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SUMMARY

The tribological properties of TiO: ceramic at a carbon steel (S45C) by
flame spray were investigated. Friction types were dry sliding contact and
lubrication sliding contact. The friction and wear characteristics were
experimentally studies using a pin on disk type wear testing machine.

The results obtained are summarized as follows ;

1. This new manufactured Pin-on-Disk Type wear-testing machine not
only can dispose all the data through computer but also can test the
Ball-on-Disk Type and experiment under the lubrication environment or

erosion environment.

2. The wear amount also increased in proportion to the load in comparing
and examining wear amount following the change of load. And the wear
amount decreased remarkably in the air as well as in the lubrication
environment, the S45C material, Bond material, and TiO: material orderly ;
especially in the lubrication environment the wear amount was much less.
The wear amount of TiO: material was much less than that of S$45C
material ; it was 009 mg and 0.2 mg in the lubrication environment, 1.4 mg

and 1359 mg in the S45C matenal.

3. The increase of load didn't have any effect on the change of the



friction coefficient at all. That is why the larger the load becomes, the
stronger the friction force grows. The reason the friction co-efficient
decreases a little at the contact part in the beginning is the moving of the
wear-powder. And it can be learned that as the wear progresses the load
has less effect on the friction co-efficient. In particular, the friction
coefficient was decreased in the S45C material, Bond material and TiO2
orderly. This shows that the effect on the improvement of the Tribo-feature
; the lowest-friction of the Ceramic-coating surface. These phenomena could

be learned in the lubrication environment more clearly.

4. In accordance with the result of observation of the process of friction
in the air from time to time, the wear amount in the beginning markedly
increased. On the other hand, as the time passed by, the wear amount

decreased at first, and then maintained constant.
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Fig. 1 Contact types of specimens in friction test
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Friction

Load
force
Load Cell_1 Load Cell_2
A/D Conversion
Personal Computer
computation of friction coefficient
sliding distance
friction force
Moniter Printer

Fig. 2 Flowdiagram of friction test machine
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Table 1. Principal part of wear testing machine

NAME MODEL MANUFACTURER NOTE
LOAD CELL LCW-500KGF NTS Cap. 5KN 2Ea
A/D. D/A
PCL-812PG ADVANTCH CO. 12-bit
CONVERTER
PERSONAL
80486 DAEWQOO 66MHz
COMPUTER
SHIN MYOUNG
ELECTRIC 62rpm
GMO0200 ELECTRIC MFG
MOTOR GEER RATIO:1/30
LTD
PRINTER LASERART SSANGYONG
STRAIN
DPM-61ZA KYOWA *5V

AMPLIFIRE
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1. Pressure handle 2. Load cell

4, Load cell 5. Torque arm
7. Pressure rod 8. Pressure ring
10. Stator 11. Rotor

13. Belt pulley 14. Motor

16. A/ converter 17. Computer

—y it
|8
tL‘/g

)/
e

3. Spring

6. Torque arm holder
9. Thrust bearing

12. Table

15. Strain amplifire

18. Printer

Fig. 3 Block diagram of friction testing machine
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{a) control part

(b) hvdraulic system part

Fig. 4 Photograph of friction testing machine
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|

Static And Variable

Prameter Definition

!

A/D Converter Initialization

!

Do (While Not Interrupt)

]
A/D Conversion

!

}
Force_1=ch(1)
Force_2=ch(2)

]

u¢ =Force_1*R/(Force_2+r)

L

Sliding Distance=2* x *r*rpm#*exp_time

1
Data Save
¥

x=Sliding Distance
y1=Force_1
y2=Force_2
y3=p

Fig. 6 Flow chart of control system
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Table 2. The chemical composition and mechanical properties of specimens

(a) Chemical composition (wt 23)

C Si Mn P Ni Cr Cu Fe
t
rotor 545 | 021 | 075 | 0026 | 002 | 013 | 001 | Bal
(S45C)
stator | 0.95 - | 0.15 - 05 095 0.95 1.3 - 0.95
160

(SUJ ID} 1.10 0.35

(b) Mechanical properties

vield tensile ; . , | specific |young” | specific
- |Elongation| poisson g .
strength | strength , . gravity |modulus| heat
8 (%) ratio ) )
oy (MPa)] 0. (MPa) g/cm GPa /kgK
rotor
675 760 12.1 - - - -
(S45C) °
stator
- 1568-1960 - 0.3 7.77 208 485
(suj ID
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Fig. 7 Dimension of specimen
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TO PLANT
AIR SUPPLY

b e

METCO AIR
CONTROL UNIT

METCO GAS
CONTROL
UNIT

\

FUEL GAS

/

—’/

OXYGEN

METCO
GAS
FLOW
METER
A AIR BLAST OR SPRAY
MASK CONNECTION
’7&-‘-'2 ThermoSpray
Gun
vy METCO

VIBRATOR

TRANSFORMER

METCO HEATING TORCH FOR
PRE-HEATING WORK AND FUSING COATINGS

Fig. 8 thermospray system
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Table 4. Spraying conditions.

Blasting Under-coating Top-coating
process
material composition W A Ni-4.5%Al TiO:
powder size(um) 15~53 45~90 10~53
Air pressure (atm) 3 - 37
Spraying distance (mm) 50~100 150 60~70
Oxy.gas pressure (atm) - 14 1

Ace.gas pressure {atm)




Table 5. Microhardness of specimens (Hv).

Substrate

S45C

SUjJ It

Bond coating

TiO= coating

. 260

788

261

Table 6. Chemical compositions of TiO» ceramic powder.(wt %)

TiO:

Fe2Os

AlLOs

SiO

MgO

CaO

Bal

0.4

0.2

0.12

0.05

0.03
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Fig. 9 Calibration of friction force

Table 7. Experimental conditions.

Normal load (N) 50, 100, 150, 200, 300.
Sliding speed (s) 0.183
Shiding distance (m) 1350
Test temperature(TC) 25
Environment in air, in lubricating,
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0
2 N
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s | 4
< J
0.2} .
1 n N , l .
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Load (kg)
(a) in air
| T . . l
BoA0sr 9 e - . R ® 4
- & - BOND v
W TiO2 |
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o
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A
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(b) in lubrication

Fig. 10 Relation between load and weight loss for S45C. BOND, TiO..(Sliding

distance 1350m. Sliding velosity © 0.183 m/s)
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