GTB 1600

Inspection of bevel gears by single flank
tester

GEARTEC.CZ, 2017/




BEVEL GEARS

Main requirements in gear production:

* DIN quality
 Defined backlash

* Low noise / high lifetime

* |Influence of assembly precision

* Contact pattern, V-H characteristics

* Where error comes from (pinion / ring gear)

All these parameters are measured by single
flank inspection machine GTB 500
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GTB 1600 —SINGLE FLANK TESTER
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Manufactured by GEARTEC.CZ in 2015 for ATA in Finland.

Other machines work at XUBI in Spain and SIEMENS in Germany.




MACHINE CAN MEASURE
Standards: DIN 3965, ISO 1328, AGMA 2008

1 revolution of gear
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MACHINE PARAMETERS

Dimensions
Work diameter of gear, max. 1600 mm
Mounting distance of pinion, max. 1375 mm
Mounting distance of pinion, min. 375 mm
Mounting distance of gear, max. 730 mm
Mounting distance of pinion, min. 130 mm
Hypoid offset, max. (without hypoid offset — optional) + 50 mm
Angle between axes, fixed 90 deg.
Weight of pinion, max. 1500 kg
Weight of gear, max. 3 000 kg
Dimensions (L/W/H) 4000/3300/3200 mm
Weight, approximately 14 000 kg
Spindles

Diameter / length of bore pinion spindle @ 310/1 000 mm
Diameter / length of bore gear spindle @ 310/1 000 mm
Maximum number of pinion spindle revolutions for single flank measuring 30 rpm
Maximum number of pinion spindle revolutions for noise (contact pattern) measuring

100 rpm
Main pinion spindle motor 12 kW
Main gear side motor 12 kW
Maximal brake torque (continuously variable) for basic version of machine 500 Nm




SINGLE FLANK TESTING PRINCIPLE
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INSPECTION REPORTS (HEADER)

Workpiece
data

Customer's
logo

Single flank composite lgeasurement, bevel gears

S geartec.cz

Jiigtb 1250
Pinion ul | Wheel u2 \ Measured points 8000
Number of teeth z, 14 | Number of teet z, 57 \ Nr. of measurement
Normal module ma 9,867 | Spiral angle Pm 30.0000°/L \ Contract No.
Pressure angle <y 20.0000° | Hypoid offset a 0,001 mm \ Machine No.
Spiral angle Bm 30.0000°/R | Mounting distance eq 379,436 mm \ Date 9.7.2008 15:53
Load torque 10,00 Nm | Mounting distance €5 146,614 mm \ Checked by
Measuring speed 5rpm | Shaft angle = 90.0000" \ Note
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LEFT AND RIGHT FLANK
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EVALUATION

Right flank

Allowed values
according to DIN 3965 L eft flank

~ \

Standard: DIN 3965 F-factor Allowed N £\ Measured );,\
Total composite deviation B .' [um] 9406 46,5 |4 59,715

\ Single flank composite dev. fi' [um] \ 3806 2705 412|7
Mean value - [um] 2235 28,76
Max value Ty [um] 27.0|5 4277
Long wave component f|' [um] 9406 23,0|2 30913

| Short wave component fi [um 47016 2525 3365
Tooth backlash - normal Jn [mm] 0,200 = 0,300 0221 = 0.276

A\ /
: Ver.247.0 © Y999-2408 Geartec.cz

Measured values
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MEASURING APPLICATION — BASIC
PARAMETERS

Basic parameters |Complementaw Tolerances | V/H cycle | Contact pattern Roundness| Selup|

Schulung 1

Ring gear
Drawing No. | [717265
Number of teeth Z

& Normal module
 Transverse module

Pressure angle
Face width

Hypoid offset

Spiral angle

Pinion spiral hand

Drawing distance e, : 32,055  mm

Mounting distance e, |46.228 +10,010 mm e, [32.085 jlﬂ,[ﬁ[] mm

Fixture height Ag; [43.906 mm Ay, [50.072 mm

Shaft angle X 90.0000° :|0.0500°

Backlash | | & tangential © normal ‘ "

F2 Cancel |

Basic parameters iof toothing, description of clamping fixtures Ag eartec.cz
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TOLERANCES

Basic parameters| Complementary parameters Deviations | Roundness| Setup |

Standard Evaluation
’7(‘ ~ 180 1328 ’76' [pm] " [deqg]

Total composite deviation F; |E— (94,0 pm )
Single flank composite dev. f; |E— (38.0 ym)
Long wave component f, |E— (94,0 pm )
Short wave component ) IE (47,0 pm )

= Pairing

4 Tooth backlash | @« tangential  normal
[0.350 = (0450 mm

¥ Run-out deviation Fr |E— (40,0 pm )
Total cumulative pitch dev Fp IE— (52,0 pm )
Maximum single pitch dev fpt IE (15,0 pm )
Adjacent pitch deviation f, |6 (19.0 ym )

(50,0 um )
(67,0 um )
(17,0 um )
(21.0 ym )

11T

w2 Cancel | E Save | v 0K

Option of standards and a degree for each deviation
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MANUAL MODE

[ 3 [T —g ) -— |

s

B X=242716 mm =

B Y =333589mMm =

B Z=11585mm =
S1=0.0000° e
52 =0.0000° e

W = 90.0000°

Ra = 0,000 mm i o

Rb = 0,000 mm i o

| n1=0,0rpm

| n2 = 0,0rpm = i
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EXAMPLE 1: RUN-OUT AND BUMP

* Bigrun-out of pinion

Tooth No. 8 has bump on the left flank

i Left / right flank

' iati Left flank)
100,0

60,0
-80,0

10, e

o [0 120° 180° 240 300
R',

Total composite deviation [pm] (Right flank])
100,0 S

50,0

-100,0

ERy
o GO* * 1807 240° 300° =
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EXAMPLE 2: BACKLASH

 Chart of backlash for one revolution of gear
 Backlash is changed by pinion run-out
 I|tis available to measure backlash in a concrete position in

manual mode

i Tooth backlash - normal
1,000 R R— e I e R s S

0° . 6° ‘ 120° . 1 80“ . 240° . 30° .
i mm) 0340+0700 | 0501 - 0664 0587 G ERy
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EXAMPLE 3: CONTACT PATTERN

«  Stored in database with measuring results

« Ration of contact pattern surface to total tooth surface in %

1 ——3
f A “hctograpne

TTrEL
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EXAMPLE 4: V-H CYCLE

* Digital image of contact pattern, shown in more positions on
pinion and gear

e Automatic cycle

Single flank composite measurement, bevel gears

, aTB 1950 f..geartec.cz

Pinion 246-6762 i Wheel 246-6763 Measured revs 4
Number of teeth Z1 2‘£'V|7\’Lmber of teeth z3 37 | Serial No

Transverse module Mg 22038 | Spiral angle Pm 23.0000° /L | Contract No

Pressure angle an 22.5000° | Hypoid offset a 0,000 mm Machine No

Spiral angle fm 23.0000° /R | Draw ng distance ey 380,914 mm Date 12.11.2009 09:47
,lj"_',a": ltﬁrque 50 Lll"'x‘\r‘;lraw ng "!w;lante el 33 140[! mm | Ejhe cked by

Measuring speed 20rpm | Shaft angle z 89.9999° | Note

T

VIH cycle

Convex side of pinion Concave side of pinion

Level 1 V=-0.32000inch H=-0,14200inch PH =0,08500 inch

Level 2 V=025200inch H=0,11000 inch PH =0,08500 inch Agea rtec_cz
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EXAMPLE 5: SINGLE FLANK ERRORS

Single flank composite measurement, bevel gears A
. . . . Finth 1250 [\ geartec.cz
. Right flank with a little pitch error - - —
l[‘.frquls&r L 'tﬂ \uvvu of %esth b ." Nr. “”,n‘,“a,“"‘“ o
Nermal modue L) @207 | Spieal angle P 300000°L  Contract No
f 8 Freszure angle o 200000° | Hypoia offac F 0.001 mm  Machine No
. Both gears without radial run-out e L i
Lowd 1igue 10,00 New | Mounting dstancw 02 180014 mm  Cheched by
Maasurng spoed Zpe | Shatt angle £ §0.0000"  Now
Fr. ., [um]
Roundness R
1500
/\—‘$|—A © 100,000 mm 1000
RS e—— 2 w0
Nl ARANAA L A AN,
00 PYVY VWY Y P Y VY Y IanRmRe @ ieddsans va JUT Y

> —1 Pitch error on the

b = | -
2%
= right flank
Alowed | Measured _—
Roundness R [um]| 200 35 g ‘}
200
Eccentricity e [m)| 200 0.1 S
%0 /
1000
p: y Analn AAAAAAASAS | AR NS
AARE EARAS AREA 0P rvs T e Rl A >
© 720,000 mm 1004
\ 1500 - - 4 4 U
s N
R X 0h
T - ! ! !
L o “@r 120° 180° 240° 300°

Standard:  DIN 3965 Ffamor 29% Allowed Measured

1 otal comzoste deuaton FL () WO eI wils

[ ————— o el | TICH | 027

Mean volse tim wm 2338 227160

Mo valse Hrwan wm | =p:s 2717

Allowed Measured 150G Waves componant 1y wm) Mols | zam2 MR

Roundness R [um]| 200 5.8 [ ———— " ferm 41018 | mzys =TI
Eccenticty e [wm]| 200 1.8 oot basklash - o 5 fen] | 0.200 - 0.300 [ oz -  ome

welek

S 19552008 Gentec oz

ﬂgeartec.cz

Ver.2470
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EXAMPLE 6: ROUNDNESS

Single gears J\ geartec.cz [ geartec.cz
J.gth 1250 J\ gtb 1250
Fivwcny utl | Whew! W2 Mesared ponts £020 Finicn Ul | Whex W2 | Mossurod ponms 8000
Nurmbar of testh = 14 | Number of tests, *, ST Nr.of meascrement Number of osth & 14 | Numier of 5eth o, O | N of meaurement
Norma madude g 928] | Soeal angle By S00000°AL  Conmtact No Normal moduk ™, 0.807 | Spial anghe By 30.0000° L | Corrract No.
Freassue anghe “py 20.0000" | Hypod offset -~ 0003 mmn  Mactsow No. Fressus angle “q 20.0000" | Hypoud offset - CL03mm | Noching No.
Spadl anghe Een  30.0020° R | Mourting distance ey 3T0&0mm Dow 10.7.2008 1048 Spirs ange By 300000° R | Mousting detancs By 3740 mm | Date 20 7 2008 Wxas
Load mroue 10,00 New | Mourtng diwtance ©a 14872 mm  Cheches by Lood sangue 10,00 Nm | Mourting d =tarce B 142727 mm | Cheoked by
Mesautng speed Srpm | Shal anghe E 200000°  Netw Measuring speed trpm | Shaft angle 4 S00000° | Note
T = .
FI' W, [um]
et fank

=00

000

1420

1030

¥ P ey e

-0 M ﬂ e “h
1000
1200

Alowed | Measuwd
Saghe ek -

]

£
2
.

-1:00

-0 0

2500

0* or 120¢ 180° 240° 30

Standard: DIN 3965 Ffactor 2% Allowed
Total composne ceanon F, e WMo
“Cingle a1k corroowte cer. N ™18 wole
Mean valse ';',n [T
Moxe vake - 'i‘;lau b R
Long warse component i) lpmi) w08
Short warve component e oem) 41010
Taomh backven - norval in [reeri £.700 - 1,300

Roundness R [mi] 200 52
Eodcenricny e [mj| 200 22

W IATR © 1399-2008 Gearmmo o> enaATa © 12659-2008 Geareo o7

geartec.cz
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EXAMPLE 7: BUMP DETECTION

»0
o o WWM.'\
=500 ¥y
-1000
1500
~2000
2500
L “r e e 290 0t
Erdmban-Wilztmechung Fy (sl EEIE wole THD
Sntanken Visz=parg 4 wm ®0(8 44817 1025 (9
Méttztwert fum i 33418 %117
Maodmakwer Yirwace my 20001 11 2087111
Laoguelger Actel " [ o0 1|8 15087
Semareian nied e (] _410)8 40w(8 457
Zabragpl - normal in [y 0,200 + 0,300 opes - 0370
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RUN-OUT AND ROUNDNESS

*  Run-out of pinion and gear

Elimination of error from single flank test

A Roundness

Pinion

R [uml 10,0 34 10,0 48 .
10,0 37 10,0 50 (‘G\J @ &

e [prn]

Measuring of control rings

Ageartec.cz
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FTT ANALYSIS AND NOISE

i FFT analyse x|

Acceleration  10000x [pm/sec2]
100, R e  —— o . o e e .. o .

Acceleration spectrum 1% [um/sec2]
20,0 R e e e e R oo e e 3

3

. HPRRNN WY N N D N B
| | | | | | §

0.0 »

3906 Hz 7612 5Hz 117186Hz  156250Hz  195313Hz 23437 5Hz  273438Hz  312500Hz 35156

4| | ﬂ
Frequency. 168359Hz, 25953 um E

Calculated acceleration spectrum of signal
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PITCH DEVIATION OF PINION / GEAR

QUESTION: Which gear causes big deviation on single flank result?

Use decomposition of single flank test.

FEQ

2400 00¢

Decomposition of single flank test

\ 4

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




ASSEMBLY

« Granit bed and gear spindel with bore 310 mm

R

ﬂgeartec.cz

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




ASSEMBLY

» Gear spindle with table diameter 1200 mm
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ASSEMBLY
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WIRING BOX AND CONTROL BOX
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TESTING OF MACHINE GEOMETRY

A

! &
J\ geartec.cz
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PROBES FOR ROUNDNESS MEASURING
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ASSEMBLY AT PRODUCTION PLANT
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CHECKING OF ACCURACY OF ROTATION OF

SPINDLE
E

T ' 360°
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CONTROL PANEL

T T T W e

» Joystcks for smooth
carriage

* Potentionmeters for
smooth rotation

» Type buttons, steps
0,01/0,10 and 1,00 mm

* Running for all main

program functions

Ageartec.cz
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CONTROLLING SYSTEM

 Itis based on high
performance industrial
computer by Advantech

*  Measuring cards by
Heidenhain

e Controlling I/O cards by
Advantech for
communication with
proper hardware

Ageartec.cz
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ADVANTAGES OF SINGLE FLANK INSPECTION
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THANK YOU

GEARTEC.CZ, s.r.o.
Kitizikova 270
250 88 Celakovice
Czech Republic

info@qeartec.cz

WWW.geartec.cz
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