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Oil Fog Lubrication of High Speed Ball Bearing
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Tokio SAsaki, Haruo Mori and Toshio TESHIMA

Department of Mechanical Engineering
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Abstract

In pursuit of information concerning performances of the preloaded ball bearing
operating under the oil fog lubrication at high speed, the coefficient of friction and
the temperature rise have been measured for the angular-contact-type ball bearing.

In the practice of the oil fog lubrication, the influences of oil consumption, air
consumption, viscosity and additive of oil, preload and rotating speed are investigated
and compared with those of the ordinary oil lubrication.

It is possible to lessen remarkably the friction of high speed ball bearing by the
aid of the oil fog lubrication with less supply of oil. Even in that case, the oil fog
lubrication is mostly the hydrodynamical lubrication; consequently the friction of
ball bearing under the fog lubrication depends principally on the viscosity of oil. The
cooling effect of air is fairly great, but the effect of air on the bearing temperature
rise is less than that of oil under the definite ratio of oil and air.

Though the temperature rise and frictional moment increase proportionally to pre-
load, the increase of preload does not influence so much upon the temperature and
friction when oil is supplied sufficiently.

As the rotating speed increases, the bearing temperature rises very rapidly, on the

contrary the coefficient of friction increases gradually.

1. Introduction

In order to effectively apply the oil fog or oil mist lubrication for the high speed
rolling bearing, it is necessary to know in detail the performance characteristics of
this lubrication. Hence, the authors have contemplated to investigate the performance
characteristics of high speed ball bearing under the oil fog lubrication and to compare

them with those under the other lubrication method.

2. Apparatus and Procedure

The drawing of apparatus used in this experiment are shown in Fig. 1. (@ is
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BALANCE

Fig. 1. Bearing testor

the high speed spindle and (2) shows a pair of precision single-row angular-contact
ball bearings of 40 mm bore with contact angle of 15° having bakelite cages installed
facing each other and preloaded by the spring @), and the preloads are measured by
the compression of the spring 3. The outer surface of the sleeve @ and its guide
surface of the bearing housing are finished finely and precisely to give an uniformly
distributed preloading in the circumference of 8

outer ring of the bearing. The oil fog enters

from the nipple & through the hole ® and arm .

branches off right and left and lubricates the j

two test bearings. The bearing temperature is
measured by the thermocouple (7) at the outer

surface of the outer ring. The frictional moment 5 J.
*H

of the ball bearing is measured by putting the
end of the arm attached to the housing (® on
the balance as shown in Fig. 1 and reading the F (

1~

force acting on the free end of the arm. For '

this reason, the housing, which can be freely (D\‘ '

rotated, is balanced by the counter-weight I ‘
previously.

Fig. 2 shows the oil fog producing unit.

(D is a level gage glass to measure the consump-

tion of oil and (@ is a needle valve to regulate

the amount of oil supplied. The oil entering

into the top portion of the nozzle (3) is atomized

by the air blowing out through the orific of the

Fig. 2. Oil fog producing unit.

nozzle 3. The compressed air is supplied from
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@. The oil fog, which is the mixture of oil and air, blows out through the radial
hole ® into the glass cylinder (6). As the large size oil particles adhere to the inner
wall of the glass cylinder and flow down to the funnelled bottom and return to the
level gage glass (D, the oil fog consisting of very fine particles of oil can be taken
out from the nipple through the radial hole @). The oil returned to @ flows to
the nozzle @ through the regulating valve (2) again, then the descending level of oil
in @ indicates the oil consumption of such circulation system. The air consumption
is measured by the rotameter before entering the nipple @.

The variety of oils used in this experiment is tabulated as ABCDEFGHI in
Table 1 and the spindle oil B is used in all experiments except the experiment (3)

which is for the influence of viscosity and additive of oil.

Table 1. Character of oil.

Spindle Oil Turbine Oil Spindle Oil
Sample
A ‘ B | c ] D | E j F ¢ | = ‘ 1
Sp. Gr. 15/4°C 0.854) 0.878| 0.871] 0.880| 0.876 0.878‘ 0.878 | 0.878 | 0.879
Viscosity
100°F CS 588 | 9.78 | 136 | 21.8 | 33.8 | 435 9.75 9.62 9.86
210°F CS 181 | 247 | 3.04 | 403 | 534 | 6.24 2.46 2.44 247
s Phosphorous |Sulfurchlorine
Additive  [None| » | » [ » | » | » |Ofliness | Tpyp Type
g E.P. Agent | E.P. Agent

3. Experimental Result and Consideration

(1) The influence of o0il consumption
The Fig. 3 is the diagram showing the influence of oil consumption upon the per-

formance characteristics of the 70 Spindie O B
i icati Speed 10400 rpm xI0
oil fog lubrication under the 60 e 01 kg -
definite quantity of air con- o Air_Consumption '-‘*‘“I“/h 5 1 =
< sof 2
sumption and rotating speed of g 2
. . . & o40f e
10,400 rpm with the oil B in o -
Table 1. The temperature rise f;' 30 ©
of the bearing, that is the di- § 20k é
. g
fierence between the outer ring 8 g
10F o
temperature and room tempera-
ture, is the average value of 055 1 2 3 45 1015 0

the two bearings. The tem- Oil Consumption cc/h

Fig. 3. The influence of oil consumption upon the
performance characteristics of oil fog lubrica-
the temperature difference of tion at 10,400 rpm.

perature rise of the air means
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the air temperature flowing out from the bearing and the air temperature flowing
into the bearing. To measure the temperature of the air flowing out from the bearing,
a thermocouple is placed near the spring-side bearing and this thermocouple is protected
from the radiant heat by the leaf aluminium although it is not shown in Fig. 1. The
amounts of oil and air consumed, which are shown in the diagram of Fig. 3, are half
the amount of total consumption i.e. the amount reduced for a single bearing, and the
value of air consumption in this case is the value reduced for atmospheric condition.
The coefficient of friction f is calculated by the following formula,
M
f= Pd—/z

where M is the frictional moment reduced for a single bearing, P is the resultant bear-

ing load of single bearing and 6 6“0-3

d is the inner diameter of the Spindle Oil B
. Speed 6300 rpm

ball bearing. 9] Load 45.14 Kg -

As seen by Fig. 3, the co- 8§ 40 Air Consumption 2.8 m¥/h 4 ]

. . s & on o171 2

efficient of friction and tempera- o ~erl of FrictOt j =

. . . el Rise

ture rise of the bearing and air & coef T e Temperature RisE s

. . . 8 1 pearit8o o || =

increase with oil consumption g 2o oo - 2 g

. . . 10T se
under a definite quantity of air P JoTPTORT Temperatureé RiS! %
consumption, and it seems that . ©

the less the amount of oil sup- 04 06 081 2 3 4 6 810
0Oil Consumption cc/h

. . . . Fig. 4. The influence of oil consumption upon the
formance is obtained in this performance characteristics of oil fog lu-
brication at 6,300 rpm.

plied, the better lubricating per-

range of oil consumption. Ho-

wever in practice the oil con-
80 - -
: : : Spindle 0Oil B
sumption of 0.5cc/h is too little Sheed 14800 rpm [ éL

©
2
o,

w

i iti Load 45.14
for a stable running condition, 9] 6 % onsumption 2.8 o iy ;£
and when the oil consumption 8 ‘ liﬂc < 8
. . . CE ot ) L O} ]
is so little, the friction of bear- o qen , 7 =
& 40 Bearing 4
ing rises intermittently depend- § o Fraction e
. b} fficien =}
ing upon partial shortage of ‘é Coett! ot 2
“Ri
oil in the bearing in spite of & 2 Rir Temperaturt 2 H§=
the small average coefficient of ©
friction. Therefore it is desir- oaa 1 2 3 4 6 8 /00
able to supply oil in the amount Oil Consumption cc/h

Fig. 5. The influence of oil consumption upon the
performance characteristics of oil fog lu-
stable running condition. The brication at 14,800 rpm.

of more than 1 cc/h to get a
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temperature rise of the air is 55~60% of the temperature rise of the bearing. There-
fore, the cooling effect of the air seems to be great. Fig. 4 shows the influence of
oil consumption under 6,300 rpm and the same tendency as in Fig. 3 can be seen.
Fig. 5 and Fig. 6 show also the influence of oil consumption under 14,800 and 20,500 rpm,
but different tendencies from 03

those in Fig. 3 and Fig. 4 are ‘00 Spindle 01l B J' 10

Speed 20500 rpm
Load 45.14
Aior Consumption 2.8’%%

<&
T °

shown. Namely, as shown in

Fig. 5 and Fig. 6, the coefficient

f friction and temperature rise |°‘°&/
1
o) mp u 0 Beari g ,‘eﬁ\?/op/ 6
not only do not decrease in l
proportion to the decrease of K

?\’.\C\;.\oﬁ o‘j
. Coefficlent & ﬁy
oil consumption, but the mini- mﬁ?%\%
mum values appear in Fig. 6. Alr Temperatu’
It is considered that this pheno-

~N
N

L -
Coefficient of Friction

Temperature Rise °C
3

menon occurs owing to the fact

that the local boundary friction 0; 2 3 4 e 6 10
in the bearing increases in the Oil Consumption cc/h
high speed running and it Fig. 6. The influence of oil consumption upon

the performance characteristics of oil

offsets the decrease of fluid fric- fog lubrication at 20,500 rpm.

tion which is due to the de-

3
crease of oil supply. Accord- 120 . T 12*0
. . Spindle 0il
ingly, more amount of oil should pindle 011 B
be supplied as the runnin 14.800rpm
p%) ‘ g 0 | —o—— 10
speed rises in order to keep a s S
good lubricating condition. 9
Fig. 7 shows the experi- g 80 10300rpm : - 8
mental results of ordinary oil @ E;?}"p’ O, 40T §
5 . F
lubrication. The oil is supplied & 2
through the hole (®) in th };f 1 x 7”"/ 6300rpm e
g ole in the kig, E —O——— “
by the gear pump. Although : L__._____-—o—— 6300 rpm ;&;
the coefficient of friction in- £ % b I + g
creases as the oil consumption g f —o— Bearing Temperature Rise 3
increases, the bearing tempera- Coefficient of Friction
. . . 2
ture rise reaches the maximum 2
value at the oil consumption of
about 150 cc/h, and it decreases y 0
/ % 100 200 E 500

as the oil consumption increases
. P Oil Consumption cc/h

owin i
g to the cooling effect of Fig. 7. The influence of oil consumption upon the

oil. ordinary oil lubrication.
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Fig. 8 shows the compari- 16°
. . . : - 10
-son of the ordinary oil lubrica- 10 —o— Bearing Tempcrature Rise
tion with the oil fog lubrication. —e—Coefficient of Friction
As seen in the diagram, the , gp iéSLqu‘icaotli-ogrg
) pindle Oi
coefficient of friction and bear- ¢ oil Consumpti/on
1 50cc/nh
ing temperature rise in the oil ™
ing temperatu o s ] E
fog lubrication are considerably ,3 / ©
Al
less than those in the oil lubrica- & i
. g 8
tion, in addition, the difference <& » 4 o
> [ 40 - 8
between both lubricating me- % /: g
thods becomes greater as the § - 1 é
. . 9] . . X
running speed of bearing rises. 2 =0 oil F?gPiL':‘:‘;' %’.‘tl‘%'; 2
: it 3 : Oil Consumption 1.5cc/h
Frqm this fact, it is recognized Air Consumption 28m¥h
that the oil fog lubrication is 0 1 |z II6 , p
. 4 1 103
highly suitable for high speed 10
Speed rpm

ball bearing. Fig. 8. Comparison of ordinary oil lubrication and oil

. . fog lubrication.
(2) The influence of air con- g

70
i Spindle 0il B )
sumption 60 Speed 10300 rpm A"’o,
Fig. 9 and Fig. 10 show o Load 60.1 Kg
. . . ° 0il Consumption LOcc/h g
the influence of air consumption é Lubrication | ol ion 15 &
. . cicient © 5
in the cases of rotating speed N / o ___Cfi_“*___,!___,_——tl— =
of 10,300 and 20,400 rpm under § ¥ e _ 28
et (e} -~
. . . 5 s _ 5
a definite quantity of air con- E ol Bearing Temperatur;QR_is?g_ g
tion. The temperature rise © &—9 oLl a 11 &
sump P & 1ok Air Temperature Rise 2
decreases with the increase of O
. . 0 = 0
air consumption and the coeffi- 0% 04 0.8 12 16 20
cient of friction increases sli- Air Consumption m?/h

. . i i i i der a
. This is due to the Fig. 9. The influence of air consumption un
ghtly o . . definite oil consumption at 10,300 rpm. The
increase of oil viscosity owing results of grease lubrication are shown on the

. ine of no air consumption.
to the decrease of bearing lin P

temperature. In Fig. 9 the experimental results of grease lubrication are shown on
the line of no air consumption. The grease used in the experiment is a lime-base grease
consisting of Ca soap and mineral spindle oil with the consistency of 230 degree. In
this case, in spite of the somewhat smaller coefficient of friction than the value of
the oil fog lubrication, the bearing temperature rise is greater than that in the oil fog
lubrication with a little air consumption. This phenomenon shows the effectiveness of
of air cooling.

Fig. 11 shows the cooling process of the bearing for the various air consumption
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" !0"'0—3 of 0, 1.21, 2.23 and 3.18 m*/h
Spindle Oil B 3
Speed 20400rpm measured for the bearing,
Load 45,14 kg which has been running at
il C ti 2.9
80 L onsump o0 ce/h 8 20,400 rpm and has been
NG .
) \QQ/QCT stopped after the bearing tem-
° Emper, g i -
3« >\gti’°. Rise ; g perature rise has become sta
~ -2 tional. The greater the air
) = . .
5 “ consumption, the higher the
w iction .
g 40 >~ Coefficient of Frico ot 4 £  cooling speed, and these chara-
. Q
g ] . S cteristic curves of cooling
& Aipr Te'ﬂper %
ature Rise | 3 speed, and of cooling effect
20 2 can be formulated as follows
T = 50e~% (1)
0 - 0 . .
0 1 2 3 4 5 where T is the bearing tem-
Air Consumption m*/h erature rise measured on the
Fig. 10. The influence of air consumption under a de- P
finite oil consumption at 20,400 rpm. outer surface of the outer
6 i t is time in minute and «a is
0 —— Air consumption o m¥h ring and £ 1 m
°® ----- “ 121 an experimental constant. And the rela-
8] - " 223 ~ . . . .
~ 0\ JR— " 3.18 tion between a and air consumption is
4 .
£” AN shown in Fig. 12 and it can be formulat-
p A \ ed as follows:
a AN ’
5 2 RN —0.018+0.012Q% 2
[~ ~\~\~‘\ a =0.018+0. . ( )
£ N . . . . .
g \\~.~§';;::._ _____ where @ 1is the air consumption. Di-
& T fferentiating equation (1),
0 20 40 60 B0
Time mn ‘—iI=—atT (3)
Fig. 11. Curves showing the cooling speed dat

of bearing at rest under the various
air consumptions.

is obtained. As the dissipating

0.05 5 -q10 amount of the heat carried away
004 o s os with air per unit time is approxi-
¢ mately expressed as follows:

0.03 43 o6

3 \ % a/&. | & A I:[1 =CaT (4)
002 - 2 {04

X % where C is the heat capacity of

.01 i
I 02 the apparatus. Then, denoting
00 0 -0 a of no air consumption as «,,

2 3
Air Consumption m3/h

the increasing ratio of dissipa-

Fig. 12. Curves 'of 'a, ay/a, a/a, undar various air

consumptions.

tion heat due to the increase of
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air consumption is expressed with the ratio a/a,. As shown in Fig. 12, the increasing
ratio of the dissipation heat takes moderately large value under the air consumption
of smaller than 1 m®/h, but it does not increase so much for the air consumption.
From equation (4), as aT becomes constant in the case the amount of heat disspated

is constant and

a_ T
a T, T<T,

where T, is T of no air consumption, &,/a comes to denote the ratio of the bearing
temperature rises and a,/a decreases as the air consumption increases as shown in
Fig. 12.

Fig. 11 and Fig. 12 show the cooling characteristics of the bearing which is at
rest, and, although the influence of the air which is caused to flow by the rotation of
bearing is not considered, the qualitative tendency of influence of air consumption for
the cooling characteristics of the running bearing is anticipated to be in a similar
condition.

Let us now define the technical term “oil-air ratio” as the ratio of oil volume
content to air volume content in the oil fog. Then the oil consumption varies directly
proportionally to the air consumption under constant oil-air ratio.

Fig. 13 shows the relation between the coefficient of friction or bearing temperature
rise and the air consumption uhder the oil fog lubrication of the two specified oil-air
ratio. As shown in the diagram, the minimum values of the coefficient of friction
and bearing temperature rise 6’
occur at a certain quantity of 0 Spindle 0il B 0

Speed 20500 rpm
Load  45.14 kg

air consumption, and the co-

efficient of friction and tem- 80
perature rise of bearing rise W

from their minimum values

. . 60
in the range of less air con-

sumption owing to the shor-

tage of oil supply. When the

air consumption increases, the

-~
Coefficient of Friction -

coefficient of friction increases

Bearing Temperature Rise °

remarkably, and the bearing 2 " o 0il-Air Ratio 1.5cc/md 2
L . o ” 20 -
temperature rise increases in ’ l

parallel without decreasing as 0

, 0 / 2 3 2 5
in the case of Fig. 9 and Air Comsumption m?/h
Fig. 10 in which the oil-air Fig. 13. The influence of air consumpticn upon the

. . performance characteristics of oil fog lubrica-
ratio decreases as the air tion of two specified oil-air ratios.
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consumption increases. This phenomenon means that when the air consumption and

the cooling effect of air increase, the oil consumption and viscous friction of oil increaese

simultaneously under the constant oil-air ratio and the viscous friction effect surpasses

the cooling effect.

(3) The influences of viscosity and additive of oil

Fig. 14 shows the results of
an experiment on the spindle oil A,
and Fig. 15 the results on the
turbine oil F. These diagrams
show the same tendency as Fig. 6,
but owing to the higher viscosity
the coefficient of friction and bear-
ing temperature rise in Fig. 15 are
much greater than those in Fig. 14.
Fig. 16 shows how the coefficient
of friction and bearing temperature
rise change depending upon the
viscosity change of six kinds of
lubricating oil. In this diagram,
the scale of abscissa on the full
line means the viscosity at 100°F,
and the scale on the broken line
means the viscosity at the running
tempearature of the bearing. It is
seen that the coefficient of friction
and bearing temperature rise re-
markably change directly propor-
tionally to the oil viscosity at the
running temperature of bearing.
This phenomenon means that the
friction of ball bearing under the
fog lubrication depends principally
on the viscous friction of oil, and
the oil fog lubrication is chiefly of
the oil film lubrication in spite of

very little amount of oil.

3
x10

80 Spindls Oil A 8

Speed 20400 rpm
Load 45.14 kg
. y .

O 60 Arr_Consumption 3.I8m|/h L Riselols
P 0\'\\/ a
3 ’ o] 2
o Bearing oo | B
o 4 £ ?\'\?.D"'oz} i

=} T

E Coefﬁc\en‘\. R “
@ 1T | -]
2 R15€ g
5 Air Temperature g
= =]
2 2 g
S

o z 3 4 & 8 1°

0Oil Consumption cc/h

Fig. 14. The influence of oil consumption at
20,400 rpm when spindle oil A is used.

-3
100 1010
RiSC ot
o\\“‘%/’b/{
80 Bearin 'YG‘“QGg o 8
&) ~oe—9a—_.g/(1/
S o
¢ \’r\"ﬁs‘o/no‘ r g
= 60 Coefficient“)f,so' 6 2
I Lo+ e
2 kS
g Q w{?‘& =
7] o]
& 40— e s 8
S g
3
2 Turbine 01l F 2
Speed 20400 rpm
Load 45.14 Kg
Air Consumption 3.18 m¥h
0 1 1 1 ! 1 0
1 2 3 4 6 8 10

0Oil Consumption cc/h
Fig. 15. The influence of oil consumption at
20,400 rpm when turbine oil F is used.
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-3

xI0
10 Speed 20400rpm f0
Load 45.14kg
Air Consumption 3.18m3/h
L go|—Q1_Consumption  3.0cc/h 8
- T
3 { _{Bearing| Temperature Rise
& ' =1 g
2 ol | . £
= -
g q(;‘ s - =
a 'VV lo—| ©® 4
£ P / S}
g 40 4 =
0 » ;z Coefficient of  Friction 8
=] ' J L=
§ 20, 2 3
&
&
L 0
00 10 20 30 40 50

Viscosity cs

Fig. 16. The influence of viscosity upon the
performance characteristics of oil fog
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Fig. 17
results of the effect of additives.

is the experimental

Qil B contains no additive, G con-
H and I

contain extreme-pressure (E.P.) ad-

tains oiliness additive,

ditives and these four kinds of oil
have the same viscosity character.
It is seen as if the additives have
no effect on the bearing performance
in such an operating condition. But,
in the operating condition of very
little oil consumption, oil G gives
rather stable running of the ball
bearing than the other oils.

lubrication. (4) The influence of preload

00 'ox,o-a The influence of preload
SL]::Zd 23,;?2;;;:71 is shown in Fig. 18 for five

Air Consumption 3.8 m¥/h different oil consumptions and

8ol on B|{G6|H]|T 8 a definite quantity of air con-
Symot 1 o0 le e sumption. The frictional mo-

© 6 - ATE R‘seo,o o —0- ) E ment and bearing temperature
2 i peari™® (O - ‘g rise increase proportionally
2 4 it riction “___To : to the increase 'of p'reload and
g 40 coef P 4 % these curves rise in parallel
& Thise g to the increase of o0il consump-
& o AiT Temperaty’ § tion. This phenomenon means
2 2 that in the oil fog lubrication,
the viscous friction depend-

ol > 3 ry g 100 ing on the amount of oil supp-

Oil Consumption cc/h

Fig. 17. A diagram showing the effect of additives.

(5)

ly and the friction due to the

bearing load are superposed.

The influence of rotating speed of ball bearing

Fig. 19 shows the relations between the rotating speed of bearing and the coefficient

of friction or the temperature rise of bearing. As the rotating speed increases the

bearing temperature rises very rapidly, on the contrary the coefficient of friction in-

creases gradually, and the increasing rate of temperature and friction decrease as the

rotating speed increases,
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800
Spindle Oil B
g Speed 10,300 rpm
5] Air Consumption 1L44m*/h
> 600 : =
g ;;J?QD'
o )//0—'
2 o0 1 L
® o L
s -
2 P ,-———-0—""""/’4
=200
0il Consumption

9 o hce/h @ L2ce/h
o o4 - ® (05 ~
o © 25 «
@ '
& 40 <
[ - -
5 —— 4
2 feﬁ’:ﬁ,_——« 1
5 — %
oY ,_,_.———0""’—(
E 2 ) y—— d
] -—
)
=
5 '
m 0 20 40 60 80 100 120 40

Preload kg

Fig. 18. The influence of preload upon frictional

moment and bearing temperature.

5y —3
i20 Spindie 0il B 610
Load 45.14 k
Air Consumption 3.|8n$/h
100 Qil_Consumption 3. cc/h 5
| g
2 4 N LA - mmall P
° Led 4.2
& et | =
[} 60 (4 ‘8/0/ “6
= 3® 3
‘é‘ =~ .§
R 2 &
E xe® e Ris¢ | o 2 8
& \(\(5 ero'ﬁ B0 O
Qﬁo‘ A Teny
20 - /
00 0

4 8 12 16 20
24,“03 28
Speed rpm

Fig. 19. Relations between rotating speed and

cofficient of friction.

The frictional heat of bear-
ing H, is expressed in the

following formula
H, =aMN (5)

where a is a constant, M is the
frictional moment of bearing
and N is the rotating speed of
bearing. And the frictional mo-
ment of ball bearing under an
ordinary fog lubrcating con-
dition depends on the fluid
friction, therefore the frictional

moment is expressed as follows :
M =0buN (6)

where u is a coefficient of vis-
cosity of oil used and b is

a constant. Accordingly,

H,=kuN? ky=ab (7)
At a steady state, H, is equal
to H,, consequently from equa-
tions (4) and (7)

_ kN 8
T Ca,uN. (8)

The coefficient of friction is
expressed in the following for-

mula
le"'zuN (9)
p

where f is the coefficient of
friction, P is the bearing load
and k, is a constant.

Thus the bearing tempera-

ture rise is proportional to the

square of the rotating speed, and the coefficient of friction under constant load is

linearly proportional to the rotating speed, Furthermore, the temperature rise owing
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to the increase of the rotating speed brings about a decrease of the oil viscosity u in
equations (8) and (9).
For that reason, the curves of temperature rise and coefficient of friction bends

downward as the rotating speed increases.

4. Conclusion

It is possible to lessen remarkably the friction of ball bearing running at high
speed by the aid of the oil fog lubrication due to a small quantity of oil supply. But,
when the amount of oil supply exceeds a certain limit, the state of lubrication becomes
hydrodynamical. For example, the oil supply of 5cc/h corresponds to the above limit
for a single-row angular-contact ball bearing of 40 mm bore at the dn value of 800,000.
Although the minimum oil requirement becomes greater as the rotating speed increases,
the above mentioned ball bearing can be lubricated safely with the oil supply of 3 cc/h
at the dn value of 800,000.

The cooling effect of air is very efficient, but when oil and air consumption in-
crease together the viscous friction effect of oil surpasses the cooling effect of air
under a definite oil-air ratio.

The coefficient of friction and bearing temperature rise remarkably change directly
proportionally to the oil viscosity at the running temperature of bearing. After all,
the oil fog lubrication consists very much of the oil film lubrication in spite of a little
amount of oil, and the effect of viscosity is predominant.

The frictional moment and bearing temperature rise change proportionally to the
preload, and when the oil supply is increased under a definite preload the moment
and temperature become greater by the increase of viscous friction.

As the rotating speed of ball bearing increases the bearing temperature rises very
rapidly, on the contrary the coefficient of friction increases gradually, and the increas-
ing rates of temperature rise and coefficient of friction decrease as the rotating speed

increases.
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