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Why single flank testing?

Main reguirements in worm gear production

e quality (DIN standard)

defined backlash

* low noise / high lifetime

* influence of assembly precision
e contact pattern

e pitch deviation of worm gear

All these parameters are measured by
single flank testing machine GTWG600
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GTWG 200

Manufactured by GEARTEC.CZ in 2017
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Machine parameters

Diameter of worm gear, max. 200 mm

Lenght of worm gear, max. 250 mm

Diameter of worm, max. 50 mm

Center distance 0-200 mm

Vertical position 0-150 mm

Measuring speed 5-60 rpm

Brake, max. 0,5Nm

Weight of worm gear, max. 3 kg

Weight of worm, max. 0,5 kg
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Machine can measure
Standards: DIN 3974, ISO 1328

Single flank deviations of worm gears

F. - Tangential composite deviation
f' - Tooth to tooth composite deviation
f' - Longwave component of tangential composite deviation
f. - Short wave component of tangential composite deviation
j - Dbacklash
Pitch deviations of gear and worm
» - Tlotalpitch error ot
f. - Adjacent pitch error

y Diff. between adjacent pitches = T I
H /\U’"\; 3x ph;h A !_1-;
F. - Radial runout M NI S
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ContaCt pattern 0 60 120 180° 240 300° 360°
FFT analysis l= 1 revolution of gear |
Roundness, eccentricity of gear and worm

ﬂgeartec.cz

GEARTEC.CZ -KRIZIKOVA 270 - 25088 CELAKOVICE +CZECH REPUBLIC - www.geartec.cz + info@geartec.cz




Principle of single flank testing
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Inspection certificates (header)

1
Customer's
Worpiece data logo
Single flank composite measu ent, Worm gears
Agea rtec.cz

AgMg 600 6991 HR GEARTEC
Worm S0131011a = Wormgear S0131011a | Measured points 8000
Number of teeth z 1/R | Number of teeth z 90 | Part No.
Axial module My 3.200 | Pitch diameter dn  290.000mm = Contract No.
Pressure angle on 15.0000° = Shaft angle W 0.0000° | Machine No.
Pitch diameter dm 70.000 mm | Worm position M'y 0.000 mm  Date 5/17/2013 12:29
Centre distance a 180.200 mm | Worm position M'z 130.000 mm | Checked by Richter
Measuring speed 20rpm | Load torque 0.00 Nm = Note
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Inspection certificates - chart
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Measurment evulation

Allowed

Left and right
values

flank

according to
DIN 3974 / \
Standard: DIN 3974 F-factor 25% Allowed N Measured /\ ||

Total composite deviation F'i [um] 1.7:81] 3 11.3] 2 10912
Single flank composite dev. f'i [um] 6.7|3 4412 56]3
Mean value i [um] 35| 1 442
Max value L [um] 462 6.8]4
Long wave component f'| [um] 10.0 78 6.3
Short wave component f'k [um] 5.0 4.2 951
Backlash - tangential j [mm]

Ver. 2.6.9.1 © 1999-2013 Geartec.cz

Measured
values
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Software interface

& Measuring parameters Pg A& Measuring parameters El
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Basic object parameters

Initial position -

Measured flank
Continuous measuring

Measured revs.

Quantity

FFT production speed
hWeasuring speed
Acceleration angle

heasured points

Load torgue
Part Mo.
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Mote
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Wachine No
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F3 Cancel

Complementary object parameters

Measuring software is user-friendly requiring no special or advanced PC
knowledge. It can communicate in many languages and runs under
Windows.
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Tolerances

A& Measuring parameters

Basic parameters | Complementary  Tolerances |Roundness Rollersize]Setup]

Standard
‘o e

Evaluation
& [rn]

Total composite deviation
Single flank composite dey.
Long wave component
Short wave component

Backlash

Evaluation

v Run-out deviation
Taotal cumulative pitch dey
Maximum single pitch dey

Adjacent pitch deviation

" [deg]

F; 3 17.8 prn
5 3 5.7 prn
100 prm

2.0 prm

A
fi
.
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i
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" tangential " axial
 [pm] £ [deg]
j 0015 <0060  mm
Fr 3 (7.0 pm)

Fp 3 (10,0 pm )
ot 3 (3.0pm)

fu 13 {35 pm)

B (30um)
B (140pm)
B (35um)
B (40pm)

w2 Cancel

Tolerances
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Example 1: Profile error

Worm gear set, gear ratio 1:72

 Tooth to tooth deviation 0.003 mm on Right flank

e Left flankis DIN1, right flank is DIN2

x

Fi', Celkova kinematicka achylka [pm]  (Levy bok)

a° [0l 1207 180° 240° 300
", Celkova kinematicka tichylka [pm] (Pravy bok)

— — & ﬁgeal‘tec-cz

GEARTEC.CZ -KRIZIKOVA 270 - 25088 CELAKOVICE +CZECH REPUBLIC - www.geartec.cz + info@geartec.cz




Example 2: Run-out & nick

Worm gear set, gear ratio 1:41

* Run-out of gear about 0.020mm

e Righ flank has a nick 0.035 mm on tooth no. 15
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Example 3: Different flanks

Worm gear set, gear ratio 5:61

* Run-out of gear about 0.020 mm

e Worm' s left flank has run-out 0.010 mm

i Linke und Rechte

300
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Example 4: Backlash

Continuous measuring of backlash

e Chart of backlash for 1 revolution of gear

e Backlash is changing over tooth contact
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Example 5: Contact pattern

Digital image of contact pattern

e Stored in database with measuring results

445%

Var 2813 © MWeI0N Sewtec o2
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Example 6: Run-out and roundness

Measuring of control rings

e Run-out of worm shaft and worm wheel

* Elimination of run-out error

R [um] 100 34 10,0 48

e [um] 10,0 3.7 10,0 50 '*ﬁr’ @ &

ﬁgeartec.cz

GEARTEC.CZ -KRIZIKOVA 270 - 25088 CELAKOVICE +CZECH REPUBLIC - www.geartec.cz + info@geartec.cz




Example 7: FFT analysis and noise

Calculated acceleration spectrum of signal
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Example 8: Pitch deviation of gear

Calculated diagram of pitch deviation

=

En Worm

07 120° 150° 240° 00° =

Wromgear

i Pitch deviation - Pinion

Decomposition of single flank test

a
v

o )
Tooth No: 7 61.0um | Run-oul deviation Fe bml | 310(8 3110 ToothHo 3 414 1um | Fun-out deviabon Fe  bml | 260(8 57919 &l
Total cumulatve pitch dey  Fp  [um] 4106 g88(9 | 503(7 &, Total cumulatve pitch dey  Fp  [um] 320(8 g2319! 844(9 s

Madmumsingle pitthdev fe bl | 120(6 | 504110 0 1357 _ ) Madmum singls pitch dev T L] | 1105 3 als _ N

Adjcentpitchdeviasion e o] 5006 | 01611 5006 By @ Adjcentpitchdeviasion e o] 4016 0118 By @
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Example 9: Worm with a splitting error
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IStandard: DIN 3974 F-factor 25% | Allowed S\ Measured /\
Total composite deviation F'i [um] 8468 136,910 11049
Single flank composite dev. ﬂ [um] | 36,18 64,5(10 46,19
Mean value f'i,m [1m] | 48,19 3038
Max value imax [um) | [ 724110 4979
Long wave component f'| [um] | 45,0 | 79,2 737
Short wave component f) k [um] . 30,0 58,2 376
Backlash - tangential j [mm]: 0,100 + 0,150 0,097 =+ 0,198
Ver.26.9.0 ©1999-2013 Geartec.cz
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6
5 Worm gear is clamped
s by inner diameter
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Big worm gear is clamped by
outside diameter
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Worm gear is clamped by
inner cone surface
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The gear is clamped behind the bore by a precise fixture

e —
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The gear with a control diameter
is clamped behind the bore.

The accuracy of clamping was
manually checked.
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The gear is clamped between centers

ﬂgeartec.cz

GEARTEC.CZ -KRIZIKOVA 270 - 25088 CELAKOVICE +CZECH REPUBLIC - www.geartec.cz + info@geartec.cz



The gear with a control diameter is clamped behind the bore

Inaccuracy of clamping is measured and mathematically compensated
accordingly
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The way of worm clamping control

)
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The way of centers lining up N\ geartec.cz
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Position of the worm is manual controlled
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Position of the worm center is controlled by a laser sensor
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Bevel gears are also possible to measure
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Measuring of accuracy with laser

o 1\.,\9

GTWG600 is also capable of measuring by laser technology
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Accessories - Clamping

Two standard fixtures Special fixtures

k ./ i

Clamping range O — 20, 0- 40 mm

Intended for users with common
accuracy measurement

Clamping range 0 — 40 mm
Intended for users with higher
accuracy measurements
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Accessories — Calibration

Calibration arbor & Master worm gears (DIN3)

B S —
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Thank you.

GEARTEC.CZ, s.r.o.
Krizikova 270
250 88 Celdkovice
Ceskd republika

info@geartec.cz

WWWw.geartec.cz
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