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SURFACE TREATMENT FOR IMPROVEMENT OF COEFFICIENT OF FRICTION
ON SLIDING SURFACES

Recently, many micro structure products are useatdmpact, high precision and others functionshim field

of measuring instruments, medical instruments,rmédion processing devices and so on. Howevehdrsmall
sliding parts of these products, the surface comieessure becomes lowered and then, higher aghésive
occurs, resulting larger coefficient of frictionn@he other hand, in the field of machine toolgrication free
sliding parts are also demanded for eco-friendly.this study, the surface treatment for improvement
of coefficient of friction for both light load antleavy load applications are investigated. Whenr lagg is
applied on stainless steel surface, Ct&yer with small concaves like dimple is generafElis CrQ layer is
used in light load applications. Next, TIAIN and Olcoating are being used on cutting tools for redyc
coefficient of friction and cutting heat. Therefpthese coating materials are used for heavy |loadod free
Zapplications. The improvement of coefficient otfion and life of coating are investigated by ekpents. It
was concluded from the results that; (1) Coefficieffriction for light load application can be nezkd by
coating CrQ layer. (2) Coefficients of friction for heavy loagplication were reduced by coating TiAIN and
DLC layer. (3) Life of both Cr@and DLC layers are sufficiently long for practiegiplications at light load and
heavy load respectively.

1. INTRODUCTION

Recently, in the field of measuring instrument, apbmedical industry, information
processing, many miniature structures are usetifbr precision and many other functions.
For those miniature structures, the contact presbaetween the small sliding surface and
the base surface becomes lower and the adhesive baetween them becomes distinctive
factor. Then the coefficient of friction betweerttbthe surfaces becomes dominant because
of this adhesive force. This causes large disadgentfor sliding condition and weak
functioning occurs at moving parts [1],[2]. On thimer hand, in the field of machine tools
or construction machines, large size machines realiding elements without lubrication
oil on for environmental friendly.
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In this study, small stainless steel sliding sugfecexposed to the YV aser rays to
obtain CrQ layer with small concaves like dimple appears lo@ surface. This creates
smaller contact area between surfaces and obtéimest contact pressure between them.
Then, the method for reducing adhesive force isp@sed and the evaluation for
effectiveness for reducing coefficient of frictiostability and life time test are taken.
Finally, the applicability of this method on theatimg of metal cutting tools for reducing
frictional force in cutting using TIALN and DLC ctiag materials is also investigated.

2. THE MEASURING DEVICE FOR COEFFICIENT OF FRICTIOAND GEOMETRY
OF SLIDING PART SURFACE

2.1. MEASURING DEVICE FOR COEFFICIENT OF FRICTION

Fig. 1 shows the schematic of the measuring ddwiceoefficient of friction [3], and
table 1 shows the experimental condition. The deisacomposed of electronic scale, linear
motion table, pulley, base surface and sliding bdyeafter called boat). Boat and weight
are connected with stainless wire passing throbghptilley. The frictional force generated
between base surface and test piece during them®eof linear motion table is measured
for light weight and heavy weight cases using etest scale. From these measurements,
the coefficient of frictiornu can be calculated as follow.

Pulley a T Boat Linear motion table
|/

\
- v 7 I I ] | HTE
‘Vmg g
N

lData T /( I \\
I I Friction base

M
/Ogv

Digital A

balance

Fig. 1. Schematic view of the equipment for meagydoefficient of friction
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Here,M is measurement weight value before movidgd), is the measurement weight
value during molthg, m is the weight of the boat, is the coefficient of friction. For the
light weight case, each value used in equatiora(@M =810 gm= 0.4 g,M ' = 809 ~ 810
g and the minimum division of the digital balanceed is 0.005 g. At this time, the
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measurement error for coefficient of friction idazdated by Tailor's expansion method [4]
and obtained\x=1.8810 which is small enough. For the case of heavy vieigise, the
values areM =8014 gm= 7823 gM "= 6860 ~ 6880 g and also very small measurement

Table 1. Examination condition

Temperature 20°C
Humidity 65%
Slide speed 3.5mm/seq
Friction base material S50C
Surface roughness Ra 013

error of coefficient of frictiom\u =4.1210° is obtained. Moreover, 30 measuring times are
taken for each experiment and the average expested obtained for light weight and
heavy weight are found to be very small with valugs-30=34210*  andy+/30= 75x107
respectively. The preliminary experiments are takerthe investigation of frictional force
between pulley and wire and it is found negligible

2.2. THE SPECIFICATION OF THE SLIDING PARTS

Fig. 2 shows the specification and setting of tidirgy parts used in the experiment.
The test pieces are circular discs of dieame8 mm, thickness 1 mm. Two kind
of materials, SUS304 2B stainless steel with sarfemughness Ra 0.04m and S50C
(DLC) with surface roughness Ra Qi are used. Relating to the measurement gettin

| Weight

P150

(a) For 100g (b) For 900g (c) For 7800g

Fig. 2. Schematic view of the sliding parts
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a disk of SUS304 2B stainless steel is connectdu wire to the balance and slide with its
own weight as minimum weight condition. For othases, varions kinds of weights 10g,
100g, 900g, 78009 are placed on the board andtslideasure the coefficient of friction.

3. COATING FOR IMPROVEMENT OF FRICTION ON ULTRA LIBT
WEIGHT SLIDERS

3.1. SURFACE TREATMENT BY LASER RADIATION

In this section, the improvement of friction on thkding parts of micro precision
measuring instruments and medical instruments bjected to be investigated. Regarding
to the contact surface pressure from 70 Pa to Z0@xerting on the micro size sliding
parts, an oxide layer with micro concaves is cikate the sliding surface by laser radiation
[5]. Then, based on the previous research “Coefiicof friction regarding small sliding
surface with crater made by irradiation of YAG LEidé], the improvement of friction for
light weight sliding parts with fine dimpled laysurface is investigated.

Table 2 shows the specification of the laser machand the condition used for laser
processing on the sliding surface. Low laser poX¥&0O, normally using for marking
applications with LD exciting Q switch type is usédser ray is moving along X axis with

Table 2. Specification of laser and its radiationdition

Laser source Nd:YVO, Input power 1.78 W
Excitation light source LD Pitch 2Qum
Wavelength 1.064pm Surface roughness Ra 0.052
Mode TEMoo

Average power

5.0W (at 10kHz)

Power at Q switch

40kW (at 10kHz)

Width of pulse at Q switch

10nsec (at 10kHz)

Size of spot

50um

Focal length of 0 lens

206mm

Scanning speed

Max.118mm/s

Laser power

0932 ~1.572W

Scanning speed 95mm/s
Focal length 206mm
Pitch of spot 20um

Treatment area SemmxLémm

Number of tracking 1 ~ 20time

Fig. 3. Plotoghaph of surface radiated by laser
(there are many small concaves like dimple)
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uniform speed and scanning along Y axis. The p#dfehe laser radiated sports are made
to be uniformly distributed by automatic controjiriThe laser conditions are taken for input
power, number of tracking, tracking pitch, height table and sports distribution as
parameters. The input power is from 1.08 ~ 2.0%r8¢king pitch is 5~7@m and although
the number of tracking is changed there was vewllssifect on the concave formation and
it is made to be fixed 1 time. At that time, thefaoe roughness Ra is 0.05 ~ 0.086 The
laser treatment condition at which the smallesttifshal coefficient is obtained and the
photograph of treated surface is shown in Fig. BisTsurface condition is used in the
experiments.

3.2. CHARACTERISTIC OF FRICTION FOR LIGHT WEIGHT

Fig. 4 shows the frictional coefficient for the mocsliding parts with using light
weight and Fig. 5 shows the standard deviationricfidnal values at this condition. The
stability of the sliding characteristic can be kmofrom standard deviation values.

In Fig. 4, the result for SUS304 2B test piece waithcoating is also included. In the
experiment with using lubrication oil (ISO VG56}et contact pressure of the sliding
surface become lower and the coefficient of frictlmecome dominant and it is about 40.
This is due to the comparably large adhesive fixew®veen friction base and the sliding
surface as the load become smaller. It can be sSednthe behavior of the sliding part
become unstable when the load become light weight.

100 Laser processing (Lubricant
oil; ISO VG56)
§ 10 /7‘Ij
8 SUS304 2B Lubrican
S oil; ISO VG56
= 1 SUS304 2E -
2 (Wlthoutjubrlcant oil) \
b o
S O
0.1 ~— o~
Laser processing
(Without lubricant oil)
0.0 ‘ .
1.0x10° 1.0x1d 1.0x18 1.0x18

Contact pressure M|

Fig. 4. Relationship between contact pressure and coeffickfriction at light load
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Fig. 5.Relationship between schematics of concave andatdreviation on coefficient of friction at liglotad

This phenomenon also exhibits for the part witimgsnicro machines and it is needed
to make improvements. In the other hand, for thee aaf without using lubrication agent,
there is no sign of adhesive force effect and nathmchanging in coefficient of friction for
both testpieces. There is not much difference effaoent of friction for both test pieces at
contact pressure 6200Pa, and there exist someadatitfe in coefficient of friction as the
contact surface pressure decreases. From thisitfaetn be known that the surface treated
by laser in this research is effective for applmatunder 6200Pa pressure. Moreover, the
value of coefficient of friction is about 0.1 antis quite small with stable behavior
of standard deviation less than 0.005.

The adhesive force between sliding surfaces byidricof metal to metal is mainly
effected by the surface tension of lubricationamilthe contact surfaces and van der Waals
force. This force effects till the space betweedirsy) parts is about 10 times larger than the
lattice space of crystals [7]. Even though, theesdof rough surface will have more or less
plastic deformation depending on changing in Iadhe, space between base surfaces and
edge having about 10 times of lattice space oftalysould not change much. Moreover,
the position of the existence of adhesion forcddahange by changing in load as shown
in Fig. 6. However, it can be considered that tiianging in position could not effect on
the magnitude of adhesive force. In the case ofacbipressure changes from 100 Pato 1
Pa, the only the force effecting between the dljdsarfaces reduces 1/100 time and the
adhesive force is almost no change. Thereforethiotest piece with very small dimension
of the sliding surface and dominant effect of adrepressure, even though the coefficient
of friction is changed, the adhesive force is bestij largely affected between sliding
surfaces and thus, the effect of coefficient oftfon between surfaces is not very high.
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Especially, it can be considered that the lasatiment method could well control the van
der Waals force effectively. We thought that theults in Fig. 4 are attainded.
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Fig. 6. Area of acting adhesive force

3.3. THE LIFE OF LASER TREATED SURFACE

Fig. 7 shows schematic of the coating life testiagparatus for light weight
application. A disc of 300 mm is set to be rotatgth 470 min' and the sliding micro part
Is put on the disc holding with cylindrical hold@ihe sliding distance is calculated from the
radius of sliding position where micro sliding p@&tplaced, revolving speed and rotation
time. The contact pressure is set 1900 Pa andstl@g times of the minimum load 70 Pa.
The wear rate is periodically measured using AFMing maximum wearing height.
Moreover, the temperature of the micro sliding psnneasured using infra red measuring
device.

Fig. 8 shows the relation between sliding part @aedr height for light load test. For
sliding with light load 1900 Pa, even the slidingtdnce reached over 20000 m, there exist
only 10% wear. Thus, it is expected that there ballmuch longer life for using minimum
load 70 Pa. From this fact, it can be consideredl e laser treated surface with concaves
is applicable for long wearing resistance. Althougére is a range of contact pressure at
which problem occurs with adhesion force, the laseated concave shaped surface is
applicable for the practical use for long life. Mover, the steady state temperature during
wear test with light weight was risen for only 5%g.

The hardness of the sliding part material SUS304&& YAG laser treated withugn
CrO, layer is 220 HV and it is 10% increased comparth wriginal hardness 200 HV.
Therefore, this laser treated surface with smaticemes is applicable for using in small
sliding parts with light load.
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Fig. 8. Results of the life test at light load

4. COATING FOR IMPROVEMENT OF FRICTION ON HEAVY LOB SLIDERS

4.1. APPLICATION OF TiAIN AND DLC

In this section, the investigation for the improwarof sliding characteristic of the heavy
load sliding surface of machine tools is taken gsthe maximum load of 0.5 MPa
(5 kgf/enf). Most of the sliding surfaces of machine toole asing pressure range from 1
kgf/cn? to 5 kgf/cnf. The tool coating materials TiAIN and DLC are apglon sliding
surfaces and the characteristic of stability aftional coefficient is investigated.

The TIAIN layer of 2.4um thickness is coated on the SUS304 2B disc as rshiow
Fig. 2. The mechanical properties and photograpsudiace topology is shown in Fig. 9.
DLC layer is the carbon amorphous layer composezhdion or hydrocarbon with enough
strength for using over 10 Pa pressure. It is galyedbeing applied in many applications for
high hardness, low frictional coefficient and higbaring resistance. Here, hydrocarbon gas
Is altered into ion using plasma discharging intheuum and this hydrocarbon ion is made
high speed collision on the base plate with usiegative bias voltage. And then, the
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coating layer is created using chemical vapor dépaosmethod (CVD method). Fig. 10
shows the mechanical property of DLC and the phrajalg of surface topology.

Film thickness 2.4m Film thickness @m
Hardness 843HV (65.4HRC) Hardness 544HV (51.9HRC)
Surface roughness Ra 0.4 Surface roughness Ra Quen

Fig. 9. Photoghaph of TiAIN used in the exmpen Fig. 10. Photoghaph of DLC usethe experiment

4.2. CHARACTERISTIC OF FRICTION WITH HEAVY LOAD

Fig. 11 shows the result of coefficient of frictibor micro sliding parts with heavy
load and Fig. 12 shows the standard deviatibnoefficient of friction values. The value
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Fig. 11. Relationship between schematics of coneadecoefficient of friction at heavy load
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Fig. 12. Relationship between schematics of concave standard deviation on coefficient of frictatrheavy load

of coefficient of friction without using lubricatibagent (ISO VG56) is quite small with
value about 0.1 for TiAIN and DLC materials. Moreoythe sliding characteristic is quite
stable with effective using of TiAIN and DLC solgbrication coating.

4.3. LIFE OF TiAIN AND DLC COATING

Fig. 13 shows the schematic of the life test apgpardor heavy load sliders with
TIAIN and DLC coating. To supply heavy load, a slgl base 100 mm diameter disc is
attached to the spindle of a lathe and rotate ani®5 and the micro sliding part is attached
to a spring mounted tool post is kept in contadhwotating disc and then, supply the
contact pressure of 0.5 MPa (5 kgffdnmHere also the sliding distance is calculateanfro
radius of sliding position, revolution of disc arelolving time. The wear rate is measured
periodically using probe type layer thickness meagudevice. Moreover, the temperature
of the micro sliding part is also measured withraafed measuring instrument.

Fig. 14 shows the relation between surface roughResand the sliding distance for
heavy load test. It can be seen that defoliatiodb€ coating is only about 20% after
sliding over 20000 m. For the case of TiAIN, altgbuthere exists only 10% wear, the
scratches on both coated layer and base plateceunfacurred. This can be considered due
to the high hardness of the coating layer affeotethe surface. TIAIN and DLC materials
are being used well for coating of metal cuttingl$oand it can be expected that it is
applicable for sliding parts of the metal cuttingahines tools.



Surface Treatment for Improvement of CoefficienFdttion on Sliding Surfaces 17

Base 10

o]
Ul
3
3:

wm [

T

@

Film thickness jim]
(e}

(¢100
Chucking Load 4
4_
ixing 2 ) :
i = \ TiAIN
Sample 0 I I I
0 10000 200C0
Sliding distance |
Fig. 13. Schematic view of the instrument Fig. 14. Results of the life test

for coating life test

From the above facts, DLC coating is effectivetfa application on sliding parts with
heavy load for long life without using lubricatioil.

5. CONCLUSION

From this research, it can be concluded that,

(1) The concave shaped surface by laser treatrmefitective to improve frictional behavior
of micro sliding parts with light load.

(2) DLC coated surface is effective for improvemenhfrictional behavior of sliding parts
with heavy load.

(3) The proposed surface technologies of (1) anda(@ both applicable in industry with
long durability.

REFERENCES

[1] ANDOY., ISHIKAWA Y., KITAHARA T., 2006, Tribologis, 39/9/814-820.

[2] JOHNSON K. L., KENDALL K., ROBERTS A.D., 197 Proc. Royal Society of London, A324/301-307.

[3] TAIRA T., TANABE I., KYUSOJIN A., MINAKI K., 2004, Coefficient of Friction about Small Siding Surface
Using Photo-fabrication ; Influence of the Siding Surface on the Friction and the Desihn Using Neural Network,
Transactions of the Japan Society of Mechanicalresgys, Series C, 70/690/547-553.

[4] OHASHI H., 1987 Uncertainty of Measurement, The Japan Society of Mechanical Engineers, 47-48.

[5] SHINADA M., TANABE I, TAKAHASHI S., ITAGAKI K., 2006, Surface Treatment Regarding Coloring
of Sainless Seedl Using YVO_4 Laser:Consideration of Environmental Factor, Sensitive Color and Life
Regarding Coloring, Transactions of the Japan Society of Mechaniogiteers, Series C, 72/ 713/235-240.

[6] TANABE I, TAIRA T., MINAKI K., SHINADA M., 2005, Coefficient of Friction Regarding Small Siding
Surface with Crater Made by Irradiation of YAG Laser: Application of Crater for Reducing Adhesive Force
of Siding SQurface, Transactions of the Japan Society of Mechaniogiteers, Series C, 71/710/3048-3053.

[71 ANDOYY., 2001,Tribologist, 46/6/463-468.



