. 

Direkt rückgeführt werden können die Kennwerte 
 Diametrales Zweikugelmaß
 Zahndicke
 Achsabstand

Die Unsicherheiten sind auf das Maß der PTB 
rückführbar. 

Indirekt rückgeführt werden die Kennwerte 
 Zweiflankenwälzabweichung Fi''
 Zweiflankenwälzsprung fi''
 Wälzrundlaufabweichung Fr''

Die Unsicherheiten sind auf stabile Mittelwerte 
sehr großer Stichproben bezogen. 

Durch Kenntnis der Messunsicherheit weiß der Prüfplaner, ob das Prüfmittel für die Messaufgabe 
verwendbar ist. QM-Systeme fordern die Ermittlung der Messunsicherheit. Dies ist bei Qualitätsaudits 
nachzuweisen. 

All measurement results were analysed using statistical methods, outliers eliminated and finally mean values and action 
limits calculated. Finally, the calibration values Fi’’, fi’’, Fr’’, fk’’as well as the measurement uncertainty UFi’’, Ufi’’, UFr’’ and 
Ufk’’  can be calculated from this. There are now 12 such limit value calibration sets worldwide, 5 of which have different 
geometries at FRENCO.

What‘s that needed for?
● for calibration of double flank tester
● for the evaluation of the double flank tester

● to determine the measurement uncertainty
● for conformity assessments

Measurement Uncertainty
The limit value calibration set makes it possible to determine the measurement uncertainty of a double flank tester. 
The standardized procedure UMS according to VDA-5 is applied. We coordinate the underlying characteristic values and 
tolerances with you.

The following characteristic values can be directly 
traced back
● Diametrical dimension over two balls
● Tooth thickness
● Centre distance
The uncertainties are traceable to PTB‘s measure-
ments.

Indirectly traceable can be the characteristic values
● Double flank rolling deviation Fi‘‘
● Double flank rolling tooth-to-tooth deviation fi‘‘
● Composite runout deviation Fr‘‘

The uncertainties are related to stable mean values of 
very large samples.

By knowing the measurement uncertainty, the test planner knows whether the test equipment can be used for the mea-
surement task. QM systems require the determination of the measurement uncertainty. This has to be proven during 
quality audits.

Masters Devices worldwide Measurements (approx.)
Calibration values and 

measurement
uncertainties
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Retrofit

FRENCO-Retrofitting for used Double Flank Gear Testers

FRENCO retrofits earlier double flank gear testers with the powerful 
MEG 32 measuring electronics and the FGI pro evaluation software. The 
retrofit is possible for all below mentioned machine types. No matter if 
they ran until now with pen recorder or earlier electronics.

For retrofitting, please send the machine to FRENCO GmbH. The de-
vice will be dismantled, cleaned and smaller repairs will be carried out. 
Furthermore, probe and motor will be replaced and an emergency-stop 
button will be installed (unless one is already installed).
The double flank gear tester will be completely refurbished!

The following devices can be retrofitted:

- Mahr 894B, 896B, 898B, 898C
- Hommel ZWG8305, ZWG8315
- Höfler ZW300
- other types on request

FRENCO GmbH   
Gear + Spline Technology
Jakob-Baier-Str. 3 • 90518 Altdorf • Germany

www.frenco.com
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Pure Perfection. Since 1978.
Experience, competence and innovation in gear metrology. 

Our Products:
Spline Gauges | Toothed Artefacts and Masters | Master Gears | 
Tools and Clamping Systems| Size Inspection Instruments |
Double Flank Gear Inspection | Gear Flank Analyser | Universal 
Measuring Machines | Rack Inspection Machines | Software

Our Services:
DAkkS Calibration | Gear and Spline Inspection | 
Gear and Spline Manufacturing | Seminars | Service | 
Support and Calculation

Phone: +49 (0) 9187 95 22 0
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