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Frictional and Electrical Characteristics of Herringbone
Grooved Bearing for Scanner motor
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School of Mechanical Engineering, Sungkyunkwan University

Abstract : Recently, laser printers have been developed to have high-speed laser scanner with hydrodynamic bearings. Among
the bearings, herringbone grooved bearing (HGB) produces hydrodynamic pressure by high-speed rotating and so make the
surfaces between the shaft and sleeve separated. Accordingly, the bearings with non-contact rotation are suitable to high-speed
rotating and have long bearing life and reliability. HGB is a kind of journal bearing and uvses oil for a lubricant. HGB has
excellent stiffness and load carrying capacity. Also, HGB is leakage-free due to groove pumping action. Consequently, HGB is
valuable to be applied to high-performance devices such as hard disk drive, copier, and so on.
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Introduction

The bearings used in machinery equipped with high-speed
rotating parts, such as laser printers and hard disk drives,
require to have high-accuracy, high-performance, and a
relatively clean environment. Especially, the bearings for laser
printers have been increasingly required to have higher-speed
and lower-cost. To satisfy these requirements, hydrodynamic
bearings have been developed such as grooved bearing. The
grooved bearing is suitable for scanner motor due to high
stiffness and leakage-free [1-2]. In this paper, the herringbone-
grooved bearings were studied experimentally, the friction
force and the contact voltage were measured in room and high
temperature and the wear tests were also conducted.

Experiments

Herringbone grooved bearing

The herringbone-grooved bearing used in high-speed scanner
motor is a sort of journal bearing with grooves on the surfaces
of either the shaft or sleeve to produce the hydrodynamic
pressure. As the shaft rotates, the bearing can support radial
loads with the oil pressure produced from the pumping action
of the groove. Also, the bearing can be designed as a leakage-
free mechanical element due to the grooves pumping action.
Table 1 appears the geometry of the bearing.

Measurement of frictional forces and contact voltages of
the bearings

In order to measure the frictional forces of the bearings, the
journal-bearing tester shown in Fig. 2 was used. The tester had
an air spindle with a controller, which could rotate up to
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50,000 rpm. There was a kind of the tachometer inside, which
can measure rpm up to 100,000 revolutions. At each different
test with varying loads and speeds the frictional forces were
measured using a load cell and an indicator with a data
acquisition system. The experimental range of the normal load
was 0.05 N 2.5 N and that of rotating speed was 1,000 rpm~
35,000 rpm. To verify the floating characteristics of the
bearings, the electrical contact voltages between the bearing
and the shaft were measured [3]. The output voltage of 3 V
with non-contact and OV of contact were obtained by

Table 1. Bearing geometry

Bearing parameter Herring-grooved bearing

Number of groove 12
Radial clearance 5 pym, 7 ym
Groove depth 6 um (a)
Groove/ridge ratio 1:1(:c)

Groove angle 25°

Shaft diameter 3 mm

Oil viscosity 8cSt, 12¢St
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Fig. 1. Geometry of HGB.
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Fig. 2. Configuration of bearing tester.

supplying DC 6V between the shaft and the bearing, and
recorded them on the recorder in a computer.

Measurement of temperature variation of the bearing

The bearing is used at a temperature more than 60°C in an
airtight box. The bearing has to have efficient load carrying
capacity and high stiffness in such environment. [4] In this
experiment the bearing was preserved at 60°C and when the
surface temperature of the bearing reached 40°C, the friction
and contact voltage was measured. Because the bearing is
composed of copper over 90%, the thermal conductivity of the
bearing is very high and the inside of the bearing is about the
same temperature as the surface of the bearing with due regard
to the size of the bearing. Practically, the temperatures of the
bearing in somewhere were almost same and appeared 1~3°C
difference. The thermocouples for the measurement of the
temperature were used with one for the room temperature and
the others for the surface of the bearing. The test environment
is closed using the transparent sealed box.

Measurement of wear volume of the bearing

The material and geometry of the bearing for wear test appear
in Table 2. To wear the bearing, the contact between the shaft
and the sleeve must occur. For the contact, the radial load was
imposed on the bearing with the top position, as shown in Fig.
1 The critical value of the load had been determined to 3 N by
the preliminary examination. At the load, the wear test was

Table 2. Bearing geometry for wear tests

Bearing . Groove
Number Material Clearance depth
Phosphor
#1 Bronze 7 pm 6 pm
#2 Brass 7 ym 6 um
#3 Brass 7 um 3 um
#4 Brass 7 um 3 um

Table 3. Temperature variation of the bearing surface at room
temperature (RT)

Temperature
Room Temperature

5 um 7 um
8cSt 29~51°C (+22) 29~47°C (+18)
12¢St 29~53°C (+24) 29~49°C (+20)

Table 4. Temperature variation of the bearing surface at high
temperature (HT)

Temperature

High Temperature
5 pm 7 pm

8cSt 40~69°C (+29) 40~68°C (+28)
12cSt 40~70°C (+30) 40~69°C (+29)

Table 5. Friction forces due to load variation at 28,000 rpm

Friction force, N

Radial

Clearance 5 pm 7 pm
Viscosity RT1 HT2 RT3 HT4
0.165 0.083 0.107 0.04
0.178 0.083 0.125 0.058
8cSt
0.197 0.1 0.146 0.078
0.209 0.107 0.166 0.088
0.181 0.078 0.146 0.066
0.199 0.079 0.147 0.072
12c¢St
0.199 0.117 0.152 0.073
0.207 0.154 0.165 0.096
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Fig. 3. Friction forces at various conditions.



148 Sung-Hoon Jeong and Young-Ze Lee

Zos 05 Zos 0s
oal oosy 025N EEY ™ n N os ‘g 04} 008N 026N osN w L
0.3 03 03 M 03
02 i e 02 § 02 ~— 02

N R e e | N F

- g; l ] | I go * 00
) >

> a0 a0 { 40 40

LB 20 E'w 30

§ 20 [ l | H 20 220 20
10 10 g 10

5

00 00

go° 1 10 10 1 oo ] 1 1 10 10

© 3 1 I ¢ g 13

Time, min Time, min

(a) Radial clearance 5¢m, Viscosity 8cSt

z z
'g: 0.08N 026N 08N N 2N N “:: ] :i Q06N 025N 05N N g:
03 A A 03 03 03
Eoz N 02 §oz A 02
2 o1 I [ I i | ] ot Tos &B[‘_l 01
€ 00 a0 < on 00
>

;4.0 40 g0 a0
30 a0 o 30

§ 20 ] 20 20 20
10 10 10 10
éo'o 10, 10, 10, 10, 10, 19 00 3 oo 12 10, 10, 19 00

¢ o v [} g O [ ]
i, min Tiee, tin

(b) Radial clearance 5/m, Viscosity 12cSt

zes 026N 05N w 3050 ooen LEY oSN N
gua 008N 04 8 oa 04
203 03 203 03
g 02 02 %oz 02

ov&_%r—'— o1 To1 ——o
& o0 00 £ o= 00
> >
g 40 40 § 40 40
830 ao ssu 30
%20 20 g 20 20
310 10 310 10
300 1 1g 1 19 ¢ 3 10 10 1 10] *°
¢ 3 T 3 % a v 5 (]

Time, min Tima, min
(c) Radial clearance 7/m, Viscosity 8cSt

z z

£ 05 . 05 05 w198
,’,0' 0058 026N LEY N N N 04 g"-‘ 0.05N [XEY oBN o
LT 03 S 03 03
§ a2 - S S 02 §o2 02

& 1 L R | S —
§ao 0o <00 0o
> >
£ 40 40 40 40
30 ] 39 gso 30
%20 20 g 20 20

10 10 510 10

oo o0
g“ 1 19 10 10, 10, ad °° 2 19, 10, 10, 10]
3 ) 9 [ 0 [ 0 0
Time, min Time, min

(d) Radial clearance 7/m, Viscosity 12¢St

Fig. 4. Friction forces and output voltage of electric contacts due to load variation at 28,000 rpm (left: room temperature, right:
high temperature).
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Fig. 5. Friction forces and output voltage of electric contacts due to load variation at 3 N.

conducted for lhour. Roundness tester that can appear the Results
profile of circle measured the wear volume before and after the
test instead of measuring the wear weight because the quantity Temperature variation tests

was too little. Table 3 shows the temperature variation of the bearing surface
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Table 6. Wear guantity of the bearing

. Wear (107g)
Bearing Number
Top Bottom
#1 34 2.6
#2 85 7.6
#3 16.3 9.1
#4 82 4.4

Fig. 6. Cavitation of the bearing surface.

at room temperature, 28,000 rpm for 10 min. The ternperature
reaches steady state in 4 min. As the clearance of the beating
decreases and the viscosity of the lubricant increases, the
temperature increases much more. Table 4 shows the
temperature variation of the bearing surface at high
temperature. The variation was little and the wends of the
variation were the same at room and high temperature. The
maximum femperawre of the bearing amived at 70°C.
Therefore the temperature of the lubricant comes to the same
value. Considering above tests, the friction force at high
temperatre decreased remarkably comparing with that at
room temperature as shown Table 5. This is caused by the
decrease of the viscosity of the lubricant due to the increase of
the temperature. Fig. 3 compares the friction forces of the
bearing at soom temperature with that at high temperatre. Fig.
4 (left) shows the friction force and contact voltage of the

bearing due to load variation at room temperature 29 and
28,000 rpm. Fig. 4 (right) except at high temperature 60 shows
in like manner. The friction forces and contact voltages were
very stable uatil the load of IN and the bearing shows better
characteristics at room temperature,

Wear tests

Table 6 shows the wear weight of the bearing computed by
multiplying the wear volume by the density. Fig. 5 shows the
friction force and output voltage of electric contacts of fluid
bearing due to load variation at the load of 3N. The bearings #1
and #2 with stable contact voltage had small wear weight
relatively. Because the load was imposed on the top of the
bearing, the wear weights of the top and the boftom appeared
differently. The contact voltage of the bearings #3 and #4
varied distinctly below 3V by not generating sufficient
hydrodynamic pressure due to relatively shaliow groove depth.
Especially, The #4 bearing with 12 ¢St appeared severely high
friction force and instability of the contact voltage resulting in
the seizure as shown Fig. 5 (d). Fig. 6 shows the cavitation of
bearing surface due to pressure flaciuation. Because the
position of the load is the top of the bearing, the bearing is
tilted and shows cavitation only on the left of the herringbone.

Conclusions

(1) The bearings have sufficient stiffness and load carrying
capacity at high temperature.

(2) The friction force between the sleeve and shaft was reduced
to a half because of the decrease of the viscosity due to the
increase of the temperature.

{3) The bearing has wear resistance characteristics with the
order of minus 7.
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