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Characteristics of manufactured gear - NOT known

Designed gear / reference c/‘ Manufactured gear
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Basic working principle in KISSsoft
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Use case 1: Acceptance of gears

Batches of manufactured gears

K Varianten definieren

Bezeichnung

1 As designed, reference

2 As measured, Batch-01_

3 As measured, Batch-02

4 As measured, Batch-03

5 As measured, Batch-04
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Use case 2: Selection of economical process

KISSsoft

LTCA
designed gear

Reference
geometry

Reference

‘ Manufacturing P
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Manufacturing J
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W
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Use case 3: Design or process modification

KISSsoft KISSsoft KISSsoft
- -
Manufacturing i
KISSsoft closed Ioop/
Ref O
ererence GAMATM
racteristics AN ‘; [ V)

Export data

KISSsoft KISSsoft KISSsoft ¢ GAMA™

Determine Convert measured Analyze data,
characteristics of geometry to geometry extract significant

manufactured gear modification deviations

Approved design and

4 approved process
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STEP 1: KISSsoft Input: Macro geometry

Macro geometry input of the designed gear

Basicdata  Reference profile ~ Manufacturing  Tolerances = Modifications ~ Rating ~ Factors [ contact analysis

Geometry
Normal module M. 2.6800 | mm “ Gear 1 Gear 2 Details...
Mormal p...re angle a, | 21.2328 | ° -+ Numbe...teeth z | 11 | | 4D|
Gear 1 helix right hand - Facewidth b | 23.3000 | | 20.8000 | mm
Helix ang...ce circle B | 22.5000 | © o] Profi..cent x | 0.7680 | -0.3694 al[o
e o o Center distance @ | 75.0000 | mm (1 [¢]  Quali..2013) A| 6| 6|
_L__ —P T y = ST = | Material and lubrication
, 3el o : _-l § i - Gear 1 Case-hardening steel v | 18CrNiMo7-6, case-hardened, IS0 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jom ~ |
g ] Dokl 8 50 : ?:D Rt Gear 2 Case-hardening steel ¥ | | 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jom * | =
W"‘* — Lubrication | Qil: ISO-VG 220 | (| 0il bath lubrication ||
|
Detal C 150 ¥ " -,: . _. T I L L :
‘}T" . ' N - - : 1o Basic data ~ Reference profile  Manufacturing  Tolerances  Modifications ~ Rating ~ Factors [ contact analysis
h E o Machining step Gear 1 Machining step Gear 2
— e Selection Final machining (1 = 1 Selection Final machining (1 ~ bl
Final machining Gear 1 Final machining Gear 2
Tool selection Reference profile « o (1 Tool selection Reference profile - o (1
Input Factors = Input Factors ©
Select ref...ce profile Own Input hd L Select ref...ce profile Own Input A L
Designation Designation
Dedendum coefficient h's d Dedendum coefficient h's o
Root radius coefficien p's» L Root radius coefficien p's Lo
Addendum coefficient h'. - Addendum coefficient h's &
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STEP 1: KISSsoft Input: Micro geometry

Gear 1

Gear Flank  Modification type Value [pm] Factor 1 Factor 2 Status
Gear1 left Crowning 3.0000 active
Gear1 |left Helix angle modification, tapered or conical -4.0000 active
Gear 1 |left Pressure angle modification (value) 6.0000 active
Gear 1 left Profile crowning, roll length-centered 3.0000 active
Gear1 right Helix angle modification, tapered or conical 6.0000 active
Gear 1 right Crowning 3.0000 active
Gear 1 right Pressure angle modification (value) 6.0000 active
Gear 1 right Profile crowning, roll length-centered 3.0000 active

Lead

Tooth trace diagram | Gear 1

Q=A@ bEdaa

Profile

Frofile diagram | Gear 1
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Gear 2

Gea\l:

Gear 2
Gear 2
Gear 2
Gear 2
Gear 2

Gear 2

Frofile diagram

o maQaa  DhEERE T

Flank
left

left

right
right
right

right

Profile

| Gear 2

Modification type Value [pm] Factor1 Factor 2 Status
Crowning 3.0000 active
Profile crowning, roll length-centered 6.0000 active
Helix angle modification, tapered or conical 20.0000 active
Tip relief, linear 25.0000  2.0750 active
Profile crowning, roll length-centered 3.0000 active
Crowning 3.0000 active

Lead

Tooth trace diagram | Gear 2
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STEP 1: KISSsoft Input: Manufacturing deviations from gear quality

Potentially, 2*n+1 calculations, where n is the number of independent modifications per flank
plus one calculation for middle of tolerance field for all modifications, here n=7 - 129
combinations for one single torque level. Analysis can be done for several torque levels

simultaneously.

KiISSsoft

KISSsoft Release 2020 A1

K Modifications sizing

KISSsoft-Entwicklungs-\Version KISSsoft AG CH-2508 BUBIKON
File

Name : CvyiGearPair 1 (gpur gear)

Description: KISSsoft example

Changed by: hdinner on: 06.10.2020 at: 08:25:27

WManufacturing tolerances.

Tolerances for  cylindrical gears 150 1328-1:2013 (J15 B 1702-1:2018)

Accuracy grade (A) 3 6

Single pitch deviation pm} + 1.0 +11.0 (fpT) =
Normal base pitch deviation pm} + 10.0 +10.4 (fpbT)

Total cumulative pitch deviation fpm} 33.0 41.0 (FpT]I

Profile form deviation pm} 12.0 12.0 (ffaT)

Profile slope deviation (pm}) + 95 + 85 (HaT)

Total profile deviation pm} 15.0 15.0 (FaT)

Helex form deviation pm} 1.0 12.0 (feT) — *—7
Helix slope deviation fpm} + 10.0 +10.0 (HBT)

Total helix deviation (um} 15.0 16.0 (FbT)

Runout (pm}) 30.0 370 (FrT)

Single flank compogite, tooth-to-tooth pm} 10.0 10,0 (fisT)

Total tangential composite deviation pm} 43.0 51.0 (FisT)

Sector pitch deviation um} +21.0 +27.0 (Fpz/aT)
Difference between adjacent pitches pm} 15.0 18.0 (uT) —

Tolerances for  cylindrical gears IS0 1328-1:1995 (JIS B 1702-1:1993)

Accuracy grade a) [ [

Single pitch deviation pm} + 10.0 +11.0  (fpt)
Normal base pitch deviation (pm}) + D4 +10.3 (fpb)
Total cumulative pitch dewiation pm} 36.0 470 (Fp)

Conditions 1 Results Graphic I Graphic IT

No. Gear Synchronize with no. Flank Modification type Mumber of steps ~ Value (min) [um] Value (max) [um]
h Gear 1 1 left Crowning 3 = 110000 11,0000
2 Gear 1 2 left Helix angle modification, tapered or conical 3 -10.0000 10,0000
3 Gear 1 3 left Pressure angle modification (value) 3 -10.0000 10,0000
4 Gear 1 4 left Profile crowning, roll length-centered 3 -5,5000 9.5000
5 Gear 1 5right  Helix angle modification, tapered or conical 3 -10.0000 10,0000
[ Gear 1 6 right  Crowning 3 -12.0000 12.0000
7 Gear 1 7right  Pressure angle modification (value) 3 -5,5000 39,5000

g

3 Gear 1 8right  Profile crowning, roll length 3 -8.5000 9.5000
9 Gear 2 weest T Crowning 3 -12.0000 12,0000
10 Gear 2 10 left Profile crowning, roll length-centered 3 -8.5000 9.5000
11 Gear 2 11 left Helix angle modification, tapered or conical 3 -10.0000 10,0000
12 Gear 2 12 left Tip relief, linear 3 -12.0000 12,0000
Gear 2 13right  Profile crowning, roll length-centered 3 -5.5000 9.5000
14 Gear 2 14 right  Crowning 3 S -12.0000 12,0000
£ >
£ [+ = X
Report length w Accept Delete Report Calculate Cancel Save Restore
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STEP 2: LTCA of designed gear

Loaded contact analysis for reference geometry, considering
system level deformation
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STEP 2: LTCA of designed gear with tolerance variation

Loaded contact analysis for reference geometry with manufacturing tolerances / deviations

c/‘

superimposed, considering system level deformation

PPTE, new dBA, new

—8—Load 64.2Nm —8—Load 64.2Nm

MAX: 6.136 um MAX: 46 dB(A)
fHal, fHR1 MIN: 2.845 um fHal, fHR1

-fHa2, fHR2, -fHa2, fHR2,

MIN: 39 dB(A)

o tol fHal, fHR1 No tol fHal, fHR1
' fHa2, -fHR2, o ok fHa2, -fHR2,
fHal, -fHR1 fHal, -fHR1 fHal, -fHR1 fHal, -fHR1
-fHa2, -fHR2, -fHa2, fHB2, fHa2, -fHR2, fHa2, fHR2,
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STEP 2: LTCA of designed gear

Resulting characteristics

without manufacturing deviation

Results (Contact analysis)

min max A p

Transmission error () -29.8907 -26.5268 3.3639 -27.6108
Excitation force (N) 3773.9648 4619.4325 845 4677 43579199
Tangents Stiffness curve (N/pm) 190.1098 287.3960 97.2862 255.2770
Secants stiffness curve (MN/am) 142.2260 158.9537 16.7277 152.8458
Line load (N/mm) 0.0000 9084017 9084017 2101171
Torque Gear 1 (Nm) 64.1451 64.1575 0.0124 64.1510
Torque Gear 2 (Nm) 2241770 227.8568 3.6798 2255483
Speed, gear 2 (1/min) 273.8453 275.9028 2.0575 274.9989
Power loss (W) 155.8756 267.0384 111.1628 2238706
Efficiency (%) 96.0250 97.6797 1.6547 96.6676
Contact temperature (°C) 74.5472 211.7577 137.2106 99.8802
Thickness of lubrication film (um) 0.0697 0.4525 0.3828 0.1493
Active flank area of usage (diameter) Gear 1 (mm) 15.4062 20.1640 47578
Active flank area of usage (diameter) Gear 2 (mm} 56.3091 55.7814 3.4722
Hertzian pressure (MN/mim?) 2116.2030 809.0912
Tooth root stress gear 1 (graphical method) (N/mm?) 377.8748 1554234
Tooth root stress gear 1 (at 30° tangents) (N/mm?) 375.2064 154.3937
Tooth root stress gear 2 (graphical method) (N/mim?) 309.0625 173.8598
Tooth root stress gear 2 (at 30° tangents) (N/mm?) 298.7796 166.2276
Safety against scuffing 1.9668
Transverse contact ratio under load [ea] 1.1789

min 0.6316

u 0.9845

max 11789

side |, 1l 11789/ 0.6316
Qverlap ratio under load [eB] 0.4316
Total contact ratio under load (max) [ey] 1.6105
Sound pressure level (according to Masuda) [dB(A)] 40.7
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STEP 3: KISSsoft output: Measurement grid

Export measurement grid report to be used in GAMA

m Calculate measurement grid *
KRR KRR AR AR AR AR A AR ARARAAA AR ARRARARA AR AR RAREARAAAA KRR AR AR A
General * NOMINAL - COORDINATE - LIST *
* #%% DINION CONCAVE *** >
- " *
£l 25 L * DART # : NUMBER OF TEETH % 2z ! 11 *
. * DCT150_ 211 Modi PINTON T RRRaama R b b ammk mh kAW AR R A AR Ak A kAR kA AR AR kAR AR AR R KA AR AR R A AR AR R KAk
Measurement grid area Tooth flank - * DIFF. ANG: % DEDI ! -16.2182 REF. PT.: « NOMINAL — COORDINATE — LIST "
* * #%% CEAR CONCAVE *** *
* NUMBER COLUMNS: ! 9 NUMBER LI « x
Format * * DART # : NUMBER OF TEETH % Z ! 40 *
* DATE: 23 Apr 2020 TIME: 09:40:% % DCT150_240_Modi GEAR THEORETICAL 23 Apr 2020 *
M R kA Ak kA A A A A A kA A kA A A b A A A A A A A A A A A A A A A A A A A A A LA & DIFF. ANG: % DEDI ! -4.0512 REF. PT.: 1 (5' 3) *
easurement machine Gleason - g1 x v 2 2 .
* * NUMBER COLUMNS: ! 9 NUMBER LINES: ! 5 *
101 14.8311 -4.6709 -9.3200 Nk *
Number of columns |:| 1 2 15.%47¢ -4.5383 -9.3200 .2 * DATE: 23 Apr 2020 TIME: 09:47:39 UNITS: mm *
13 17.1005 -4.2145 -9.3200 L T L L Ty
Mumber of rows |:| 104 18.2695 -3.7167 -9.3200 VAL B X ¥ z XN ¥N ZN  *
15 19.4370 -3.0522  -9.3200 q* *
i ) P i5.0860 -3.7673  -6.9900 11 55.3627 2.6271 -8.3200 .3045 -.9334 -.1895
Distance from side I 2.3300| mm o 2 2 16.1924 -3.5675  -6.9900 .1 2 56.376%  2.8930 -8.3200 .3679  -.s102  -.18%6
> 3 17.3237 -3.1747 -6.9900 13 57.3852 3.4288 -8.3200 .4201 -.8874 -.1894
) ) 104 58.3863 3.9346 -8.3200 .4744 -.8599 -.1882
Distance from side I 2.3300 | mm g é ig'gggg _?g?;g _g'gggg e 59.3795 4.5026  -8.3200 .5137 -.8372 -.1875
33 le 2pes  —2.54%e  —a.ee00 21 55.3957 1.8017 -6.2400 .2906 -.9381 -.1879
; ; 22 2 56.4152 2.1525 -6.2400 .3543 -.9159 -.1880
Distance from root form diameter mm 3 2 16.3783 —2.5834  —4.6600 35 3 o7 2208 2 le732 _el2400 20eo Zlaoae T loe
308 17.4838 -2.1230 —4.6600 4 2 1 584385  3.0841 -6.2400 ‘a6 -.8672  -.1866
Distance from tooth tip mm g ;1 ig-gggi ’i-‘éggg :3-gggg T2 5 59.4400  3.6171 -6.2400 5012 -.8450  -.1859
. . . €3 55.4164 .9762 -4.1600 .2766 -.9424 -.1877
4 1 15.4301  -1.9213  -2.3300 -2 3 2 56.4410 1.3118 -4.1600 .3407 -.9212 -.1878
4 2 16.5044  -1.58%6  -2.3300 -3 03 57.4619 1.7173 -4.1600 .3935 -.8999 -.1876
Save Report Calculate 4 3 17.5801  -1.0633  -2.3300 43 g 58.4776 2.1931 -4.1600 .4486 -.8740 -.1864
4 4 18.6402 -.362%  -2.3300 £ 03 s 59.4873 2.7312  -4.1600 .4885 -.8525 -.1857
4 5 15.6688 -5010 -2.3300 L€ a1 55.4248 .1507  -2.0800 .2625 -.9465 -.1874
5 1 15.5180 -.9856 L0000 .z a2 56.4543 4710  -2.0800 .3269 -.9262 -.1876
5 2 16.5703 -.5897 L0000 443 57.4811 .8612  -2.0800 .3801 -.9057 -.1874
5 3 17.6122 .0005 0000 .4 s 58.5038 1.3218  -2.0800 .4355 -.8806 -.1862
5 4 18.6280 .7636 0000 e 4 5 59.5214 1.844%  -2.0800 .4758 -.8597 -.1855
5 5 19.6026 1.6883 0000 75 1 55.4209 -.6745 .0000 .2484 -.9503 -.1872
6 1 15.5492 —.0462 2.3300 25 2 56.4551 -.3696 .0000 .3131 -.9310 -.1873
6 2 16.5756 .4125 2.3300 .4 5 3 57.4875 .0053 .0000 .3665 -.9113 -.1872
6 3 17.5800 1.0648 2.3300 e 5 4 58.5170 .45086 .0000 L4224 —-.8870 —-.18e0
6 a i8.5479 18879 5. 3300 e 5 5 59.5423 .9584 .0000 .4629 -.8667 -.1853
6 5 19,4648 2. 8696 3.3300 o6 1 55.4047 -1.4994 2.0800 .2342 -.9540 -.1870
7 1 15.5236 8936 4.6600 .6 2 56.4433  -1.2099 2.0800 .2992 -.9356 -.1871
7 3 16 2204 1 a1z 4. c600 ‘.6 3 57.4812 -.8503 2.0800 .3529 -.9167 -.1870
6 4 58.5172 -.4204 2.0800 .4091 -.8933 -.1858
6 S 59.5500 .0720 2.0800 .4500 -.8736 -.1851
701 55.3763  -2.3237 4.1600 .2200 -.9574 -.1868
7 2 56.4190 -2.0497 4.1600 .2852 -.9400 -.1869
7 3 57.4622 -1.7056 4.1600 .3392 -.9219 -.1868
7 4 5R_5045 =-1.2912 4 _ 1600 -395A8 -_.A993 -_.1R856
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STEP 5: GAMA measurement

Measurement of manufacturing deviation of pinion and gear

Job Number Number Of Teeth Process Mounting Distance Serial Number Part Number
Gleason Metmlogy sys‘lems 11 11,600 180 Flank Cony-1 DET150_Z11_Modi
Revision Teeth Measured Index Location Gama/Chart Version Measuring Direction Deviation Measurement
c on F o n nT I 0 " 1369 5-3 32720201280 Counterclockwise trangverse
©3.000mmis () nS/d 10104, -||- Form | DET150_Z11_V3_G5.DAT |
2 3 4 5 6 T 8 )
2 7

Left Flank

Average Tooth / /

FbO34 *
Fa-096° *

Wf-12.68' /10mm

R S N N
\n \ \ \ \n \\;\\m ‘:'“;E;l:nrta?

=44
Iw wm \>.¢ 2 4 4 4 1 4 max= 0.7
-2 =1 ~Ia ~m ~I& ~Is -4

Nom. Diff. Angle: 16.2182°
Act. Dff. Angle: 16.2663° 1 2 3 4 5 6 7 8 9
RMS Flank1: 0.00316 mm
RMS Flank2: 0.00177 mm
Sum Of Squared; 0.00056810 M2

THICKNESS

Dev*
* Gleason Method Used Ind. Dia:35.2244 mm

Gleason Metrology Systems Date Time Operator Customer Machine ID Frobe Tip

CoRPORATION

6/15/2020 2:3Z2.00 PM M E COWAN 7418 TCAMM xPlus 1.0mm
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STEP 5: GAMA measurement

Measurement of manufacturing deviation of pinion and gear

Left flank

Gleasn-n Metrclll:lgy Systems
CORPORATI

Right flank

GlEEISﬂI’\ Metrolugy Systerns
CoOoORPORATI
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art Murnber DCTIS0_ZTT_Med] Operaiar ME COWANTZ. TP 315 mm Farl Humber GCT150 211 Mad] Operalor T E COWANZ. T[Fd. T8 mm
|Data 52020 [ 27 |Date TBE020 | Mn: |
Job Murmnber [Time 232:00 PM | “inh Fmer Timm EISEL L T
her B0 FG -
B T
(ixloczion | Gilleason Metrology Systems i Gleason Metrology Systems
IR — CORPORATION e CORPORATION
g 5 Part Number DCT150_F40_Mod{ Operator M E COWAN|Z: 40| Pd: 116 mm Part Mumber DCT150_F40_Modi Operator M E COWAN|Z: 40| Pd: 116 mm
Date BI15/2020 | Mn- 27 TCIMM Date 5/15/2020 | Mn- 27
. Job Number Time 3:13:00 PM Counte Jab Mumber Time 3:13:00 PM
Pressura Angla Eror (minule | "Sarial Numbar 150 Flank Conv-1 b: 20.6 mm Senal Numbar 150 Flank Conv-1 [H 20.6 mm
Egﬁl ;‘-ﬂuls mor f""'"lﬂsﬁio‘ Tndex Localion 3| Frocass Index Location 3 | Process
P Factor (minules per Journal Reference Off | Part 255 Em |~ Journal Reference Off | Part
Flank2 Average of 4 Unils (mm} | GamaiChart Version 3.2.72.W2.0.126.0 | gla for | Tinits (mm} | Gama/Chart Version 3.2.72.002.0.126.0]
[+
remeant
Probe Mame TC1MM
4 4 iga of 4
1 2
1 3
1 4
1 5
2 1 Flank2 Average of 4
2 Z L X ke Z Dev Flank Measurament
2 3 Flank1 Average of 4
2 4 1 1 55.2827 38698 83200 -00310 c L x N Z Dev
2 5 1 2 563331  -3.7269  B.3200 - 00164
1 3 57,3860 34140 B.3200 00345 1 1 55,3635 -26098  B.3200 00417
3 1 1 4 584402 -3.0308  B.3200 00001 1 2 56.3779 -29742  B.3200 -00104
3 2 1 5 50.4939 2.5849 83200 -00405 1 3 57.3863 -34006  8.3200 00050
a EJ 1 4 58.3881 -3.9080  B.3200 0m2s
3 4 2 1 553356 -3.1472  6.2400 -00198 1 5 50.3824 -4.4844  B.3200 00148
3 5 2 2 56,3823 -2.8887  6.2400 =00066
2 3 574305 -25603  6.2400 -.00260 2 1 553962 -1.7B65  6.2400 -00424
4 1 2 4 584788 -2.1613 62400 00141 2 2 564158 -2.1358  6.2400 -00043
4 z 2 5 58.5257 16898  6.2400 -00353 2 3 57.4307 25561  6.2400 00070
4 3 H a 584388 -30396  6.2400 00089
4 4 3 1 553763 -2.3237  4.1600 -00151 2 5 594422 -35812  6.2400 00086
4 5 3 2 56.4190 -2.0437  4.1600 -.00059
s P 3 3 574622 -1.7056  4.1600 -00193 3 1 554166 -0B30  4.1600 -00382
5 2 3 4 58,5045 12812 41600 o121 3 2 56.4414 12872 41600 00081
: 3 3 5 50.5444  -.8141 4.1600 -.00340 3 3 57.4623  -1.7024  4.1600 -.00027
H i 3 4 584785 21708  4.1600 00085
5 5 4 1 55.4047 148994 20800 -00135 3 5 59.4889 26874 41600 Rk ]
4 2 564433  -1.2099  2.0800 00025
i 1 4 3 574812 -8503 2.0800 = 00062 4 1 55.4248 1396 2.0800 -00437
H 2 4 4 585172  -4204  2.0800 00253 4 2 56.4544  -4584 20800 00143
H 3 4 5 595500 0720 2.0800 -00228 4 3 574812 -8484  2.0800 -00055
G i 4 4 58.5043 13017 2.0800 00042
H 5 5 1 554200 -6745 0000 -00108 4 5 50.5224 -1.8133  2.0800 00049
5 2 564551  -.3606 0000 00048
7 1 5 3 574875 0053 Q000 00000 5 1 554208 6835 Q000 -00375
M 2 5 4 58,5170 4506 0000 00340 5 2 564550 3800 0000 - 00085
7 0 5 5 585423 9584 Q000 -00124 5 3 574875 0053 Q000 00000
7 4 5 4 58.5172  -4328 0000 -00058
7 5 6 1 554248 1507 -2.0800 -00155 5 5 59.5428 9290 Q000 -00003
] 2 564543 4710 -2.0800 0002a
8 1 6 3 574811 BE12 -2.0800 -00018 [ 1 554045 15063  -2.0800 -00336
- - 6 4 585038  1.3219 -2.0800 00393 6 2 56,4431  1.2182 -2.0800 -00038




STEP 6: Import measurement data to KISSsoft

Import the topological modification of manufacturing deviation into KISSsoft

m Topolegische Korrektur importieren s

Weitere q¢  Messmaschine |Gleasor|
Variante fil | Messgitter-Datei

DGT150 Z11 V3_9x5_results.tbd

Zahnr|
Reihenfolge der Flanken in der Messgitter-Datei |Rechte Flanke - Linke Flanke
Accept Save Report Calculate

<

Designed modification

MEE HEE

Manufacturing deviation

L

Weitere Modifikationen

Variante fiir Berechnung Keine Varianten definiert ~

Zahnrad Flanke Art der Modifikation Datenquelle
Gear 1 rechts Gemessene Herstellabweichung  template_rf.dat aktiv
Gear 1 links Gemessene Herstellabweichung  template_Ifdat aktiv

Status

Combined modification

Modiications | Gear 1| Right flank

Modfications | Gear 1

[l Vodiicatons | Gear 1 Let ank

| | Modfications | Gear 1

AR QAR SBRIBED ¢

MeQRAQARAPIAHIADD P

L=

ey
s T
ReRAAR PARIEID v U

uositicotions ¢ [mm)

[ Topologel modfcation Gesr 1 Left Fank

Modificatons | Gesr 1

RleQ

Moditicotions C fmm)
—

QAR PIEIIIFID ¢ O

Combined modficaton | Gesr | Right fank
Modificatons | Gear 1 -
ReAALE PRI I ¢ ~

Nositicotions G [mpm]

[ Combined modification | Gear 1| Let fank

Modifications | Gear 1
oA AR PIARIPP P

Wogificotions C [mym]

B
il
Modifications | Gear2| Right flank Gear 2| Left flank a % Topologecal moddication | Gesr 2| ight fank I Topological modiication| Geae 2| Lef Combined moddication | Gear 2| Right flank B Combined modification | Gear 2| Left flank
|Modiications | Gear 2 | [Modiications | Gear 2 | Modifications | Gear 2 | [Modincations | Gear 2 Modificatons | Gear 2 = Modficatons | Gear 2
ROR QUL PAPII P ¢ ROR AR PAHF AP FD ¢ GitRAAKANPIIISIIP ¢ i » RcR AKX SFISIIIP ¢ ReQA AR PRAEFIAPII ¢~ RL-A AR PIARIIIP ¢
- - Wogiticotions € [mym] Mos i Fications € fmem] Mogitications © loym]
o B o s * 208 n — g
z B
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STEP 6: Import measurement data to KISSsoft

Convert measured manufacturing deviation into topological modification

ElanlcE vaﬁge of 4 “ v 2 D
1 , o 3200 — - Read in deviation values for each grid node (yellow area)
1 2 93200 - 00138 H H H
P 33200 “Boaad - Estimate the edge values using extrapolation (Gieniarea)
1 5 93200 - 00226 COLUMNS=13
2 1 6.9800 -.00247 DATA
2 2 6.9800 -.00158
2 3 6.9900 - 0208
2 4 6.9900 - 00273
2 5 6.9900 - 00188
a 1 A GE0D -00323
a 2 A GE00 -00132
3 3 46600 - 00099
3 4 46600 - 00158
k] 5 46600 - 00132
4 1 23300 - 00263
4 2 2.3300 - 00061
4 3 23300 - 00aa7
4 4 23300 - 00033
4 5 23300 - 00037
§ 1 onon -00311
5 2 oooo - 00057
5 H 0000 “Hov'z
5 5 0000 -00005 - Subtract the maximum for all values to transform intq negative values
] 1 -2.3300 -00319 i <]
6 2 -2.3300 ~0009a - Tooth thickness change is ignored
; H 2300 ano1o
B 5 -2.3300 - 00022 (CLIELESE
DATA

7 1 -4 GEOD 00234 1
T 2 -4 GEOD -.00093
T 3 =4 6600 0003 2
7 4 -4 6600 A0ME 3
7 5 -4.6E00 00046

4
] 1 -6.980 -00270
] H -6.9900 -00195 £
8 : o800 90012 s

7

8

END

- Convert the values into positive as per KISSsoft format (positive value
removes the material)

COLUMNS=13

DATA
1
2
3
a
5
6
7
8

END
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STEP 6: Import measurement data to KISSsoft

User interface, tab «Modifications»

Create two variants of the
microgeometry, one for “designed” and

Basic data Reference profile Manufacturing Toler O n e fo r & m eas u red ”»
Chamfers and roundings
Gear 1 Gear 2
Tip chamfer or rounding |Chamﬁ=_-r vl |Chamfer vl +| |3 F € y o
or the "measured”, import the
Face chamfer |‘|"es vl |"|"E5 vl +| |7 ! p
Face chamfer, tip |‘|"es vl |"|"E5 Vl +| 3 measurement data
Gear - Flank Modification type Value [pm] Factor 1 Factor 2 Status Information
Gear 1 bath Tip relief, linear 30,0000 0.9739 active dCa=159. JLQRENENI I BTy
Gear 1 bath Profile crowning, roll length-centered 15,0000 active rcrown=7yg Bezeichnung
Gear 1 both Crowning 20,0000 active rerown=13 |1 Desioned
K Topologische Korrektur importieren X 2 Measured
Gear 2 bath dCa=460. ;
Gear 2 both | Messmaschine Gleason e rerown=10
Gear 2 bath Messgitter-Datei e CHBE=-10. ft To
| [
Reihenfolge der Flanken in der Messgitter-Datei Rechte Flanke - Linke Flanke w | %
* o
Zahnrad l:l Datenformat l:l Cancel
Anzahl Spalten I:I Anzahl Zeilen I:I
Zahndickenwinkel =
Accept Save Report Calculate
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STEP 7: Contact analysis results of designed & manufactured gear

Based on design / reference

Weitere Modifikationen
Variante fur Berechnung

Alle Varianten anzeigen

|Ohne Modifikationen rechnen

hne Modifikationen rechnen

[Jye—

noMeasured

Fahnrad Flanla Art dar Madifil-atinn
Results (Contact analysis)
min max A p

Transmission error (pm) -29.8907 -26.5268 3.3639 -27.6108
Excitation force (N) 3773.9648 4619.4325 845 4677 4357.9199
Tangents Stiffness curve (Nfum) 190.1098 287.3960 97.2862 2552770
Secants stiffness curve (Nfum) 142.2260 158.9537 16.7277 152.8458
Line load (N/mim) 0.0000 908.4017 908.4017 2101171
Torque Gear 1 (Nmj} 641451 64.1575 0.0124 641510
Torque Gear 2 (Nmj} 2241770 227.8568 36798 2255483
Speed, gear 2 (1/min) 2738453 2759028 20575 2749389
Paower loss W) 155 8756 267.0384 111.1628 2238706
Efficiency (%) 96.0250 97.6797 16547 96.6676
Contact temperature ("C) 74.5472 2117577 137.2108 99.8802
Thickness of lubrication film (pm) 0.0697 0.4525 0.3828 0.1493
Active flank area of usage (diameter) Gear 1 (mmy) S 100,000
Active flank area of usage (diameter) Gear 2 (mmy) g s
Hertzian pressure (N/mm?) g i
Tooth root stress gear 1 (graphical method) (N/mm?) 5
Tooth root stress gear 1 (at 30° tangents) (N/mm?) f e
Tooth root stress gear 2 (graphical method) (N/mm?) ; S
Tooth root stress gear 2 (at 30° tangents) (N/mm?) z 50.000
Safety against scuffing
Transverse contact ratio under load [eq]

min

p

max

side | 11 11789/ 0.6316
Overlap ratio under load [eB] 0.4316
Total contact ratio under load (max) [ey] 16105
Sound pressure level (according to Masuda) [dB(A)] 407 nB’Q :»"’0 ° \,9 ,‘QP

Angle of rotztion (Gear &) (7]
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Weitere Modifikationen

Variante fur Berechnung

Alle Varianten anzeigen

As manufactured / measured

Ohne Medifikationen rechnen

[~

[[Te——

Ohne Modifikationen rechnen
Desianed I
Ra

Fahnrad Flanla Art dar Madifilatinn
Results (Contact analysis)
min max A 1]

Transmission error (um) -25.7335 -23.0592 2.6743 -23.8161
Excitation force (N) 3854.8716 4547.4769 692.6054 4361.9107
Tangents Stiffness curve (N/um) 206.5104 277.5245 71.0141 257.3214
Secants stiffness curve (N/um) 165.2830 182.9532 17.6702 177.2691
Line load (N/mm) 0.0000 766.9575 766.9575 210.1003
Torque Gear 1 (Nmj} 64.1451 64.1571 0.0120 64.1505
Torque Gear 2 (Nm) 2243581 227.8073 3.4493 225.6672
Speed, gear 2 (1/min) 2739194 275.9095 1.9901 2749350
Power loss (W) 158.4293 261.2482 102.8188 2203079
Efficiency (%) 96.1112 97.6417 15305 96.7206
Contact temperature (°Cy 745472 196.8750 122.3278 99.8131
Thickness of lubrication film () 0.0498 0.4790 0.4292 0.1502
Active flank area of usage (diameter) Gear 1 (mm} 1 by 1400, 000
Active flank area of usage (diameter) Gear 2 (mm) 5 5 ki
Henzian pressure (M/mm?) / ; )
Tooth root stress gear 1 (graphical method) (M/mm?) E i
Tooth root stress gear 1 (at 30° tangents) (N/mm?) : e
Tooth root stress gear 2 (graphical methad) (N/mm?) :E ot el
Tooth root stress gear 2 (at 30° tangents) (M/mm?) 700000
Safety against scuffing
Transverse contact ratio under load [ea] ’I

min |

u |

max [

side I, Il 1.0947/ 0.8842 . ,’
Overlap ratio under load [=@] 0.5684 Zﬁ: \
Total contact ratio under load (max) [ev] 1.6632 400 " - "'
Sound pressure level (according to Masuda) [dB(A)] 38.7 ' "4 nl

(RN s
»¥ >

Angle of rotation (Gear A) [°]




Example case, heavy truck transmission gear set

‘Excwtatlon | Transmission Error ~ ‘ Excitation | Excitation force @
3 10 @0 a ol . & 8 @ Qa@lulE .
MoeBQmaad ¢ GEIE=S o QmQQAR| QB EHSRS
c — TE (without mfg. deviation) [
-23.10 - — TE (with mf dE-\.'iatiDﬂ) 4700 — Excitation force (without mfg. deviation)
23.80 _.._f"""_'“"“-\\ L 9- 4600 e — Excitation force (with mfg. deviation)
—-24.50 — 4500 —
£ : R & : - ’
=-25.20 V Z 4400 1 \
5 o s
£ -25.90 — 84300 \ I
a S
52660 - i /-\ c 4200
kel k]
a o
e -27.30 54100 — i
& 3 e g \ 1l
& -28.00 | \ & 4000
= _
9870 ] \ / 3900 w
29.40 V 3800 —
3] (33 S 3] [}
RO AN PO A
Angle of rotation (Gear A) [°] Angle of rotation (Gear A) [°]
Excitation | Amplitude spectrum of the transmission error - Excitation | Amplitude spectrum of the transmission error - Excitation | Excitation force amplitude spectrum - Excitation | Excitation force amplitude spectrum -
BloRm QA& Y BED - BloQmn @SR &E QERSES GloQm & QE ¢ BRER BloQmn @SR &E QERSES
0.80 5 S 0.80 R S 220 . S 220 . Lo
072 without mfg. deviation 072 with mfg. deviation 200 ] ithout mfg. deviation 200 ] with mfg. deviation
0.64 ] 0.64 180 180 ;
0.56 | 0.56 — — 160 — 160 -
£ B S140 5140
20.48 3048 = =
2 0.40 <040 s e
% ’ El S0 S0
£ 0.32 EMZ 5 w0 5 w0 ]
0.24 - 024 < w0 < 6
0.16 0.16 - 40 ] 40 -]
0.08 i 0.08 — | | 20 I | 20 i |
| | | 1
0 BE EE ] 0 bbb don ot 0 T T St 0 L
° ™ % Q9 K3 - ° S ® 9 K3 - < S ® 9 K3 - ° ™ @ 9 K -
Order of harmonics Order of harmonics Order of harmonics Order of harmonics

e v | a |
Without mfg. deviation / With mfg. deviation
Transmission error (um) -29.8907 / -25.7335 -26.5268 / -23.0592 3.3639/2.6743 -27.6108 / -23.8161

Excitation force (N) 3773.96 / 3854.87 4619.43 / 4547.48 845.47 / 692.61 4357.92 / 4361.91

PPTE and excitation force are lower with manufacturing deviation. This is rather exceptional and might be
happening as the manufacturing deviation is very small.
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Example case, heavy truck transmission gear set

Stress [N/rm2]

$29.05 1058 101 1587152 2e.2

0.000

. ’
Angle of rototion (Geor A) [deg]

Stress [N/mm2]

3130.2

2347 659

1565. 106

782 553

0.000

measured

P

e

Al
Y .o X
¢

AR
TR 0

3
v L]
mﬂ HW mﬁ "%.Lh hﬁ Ln nﬁ .%1 Y
ﬁ‘f&u-(-.._...-.\.‘tin-..- ﬂ

1
Angle of rotation (Geor A) [deg]

KISSsoft
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Example case, heavy truck transmission gear set

Contact analysis

= Contact analysis -

Efficiency | Efficiency progression - Efficiency | Total power loss -
P — — > i . [ 5] e 4
e Qm QAR Q| BEDES P R
97.80 ¢ — Efficiency (without mfg. deviation) C
. _ Eff\c\eng (with mfg dge.viatimj 280 — Total power loss (without mfg. deviation)
97.60 — 3 270 — —— Total power loss (with mfg. deviation)
—_ 260 rat
I5597.40 250
597.20 E240 :
a 7230 \
55700 T220] \\ //
59680 £ 210
= N\ /
 96.60 7 5 100
S e \\ /
& 96.40 180 :
170 —
96.20 —/ 160 -] :
9600~ pr=y e 150 = T T
::yﬁ HG N H‘G ‘3'9 v fo¥ o* vt
Angle of rotati G A)[®
Angle of rotation (Gear A) [°] nle of rotation (Gear A) [%]
Contact analysis Bl Contactanalysis B Contact analysis Bl Contactanalysis B
Efficiency | Specific power loss | 3D he Efficiency | Contact temperature | 3D v Efficiency | Specific power loss | 3D A Efficiency | Contact temperature | 3D A

ReR QAR PBHIDIP » KRR AUQCAPIAHIDIII ~ KRR QAAAPBHSIPIIP » KRR QUWQLQAIBIHIDIP ~

Power loss [W/rmm] Contact temperoture [degC] Power loss [W/mm] Contact temperoture [degC]
[
_— _— s _
£ without |mfg. deviation £ without mfg! deviation E with mfg. deviation E
3 e 3 e 3 e 3 e
= = = =
o s s s
xam xam xam xam
wioso s oioso oioso
caioto 2o 2m —_
v ‘o s s
i e i i
ser 83583388 § o8 EEEEEEEEER ser 8% 533838 %3 Me' 8% 533838 §§
B4 # & e cwr idl g 8 2% 7 § e a8 2 2 § - ¢ & v 7 § 2 2 § - ¢ & v 7 §
' Angle of rototion (Geor A) [deg] Angle of rototion (Geor A) [deg] Angle of rototion (Gear A) [deg) Angle of rototion (Gear A) [deg)
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I T SR A S R
Without mfg. deviation / With mfg. deviation

Power loss (W) 155.8756 / 158.4293 267.0384 / 261.2482 111.1628 / 102.8188 223.8706 / 220.3079

Efficiency (%) 96.0250 / 96.1112 97.6797 / 97.6417 1.6547 / 1.5305 96.6676 / 96.7206

196875

| with mfg. deviation

KISSsoft



Example case, heavy truck transmission gear set

Theoretical gear with

: Manufactured Behavior of
Parameters Theoretical gear tolerance ear Mfg. to Theo. (*
(Quality 1SO 6) 9 g- :
Transmission error (PPTE) pm 3.36 285-6.14 2.67 +
1st Harmonic (PPTE) pm 0.573 0.573 -1.946 0.353 +
NOiSe /g Lo rmonic/ 15t Harmonic (PPTE) - 1.373 0.627 — 1.373 1.642 -
Vibration
Sound pressure level (Masuda) dB(A) 40.7 39.3-45.9 38.7 +
Excitation force (Peak to Peak) N 845.47 727.19 — 1480.28 692.61 +
Contact stress, mean N/mm? 809 768 — 877 844 -
Bending stress, Pinion, max/ mean  N/mm?2 377 /155 344 — 538 /155 - 195 342 /161 =
Strength
Bending stress, Gear, max / mean N/mm? 309/174 254 —355/174 - 191 283/173 =
Scuffing safety - 1.97 1.53-1.97 2.20 +
Power loss W 224 224 — 249 220 +
Efficiency
Efficiency % 96.67 96.29 — 96.67 96.72 +
*) Manufactured gear has (+: better, ~: same, -: lower) performance.

The manufactured gear has

- Lower transmission error and excitation force

- Lower sound pressure level because of the lower transmission error

- Slightly higher contact stress

- Almost same bending stress

- Slightly better efficiency

Note: In this example, the manufactured gear shows better behavior than the theoretical gear. This is rather exceptional but happens.

Slide 23 | 6" October 2020 | KISSsoft Webinar Design — Manufacture — Measure Klssso I l



Summary

Performance characteristics of manufactured gear

Approach
= Design, manufacture, measure gear
= Designed gear geometry - reference characteristics

= Manufactured gear geometry is measured and
imported to KISSsoft - as is characteristics

Use cases
= Accept / reject batches of gears manufactured
= Selection of economical manufacturing process(es)

= Change design and / or manufacturing process for
required performance characteristics
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Characteristics of manufactured gear - known
c)

A= S

Designed gear / reference Manufactured gear

& e I SoNoN:ERE") El B 'E Gleason Metrology Systems s
— |Exatation | Transmission Error comPomATION S [Excitation | Transmission Error
. Teile-Nr GX RINGGEAR 687 Bediener GNIS Agp |2 68 168608002
g8 dimml g5 dmml OB e & E & W Bezeich GEARFRT Gff Ring | Daum TFe BT[N PR 7958 o v Dy @ |
§g i¢ Q 2k M S BA index | Revsion 5045783 Zeit n,moi;m 18] T % L Q i @'x C.-\ @"1 i;«’
Secien-Nr. 1sching 300GMS |B: 30| b R
4204 o= droimpre 420 SMeis GFei= 164882 Tastar @ 20| Maschinen 7337 | 213 La 086
C Ausichtung (3.2)Ein (1) WERKSTUCK STIRNRAD (£} 261
39.0 H 39.0 o Einhet Metrisch {um) | Axis Alignment OFF |- CL-CW-TOOTH| C
159,194 -34.0 4 § :kL’ZWEG Yorr] A " " »
36.0 36.0 35.0 RO, ) _39.0 [ I I\ Y |4
=1 [ [ | g7] | =3 (W NN
= _ 3 . . o = : i
E30.0 £300 Z-37.0 | | 11 £ -41.0 | | | | |
I~ = =
S 270 dsm-15L.22 2 270 25 g -38.0 7 ! \ ! = = ~42.0
£ & -39.0 \ s - —
S 5207 5 400 | A = \ o | | | | |
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Thank you for your attention! Manu-
facture

Sharing Knowledge

KISSsoft AG, A Gleason Company
Rosengartenstrasse 4, 8608 Bubikon, Switzerland
T. +41 55 254 20 50, info@KISSsoft. AG, www.KISSsoft. AG
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