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Low Torque and Low Noise Technology for Ball Bearings Under Grease Lubrication

OO0O00O0OK MIYAKEDOOOOOT. TSUDAODOOOOOK. YOSHIZAKI

A study was conducted to verify the effect of grease on the low torque property and low noise property
which are particularly highly sought bearing performances. We focused on the viscoelasticity of grease
as the dominating factor of bearing rotational torque. As a result, we clarified that the higher the
viscoelasticity, the lower the torque, and that grease families with short carbon chains were superior in
terms of low torque characteristic. Moreover, bearing noise increases when grease thickener becomes
trapped between the raceway and rolling element causing the oil film thickness to vary, therefore low
noise was better achieved if thickeners with low Young’s modulus and small particle size were used as

this minimizes oil film variance.

Key Words: grease, bearing torque, grease noise, young modulus, particle size
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Compositions and properties of test grease

Sample sign T1 T2 T3 T4
Thickener | Composition (Diurea) MDI-Octylamine | MDI-Decylamine | MDI-Dodecylamine | MDI-Octadecylamine
Carbon chain length 8 10 12 18
SP value, (J/m?Y? 21 887 21 478 21 068 20 250
Amount, mass% 15 15 15 18
Base oil Composition PAO
SP value, (J/m?Y? 17 182
Kinetic viscosity, | 400 305
mm?®/s 1000 582
Density 150 0.827
Grease Penetration 60W 251 248 246 258
MDIO Methylenediphenyl 4.4'-Diisocyanate
0od0booooooopoooooogo
Compositions and properties of test grease
sample sign NL [ N2 | N3 | N4 | N5
Thickener |Isocyanate MDI
Amine Aliphatic | Alicyclic |Aromatic | Aliphatic Alicyclic| Aliphatic
Amount, mass% 15
Base oil Composition PAO
kinetic viscosity, mm?/s 400 305
1000 5.82
Grease Penetration 60W 256 329 356 267 302
Average particle size of thickener, um 28 24 13 0.3 13
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Load cell
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i Test bearing
Spindle

gooooooooood
Schematic view of torque test apparatus
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Rolling torque test conditions

Test bearing 6202
Axial load, N 44
Grease inclusion quantity, % 35
Oil inclusion quantity, g 011
P e GPa 093
Rotation speed, min®“* 1 800
Temperature, O 25+ 2
Test time, s 1 800
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Schematic view of transition stress of
viscoelasticity measurement apparatus
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Rheological property test conditions

Plate $25 Parallel plate
Clearance, mm 1
Frequency, Hz 1

Strain 7x 10°°0 6x 10°
Temperatured O 25+ 2
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Particle size test conditions

Test method Laser diractometry
Mesurement range, um 0.01 0 3500
Carrier fluid Toluene
Number of measurement 50 000
Agitation speed, min"* 3000
Scattering intensity, % 15+ 5
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Schematic image of particle size measurement
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Bearing noise test conditions

Items Conditions
Bearing 62022RU
IDx O.Dx W, mm 15x 35x 11, mm
Grease quantity, g 0.63
Axial load, N 20
Rotation speed, min“* 1 800
Measurement time, s 1
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Sample preparation method

Item Condition
Resin Phenolic
Heating temperature, 0 130
Pressure, MPa 15
Compress time, s 900

Heat compression Thickener

>
=

Thickener

gooooooooooa
Schematic image of sample preparation method
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Measurement conditions of Young's modulus

Item Condition
Number of measuring location 4
Load, uN 500
Load time, s 5
Wait time, s 3
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Measurement conditions of oil film thickness

Item Condition
Load, N 90
Grease coating thickness, mm 1
Temperature, O 25
Rotation speed, mm/s 5 100
Measurement time, min 1

: ﬁiﬂ

JES == Light
Microscope 'J\_. | !
l ' Glass disc |
Ball : ) .
m . 1 Chromium coatin
Load e
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Schematic image of oil film thickness measuring tester
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Rolling torque of sample grease
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Measurement result of viscous transition stress
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Correlation between transition stress of viscoelasticity

and stirring loss energy
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Sample
Side of tabs

Back side

Side of tabs Back side

Observation of the

balls and retainer

Grease amount 0.559¢g
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Observation of the
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Grease amount 0.079g
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Observation result of test bearing
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Particle size distribution and relative surface area of thickener
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Measurement result of Young's modulus
Sample sign N1 N2 N3 N4 N5
nd 1 685 |1568|3382| 783 | 706
Young's ngd 2 729 |1678|2621| 821 | 627
modulus, | nO 3 734 |1526|2592| 689 | 687
MPa nd 4 685 |1663|2273| 755 | 592
Average | 708 [1609 (2717 | 762 | 653

gbobooobooooooooobooOooooOooono
goooo

340 00000000000

gioobooooooooboooboboooooogon
goboooooooooooobooooboomoo
0010000000000000000000000
goooobooooboooboobooooooooon
000000 NION2ON3OODOOOoooooooo
gbobooobooooooooobooooooooono
gobooooboooooooooobooooooooono
obobooobooooooooobooooooooono
0000000000 N4DDOOODODONION20O
gbobooooOoocoocoooboboobooooDnn

JTEKT ENGINEERING JOURNAL No. 1015 (2017)



oooooooooooooooooooooooboooon

JTEKT

0000 N1lOODOOOOOO0O0oooO0o0oo00o0n
000000000 NSOODOOOooONIOOoOoooDo
oooboooobooooooooooboog
oooooobooboboobaaooooooooobooon
0000000 NION2ONSOOODOODooDoDoDOo
gooooOooooooNlOoDOooooooooon
OooOoOoOoOoooOoOODODODOON2DOOOO0O0O
00000000 NSOOOODODOOO0OO0ODOoOO N4o
O0O0O0ONSOODOOOOO0O000O0ONLIOOOOO0O
O000boo0o0oooo0oooo0 15MPaddn
coobooooboooooooooooooooooo
gooboooobooooooooooooooooon
ooooo
ooboooooooooboocoooboooboooon
ooooboooooboooooobooooooooobboooon
I s
028umO000000000O00 NION2ON3OO
cooboboooooooooooooOoooooboboooon
coboobob0l4000000D00000O0C0O0O0
coobobooooboooooooooooOooobooboooo
cooboboooboooooooooooOooobooboooon
coobobooooooooooooooooooooon
gooboooobooooooooooooooooon
oooboooooboooooobooooobooooobboooo
oooboooooboooooobooooobooobbooo
oooobooooboooooooooobooooobboooon
coobobooobooooooooooooooboboooo
ooooooooo
ooboooooocoooOoocooboooooooon
NAOOOOONSOOODOOOOOOoooooooo

gboooooobooooooobolz4noooooon
goboooooooooooobooooboooooDo
gboboooobooooooooobooooooooDo
0000000000000000° 00000000
gbobooobooooooooobooooooooono
goboooboooooooooboooooooooo
gobooobooooboooooon

0.3

Aromatic

N3

o
N

o©
[

Bearing noise value, G

R2=0.9836

0 1 000 2 000 3 000
Young's modulus of thickener, MPa

i1400gdooooboooobboodgoooood
EOect of Young's modulus of thickener on bearing noise

3s50000000o0oooooooogon

0000 5mm/s0O 100mm/s0 000000000
ooooo 10omm/sO00000000000O000O0O0O
gooooobbisoggoooooooogg
Ssmm/s00000000000C000O0O00O00O0OO
goooooooooooooooooooogd
I00mm/sO00C00000C00000O0O0OOO0OO
godooooboooooobooboooobooog
goboooooboooobobbouoogobbooog
goooooboobooobobooboobobooog

Sample sign N1 N4

Speed
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Qil film thickness, nm | Max. 690 790 800 630 850
Min. 550 550 550 520 600
Variation range 140 240 250 110 250
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Measurement result of oil film thickness
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