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Introduction

Deep groove ball bearings are used in encoders and motor feedback systems. For the sake of simplicity, encoders as well as motor
feedback systems will be referred to as encoders in the following text.

The service life of the deep groove ball bearings is usually the determining factor for the limited operating life of encoders. The the-
oretically determined service life specified in the data sheet and the actual service life of the deep groove ball bearings in operation
may vary on a case by case basis. This is due to a variety of influencing factors such as speed, temperature, axial and radial forces,
as well as contamination that affect the encoder over time. Depending on the application, actual values and the values used in the
calculation may differ.

This paper therefore discusses the specific calculation details.

Basic construction of an encoder bearing system

housing — L2 encoder shaft
L1 o I N " drive shaft
K
Fv —PI:): z:[: .
N\

Figure 1

An encoder has 2 deep groove ball bearings L1 and L2, which are axially preloaded with the force FV in an O arrangement to
produce zero backlash. The separation a between the deep groove ball bearings depends on the type of encoder. During operation,
an additional axial force FA and a radial force FR act on the deep groove ball bearings at a distance b apart. Figure 1 shows a basic
design with a conical connection to the drive shaft.

Calculation of the bearing service life

The service life of the bearing is calculated according to ISO/TS 16281 (Formula 1). In the data sheets, a modified reference ser-
vice life L10mr is calculated for the encoders. The number 10 stands for a failure probability of 10% according to ISO 281
(Formula 2).

Modified reference service life Lnmr, in 108 revolutions

[ 3
Lnmr = al * ajsp * | ——
Pref,r

Formula 1
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Life modification factor for reliability al

The life modification factor for reliability al represents the failure probability of deep groove ball bearings. The values of al can be

used to derive other bearing service life values, see Table 1.

Reliability Lem a
%
a0 L1t 1
a5 Leg 0,64
96 Lem 055
a7 Lam 0,47
og Lo 0,37
] Lym 0,25
992 Lo 0.22
04 Laam 0,18
e Loam 0,16
998 Lysm 012
999 L3 i 0.093
90,92 Laogm 0,087
50,54 Lo oaen 0,080
99,95 Lo 0,077
Table 1

Life modification factor a

The life modification factor a, takes into account the operating conditions as well as the lubricant and the cleanliness.

- =f (ec = Cu
150 p

Formula 2

The value for a, can be determined graphically using Figure 2.
For practical reasons, the modification factor is limited to a, < 50. This limit shall also apply when:

€c«Cy
—U>5
p

is.

For values Werte k > 4 the value k = 4 is used.
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Figure 2

Contamination factor €.

The contamination factor e, takes into account the effect of contamination. A value of e, = 0.6 is used for deep groove ball bearings

of encoders, see Table 2.

Level of contamination

Dpw < 100 mm

Dy = 100 mm

Extreme cleanliness

Particle size of the order of lubricant film thickness,
laboratory condiions

High cleanliness

Ol filtered through extremely fine filter, conditions typkcal of
bearing greased for life and sealed

08106

091008

Normal cleanliness

Oil filtered through fine filer; conditions typical of bearings
greased for life and shielded

061005

081006

Slight contamination

Slight contamination in lubricant

051003

06to04

Typical contamination

Conditions typical of bearings without inlegral seals; course
filtening, wear particles and ingress from surroundings

0,3100,1

041002

Severe contamination

Bearing environment heavily contaminated and bearing
arrangement with inadequate sealing

01t0D

01to0

Very severe contamination

Table 2
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Fatigue load limit C_

The fatigue load limit C, is defined as the load at which the limit fatigue stress is reached at the most heavily loaded raceway con-

tact [2]. This complex calculation is not shown here.

Dynamic equivalent reference load P

The dynamic equivalent reference load P is calculated from the radial bearing load Fr and the axial bearing load Fa.

P=Xsx«xFr+Y *Fa

Formula 3

The values for X and Y are shown in Table 3.

Fe Fa
— =z — > e
Bearing type F F, e
X ¥ X ¥
Single-row, «=0% 1 0 0.4 0, 4cote 15tanx
Couble-row, a =07 i 0 d45cote 067 0,67 cote 15tana
Table 3

Viscosity ratio «

v
k=2
vy

Formula 4

vi =45 000 * n-083~ D, =% for n < 1 000 r/min

Formula 5

vi=4 500 * n%° Dy, % forn =1 000 r/min

Formula 6
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Figure 3

The reference viscosity can be calculated using the formula 5 or 6 or determined graphically see Figure 3.

Theoretical service life of grease F

Fiog = Fio * Ky * Kg * Fy * Fy * F3 * Fy * F5 * Fg

Expected grease service life F,

Values for the grease service life F,  can be found in the data sheets of the grease manufacturer.
Speed factor K

Values for the speed factor K can be found in the data sheets of the grease manufacturer.
Bearing type K,

Kp_K((test bearing)/K¢(application)

Formula 8
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Bearing design K
Single row deep groove ball bearing 08111
Doubde row deep groove ball bearing 15
Single raw angular contact ball bearing 16
Dowbde row angular contact ball bearing 2
Spindie bearinga = 15° Q75
Spindie bearing a = 25° 0.9
Four-point bearing 16
Sef-aligning ball bearing 1.3t 16
Thrust desp grodve ball Beaning S8
Thrust double row angular contact ball 1.4
bearing
Single row cylindrical roler bearing 31035
Double row cylindrical roller bearing 3.5
Full compiement cylindrical roller bearing 25
Thrust cylindrical roller beasing 20
HNesdle hearing 35
Tapered roller bearings 4
Barrel roller bearing 10
Epherical roller bearing without flange "E* T8
Spherical roller bearing with centre flange 91012
Table 4: Table bearing type K,
Correction factors F, to F
Fi1: Effect of dust and humidity on the functional bearing surfaces
moderate F,=0,7t00,9
significant F,=0,4t00,7
very significant F,=0,1t00,4
F2: Influence of shock loads, vibrations and oscillation
moderate F,=0,7t00,9
significant F,=0,4t00,7
very significant F,=0,1t00,4
F3: Effect of high loads
C/P=10to 7 F,=1,0t00,7
C/P=T7t04 F,=0,7t00,4
C/P=4t3 F,=0,4t00,1
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F4: Effect of air flowing through the bearing

weak flow F,=0,5100,7

Starke Stromung F,=0,1t00,5 [3]
F5: Rotating outer ring

Significant F,=0,5 [3]
F6: Vertical shaft

depending on sealing provided F,=0,5t00,7 [3]

For factors 1 - 6 having no effect, insert 1 [3].
Application factors for typical applications
Life modification factor for reliability a, = 1
Contamination factor e.= 0.6

Bearing type factor K, = 1

Correction factors F,toF =1

Calculations for the modified reference life L, -
smallest value is used for the specification in the datasheet.
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Symbols

a Distance between deep groove ball bearing 1 and deep groove ball bearing 2
al Life modification factor for reliability

Ao Life modification factor

b Distance of radial force application to deep groove bearing 2

Cu Fatigue load limit, in newtons

Dpw Pitch diameter of ball or roller set, in millimetres

eC Contamination factor

F. Axial force, in newtons

Fa Bearing axial load (axial component of actual bearing load), in newtons
FR Radial force, in newtons

Fr Bearing radial load (radial component of actual bearing load), in newtons
FV Preload, in newtons

F, bis F Correction factors

Fio Service life to be expected, in h

Fioq Theoretical service life of grease, in h

K, Bearing type

K, Speed factor

Lo Modified reference service life, in 108 revolutions

L1 Deep groove ball bearings 1

L2 Deep groove ball bearings 2

n Speed, in rpm

P Dynamic equivalent load, in newtons

X Dynamic radial load factor

Y Dynamic axial load factor

K Viscosity ratio

% Viscosity at operating conditions, in mm?2/s

Y Reference viscosity required to achieve an adequate lubricating state, in mm?2/s
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