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1.1 Executive summary

The KISSsys software combines kinematic analygetirhe calculation, 3D graphics and

user defined tables / dialogues with a programrtanguage. Due to it's flexibility, it is the
tool of choice for strength and lifetime analysisarious kinds of drive trains and gearboxes.
It is currently used in industries like: automotieenstruction and agricultural, power tools,
industrial gearboxes, power generation and mangrstfhis software has been available
commercially for ten years now and the users conityisigrowing steadily. KISSsys lets

the user do quick yet detailed parametric studiesammplete power train in very little time

to compare different variants of a concept. Thehimecelements calculated range from gears,
shafts, bearings, shaft-hub connections to bohg Will result in a more balanced starting
design and fewer modifications will be necessarthier down in the design process.
Furthermore, documentation of the calculationnsmified and all calculation data for a
whole drive train is stored in a single file. Thapose of this presentation is to explain the
concept of the software and describe its manymiffeuses in particular for truck and other

vehicle transmission.
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2.1 Drive train schematic
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Figure 2.1-1 Schematic of transmission with the thee groups indicated in red bo;<es
The transmission has five forward speeds and orexse speed in parallel shaft arrangement.

Fifth speed is without gears (engine directly caneeé to planetary stage).
So, total no. of speeds in this group is six (fmevard, one reverse).
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The parallel shaft group is followed by a planetseywhich gives additional two ranges,
called “Lower / Upper range”. This, combined wittetprevious group, gives twelve speeds.

After the planetary stage, a drop down stage fdlolen, there is one more group with
“Highspeed / Crawler” range. This, combined witk tivo previous groups, gives 24 speeds.

The input shaft is supported by the engine moudtaaroller bearing. The output shaft of the
first group is supported by a pilot bearing sittinghe input shaft and a roller bearing on its
opposite end. The layshaft is supported by twaerdiearings. On the layshaft, there are six
gears attached / integrated. On the input shadtetls only one gear. On the output shatft,
there are five gears each connected to the shaftdans of a needle bearing and the
synchronizer. The idler gear for the reverse sjeéatated on a rotating shaft which is
supported by two roller bearings.

In the planetary stage, the ring gear can be finegphace or it may be connected to the
planetary carrier. If it is fixed in space, the gi@ar drives the planets and the output is on the
planet carrier, give an additional reduction ineshdf the ring gear is connected to the
carrier, the whole planetary set is rotating with sun gear speed and no change in ratio is
there. Ring gear, plante carrier and plant geaathsaipported by roller bearings. On the
planet carrier shaft, there is one more gear wisithen connected to the “Highspeed /
Crawler” group.

In the “Highspeed / Crawler” group, we have twoghiat shafts. On the first shaft, we find
two gears connected to the shaft by means of néedliengs and synchronizers. On the
output shaft, we have the two mating gears, intégrthe shaft.

2.2 Speed table

The 24 speeds are selected by switching on anti@fflutches / synchronizers / connecting
ring gear to carrier. In KISSsys, this is done lsams of couplings or constraints. In the
below table, it is shown which constraints arewvattilosed (“1”) or non-active/open (“0”).

cl c2 c3 cd ©5 cL cr crh sdd:sddsdd2

1 First Upper range Highspeed  1UH 1. 000 0 01 0 0 1 0
2|Second Upper range Highspeed  2UH o 1 0 0 0 1 0 0 1 0
3 Third Upper range Highspeed  3UH oo 1o o0 100 10
4 Fourth Upper range Highspeed  4LUH oo o110 1 00 10
4|Fifth Upper range Highspeed  &UH o o o o 1 1. 0 0 1 0
6 Reverse Upper range Highspeed RUH oo oo o 1 1 0 10
7 |First Loweer range |Highspeed  1LH 1 00 o0 o0 o0 01 10
8 Second Lower range Highspeed  2LH o1 o0 o0 o000 110
9 Third Lower range Highspeed  3LH oo 1o o000 110
10 Fourth Lower range |Highspeed  4LH o o o0 10 00 1 1 0
11 Fifth Lower range Highspeed  5SLH oo oo 1 o001 10
12 Reverse Lower range Highspeed  RLH oo oo oo11 110
13 First Upper range | Crawler 1UC 1. 00000 1 0 0 01
14 Second Upper range | Crawler 20 o1 0 o0 o0 1 0 0 0 1
15 Third Upper range  Crawler 3uc o o 1 0o 0 1 0 0 0 1
16 Fourth Upper range | Crawler 4UC oo o 10 1 00 0 1
17 |Fifth Upper range | Crawler aUC o o o o 1 1 0 0 0 1
18 Reverse Upper range Crawler RUC o o o o 0 1 1 0 01
19 First Lower range | Crawler 1LC 1. 00000 00 101
20 Second Lower range | Crawler 2L o1 0 0 o000 1 01
21 Third Lower range | Crawler 3L oo 160 o000 101
22 Fourth Lower range | Crawler 4L oo o 1000 101
23 Fifth Lower range | Crawler aLC o o o o 1 00 101
24 Reverse Lower range | Crawler RLC oo oo o001 1 01
Figure 2.2-1 Speed table showing state of all coupdjs/constraints for the different speeds

The speed table is also prepared in KISSsys by snefaa template. The numbers “1” and “0”
may be entered in KISSsys manually or may be cdipoed e.g. Excel. Special instructions
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on how to create such a table are available anglétes are available for download from our
homepage.

f E Speeds E]@

Speed _0.GB.cl.5peed_5 _0.GE.c2, Speed_5| _0.GB.c3.5peed_5| _0.GE.c4.5peed_5 _0.GB.5,5peed_3 | _0.GB.cL.Speed_5| _0.GE.crSpeed_Se _0.GE.crh.Speed_t| _0.TC, sddsddl, 5 _©.TC.sddsdd2, 5p
1 1UH 1 o 0 a 0 1 a 0 1 a
z 2UH a 1 ) a ) 1 a ) 1 a
3 3UH a o 1 a 0 1 a 0 1 a
4 4UH a o ) 1 ) 1 a ) 1 a
5 SUH a o 0 a 1 1 a 0 1 a
[ RUH a o ) a ) 1 1 ) 1 a
7 1LH 1 o 0 a 0 a a 1 1 a
g ZLH a 1 ) a ) o a 1 1 a
9 3LH a o 1 a 0 a a 1 1 a
10 4LH a o ) 1 ) o a 1 1 a
11 SLH a o 0 a 1 a a 1 1 a
1z RLH a o ) a ) o 1 1 1 a
13 1uc 1 o 0 a 0 1 a 0 a 1
14 200 a 1 ) a ) 1 a ) o 1
15 3Uc a o 1 a 0 1 a 0 a 1
16 quUC a o ) 1 ) 1 a ) o 1
17 sUC a o 0 a 1 1 a 0 a 1
18 RUC a o ) a ) 1 1 ) o 1
13 1LC 1 o 0 a 0 a a 1 a 1
20 ZLC a 1 ) a ) o a 1 o 1
21 3LC a o 1 a 0 a a 1 a 1
22 4LC a o ) 1 ) o a 1 o 1
23 SLC a o 0 a 1 a a 1 a 1
24 RLC a o ) a ) o 1 1 o 1

Figure 2.2-2 Corresponding speed table in KISSsys

The speed currently used may then be selected asirgjogue.

sleMethod | 150 sa'E T M=) Function to call the speed
L ‘Calculate (Trom,. .. Change speed‘——wmﬁ Selectlon dlalogue
Input speed 2500 |
fo Inpuk torque . 1400 . .
xl R | | | Information on speed currently
; Output torque | -17491 | | = selected
1 Current ratio 1: | 12,494 /
Current speed 3UH . .
a1 = i Speed selection dialogue
phal T I
All speeds that can be selected
A — i _ & based on speed table as shown
l 30__ — :: :2 20H| above

Ed set gear

Select gear:

Figure 2.2-3 How to select a speed

Once a speed is selected, the power flow is releémiand shown in the kinematics and 3D
view as shown below

Speed: 3UH Speed: RLC
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Figure 2.2-4 Power flow for two different speeds. &ft: schematic (red is power flow). Right: 3D view
(gears without power are transparent)

2.3 Load spectrum

For the transmission, a load spectrum may be givettie load spectrum, the time per speed
and the input power data may be given as showmbelo

Time (fraction) Speed Input torque Input speed
T1 1UH T1 N1
T2 1UH T2 N2
T3 2UH T3 N3

Accordingly, such a table is available in the KIgSiodel. The data can either be entered
manually or imported e.g. from Excel.
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LoadSpectrum E]@
Frequency Tarque Speed aear

1 0,05 1 0.5 1UH

2 0.05 1 0.9 ZUH

3 0.1 0.5 1 3UH

4 0.1 .7 1 4LH

b= 0.2 0.6 1 alH

& 0,05 0.z 0.1 RLH

7 0.05 1 0.2 ZLH

g 0.2 0.5 1 3l

Figure 2.3-1 Load spectrum definition in KISSsys

The load spectrum is defined by means of a “DeéiniDialog” as shown below. There, it is
defined where speed and torque should be givende.the “Input” side of the transmission)
and whether speed changes should be considered.or n

Define Load Spectrum

5

Definition:

Mo, of Steps:

Spectrum bype (speed and torque):

Dwration bype:
Required lifetime [R]:
Speed defined to:
Torque defined ko;

Consider gear shifts:

Mo, of additional columns:

Defined manually w
10.0000
Percentages w
Frequency w
20000, 0000
_2, Input "
_ Input w
ves w
0.0000

(84 l [ Cancel

Figure 2.3-2 Dialog for the definition of the loadspectrum

% 5

3.1 Overview

In the KISSsys model, all data of the transmissibe,load data and results are stored and
managed from a central location. It is based orirestructure that defines the logic and
kinematics of the transmission. Inside KISSsyses#\WKISSsoft files are present allowing

for editing and calculation of e.g. gears, shafi@ bearings. Tables for import of load spectra
or 3D graphics for export complete the user intefa
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Figure 3.1-1 KISSsys model

3.2 Tree structure

In the tree structure, all machine elements (realiulations (blue) and constraints (grey) are
listed. This defines the structure of the transiorssAdditional tables may be added as data
input and output in the user interface. The tregctiire represents the transmission structure
as shown above
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Figure 3.2-1 Tree structure.
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3.3 Kinematics

The kinematics of the transmission (all speedstarglies) is automatically calculated by
KISSsys based on the speed selected. The poweidlthen shown in the schematics. Red
lines mean power flowing in the direction of theoavs indicated. Black lines mean engaged
connections (e.g. closed couplings) but no powev {power=0). Grey line mean open
couplings or connections or constraints. The kinesas defined by means of constraints
between the machine elements and shown as a segeaiphics for easy checks.

Figure 3.3-1 Kinematics definition in KISSsys

3.4 Gear data

The gear data may be modified by two different nse&ither through KISSsoft interfaces or
through a table. Typically, both means will be usedultaneously. A dialolg lets you select

the gear calculation you want to edit. After theesion, the corresponding KISSsoft file will

open automatically where you can work (e.g. torote the gearset) on KISSsoft level.

ur (-Joed : :
Calculate (Trom, ... Change speed Gear Cales| Shaft Calcs i Fu nCtlon to Ca" the d | alog
Input speed 2500
Input torque 1400 D | a.l o
Qukput speed -126.29 g
Qukput torgue 27714
Current rati 1 -19.7% F3 Choose Catculation All gear calculations are listed
Current speed RLEZ H
Gear cak: |_0.GB.zszpar | |~ automatically, select one
E_O.GB.ZIZZ.ZIZZ
_0,G6.235324 2524
_0.GB,2526.2526 i
_0.GE,2725,2725 |
£ _0,GE.29210.25210 >
_O.GB.zrlarZ.zrler? l:
30 44 40 _OnGB.zrZer3.zrerd _D
44 40 _O\TiZ,z20221 220221 80
O\ T 222223.222223
~ _0.20utzIn.z0utzIn "

Figure 3.4-1 Selection of gearcalculation to be oped
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o @ ® = g =
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2000
o 1 o
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o.000] i 1 o
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2000
3,000 Gearz | 18CHNiMo7-6, Case-carburiced steel, case-hardened, 150 6336-5 Figure 910 {1Q), core strength »=25HRC Jominy J=12nm<HRezs |v] [ i 1 0
000
500 (it [on o e o b o [] @ L 1 5
&.000
RECt : - 5
. . L 1 0
i 1 e Results. & X 2D geometry & X = L) £
. 1 Result: ] i < £ L
- General esults Meshing & s - |
® 9
SeatbaCalalations & Toothi Contact ratio (TransversefOveriap/Tota) 1,6306/0,0000/1,6886 o o 1
% Input
& Shafts and Bearings =]
Loadspectrum B Cometions pean] oo . < 2 L
9 oupt e Actual tp cirdle dae 149,000 152000 = 5 i
PlanetaryGearCaleulation 1 Belts and chain drives Root safety DooEa2 07644 i i = R
Hishine 4 Diverse Flark safety 0.6860 0.6852 f T . o 0 L
£ System [ KISSsys Safety against scuffing (ntegral temperature) 20433 NS g —
@G ) Descrnton of the caculation... | Safaty against scuffng (Hash temperature) 21171
@ Bibliography and Index
ur
@ koysaDiiew e
® % 20uzin manusl | Search Resuts | Messages | Information —
Model Templates (CONSISTENT

[zr22r3] Koft Module 2012 with Flename ™ started

Figure 3.4-2 Corresponding gear calculation is theaccesssible on KISSsoft level

Alternatively, tables giving the most important gealculation information may be used as a
quick means to change some selected calculatiingsetike lubrication, required life time,
calculation method, gear quality and so on. Inddi@e table, also the most important results
may be shown (table may be modified by the user):

E GearPairCalculations E]@
zlzz z3z4 2526 2728 z9z10 zrizrz 2rzars z20zZ1 222223 z0utzIn
Calciethod 150 8336:2006 .. | 150083302006 .. IS0 6336:2006 .. | IS0 6336:2006 .| IS0 633612006 . 150633002006 ... IS0 6336:2006 .. IS0 6338:2006 .. IS0 6336:2006 .. IS0 6336:2006 ..
H 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000
Ka 1 1 1 1 1 1 1 1 1 1
KHb 1.2 3.854 1.05 27826 2.5585 25929 1.05 1.2 1.2 1.2
Ky 1.05 4. 543%+008 L.01el 7.5584e+006 9,8995e+006 1,4505e+007 1.0514 1.05 1.05 1.05
Q1 7 7 7 7 7 & & ] ] ]
Qz 7 7 7 7 7 g ] ] ] ]
mnl 4.6 4.2 4.45 4.35 4.25 4 4 7 7 ]
betal 1z 23 22.5 23 15 o o 20 20 20
alphal 20 20 20 20 20 20 20 20 20 20
z1 16 z1 z4 29 30 34 35 23 33 19
22 41 38 32 28 30 35 36 47 37 34
a 135 135 135 135 135 135 142 2625 2625 174
b1 30 44 40 36 30 40 40 70 70 &0
b2 30 44 40 36 30 40 40 0 0 =)
materiall 18CrMIMaT-6 18CrMiIMa?-6 18CrNiIMaT-6 18CFNIMaT-6 18CkNIMa?-6 18CrNIMa?-6 15CFNIMa7-6 15CFNIMa7-6 18CrIMa?-6 15CrHiMa?-6
material? 18CrMika7-6 18CrMikMa7-6 18CrMike7-6 18CrMikMa7-6 18CrMiMa?-6 18CrMiMo7-6 18CrMNiMo7-6 18CrMNiMo7-6 18CrMIMo7-6 18CrNIMo7-6
TypeCfLub oil bath lubrication | oil bath lubrication | ail bath lubrication | oil bath lubrication | oil bath lubrication | il bath lbrication | oil bath lubrication | oil bath lubrication | il bath lubrication | oil bath lubrication
ail Qil: 150-4G 220 Qil: 150-4G 220 Qil: 150-4G 220 Qil: 150-4G 220 Qil: 150-4G 220 Qil: 1S0-4G 150 Qil: ISO-4G 150 Cnaary Inpat Cnaar Input Cnan Input
LubTemp 70 70 70 70 70 0 0 0 0 0
SF1 0.74653 9993 0.90665 9993 9993 9999 0.76316 1.3601 9999 1.2034
SFZ 0.85266 9999 0.92747 9999 9999 9999 0.78442 1.2493 9999 1.0576
SHL 0.56136 3.9323 0.69642 3.9882 +4.1588 3.6854 0.68604 0.90938 10000 0.75906
SHZ 0.62653 4.0044 0.70259 3.9839 4.1713 3.6976 0.68817 0.92954 10000 0.77273
SB 0.86377 38,396 1.7443 39,134 74,053 49,048 2.1171 1.4086 5.5155e+008 0,99419

Figure 3.4-3 Table allowing for quick setting of ckculation parameters and showing most important

results

3.5 Shafts

Shafts should always be edited on KISSSoft levieaftS may be either single shafts or
systems of concentric shafts.
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Figure 3.5-1 Input line consisting of serveral corentric shafts connected to each other by constraistand
roller bearings

Figure 3.5-2 Layshaft with the gears fixed to it

Figure 3.5-3 Shaft with gears for Highspeed / Craver group
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Figure 3.5-4 Output shaft

3.6 Assembly

Based on the automatic positioning of the companbptmeans of dialoges and giving
geometry in the shaft editor, components are aadmyspace.

Figure 3.6-1 Dialog for positioning of shafts in sace

Figure 3.6-2 Overall view of assembly

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc 11 of 162



The geometry may be exported as step file and itagdo a CAD system. Note that the gears
and bearings are simplified and the export funcsibould be used e.qg. for collision checks.
Alternatively, housing geometry may be importeddollision checks.

Figure 3.6-3 System exported as stp file and readto CAD software

6.0. (

4.1 Gear rating

Gear rating as per DIN, AGMA and ISO standardsraskided. Different calculation
methods may be combined with load spectrum or nahhiad calculation. Different
optimisation strategies and detail calculationaara&ilable in KISSsoft.

Figure 4.1-1 Detailed gear rating on KISSsoft level
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4.2 TCA

Figure 4.2-1 Settings and tabular results of tootleontact analysis
Different corrections on the gears in lead andifgalfirection may be given in order to
optimise e.g. transmission error or contact pastefine correction are fully documented by

means of involute diagrams and lead diagrams tesbd in manufacturing of the gears as
shown below.

Figure 4.2-2 Profile diagram of a gear showing ti@nd root relief
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Figure 4.2-3 Lead diagram showing crowning

Based on the corrections given, the gear misaligmemand the calculation settings, the tooth
contact analysis (TCA) is preformed. For detailI GA, see separate document available on
request. Different results related to contact seesoil film thickness and local heat
generation are then available.

Figure 4.2-4 TCA result, contact force distributionon gear flank

Figure 4.2-5 Specific heat generation on surfacerfgcuffing analysis
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Figure 4.2-6 EHD oil film thickness calculation

4.3 Shatft rating

Shafts are rate for fatigue and static strengtledas DIN standard or own S-N curves.
Different parameters like loading condition, sugaoughness, notch effect and other are
considered. The software automatically determiheshost critical sections for rating as
shown below.

Figure 4.3-1 Automatic selection of the critical anss sections

Figure 4.3-2 Resulting static and fatige safety faors for all cross sections
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Figure 4.3-3 Stress distribution, fatigue utilisatbn

Figure 4.3-4 Documentation of load application

4.4 Synchronizers

Conventional vehicle gearboxes include a gearisgifnechanism which can be constructed
in several different ways (slid-ing gears, constapsh, synchromesh, multi-disc clutching
etc.). One of the most common designs is the spmobsh gear shifting. The shifting
between two gear speeds can be supported by arsyiedr, which will adjust the speeds of
the components before the actual gear engagement.

Ever growing demand of special calcula-tions fa tehicle based components has lead to a
development of the syn-chronizer calculations i884ys. The synchronization procedure

can be analyzed using the internal script lan-guddgdSSsys and standard calcula-tions. For
this purpose, the procedure of a Borg-Warner-typelsronizer — with its partial sequences —

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc 16 of 162



was implemented. The synchronizer calculationsI®Ssys are performed in two steps. First
the ki-nematic calculation is used to determinesieed and inertia to be synchronized. After
that, the actual synchronization process is cdledlafter that, either the operating forces (at
given synchronization time) or the re-quired syodization time (at given op-erating force)
can be calculated.

Figure 4.4-1 Selection of speed change

The conditions of the synchronizer and the caleutatitself can be easily con-figured via a
single table. The table includes the specificatimnghe synchronizer as well as the operating
and calculating conditions. The synchronizer boaly the synchro-nization rings can be
visualized and posi-tioned in the shaft modellidga. Natu-rally, the defined elements can
also be seen in the KISSsys model layout.

Figure 4.4-2 Synchronizer set up

The synchronization process can be di-vided inrségteps: The movement of the
synchronizer towards to the contact (disengagbefjear), synchronization of the speeds, the
engagement of the synchronizer ring and the 2ndobwith final “free” sliding and the end

of en-gagement. All these steps will be calcu-latetbmatically.

The full dynamic behaviour of the synchronizationgedure cannot be simulated because of
the semi static approach of KISSsys. The KISSsydalns still in development at this
moment. We are collecting experience for the rditgthn practical application. Further
development will include the sizing of the syncheen based on given forces and
synchronization time.
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4.5 Detailed bearing analysis

Bearing calculation can be done for
- static rating
- life rating
- load distribution
- bearing stress
- non-linear bearing stiffness

The life rating can be done along four methods
- basic rating
- modified basic rating
- reference rating
- modified reference rating

The bearing data is given in the bearing datababell may be modified by the user). The
database includes data from FAG, SKF, Timken, N6& @hers.

Figure 4.5-1 Bearing database for CRB

The bearing data is in two sections. “Basic datdiich is catalogue data and “Inner
geometry” where the inner geometry is given. Therles not readily available and must be
given by the user on a case by case basis. Intlsaseo bearing inner geometry is available,
KISSsoft automatically calculates sensible values @roperties.
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Figure 4.5-2 Bearing catalogue data

Figure 4.5-3 Definition of inner geometry

Of course, the lubricant, it's viscosity, temperatand contamination may be considered in
the calculation. Again, a database of lubricants @ntamination values are offered as shown
below:

Figure 4.5-4 Lubricant data, contamination

In the bearing calcualtion, bearing quality, begqmitearance, bearing press fit,
misalignement, shaft and housing temperature dsawédlearing stiffness is considered.
Furhtermore, failure probability and alSO factorynbe limited.
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Figure 4.5-5 Bearing data on assembly situation csidered in calcualtion

Figure 4.5-6 Settings for bearing calculation
Using a FEM solver, the bearing reaction forcescaresidered based on the non-linear
bearing stiffness behaviour. The load distribuiimside the bearing and the stresses along the

rollers are calculated and presented for all bgarin the model. This stress distribution then
serves as a basis for a highly detailed bearingg.at

Figure 4.5-7 Calculation of complex bearing-shaftystem and results for several bearings (stress pgt
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Figure 4.5-8 Roller stresses and roller load disthbution inside a particular bearing
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# 4. 74

5.1 Gear rating (planetary stage)
KISSsoft - Release 04-2010B

KISSsoft evaluation

File
Name : Unnamed
Changed by : Dinner on: 22.06.2010 at: 11:17:05
Important hint: At least one warning has occurred d uring the calculation:
1-> Contact interference!
Notice: The length of the involute of gear 2 is too short.

Some proposals:
- Change tip form diameter of Gear 3 through
Gear 3: Tip chamfer >= 0.1200 mm or
Tip circle <= -217.6300 mm
- Change reference profile of Gear 2 through:
Smaller root radius or larger dedendum.

CALCULATION OF A HELICAL PLANETARY GEAR

Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0

Calculation method ISO 6336:2006 Method B

Gear 1 Gear 2 Gear 3 --
Number of planets [p] (1) 5 1)
Truck transmission EES KISSsoft GmbH Title: Revision: 0
Neudorfstr. 22 / P.O. Box 121 No.: Autor: HD
6313 Menzingen Date: Date: 2010-06-22
Switzerland Manager: TH Approved: HD
www.EES-KISSsoft.ch Email: t.ha@ees-kisssoft.ch Date: 2010-06-22
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Power (kW) [P]
Speed (1/min) [n]
Speed difference for planet bearing calculation (1/

Speed planet carrier (1/min) [nSteq]
Torque (Nm) [T]

Torque Pl.-Carrier (Nm) [TSteq]
Application factor [KA]

Power distribution factor [Kgam]
Required service life [H]

Gear driving (+) / driven (-)

1. TOOTH GEOMETRY AND MATERIAL

(Geometry calculation according ISO 21771)

Center distance (mm) [a]
Centre distance tolerance

Normal module (mm) [mn]
Pressure angle at normal section (°)  [alfn]
Helix angle at reference circle (°)  [beta]

Number of teeth [z]

Facewidth (mm) [b]

Hand of gear

Accuracy grade [Q-1SO1328

Inner diameter (mm) [di]

External diameter (mm) [di]

Inside diameter of rim (mm) [dbi]

Outside diameter of rim (mm) [dbi]

Material

Gear 1: 18CrNiMo7-6, Case-carbur
ISO 6336-5 Figure 9/10 (

Gear 2: 18CrNiMo7-6, Case-carbur
ISO 6336-5 Figure 9/10 (

Gear 3: 42 CrMo 4 (1), Through

ISO 6336-5 Figure 5/6 (M

Surface hardness
Material treatment according to ISO6336: Normal (L
Fatigue strength. tooth root stress (N/mm?)

[sigFlim]

Fatigue strength for Hertzian pressure (N/mm2)
[sigHlim]

Yield point (N/mm2) [sigs]
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366.52
731.7 731.7
min)
[n2] 0.0
731.7
4783.3 0.0 12610.6
17393.939
1.25
1.00
20000.00
+ -+ -
Gear 1 Gear 2 ------------ Gea r3--
76.621
ISO 286 Measure js7
2.4000
20.0000
20.0000
33 27 -87
40.00 40.00 40.00
right left left
] 6 6 6
50.00 47.00
250.00
0.00 0.00
0.00

ized steel, case-hardened

MQ), core strength >=25HRC Jominy J=12mm<HRC28
ized steel, case-hardened

MQ), core strength >=25HRC Jominy J=12mm<HRC28
hardened steel, alloyed, through hardened

Q)
Gear 1 Gear 2 ------------ Gea r3--
HRC 61 HRC 61 HB W 210
ife factors ZNT and YNT >=0.85)
430.00 430.00 2 80.00
1500.00 1500.00 6 50.00
850.00 850.00 9 00.00
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Young's modulus (N/mm?) [E]
Poisson's ratio [ny]

Average roughness, Ra, tooth flank (um) [RAH]
Mean roughness height, Rz, flank (um) [RZH]
Mean roughness height, Rz, root (um) [RZF]

Tool or reference profile of gear 1:

Reference profile 1.25/0.38 / 1.0 ISO 53.2 Profil

Addendum coefficient [haP*]
Dedendum coefficient [hfP*]
Tip radius factor [rhoaP
Root radius factor [rhofP

Tip form height coefficient [hFaP*
Protuberance height factor [hprP*
Protuberance angle [alfpr
Ramp angle [alfkP

Tool or reference profile of gear 2 :

Reference profile 1.25/0.38 / 1.0 ISO 53.2 Profil

Addendum coefficient [haP*]
Dedendum coefficient [hfP*]
Tip radius factor [rhoaP
Root radius factor [rhofP

Tip form height coefficient [hFaP*
Protuberance height factor [hprP*
Protuberance angle [alfpr
Ramp angle [alfkP

Tool or reference profile of gear 3:

Reference profile 1.25/0.38 / 1.0 ISO 53.2 Profil

Addendum coefficient [haP*]
Dedendum coefficient [hfP*]
Tip radius factor [rhoaP
Root radius factor [rhofP

Tip form height coefficient [hFaP*
Protuberance height factor [hprP*
Protuberance angle [alfpr
Ramp angle [alfkP

Sum of reference profile gears:
Dedendum reference profile (module)  [hfP*]
Tooth root radius Refer. profile (module)
[rofP*]
Addendum Reference profile (module)  [haP?*]

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

206000
0.300
0.60
4.80
20.00

1.000
1.250
0.000
0.380
0.000
0.000
0.000
0.000

not topping

1.000
1.250
0.000
0.380
0.000
0.000
0.000
0.000

not topping

1.000
1.250
0.000
0.380
0.000
0.000
0.000
0.000

not topping

1.250

0.380
1.000

206000
0.300
0.60
4.80
20.00

1.250

0.380
1.000
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1.05
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Protuberance height (module) [hprP*]
Protuberance angle (°) [alfprP]
Buckling root flank height (module)  [hFaP*]
Buckling root flank angle (°) [alfKP]
Type of profile modification:

Tip relief (um) [Ca]

Lubrication type oil

Type of ol Oil
Lubricant base Min

Kinem. viscosity oil at 40 °C (mm?s) [nu40]
Kinem. viscosity oil at 100 °C (mm?/s) [nul00]
FZG-Test A/8.3/90 step [FZGtestA]
Specific density at 15 °C (kg/dm3) [roQil]

]

Oil temperature (°C) [TS
Ambient temperature (°C) [TU]
Overall transmission ratio [itot]
Gear ratio [u]
Transverse module (mm) [mt]

Pressure angle at Pitch circle (°) [alf]

Working transverse pressure angle (°) [alfwt]
[alfwt.efi

Working pressure angle at normal section (°) [alfwn

Helix angle at operating pitch circle (°)

[betaw]

Base helix angle (°) [betab]
Reference centre distance (mm) [ad]
Sum of profile shift coefficients [Summexi]
Profile shift coefficient x]
Tooth thickness (Arc) (module) [sn*]
Tip alteration (mm) [K]
Reference diameter (mm) [d]
Base diameter (mm) [dB]
Tip diameter (mm) [da]

(mm) [da.efi]
Tip diameter allowances (mm) [Ada.efi]
Tip chamfer / tip rounding (mm) [hK]
Tip form diameter (mm) [dFa.efi]
Operating pitch diameter (mm) [dw]

(mm) [dw.e]

(mm) [dw.i]
Root diameter (mm) [df]
Generating Profile shift coefficient  [XE.eli]

Manufactured root diameter with xE (mm) [df.e]
(mm) [df.i]
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0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

No
2.00 2.00

bath lubrication

1 1SO-VG 220

eral-oil base
220.00
17.50

12

0.895
70.000

20.000

Gear 1
1.000
0.818 -3.222
2.554
21.173
21.173 21.173
] 21.202/21.144 21.144/21.202
] 20.000 20.000

20.000
18.747
76.621
-0.0000
0.0000
1.5708

20.000

-76.621
0.0000
-0.0000
1.5708

0.000 0.000

84.283 68.959 -22
78.593 64.304 -20
89.083 73.759 -21

89.083/89.073 73.759/73.749 -217.400/ -

0.000/-0.010 0.000/-0.010 0.000/-0.
0.000 0.000

89.083/89.073 73.759/73.749 -217.400/ -

84.283 68.959 / 68.959 -222.

84.299 68.972 / 68.945 -222.

84.266 68.945 / 68.972 -222.

78.283 62.959 -22
-0.0401/-0.0630 -0.0401/-0.0630 -0.0544

78.09 62.77 -2

77.98 62.66 -2
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9.20

r3--

0.0000
1.5708

0.000
2.200
7.201
7.400
217.410
010
0.000
217.410
200

157

244
8.200
/-0.0830
28.46
28.60



Theoretical tip clearance (mm) [c]
Tip clearance upper allowance (mm) [c.e]
Tip clearance lower allowance (mm) [c.i]

Active root diameter (mm) [dNf]
(mm) [dNf.e]
(mm) [dNf.i]
Root form diameter (mm) [dFf]
(mm) [dFf.efi]
Internal toothing: Calculation dFf with pinion typ
Reserve (dNf-dFf)/2 (mm) [cF.efi]
Addendum (mm) [ha]
(mm) [ha.efi]
Dedendum (mm) [hf]
(mm) [hf.efi]
Roll angle at dFa (°) [xsi_dFa.eli]
Roll angle to dNf (°) [xsi_dNf.efi]
[xsi_dNf.efi]
Roll angle at dFf (°) [xsi_dFf.efi]
Tooth height (mm) [H]
Virtual gear no. of teeth [zn]

Normal Tooth thickness at Tip cyl. (mm) [san]
(mm) [san.efi]
Normal space width at tip cylinder (mm) [efn]
(mm) [efn.efi]
Max. sliding velocity at tip (m/s) [vaa]

Specific sliding at the tip [zetaa]

Specific sliding at the root [zetaf]

Sliding factor on tip [Kga]

Sliding factor on root [Kaf]

Pitch on reference circle (mm) [pt]

Base pitch (mm) [pbt]

Transverse pitch on contact-path (mm) [pet]

Lead height (mm) [pz]

Axial pitch (mm) [px]

Length of path of contact (mm) [ga]
(mm) [ga.efi]

Length T1-A (mm) [T1A]

Length T1-B (mm) [T1B]

Length T1-C (mm) [T1C]

Length T1-D (mm) [T1D]

Length T1-E (mm) [T1E]

Diameter of single contact point B (mm) [d-B]

(mm) [d-B.e]

(mm) [d-B.i]

Diameter of single contact point D (mm) [d-D]

(mm) [d-D.e]

(mm) [d-D.i]

Transverse contact ratio [Eps.a]
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0.600 0.600/0.600
0.771 0.771/0.819
0.681 0.681/0.716
80.909 65.687/65.149 -22
80.934 65.708/65.168 -22
80.889 65.670/65.136 -22
80.443 65.345 -22
80.331/80.269 65.252/65.201 -227.586 /
e cutter (z0=
28, x0=0.000)
0.332/ 0.279 -0.017/-0.058 0.643/
2.400 2.400
2400/ 2.395 2.400/ 2.395 2.400/
3.000 3.000
3.096/ 3.151 3.096/ 3.151  3.130/
30.574/30.558 32.193/32.174 18.198/1
14.086/13.950 12.041/11.874
9.424/ 9.246 25.267/2
12.116/11.894 9.877/ 9.606 26.033/2
5.400 5.400
39.163 32.043 -10
1.825 1.788
1757/ 1.710 1.719/ 1.671 2.027/
0.000 0.000
0.000/ 0.000 0.000/ 0.000 1.423/
2.581 2.519/0.956 1.230
0.609 0.565/0.214 0.488
-1.298 -1.559/-0.952 -0.27
0.303 0.296/0.112 0.144
-0.296 -0.303/-0.144 -0.11
8.024
7.482
7.482
727.484 595.214 191
22.045 22.045 2
11.360 12.835

11.402/11.298 12.876/12.767

9.609 18.065/5.230 -32.90

13.487 14.187/10.583 -38.2
15.221 12.453/12.453 -40.1
17.091 10.583/12.712 -40.3
20.969 6.705/18.065 -45.7

83.094 70.285/67.698 -220.8
83.094 70.252/67.698 -220.9
83.087 70.328/67.691 -220.8
85.705 67.698/69.147 -222.3
85.672 67.698/69.117 -222.3
85.746 67.691/69.190 -222.4

1.518 1.715
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0.600
0.771
0.681
6.496
6.454
6.529
7.291
-227.739

0.528
2.400
2.395
3.000
3.199
8.207

5.319
6.136
5.400
3.248
2117
1.975
1.438
1.416

7.911
2.045



Transverse contact ratio with allowances [Eps.aEffe

Overlap ratio [Eps.b]
Total contact ratio [Eps.G]

Total contact ratio with allowances  [Eps.gEffe

2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)
[Ft]

Axial force (N) [Fa]
Axial force (total) (N) [Fa_ges]
Radial force (N) [Fr]
Normal force (N) [Fnorm]

Tangent.load at p.c.d.per mm (N/mm) (N/mm)
W]
Only as information: Forces at pitch circle:

Nominal circumferential force (N) [Ftw]
Axial force (N) [Fa]

Axial force (total) (N) [Fa_ges]
Radial force (N) [Fr]
Circumferential speed pitch d.. (m/sec) [v]
Running-in value (um) [yp]
Running-in value (um) [yf]

Gear body coefficient [CR]
Correction coefficient [CM]
Reference profile coefficient [CBS]
Material coefficient [E/Est]
Singular tooth stiffness (N/mm/um) [c1
Meshing stiffness (N/mm/pm) [cgalf]
Meshing stiffness (N/mm/pm) [cgbet]
Reduced mass (kg/mm) [mRed]
Resonance speed (min-1) [nE1]
Nominal speed (-) [N]

Subcritical range
Running-in value (um) [ya]

User specified factor KV:

Dynamic factor [KV=max(KV
([KV12,KV23
User specified factor KHb:
Width factor - flank [KHb]
- Tooth root [KFb]
- Scuffing [KBb]
Transverse coefficient - flank [KHa]
- Tooth root [KFa]
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1 1.524/1.510 1.721/1.706
1.814 1.814
3.333 3.530
1 3.338/3.324 3.535/3.521
Gear 1 Gear 2 ------------ Gea
22701.327 22701.327
8262.6 8262.6 8
41313.1 41
8792.888 8792.888
25708.7 25708.7 25
567.53 567.53
22701.328 22701.328
8262.6 8262.6 8
41313.1 41
8792.885 8792.885
8.51
0.563 1.365
0.637 1.525
0.857 0.857
0.800 0.800
0.975 0.975
1.000 1.000
10.712 12.066
14.876 18.540
12.644 15.759
0.0032 0.0112
19779 14366
0.037 0.000
0.637 1.525
12,KV23)] 1.05
] 1.05 1.05)
1.20 1.20
1.17 1.17
1.20 1.20
1.00 1.00
1.00 1.00
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- Scuffing [KBa]
Helix angle coefficient scuffing [Kbg]

Number of load changes (in mio.) [NL]

3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according me
(Calculate tooth form factor YF with manufacturing
Internal toothing: Calculation of YF, YS with pin

Tooth form factor [YF]
Stress correction factor [YS]
Bending lever arm (mm) [hF]
Working angle (°) [alfen]
Tooth thickness at root (mm) [sFn]
Tooth root radius (mm) [roF]

(sFn* = 2.112/2.065/2.065/2.736 roF* = 0.543/0.558/

Contact ratio factor [Yeps]
Helix angle factor [Ybet]
Deep tooth factor [YDT]
Gear rim factor [YB]
Effective facewidth (mm) [beff]
Nominal shear stress at tooth root (N/mm32)
[sigFO0]
Tooth root stress (N/mm2) [sigF]

Permissible bending stress at root of Test-gear

Support factor [Ydrel]
Surface factor [YRrelT]
Size coefficient (Tooth root) [YX]
Finite life factor [YNT]
Alternating bending coefficient [YM]
Stress correction factor [Yst]

Limit strength tooth root (N/mm?) [sigFG]

Permissible tooth root stress (N/mm?2)
[sigFP=sigFG/S

Required safety [SFmin]

Safety for Tooth root stress [SF=sigFG/

Transmittable power (kW) [kWRating]

4. SAFETY AGAINST PITTING (TOOTH FLANK)

Zone factor [ZH]
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1.00 1.00
1.30 1.30
0.0 0.0
Gear 1 Gear 2 ----------- Gea

thod: B
addendum mod. xE.e)
ion type cutter (z0=
28, x0=0.000, rofP*=0.380)

1.38 1.42/1.13 0.9
1.96 1.91/2.07 2.4
2.45 2.41/1.89 2.7
19.23 18.82/16.36 20.2
5.07 4.96/4.96 6.5
1.30 1.34/1.34 11
0.558/0.492 dsFn = 79.09/63.77/63.77/-228.15 alfsFn

1.00 1.00

0.83 0.83

1.00 1.00
1.00 1.00 1.0
40.00 40.00/40.00 40.

531.97 536.53/462.22 433
817.37 824.37/710.07 665

0.981 0.961/1.030 11

1.000 1.000 1.0

1.000 1.000 1.0

2.500 2.500 25

1.000 0.700 1.0
2.00

2108.25 1446.18/1550.24 163

Fmin] 1505.89 1032.98/1107.32 116
1.40 1.40/1.40 1.4

sigF]  2.58 1.75/2.18 2.4
675.26 459.27/571.57 642
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Elasticity coefficient (N*.5/mm) [ZE]

Contact ratio factor [Zeps]
Helix angle factor [Zbet]
Effective facewidth (mm) [beff]

Nominal flank pressure (N/mm?2) [sigHO]
Surface pressure at Operating pitch circle (N/mm?)

[sigHwW]
Single tooth contact factor [2B,zD]
Flank pressure (N/mm?2) [sigH]
Lubrication factor [zL]
Speed factor [ZV]
Roughness factor [ZR]
Material mating factor [ZW]
Finite life factor [ZNT]
Small no. of pittings permissible:
Size coefficient (flank) [ZX]
Limit strength pitting (N/mm?) [sigHG]

Permissible surface pressure (N/mm?) [sigHP=sigHG/S

Safety for surface pressure at pitch circle
[SHwW]
Required safety [SHmin]
Transmittable power (kW) [kWRating]
Safety for stress at single tooth contact
[SHBD=sigH
(Safety regarding nominal torque)
IF (1.#INFOO > -2.0)

[(SHBD)"2]

5. STRENGTH AGAINST SCUFFING

Calculation method according to ISO/TR 13989

Lubrication coefficient (for lubrication type)

(XS]
Lubricant factor [XL]
Multiple meshing factor [Xmp]
Relative structure coefficient (Scoring) [XWrelT]
Thermal contact factor (N/mm/s*.5/K)  [BM]

Relevant tip relief (um) [Ca]

Optimal tip relief (um) [Ceff]

Effective facewidth (mm) [beff]

Applicable circumferential force/tooth width (N/mm)
[wBt]

((1)Kbg = 1.298, wBt*Kbg = 1160.353)
((2Kbg = 1.300, wBt*Kbg = 1162.024)
Flash factor (°K*N/-.75*s".5*m”-.5* mm) [XM]
Pressure angle factor (epsl:

0.983, eps2: 0.983) [Xalfbet]
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189.81 189.81
0.81 0.76
1.03 1.03
40.00 40.00
1457.67 844.60
1829.36  1059.97
1.00 1.00/1.00 1.
1829.36 1829.36/1059.97 105
1.000 1.000/1.000 1.00
1.000 1.000/1.000 1.00
1.000 1.000/1.000 1.00
1.000 1.000/1.000 1.03
1.600 1.600 1
no
1.000 1.000 1
2400.00 2400.00/2400.00 107

Hmin] 2400.00

131
1.00
630.85

G/sigH] 1.31
1.72

1.000
1.000
3.0
1.000
13.795
2.00
47.69
40.000

893.865

1.581

0.768

2400.00/2400.00 107

1.31/2.26 1.0
1.00/1.00 1.0
630.85/1879.03 38

1.31/2.26 1.0
1.72/5.13 1.0

1.000
15
1.000
13.795 13.
2.00 9
38.26
40.000

893.865

1.581

0.750
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Flash temperature-criteria

Tooth mass temperature (°C) [theMi]
theM = theoil + XS*0.47*Xmp*theflm  [theflm]
Scuffing temperature (°C) [theS]

Coordinate gamma (point of highest temp.) [Gamma]

1)
[Gamma.A]=-0.369 [Gamma.E]= 0.378

@

[Gamma.A]= -0.580 [Gamma.E]= 0.451
Highest contact temp. (°C) [theB]
Approach factor [XJ]

Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]
Required safety [SBmin]

Safety factor for scuffing (flash-temp) [SB]

Integral temperature-criteria

Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint  [theflaint
Integral scuffing temperature (°C) [theSint]

Running-in factor (well run in) [XE]
Contact ratio factor [Xeps]
Dynamic viscosity (mPa*s) [etaOil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]

Tip relief factor [XCa]

Integral tooth flank temperature (°C) [theint]
Required safety [SSmin]

Safety factor for scuffing (intg.-temp.) [SSint]
Safety referring to transferred torque  [SSL]
END WITHOUT IF

6. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation
Tooth thickness allowance (normal section) (mm)
[As.efi]

Number of teeth spanned [K]

Base tangent length (no backlash) (mm) [WK]
Actual base tangent length (‘span’) (mm) [WKk.efi]
Diameter of contact point (mm) [dMWk.m]

Theoretical diameter of ball/pin (mm) [dm]

Eff. Diameter of ball/pin (mm) [DMeff]
Theor. dim. centre to ball (mm) [MrK]
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DIN

-0.09

70.00 70.00
0.00 0.00
348.85 348.85
-0.462 -0.580
70.00 70.00
1.000 1.129
1.113 0.985
41.77 41.77
0.070 0.063
2.000
1.#0 1.#0
206.46 79.47
64.98 9.01
360.78 360.78
1.000 1.000
0.284 0.293
41.77 41.77
0.085 0.059
0.303 0.068
1.000 1.000
1.081 1.273
303.94 92.99
1.800
1.19 3.88
1.24 12.65
Gear 1 Gear 2 ------------
DIN3967 cd25 DIN3967 cd25
-0.070/-0.110 -0.070/-0.110
5.000 4.000
33.207 25.881
33.141/33.104 25.816/25.778
84.621 68.787
4.071 4.085
4.250 4.250
45.232 37.558 -10

0
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r3--
3967 cd25

5/-0.145

0.000
0.000
.000/0.000
0.000

3.991
4.000
8.417



Actual dimension centre to ball (mm)  [MrK.efi]

Diameter of contact point (mm) [dMMr.m]

Diametral measurement over two balls without cleara
[MdK]

Actual dimension over balls (mm) [MdK.e/i]
Actual dimension over rolls (mm) [MdR.e/i]
Actual dimensions over 3 rolls (mm)  [Md3R.e/i]

Tooth thickness (chordal) in pitch diameter (mm)
['sn]
(mm) ['sn.efi]
Reference chordal height from da.m (mm) [ha]
Tooth thickness (Arc) (mm) [sn]
(mm)  [sn.efi]

Backlash free center distance (mm) [aControl.e/i]
Backlash free center distance, allowances (mm)
(ita]

Centre distance allowances (mm) [Aa.eli]

Circumferential backlash from Aa (mm) [jt_Aa.e/i

Radial clearance (mm) [ir

Circumferential backlash (transverse section) (mm)
(it

Normal backlash (mm) [jn]

Entire torsional angle (°) [j-tSys]
(j.tSys: Torsional angle of planet carrier for bloc

7. TOLERANCES
According 1ISO 1328:

Accuracy grade [Q-1SO1328
Single normal pitch deviation (um) [fpt]

Base circle pitch deviation (um) [fpb]
Cumulative circular pitch deviation over z/8 pitche
[Fpz/8]
Profile deviation (um) [ffa]
Profile angular deviation (um) [fHa]
Profile total deviation (um) [Fa]
Helix form deviation (um) [ffb]
Helix slope deviation (pum) [fHDb]
Tooth helix deviation (um) [Fb]
Total cumulative pitch deviation (um) [Fp]
Runout tolerance (um) [Fr]

Total radial composite tolerance (um) [Fi"]
Tooth-to-tooth radial composite tolerance (um)

[fi"]

Total tangential composite deviation (um)
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45.147/45.098

37.474/37.427 -

84.442 69.081 -22
nce (mm)

90.366 74.995 -21
90.196/90.099 74.829/74.734 -
90.294/90.196 74.949/74.853 0
90.294/90.196 74.949/74.853 0

3.769 3.768
3.699/3.659 3.698/3.658 3.675
2.435 2.443
3.770 3.770
3.700/3.660 3.700/3.660 3.675
76.428/76.319 -76.847/-76.971
-0.192/-0.302 -0.227/-0.350
0.015/-0.015 0.015/-0.015
] 0.012/-0.012 0.012/-0.012
0.317/0.177 0.365/0.212
0.246/0.137 0.283/0.164
0.217/0.121 0.250/0.145
0.1890/0.1214
ked shaft)
Gear 1 Gear 2 ------------ Gea
1 6 6
8.50 8.50
7.50 7.50
S (um)
15.00 13.00
8.50 8.50
7.00 7.00
11.00 11.00
8.50 8.50
8.50 8.50
12.00 12.00
27.00 27.00
21.00 21.00
31.00 31.00
9.50 9.50
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108.553/-108.624
2.530

6.798
217.070/-217.211
.000/0.000
.000/0.000

3.770
/3.625
2.383
3.770
/3.625

r3--

9.00
8.50

20.00
9.50
8.00

13.00
9.00
9.00

13.00

35.00

28.00

37.00

9.50



[Fi']
Tooth-to-tooth tangential composite deviation (um)
[fi'
Tolerance for alignment of axes (recommendation acc
Maximum value for deviation error of axis (um)
[fSigbet]

Maximum value for inclination error of axes (um)
[fSigdel]

8. ADDITIONAL DATA

Maximal possible centre distance (eps_a=1.0)

[aMAX]
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]

Meshpower (kW)

Power loss from gear load (kW)

Total power loss (kW)

Total efficiency

Weight - calculated with da (g) [Mass]
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact too
single gears ((da+df)/2...di) (kgm?) [TraeghMom
System ((da+df)/2...di) (kgm?) [TraeghMom

9. DETERMINATION OF TOOTHFORM

Data not available.

REMARKS:
- Specifications with [.e/i] imply: Maximum [e] and
consideration of all tolerances
Specifications with [.m] imply: Mean value within
- For the backlash tolerance, the center distance t
deviation are taken into account. Shown is the maxi
the largest resp. the smallest allowances
The calculation is done for the Operating pitch ci
- Calculation of Zbet according Corrigendum 1 ISO63
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
fma following equation (64), Fbx following (52/53
fsh calculated exactly following method in Annex
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38.00 38.00 47.00

11.00 11.00 12.00
. ISO/TR 10064, Quality
6)
12.87 12.87
25.75 25.75
78.105 -74.854
0.076 0.068
0.891 0.632
0.000 0.000
0.000 0.000
0.000
1.000
1337.12 794.87 3748.12
th shape
] 0.00131 0.00052 0.04411
] 0.04542

Minimal value [i] with

tolerance

olerances and the tooth thickness

mal and the minimal backlash corresponding

rcle..
36-2(2008) with Zbet = 1/(COS(beta)™0.5)

/56)
D, 1ISO6336-1
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Literature: Journal "Antriebstechnik”, 6/2007, p.
KHa, KFa according to method B

End report

5.2 TCA

KISSsoft - Release 04-2010B

KISSsoft evaluation

File

Name : Unnamed

Changed by : Dinner on: 22.06.2010

Calculation of path of contact under load
Mesh gear 1 - gear 2

Partial load for sizing 100.0

Center distance [a] 135.0

Single pitch deviation [fpt] 0.0

Coefficient of friction (1] 0.1

Torque [T1] 3587.5
min ma

-218.8058 -217.307
0.5514 1676.156
Loss power 0.0149 188.748
Lubricating film 0.0359 0.316
Transverse contact ratio under load[Epsa’] 1
Overlap ratio under load  [Epsb'] 0.7
Total contact ratio under load[Epsg'] 2.3

Transmission Error
Line load
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64.
lines: 520
at: 11:19:10
0 %
0 mm
0 um
0
0 Nm
x  Delta L sigma
4 1.4984 -217.9582 0.4477
4 1675.6049 1084.8201 340.6961
0 188.7332 77.6702 49.4993
7 0.2808 0.0902 0.0308
.54
9
3
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Transmission Error
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Stiffness curve
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Normal force curve (Line load)
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Torque-course
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Stress curve
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Stress curve Gear A
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Stress curve Gear B
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Bearing force curve
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Bearing force curve in %
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Direction of the bearing forces
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wt =100 %, a=135mm, fpt=0 pm, p=0.1
vg: 1.0 =1.862 m/s

Figure: Kinematics
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wt =100 %, a=135mm, fpt=0 pm, p=0.1
Extreme values -1.611 /0.551

Figure: Specific sliding Gear A
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wt =100 %, a=135mm, fpt=0 pm, p=0.1
Extreme values -1.230 /0.617

Figure: Specific sliding Gear B
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Loss power
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wt =100 %, a=135mm, fpt=0 pm, p=0.1

Figure: Heat development
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wt =100 %, a=135mm, fpt=0 pm, p=0.1
Extreme values 0.000 J/mm/139.874 J/mm

Figure: Heat development Gear A
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wt =100 %, a=135mm, fpt=0 pm, p=0.1
Extreme values 0.000 J/Jmm/85.513 J/mm

Figure: Heat development Gear B
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wt = 100 %, a = 135 mm, fpt = 0 pm, p = 0.078952
the0il = 70.0 °C, theM = 106.4 °C, etaM = 12.10 mPa *s

Figure: Flash temperature (ISO TR 15144)
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wt =100 %, a = 135 mm, fpt = O pum, p = 0.078952
theQil = 70.0 °C, theM = 106.4 °C, etaM = 12.10 mPa
hmin(ISO) = 0.036 pm, Ra = 0.600 um

Figure: Lubricating film (ISO TR 15144)

End report
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5.3 Shatft rating

KISSsoft - Release 04-2010B

KISSsoft evaluation

File
Name : Unnamed
Changed by : Dinner on: 22.06.2010 at: 11:12:39
Important hint: At least one warning has occurred d uring the calculation:
1-> The fOr and f1r Coefficients for Shaft '‘Welle 1 ', Roller bearing 'b4' are not available for this s
These values must be input.
2-> The fOr and f1r Coefficients for Shaft '‘Welle 1 ', Roller bearing 'b5' are not available for this s
These values must be input.
3-> For shaft with internal diameter the notch fact ors are limited.
Non of the known calculation methods produces relia ble data. It is proposed to
use the data for the full shaft and to judge the re sults conservatively
4-> The minimum safety factors
are not reached!
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Welle 1
Drawing
Initial position (mm) 0.00 0
Length (mm) 540.00 0
Speed (1/min) 975.61
Sense of rotation: counterclockwise
Material 17NiCrMo6 -4
Young's modulus (N/mm?) 206000.00 0
Poisson's ratio nu 0.30 0
Specific weight (kg/m3) 7830.00 0
Warmth elongation coefficient (107-6/K)  11.50 0
Temperature (°C) 20.00 0
Weight of shaft (kg) 16.75 9
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Mass moment of inertia (kgm2) 0.01

Momentum of mass GD2 (Nm2) 0.57
Weight towards (  0.000,
Consider deformations due to shearing

Shear correction coefficient 1.10
Contact angle of roller bearings is considered
Reference temperature (°C) 20.00

5
4

0.000,-1.000)
0

0

Figure: Load applications

SHAFT GEOMETRY, BEARING AND FORCES
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Shaft 'Welle 1"

Cylinder outside (‘Zylinder")

y= 0.00...75.00 (mm)

d=50.60 (mm), I=75.00 (mm), Rz= 8.0

Relief groove (e)(r): r=0.80 mm t=0.30 mm I|= 2.
Form F (DIN 509), Series 1, with the usual stre

Cylinder outside (‘Zylinder")

50 mm Rz= 8.0 y=75.00 (mm)

ssing

y= 75.00...120.00 (mm)

d=100.00 (mm), I=45.00 (mm), Rz= 8.0

Cylinder outside (‘Zylinder")

y=120.00..

.225.00 (mm)

d=64.00 (mm), 1=105.00 (mm), Rz= 8.0

Relief groove (e)(r): r=0.80 mm t=0.30 mm I|= 2.
Form F (DIN 509), Series 1, with the usual stre
Cross hole: d=4.00 mm Rz= 8.0

Radius (e)(l): r=10.00 mm, Rz= 8.0

Cylinder outside (‘Zylinder")

50 mm Rz= 8.0 y=225.00 (mm)

ssing

y=208.00..

y=225.00...

.212.00 (mm)

261.00 (mm)

d=100.00 (mm), I=36.00 (mm), Rz= 8.0

Cylinder outside (‘Zylinder")

y= 261.00...

298.00 (mm)

d=65.50 (mm), I=37.00 (mm), Rz= 8.0
Radius (e)(l): r=5.00 mm, Rz= 8.0
Radius (e)(r): r=5.00 mm, Rz=8.0
Cross hole: d=4.00 mm Rz= 8.0

Cylinder outside (‘Zylinder")

y=276.50...

y= 298.00..

280.50 (mm)

.338.00 (mm)

d=100.00 (mm), I=40.00 (mm), Rz= 8.0

Cylinder outside (‘Zylinder")

y= 338.00..

.356.00 (mm)

d=65.60 (mm), I=18.00 (mm), Rz= 8.0

Radius (e)(l): r=2.00 mm, Rz= 8.0
Radius (e)(r): r=2.00 mm, Rz=8.0

Cylinder outside (‘Zylinder")

y= 356.00..

.400.00 (mm)

d=80.00 (mm), 1=44.00 (mm), Rz= 8.0

Cylinder outside (‘Zylinder")

y= 400.00..

.430.00 (mm)

d=65.50 (mm), I=30.00 (mm), Rz= 8.0
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Radius (e)(l): r=5.00 mm, Rz= 8.0

Relief groove (e)(r): r=0.80 mm t= 0.30 mm I|= 2.
Form F (DIN 509), Series 1, with the usual stre
Cross hole: d=4.00 mm Rz= 8.0

Cylinder outside (‘Zylinder")

50 mm Rz= 8.0 y=430.00 (mm)

ssing

y=419.50...423.50 (mm)

y= 430.00...470.00 (mm)

d=70.00 (mm), I=40.00 (mm), Rz= 8.0

Cylinder outside (‘Zylinder")

y= 470.00...520.00 (mm)

d=50.60 (mm), I=50.00 (mm), Rz= 8.0

Relief groove (e)(l): r= 0.80 mm t= 0.30 mm |= 2.

50 mm Rz= 8.0 y=470.00 (mm)

Form F (DIN 509), Series 1, with the usual stre ssing
Cylinder outside (‘Zylinder") y=520.00...540.00 (mm)
d=44.00 (mm), I=20.00 (mm), Rz= 8.0

Radius (e)(l): r=5.00 mm, Rz= 8.0
Cylinder inside (‘Zylindrische Bohrung') y=0.00...60.00 (mm)
d=20.00 (mm), I=60.00 (mm)
Cylinder inside (‘Zylindrische Bohrung') y=60.00...451.00 (mm)
d=10.00 (mm), 1=391.00 (mm)
Cylinder inside (‘Zylindrische Bohrung') y=451.00...510.00 (mm)
d=30.00 (mm), I=59.00 (mm)
Cylindrical gear ('z2(z1z2)") y=60.00 (mm)
Reference diameter (mm) 192 .8130
Helix angle °) 12 .0000 left
Pressure angle @) 20 .0000
Position of contact point @) 90 .0000
Width of force input (mm) 30 .0000
Power (kW) 366 .5191 driven (Input)
Torque (Nm) -3587 .5000
Axial force (N) -7909 .7018
Shear force X (N) -37212 2212
Shear force Z (N) -13846 .7250
Bending moment X (Nm) 762 .5467
Bending moment Z (Nm) -0 .0000

Cylindrical gear ('z3(z3z4)")

y= 378.00 (mm)
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Reference diameter (mm) 95 .8170

Helix angle ©) 23 .0000 right

Pressure angle °) 20 .0000

Position of contact point @) 90 .0000

Width of force input (mm) 44 .0000

Torque (Nm) 0 .0000

Cylindrical gear ('z5(z5z6)") y=318.00 (mm)
Reference diameter (mm) 115 .5990

Helix angle °) 22 .5000 right

Pressure angle @) 20 .0000

Position of contact point @) 90 .0000

Width of force input (mm) 40 .0000

Power (kW) 366 .5191 driving (Output)
Torque (Nm) 3587 .5000

Axial force (N) -25709 14119

Shear force X (N) 62068 .0110

Shear force Z (N) -24452 2232

Bending moment X (Nm) 1485 .9912

Bending moment Z (Nm) -0 .0000

Cylindrical gear ('z7(z7z8)") y=243.00 (mm)
Reference diameter (mm) 137 .0440

Helix angle °) 23 .0000 right

Pressure angle °) 20 .0000

Position of contact point @) 90 .0000

Width of force input (mm) 36 .0000

Torque (Nm) 0 .0000

Cylindrical gear ('z9(z9z10)") y=190.00 (mm)
Reference diameter (mm) 131 .9980

Helix angle °) 15 .0000 left

Pressure angle @) 20 .0000

Position of contact point @) 90 .0000

Width of force input (mm) 30 .0000

Torque (Nm) 0 .0000

Cylindrical gear (‘'zrl(zrlzr2)") y=450.00 (mm)
Reference diameter (mm) 136 .0000

Spur gear

Pressure angle °) 20 .0000

Position of contact point ©) 152 .6730

Width of force input (mm) 40 .0000
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Torque (Nm) 0 .0000

Set fixed bearing left

Taper roller bearing (single row) (SKF HM 807046/01 0/QCL7C) y=20.00 (mm)
d=50.80 (mm), D=104.78 (mm), B=36.51 (mm), r=3.50 ( mm)

C=145.000 kN, C0=204.000 kN, Cu=22.400 kN

The bearing pressure angle will be considered in th e calculation
Position (center of pressure) (mm) 30 .7440

Set fixed bearing right

Taper roller bearing (single row) (SKF 4580/2/4535/ 2/Q) y=495.00 (mm)
d=50.80 (mm), D=104.78 (mm), B=39.69 (mm), r=3.50 ( mm)

C=157.000 kN, C0=224.000 kN, Cu=25.500 kN

The bearing pressure angle will be considered in th e calculation
Position (center of pressure) (mm) 487 .8440
Probability of failure [n] 10.0 0 %

Shaft 'Welle 1' Roller bearing 'b4"

Position (Y-co-ordinate)  [y] 20.0 0 mm
Equivalent load [P] 67.1 4 kN
Equivalent load [PO] 45.7 4 kN

Life modification factor for reliability[al] 1.000

Service life [Lnh] 222.4 0 h

static safety factor [SO] 4.4 6

Bearing reaction force [Fx] 11.76 8 kN

Bearing reaction force [Fy] 44.27 5 kN

Bearing reaction force [Fz] 27.04 7 kN

Bearing reaction force [Fr] 29.49 7 kN

Bearing reaction moment [Mx] 290.6 0 Nm

Bearing reaction moment [My] 0.0 0 Nm

Bearing reaction moment [Mz] -126.4 4 Nm

Bearing reaction moment [Mr] 316.9 1 Nm
Displacement of bearing [ux] 0.02 2 mm
Displacement of bearing [uy] 0.01 0 mm
Displacement of bearing [uz] -0.01 3 mm
Displacement of bearing [ur] 0.02 5 mm
Misalignment of bearing [rx] 1.24 3 mrad (4.27)
Misalignment of bearing [ry] 0.00 0 mrad (0)
Misalignment of bearing [rz] 2.00 3 mrad (6.89)
Misalignment of bearing [rr] 2.35 7 mrad (8.1)

Shaft 'Welle 1' Roller bearing 'b5'
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Position (Y-co-ordinate)  [y] 495.0
Equivalent load [P] 38.3
Equivalent load [PO] 38.3

Life modification factor for reliability[al]
Service life [Lnh] 1873.1

static safety factor [SO] 5.8
Bearing reaction force [Fx] -36.62
Bearing reaction force [Fy] -10.65
Bearing reaction force [Fz] 11.41
Bearing reaction force [Fr] 38.36
Bearing reaction moment [Mx] -81.6
Bearing reaction moment [My] 0.0
Bearing reaction moment [Mz] -262.0
Bearing reaction moment [Mr] 274.5
Displacement of bearing [ux] 0.01
Displacement of bearing [uy] 0.03
Displacement of bearing [uz] -0.00
Displacement of bearing [ur] 0.02
Misalignment of bearing [rx] -1.17
Misalignment of bearing [ry] -5.34
Misalignment of bearing [rz] -2.59
Misalignment of bearing [rr] 2.85

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

0 mm

mm
mrad (-4.04")
mrad (-18.37")
mrad (-8.93")
mrad (9.8")

PNUIODOOOONDOONDO AN
Z
3

59 of 162



Figure: Displacement (bending etc.) (Arbitrary plan e -27.1853 °)
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Figure: Principal stress
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Strength calculation according to DIN 743 (Edition 2000-10)

Summary

Label Welle 1
Drawing

Material 17NiCrMo6-4

Material type Case-carburized steel

Material treatment  case-hardened
Surface treatment

Calculation of endurance limit and the static stren gth
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm )

A-A 278.50 C ross hole

B-B 225.00 S houlder with relief groove
Cc-C 298.00 S houlder

D-D 338.00 S houlder

E-E 210.00 C ross hole

F-F 261.00 S houlder

G-G 356.00 S houlder

H-H 288.25 S mooth shaft

I-1 269.75 S mooth shaft

J-J 75.00 S houlder with relief groove
K-K 217.50 S mooth shaft

L-L 205.00 S mooth shaft
Results

Cross section Kfb  Kfsig K2d SD SS
A-A 1.97 0.89 0.86 0.54 1.14
B-B 2.61 0.89 0.86 0.55 1.55
Cc-C 1.64 0.89 0.86 0.65 121
D-D 2.02 0.89 0.86 0.68 1.58
E-E 1.96 0.89 0.86 0.70 1.43
F-F 1.64 0.89 0.86 0.75 1.40
G-G 1.89 0.89 0.86 0.82 181
H-H 1.00 0.89 0.86 0.98 121
I-1 1.00 0.89 0.86 1.05 1.30
J-J 243 0.89 0.87 1.08 1.16
K-K 1.00 0.89 0.86 1.22 1.52
L-L 1.00 0.89 0.86 1.30 1.60
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
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Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point

The requirements of the safety proof of the shaft a re:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label

Drawing

Length (mm) [n
Speed (1/min) [n]
Material 17NiCrMo6-4

Material type Case-carburized steel

Material treatment  case-hardened
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Surface treatment

Reference diameter material (mm) [dB]

sigB according DIN 743 (at dB) (N/mm?)  [sigB]
sigS according DIN 743 (at dB) (N/mm?)  [sigS]
[sigzdW] (bei dB) (N/mm2)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mmg?)

Thickness of raw material (mm) [dWerkst
Material data calculated according DIN743/3 with K1
Material strength calculated from size of raw mater
Geometric size coefficient K1d calculated from raw

[sigBeff] (N/mm?) 7
[sigSeff] (N/mm?) 5
[sigbF] (N/mm?) 5
[tautF] (N/mm?) 3

[sigzdW] (N/mm?) 2
[sigbW] (N/mm?) 3
[tautW] (N/mm?) 2
Endurance limit for single stage use

Calculation for load case 2 (sig.av/sig.mv = const)

Cross section 'A-A' Cross hole

Comment

Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Cross hole

[d] (mm) 4.000

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)

[A, Wb, Wt, A] 3069.0

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -5.925
[sigzda, sigba, taua, tauga] (N/mm?) 5.925
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -20.144
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11.00

1200.00
850.00
480.00
600.00
360.00

1 110.00

(d)

ial

material diameter

08.00

01.50

51.65

18.50

83.20
54.00
12.40

278.50
65.500
10.000

8.000
mpression Bending Torsion Shearing
0.0 1793.8 0.0
5968.5 1793.8 28624.8
10146.4 6098.8 48662.1

24723 52296 3069.0

0.000 34.300 0.000
241.412 34.300 14.291
410.400 116.619 24.295
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Technological size influence [K1(sigB)] 0.590

[K1(sigS)] 0.590
Tension/Co mpression Bending Torsion
Stress concentration factor  [alfa] 2.939 2.394 1.745
References stress slope [G1 1.150 1.181 0.606
support coefficient n [n] 1.214 1.217 1.155
Notch effect coefficient [beta] 2421 1.967 1.510
Geometrical size influence  [K2(d)] 1.000 0.855 0.855
Influence coefficient surface roughness
[KF] 0.891 0.891 0.937
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient  [K] 2.543 2422 1.833
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV] 59.703
Equivalent mean stress (N/mmz2) [taumV] 34.470
Fatigue limit of part (N/mm?)  [sigWK] 111.349 146.143 115.883
Influence coeff. mean stress sensitivity.
[PsisigK] 0.085 0.115 0.089
Possible amplitude (N/mm?) [sigADK] 45.685 142.137 106.356
Margin of safety endurance limit [S] 0.539
Required safety [Smin] 1.200
Result (%) [S/Smin] 44.9

Present margin of safety
for proof against exceed of yield point:

Static support number [K2F] 1.000 1.000 1.000
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N'mm?)  [sigFK] 501.500 501.500 289.541
Margin of safety yield stress  [S] 1.141

Required safety [Smin] 1.200

Result (%) [S/Smin] 95.1

Cross section 'B-B' Shoulder with relief groove

Comment Y=225.00mm
Position (Y-Co-ordinate) (mm) vl 225.00
External diameter (mm) [da] 64.000
Inner diameter (mm) [di] 10.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 100.00 63 .40 64.00 0.80 0.30
Shape B
Mean roughness (um) [Rz] 8.000
Tension/Co mpression Bending Torsion Shearing

Stress: (N) (Nm)
Mean value -18182.7 0.0 1793.8 0.0
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Amplitude 18182.7

Maximum value -61821.3
Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3078.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -5.907
[sigzda, sigba, taua, tauga] (N/mm?2) 5.907
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -20.082

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co

Stress concentration factor  [alfa] 4.115
References stress slope [G1 2.875
support coefficient n [n] 1.338
Notch effect coefficient [beta] 3.075
Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.891
Influence coefficient surface strengthening

[KV] 1.000

Total influence coefficient  [K] 3.197

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 88.579
Influence coeff. mean stress sensitivity.

[PsisigK] 0.067
Possible amplitude (N/mm?) [sigADK] 50.277
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.150
Yield stress of part (N/mm?2)  [sigFK] 576.725
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'C-C' Shoulder
Comment
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4437.8 1793.8 28636.6
7544.3 6098.8 48682.2

25003 50007 3078.4

0.000 35.870 0.000
177.490 35.870 14.312
301.733 121.958 24.330

0.590
0.590

mpression Bending Torsion
3.498 2.326
2.875 1.437
1.338 1.239
2,614 1.877
0.857 0.857

0.891 0.937

1.000 1.000
3.173 2.258

62.409
36.032
111.583 94.083

0.086 0.071
108.353 87.805
0.555
1.200
46.2

1.000 1.000
1.150 1.000
576.725 289.541
1.551
1.200
129.2

Y=298.00mm
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Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Shoulder
[D, r, t] (mm) 100.000 5.00
Mean roughness (um) [Rz]
Tension/Co
Stress: (N) (Nm)
Mean value -18182.7
Amplitude 18182.7
Maximum value -61821.3
Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3291.0

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -5.525
[sigzda, sigba, taua, tauga] (N/mm?) 5.525
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -18.785

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co

Stress concentration factor  [alfa] 2.060
References stress slope [G1 0.460
support coefficient n [n] 1.135
Notch effect coefficient [beta] 1.815
Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.891
Influence coefficient surface strengthening

[KV] 1.000

Total influence coefficient  [K] 1.937

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 146.201
Influence coeff. mean stress sensitivity.

[PsisigK] 0.115
Possible amplitude (N/mm?) [sigADK] 49.485
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:
Static support number [K2F] 1.000
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298.00
65.500
10.000

0 0.000

8.000

mpression Bending Torsion Shearing

0.0 17938 0.0
6526.4 1793.8 28622.6
11094.8 6098.8 48658.4

27573 55146 3291.0

0.000 32.527 0.000

236.692
402.377

0.590
0.590

32.527 13.326
110.592 22.655

mpression Bending Torsion

1.858
0.460
1.135
1.636
0.855

0.891

1.000
2.035

56.609
32.683
173.916

0.140
168.333
0.648
1.200

54.0

1.000

1.452
0.230
1.096
1.325
0.855

0.937

1.000
1.616

131.413

0.102
119.164

1.000
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Increase coefficient [gammaF] 1.100
Yield stress of part (N'mm?)  [sigFK] 551.650
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'D-D' Shoulder

Comment

Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Shoulder

[D, r, t] (mm) 100.000 2.00

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -5328.0

Amplitude 5328.0

Maximum value -18115.3

Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3301.3

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -1.614

[sigzda, sigba, taua, tauga] (N/mm?2) 1.614

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -5.487

Technological size influence
[K1(sigS)]

[K1(sigB)]

Tension/Co
Stress concentration factor  [alfa]
References stress slope [G1
support coefficient n [n]
Notch effect coefficient [beta]
Geometrical size influence  [K2(d)]
Influence coefficient surface roughness
[KF] 0.891

Influence coefficient surface strengthening

[KV] 1.000
Total influence coefficient  [K]

2.789

1.150
1.214
2.298

1.000

2.420

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 117.018
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1.050 1.000
526.575 289.541
1214
1.200

101.1

Y=338.00mm
338.00
65.600
10.000

0 0.000
8.000

mpression Bending Torsion Shearing

00 00 00
5761.0 0.0 38346.8
9793.7 0.0 65189.5

27700 55400 3301.3

0.000 0.000 0.000
207.980 0.000 17.795
353.566 0.000 30.251

0.590
0.590

mpression Bending Torsion

2.458 1.765

1.150 0.575

1.214 1.151

2.025 1.533

0.855 0.855

0.891 0.937
1.000
2.490

1.000
1.860

1.614
0.932
142.168 114.218



Influence coeff. mean stress sensitivity.
[PsisigK] 0.090
Possible amplitude (N/mm?) [sigADK] 128.603
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.100
Yield stress of part (N'mm?)  [sigFK] 551.650
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'E-E' Cross hole

Comment

Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Cross hole

[d] (mm) 4.000

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)

[A, Wb, Wt, A] 29225

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -6.222

[sigzda, sigba, taua, tauga] (N/mm?2) 6.222

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -21.154

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co
Stress concentration factor  [alfa] 2.938
References stress slope [G1 1.150
support coefficient n [n] 1.214
Notch effect coefficient [beta] 2.420
Geometrical size influence  [K2(d)] 1.000
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0.112 0.088
142.292 114.218
0.678
1.200
56.5

1.000 1.000
1.100 1.000
551.650 289.541
1.585
1.200
132.1

210.00
64.000
10.000

8.000
mpression Bending Torsion Shearing

0.0 17938 0.0
4008.7 1793.8 28638.1
6814.8 6098.8 48684.8

23000 48721 2922.5

0.000 36.817 0.000
174.289 36.817 15.059
296.292 125.177 25.600

0.590
0.590

mpression Bending Torsion
2.388 1.742
1.181 0.606
1217 1.155
1.962 1.508
0.857 0.857
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Influence coefficient surface roughness
[KF] 0.891
Influence coefficient surface strengthening
[KV] 1.000
Total influence coefficient  [K] 2.542

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?2)  [sigWK] 111.400
Influence coeff. mean stress sensitivity.

[PsisigK] 0.085
Possible amplitude (N/mm?) [SigADK] 44.775
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.000
Yield stress of part (N/mm?2)  [sigFK] 501.500
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'F-F' Shoulder

Comment
Position (Y-Co-ordinate) (mm) vl
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Shoulder
[D, r, t] (mm) 100.000 5.00
Mean roughness (um) [Rz]
Tension/Co
Stress: (N) (Nm)
Mean value -18182.7
Amplitude 18182.7
Maximum value -61821.3
Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3291.0

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -5.525
[sigzda, sigba, taua, tauga] (N/mm?) 5.525
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -18.785
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0.891 0.937

1.000 1.000
2412 1.826

64.071
36.992
146.754 116.301

0.116 0.089
140.825 106.707
0.705
1.200
58.7

1.000 1.000
1.000 1.000
501.500 289.541
1.432
1.200
119.3

Y=261.00mm
261.00
65.500
10.000

0 0.000
8.000

mpression Bending Torsion Shearing
0.0 1793.7 0.0

5467.8 1793.7 28627.5

9295.3 6098.7 48666.8

27573 55146 3291.0

0.000 32.527 0.000
198.302 32.527 13.329
337.113 110.592 22.659
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Technological size influence [K1(sigB)] 0.590

[K1(sigS)] 0.590
Tension/Co mpression Bending Torsion
Stress concentration factor  [alfa] 2.060 1.858 1.452
References stress slope [G1 0.460 0.460 0.230
support coefficient n [n] 1.135 1.135 1.096
Notch effect coefficient [beta] 1.815 1.636 1.325
Geometrical size influence  [K2(d)] 1.000 0.855 0.855
Influence coefficient surface roughness
[KF] 0.891 0.891 0.937
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient  [K] 1.937 2.035 1.616
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV] 56.609
Equivalent mean stress (N/mm?) [taumV] 32.683
Fatigue limit of part (N/mm?)  [sigWK] 146.201 173.916 131.413
Influence coeff. mean stress sensitivity.
[PsisigK] 0.115 0.140 0.102
Possible amplitude (N/mmg?) [sigADK] 49.485 167.293 119.164
Margin of safety endurance limit [S] 0.754
Required safety [Smin] 1.200
Result (%) [S/Smin] 62.9

Present margin of safety
for proof against exceed of yield point:

Static support number [K2F] 1.000 1.000 1.000
Increase coefficient [gammaF] 1.100 1.050 1.000
Yield stress of part (N'mm?)  [sigFK] 551.650 526.575 289.541
Margin of safety yield stress  [S] 1.396

Required safety [Smin] 1.200

Result (%) [S/Smin] 116.3

Cross section 'G-G' Shoulder

Comment Y=356.00mm
Position (Y-Co-ordinate) (mm) vl 356.00
External diameter (mm) [da] 65.600
Inner diameter (mm) [di] 10.000
Notch effect Shoulder
[D, r, t] (mm) 80.000 2.00 0 0.000
Mean roughness (um) [Rz] 8.000
Tension/Co mpression Bending Torsion Shearing

Stress: (N) (Nm)
Mean value -5328.0 00 00 0.0
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Amplitude 5328.0

Maximum value -18115.3
Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3301.3

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -1.614
[sigzda, sigba, taua, tauga] (N/mm?2) 1.614
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -5.487

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co

Stress concentration factor  [alfa] 2.557
References stress slope [G1 1.270
support coefficient n [n] 1.225
Notch effect coefficient [beta] 2.088
Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.891
Influence coefficient surface strengthening

[KV] 1.000

Total influence coefficient  [K] 2.210

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 128.139
Influence coeff. mean stress sensitivity.

[PsisigK] 0.099
Possible amplitude (N/mm?) [sigADK] 142.297
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.100
Yield stress of part (N/mm?2)  [sigFK] 551.650
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'H-H' Smooth shaft
Comment
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5056.9
8596.7

27700 55400 3301.3

0.000 0.000 0.000
182.560 0.000 17.796
310.352 0.000 30.253

0.590
0.590

mpression Bending Torsion

2.320
1.270
1.225
1.894
0.855

0.891

1.000
2.337

1.614
0.932
151.457

0.120
151.618
0.823
1.200

68.6

1.000
1.100
551.650
1.809
1.200
150.8

0.0 38348.7
0.0 65192.7

1.658
0.575
1.151
1.440
0.855

0.937

1.000
1.751

121.336

0.094
121.336

1.000
1.000
289.541
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Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Smooth shaft

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3291.0

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -5.525
[sigzda, sigba, taua, tauga] (N/mm?2) 5.525
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -18.785

Technological size influence [K1(sigB)]

[K1(sigS)]

Tension/Co

Notch effect coefficient [beta(dB)] 0.000
[dB] (mm) = 0.0
Geometrical size influence  [K3(d)] 0.000
Geometrical size influence  [K3(dB)]  0.000
Notch effect coefficient [beta] 1.000
Geometrical size influence  [K2(d)] 1.000

Influence coefficient surface roughness
[KF] 0.891
Influence coefficient surface strengthening
[KV] 1.000
Total influence coefficient  [K] 1.122
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 252.310
Influence coeff. mean stress sensitivity.
[PsisigK] 0.217
Possible amplitude (N/mm?) [sigADK] 44.986
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety
for proof against exceed of yield point:

Static support number [K2F] 1.000
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288.25
65.500
10.000

8.000
mpression Bending Torsion Shearing

0.0 1793.8 0.0
6247.4 1793.8 28623.7
10620.6 6098.8 48660.3

27573 55146 3291.0

0.000 32.527 0.000
226.576 32.527 13.327
385.179 110.592 22.656

0.590
0.590

mpression Bending Torsion
0.000 0.000

0.000
0.000
1.000
0.855

0.000
0.000
1.000
0.855
0.891 0.937

1.000
1.292

1.000
1.236

56.609
32.683
274.082 171.835

0.240 0.138
258.716 144.424
0.977
1.200
81.4

1.000

1.000
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Increase coefficient [gammaF] 1.000
Yield stress of part (N'mm?)  [sigFK] 501.500
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'l-I' Smooth shaft

Comment

Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Smooth shaft

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)

[A, Wb, Wt, A] 3291.0

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -5.525
[sigzda, sigba, taua, tauga] (N/mm?) 5.525
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -18.785

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co

Notch effect coefficient [beta(dB)] 0.000
[dB] (mm) = 0.0
Geometrical size influence  [K3(d)] 0.000
Geometrical size influence  [K3(dB)]  0.000
Notch effect coefficient [beta] 1.000
Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.891
Influence coefficient surface strengthening

[KV] 1.000

Total influence coefficient  [K] 1.122

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?2)  [sigWK] 252.310
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1.000 1.000
501.500 289.541
1.213
1.200

101.1

269.75
65.500
10.000

8.000
mpression Bending Torsion Shearing

0.0 17938 0.0
5718.2 1793.8 28625.8
9720.9 6098.8 48663.8

27573 55146 3291.0

0.000 32.527 0.000
207.380 32.527 13.328
352.547 110.592 22.657

0.590
0.590

mpression Bending Torsion
0.000 0.000

0.000 0.000
0.000 0.000
1.000 1.000
0.855 0.855

0.891 0.937
1.000 1.000
1.292 1.236

56.609
32.683
274.082 171.835
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Influence coeff. mean stress sensitivity.
[Psisigk] 0.217
Possible amplitude (N/mm?) [sigADK] 44.986
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.000
Yield stress of part (N'mm?)  [sigFK] 501.500
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'J-J' Shoulder with relief groove

Comment

Position (Y-Co-ordinate) (mm) vl
External diameter (mm) [da]
Inner diameter (mm) [di]

Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 100.00 50

Shape B

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 1885.0

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -9.646
[sigzda, sigba, taua, tauga] (N/mm?) 9.646
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -32.797

Technological size influence
[K1(sigS)]

[K1(sigB)]

Tension/Co
Stress concentration factor  [alfa]
References stress slope [G1
support coefficient n [n]
Notch effect coefficient [beta]

3.860
2.875
1.338
2.884
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0.240 0.138
257.380 144.424
1.047
1.200

87.2

1.000 1.000
1.000 1.000
501.500 289.541
1.303
1.200
108.6

Y= 75.00mm
75.00
50.600
10.000

.00 50.60 0.80 0.30
8.000
mpression Bending Torsion Shearing

0.0 1793.7 0.0
230.7 1793.7 28660.4
392.2 6098.7 48722.7

12252 24504 1885.0

0.000 73.201 0.000
18.832 73.201 24.172
32.014 248.884 41.092

0.590
0.590

mpression Bending Torsion
3.255 2.235
2.875 1.437
1.338 1.239
2.433 1.804
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Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness
[KF] 0.891
Influence coefficient surface strengthening
[KV] 1.000
Total influence coefficient  [K] 3.007

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 94.193
Influence coeff. mean stress sensitivity.

[PsisigK] 0.071
Possible amplitude (N/mm?) [sigADK] 40.886
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.150
Yield stress of part (N'mm?)  [sigFK] 576.725
Margin of safety yield stress  [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section 'K-K' Smooth shaft

Comment

Position (Y-Co-ordinate) (mm) vl

External diameter (mm) [da]

Inner diameter (mm) [di]

Notch effect Smooth shaft

Mean roughness (um) [Rz]
Tension/Co

Stress: (N) (Nm)

Mean value -18182.7

Amplitude 18182.7

Maximum value -61821.3

Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3138.5

Stresses: (N/mmg2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -5.794
[sigzda, sigba, taua, tauga] (N/mm?) 5.794
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -19.698
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0.873 0.873
0.891 0.937

1.000 1.000
2910 2.134

127.154
73.413
121.638 99.517

0.094 0.076
74.585 92.504
1.075
1.200

89.6

1.000 1.000
1.150 1.000
576.725 289.541
1.163
1.200
96.9

217.50
64.000
10.000

8.000
mpression Bending Torsion Shearing
0.0 1793.7 0.0
4223.3 1793.7 28637.4
7179.6 6098.7 48683.6

25721 51441 31385

0.000 34.870 0.000
164.198 34.870 14.022
279.137 118.558 23.837
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Technological size influence [K1(sigB)] 0.590

[K1(sigS)] 0.590
Tension/Co mpression Bending Torsion
Notch effect coefficient [beta(dB)] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence  [K3(d)] 0.000 0.000 0.000
Geometrical size influence  [K3(dB)]  0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence  [K2(d)] 1.000 0.857 0.857
Influence coefficient surface roughness
[KF] 0.891 0.891 0.937
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient  [K] 1.122 1.289 1.234
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 60.674
Equivalent mean stress (N/mm?) [taumV] 35.030
Fatigue limit of part (N/mm?)  [sigWK] 252.310 274.530 172.129
Influence coeff. mean stress sensitivity.
[PsisigK] 0.217 0.241 0.138
Possible amplitude (N/mmg2) [sigADK] 44.081 252.312 144.439
Margin of safety endurance limit [S] 1.222
Required safety [Smin] 1.200
Result (%) [S/Smin] 101.8

Present margin of safety
for proof against exceed of yield point:

Static support number [K2F] 1.000 1.000 1.000
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?2)  [sigFK] 501.500 501.500 289.541
Margin of safety yield stress  [S] 1.516

Required safety [Smin] 1.200

Result (%) [S/Smin] 126.3

Cross section 'L-L' Smooth shaft

Comment
Position (Y-Co-ordinate) (mm) vl 205.00
External diameter (mm) [da] 64.000
Inner diameter (mm) [di] 10.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Co mpression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value -18182.7 0.0 17938 0.0
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Amplitude 18182.7

Maximum value -61821.3
Cross section, moment of resistance: (mm2)
[A, Wb, Wt, A] 3138.5

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?2) -5.794
[sigzda, sigba, taua, tauga] (N/mm?2) 5.794
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -19.698

Technological size influence [K1(sigB)]
[K1(sigS)]

Tension/Co

Notch effect coefficient [beta(dB)] 0.000
[dB] (mm) = 0.0
Geometrical size influence  [K3(d)] 0.000
Geometrical size influence  [K3(dB)]  0.000
Notch effect coefficient [beta] 1.000
Geometrical size influence  [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.891
Influence coefficient surface strengthening

[KV] 1.000

Total influence coefficient  [K] 1.122

Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?2)  [sigmV]
Equivalent mean stress (N/mmz2) [taumV]
Fatigue limit of part (N/mm?)  [sigWK] 252.310
Influence coeff. mean stress sensitivity.

[PsisigK] 0.217
Possible amplitude (N/mm?) [sigADK] 44.081
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static support number [K2F] 1.000
Increase coefficient [gammaF] 1.000
Yield stress of part (N/mm?2)  [sigFK] 501.500
Margin of safety yield stress  [S]

Required safety [Smin]
Result (%) [S/Smin]
Remarks:
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3865.7 1793.8 28638.8
6571.7 6098.8 48685.9

25721 51441 3138.5

0.000 34.870 0.000

150.295
255.502

0.590
0.590

34.870 14.023
118.558 23.838

mpression Bending Torsion

0.000

0.000
0.000
1.000
0.857

0.891

1.000
1.289

60.674
35.030
274.530

0.241
250.438
1.298
1.200

108.2

1.000
1.000
501.500
1.604
1.200
133.7

0.000

0.000
0.000
1.000
0.857

0.937

1.000
1.234

172.129

0.138
144.439

1.000
1.000
289.541
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- The shearing force is not considered in the analy

- Cross section with square groove:

The reference diameter for the notch number is not
Therefore the shaft diameter is taken as reference
- Cross section with interference fit:

The notching factor for the light fit case is no |

The values are imported from the FKM-Guideline..

End report

5.4 Detailed bearing analysis report
KISSsoft - Release 04-2010B

KISSsoft evaluation

File

Name : Unnamed
Changed by : Dinner on: 22.06.2010

Roller bearing calculation according to ISO/TS 1628

Lubricant Qil: ISO-VG 220
Lubricant with additive,

effect on bearing lifetime

confirmed in tests

Lubricant - service temperature [TB]

Oil lubrication with filtration, 1SO4406 -/19/16

Shaft 's1' Roller bearing 'b1'
Taper roller bearing (single row) (SKF 33208/QCL7C)

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]

Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
Equivalent load [P]
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sis according to DIN 743..

defined.
diamete

r.

onger defined in DIN 743.

lines: 1130

at: 11:15:13

70.00

40.000
80.000
32.000
05.000
32.000
15.000
1.000
0.958
0.213
4.216

21.502

°C

kN

1 (2008)
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Equivalent load [PO]

21.502
00.000
17.130
62.226
6.139

Effective speed [n] 25
Service life [Lnh] 13
Service life [Lnmh] 12
static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cr] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappal]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz] -
Bearing reaction force [Fr]
Bearing reaction moment [Mx] -
Bearing reaction moment [My]
Bearing reaction moment [Mz] -
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i] 30
Maximum pressure outer ring [pmax_o] 26

Reference rating service life  [Lnrh] 3
Modified reference rating service life[Lnmrh] 1

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 0.000 0.000 0.000
2 0.000 0.000 0.000
3 0.000 0.000 0.000
4 0.730 -0.317 0.167
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10.327
21.088
60.000
49.673
70.327
05.000
15.000
1.000
50.000
0.213
4.216

10.563
5.597
18.728
21.502
160.47
0.00
123.22
202.32
1.65
0.002
-0.258
-0.079
0.079
-0.149
18.845
-5.603
5.605

31.913
97.629
03.320

53.163
57.761

kN
1/min

mm
mm
mm
mm
mm

kN

mm

mrad (-0.51")
mrad (64.78")
mrad (-19.26")
mrad (19.27")

kN
N/mm?2
N/mm?2

h
h

0.000 0.00
0.000 0.00
0.000 0.00
-0.636 13.24

Angle (°) Hertzian stress(N/mm?)

0.00

0.00

0.00
1066.64
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5 3.723 -0.334 0.853 -3.609 13.24 1511.91
6 6.849 1.825 1.569 -6.413  13.24 2148.31
7 6.949 4.076 1.592 -5.398 13.24 3097.63
8 4.695 3.886 1.075 -2.406 13.24 3060.33
9 1.491 1.427 0.342 -0.267 13.24 1865.99
10 0.000 0.000 0.000 0.000 0.00 0.00
11 0.000 0.000 0.000 0.000 0.00 0.00
12 0.000 0.000 0.000 0.000 0.00 0.00
13 0.000 0.000 0.000 0.000 0.00 0.00
14 0.000 0.000 0.000 0.000 0.00 0.00
15 0.000 0.000 0.000 0.000 0.00 0.00
16 0.000 0.000 0.000 0.000 0.00 0.00
17 0.000 0.000 0.000 0.000 0.00 0.00

Section Profile(um) als (0]

1 14.09 1.00

2 9.10 50.00

3 6.85 6.75

4 5.41 3.45

5 4.37 2.56

6 3.56 2.15

7 2.92 1.90

8 2.39 1.73

9 1.95 1.60

10 1.58 1.49

11 1.26 1.40

12 1.00 1.31

13 0.77 1.24

14 0.58 1.17

15 0.42 1.11

16 0.29 1.05

17 0.18 0.99

18 0.10 0.94

19 0.04 0.89

20 0.01 0.85

21 0.00 0.81

22 0.01 0.77

23 0.04 0.73

24 0.10 0.70

25 0.18 0.67

26 0.29 0.64

27 0.42 0.62

28 0.58 0.60

29 0.77 0.58

30 1.00 0.56

31 1.26 0.54

32 1.58 0.53

33 1.95 0.51

34 2.39 0.50

35 2.92 0.49
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36 3.56 0.48

37 4.37 0.48

38 541 0.47

39 6.85 0.47

40 9.10 0.47

41 14.09 0.37

Hertzian stress in contact at inner ring (N/mm?2)

Rolling element no. 4 5 6 7 8 9

Section 1: 0.00 0.00 0.00 0.00 0.00 0.00
Section 2: 541.48 398.67 0.00 0.00 0.00 0.00
Section 3: 863.12 869.71 0.00 0.00 0.00 0.00
Section 4: 985.33 1066.43 0.00 0.00 0.00 0.00
Section 5: 1042.03 1186.67 373.54 0.00 0.00 0.00
Section 6: 1064.96 1269.83 676.77  0.00 0.00 0.00
Section 7: 1066.64 1330.99 868.11 0.00 0.00 0.00
Section 8: 1053.20 1377.56 1013.00 0.00 0.00 0.00
Section 9: 1027.92 1413.70 1131.04 0.00 0.00 0.00
Section 10: 992.61 1441.95 1231.29 0.0 0 0.00 0.00
Section 11: 948.21 1463.99 1318.76 0.0 0 0.00 0.00
Section 12: 894.99 1480.98 1396.53 463.3 7 0.00 0.00
Section 13: 832.66 1493.72 1466.63 711.6 1 0.00 0.00
Section 14: 760.26 1502.81 1530.49 897.9 1 0.00 0.00
Section 15: 675.92 1508.68 1589.11 1052.6 8 0.00 0.00
Section 16: 575.99 1511.63 1643.26 1187.2 3 0.00 0.00
Section 17: 452,81 1511.91 1693.49 1307.3 1 0.00 0.00
Section 18: 284.15 1509.67 1740.24 1416.2 9 0.00 0.00
Section 19: 0.00 1505.01 1783.80 1516.3 5 23471 0.00
Section 20: 0.00 1497.91 1824.37 1608.9 5 603.45 0.00
Section 21: 0.00 1486.76 1860.06 1693.2 4 83592 0.00
Section 22: 0.00 1478.19 1899.41 1777.7 3 1024.37 0.00
Section 23: 0.00 1465.46 1934.19 1855.4 8 1185.13 0.00
Section 24: 0.00 1450.14 1966.56 1928.8 4 1327.65 0.00
Section 25: 0.00 1432.13 1996.63 1998.2 0 1456.56 0.00
Section 26: 0.00 1411.24 2024.41 2063.8 6 1574.68 0.00
Section 27: 0.00 1387.18 2049.89 2126.0 1 1683.85 0.00
Section 28: 0.00 1359.59 2072.97 2184.7 7 1785.33 358.28
Section 29: 0.00 1327.95 2093.54 2240.2 0 1879.99 662.97
Section 30: 0.00 1291.57 2111.40 2292.2 8 1968.42 876.30
Section 31: 0.00 1249.52 2126.27 2340.9 3 2051.00 1049.20
Section 32: 0.00 1200.46 2137.78 2385.9 6 212791 1196.56
Section 33: 0.00 1142.49 2145.38 2427.0 8 2199.15 1324.95
Section 34: 0.00 1072.66 2148.31 2463.8 5 2264.51 1437.64
Section 35: 0.00 986.17 2145.47 2495.6 0 2323.52 1536.08
Section 36: 0.00 874.38 2135.18 2521.3 3 2375.36 1620.34
Section 37: 0.00 718.97 2114.79 2539.5 6 2418.69 1689.05
Section 38: 0.00 465.11 2079.78 2548.1 1 2451.44 1738.59
Section 39: 0.00 0.00 2021.72 2544.3 4 2471.04 1761.09
Section 40: 0.00 0.00 1924.53 2533.5 6 2482.63 1739.72
Section 41: 0.00 0.00 2015.62 3097.6 3 3060.33 1865.99
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Figure: Load distribution (b1)
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Figure: Pressure curve (b1, Hertzian stress inside)

Shaft 's2' Roller bearing 'b3'
Taper roller bearing (single row) (SKF T2ED 050/Q)

Inner diameter [d]

External diameter [D] 1
Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 2
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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50.000
00.000
36.000
54.000
00.000
22.400
1.000
0.259
0.180
2.248
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Equivalent load [P] 1

52.298
91.724
31.707
23.637
6.132
2.180

y

Equivalent load [PO]

Effective speed [n] 7
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]
Bearing reaction force [Fx]
Bearing reaction force [Fy] -
Bearing reaction force [Fz] -
Bearing reaction force [Fr]
Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref] 1
Maximum pressure inner ring [pmax_i] 41
Maximum pressure outer ring [pmax_o] 34

Reference rating service life  [Lnrh]
Modified reference rating service life[Lnmrh]

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 15.844 -15.423 -3.629
2 16.618 -15.201 -3.806
3 17.815 -13.285 -4.080
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18
12.775
24.344
75.000
62.225
87.775
54.000
22.400

1.000
50.000
0.180
2.248

33.498
80.529
18.968
38.496
322.00
0.00
744.41
811.07
3.21
-0.010
-0.225
0.002
0.010
0.954
5.864
2.582
2.753

34.895
47.435
92.036

35.421
9.095

kN

1/min

mm
mrad (3.28")
mrad (20.16")
mrad (8.88")
mrad (9.46")

kN
N/mm?2
N/mm?2

h
h

Angle (°) Hertzian stress(N/mm?)

0.000 -13.24
-5.533 -13.24
-11.147 -13.24

3296.21
3125.96
2831.19

86 of 162



4 19.367 -9.426 -4.436 -16.326  -13.24 2566.81
5 20.940 -3.539 -4.796 -20.073 -13.24 2657.41
6 22.291 3.768 -5.105 -21.369 -13.24 3318.16
7 23.342 11.361 -5.346 -19.678 -13.24 3795.08
8 23.959 17.866 -5.488 -14.991 -13.24 4071.03
9 24.001 21.954 -5.497 -7.991 -13.24 4147.44
10 23.456 22.833 -5.372 -0.000 -13.24 4024.23
11 22.398 20.488 -5.130 7457 -13.24 3701.55
12 21.002 15.661 -4.810 13.141 -13.24 3176.81
13 19.480 9.481 -4.462 16.422 -13.24 2573.25
14 17.919 3.029 -4.104 17.178 -13.24 2485.29
15 16.587 -2.804 -3.799 15.901 -13.24 2699.99
16 15.739 -7.661 -3.605 13.268 -13.24 3036.63
17 15.392 -11.478 -3.525 9.631 -13.24 3250.92
18 15.444 -14.127 -3.537 5.142 -13.24 3338.17
Section Profile(um) als (0]
17.43 0.22
2 11.26 0.26
3 8.47 0.26
4 6.69 0.26
5 5.40 0.26
6 4.41 0.26
7 3.61 0.26
8 2.96 0.26
9 241 0.26
10 1.95 0.26
11 1.56 0.26
12 1.23 0.26
13 0.95 0.26
14 0.71 0.27
15 0.51 0.27
16 0.35 0.27
17 0.22 0.27
18 0.12 0.27
19 0.05 0.27
20 0.01 0.27
21 0.00 0.27
22 0.01 0.28
23 0.05 0.28
24 0.12 0.28
25 0.22 0.28
26 0.35 0.28
27 0.51 0.28
28 0.71 0.28
29 0.95 0.28
30 1.23 0.28
31 1.56 0.28
32 1.95 0.28
33 241 0.28
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34 2.96

35 3.61

36 4.41

37 5.40

38 6.69

39 8.47

40 11.26

41 17.43

Hertzian stress in contact at inner ring (N/mm?2)

Rolling element no. 1 2 3

14 15 16 17 18

Section 1: 0.00 0.00 0.00 1639.27
1338.72 0.00 0.00 0.00 0.00

Section 2: 0.00 0.00 1102.46 1781.20
1637.01 90854 0.00 0.00 0.00

Section 3: 0.00 760.08 1401.66 1943.86
1819.33 1257.01 573,51 0.00 0.00

Section 4: 553.68 1066.98 1577.50 2052.56
1937.18 1450.98 936.23 430.82 144.74
Section 5: 874.82 1263.54 1703.66 2133.00
2023.33 1587.38 1153.02 795.80 670.47
Section 6: 1084.92 1411.13 1802.72 2196.31
2090.69 1693.35 1311.97 1020.08 926.87
Section 7: 1245.92 1530.69 1884.67 2248.12
2145.63 1780.44 1439.13 1188.81 1112.81
Section 8: 1378.36 1631.99 1954.78 2291.68
2191.72 1854.62 1546.03 1326.31 1262.03
Section 9: 1491.89 1720.38 2016.19 2328.99
2231.16 1919.38 1638.80 1443.53 1388.17
Section 10: 1591.90 1799.14 2070.90 2361.3
2265.39 1976.93 1721.12 1546.39 1498.31
Section 11: 1681.69 1870.36 2120.27 2389.8
2295.41 2028.76 1795.35 1638.48 1596.59
Section 12: 1763.42 1935.53 2165.24 24149
2321.94 2075.91 1863.10 1722.13 1685.68
Section 13: 1838.62 1995.67 2206.51 2437.1
2345.49 2119.14 192550 1798.97 1767.40
Section 14: 1908.37 2051.55 2244.61 2456.9
2366.45 2159.00 1983.38 1870.14 1843.02
Section 15: 1973.47 2103.74 2279.91 24745
2385.12 2195.92 2037.39 1936.49 1913.49
Section 16: 2034.53 2152.70 2312.73 2490.1
2401.72 2230.22 2087.97 1998.67 1979.52
Section 17: 2092.02 2198.75 2343.28 2503.9
2416.41 2262.14 213552 2057.17 2041.63
Section 18: 2146.28 2242.14 2371.73 2515.9
2429.32 2291.88 2180.28 2112.36 2100.24
Section 19: 2197.59 2283.06 2398.19 2526.3

2440.49 2319.53 2222.47 2164.50 2155.64

0.29
0.29
0.29
0.29
0.29
0.30
0.30
0.26
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5 6

2628.00

2309.79

2397.10

2462.83

2511.43

2548.30

2576.81

2599.08

2616.51

2630.04

2640.34

2647.91

2653.11

2656.21

2657.41

2656.87

2654.70

2650.96

2645.67

7

3318.16

2717.62

2756.18

2792.60

2818.58

2836.07

2847.08

2853.02

2854.91

2853.47

2849.20

2842.49

2833.63

2822.82

2810.22

2795.95

2780.08

2762.65

2743.67

8

3795.08

3010.44

3017.27

3034.15

3044.74

3048.82

3047.53

3041.87

3032.60

3020.29

3005.37

2988.13

2968.82

2947.61

2924.61

2899.92

2873.60

2845.65

2816.05

4071.03

3182.70

3171.65

3177.36

3179.01

3175.21

3166.63

3154.02

3138.04

3119.15

3097.73

3074.05

3048.31

3020.66

2991.21

2960.02

2927.13

2892.55

2856.24

4147.44

3230.34

3214.08

3216.39

3215.25

3208.94

3197.99

3183.12

3164.91

3143.83

3120.24

3094.38

3066.46

3036.62

3004.95

2971.52

2936.37

2899.49

2860.84
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10 11 12

4024.23

3152.19

3143.13

3149.71

3151.86

3148.39

3140.02

3127.57

3111.69

3092.87

3071.49

3047.81

3022.06

2994.38

2964.88

2933.62

2900.65

2865.97

2829.55

3701.55

2950.24

2961.25

2980.03

2991.73

2996.56

2995.79

2990.51

2981.53

2969.43

2954.65

2937.51

2918.26

2897.06

2874.05

2849.32

2822.91

2794.86

2765.14

13

3176.81

2629.13

2674.66

2714.34

2742.31

2761.18

2773.20

2779.93

2782.44

2781.49

2777.63

2771.26

2762.67

2752.08

2739.65

2725.51

2709.73

2692.36

2673.40

2431.68

2194.34

2292.84

2363.92

2415.87

2455.12

2485.45

2509.18

2527.81

2542.37

2553.56

2561.91

2567.79

2571.50

2573.25

2573.21

2571.47

2568.13

2563.20



Section 20: 2246.07 2321.57 2422.67 2534.9
244991 2345.13 2262.17 2213.75 2208.02
Section 21: 2289.32 2355.15 2442.49 2539.1
2454.86 2366.10 2296.92 2257.76 2255.03
Section 22: 2337.81 2394.51 2468.71 2550.1
2466.40 2393.15 2337.19 2306.85 2307.02
Section 23: 2381.41 2429.18 2490.40 2556.7
2473.52 2415.71 2372.76 2351.04 2354.01
Section 24: 2422.74 2461.81 2510.31 2561.6
2478.95 2436.43 2406.26 2392.92 2398.63
Section 25: 2461.94 2492.54 2528.52 2565.0
2482.75 2455.40 2437.78 2432.63 2441.00
Section 26: 2499.05 2521.37 2545.02 2566.7
2484.89 2472.61 2467.36 2470.22 2481.21
Section 27: 2534.08 2548.28 2559.78 2566.8
2485.29 2488.02 2494.97 2505.70 2519.24
Section 28: 2567.00 2573.23 2572.69 2565.0
2483.83 2501.54 2520.56 2539.02 2555.08
Section 29: 2597.71 2596.10 2583.64 2561.3
2480.34 2513.02 2544.03 2570.12 2588.67
Section 30: 2626.11 2616.75 2592.44 2555.4
2474.60 2522.30 2565.22 2598.87 2619.87
Section 31: 2652.00 2634.98 2598.86 2547.0
2466.31 2529.13 2583.93 2625.08 2648.53
Section 32: 2675.14 2650.50 2602.56 2535.8
2455.07 2533.15 2599.87 2648.49 2674.40
Section 33: 2695.17 2662.92 2603.11 2521.2
2440.33 2533.91 2612.63 2668.76 2697.13
Section 34: 2711.60 2671.72 2599.88 2502.5
2421.33 2530.78 2621.68 2685.39 2716.25
Section 35: 2723.75 2676.13 2592.02 2478.7
2396.99 2522.85 2626.23 2697.67 2731.09
Section 36: 2730.64 2675.08 2578.28 2448.2
2365.71 2508.80 2625.16 2704.61 2740.71
Section 37: 2730.87 2667.01 2556.77 2408.8
2324.98 2486.62 2616.83 2704.77 2743.74
Section 38: 272249 2649.61 2524.61 2356.7
2270.61 2453.17 2598.77 2696.12 2738.32
Section 39: 2703.57 2620.13 2477.51 2285.2
2195.19 2403.53 2567.82 2676.53 2722.73
Section 40: 2682.35 2583.74 2415.16 2185.9
2086.69 2334.94 2527.57 2653.47 2705.97
Section 41: 3296.21 3125.96 2831.19 2417.3
2246.36 2699.99 3036.63 3250.92 3338.17
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2791.26

2747.99

2711.98

2670.78

2627.37

2581.72

2533.70

2483.12

2429.70

2373.09

2312.84

2248.37

2178.86

2103.25

2019.97

1926.73

1819.94

1693.46

1535.47

1318.30

943.35

0.00

0.00 869.25 1658.78



Figure: Load distribution (b3)
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Figure: Pressure curve (b3, Hertzian stress inside)

Shaft 's4' Roller bearing 'b8'
Cylindrical roller bearing (single row) (SKF NU 101

Inner diameter [d]

External diameter [D] 1
Width [B]

Dynamic load rating [C]

Static load rating [CO]

Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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6)

80.000
25.000
22.000
66.000
81.500
10.400
1.000
0.797
0.267
2.628
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Equivalent load [P]

18.762
18.762
31.707
07.841
01.486
4.344

Equivalent load [PO]

Effective speed [n] 7
Service life [Lnh] 15
Service life [Lnmh] 12
static safety factor [SO]

Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw] 1
Diameter of inner ring [di]

Diameter of outer ring [do] 1
Dynamic load rating [Cn]

Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappal]

Bearing reaction force [Fx] -
Bearing reaction force [Fy]

Bearing reaction force [Fz]

Bearing reaction force [Fr]

Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i] 21
Maximum pressure outer ring [pmax_o] 19

Reference rating service life  [Lnrh] 29
Modified reference rating service life[Lnmrh] 21

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 7.453 -7.453 0.000
2 6.491 -5.621  0.000
3 2430 -1.215 0.000
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10.261
16.716
02.500
92.225
12.775
66.000
10.400
1.000
50.000
0.266
2.628

18.566
0.000
-2.707
18.762
-3.66
0.00
16.23
16.63
0.88
-0.043
-0.094
-0.006
0.044
-0.263
-0.000
0.772
0.816

15.276
10.700
08.986

91.842
07.500

kN

1/min

mm

mrad (-0.90")
mrad (0.00")
mrad (2.65")
mrad (2.80")

kN
N/mm?2
N/mm?2

h
h

0.000 0.00
-3.245 0.00
-2.105 0.00

Angle (°) Hertzian stress(N/mm?)

2110.70
1996.86
1335.84

92 of 162



4 0.000 0.000 0.000 0.000 0.00 0.00
5 0.000 0.000 0.000 0.000 0.00 0.00
6 0.000 0.000 0.000 0.000 0.00 0.00
7 0.000 0.000 0.000 0.000 0.00 0.00
8 0.000 0.000 0.000 0.000 0.00 0.00
9 0.000 0.000 0.000 0.000 0.00 0.00
10 0.000 0.000 0.000 0.000 0.00 0.00
11 0.300 -0.150 0.000 0.260 0.00 597.26
12 4.766 -4.127 0.000 2.383 0.00 1731.09

Section Profile(um) als (0]

1 10.89 50.00

2 7.04 2.97

3 5.29 1.81

4 4.18 143

5 3.37 1.23

6 2.75 1.11

7 2.26 1.02

8 1.85 0.96

9 151 0.91

10 1.22 0.88

11 0.98 0.84

12 0.77 0.82

13 0.59 0.79

14 0.45 0.78

15 0.32 0.76

16 0.22 0.74

17 0.14 0.73

18 0.08 0.72

19 0.03 0.71

20 0.01 0.70

21 0.00 0.70

22 0.01 0.69

23 0.03 0.68

24 0.08 0.67

25 0.14 0.67

26 0.22 0.67

27 0.32 0.66

28 0.45 0.66

29 0.59 0.66

30 0.77 0.66

31 0.98 0.66

32 1.22 0.67

33 151 0.67

34 1.85 0.68

35 2.26 0.69

36 2.75 0.70

37 3.37 0.72

38 4.18 0.75

39 5.29 0.79
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40 7.04 0.86

41 10.89 0.73

Hertzian stress in contact at inner ring (N/mm?2)

Rolling element no. 1 2 3 11 12
Section 1: 613.28 0.00 0.00 0.00 0.00
Section 2: 1184.52 941.07 0.00 0.00 601.71
Section 3: 1374.94 1178.66 0.00 0.00 922.96
Section 4: 1493.34 1316.63 112.61 0.00 1085.97
Section 5: 1579.31 1414.12 469.45 0.00 1194.90
Section 6: 1646.77 1489.48 635.91 0.00 1276.17
Section 7: 1702.21 1550.85 750.53 0.00 1340.60
Section 8: 1749.22 1602.57 838.04 0.00 1393.66
Section 9: 1789.95 1647.17 908.56  0.00 1438.52
Section 10: 1825.80 1686.31 967.34 10.3 0 1477.14
Section 11: 1857.74 1721.09 1017.45 226.0 1 1510.86
Section 12: 1886.43 1752.29 1060.87 319.1 5 1540.57
Section 13: 1912.37 1780.47 1098.94 384.8 6 1566.94
Section 14: 1935.94 1806.07 1132.58 435.2 0 1590.45
Section 15: 1957.43 1829.38 1162.47 475.1 2 1611.46
Section 16: 1977.03 1850.66 1189.12 507.2 4 1630.25
Section 17: 199491 1870.09 1212.90 533.1 5 1647.02
Section 18: 2011.18 1887.79 1234.08 553.8 6 1661.92
Section 19: 2025.92 1903.86 1252.87 570.0 4 1675.05
Section 20: 2039.10 1918.28 1269.36 582.1 1 1686.42
Section 21: 2048.48 1928.96 1282.24 589.6 9 1694.20
Section 22: 2063.31 1944.60 1297.35 595.6 1 1706.04
Section 23: 2074.39 1956.56 1308.97 597.2 6 1714.34
Section 24: 2084.03 1967.01 1318.56 595.2 5 1721.00
Section 25: 2092.27 1975.99 1326.11 589.4 3 1726.05
Section 26: 2099.11 1983.49 133159 579.5 1 1729.44
Section 27: 2104.48 1989.44 1334.89 565.0 3 1731.09
Section 28: 2108.29 1993.76 1335.84 545.3 0 1730.88
Section 29: 2110.43 1996.29 1334.23 519.3 2 1728.63
Section 30: 2110.70 1996.86 1329.74 485.5 2 172411
Section 31: 2108.88 1995.22 1321.95 441.4 2 1717.00
Section 32: 2104.66 1991.03 1310.28 382.5 9 1706.86
Section 33: 2097.61 1983.82 1293.88 299.6 5 1693.09
Section 34: 2087.13 1972.96 127158 161.3 4 1674.86
Section 35: 2072.39 1957.52 124157 0.0 0 1650.93
Section 36: 2052.15 1936.13 1200.98 0.0 0 1619.41
Section 37: 2024.51 1906.64 1144.83 0.0 0 1577.19
Section 38: 1986.36 1865.43 1063.42 0.0 0 1518.70
Section 39: 1932.47 1805.99 93358 0.0 0 143237
Section 40: 1856.50 1717.14 669.93 0.0 0 1287.71
Section 41: 2074.04 1833.98 0.00 0.0 0 979.62
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Figure: Load distribution (b8)
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Figure: Pressure curve (b8, Hertzian stress inside)

Shaft 's4' Roller bearing 'b9'
Taper roller bearing (single row) (SKF 33112/Q)

Inner diameter [d]

External diameter [D] 1
Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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60.000
00.000
30.000
17.000
70.000
19.600
1.000
0.734
0.196
2.322
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Equivalent load [P]

26.739
26.739
31.707
21.028
89.554
6.358

Equivalent load [PO]

Effective speed [n] 7
Service life [Lnh] 31
Service life [Lnmh] 22
static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]
Bearing reaction force [Fx] -
Bearing reaction force [Fy]
Bearing reaction force [Fz] -
Bearing reaction force [Fr]
Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]
Maximum pressure inner ring [pmax_i] 21
Maximum pressure outer ring [pmax_o] 19

Reference rating service life  [Lnrh] 23
Modified reference rating service life[Lnmrh] 11

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 5402 -5.220 1.392
2 6.649 -6.164 1.713
3 6.576 -5.345 1.694
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9.866
20.915
80.000
70.134
89.866
17.000
19.600

1.000
50.000

0.195

2.322

24551
7.888
10.594
26.739
-56.24
0.00
125.46
137.49
1.93
-0.059
-0.091
-0.024
0.063
0.554
7.611
-1.756
1.841

29.229
69.695
16.756

19.732
45.547

kN

1/min

mm

mrad (1.91")
mrad (26.17")
mrad (-6.04")
mrad (6.33")

kN
N/mm?2
N/mm?2

h
h

0.000 14.93
-1.810 14.93
-3.435 14.93

Angle (°) Hertzian stress(N/mm?)

1982.43
2169.69
2131.20
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4 5.186 -3.281 1.336 -3.787 14.93 1915.43
5 2786 -1.118 0.718 -2.449 1493 1475.33
6 0.291 -0.040 0.075 -0.279  14.93 625.75
7 0.000 0.000 0.000 0.000 0.00 0.00
8 0.000 0.000 0.000 0.000 0.00 0.00
9 0.000 0.000 0.000 0.000 0.00 0.00
10 0.000 0.000 0.000 0.000 0.00 0.00
11 0.000 0.000 0.000 0.000 0.00 0.00
12 0.000 0.000 0.000 0.000 0.00 0.00
13 0.000 0.000 0.000 0.000 0.00 0.00
14 0.000 0.000 0.000 0.000 0.00 0.00
15 0.000 0.000 0.000 0.000 0.00 0.00
16 0.000 0.000 0.000 0.000 0.00 0.00
17 0.000 0.000 0.000 0.000 0.00 0.00
18 0.000 0.000 0.000 0.000 0.00 0.00
19 0.000 0.000 0.000 0.000 0.00 0.00
20 0.000 0.000 0.000 0.000 0.00 0.00
21 0.606 -0.492 0.156 0.316 14.93 855.87
22 3118 -2.891 0.803 0.849 14.93 1593.13

Section Profile(um) als (0]

13.46 0.49

2 8.70 0.54

3 6.54 0.50

4 5.17 0.48

5 4.17 0.47

6 3.40 0.47

7 2.79 0.46

8 2.28 0.46

9 1.86 0.47

10 151 0.47

11 121 0.47

12 0.95 0.48

13 0.73 0.49

14 0.55 0.49

15 0.40 0.50

16 0.27 0.51

17 0.17 0.53

18 0.10 0.54

19 0.04 0.56

20 0.01 0.57

21 0.00 0.60

22 0.01 0.62

23 0.04 0.64

24 0.10 0.68

25 0.17 0.71

26 0.27 0.76

27 0.40 0.82

28 0.55 0.89

29 0.73 0.99
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30 0.95 1.12

31 121 1.32

32 151 1.63

33 1.86 2.18

34 2.28 3.41

35 2.79 7.60

36 3.40 50.00

37 4.17 50.00

38 5.17 1.00

39 6.54 1.00

40 8.70 1.00

41 13.46 1.00

Hertzian stress in contact at inner ring (N/mm?2)

Rolling element no. 1 2 3 4 5 6 21 22

Section 1: 1774.36 2169.69 2106.21 1547.45 0.00 0.00 0.00 459.58
Section 2: 1763.46 1983.02 1948.02 1648.98 952.67 0.00 0.00 1212.65
Section 3: 1864.85 2061.12 2030.76 1767.31 1188.11 0.00 0.00 1390.57
Section 4: 1922.56 2108.16 2080.44 1834.24 1304.95 0.00 499.33 1481.94
Section 5: 1955.98 2135.17 2109.42 1874.32 1374.75 0.00 654.68 1535.29
Section 6: 1974.25 2149.10 2124.99 1898.06 1419.06 297.48 742.52 1567.09
Section 7: 1982.15 2153.84 2131.20 1910.76 1447.28 430.44 796.46 1584.89
Section 8: 1982.43 2151.73 2130.45 1915.43 1464.33 509.01 829.49 1592.77
Section 9: 1976.80 2144.25 2124.27 1913.93 1473.08 559.78 848.08 1593.13
Section 10: 1966.39 2132.40 2113.67 1907.4 9 1475.33 592.78 855.87 1587.53
Section 11: 1951.96 2116.86 2099.34 1896.9 1 1472.28 613.04 855.07 1576.99
Section 12: 1934.05 2098.10 2081.79 1882.7 9 1464.76 623.44 847.08 1562.20
Section 13: 1913.03 2076.48 2061.35 1865.5 2 1453.33 625.75 832.78 1543.65
Section 14: 1889.18 2052.22 2038.29 1845.4 0 1438.40 621.05 812.71 1521.67
Section 15: 1862.67 2025.51 2012.77 1822.6 3 1420.23 610.01 787.13 1496.50
Section 16: 1833.62 1996.43 1984.91 1797.3 5 1399.02 59295 756.10 1468.24
Section 17: 1802.08 1965.07 1954.76 1769.6 2 1374.85 569.92 719.43 1436.97
Section 18: 1768.07 1931.41 1922.34 1739.4 8 1347.77 540.69 676.70 1402.68
Section 19: 1731.52 1895.43 1887.62 1706.8 9 1317.74 504.69 627.13 1365.27
Section 20: 1692.32 1857.00 1850.49 1671.7 3 1284.62 460.84 569.45 1324.57
Section 21: 1648.52 1814.01 1808.83 1632.1 1 1246.89 406.82 500.98 1278.96
Section 22: 1607.31 1774.44 1770.62 1595.1 6 1209.90 340.83 419.95 1233.85
Section 23: 1561.04 1729.94 1727.53 1553.3 5 1167.72 252.67 315.22 1183.08
Section 24: 1511.28 1682.31 1681.38 1508.2 6 1121.34 108.60 154.94 1127.55
Section 25: 1457.72 1631.34 1631.96 1459.6 3 1070.27 0.00 0.00 1066.61
Section 26: 1399.91 1576.68 1578.92 1407.0 5 1013.76 0.00 0.00 999.30
Section 27: 1337.22 1517.83 1521.81 1349.9 8 950.80 0.00 0.00 924.21
Section 28: 1268.79 1454.17 1460.01 1287.6 7 879.90 0.00 0.00 839.28
Section 29: 1193.47 1384.83 1392.70 1219.1 1 79884 0.00 0.00 741.20
Section 30: 1109.58 1308.65 1318.76 1142.9 1 70402 0.00 0.00 624.14
Section 31: 1014.69 1223.95 1236.61 1057.0 2 58896 0.00 0.00 475.62
Section 32: 904.90 1128.31 1143.95 958.3 1 439.28 0.00 0.00 253.69
Section 33: 773.42 1017.90 1037.18 8415 8 199.16 0.00 0.00 0.00
Section 34: 606.20 886.19 910.29 697.0 6 000 000 0.00 0.00
Section 35: 360.81 720.26 751.66 501.3 9 000 0.00 0.00 0.00
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Section 36:
Section 37:
Section 38:
Section 39:
Section 40:
Section 41:

0.00
0.00
0.00
0.00
0.00
0.00

486.07 53255 126.7

0.00
0.00
0.00
0.00
0.00

Figure: Load distribution (b9)
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30.10
0.00
0.00
0.00
0.00

[eNeoNoNeNeNe)

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
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Figure: Pressure curve (b9, Hertzian stress inside)

Shaft 's4' Roller bearing 'b91'
Taper roller bearing (single row) (SKF 33112/Q)

Inner diameter [d]

External diameter [D] 1
Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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60.000
00.000
30.000
17.000
70.000
19.600
1.000
0.367
0.196
2.322
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Equivalent load [P]

Equivalent load [PO]
Effective speed [n] 7
Service life [Lnh] 1
Service life [Lnmh]

static safety factor [SO]

Calculation with approximate bearings inner geometr

71.015
49.435
31.707
20.310
44.138
3.439

y

Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]

Diameter of outer ring [do]

Dynamic load rating [Cn] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]

Viscosity ratio [kappa]

Bearing reaction force [Fx] -
Bearing reaction force [Fy] -
Bearing reaction force [Fz] -
Bearing reaction force [Fr]

Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz] -
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i] 29
Maximum pressure outer ring [pmax_o] 25
Reference rating service life  [Lnrh] 2

Modified reference rating service life[Lnmrh]

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 9.816 -9.485 -2.529
2 10.342 -9.588 -2.665
3 10.510 -8.543 -2.708
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22
9.866
20.915
80.000
70.134
89.866
17.000
19.600
1.000
50.000
0.195
2.322

33.566
36.589
22.350
40.326
247.70
0.00
478.63
538.93
3.06
0.005
-0.088
-0.002
0.005
0.582
7.611
-1.770
1.863

57.062
16.297
76.320

49.447
90.130

kN
kN
1/min

mm

mrad (2.00")
mrad (26.17")
mrad (-6.09")
mrad (6.41")

kN
N/mm?2
N/mm?2

h
h

0.000 -14.93
-2.815 -14.93
-5.490 -14.93

Angle (°) Hertzian stress(N/mm?)

2768.28
2916.30
2908.93
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4 10.306 -6.521 -2.655 -7.526  -14.93 2745.75
5 9.762 -3.919 -2515 -8.580 -14.93 2416.83
6 8.925 -1.227 -2.300 -8.536 -14.93 2191.95
7 7.875 1.083 -2.029 -7.531 -14.93 2022.23
8 6.728 2701 -1.734 -5.913  -14.93 1887.69
9 5.612 3551 -1.446 -4.098 -14.93 1809.89
10 4688 3.811 -1.208 -2.449 -14.93 1769.05
11 4,013 3.721 -1.034 -1.092  -14.93 1741.71
12 3,551 3431 -0.915 -0.000 -14.93 1714.84
13 3.249 3.012 -0.837 0.884 -14.93 1680.68
14 3.081 2504 -0.794 1.609 -14.93 1638.92
15 3.054 1932 -0.787 2230 -14.93 1595.46
16 3224 1294 -0.831 2.833 -14.93 1561.09
17 3.678 0.506 -0.948 3.518 -14.93 1555.83
18 4471 -0.615 -1.152 4276 -14.93 1608.00
19 5527 -2.219 -1.424 4.858 -14.93 1741.57
20 6.706 -4.243 -1.728 4.897 -14.93 1940.53
21 7.908 -6.428 -2.038 4131 -14.93 2151.11
22 8.979 -8.324 -2314 2444 -14.93 2456.24
Section Profile(um) als (0]
13.46 0.32
2 8.70 0.38
3 6.54 0.37
4 5.17 0.36
5 4.17 0.35
6 3.40 0.35
7 2.79 0.35
8 2.28 0.35
9 1.86 0.35
10 151 0.35
11 121 0.35
12 0.95 0.35
13 0.73 0.36
14 0.55 0.36
15 0.40 0.36
16 0.27 0.36
17 0.17 0.37
18 0.10 0.37
19 0.04 0.37
20 0.01 0.38
21 0.00 0.38
22 0.01 0.39
23 0.04 0.39
24 0.10 0.40
25 0.17 0.41
26 0.27 0.41
27 0.40 0.42
28 0.55 0.43
29 0.73 0.43
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30 0.95 0.44
31 121 0.45
32 151 0.46
33 1.86 0.47
34 2.28 0.49
35 2.79 0.50
36 3.40 0.52
37 4.17 0.55
38 5.17 0.58
39 6.54 0.65
40 8.70 0.80
41 13.46 1.73

Hertzian stress in contact at inner ring (N/mm?2)
Rolling element no. 1 2 3
14 15 16 17 18 1

Section 1: 2768.28 2916.30 2908.93 2745.75
0.00 000 000 0.00 000 O

Section 2: 2342.74 2432.44 2429.05 2332.51
0.00 0.00 0.00 0.00 0.00 906

Section 3: 2391.93 2472.98 2470.96 2385.83
0.00 0.00 0.00 0.00 489.48 1187

Section 4: 2427.49 2503.99 2503.11 2424.81
0.00 0.00 0.00 0.00 794.11 1335

Section 5: 2448.99 2522.33 2522.52 2449.50
0.00 0.00 0.00 147.25 964.27 1433
Section 6: 2460.32 2531.18 2532.40 2463.92
0.00 0.00 0.00 500.80 1081.64 1503
Section 7: 2464.19 2532.96 2535.20 2470.84
0.00 0.00 0.00 681.61 1170.22 1556
Section 8: 2462.36 2529.28 2532.54 2472.04
0.00 0.00 147.71 810.66 1240.56 1598
Section 9: 2455.99 2521.23 2525.51 2468.72
0.00 0.00 435.83 911.74 1298.29 1631
Section 10: 244590 2509.57 2514.89 2461.6
0.00 0.00 599.88 994.89 1346.72 1658
Section 11: 2432.65 2494.85 2501.21 24515
0.00 365.31 723.46 1065.39 1388.00 1680
Section 12: 2416.65 2477.45 2484.87 2438.6
351.05 543.40 824.26 1126.43 1423.55 16
Section 13: 2398.20 2457.64 2466.14 2423.3
536.11 675.52 909.92 1180.06 1454.40 17
Section 14: 2377.51 2435.65 2445.24 2405.9
672.88 783.45 984.55 1227.69 1481.27 17
Section 15: 2354.75 2411.61 2422.32 2386.4
784.85 875.65 1050.69 1270.31 1504.70 17
Section 16: 2330.01 2385.62 2397.47 2365.0
880.79 956.50 1109.99 1308.67 1525.11 17
Section 17: 2303.36 2357.74 2370.76 2341.8

965.19 1028.60 1163.61 1343.29 1542.77 17
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4 5 6 7 8
9 20 21 22
2416.83 1889.53 1024.23
.00 1136.70 1951.23 2456.24
2141.25 1850.13 1442.62
.96 1478.05 1875.41 2158.63
2217.32 1963.88 1619.30
.72 1639.30 1978.67 2227.62
2269.42 2036.97 1725.30
79 1734.21 2043.56 2273.98
2303.94 2086.81 1798.12
.04 1797.37 2085.98 2303.20
2326.63 2122.07 1851.69
.22 184196 2114.18 2320.78
2340.91 2147.38 1892.65
.54 1874.32 2132.63 2330.06
2348.92 2165.45 1924.70
.33 1897.98 2143.93 2333.10
2352.04 2177.96 1950.08
.70 1915.11 2149.72 2331.25
8 2351.20 2186.07 1970.24
.62 1927.10 2151.11 2325.43
3 2347.06 2190.54 1986.19
.39 1934.91 2148.85 2316.27
6 2340.08 2191.95 1998.64
97.94 1939.22 2143.48 2304.23
9 2330.63 2190.70 2008.09
11.93 1940.53 2135.40 2289.64
3 2318.94 2187.09 2014.92
22.84 1939.18 2124.89 2272.75
6 2305.20 2181.35 2019.43
31.03 1935.44 2112.16 2253.72
8 2289.56 2173.64 2021.81
36.76 1929.52 2097.36 2232.69
6 2272.08 2164.07 2022.23
40.23 1921.54 2080.60 2209.72

0.00

845.14

1155.95

1320.24

1430.18

1511.53

1575.20

1626.84

1669.72

1705.93

1736.84

1763.42

1786.36

1806.18

1823.26

1837.89

1850.27

0.00

0.00

414.61

765.23

955.45

1087.49

1188.47

1269.99

1338.14

1396.48

1447.29

1492.11

1532.01

1567.78

1599.99

1629.08

1655.36
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10 11 12

0.00

0.00

0.00

0.00

105.78

509.48

705.49

846.13

957.29

1049.64

1128.80

1198.09

1259.68

1315.03

1365.21

1410.96

1452.87

0.00

0.00

0.00

0.00

0.00

0.00

0.00

235.78

497.12

662.17

789.56

894.96

985.48

1065.07

1136.19

1200.46

1259.04

13

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

141.46

434.85

605.13

736.02

844.70

938.50

1021.3

1095.7

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

381.31

561.42

696.94

808.70

6 904.88

3 989.74



Section 18: 2274.82 2328.00 2342.21 2316.8
1040.69 1093.65 1212.39 1374.58 1557.93 1
Section 19: 2244.38 2296.36 2311.81 2290.0
1108.98 1152.78 1256.90 1402.82 1570.72 1
Section 20: 2211.93 2262.74 2279.45 2261.2
1171.20 1206.80 1297.57 1428.20 1581.21 1
Section 21: 2175.01 2224.58 2242.58 2228.1
1226.78 1254.87 1333.22 1449.25 1587.70 1
Section 22: 2143.28 2191.80 2211.19 2200.4
1281.91 1303.15 1370.14 1472.62 1597.37 1
Section 23: 2106.84 2154.26 2175.08 2168.2
1331.55 1346.35 1402.55 1491.89 1603.09 1
Section 24: 2068.02 2114.34 2136.65 2133.7
1377.40 1386.12 1432.05 1508.73 1606.64 1
Section 25: 2026.73 2071.96 2095.83 2096.9
1419.71 1422.64 1458.76 1523.15 1608.00 1
Section 26: 1982.79 2026.94 2052.45 2057.7
1458.66 1456.04 1482.71 1535.15 1607.10 1
Section 27: 1935.93 1979.03 2006.26 2015.9
1494.30 1486.32 1503.85 1544.60 1603.79 1
Section 28: 1885.80 1927.87 1956.95 1971.1
1526.65 1513.46 1522.10 1551.37 1597.88 1
Section 29: 1831.97 1873.02 1904.08 1923.0
1555.61 1537.33 1537.27 1555.22 1589.08 1
Section 30: 1773.81 1813.89 1847.11 1871.0
1581.03 1557.73 1549.10 1555.83 1577.02 1
Section 31: 1710.55 1749.70 1785.28 1814.5
1602.60 1574.33 1557.22 1552.76 1561.18 1
Section 32: 1641.07 1679.38 1717.58 1752.6
1619.92 1586.66 1561.09 1545.38 1540.85 1
Section 33: 1563.85 1601.41 1642.61 1683.9
1632.33 1594.04 1559.93 1532.83 1515.07 1
Section 34: 1476.62 1513.59 1558.30 1606.6
1638.92 1595.46 1552.64 1513.86 1482.38 1
Section 35: 1375.86 1412.51 1461.47 1517.9
1638.27 1589.40 1537.53 1486.58 1440.67 1
Section 36: 1255.66 1292.45 1346.91 1413.1
1628.16 1573.48 1511.99 1448.01 1386.48 1
Section 37: 1104.97 1142.84 1205.07 1284.0
1604.91 1543.70 1471.54 1393.05 1313.88 1
Section 38: 898.82 940.13 1015.40 11135
1561.73 1492.64 1407.79 1311.92 1211.19 1
Section 39: 552.95 608.59 717.10 855.0
1484.20 1404.19 1302.03 1182.06 1050.20
Section 40: 0.00 0.00 0.00 1985
1332.22 1231.32 1096.02 927.18 723.62
Section 41: 0.00 0.00 0.00 0.0

864.66 539.94 0.00 0.00 0.00
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5 2252.84 2152.72 2020.78 1860.57 1679.10
741.57 1911.59 2061.92 2184.86

2 2231.82 2139.61 2017.51 1868.87 1700.44
740.86 1899.72 2041.34 2158.09

9 2208.95 2124.69 2012.41 1875.20 1719.47
738.11 1885.87 2018.79 2129.33

3 2181.78 2105.60 2003.24 1877.48 1734.35
731.40 1867.96 1992.02 2096.20

7 2160.04 2091.76 1999.00 1884.20 1752.93
728.51 1854.34 1969.91 2068.03

0 2133.85 2073.64 1990.66 1886.91 1767.48
721.62 1836.55 1943.41 2035.28

1 2105.56 2053.55 1980.40 1887.69 1779.95
712.62 1816.61 1914.66 2000.19

5 2075.14 2031.46 1968.23 1886.55 1790.36
701.49 1794.45 1883.60 1962.69

6 2042.46 2007.26 1954.06 1883.42 1798.68
688.10 1769.95 1850.05 1922.59

3 2007.32 1980.78 1937.74 1878.19 1804.82
672.28 1742.89 1813.78 1879.64

5 1969.45 1951.78 1919.07 1870.67 1808.62
653.80 1712.99 1774.49 1833.50

4 192850 1919.96 1897.78 1860.64 1809.89
632.32 1679.89 1731.75 1783.74

7 1884.02 1884.91 1873.50 1847.76 1808.32
607.41 1643.09 1685.03 1729.77

9 1835.40 1846.08 1845.75 1831.61 1803.53
578.48 1601.92 1633.59 1670.81

5 1781.80 1802.75 1813.88 1811.59 1794.99
544.73 1555.48 1576.43 1605.79

7 1722.07 1753.90 1776.99 1786.90 1781.96
505.05 1502.51 1512.15 1533.21

9 1654.58 1698.06 1733.79 1756.39 1763.38
457.80 1441.15 1438.68 1450.85

7 1576.82 1633.07 1682.37 1718.33 1737.69
400.52 1368.57 1352.84 1355.28

9 1484.79 1555.47 1619.71 1670.07 1702.47
320.21 1280.12 1249.34 1240.75

9 1371.49 1459.33 1540.74 1607.14 1653.70
236.84 1167.40 1118.44 1096.52

3 1222.86 1333.07 1435.77 1521.21 1583.97
109.12 1012.78 938.89 898.47

1 1003.43 1149.10 1282.69 1393.88 1477.34
909.44 767.18 645.67 567.00

9 b556.53 805.54 1008.42 1168.95 1287.90
466.09 0.00 0.00 0.00

0 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 630.05
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1491.35

1526.73

1559.17

1587.10

1617.81

1644.28

1668.34

1690.07

1709.47

1726.47

1740.96

1752.77

1761.64

1767.23

1769.05

1766.41

1758.32

1743.35

1719.23

1682.26

1625.63

1535.04

1370.97

912.08

1312.75

1362.17

1407.72

1448.12

1490.16

1527.59

1562.13

1593.93

1623.04

1649.44

1673.06

1693.77

1711.36

1725.50

1735.74

1741.46

1741.71

1735.12

1719.54

1691.43

1644.38

1564.95

1417.17

1053.73

1163.18

1224.82

1281.40

1332.00

1383.11

1429.09

1471.67

1511.06

1547.38

1580.65

1610.86

1637.91

1661.61

1681.68

1697.70

1709.06

1714.84

1713.72

1703.58

1680.95

1639.54

1566.20

1425.98

1091.40

1065.84

1134.81

1197.76

1254.09

1310.08

1360.58

1407.30

1450.52

1490.39

1526.99

1560.32

1590.31

1616.79

1639.49

1658.00

1671.71

1679.72

1680.68

1672.46

1651.54

1611.51

1538.91

1397.46

1031.62



Figure: Load distribution (b91)
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Figure: Pressure curve (b91, Hertzian stress inside

Roller bearing 'b2'
Taper roller bearing (single row) (SKF 30307 J2/Q)

Inner diameter [d]
External diameter [D]
Width [B]
Dynamic load rating [C]
Static load rating [CO]
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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35.000
80.000
22.750
72.100
73.500
8.300
1.000
0.350
0.185
3.471
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Equivalent load [P]

37.287
29.388
68.293
84.893
29.747
2.501

y

Equivalent load [PO]

Effective speed [n] 17
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]

Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]

Diameter of outer ring [do]

Dynamic load rating [Cn]

Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]

Viscosity ratio [kappa]

Bearing reaction force [Fx]

Bearing reaction force [Fy]

Bearing reaction force [Fz]

Bearing reaction force [Fr]

Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry] -
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i] 38
Maximum pressure outer ring [pmax_o] 31
Reference rating service life  [Lnrh] 1

Modified reference rating service life[Lnmrh]

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 1501 -1.469 0.309
2 1990 -1.687 0.410
3 3.154 -1.543 0.650
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12
11.700
15.181
57.500
45.800
69.200
72.100

8.300
1.000
50.000
0.185
3.471

28.508
13.507
-5.640
29.060
-33.32
-0.00
-52.13
61.87
1.13
0.041
0.017
-0.003
0.041
-0.163
18.845
4.254
4.257

34.579
56.301
37.236

09.154
33.293

kN
1/min

h
h

mm

mrad (-0.56")
mrad (-64.78")
mrad (14.62")
mrad (14.63")

kN
N/mm?2
N/mm?2

h
h

0.000 11.89
-0.974  11.89
-2.673  11.89

Angle (°) Hertzian stress(N/mm?)

1562.79
1664.34
1754.44
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4 5.778 -0.000 1.190 -5.654 11.89 1982.09
5 8.639 4.227 1.780 -7.321  11.89 2511.38
6 10562 8.951 2.176 -5.168  11.89 3574.64
7 10.884 10.651 2.242 -0.000 11.89 3856.30
8 9.485 8.038 1.954 4.641 11.89 3434.61
9 6.780 3.317 1.397 5.745 11.89 2314.36
10 3.729 0.000 0.768 3.649 11.89 1661.82
11 1.724 -0.843 0.355 1.461 11.89 1383.55
12 1.337 -1.133 0.275 0.654 11.89 1436.68

Section Profile(um) als (0]

1 15.97 0.26

2 10.31 0.32

3 7.76 0.31

4 6.13 0.31

5 4.95 0.31

6 4.04 0.31

7 3.31 0.31

8 2.71 0.31

9 2.21 0.31

10 1.79 0.32

11 1.43 0.32

12 1.13 0.32

13 0.87 0.32

14 0.65 0.33

15 0.47 0.33

16 0.32 0.34

17 0.20 0.34

18 0.11 0.35

19 0.05 0.35

20 0.01 0.36

21 0.00 0.36

22 0.01 0.37

23 0.05 0.38

24 0.11 0.39

25 0.20 0.39

26 0.32 0.40

27 0.47 0.42

28 0.65 0.43

29 0.87 0.44

30 1.13 0.46

31 1.43 0.47

32 1.79 0.49

33 221 0.51

34 271 0.53

35 3.31 0.56

36 4.04 0.58

37 4.95 0.62

38 6.13 0.67

39 7.76 0.75
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40
41

Hertzian stress in contact at inner ring (N/mm?2)
3

Rolling element no. 1

Section 1:
Section 2:
Section 3:
Section 4:
Section 5:
Section 6:
Section 7:
Section 8:
Section 9:

Section 10:
Section 11:
Section 12:
Section 13:
Section 14:
Section 15:
Section 16:
Section 17:
Section 18:
Section 19:
Section 20:
Section 21:
Section 22:
Section 23:
Section 24:
Section 25:
Section 26:
Section 27:
Section 28:
Section 29:
Section 30:
Section 31:
Section 32:
Section 33:
Section 34:
Section 35:
Section 36:
Section 37:
Section 38:
Section 39:
Section 40:
Section 41:
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
214.13
471.77
641.93
777.33
892.30
992.95
1082.57
1163.16
1235.94
1301.68
1360.83
1413.52
1459.65
1498.78
1530.10
1552.22
1562.79
1557.74
1529.40
1460.99
1303.52
631.18

10.31

15.97
2
0.00 0.00 0.00
0.00 0.00 912.68
0.00 0.00 1243.43
0.00 0.00 1417.44
0.00 0.00 1533.19
0.00 0.00 1618.28
0.00 0.00 1684.40
0.00 49.09 1737.61

0.00 446.28 1781.43
0.00 636.17 1818.0
0.00 777.27 1849.0
0.00 891.90 1875.3
0.00 989.22 1897.7
0.00 1074.05 1916.7
0.00 1149.32 1932.8
0.00 1216.94 1946.2
304.71 1278.22 1957.2
523.50 1334.11 1965.9
679.76 1385.29 1972.5
806.94 1432.20 1976.9
914.80 1473.59 1977.0
1012.72 1516.41 1981.7
1099.62 1554.28 1982.0

1178.34

1250.12
1315.78
1375.90
1430.81
1480.71
1525.61
1565.38
1599.68
1627.95
1649.27
1662.18
1664.34
1651.80
1617.20
1544.75
1389.90
855.93

1588.98

1620.66
1649.36
1675.05
1697.65
1716.98
1732.80
1744.71
1752.18
1754.44
1750.39
1738.35
1715.70
1678.08
1617.35
1515.87
1321.80

530.65

1980.3

1976.4
1970.4
1961.9
1951.0
1937.1
1920.1
1899.4
1874.3
1843.8
1806.6
1760.7
1703.0
1628.0
1525.5
1372.4
1092.4
0.0

OFRPPFPUIUONWONRPRPANOOOONPPORLPNWERARPRPOWERENNDN

5 6

2511.38
2254.23
2342.25
2401.59
2441.01
2467.18
2484.04
2493.95
2498.48
2498.65
2495.20
2488.66
2479.40
2467.70
2453.77
2437.76
2419.78
2399.86
2378.03
2354.19
2325.74
2303.06
2275.60
2245.88
2213.86
2179.40
2142.29
2102.23
2058.85
2011.65
1959.97
1902.92
1839.25
1767.17
1683.96
1585.29
1463.52
1303.29
1065.70
575.61
0.00

7
3574.64
2886.93
2905.14
2924.45
2933.99
2935.14
2929.73
2919.09
2904.19
2885.71
2864.15
2839.85
2813.08
2784.02
2752.82
2719.55
2684.27
2646.97
2607.62
2566.10
2519.52
2479.08
2433.32
2384.91
2333.77
2279.69
2222.39
2161.47
2096.44
2026.64
1951.21
1868.95
1778.20
1676.50
1560.07
1422.59
1252.30
1022.88

648.28
0.00

0.00
0.00 0.00

8
3856.30
3060.20
3059.73
3067.49
3067.86
3060.99
3048.16
3030.48
3008.75
2983.59
2955.40
2924.52
2891.17
2855.50
2817.63
2777.62
2735.49
2691.25
2644.81
2596.05
2542.03
2494.03
2440.43
2383.91
2324.34
2261.47
2194.95
2124.32
2048.97
1968.13
1880.71
1785.27
1679.73
1560.97
1424.01
1260.21
1052.13

754.02

0.00

0.00
0.00
0.00

3434.61
2795.72
2818.24
2838.30
2847.35
2847.42
2840.54
2828.18
2811.36
2790.78
2766.97
2740.30
2711.02
2679.33
2645.35
2609.18
2570.85
2530.35
2487.65
2442.60
2392.44
2347.80
2297.71
224471
2188.64
2129.25
2066.18
1998.94
1926.92
1849.28
1764.93
1672.32
1569.23
1452.30
1316.10
1150.94
936.46

2177.65
2057.69
2160.32
2224.10
2264.49
2289.96
2305.12
2312.67
2314.36
2311.31
2304.33
2293.97
2280.65
2264.66
2246.21
2225.45
2202.48
2177.35
2150.05
2120.49
2086.31
2056.78
2022.38
1985.33
1945.50
1902.69
1856.58
1806.75
1752.67
1693.62
1628.63
1556.34
1474.83
1381.22
1270.86
1135.72
959.61

613.43 700.58

0.00
0.00
0.00
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10 11 12

0.00
284.19
862.69

1087.03
1224.76
1321.37
1393.88
1450.49
1495.81
1532.63
1562.81
1587.60
1607.89
1624.33
1637.41
1647.47
1654.78
1659.53
1661.82
1661.69
1657.33
1656.19
1650.79
1642.92
1632.54
1619.51
1603.61
1584.54
1561.91
1535.17
1503.61
1466.21
1421.55
1367.53
1300.89
1216.25
1103.64
941.41
664.22

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

316.83

494.11

622.12

725.23

812.33

887.88

954.50

1013.88
1067.12
1113.76
1159.42
1199.56
1235.68
1268.01
1296.64
1321.58
1342.74
1359.92
1372.80
1380.91
1383.55
1379.69
1367.83
1345.64
1309.35
1252.32
1161.34
1003.63

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
197.12
439.05
595.54
721.53
827.55
920.02
1002.06
1075.56
1141.69
1201.22
1254.58
1301.94
1343.26
1378.24
1406.26
1426.31
1436.68
1434.60
1415.19
1369.12
1275.06

0.00 645.97 1064.19

0.00

0.00

0.00



Figure: Load distribution (b2)
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Figure: Pressure curve (b2, Hertzian stress inside)

Roller bearing 'brh1’
Taper roller bearing (single row) (SKF 32924)

Inner diameter [d] 1
External diameter [D] 1
Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 3
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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20.000
65.000
29.000
65.000
05.000
32.000
1.000
0.350
0.185
3.471
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37.287

29.388

31.707
0.000
0.000
0.000

y

Equivalent load [P]

Equivalent load [PO]

Effective speed [n] 7
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw] 1
Diameter of inner ring [di] 1
Diameter of outer ring [do] 1
Dynamic load rating [Cn] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]

Bearing reaction force [Fx]

Bearing reaction force [Fy]

Bearing reaction force [Fz]

Bearing reaction force [Fr]

Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Results according to ISO/TS 16281:
Equivalent load [Pref]
Maximum pressure inner ring [pmax_i]
Maximum pressure outer ring [pmax_o]

Rolling element no. Loading |[F|, Fx, Fy, Fz (kN)
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

©CoOo~NOUA~WNE
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33
10.302
22.531
42.500
32.198
52.802
65.000
32.000

1.000
50.000
0.394
3.098

0.000
0.000
0.000
0.000
1.13
0.000
0.090
0.000
0.000
-0.000
6.472
0.000
0.000

0.000
0.000
0.000

kN
kN
1/m
h

h

mm

in

mrad (0.00")
mrad (22.25")
mrad (0.00")
mrad (0.00")

kN

N/mm?2
N/mm2

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Angle (°) Hertzian stress(N/mm?)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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10 0.000 0.000 0.000 0.000 0.00 0.00

11 0.000 0.000 0.000 0.000 0.00 0.00
12 0.000 0.000 0.000 0.000 0.00 0.00
13 0.000 0.000 0.000 0.000 0.00 0.00
14 0.000 0.000 0.000 0.000 0.00 0.00
15 0.000 0.000 0.000 0.000 0.00 0.00
16 0.000 0.000 0.000 0.000 0.00 0.00
17 0.000 0.000 0.000 0.000 0.00 0.00
18 0.000 0.000 0.000 0.000 0.00 0.00
19 0.000 0.000 0.000 0.000 0.00 0.00
20 0.000 0.000 0.000 0.000 0.00 0.00
21 0.000 0.000 0.000 0.000 0.00 0.00
22 0.000 0.000 0.000 0.000 0.00 0.00
23 0.000 0.000 0.000 0.000 0.00 0.00
24 0.000 0.000 0.000 0.000 0.00 0.00
25 0.000 0.000 0.000 0.000 0.00 0.00
26 0.000 0.000 0.000 0.000 0.00 0.00
27 0.000 0.000 0.000 0.000 0.00 0.00
28 0.000 0.000 0.000 0.000 0.00 0.00
29 0.000 0.000 0.000 0.000 0.00 0.00
30 0.000 0.000 0.000 0.000 0.00 0.00
31 0.000 0.000 0.000 0.000 0.00 0.00
32 0.000 0.000 0.000 0.000 0.00 0.00
33 0.000 0.000 0.000 0.000 0.00 0.00

Section Profile(um) als (0]

1 14.06 1.00

2 9.08 1.00

3 6.83 1.00

4 5.40 1.00

5 4.36 1.00

6 3.55 1.00

7 291 1.00

8 2.38 1.00

9 1.95 1.00

10 157 1.00

11 1.26 1.00

12 0.99 1.00

13 0.77 1.00

14 0.57 1.00

15 0.42 1.00

16 0.28 1.00

17 0.18 1.00

18 0.10 1.00

19 0.04 1.00

20 0.01 1.00

21 0.00 1.00

22 0.01 1.00

23 0.04 1.00

24 0.10 1.00
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25 0.18 1.00

26 0.28 1.00
27 0.42 1.00
28 0.57 1.00
29 0.77 1.00
30 0.99 1.00
31 1.26 1.00
32 1.57 1.00
33 1.95 1.00
34 2.38 1.00
35 291 1.00
36 3.55 1.00
37 4.36 1.00
38 5.40 1.00
39 6.83 1.00
40 9.08 1.00
41 14.06 1.00

Hertzian stress in contact at inner ring (N/mm?2)
Rolling element no.
Section 1:
Section 2:
Section 3:
Section 4:
Section 5:
Section 6:
Section 7:
Section 8:
Section 9:
Section 10:
Section 11:
Section 12:
Section 13:
Section 14:
Section 15:
Section 16:
Section 17:
Section 18:
Section 19:
Section 20:
Section 21:
Section 22:
Section 23:
Section 24:
Section 25:
Section 26:
Section 27:
Section 28:
Section 29:
Section 30:
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Section 31:
Section 32:
Section 33:
Section 34:
Section 35:
Section 36:
Section 37:
Section 38:
Section 39:
Section 40:
Section 41:

Figure: Load distribution (brh1)
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Figure: Pressure curve (brhl, Hertzian stress insid

Roller bearing 'brh2'
Taper roller bearing (single row) (SKF 32924)

Inner diameter [d] 1
External diameter [D] 1
Width [B]

Dynamic load rating [C] 1
Static load rating [CO] 3
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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20.000
65.000
29.000
65.000
05.000
32.000
1.000
1.046
0.395
3.098
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70.232
37.182
31.707
92.648
10.775
8.203

y

Equivalent load [P]

Equivalent load [PO]

Effective speed [n] 7
Service life [Lnh] 3
Service life [Lnmh] 4
static safety factor [SO]

Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw] 1
Diameter of inner ring [di] 1
Diameter of outer ring [do] 1
Dynamic load rating [Cn] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappal]

Bearing reaction force [Fx]

Bearing reaction force [Fy]

Bearing reaction force [Fz]

Bearing reaction force [Fr]

Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i] 15
Maximum pressure outer ring [pmax_o] 14

Reference rating service life  [Lnrh] 10
Modified reference rating service life[Lnmrh] 10

Rolling element no. Loading |F|, FX, Fy, Fz (kN)

1 5466 -5.321 1.252
2 5466 -5.224 1.252
3 5466 -4.939 1.252

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

33
10.302
22.531
42.500
32.198
52.802
65.000
32.000

1.000
50.000
0.394
3.098

-0.000
41.313
-0.000
0.000
0.00
0.00
-0.00
0.00
9.86
0.000
0.088
0.000
0.000
-0.000
5.989
0.000
0.000

53.025
99.544
87.794

01.981
07.271

kN
kN
1/min

mm

mrad (0.00")
mrad (20.59")
mrad (0.00")
mrad (0.00")

kN
N/mm?2
N/mm?2

h
h

0.000 13.24
-1.007 13.24
-1.977  13.24

Angle (°) Hertzian stress(N/mm?)

1599.54
1599.54
1599.54
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4 5.466 -4.476 1.252 -2.877 13.24 1599.54
5 5466 -3.851 1.252 -3.672 13.24 1599.54
6 5466 -3.086 1.252 -4.334 13.24 1599.54
7 5.466 -2.210 1.252 -4.840 13.24 1599.54
8 5.466 -1.254 1.252 -5.171 13.24 1599.54
9 5466 -0.253 1.252 -5.315 13.24 1599.54
10 5466 0.757 1.252 -5.266 13.24 1599.54
11 5.466 1.740 1.252 -5.028 13.24 1599.54
12 5.466 2.660 1.252 -4.608 13.24 1599.54
13 5.466 3.484 1.252 -4.021 13.24 1599.54
14 5466 4.182 1.252 -3.289 13.24 1599.54
15 5466 4.729 1.252 -2.438 13.24 1599.54
16 5.466 5.105 1.252 -1.499 13.24 1599.54
17 5.466 5.297 1.252 -0.506 13.24 1599.54
18 5466 5297 1.252 0.506 13.24 1599.54
19 5466 5.105 1.252 1499 1324 1599.54
20 5.466 4.729 1.252 2.438 13.24 1599.54
21 5.466 4.182 1.252 3.289 13.24 1599.54
22 5466 3.484 1.252 4.021 13.24 1599.54
23 5466 2.660 1.252 4608 13.24 1599.54
24 5.466 1.740 1.252 5.028 13.24 1599.54
25 5.466 0.757 1.252 5.266 13.24 1599.54
26 5.466 -0.253 1.252 5315 13.24 1599.54
27 5.466 -1.254 1.252 5171 13.24 1599.54
28 5466 -2.210 1.252 4.840 13.24 1599.54
29 5.466 -3.086 1.252 4.334 13.24 1599.54
30 5466 -3.851 1.252 3.672 13.24 1599.54
31 5.466 -4.476 1.252 2877 1324 1599.54
32 5466 -4.939 1.252 1.977 13.24 1599.54
33 5466 -5.224 1.252 1.007 13.24 1599.54
Section Profile(um) als (0]
1 14.06 1.00
2 9.08 50.00
3 6.83 4.93
4 5.40 2.55
5 4.36 1.88
6 3.55 1.57
7 2.91 1.39
8 2.38 1.27
9 1.95 1.19
10 1.57 1.12
11 1.26 1.08
12 0.99 1.04
13 0.77 1.01
14 0.57 0.99
15 0.42 0.97
16 0.28 0.96
17 0.18 0.95
18 0.10 0.94
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19 0.04

20 0.01
21 0.00
22 0.01
23 0.04
24 0.10
25 0.18
26 0.28
27 0.42
28 0.57
29 0.77
30 0.99
31 1.26
32 1.57
33 1.95
34 2.38
35 291
36 3.55
37 4.36
38 5.40
39 6.83
40 9.08
41 14.06

Hertzian stress in contact at inner ring (N/mm?2)

Rolling element no. 1 2 3

14 15 16 17 18 1

29 30 31 32 33

Section 1: 0.00 0.00 0.00 0.00

0.00 000 000 000 000 O

0.00 0.00 0.00 0.00 0.00

Section 2: 47754 47754 47754 47754
47754 A77.54 47754 47754 47754 4
47754 47754 47754 47754 A4A77.54

Section 3: 888.20 888.20 888.20 888.20
888.20 888.20 888.20 888.20 888.20 8
888.20 888.20 888.20 888.20 888.20

Section 4: 1074.00 1074.00 1074.00 1074.00
1074.00 1074.00 1074.00 1074.00 1074.00 1
1074.00 1074.00 1074.00 1074.00 1074.00
Section 5: 1191.79 1191.79 1191.79 1191.79
1191.79 1191.79 1191.79 1191.79 1191.79 1
1191.79 1191.79 1191.79 1191.79 1191.79
Section 6: 1275.99 1275.99 1275.99 1275.99
1275.99 1275.99 1275.99 1275.99 127599 1
1275.99 1275.99 1275.99 1275.99 1275.99
Section 7: 1340.12 1340.12 1340.12 1340.12
1340.12 1340.12 1340.12 1340.12 1340.12 1
1340.12 1340.12 1340.12 1340.12 1340.12
Section 8: 1390.87 1390.87 1390.87 1390.87
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0.94
0.94
0.94
0.94
0.94
0.94
0.95
0.96
0.97
0.99
1.01
1.04
1.08
1.12
1.19
1.27
1.39
1.57
1.88
2.55
4.93
50.00
1.00

20 21 22 23 24

0.00 000 0.00 0.00 0.00
.00 0.00 0.00 0.00 0.00 O.

47754 A7754 47754 47754 47754
7754 47754 A477.54 47754 47754 47

888.20 888.20 888.20 888.20 888.20
88.20 888.20 888.20 888.20 888.20 88

1074.00 1074.00 1074.00 1074.00 1074.00
074.00 1074.00 1074.00 1074.00 1074.00 10

1191.79 1191.79 1191.79 1191.79 1191.79
191.79 1191.79 1191.79 1191.79 1191.79 11

1275.99 1275.99 1275.99 1275.99 1275.99
275.99 1275.99 1275.99 1275.99 1275.99 12

1340.12 1340.12 1340.12 1340.12 1340.12
340.12 1340.12 1340.12 1340.12 1340.12 13

1390.87 1390.87 1390.87 1390.87 1390.87
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9 10 11 12 13
25 26 27 28

0.00 0.00 0.00 0.00
00 0.00 0.00 0.00 0.00

47754 47754 47754 A477.54
7.54 47754 47754 47754 A477.54

888.20 888.20 888.20 888.20
8.20 888.20 888.20 888.20 888.20

1074.00 1074.00 1074.00 1074.00
74.00 1074.00 1074.00 1074.00 1074.00

1191.79 1191.79 1191.79 1191.79
91.79 1191.79 1191.79 1191.79 1191.79

1275.99 1275.99 1275.99 1275.99
75.99 127599 1275.99 1275.99 1275.99

1340.12 1340.12 1340.12 1340.12
40.12 1340.12 1340.12 1340.12 1340.12

1390.87 1390.87 1390.87 1390.87



1390.87 1390.87 1390.87 1390.87 1390.87 1
1390.87 1390.87 1390.87 1390.87 1390.87
Section 9: 1432.02 1432.02 1432.02 1432.02
1432.02 1432.02 1432.02 1432.02 1432.02 1
1432.02 1432.02 1432.02 1432.02 1432.02
Section 10: 1465.93 1465.93 1465.93 1465.9
1465.93 1465.93 1465.93 1465.93 1465.93 1
1465.93 1465.93 1465.93 1465.93 1465.93
Section 11: 1494.15 1494.15 1494.15 1494.1
1494.15 1494.15 1494.15 1494.15 1494.15 1
1494.15 1494.15 1494.15 1494.15 1494.15
Section 12: 1517.74 1517.74 1517.74 1517.7
1517.74 1517.74 1517.74 1517.74 1517.74 1
1517.74 1517.74 1517.74 1517.74 1517.74
Section 13: 1537.46 1537.46 1537.46 1537.4
1537.46 1537.46 1537.46 1537.46 1537.46 1
1537.46 1537.46 1537.46 1537.46 1537.46
Section 14: 1553.87 1553.87 1553.87 1553.8
1553.87 1553.87 1553.87 1553.87 1553.87 1
1553.87 1553.87 1553.87 1553.87 1553.87
Section 15: 1567.38 1567.38 1567.38 1567.3
1567.38 1567.38 1567.38 1567.38 1567.38 1
1567.38 1567.38 1567.38 1567.38 1567.38
Section 16: 1578.29 1578.29 1578.29 1578.2
1578.29 1578.29 1578.29 1578.29 1578.29 1
1578.29 1578.29 1578.29 1578.29 1578.29
Section 17: 1586.83 1586.83 1586.83 1586.8
1586.83 1586.83 1586.83 1586.83 1586.83 1
1586.83 1586.83 1586.83 1586.83 1586.83
Section 18: 1593.17 1593.17 1593.17 1593.1
1593.17 1593.17 1593.17 1593.17 1593.17 1
1593.17 1593.17 1593.17 1593.17 1593.17
Section 19: 1597.40 1597.40 1597.40 1597.4
1597.40 1597.40 1597.40 1597.40 1597.40 1
1597.40 1597.40 1597.40 1597.40 1597.40
Section 20: 1599.54 1599.54 1599.54 1599.5
1599.54 1599.54 1599.54 1599.54 1599.54 1
1599.54 1599.54 1599.54 1599.54 1599.54
Section 21: 1597.86 1597.86 1597.86 1597.8
1597.86 1597.86 1597.86 1597.86 1597.86 1
1597.86 1597.86 1597.86 1597.86 1597.86
Section 22: 1599.54 1599.54 1599.54 1599.5
1599.54 1599.54 1599.54 1599.54 1599.54 1
1599.54 1599.54 1599.54 1599.54 1599.54
Section 23: 1597.40 1597.40 1597.40 1597.4
1597.40 1597.40 1597.40 1597.40 1597.40 1
1597.40 1597.40 1597.40 1597.40 1597.40
Section 24: 1593.17 1593.17 1593.17 1593.1
1593.17 1593.17 1593.17 1593.17 1593.17 1
1593.17 1593.17 1593.17 1593.17 1593.17
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390.87 1390.87 1390.87 1390.87 1390.87 13

1432.02 1432.02 1432.02 1432.02 1432.02
432.02 1432.02 1432.02 1432.02 1432.02 14

3 1465.93 1465.93 1465.93 1465.93 1465.93
465.93 1465.93 1465.93 1465.93 1465.93 14

5 1494.15 1494.15 1494.15 1494.15 1494.15
49415 1494.15 1494.15 1494.15 1494.15 14

4 1517.74 1517.74 1517.74 1517.74 1517.74
517.74 1517.74 1517.74 1517.74 1517.74 15

6 1537.46 1537.46 1537.46 1537.46 1537.46
537.46 1537.46 1537.46 1537.46 1537.46 15

7 1553.87 1553.87 1553.87 1553.87 1553.87
553.87 1553.87 1553.87 1553.87 1553.87 15

8 1567.38 1567.38 1567.38 1567.38 1567.38
567.38 1567.38 1567.38 1567.38 1567.38 15

9 1578.29 1578.29 1578.29 1578.29 1578.29
578.29 1578.29 1578.29 1578.29 1578.29 15

3 1586.83 1586.83 1586.83 1586.83 1586.83
586.83 1586.83 1586.83 1586.83 1586.83 15

7 1593.17 1593.17 1593.17 1593.17 1593.17
593.17 1593.17 1593.17 1593.17 1593.17 15

0 1597.40 1597.40 1597.40 1597.40 1597.40
597.40 1597.40 1597.40 1597.40 1597.40 15

4 1599.54 1599.54 1599.54 1599.54 1599.54
599.54 1599.54 1599.54 1599.54 1599.54 15

6 1597.86 1597.86 1597.86 1597.86 1597.86
597.86 1597.86 1597.86 1597.86 1597.86 15

4 1599.54 1599.54 1599.54 1599.54 1599.54
599.54 1599.54 1599.54 1599.54 1599.54 15

0 1597.40 1597.40 1597.40 1597.40 1597.40
597.40 1597.40 1597.40 1597.40 1597.40 15

7 1593.17 1593.17 1593.17 1593.17 1593.17
593.17 1593.17 1593.17 1593.17 1593.17 15
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90.87 1390.87 1390.87 1390.87 1390.87

1432.02 1432.02 1432.02 1432.02
32.02 1432.02 1432.02 1432.02 1432.02

1465.93 1465.93 1465.93 1465.93
65.93 1465.93 1465.93 1465.93 1465.93

1494.15 1494.15 1494.15 1494.15
94.15 1494.15 1494.15 1494.15 1494.15

1517.74 1517.74 1517.74 1517.74
17.74 1517.74 1517.74 1517.74 1517.74

1537.46 1537.46 1537.46 1537.46
37.46 1537.46 1537.46 1537.46 1537.46

1553.87 1553.87 1553.87 1553.87
53.87 1553.87 1553.87 1553.87 1553.87

1567.38 1567.38 1567.38 1567.38
67.38 1567.38 1567.38 1567.38 1567.38

1578.29 1578.29 1578.29 1578.29
78.29 1578.29 1578.29 1578.29 1578.29

1586.83 1586.83 1586.83 1586.83
86.83 1586.83 1586.83 1586.83 1586.83

1593.17 1593.17 1593.17 1593.17
93.17 1593.17 1593.17 1593.17 1593.17

1597.40 1597.40 1597.40 1597.40
97.40 1597.40 1597.40 1597.40 1597.40

1599.54 1599.54 1599.54 1599.54
99.54 1599.54 1599.54 1599.54 1599.54

1597.86 1597.86 1597.86 1597.86
97.86 1597.86 1597.86 1597.86 1597.86

1599.54 1599.54 1599.54 1599.54
99.54 1599.54 1599.54 1599.54 1599.54

1597.40 1597.40 1597.40 1597.40
97.40 1597.40 1597.40 1597.40 1597.40

1593.17 1593.17 1593.17 1593.17
93.17 1593.17 1593.17 1593.17 1593.17



Section 25: 1586.83 1586.83 1586.83 1586.8
1586.83 1586.83 1586.83 1586.83 1586.83 1
1586.83 1586.83 1586.83 1586.83 1586.83
Section 26: 1578.29 1578.29 1578.29 1578.2
1578.29 1578.29 1578.29 1578.29 1578.29 1
1578.29 1578.29 1578.29 1578.29 1578.29
Section 27: 1567.38 1567.38 1567.38 1567.3
1567.38 1567.38 1567.38 1567.38 1567.38 1
1567.38 1567.38 1567.38 1567.38 1567.38
Section 28: 1553.87 1553.87 1553.87 1553.8
1553.87 1553.87 1553.87 1553.87 1553.87 1
1553.87 1553.87 1553.87 1553.87 1553.87
Section 29: 1537.46 1537.46 1537.46 1537.4
1537.46 1537.46 1537.46 1537.46 1537.46 1
1537.46 1537.46 1537.46 1537.46 1537.46
Section 30: 1517.74 1517.74 1517.74 1517.7
1517.74 1517.74 1517.74 1517.74 1517.74 1
1517.74 1517.74 1517.74 1517.74 1517.74
Section 31: 1494.15 149415 1494.15 1494.1
1494.15 1494.15 1494.15 1494.15 1494.15 1
1494.15 1494.15 1494.15 1494.15 1494.15
Section 32: 1465.93 1465.93 1465.93 1465.9
1465.93 1465.93 1465.93 1465.93 1465.93 1
1465.93 1465.93 1465.93 1465.93 1465.93
Section 33: 1432.02 1432.02 1432.02 1432.0
1432.02 1432.02 1432.02 1432.02 1432.02 1
1432.02 1432.02 1432.02 1432.02 1432.02
Section 34: 1390.87 1390.87 1390.87 1390.8
1390.87 1390.87 1390.87 1390.87 1390.87 1
1390.87 1390.87 1390.87 1390.87 1390.87
Section 35: 1340.12 1340.12 1340.12 1340.1
1340.12 1340.12 1340.12 1340.12 1340.12 1
1340.12 1340.12 1340.12 1340.12 1340.12
Section 36: 1275.99 1275.99 1275.99 1275.9
1275.99 1275.99 1275.99 1275.99 1275.99 1
1275.99 1275.99 1275.99 1275.99 1275.99
Section 37: 1191.79 1191.79 1191.79 1191.7
1191.79 1191.79 1191.79 1191.79 1191.79 1
1191.79 1191.79 1191.79 1191.79 1191.79
Section 38: 1074.00 1074.00 1074.00 1074.0
1074.00 1074.00 1074.00 1074.00 1074.00 1
1074.00 1074.00 1074.00 1074.00 1074.00
Section 39: 888.20 888.20 888.20 888.2
888.20 888.20 888.20 888.20 888.20 8
888.20 888.20 888.20 888.20 888.20

Section 40: 47754 47754 A477.54 4775
47754 A477.54 A77.54 47754 47754 4
477.54 A7754 47754 47754 47754

Section 41: 0.00 0.00 0.00 0.0

0.00 000 000 000 000 O
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3 1586.83 1586.83 1586.83 1586.83 1586.83
586.83 1586.83 1586.83 1586.83 1586.83 15

9 1578.29 1578.29 1578.29 1578.29 1578.29
578.29 1578.29 1578.29 1578.29 1578.29 15

8 1567.38 1567.38 1567.38 1567.38 1567.38
567.38 1567.38 1567.38 1567.38 1567.38 15

7 1553.87 1553.87 1553.87 1553.87 1553.87
553.87 1553.87 1553.87 1553.87 1553.87 15

6 1537.46 1537.46 1537.46 1537.46 1537.46
537.46 1537.46 1537.46 1537.46 1537.46 15

4 1517.74 1517.74 1517.74 1517.74 1517.74
517.74 1517.74 1517.74 1517.74 1517.74 15

5 1494.15 1494.15 1494.15 1494.15 1494.15
49415 1494.15 1494.15 1494.15 1494.15 14

3 1465.93 1465.93 1465.93 1465.93 1465.93
465.93 1465.93 1465.93 1465.93 1465.93 14

2 1432.02 1432.02 1432.02 1432.02 1432.02
432.02 1432.02 1432.02 1432.02 1432.02 14

7 1390.87 1390.87 1390.87 1390.87 1390.87
390.87 1390.87 1390.87 1390.87 1390.87 13

2 1340.12 1340.12 1340.12 1340.12 1340.12
340.12 1340.12 1340.12 1340.12 1340.12 13

9 1275.99 1275.99 1275.99 1275.99 1275.99
275.99 1275.99 1275.99 1275.99 1275.99 12

9 1191.79 1191.79 1191.79 1191.79 1191.79
191.79 1191.79 1191.79 1191.79 1191.79 11

0 1074.00 1074.00 1074.00 1074.00 1074.00
074.00 1074.00 1074.00 1074.00 1074.00 10

0 888.20 888.20 888.20 888.20 888.20
88.20 888.20 888.20 888.20 888.20 88

4 47754 47754 A77.54 47754 477.54
7754 47754 A477.54 47754 477.54 47

0 000 000 0.00 0.00 0.00
.00 000 0.00 0.00 0.00 O
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1586.83 1586.83 1586.83 1586.83
86.83 1586.83 1586.83 1586.83 1586.83

1578.29 1578.29 1578.29 1578.29
78.29 1578.29 1578.29 1578.29 1578.29

1567.38 1567.38 1567.38 1567.38
67.38 1567.38 1567.38 1567.38 1567.38

1553.87 1553.87 1553.87 1553.87
53.87 1553.87 1553.87 1553.87 1553.87

1537.46 1537.46 1537.46 1537.46
37.46 1537.46 1537.46 1537.46 1537.46

1517.74 1517.74 1517.74 1517.74
17.74 1517.74 1517.74 1517.74 1517.74

1494.15 1494.15 1494.15 1494.15
94.15 1494.15 1494.15 1494.15 1494.15

1465.93 1465.93 1465.93 1465.93
65.93 1465.93 1465.93 1465.93 1465.93

1432.02 1432.02 1432.02 1432.02
32.02 1432.02 1432.02 1432.02 1432.02

1390.87 1390.87 1390.87 1390.87
90.87 1390.87 1390.87 1390.87 1390.87

1340.12 1340.12 1340.12 1340.12
40.12 1340.12 1340.12 1340.12 1340.12

1275.99 1275.99 1275.99 1275.99
75.99 1275.99 1275.99 1275.99 1275.99

1191.79 1191.79 1191.79 1191.79
91.79 1191.79 1191.79 1191.79 1191.79

1074.00 1074.00 1074.00 1074.00
74.00 1074.00 1074.00 1074.00 1074.00

888.20 888.20 888.20 888.20
8.20 888.20 888.20 888.20 888.20

47754 A477.54 47754 A477.54
7.54 47754 47754 47754 A477.54

0.00 0.00 0.00 0.00
00 0.00 0.00 0.00 0.00



0.00 0.00 0.00 0.00 0.00

Figure: Load distribution (brh2)
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Figure: Pressure curve (brh2, Hertzian stress insid

Roller bearing 'bz10'
Needle roller bearing (with / without internal ring

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C]

Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281
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e)

) (INA HK5528)

55.000
63.000
28.000
44.000
03.000
14.700
1.000
1.046
0.395
3.098

mm
mm
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70.232

37.182

43.902
0.000
0.000
0.000

y

Equivalent load [P]
Equivalent load [PO]
Effective speed [n] 2
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn]
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]
Maximum pressure inner ring [pmax_i]
Maximum pressure outer ring [pmax_o]

Reference rating service life  [Lnrh] 901231
Modified reference rating service life[Lnmrh]450615

Rolling element no. Loading |F|, FX, Fy, Fz (kN)
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000

~No oA~ WNE
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52
3.297
14.463
59.000
55.703
62.297
44.000
14.700
1.000
50.000
0.070
0.801

0.000
-0.000
0.000
0.000
9.86
0.000
-0.001
-0.000
0.000
-0.000
0.000
-0.000
0.000

0.000
0.777
0.735

3038846117500000000000000.000 h
651942305710000000000000000.000 h

kN
kN
1/min
h
h

mm
mrad (0.00")
mrad (0.00")
mrad (0.00")
mrad (0.00")

kN
N/mm?2
N/mm2

Angle (°) Hertzian stress(N/mm?)

0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00

0.75
0.73
0.70
0.67
0.63
0.58
0.52
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8 0.000

9 0.000
10 0.000
11 0.000
12 0.000
13 0.000
14 0.000
15 0.000
16 0.000
17 0.000
18 0.000
19 0.000
20 0.000
21 0.000
22 0.000
23 0.000
24 0.000
25 0.000
26 0.000
27 0.000
28 0.000
29 0.000
30 0.000
31 0.000
32 0.000
33 0.000
34 0.000
35 0.000
36 0.000
37 0.000
38 0.000
39 0.000
40 0.000
41 0.000
42 0.000
43 0.000
44 0.000
45 0.000
46 0.000
47 0.000
48 0.000
49 0.000
50 0.000
51 0.000
52 0.000

Section
1
2
3

-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
-0.000 0.000
Profile(um)

4.09

2.35

1.59

alS

1.00
1.00
1.00

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.45
0.36
0.26
0.08
0.22
0.34
0.43
0.50
0.56
0.61
0.66
0.69
0.72
0.75
0.76
0.77
0.78
0.78
0.77
0.75
0.73
0.70
0.67
0.63
0.58
0.52
0.45
0.36
0.26
0.08
0.22
0.34
0.43
0.50
0.56
0.61
0.66
0.69
0.72
0.75
0.76
0.77
0.78
0.78
0.77

126 of 162



4 111
5 0.78
6 0.54
7 0.36
8 0.23
9 0.13
10 0.06
11 0.02
12 0.00
13 0.00
14 0.00
15 0.00
16 0.00
17 0.00
18 0.00
19 0.00
20 0.00
21 0.00
22 0.00
23 0.00
24 0.00
25 0.00
26 0.00
27 0.00
28 0.00
29 0.00
30 0.00
31 0.02
32 0.06
33 0.13
34 0.23
35 0.36
36 0.54
37 0.78
38 111
39 1.59
40 2.35
41 4.09

Hertzian stress in contact at inner ring (N/mm?2)
3

Rolling element no. 1 2

14 15 16 17 18 1
29 30 31 32 33 3
44 45 46 47 48 4
Section 1: 0.00 0.00 0.00
0.00 000 000 000 000 O
0.00 000 000 000 000 O
0.00 000 000 000 000 O
Section 2: 0.00 0.00 0.00
0.00 0.00 000 000 O000 O

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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0.00 0.00

0.00 0.00
Section 3:
0.00 0.00
0.00 0.00
0.00 0.00
Section 4:
0.00 0.00
0.00 0.00
0.00 0.00
Section 5:
0.00 0.00
0.00 0.00
0.00 0.00
Section 6:
0.00 0.00
0.00 0.00
0.00 0.00
Section 7:
0.00 0.00
0.00 0.00
0.00 0.00
Section 8:
0.00 0.00
0.00 0.00
0.00 0.00
Section 9:
0.00 0.00
0.00 0.00
0.00 0.00
Section 10:
0.00 0.00
0.00 0.00
0.00 0.00
Section 11:
0.00 0.00
0.00 0.00
0.00 0.00
Section 12:
0.00 0.00
0.00 0.00
0.00 0.00
Section 13:
0.00 0.00
0.00 0.00
0.66 0.69
Section 14:
0.00 0.00
0.00 0.00
0.61 0.64
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.75
0.00
0.00
0.72
0.70
0.00
0.00
0.67

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.73
0.00
0.00
0.75
0.68
0.00
0.00
0.69

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.70
0.00
0.00
0.76
0.65
0.00
0.00
0.71

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

0.0

0.6

0.6

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.63
0.00
0.00
0.78
0.58
0.00
0.00
0.72

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.58
0.00
0.00
0.78
0.53
0.00
0.00
0.72

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.52
0.00
0.00
0.77
0.48
0.00
0.00
0.71

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.45
0.00
0.22

0.42
0.00
0.21

0.00

0.00

0.00

0.00

0.00

0.00

0.00

00

00
00

00
00

00

00
00

00
00

00

00
00

00
00

00
00

00
00

00

00
31

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.26
0.00
0.43

0.24
0.00
0.40

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.08
0.00
0.50

0.07
0.00
0.46

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.56

0.00
0.00
0.52

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.61

0.00
0.00
0.57



Section 15:

0.00 0.00
0.00 0.00
0.56 0.59
Section 16:

0.00 0.00
0.00 0.00
050 0.53
Section 17:

0.00 0.00
0.00 0.00
045 047
Section 18:

0.00 0.00
0.00 0.00
0.38 0.40
Section 19:

0.00 0.00
0.00 0.00
0.30 0.32
Section 20:

0.00 0.00
0.00 0.00
021 0.22
Section 21:

0.00 0.00
0.00 0.00
0.00 0.00
Section 22:

0.13 0.16
022 0.21
0.00 0.00
Section 23:

0.20 0.23
0.32 031
0.00 0.00
Section 24:

0.25 0.29
041 0.39
0.00 0.00
Section 25:

029 0.34
0.48 0.45
0.00 0.00
Section 26:

0.33 0.38
054 0.51
0.00 0.00
Section 27:

0.36 0.42
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0.64
0.00
0.00
0.62

0.58
0.00
0.00
0.56

0.51
0.00
0.00
0.49

0.43
0.00
0.00
0.42

0.35
0.00
0.00
0.33

0.24
0.00
0.00
0.23

0.00
0.00
0.00
0.00

0.00
0.18
0.20
0.00

0.00
0.26
0.29
0.00

0.00
0.32
0.36
0.00

0.00
0.38
0.42
0.00

0.00
0.43
0.48
0.00

0.00
0.48

0.62
0.00
0.00
0.64

0.56
0.00
0.00
0.57

0.50
0.00
0.00
0.51

0.42
0.00
0.00
0.43

0.34
0.00
0.00
0.34

0.23
0.00
0.00
0.23

0.00
0.00
0.00
0.00

0.00
0.19
0.18
0.00

0.00
0.28
0.27
0.00

0.00
0.35
0.33
0.00

0.00
0.42
0.39
0.00

0.00
0.47
0.44
0.00

0.00
0.52

0.60
0.00
0.00
0.65

0.54
0.00
0.00
0.59

0.48
0.00
0.00
0.52

0.41
0.00
0.00
0.44

0.32
0.00
0.00
0.35

0.22
0.00
0.00
0.24

0.00
0.00
0.00
0.00

0.00
0.21
0.16
0.00

0.00
0.30
0.24
0.00

0.00
0.38
0.30
0.00

0.00
0.45
0.35
0.00

0.00
0.50
0.40
0.00

0.00
0.56

0

0

0.5

0.5

0.4

0.3

0.3

0.2

0.0

0.0

0.0

0.53
0.00
0.00
0.66

0.48
0.00
0.00
0.60

0.42
0.00
0.00
0.53

0.36
0.00
0.00
0.45

0.29
0.00
0.00
0.36

0.20
0.00
0.00
0.24

0.00
0.00
0.00
0.00

0.00
0.23
0.11
0.00

0.00
0.33
0.17
0.00

0.00
0.42
0.21
0.00

0.00
0.49
0.25
0.00

0.00
0.56
0.28
0.00

0.00
0.62

0.49
0.00
0.00
0.66

0.44
0.00
0.00
0.60

0.39
0.00
0.00
0.53

0.33
0.00
0.00
0.45

0.27
0.00
0.00
0.36

0.18
0.00
0.00
0.24

0.00
0.00
0.00
0.00

0.00
0.23
0.08
0.00

0.00
0.34
0.12
0.00

0.00
0.43
0.15
0.00

0.00
0.51
0.17
0.00

0.00
0.57
0.20
0.00

0.00
0.64

0.44
0.00
0.00
0.65

0.40
0.00
0.00
0.59

0.35
0.00
0.00
0.52

0.30
0.00
0.00
0.44

0.24
0.00
0.00
0.35

0.16
0.00
0.00
0.24

0.00
0.00
0.00
0.00

0.00
0.24
0.03
0.00

0.00
0.35
0.04
0.00

0.00
0.44
0.05
0.00

0.00
0.52
0.05
0.00

0.00
0.59
0.06
0.00

0.00
0.65

0.38
0.00
0.19

0.34
0.00
0.17

0.30
0.00
0.15

0.26
0.00
0.13

0.21
0.00
0.10

0.14
0.00
0.07

0.00
0.00
0.00

0.00
0.24
0.00

0.00
0.36
0.00

0.00
0.45
0.00

0.00
0.52
0.00

0.00
0.59
0.00

0.00
0.66

29

00
26

00

00
20

00
16

00

00
00

24
00

36

45
00

53
00

60

66

0.22
0.00
0.36

0.20
0.00
0.33

0.17
0.00
0.29

0.15
0.00
0.25

0.12
0.00
0.20

0.08
0.00
0.13

0.00
0.00
0.00

0.00
0.24
0.00

0.00
0.36
0.00

0.00
0.45
0.00

0.00
0.53
0.00

0.00
0.60
0.00

0.00
0.66

0.07
0.00
0.42

0.06
0.00
0.38

0.05
0.00
0.34

0.05
0.00
0.29

0.04
0.00
0.23

0.03
0.00
0.16

0.00
0.00
0.00

0.00
0.24
0.00

0.00
0.35
0.00

0.00
0.44
0.00

0.00
0.52
0.00

0.00
0.59
0.00

0.00
0.65

0.00
0.00
0.48

0.00
0.00
0.43

0.00
0.00
0.38

0.00
0.00
0.32

0.00
0.00
0.26

0.00
0.00
0.18

0.00
0.00
0.00

0.07
0.24
0.00

0.10
0.35
0.00

0.13
0.43
0.00

0.15
0.51
0.00

0.17
0.58
0.00

0.19
0.64

0.00
0.00
0.52

0.00
0.00
0.47

0.00
0.00
0.42

0.00
0.00
0.35

0.00
0.00
0.28

0.00
0.00
0.19

0.00
0.00
0.00

0.11
0.23
0.00

0.16
0.34
0.00

0.20
0.42
0.00

0.23
0.50
0.00

0.26
0.56
0.00

0.29
0.62



0.60 0.57

0.00 0.00
Section 28:

0.40 0.46
0.65 0.62
0.00 0.00
Section 29:

0.43 0.50
0.70 0.67
0.00 0.00
Section 30:

0.00 0.00
0.00 0.00
0.00 0.00
Section 31:

0.00 0.00
0.00 0.00
0.00 0.00
Section 32:

0.00 0.00
0.00 0.00
0.00 0.00
Section 33:

0.00 0.00
0.00 0.00
0.00 0.00
Section 34:

0.00 0.00
0.00 0.00
0.00 0.00
Section 35:

0.00 0.00
0.00 0.00
0.00 0.00
Section 36:

0.00 0.00
0.00 0.00
0.00 0.00
Section 37:

0.00 0.00
0.00 0.00
0.00 0.00
Section 38:

0.00 0.00
0.00 0.00
0.00 0.00
Section 39:

0.00 0.00
0.00 0.00
0.00 0.00
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0.53
0.00
0.00
0.52
0.58
0.00
0.00
0.56
0.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.49
0.00
0.00
0.57
0.53
0.00
0.00
0.61
0.58
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.44
0.00
0.00
0.61
0.48
0.00
0.00
0.66
0.52
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0

0.0

0.0

0.0

0.0

0.31
0.00
0.00
0.67
0.34
0.00
0.00
0.72
0.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.22
0.00
0.00
0.69
0.24
0.00
0.00
0.75
0.26
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.07
0.00
0.00
0.71
0.07
0.00
0.00
0.76
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.72
0.00

0.00
0.77
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
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0.22
0.75
0.00
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Section 40: 0.00 0.00 0.00 0.0
0.00 0.00 0.00 000 000 O
0.00 0.00 0.00 000 000 O
0.00 000 000 0.00 000 O
Section 41: 0.00 0.00 0.00 0.0
0.00 0.00 0.00 000 000 O
0.00 0.00 0.00 000 000 O
0.00 000 000 000 000 O

Figure: Load distribution (bz10)
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Figure: Pressure curve (bz10, Hertzian stress insid

Roller bearing 'bz4'
Needle roller bearing (with / without internal ring

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C]

Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

e)

) (INA NK75/35)

75.000
92.000
35.000
87.000
62.000
28.000
1.000
1.046
0.395
3.098

mm
mm
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Equivalent load [P]

Equivalent load [PO]
Effective speed [n] 1
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]

Calculation with approximate bearings inner geometr

70.232

37.182
92.555
0.000
0.000
0.000

y

Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn]
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappal]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Torque of friction [Mloss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]
Maximum pressure inner ring [pmax_i]
Maximum pressure outer ring [pmax_o]

Reference rating service life  [Lnrh] 188934
Modified reference rating service life[Lnmrh]944673

Rolling element no. Loading |F|, FX, Fy, Fz (kN)
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000

~No oA~ WNE
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31
6.599
19.544
83.500
76.901
90.099
87.000
28.000
1.000
50.000
0.097
0.783

0.000
0.000
0.000
0.000
9.86
0.000
0.001
0.000
0.000
0.000
0.684
0.000
0.000

0.000
2.736
2.527

6109009865200000000000.000 h
05450493236000000000000.000 h

kN

1/min

mm
mrad (0.00")
mrad (2.35")
mrad (0.00")
mrad (0.00")

kN
N/mm?2
N/mm2

Angle (°) Hertzian stress(N/mm?)

0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00

2.59
2.42
2.18
1.87
1.45
0.84
0.67

133 of 162



8 0.000 -0.000 0.000 -0.000 0.00 1.35

9 0.000 0.000 0.000 -0.000 0.00 1.79
10 0.000 0.000 0.000 -0.000 0.00 2.13
11 0.000 0.000 0.000 -0.000 0.00 2.38
12 0.000 0.000 0.000 -0.000 0.00 2.56
13 0.000 0.000 0.000 -0.000 0.00 2.68
14 0.000 0.000 0.000 -0.000 0.00 2.73
15 0.000 0.000 0.000 -0.000 0.00 2.72
16 0.000 0.000 0.000 -0.000 0.00 2.65
17 0.000 0.000 0.000 0.000 0.00 2.52
18 0.000 0.000 0.000 0.000 0.00 231
19 0.000 0.000 0.000 0.000 0.00 2.04
20 0.000 0.000 0.000 0.000 0.00 1.68
21 0.000 0.000 0.000 0.000 0.00 1.19
22 0.000 0.000 0.000 0.000 0.00 0.33
23 0.000 0.000 0.000 0.000 0.00 1.06
24 0.000 0.000 0.000 0.000 0.00 1.59
25 0.000 -0.000 0.000 0.000 0.00 1.97
26 0.000 -0.000 0.000 0.000 0.00 2.26
27 0.000 -0.000 0.000 0.000 0.00 2.48
28 0.000 -0.000 0.000 0.000 0.00 2.63
29 0.000 -0.000 0.000 0.000 0.00 2.71
30 0.000 -0.000 0.000 0.000 0.00 2.74
31 0.000 -0.000 0.000 0.000 0.00 2.69

Section Profile(um) als (0]

1 9.45 1.00

2 5.93 1.00

3 4.34 1.00

4 3.34 1.00

5 2.62 1.00

6 2.07 1.00

7 1.63 1.00

8 1.28 1.00

9 0.99 1.00

10 0.75 1.00

11 0.55 1.00

12 0.39 1.00

13 0.26 1.00

14 0.16 1.00

15 0.09 1.00

16 0.04 1.00

17 0.01 1.00

18 0.00 50.00

19 0.00 50.00

20 0.00 50.00

21 0.00 50.00

22 0.00 50.00

23 0.00 50.00

24 0.00 50.00

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc 134 of 162



0.01
0.04
0.09
0.16
0.26
0.39
0.55
0.75
0.99
1.28
1.63
2.07
2.62
3.34
4.34
5.93
9.45

Hertzian stress in contact at inner ring (N/mm?2)
Rolling element no. 1

14 15
29 30
Section 1:
0.00 0.00
0.00 0.00
Section 2:
0.00 0.00
0.00 0.00
Section 3:
0.00 0.00
0.00 0.00
Section 4:
0.00 0.00
0.00 0.00
Section 5:
0.00 0.00
0.00 0.00
Section 6:
0.00 0.00
0.00 0.00
Section 7:
0.00 0.00
0.00 0.00
Section 8:
0.00 0.00
0.00 0.00
Section 9:
0.00 0.00
0.00 0.00
Section 10:

2
16 17 18
31
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00

3
1

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00
000 O

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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©n

.00

.00

.00

.00

.00

.00

.00

.00

.00

0

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

8

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

23

24

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
0.

0.00
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9

00

00

00

00

00

00

00

00

00

25

10

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

11
26

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

12
27

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

13
28

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00



0.00 0.00

0.00 0.00
Section 11:
0.00 0.00
0.00 0.00
Section 12:
0.00 0.00
0.00 0.00
Section 13:
0.00 0.00
0.00 0.00
Section 14:
0.00 0.00
0.00 0.00
Section 15:
0.00 0.00
0.00 0.00
Section 16:
0.00 0.00
0.00 0.00
Section 17:
0.00 0.00
0.00 0.00
Section 18:
273 272
0.00 0.00
Section 19:
2.18 217
0.00 0.00
Section 20:
1.48 1.48
0.00 0.00
Section 21:
0.02 0.03
0.00 0.00
Section 22:
0.00 0.00
1.47 1.48
Section 23:
0.00 0.00
217 218
Section 24:
0.00 0.00
271 274
Section 25:
0.00 0.00
0.00 0.00
Section 26:
0.00 0.00
0.00 0.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.65
0.00
0.00
2.12
0.00
0.00
1.44
0.00
0.00
0.05
0.00
1.40
0.00
1.46
2.07
0.00
2.15
2.59
0.00
2.69
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
2.52

0.00
2.01

0.00
1.37

0.00
0.05
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0.00

1.93
0.00

2.42
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
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0.00
1.85

0.00
1.26

0.00
0.06

1.18
0.00

1.74
0.00

2.18
0.00

0.00
0.00

0.00
0.00

0

0

0

0

0

0

0

0

2

1

1

0

0

0

0

0

0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

1.4

1.8

0.0

0.0
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.00

.00

.00

.00
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.04

.63
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0.00
1.68

0.00
1.34
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0.91

0.00
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0.00

1.15
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1.45
0.00

0.00
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0.00
0.00
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Section 27:

0.00 0.00
0.00 0.00
Section 28:
0.00 0.00
0.00 0.00
Section 29:
0.00 0.00
0.00 0.00
Section 30:
0.00 0.00
0.00 0.00
Section 31:
0.00 0.00
0.00 0.00
Section 32:
0.00 0.00
0.00 0.00
Section 33:
0.00 0.00
0.00 0.00
Section 34:
0.00 0.00
0.00 0.00
Section 35:
0.00 0.00
0.00 0.00
Section 36:
0.00 0.00
0.00 0.00
Section 37:
0.00 0.00
0.00 0.00
Section 38:
0.00 0.00
0.00 0.00
Section 39:
0.00 0.00
0.00 0.00
Section 40:
0.00 0.00
0.00 0.00
Section 41:
0.00 0.00
0.00 0.00
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Figure: Load distribution (bz4)
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Figure: Pressure curve (bz4, Hertzian stress inside

Roller bearing 'bz6'
Needle roller bearing (with / without internal ring

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C]

Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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) (INA NK75/35)

75.000
92.000
35.000
87.000
62.000
28.000
1.000
0.100
0.000
0.000

mm
mm
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Equivalent load [P]

Equivalent load [PO]
Effective speed [n]
Service life [Lnh]
Service life [Lnmh]
static safety factor [SO]

Calculation with approximate bearings inner geometr

66.711
66.711
0.000
0.000
0.000
2.428

Number of rolling elements [Z]

Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]

Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn]
Fatigue load limit [Cu]

Life modification factor for reliability[al]

Limit for factor alSO [alSOmax]
Contamination factor [eC]

Viscosity ratio [kappa]

Bearing reaction force [Fx] -
Bearing reaction force [Fy]

Bearing reaction force [Fz]

Bearing reaction force [Fr]

Bearing reaction moment [Mx] 1
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr] 1
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]

Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref] 10

Maximum pressure inner ring [pmax_i] 116
Maximum pressure outer ring [pmax_o] 107
Rolling element no. Loading |[F|, Fx, Fy, Fz (kN)
1 6.033 -6.033 0.000
2 7.882 -7.721  0.000
3 11.545 -10.610 0.000
4 14,927 -12.252  0.000
5 17.663 -12.169  0.000
6 19.613 -10.374 0.000
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6.599
19.544
83.500
76.901
90.099
87.000
28.000

1.000
50.000

0.000

0.000

62.006
0.000
24.608
66.711
983.29
0.00
0.00
983.29
-0.022
0.000
0.008
0.023
25.445
0.076
-0.027
25.445

51.240
20.243
35.531

0.000
-1.587
-4.553
-8.527

-12.802
-16.644

kN

1/min

mm
mrad (87.47")
mrad (0.26")

mrad (-0.09")
mrad (87.47")

kN
N/mm?2
N/mm?2

Angle (°) Hertzian stress(N/mm?)
2119.47
5074.22
7163.07
8651.09
9736.64
10494.94

0.00

0.00

0.00
0.00
0.00
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7 20.697 -7.188  0.000 -19.408 0.00 10962.05

8 20.916 -3.167 0.000 -20.675 0.00 11156.48
9 20.254 1.026  0.000 -20.228 0.00 11086.29
10 18.760 4.702 0.000 -18.161 0.00 10751.28
11 16.497 7.265 0.000 -14.811 0.00 10142.16
12 13.538 8.287 0.000 -10.706 0.00 9236.65
13 10.029 7.610 0.000 -6.533 0.00 7987.87
14 6.149 5.376 0.000 -2.984 0.00 6287.70
15 2.245 2.142 0.000 -0.672 0.00 3784.12
16 0.000 0.000 0.000 0.000 0.00 0.00
17 0.000 0.000 0.000 0.000 0.00 0.00
18 2.881 2.749 0.000 0.863 0.00 4145.75
19 7.402 6.472 0.000 3.592 0.00 6667.23
20 11.860 8.999 0.000 7.726 0.00 8401.67
21 15.883 9.722  0.000 12.560 0.00 9679.21
22 19.242  8.474  0.000 17.275 0.00 10604.82
23 21.799 5.464 0.000 21.104 0.00 11224.42
24 23.457 1.188 0.000 23.427 0.00 11559.89
25 24.132 -3.654 0.000 23.853 0.00 11620.24
26 23.807 -8.268 0.000 22.325 0.00 11405.53
27 22.459 -11.880 0.000 19.060 0.00 10907.45
28 20.137 -13.874 0.000 14.595 0.00 10107.01
29 16.913 -13.881  0.000 9.662 0.00 8966.99
30 12.962 -11.912 0.000 5.112 0.00 7409.16
31 8.676 -8.498 0.000 1.746 0.00 5225.09

Section Profile(um) als (0]

1 9.45 1.00

2 5.93 1.00

3 4.34 1.00

4 3.34 1.00

5 2.62 1.00

6 2.07 1.00

7 1.63 1.00

8 1.28 1.00

9 0.99 1.00

10 0.75 1.00

11 0.55 1.00

12 0.39 1.00

13 0.26 1.00

14 0.16 1.00

15 0.09 1.00

16 0.04 1.00

17 0.01 1.00

18 0.00 1.00

19 0.00 1.00

20 0.00 1.00

21 0.00 1.00

22 0.00 1.00

23 0.00 1.00
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24 0.00

25 0.01

26 0.04

27 0.09

28 0.16

29 0.26

30 0.39

31 0.55

32 0.75

33 0.99

34 1.28

35 1.63

36 2.07

37 2.62

38 3.34

39 4.34

40 5.93

41 9.45
Hertzian stress in contact at inner ring (N/mm?2)
Rolling element no. 1 2 3

14 15 18 19 20 2

31

Section 1: 1104.12 5074.22 7163.07
6287.70 3784.12 0.00 0.00 0.00
0.00

Section 2: 1497.73 3779.15 5146.62

4497.18 2853.61 0.00 0.00 0.00
0.00

Section 3: 1677.68 3671.95 4916.52
4248.93 2731.35 0.00 0.00 0.00
0.00

Section 4: 1787.69 3605.09 4767.31
4062.58 2618.08 0.00 0.00 0.00
0.00

Section 5: 1864.48 3541.51 4633.46

3883.18 249437 0.00 0.00 0.00
0.00

Section 6: 1921.85 3475.40 4501.86
3699.76 2358.09 0.00 0.00 0.00
0.00

Section 7: 1966.43 3405.57 4368.44
3508.47 2208.54 0.00 0.00 0.00
0.00

Section 8: 2001.91 3331.81 423151
3307.10 204457 0.00 0.00 0.00
0.00

Section 9: 2030.51 3254.15 4090.17

3093.68 1864.12 0.00 0.00 0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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9736.64 10494.94 10962.05 11156.48 11086.29

7366.01 7675.95 7801.80 7748.84

6947.03 7227.89 7338.51

6666.57 6925.92 7024.29

6417.09 6656.75 6743.44

6175.02 6395.37 6470.28

5932.07 6132.88 6195.66

5684.33 5865.00 5915.06

5429.36 5589.02 5625.61

12 13
29 30

10751.28 10142.16 9236.65 7987.87

0.00 0.00 0.00

7100.20 6484.12 5638.86
0.00 0.00 0.00

6672.36 6096.81 5309.44
0.00 0.00 0.00

6375.83 5825.12 5073.51
0.00 0.00 0.00

6107.07 5576.58 4854.19
0.00 0.00 0.00

5843.22 5331.02 4635.07
0.00 0.00 0.00

5576.08 5081.19 4410.33
0.00 0.00 0.00

5301.47 4823.38 4176.88
0.00 0.00 0.00

5016.53 4554.92 3932.37
0.00 0.00 0.00



Section 10:

2053.70 3172.60 3943.76

2865.90 1663.62 0.00 0.00 0.00

0.00
Section 11:

2072.46 3087.17 3791.72

2620.66 1436.86 0.00 0.00 0.00

0.00
Section 12:

2087.47 2997.76 3633.42

2353.46 1172.01 0.00 0.00 0.00

0.00
Section 13:

2099.24 2904.25 3468.15

2057.24 841.02 0.00 0.00 0.00

638.00
Section 14:

2108.12 2806.42 3295.04

1719.64 315.77 0.00 0.00 0.00

949.75
Section 15:

1314.80 0.00

1189.87
Section 16:

762.45 0.00

1392.25
Section 17:
0.00 0.00
1570.00
Section 18:
0.00 0.00
1729.94
Section 19:
0.00 0.00
1877.76
Section 20:
0.00 0.00
2016.49
Section 21:
0.00 0.00
2145.24
Section 22:
0.00 0.00
2274.91
Section 23:
0.00 0.00
2396.85
Section 24:
0.00 0.00
2514.11
Section 25:
0.00 0.00
2626.71
Section 26:
0.00 0.00
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2114.34 2703.98 3112.99
0.00 0.00 0.00

2118.09 2596.53 2920.60
0.00 0.00 0.00

2119.47 2483.56 2715.99
0.00 0.00 000 O

2118.55 2364.45 2496.63
0.00 000 0.00 O

2116.88 2239.82 2260.31
0.00 000 000 O

2115.12 2109.51 2002.68
0.00 000 000 O

2110.91 1970.38 1713.78
0.00 000 0.00 O

2113.72 1829.86 1385.88
0.00 0.00 000 O

2114.07 1677.22 974.46
0.00 0.00 0.00 856

2114.34 1512.18 290.69
0.00 0.00 1126.84 1646

2113.85 1329.84 0.00
0.00 972.74 1713.72 2204

2111.06 1120.55 0.00

0.00 1463.90 2168.75 2665

4504.8

4301.8

4090.2

3868.6

3635.5

3388.8

3125.6

2842.1

2532.5

2188.9

1795.9

1316.4

618.7

0.0

0.0

0.0

0.0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1

.00

0

.00

2

.00

6

.00

4

.00

2

.00

0

.21 1310.78

0

10 2022.67

0

.53 2573.03

0

.88 3040.87

4903.94
0.00

4660.55
0.00

4406.22
0.00

4139.05
0.00

3856.66
0.00

3555.86
0.00

3232.22
0.00

2879.18

5165.23 5302.73 5324.88
0.00 0.00 0.00

4890.10 5003.98 5010.45
0.00 0.00 o0.00

4601.93 4690.30 4679.54
0.00 0.00 0.00

4208.23 4358.68 4328.61
0.00 0.00 0.00

3975.81 4005.15 3952.94
0.00 0.00 o0.00

3630.32 3624.10 3545.71
0.00 0.00 0.00

3255.43 3207.14 3096.30
0.00 0.00 0.00

2841.27 2740.43 2586.24

0.00 0.00 0.00 0.00 O

2486.17

2370.61 2197.68 1977.09

0.00 0.00 0.00 0.00 O

2035.50

1809.08 1515.84 1152.70

0.00 0.00 0.00 0.00 O

1485.65

1047.90 287.32 0.00

0.00 0.00 0.00 0.00 O

669.61

0.00

0.00 0.00 0.00 0.00
0.00 0.00 0.00

0.00 827.

0.00 0.00 0.00 0.00

5235.81

4913.68

4573.84

4212.32

3823.70

3399.97

2928.19

2384.58

1714.10

678.78

0.00

0.00 597.50 1076.50 1440.38 1742.

0.00

0.00

0.00

0.00

1652.25

2319.22

2858.66

3325.72

0.00 0.00 0.00 0.00
1934.96 2173.92 2370.

0.00 0.00 0.00 0.00
2558.23 2747.44 2886.

0.00 0.00 0.00 0.00
3078.23 3237.98 3337.

0.00 0.00 0.00 0.00
3535.00 3674.36 3743.
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5035.43 4718.67 4273.32 3674.44

0.00 0.00 0.00 0.00 0.00

4713.60 4405.09 3975.77 3400.24

0.00 000 0.00 0.00 0.00

4373.17 4072.34 3658.68 3105.99

0.00 000 0.00 0.00 0.00

4009.83 3715.82 3317.15 2786.28

0.00 0.00 0.00 0.00 0.00

3617.53 3328.91 2943.89 2432.63

0.00 000 0.00 0.00 0.00

3187.11 2901.23 2527.02 2030.26

0.00 000 0.00 0.00 0.00

0.00

00

00

00

00

58

94

26

42

49

53

2703.19 2414.64 2044.37 1548.15
0.00 0.00 0.00 o0.00

2135.70 1830.72 1443.08 889.13
0.00 583.41

0.00 0.00

1405.18 1025.95 455.87
0.00 0.00

0.00 0.00 0.00 o0.00

0.00 1118.93

0.00

0.00 0.00 883.90 1496.22

0.00 0.00 0.00 0.00

0.00 978.31 1477.94 1808.41

0.00 0.00 0.00 0.00

1313.49 1664.64 1918.35 2079.46

0.00 0.00 0.00 o0.00

1990.51 2177.68 2294.85 2331.08

0.00 0.00 0.00 0.00

2518.03 2607.33 2626.10 2560.96

0.00 0.00 0.00 0.00

2969.41 2987.01 2927.22 2775.66

0.00 0.00 0.00 0.00

3371.59 3331.47 3205.26 2977.57

0.00 0.00 0.00 o0.00

3737.76 3648.61 3464.14 3167.78



2733.91

Section 27: 2105.88 868.27 0.00 0.0
0.00 0.00 577.44 1845.82 2556.10 3069
2836.20

Section 28: 2098.21 525.69 0.00 0.0
0.00 0.00 995.43 2170.96 2900.05 3433
2933.99

Section 29: 2087.86 0.00 0.00 0.0
0.00 0.00 1300.14 2459.37 3212.96 3768
3027.61

Section 30: 207459 0.00 0.00 0.0

0.00 0.00 1552.80 2721.36 3502.21 4080
3117.29

Section 31: 2058.03 0.00 0.00 0.0
0.00 0.00 1773.03 2963.02 3772.61 4373
3203.21

Section 32: 2037.68 0.00 0.00 0.0
0.00 0.00 1970.13 3188.37 4027.56 4651
3285.47

Section 33: 2012.82 0.00 0.00 0.0
0.00 0.00 2149.31 3400.19 4269.62 4917
3364.12

Section 34: 1982.46 0.00 0.00 0.0

0.00 0.00 2313.71 3600.58 4500.87 5171
3439.17

Section 35: 1945.09 0.00 0.00 0.0
0.00 0.00 2465.33 3791.22 4723.17 5418
3510.60

Section 36: 1898.42 0.00 0.00 0.0
0.00 0.00 2605.40 3973.74 4938.61 5658
3578.43

Section 37: 1838.64 0.00 0.00 0.0
0.00 0.00 2734.70 4150.24 5150.19 5895
3642.95

Section 38: 1758.89 0.00 0.00 0.0
0.00 0.00 2854.07 4324.76 5364.01 6138
3705.53

Section 39: 1644.74 0.00 0.00 0.0
0.00 0.00 2966.72 4509.32 5597.51 6406
377251

Section 40: 1456.99 0.00 0.00 0.0
0.00 0.00 3097.37 4763.66 5932.60 6799
3883.02

Section 41: 99955 0.00 0.00 0.0

0.00 0.00 4145.75 6667.23 8401.67 9679
5225.09
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0 0.00

.54 3456.21

0 0.00

.68 3834.27

0 0.00

48 4184.05

0 0.00

.37 4511.43

0 0.00

.76 4820.58

0 0.00

.87 5114.59

0 0.00

.21 5395.96

0 0.00

.94 5666.87

0 0.00

.09 5929.48

0 0.00

.08 6186.44

0 0.00

.58 6441.88

0 0.00

11 6704.30

0 0.00

.95 6997.71

0 0.00

.81 7431.07

0 0.00

.21 10604.82

0.00 0.00 0.00 0.00
3744.60 3948.10 4072.09 4116.

0.00 0.00 0.00 0.00
4128.36 4328.69 4440.41 4463.

0.00 0.00 0.00 0.00
4485.06 4683.84 4785.42 47809.

0.00 0.00 0.00 0.00
4820.10 5018.43 5111.40 5099.

0.00 0.00 0.00 0.00
5137.37 5336.04 5421.52 5393.

0.00 0.00 0.00 0.00
5439.85 5639.45 5718.32 5676.

0.00 0.00 0.00 0.00
5729.94 5930.96 6003.93 5948.

0.00 0.00 0.00 0.00
6009.83 6212.66 6280.31 6212.

0.00 0.00 0.00 0.00
6281.73 6486.78 6549.59 6470.

0.00 0.00 0.00 0.00
6548.42 6756.10 6814.51 6723.

0.00 0.00 0.00 0.00
6814.30 7025.16 7079.57 6977.

0.00 0.00 0.00 0.00
7088.53 7303.44 7354.24 7240.

0.00 0.00 0.00 0.00
7396.89 7617.64 7665.39 7540.

0.00 0.00 0.00 0.00
7855.81 8088.20 8134.10 7993.

0.00 0.00 0.00 0.00
11224.42 11559.89 11620.24 11405.
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38

46

80

00

83

50

89

81

20

67

52

95

13

51

53

0.00
4076.52

0.00
4393.53

0.00
4692.75

0.00
4977.09

0.00
5248.82

0.00
5509.79

0.00
5761.61

0.00
6005.84

0.00
6244.22

0.00
6479.08

0.00
6714.40

0.00
6958.77

0.00
7236.84

0.00
7660.99

0.00
10907.45

0.00 0.00 0.00
3944.26 3707.39 3348.00

0.00 0.00 0.00
4222.44 3937.59 3519.60

0.00 0.00 0.00
4486.06 4156.68 3683.61

0.00 0.00 0.00
4737.33 4366.15 3840.88

0.00 0.00 0.00
4978.01 4567.23 3992.08

0.00 0.00 0.00
5209.53 4760.94 4137.81

0.00 0.00 0.00
5433.21 4948.21 4278.58

0.00 0.00 0.00
5650.29 5129.96 4414.90

0.00 0.00 0.00
5862.23 5307.27 4547.39

0.00 0.00 0.00
6071.01 5481.67 4676.96

0.00 0.00 0.00
6280.11 5655.91 4805.40

0.00 0.00 0.00
6497.14 5836.26 4937.02

0.00 0.00 0.00
6744.36 6041.48 5085.67

0.00 0.00 0.00
7124.31 6359.97 5319.96

0.00 0.00 0.00
10107.01 8966.99 7409.16



Figure: Load distribution (bz6)
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Figure: Pressure curve (bz6, Hertzian stress inside

Roller bearing 'bz8'
Needle roller bearing (with / without internal ring

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C]

Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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) (INA HK6032)

60.000
68.000
32.000
53.000
35.000
19.700
1.000
50.000
0.085
0.932

mm
mm
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0.000
0.000
78.746

2790936761600000000000000.000 h
639546838070000000000000000.000 h

kN
kN
1/min

0000.000

y

Equivalent load [P]
Equivalent load [PO]
Effective speed [n] 2
Service life [Lnh] 370561
Service life [Lnmh] 185280
static safety factor [SO] 110592
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn]
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i]
Maximum pressure outer ring [pmax_o]

Reference rating service life  [Lnrh] 134137
Modified reference rating service life[Lnmrh]670686

Rolling element no. Loading |F|, FX, Fy, Fz (kN)
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000

O~NO O~ WN PR
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64
2.000
28.800
64.000
62.000
66.000
53.000
19.700
1.000
50.000
0.084
0.932

-0.000
0.000
0.000
0.000

-0.000
0.001
0.000
0.000

-0.000
0.000

-0.000
0.000

0.000
0.194
0.188

280299559180000000000000000000.000 h
4014977957200000000000000000000.000 h

mm
mrad (0.00")
mrad (0.00")
mrad (0.00")
mrad (0.00")

kN
N/mm?2
N/mm?2

Angle (°) Hertzian stress(N/mm?)

0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00
-0.000 0.00

0.19
0.18
0.17
0.17
0.16
0.15
0.14
0.13
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9 0.000

10 0.000
11 0.000
12 0.000
13 0.000
14 0.000
15 0.000
16 0.000
17 0.000
18 0.000
19 0.000
20 0.000
21 0.000
22 0.000
23 0.000
24 0.000
25 0.000
26 0.000
27 0.000
28 0.000
29 0.000
30 0.000
31 0.000
32 0.000
33 0.000
34 0.000
35 0.000
36 0.000
37 0.000
38 0.000
39 0.000
40 0.000
41 0.000
42 0.000
43 0.000
44 0.000
45 0.000
46 0.000
47 0.000
48 0.000
49 0.000
50 0.000
51 0.000
52 0.000
53 0.000
54 0.000
55 0.000
56 0.000
57 0.000
58 0.000
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-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.11
0.10
0.08
0.05
0.01
0.06
0.08
0.10
0.11
0.13
0.14
0.15
0.16
0.17
0.18
0.18
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.18
0.17
0.17
0.16
0.15
0.14
0.13
0.11
0.10
0.08
0.05
0.01
0.06
0.08
0.10
0.11
0.13
0.14
0.15
0.16
0.17
0.18
0.18
0.19
0.19
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59 0.000 -0.000 0.000 0.000 0.00 0.19

60 0.000 -0.000 0.000 0.000 0.00 0.19
61 0.000 -0.000 0.000 0.000 0.00 0.19
62 0.000 -0.000 0.000 0.000 0.00 0.19
63 0.000 -0.000 0.000 0.000 0.00 0.19
64 0.000 -0.000 0.000 0.000 0.00 0.19

Section Profile(um) als (0]

1.34 1.00

2 0.41 1.00

3 0.09 1.00

4 0.00 1.00

5 0.00 50.00

6 0.00 50.00

7 0.00 50.00

8 0.00 50.00

9 0.00 50.00

10 0.00 50.00

11 0.00 50.00

12 0.00 50.00

13 0.00 50.00

14 0.00 50.00

15 0.00 50.00

16 0.00 50.00

17 0.00 50.00

18 0.00 50.00

19 0.00 50.00

20 0.00 50.00

21 0.00 50.00

22 0.00 50.00

23 0.00 50.00

24 0.00 50.00

25 0.00 50.00

26 0.00 50.00

27 0.00 50.00

28 0.00 50.00

29 0.00 50.00

30 0.00 50.00

31 0.00 50.00

32 0.00 50.00

33 0.00 50.00

34 0.00 50.00

35 0.00 50.00

36 0.00 50.00

37 0.00 50.00

38 0.00 1.00

39 0.09 1.00

40 0.41 1.00

41 1.34 1.00
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Hertzian stress in contact at inner ring (N/mm?2)
3

Rolling element no. 1

14 15 16 17 18
29 30 31 32 33
44 45 46 47 48
59 60 61 62 63
Section 1: 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
Section 2: 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
Section 3: 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
Section 4: 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
Section 5: 0.19 0.18
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.01 0.06 0.08
019 019 0.19 0.19
Section 6: 0.18 0.17
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.01 0.05 0.08
0.18 0.19 0.19 0.19
Section 7: 0.17 0.17
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.01 0.05 0.07
0.18 0.18 0.18 0.18
Section 8: 0.16 0.16
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.01 0.05 0.07
0.17 0.17 0.17 0.17
Section 9: 0.16 0.15
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.01 0.05 0.07
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1
3
4
6
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.10
0.19
0.17
0.00
0.00
0.09
0.18
0.16
0.00
0.00
0.09
0.18
0.15
0.00
0.00
0.09
0.17
0.15
0.00
0.00
0.08

0
0
0
0

[eNeoNoNe) [eNeoNoNa) [eNoNoNe) [eNeoNoNe) [eNeoNoNe) [eNeoNoNe) [eNeoNoNa)

[eNeNe]

0.00

0.00

0.00

0.00

0.17

0.16

0.15

0.15

0.14

5
20
35
50

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.16
0.00
0.00
0.13

0.15
0.00
0.00
0.12

0.15
0.00
0.00
0.12

0.14
0.00
0.00
0.11

0.13
0.00
0.00
0.11

6 7 8

21 22 23
36 37 38
51 52 53

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.15 0.14
0.00 0.00
0.00 0.00
0.14 0.15

0.14 0.13
0.00 0.00
0.00 0.00
0.13 0.15

0.14 0.13
0.00 0.00
0.00 0.00
0.13 0.14

0.13 0.12
0.00 0.00
0.00 0.00
0.12 0.13

0.13 0.12
0.00 0.00
0.00 0.00
0.12 0.3

24
39
54

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.13
0.00
0.00
0.16

0.12
0.00
0.00
0.15

0.12
0.00
0.00
0.15

0.11
0.00
0.00
0.14

0.11
0.00
0.00
0.14

oo ISESES ISESES ©coo ©coo ©coo ISESES ISESES

©coo

0.00

0.00

0.00

0.00

0.11

0.11

0.10

0.10

0.09

9

10 11 12 13
25 26 27 28
40 41 42 43
55 56 57 58
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.10 0.08 0.05 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.18 0.18 019 0.19
0.09 0.07 0.05 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.17 0.17 0.18 0.8
0.09 0.07 0.05 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.16 0.17 017 0.17
0.09 0.07 0.05 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.15 016 016 0.17
0.08 0.06 0.04 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.15 015 0.16 0.16



0.16 0.16
Section 10:

0.00 0.00
0.00 0.00
0.00 0.01
0.15 0.15
Section 11:

0.00 0.00
0.00 0.00
0.00 0.01
0.15 0.15
Section 12:

0.00 0.00
0.00 0.00
0.00 0.01
0.14 0.14
Section 13:

0.00 0.00
0.00 0.00
0.00 0.01
0.13 0.13
Section 14:

0.00 0.00
0.00 0.00
0.00 0.01
0.12 0.12
Section 15:

0.00 0.00
0.00 0.00
0.00 0.01
011 o0.11
Section 16:

0.00 0.00
0.00 0.00
0.00 0.01
0.10 0.10
Section 17:

0.00 0.00
0.00 0.00
0.00 0.01
0.09 0.09
Section 18:

0.00 0.00
0.00 0.00
0.00 0.00
0.07 0.07
Section 19:

0.00 0.00
0.00 0.00
0.00 0.00

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc

0.16
0.15
0.00
0.00
0.04
0.16
0.14
0.00
0.00
0.04
0.15
0.13
0.00
0.00
0.04
0.14
0.12
0.00
0.00
0.04
0.13
0.12
0.00
0.00
0.03
0.12
0.11
0.00
0.00
0.03
0.11
0.10
0.00
0.00
0.03
0.10
0.08
0.00
0.00
0.03
0.09
0.07
0.00
0.00
0.02
0.08
0.06
0.00
0.00
0.02

0.16
0.14
0.00
0.00
0.06
0.15
0.14
0.00
0.00
0.06
0.15
0.13
0.00
0.00
0.06
0.14
0.12
0.00
0.00
0.05
0.13
0.11
0.00
0.00
0.05
0.12
0.10
0.00
0.00
0.05
0.11
0.09
0.00
0.00
0.04
0.10
0.08
0.00
0.00
0.04
0.09
0.07
0.00
0.00
0.03
0.07
0.06
0.00
0.00
0.02

0.16
0.14
0.00
0.00
0.08
0.15
0.13
0.00
0.00
0.07
0.15
0.12
0.00
0.00
0.07
0.14
0.12
0.00
0.00
0.07
0.13
0.11
0.00
0.00
0.06
0.12
0.10
0.00
0.00
0.06
0.11
0.09
0.00
0.00
0.05
0.10
0.08
0.00
0.00
0.04
0.09
0.07
0.00
0.00
0.04
0.07
0.05
0.00
0.00
0.03

0

0
0
0
0

[eNeoNoNa) [eNoNoNe) [eNeoNoNe) [eNeoNoNe) [eNeoNoNe) [eNeoNoNa) [eNoNoNe)

[eNeoNoNe)

0
0
0

0.1

0.1

0.1

0.1

0.0

0.0

0.13
0.00
0.00
0.10

0.12
0.00
0.00
0.10

0.11
0.00
0.00
0.09

0.11
0.00
0.00
0.09

0.10
0.00
0.00
0.08

0.09
0.00
0.00
0.07

0.08
0.00
0.00
0.07

0.07
0.00
0.00
0.06

0.06
0.00
0.00
0.05

0.05
0.00
0.00
0.04

0.12
0.00
0.00
0.11

0.11
0.00
0.00
0.11

0.11
0.00
0.00
0.10

0.10
0.00
0.00
0.09

0.09
0.00
0.00
0.09

0.09
0.00
0.00
0.08

0.08
0.00
0.00
0.07

0.07
0.00
0.00
0.06

0.06
0.00
0.00
0.05

0.05
0.00
0.00
0.04

0.11
0.00
0.00
0.12

0.11
0.00
0.00
0.11

0.10
0.00
0.00
0.11

0.09
0.00
0.00
0.10

0.09
0.00
0.00
0.09

0.08
0.00
0.00
0.09

0.07
0.00
0.00
0.08

0.06
0.00
0.00
0.07

0.05
0.00
0.00
0.06

0.04
0.00
0.00
0.05

0.10
0.00
0.00
0.13

0.10
0.00
0.00
0.12

0.09
0.00
0.00
0.11

0.08
0.00
0.00
0.11

0.08
0.00
0.00
0.10

0.07
0.00
0.00
0.09

0.07
0.00
0.00
0.08

0.06
0.00
0.00
0.07

0.05
0.00
0.00
0.06

0.04
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0.06 0.06

Section 20:

0.00 0.00
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Section 21:

0.00 0.00
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0.00 0.00
0.00 0.00
Section 22:
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0.00 0.00

Section 30:

0.04 0.06
0.14 0.14
0.04 0.00
0.00 0.00
Section 31:

0.04 0.06
0.15 0.15
0.04 0.00
0.00 0.00
Section 32:

0.04 0.06
0.16 0.15
0.04 0.00
0.00 0.00
Section 33:

0.05 0.07
0.16 0.16
0.04 0.00
0.00 0.00
Section 34:

0.05 0.07
0.17 0.17
0.05 0.00
0.00 0.00
Section 35:

0.05 0.07
0.18 0.18
0.05 0.00
0.00 0.00
Section 36:

0.05 0.08
0.19 0.19
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Section 37:

0.06 0.08
0.19 0.19
0.05 0.00
0.00 0.00
Section 38:

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Section 39:

0.00 0.00
0.00 0.00
0.00 0.00
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0.00 000 000 0.00 000 O .00

Section 40: 0.00 0.00 0.00 0.0 0O 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 000 000 O .00 0.00 0.00 0.00 0.00 O 00 0.00 0.00 0.00 0.00
0.00 000 000 000 ©0.00 O .00 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00
0.00 000 000 000 ©0.00 O .00 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 000 000 O .00

Section 41: 0.00 0.00 0.00 0.0 0 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 000 000 0.00 000 O .00 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00
0.00 000 000 000 000 O .00 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00
0.00 000 000 0.00 000 O .00 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 000 000 O .00

Figure: Load distribution (bz8)
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Figure: Pressure curve (bz8, Hertzian stress inside

Roller bearing 'bzr'
Needle roller bearing (with / without internal ring

Inner diameter [d]

External diameter [D]

Width [B]

Dynamic load rating [C]

Static load rating [CO] 1
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Service life modification factor [alSQO]
Contamination factor [eC]
Viscosity ratio [kappa]
Results according to ISO 281.:
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65.000
78.000
35.000
66.000
42.000
25.500
1.000
50.000
0.085
0.932

mm
mm
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Equivalent load [P]

0.000
0.000
53.117
0.000
0.000
0.000

y

Equivalent load [PO]
Effective speed [n] 16
Service life [Lnh]

Service life [Lnmh]

static safety factor [SO]
Calculation with approximate bearings inner geometr
Number of rolling elements [Z]
Diameter of rolling element [Dw]
Effective length of roller [Lwe]
Reference diameter [Dpw]
Diameter of inner ring [di]
Diameter of outer ring [do]
Dynamic load rating [Cn]
Fatigue load limit [Cu]

Life modification factor for reliability[al]
Limit for factor alSO [alSOmax]
Contamination factor [eC]
Viscosity ratio [kappa]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]
Results according to ISO/TS 16281:
Equivalent load [Pref]

Maximum pressure inner ring [pmax_i]
Maximum pressure outer ring [pmax_o]

Reference rating service life  [Lnrh] 417253
Modified reference rating service life[Lnmrh]208626

Rolling element no. Loading |F|, FX, Fy, Fz (kN)
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000
0.000 -0.000 0.000

O~NO O~ WN PR
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36
4.504
21.242
71.500
66.996
76.004
66.000
25.500
1.000
50.000
0.242
3.742

0.000
0.000
0.000
0.000
0.000
0.002
-0.000
0.000
0.000
2.714
0.000
0.000

0.000
0.522
0.490

02152986799000000000000000.000 h
5107649339600000000000000000.000 h

0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000

kN
kN
1/min

mm
mrad (0.00")
mrad (9.33")
mrad (0.00")
mrad (0.00")

kN
N/mm?2
N/mm?2

Angle (°) Hertzian stress(N/mm?)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.50
0.47
0.44
0.39
0.34
0.26
0.16
0.10
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9 0.000 -0.000 0.000 -0.000 0.00 0.23

10 0.000 -0.000 0.000 -0.000 0.00 0.31
11 0.000 0.000 0.000 -0.000 0.00 0.37
12 0.000 0.000 0.000 -0.000 0.00 0.42
13 0.000 0.000 0.000 -0.000 0.00 0.46
14 0.000 0.000 0.000 -0.000 0.00 0.49
15 0.000 0.000 0.000 -0.000 0.00 0.51
16 0.000 0.000 0.000 -0.000 0.00 0.52
17 0.000 0.000 0.000 -0.000 0.00 0.52
18 0.000 0.000 0.000 -0.000 0.00 0.51
19 0.000 0.000 0.000 -0.000 0.00 0.50
20 0.000 0.000 0.000 0.000 0.00 0.47
21 0.000 0.000 0.000 0.000 0.00 0.44
22 0.000 0.000 0.000 0.000 0.00 0.39
23 0.000 0.000 0.000 0.000 0.00 0.34
24 0.000 0.000 0.000 0.000 0.00 0.26
25 0.000 0.000 0.000 0.000 0.00 0.16
26 0.000 0.000 0.000 0.000 0.00 0.10
27 0.000 0.000 0.000 0.000 0.00 0.23
28 0.000 0.000 0.000 0.000 0.00 0.31
29 0.000 -0.000 0.000 0.000 0.00 0.37
30 0.000 -0.000 0.000 0.000 0.00 0.42
31 0.000 -0.000 0.000 0.000 0.00 0.46
32 0.000 -0.000 0.000 0.000 0.00 0.49
33 0.000 -0.000 0.000 0.000 0.00 0.51
34 0.000 -0.000 0.000 0.000 0.00 0.52
35 0.000 -0.000 0.000 0.000 0.00 0.52
36 0.000 -0.000 0.000 0.000 0.00 0.51

Section Profile(um) als (0]

5.42 1.00

2 3.06 1.00

3 2.02 1.00

4 1.39 1.00

5 0.95 1.00

6 0.63 1.00

7 0.40 1.00

8 0.23 1.00

9 0.11 1.00

10 0.04 1.00

11 0.00 1.00

12 0.00 50.00

13 0.00 50.00

14 0.00 50.00

15 0.00 50.00

16 0.00 50.00

17 0.00 50.00

18 0.00 50.00

19 0.00 50.00

20 0.00 50.00
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Hertzian stress in contact at inner ring (N/mm?2)
Rolling element no. 1 3
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1
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000 O
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000 O
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000 O
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6
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7 8
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Section 9:

0.00 0.00
0.00 0.00
Section 10:
0.00 0.00
0.00 0.00
Section 11:
0.00 0.00
0.00 0.00
Section 12:
049 0.51
0.00 0.00
Section 13:
0.46 0.48
0.00 0.00
Section 14:
043 0.44
0.00 0.00
Section 15:
039 041
0.00 0.00
Section 16:
035 0.37
0.00 0.00
Section 17:
031 0.32
0.00 0.00
Section 18:
0.27 0.28
0.00 0.00
Section 19:
0.21 0.22
0.00 0.00
Section 20:
0.14 0.15
0.00 0.00
Section 21:
0.00 0.00
0.00 0.00
Section 22:
0.00 0.00
0.11 0.12
Section 23:
0.00 0.00
0.16 0.18
Section 24:
0.00 0.00
0.20 0.23
Section 25:
0.00 0.00
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0.24 0.27

Section 26:
0.00 0.00
0.27 0.30
Section 27:
0.00 0.00
030 0.34
Section 28:
0.00 0.00
0.32 0.37
Section 29:
0.00 0.00
0.35 0.40
Section 30:
0.00 0.00
0.37 042
Section 31:
0.00 0.00
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Section 32:
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Section 33:
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Figure: Load distribution (bzr)
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Figure: Pressure curve (bzr, Hertzian stress inside )

End report lines: 2352

C:\TRANSFER\EES-KISSsoft-GmbH\KISSsys\Truck\ANL-Tkudoc 162 of 162



