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GEAR INSPECTION MACHINES
FOR SPUR GEARS

GTS 100/200/300/400
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%E MANUFACTURING REQUIREMENTS

» Quality grade according to DIN Standard
» Guaranteed tooth backlash

»Le

» Low running noise / long life-span

e
ECl l

» Influence of assembly accuracy

» Localization of tooth nicks

» Quick and inexpensive measurement

» 100% inspection of all gears, suitable for mass production

This 1s all where our machine of double-
flank rolling can help you.

“Inspection of spur gear@%g;}@ﬁo%l%-ﬁénk
' 0

Geartec.cz, Czech Republic, 2014



s MEASURING PRINCIPLE

N
? E% ﬁ? » Tooth errors cause fluctuation of axis distance
“_q__; q » Left and right flank are measured simultaneously
% » Constant force in radial direction
S » Measuring accuracy Is better than 1um
E > Deviations according to: DIN, ISO, AGMA, JIS,
€ JGMA a BS
o

Geartec.cz, Czech Republic, 2014
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MACHINES CAN MEASURE

Standards: DIN, ISO, AGMA, BS, JGMA, JIS

and/or in-company requirements

Double-flank deviations

Total composite error
Tooth to tooth error
Radial runout

Fi", fi", Fr”

[um]

Other measurable deviations

Backlash

Fluctuation of axis distance
Measure over teeth
Measure over pins

Geartec.cz, Czech Republic, 2014



?E RANGE OF GTS MACHINES, VARIATIONS
¢  » GTS 100 — machine for measuring of spur gears, max. diameter 100 mm

» GTS 200 - machine for measuring of spur gears, max. diameter 200 mm

» GTS 300 - machine for measuring of spur gears, max. diameter 300 mm

a-eloubl
L

od

L

» GTS 400 - machine for measuring of spur gears, max. diameter 400 mm

» Machines with mechanical drive — inspection by a dial

» Machines with motor drives— inspection and evaluation by a GEARTEC software

» Clamping fleetingly or between centers

» Clamping by a specially designed clamping fixtures — construction is based on a
customer demand

» Setting of measuring force and measuring speed is objective

Geartec.cz, Czech Republic, 2014
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MACHINE PARAMETERS
GTS RANGE

Diameter of measured gear, max. /mm/ 100 200 300 400
Axis distance, min. /mm/ 100

Gear length clamped between centers,
max. /mm/

Eénk e

.
=,

i B | 7
Y

Weight of measured gear, max. /kg/

Measuring speed, max.
(machines with motor drive) /rev./min-Y/

Measuring force, max. /N/
Total measuring accuracy /um/

Geartec.cz, Czech Republic, 2014




?E MEASURING REPORT (HEADER)

Uk

L e

IASpection of spur gearéﬁy- aselotible-flank

Measured Customer,s
gear data

logo

Double flank roll testing

J\ geartec.cz
Drawing No.: 7 719 625 K46

Gear A A-Freilauf Gear B B-Primar  Part No.

Number of teeth 60 Number of teeth 46  Contract No. ’
Module 1,900 Module 2,150 = Machine No. ’
Pressure angle 20°00'00" Pressure angle 16°00'00" Date 29.2.2012 16:17 ‘
Helix angle +00°00'00" = Helix angle +00°00'00" = Checked by NN ‘
Gear Position 55,000 mm Gear Position 310,000 mm | Note Abnahme

rolling fethod

Geartec.cz, Czech Republic, 2014



a?E EVALUATION OF MEASURED DATA

:
T
Allowed values
according to DIN 3963
o)
£
g Measuring Parameters A Allowed B
E Total composite error [pm] ' 28,0 32,0 33.5
g) Tooth to tooth error [pm] 12,0 14,0 8,8
" Mean value fi'm (um] | | 2,2
o) Runout [um] 40,0 40,0 27,2
O |

Measurement over teeth M, [mm] 38,178+38,201/7 30,404+30,424/5 38,184
Roundness - Bearing A-B R [pm] 10,0 10,0 1,3
Eccentricity - Bearing A-B [um] 10,0 10,0 6,9

|

|

| |

| Centre distance deviation Y [mm] 0,000-+0,000 0,000-0,000 95,175+95,209
| | |

|

Ver. 1.3.0.0 © 1999-2012 Geartec.cz

Measured values

IASpection of spur gearéﬁ%%}@gdo%lé-ﬂank

Geartec.cz, Czech Republic, 2014



MEASUIRING REPORTS

Double flank roll testing, Spur gears A\ geartec.cz.uc0

Test gear TG | Master gear MG | Part No.

Number of teeth 30 | Number of teeth 60 | Contract No.

Module 0,80000 | Measuring speed 5rpm (L)  Machine No.

Pressure angle ) 20°00'00" | Runout compensation master gear --- | Date 2.6.2014 13:17
Helix angle +00°00'00" | Centre distance a" Checked by

Face width 0.000 mm | Measuring force

Fi", fi", Fr"- [um]

-

rolling

Measuring Parameters

Total composite error
Tooth to tooth error
Runout

Centre distance deviation
Centre distance - average

Measurement over teeth

Ver.28.1.0 © 1999-2014 Geartec.cz

InSpection of spur gear

> Deviations F;" / f." / F," depicted in one diagram including highlighted

tooth with the worst local f; " deviation.

Geartec.cz, Czech Republic, 2014



MEASUIRNG REPORTS

Double flank roll testing, Spur gears

Ageanec.cz s.ro.

Test gear Master gear MG  Part No.

Number of teeth Number of teeth z 60 Contract No.

Module 0,80000 Measuring speed Srpm (L) = Machine No.

Pressure angle C 20°00'00" Runout compensation master gear — | Date 2.6.2014 13:17
Helix angle B +00°00'00" = Centre distance a" Checked by

Face width 0,000 mm  Measuring force 50z

Fi" - Total composite error, [um] > Separate Iy dep i Cted fOI I OWi ng

100,0
80,0

B , deviations: F;' /f." [ F,°

20.0

> Fluctuation of centre distance can

i" - Tooth to tooth error, [pm] | be Optionally measured

e

100.0
80,0

at | | > Measurement over teeth can also

rolling

be optionally measured

r" - Runout, [um]

100.0

60.0
40,0
20,0

0,0
=20.0
40.0

60,0

-80.0

100,0

600

Measuring Parameters Allowed Measured

Total composite error 1 [pum] 10,0

InSpection of spur gear

Tooth to tooth error T [um] 10,0
Runout T [um] 0,0
Centre distance deviation I 2 [mm]
Centre distance - average ¥ [mm]

Measurement over teeth [mm]

Geartec.cz, Czech Republic, 2014



- MEASURING REPORT

Ve
=
L
=
% N » Elimination of bearings
_% Inaccuracy
'8 > Simultaneous measuring of
*r% E several gears on one shaft
51 = > Quality of bearing surface
Olg . -
=V depicted (eccentricity and
Q o
n = roundness)
©
it » Quality evaluation related to the
@) : : .
*3 axis of rotation and/or bearing
(qb) c
Q. axis.
2

Geartec.cz, Czech Republic, 2014



I\/IEASURING REPORT

Test gear TG | Master gear MG  Part No W
\
\
\
\
\

Number of teeth z 30 | Number of teeth z 60  Contract No.
Module m 0,80000 Measuring speed 5rpm (L) Machine No.
Pressure angle o 20°00'00" | Runout compensation master gear -~ Date 2.6.2014 13:17
Helix angle B +00°00'00" Centre distance a" Checked by

Face width b 0,000 mm | Measuring force

» FTT —analysis of measured signal

> Detection of error influences

100,0

80.0

» Production process diagnosis

» Used tool quality analysis

method

» Used clamping fixture quality

e

analysis

Measured
Total composite error ) [um]
Tooth to tooth error T [um]

rolling

Runout T [um]
Centre distance deviation A"z~ A"ze [mm]
Centre distance - average W [mm]

Measurement over teeth

FFT analyse, [pm]

100.0

80,0

60.0

InSpection of spur gear

40,0

20.0

0.0

1999-2014 Geartec.cz

Geartec.cz, Czech Republic, 2014
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r MASTER GEAR ERROR ELIMINATION

» for much demanding accuracy of measuring; quality of measured gear is close to

Eénk %&u

the quality of master gear

E
e-
8

a-dlotible

g 8 revolutions of measured gear without

master gear error cancellation

2
-

Geartec.cz, Czech Republic, 2014
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Why is each revolution different? It is caused by the master gear error.

Geartec.cz, Czech Republic, 2014



%r MASTER GEAR ERROR ELIMINATION

Eénk %&u
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8 revolutions of measured gear with

i master gear error cancellation based

on FFT analysis.

2
-

Geartec.cz, Czech Republic, 2014



MEASURING AND CANCELLATION
OF CLAMPING INACCURACY
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- InSpection of spur gea
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Inaccuracy of

clamping

cancelled

Geartec.cz, Czech Republic, 2014



~ BASIC PARAMETERS

=
2N ==
- :
. (@© g Basic parameters | Complementary | Tolerances | Setup |
v
I y
D
% . Test gear Master gear
‘g Drawing No. arbor Test2 - disc_Test2 -
p Number of teeth z 50 50
E Module m 1,00000
E Pressure angle o 20”00'00"
§ Helixangle B +00°00'00"
- (@)) Face width b [5,000 mm
- Profile correction xm  [0.000  mm xm [0.000  mm
Sy Centre distance a"
(@)
U

x> Cancel

» Measuring software is user-friendly and does not require any special PC
knowledge. It can communicate in many languages and runs under Microsoft
Windows software.

> Intuitive work environment

Geartec.cz, Czech Republic, 2014
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COMPLEMENTARY PARAMETERS

Basic parameters Complementary Tolerances] Setupl

Position of measured gear | ¢ Left

-~ -~

Direction of rotation | * ccw T cw

Measured revs. | & Revoluton (" Teeth [1*
Continuous measuring ™
Number of rev. before measurement (0,00
Measuring speed IZO— %
Runout Compensation I
Part No.
Checked by 5
Note
Contract No. -
Machine No. hd

k2 Cancel

» Description of a measuring cycle is optionally adjustable

» Complementary parameters

» Data of production

Geartec.cz, Czech Republic, 2014



2N
-
. @© 8
" E—— =
v
I .
=4 * « " DIN 3963 * DIN 58405 ¢ AGMA 2000 " 1S0 1328 ¢~ AGMA2015
Evaluation
%' & pm " mm
‘gh'c Total composite error F;j |30.0 um
,D Tooth to tooth error f; 2.0 pm
5 E Runout 30.0 pm
E ,g Centre distance deviation Ag; |0.000 Ane o 000 mm
%- (@)) [ Backlash j, [0.0 = ,;, 0 ”m
i - Checking dimensions
(31 B Measurement over teeth 0,000 = {0,000 mm Z,, |25
). ;e Measure over ball Mgy |0.000 = 10,000 mm gdy [1.000 mm
(@) Measure over ball M, |0.000 + {0,000 mm gdy [0.000 mm
-
@)
l:
(&)
D
il 1
(V9]

> A wide spectrum of available standards for evaluation

» Optional choice of measured deviations

Geartec.cz, Czech Republic, 2014



EXAMPLE 1 : GOOD RESULTS
Double flank chart, gear with 36 teeth

» Radial runout about 0,010 mm
» Visible meshing of individual teeth
» One tooth in the middle of chart is little thicker

Fi*, fi", Fr"  [um]

Geartec.cz, Czech Republic, 2014



» Gear with axial runout

» Tooth No.9 is damaged on tip

EXAMPLE 2: TOOTH NICK

» After measuring, the gear automatically rotates to the damaged area

Fi", fi", Fr" [um]

By |

Yy

Lvr

300

Geartec.cz, Czech Republic, 2014



Double flank chart, gear with 16 teeth

> Wrong pressure angle

»  Tooth No. 5 is damaged or dirty

Geartec.cz, Czech Republic, 2014



Double flank chart, gear with 15 teeth
% > Radial runout

1 » Teeth with inaccuracy of profile caused by a hobbing machine

Fi*, fi*, Fr"  [um]

B0, 132 WD Lirks

Geartec.cz, Czech Republic, 2014
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Fi*, fi", Fr  [umi]

»ﬁ » Calculation of measurement over tooth M,

= iﬁ > Axis distance is related to the nominal value

» Calculation of measurement over pins (balls) M., , M,

Qf EXAMPLE 5: MEASURING OF BACKLASH

Nominal value of

axls distance

WW“’PA "

f‘\wﬂwf\vfﬂ\vr\_f

\v)\a

\z\ﬁﬂmﬂnm

LN \uf“fv“

. In8pection of spur gears’by

2
-

§90.2002, 11:19 N0
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EXAMPLE 6: BEARINGS RUNOUT

Measured quality
of gears —
clamped between
centers

Quiality of gears
after bearings
runout elimination

Geartec.cz, Czech Republic, 2014
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InSpection of spur gears by. adouble-flank

rolling method

EXAMPLE 7: CONTACT PATTERN

» Quality of contact pattern is shown in % of the total area of tooth

» Photos are automatically saved with measured data into a databank

Geartec.cz, Czech Republic, 2014



Lower limit 35,0 um | Number of samples in taking

Upper limit 50,0 pm | Total number of samples
Tf % -4
24| 1000
24| 100,0
24| 1000
24| 1000 |
24| 100,0
24| 100,0
24| 100,0 |
24| 100,0
24| 1000 |
24| 1000 |
24| 1000
| 500 |
0,0
0,0
00|
0,0
0,0
00|
0,0
0,0 |
00|
0,0

oy

a-double-flank

51,2
50,4 |
496
488
48,0
472
46,4
456
448
44,0
432
424
416
40,8
40,0
39,2
38,4
376
36,8
36,0
352
34,4
33,6

t

ing me

Ty
N

roll

OO0 00 0|00/ ONN OO0 000 00 O O

OO0 0 0 0 0 0 0|0 o

Average Ya!ue X Stgndard devigtign fo] : Cp = 26.837
Max. deviation Rejects upper limit
Min. deviation Rejects lower limit Cpk = 26,286

o
il
(48]
(D)
(@))
—
-
o
(75

(¥
o
624
o

—
(&)
D

EQ
)

£
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GTS100 MECHANICAL MACHINE

» Master gear on an
arbor is clamped
between centers

» Measured gear Is
clamped fleetingly,
clamping diameter Is
optional up to app. 20

mm

Geartec.cz, Czech Republic, 2014



- MODERNIZED MACHINE GM

0]

L

rolling mfh

» Master gear is clamped fleetingly, clamping diameter 12,7 mm

» Measured gear is clamped fleetingly, clamping diameter is
optional up to app. 20 mm

» Special version with a tilt unit enabling measuring of helical gear

with a spur master gear..

Geartec.cz, Czech Republic, 2014



GT15100 MACHINE

7y

Uk

&

rolling method

» Master gear is clamped fleetingly, clamping diameter 12,7 mm

» Measured gear is clamped fleetingly, clamping diameter is

InSpection of spur gears by. adouble-flank

optional up to app. 20 mm

» Including a controlling computer and Geartec SW
Geartec.cz, Czech Republic, 2014



- G 15200 MACHINE

»> Both master gear and measure
gear is clamped between
centers

»  With motor drive

» Including a controlling

computer and Geartec SW

Geartec.cz, Czech Republic, 2014



- G 15200 MACHINE

Uk

&

e

rolling methc

Version for measuring of rack

Pinion with a motor drive

InSpection of spur gear@%}%@ﬁo@@@lé-ﬁaﬂk
0

Suitable for both left and right control

YV V V VY

Including a controlling computer and Geartec SW

Geartec.cz, Czech Republic, 2014



G 15200 MACHINE

Uk

&

rolling method

» Master gear Is clamped fleetingly, clamping diameter 30 mm

InSpection of spur gears by. adouble-flank

» Measured gear is clamped fleetingly by a special clamping fixture

» Including a controlling computer and Geartec SW

Geartec.cz, Czech Republic, 2014



% GTS200 MACHINE

» Rotary axis with a motor
drive

> Master gear on an arbor
clamped between centers

» Atilt head enables measuring
of helical gear with a spur
master gear

» Including a controlling

computer and Geartec SW

Mereni ¢elnich kol me%wﬁbokeho

Geartec.cz, Czech Republic, 2014
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InSpection of spur gears by. adouble-flank

rolling method

GTD200 MACHINE

» Rotary axis with a motor
drive

» Measuring of internal and
external gears

» Including a controlling

computer and Geartec SW

Geartec.cz, Czech Republic, 2014



- GTS300 MACHINE

0]

L

S geartec.cz

» Rotary axis with a motor drive

» Master gear on an arbor clamped between centers

» Atilt head enables measuring of helical gear with a spur master
gear

» Including a controlling computer and Geartec SW
Geartec.cz, Czech Republic, 2014



~ G 15400 MACHINE

0

» Both master gear and measured gear are clamped between centers
» Linear axis with a motor drive

» Including a controlling computer and Geartec SW

Geartec.cz, Czech Republic, 2014



- MASTER GEAR CLAMPING

Y P
,‘, % %

a-eloubl
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0]

Cylindrical arbor for master gear clamping between centers
Master gear is vertically adjustable
Options of clamping arbor diameters: 16, 20 and 30mm

Arbor is produced in quality I1T2

vV V V VY. V

Clamping accuracy up to 0,003 mm

Geartec.cz, Czech Republic, 2014



MASTER GEAR CLAMPING

» Clamping fleetingly by

flank
e

an expanding collet

e

» Standard clamping diameters
20 and 30 mm

£l
L

» Clamping accuracy up to 0,002 mm

Inspection of spur gear%@do%f
| rolling meth

Geartec.cz, Czech Republic, 2014



% CLAMPING FIXTURES SET

» Fast and easy exchange

» Clamping accuracy in
app. 0,002 mm

» Construction based on

customer demands

Geartec.cz, Czech Republic, 2014



r CERTIFIED MEASURING ACCURACY

Checking with a certified eccentric disc
Difference in measurements in app. 0,3 um

Quality parameters ¢, a C,, > 1,33

YV V VYV VY

In accordance with international system of quality measuring

Geartec.cz, Czech Republic, 2014



. MASTER GEARS SET

» Parameters of master gears are design for particular measured gears
» We supply with master gears in quality DIN 3-4
» You can design your master gear in a GEAR application by GEARTEC

Geartec.cz, Czech Republic, 2014



o REFERENCE LIST

= Germany Korea
oS @ ATLANTAANTRIEBSSYSTEME GmbH & Co.KG LG INNOTEK
%L-H—_ i GTS 200 — double flank tester for spur gears GMS 32 — double flank tester for spur and helical gears
L BMW AG - BMW WERK BERLIN SAMSUNG ELECTRONICS
"f.g GT 150KW — 2 pieces of double flank tester for automotive crank GMS 32 — double flank tester for spur and helical gears
#  shafts Sweden
' GMS 32.= double flank tester for spur and helical gears GMS 32 — 3 peices of double flank tester for spur and helical
_3_ FEINWERK TECHNIK GmbH gears
] GMS 32 — double flank tester for spur and helical gears

0]

GSC SCHWORER GmbH

GTS 200 — double flank tester for spur gears
NEUGART GmbH

GMS 32 — double flank tester for spur and helical gears
RINGHOFFER VERZAHNUNGSTECHNIK GmbH
GTS 200 — double flank tester for spur gears

SIEMENS GEARED MOTORS GmbH, WERK TUBINGEN
GTWG 350 — double flank tester for worm gears
VOGEL ANTRIEBSTECHNIK GmbH

GTS 300 — double flank tester for spur gears

France

CP GEORGES RENAULT S.AS.

GMS 32 — double flank tester for spur and helical gears
CROUZET AUTOMATISMES

GMS 32 — double flank tester for spur and helical gears
Hungary

ALAS COPCO

GMS 32 — double flank tester for spur and helical gears

S

a mnoho dalSich

‘InSpection of spur gears‘@y

Geartec.cz, Czech Republic, 2014
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THANK YOU

GEARTEC.CZ, s.r.0.
250 88 Celakovice
Czech Republic

WWW.geartec.cz

Geartec.cz, Czech Republic, 2014
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