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Study on Molecular Dynamics Simulation System

of Nano-Langmuir-Blodgett Film

Liu Fengyong Dai Zhendong
(Department of Mechanic Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016)

Abstract: The properties of the Nano-LB film (the ultra-thin film) are distinctly different from that of the macro thin film. The method of
molecular dynamics simulation plays a key role in studying both microstructure and macro properties of the ultra thin film. Computer simulations of
atomic process based on VC and OpenGL often provide a valuable method for interpreting experimental results, simulating micromotions of ultra-thin
film, analyzing characteristics of ultra-thin film and explaining new phenomena. The simulations suggest, however, that these changes in
microstructure have efffect on the friction properties of ultra-thin film. Also, the mode of energy dissipation in this system is examined.

Keywords: Ultra-thin Film Computer Simultion VC ++6.0 OpenGL
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Fretting Fatigue Characteristics of Titanium
Alloy at Elevated Temperature
Under Complex Loads
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Abstract: The effects of the various parameters on the fretting fatigue life and the fretting friction coefficient for a
contact pair of titanium alloy and stainless steel are experimentally studied at the room and elevated temperature. The
test results show that fretting fatigue life heavily declines at low tensile stresses, and its greatest decrease corresponds
to the contact pressure at which the dissipated friction work is the maximum. It changes with temperature nonlinear-
ly: it decreases first when the temperature is between 20 to 200°C, increases up to 300°C and then reduces to several
cycles between 400 to 500 C. The fretting fatigue life under complex loads monotonously decreases with the increase
of the high cycle load while the low cycle loads keep constant. The friction coefficient (FC) increases with the number
of cycles at the beginning, then reduces, and finally keeps a stable value. FC reduces greatly with the increase of the
temperature due to the formation of the lubricious oxide film. FC increases linearly with the amplitude when it is less
than the critical value and then keeps constant, the value of the coefficient can be regressed as f=2. 691 — 0. 409Ing,.
The coefficient increases from 0. 2 to 0. 8 with the increase of amplitudes from 5 to 45 micrometers.
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Great attention has been paid to fretting fa-
tigue in the past thirty years for its impact on the
life, reliability and integrity of structures or com-
ponents working under quasi-static contact condi-
tions, such as the blade-disk joints in aero-tur-
bines, cables in electrical engineering, spines, and
screw connectors. Several special meetings have
been held to fix the conditions for fretting to take
place or discuss the standardization of fretting fa-
tigue test methods and equipment''?’, Special at-
tention" has been paid to the prediction of fretting
fatigue, Even so the studies on fretting still lag far
behind the needs of industries.

The blade-disk joints, made up of titanium al-
loy and stainless steel, in aero-turbines, undergo
both high frequency (HF) loads caused by the
blade vibration and low frequency (LF) loads
aroused by the centrifugal, thermal and aerody-
namic forces at the elevated temperature up to
500C. To meet the demands of the design and re-
pair, a series of experimental investigations are
performed at Nanjing University of Aeronautics
and Astronautics to study the fretting fatigue be-
havior of titanium alloy and stainless steel under
complex loads and elevated temperatures.

The effects of tensile stresses, amplitudes,
temperatures and ratios of the HF load amplitude
to the LF one on the fretting fatigue life (FFL)
and fretting friction coefficient (FFC) are experi-
mentally studied on pads in contact with a flat
specimen (flat-to-flat contact). The purpose of the
experiments is to understand the basic relation-
ships among the parameters of mean tensile stress
and its amplitude, displacement amplitude, tem-

perature and the ratios of HF load to LF load.

1 Experimental Details

1.1 Materials and specimen

Two kinds of materials, titanium alloy (the
chemical compositions in weight are Al: 5.8 ~
7.0%, Mo: 2.8~3.8%, Zr: 0.8~2.0%, Si:
0.2~0.35%, and Ti the remaining element) and
11.5%, Mo: 1.2%, Mn:

stainless steel (Cr:

0.58%, C: 0.14%, W: 0.85%, Ni: 2.1%, Si:
0.6%, V: 0.25%, and Fe the remaining element,
are used in this study as the fretting fatigue speci-
men and the contact pads respectively. And the
fretting fatigue specimen is heated 2 hours at
950°C, air cooled and heated 6 hours at 650°C, and
air cooled again. Its mechanical properties are
shown in Table. The specimen and the pads for
testing at the room temperature and elevated tem-
perature are shown in Fig. 1a and b respectively,
where the specimen used at elevated temperature

(Fig. 1b) is longer in order to fix it outside of the

oven.
Table Mechanical properties of titanium alloy
Break Tensile Young's
Temperature
Strength Strength Modules
() oy (MPa) ao.2(MPa) E(GPa)
20 1075 980 120
200 920 720 105
300 860 650 100
400 840 630 95
500 810 615 90
200
—24() R20 WLS
,_j( o L —
e sese een -~ . TR .- —ave seee e 20
RS i \_.___,_L
a) Specimen used at room temperature
400 10
R=20 Tl j:*
—~ L T
L. T S PP W U PRTRLY 30
300 in Oven ™ ™S

b) Specimen used at elevated temperature

!ﬂ() »_T

20
e —
c¢) Pads
Fig. 1 Specimen and pads used at room

and elevated temperature

1.2 Apparatus and test conditions
Fig. 2 is the schematic illustration of the fret-
ting fatigue test apparatus at the room tempera-
ture. The details of the device used at the elevated

temperature are described in reference [4]. Both
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experiments are carried out on a PW - 10 Material
Test Machine (made in Hongsan, China) with
high cycle loads (85 to 120 Hz) supplied by an
electric-magnetic exciter 10 and low cycle loads
(0.1Hz) given by screw driver 11 of the loading

system. The complex loads are formed under the

control of a Z80 single-chip microcomputer.

1 CB/]]

1 Specimen, 2 Pads, 3 Elastic circle, 4 Screws.
5 Balls, 6~9 Strain gauges. 10 Electic - magenatic

exciter, 11 Screw driver

Fig. 2 A schematic illustration of fretting fatigue

test at room temperature

The tensile stresses of the specimen 1 and con-
tact stresses between the pads 2 and specimen 1 are
determined based on the working conditions and
the parameters of the blade-disk joint. The mean
tensile stress is 300 MPa and its amplitudes are
300, 250, 200, 150 and 100 Mpa. The contact
stresses are 0,50,100,200 and 300 MPa, and the
normal force is detected by strain gauges and could
be adjusted by a pair of screws 4. The relative am-
plitude between specimen and pads is detected by a
bow-shaped strain gauge 9. And the friction force
is measured by a pair of strain gauges 6 and 8,
which are located in and out of the pads (Fig. 1c).
The fretting friction coefficient is defined as the ra-
tio of friction forces to contact forces. The ratios
of the alternaing stress amplitude of HF load to the
LF one, marked as Q =o,,/0,4, are 0.125, 0.2,
0. 25 and 0. 375, where o,, and o, are the alternat-
ing stresses for high frequency load and low fre-
quency load respectively (Fig. 3).

The elevated temperatures are determined on
the working condition (s) of the joints. They are
100,200,300,400 and 450°C.

HFP
= i N
g P \/ \/
Z |5 LFP
< |8 A
IWAN|
\/\
/s

Fig. 3 Spectrum of complex loads

2 Results and Discussions

2.1 Fretting friction coefficient (FFC)

It is found that the friction coefficient greatly
affects the stress distribution, friction work or en-
ergy dissipated through friction, initiation and
propagation of micro-cracks. Research!®™ reveals
that FFC is one of the most important factors in
the process of fretting wear and fretting fatigue,
and it is a function of loads, amplitudes, circum-
stances and materials.

2.1.1 The effects of contact stresses, amplitudes
and number of cycles

Fig. 4 shows the relationships of FFC to con-
tact pressures and amplitudes. It is found that the
friction coefficient increases with the increase of
the amplitude, and it increases with the number of
cycles at first from one thousand to ten thousands,
gets its largest value, then lowers down and keeps
stable. The change of FFC with the number of cy-
cles is the result of the facts that the pollutants,
such as absorbed materials and oxides, function as
lubricant at the beginning of the test. With the in-
crease of the number of the cycles, the pollutants
are worn out and the FFC increases. Then tribo-
catalyzed chemical reactions produce worn debris,
which separate the two contacted surfaces, reduces
the adhesion between specimen and pads and re-
sults in the decrease of FFC. The patterns of the
friction force also vary with the amplitudes (Fig.
5)..It is found that for large slide amplitudes the
friction force increases linearly with the displace-
ment first, than keeps a constant value, and de-

creases linearly in the reverse direction (Fig. 5a).
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But the friction force does not express the stage of p— j - _ 2.691—0. 409Inoy (2)
stable value for small amplitudes (Fig. 5b). The Al Al
results can be explained by the Vincent’s fretting
maps'®. For small amplitudes the specimen and L2} m]
the pads stick together, and it is supposed that e- 1.0F
lastic deformation takes place between the contact- 0.8k
ed bodies. But for the large amplitude, the speci-
men and the pads slip relatively and its friction “ B8 Clantasy pirssive
characteristics are similar to the normal friction 0.41 / ——a 215(())0“:4});3
and the friction coefficient keeps constant. 0916 / A 200MPa

® 300MPa
0.0 £

Contact pressure (MPa)/Amplitude (pum)

0.8 -{“—v——u— 100/45

0.6
0. 4 P w——=x 270720

0.2 r—u—u—-v— 100/5

0.0 1 1 S 1 ki
2 4 6 8 10

x 10*
Number of cycles

Fig. 4 The relationship of f to contact pressure,

amplitude and number of cycles

s

a) b)

Relative displacement

40 pm
18pm

I

1333N

1000N

a) b)

Friction force
a) large relative displacement

b) small relative displacement
Fig. 5 The relation of FFC to the relative displacement

The test results are summarized in Fig. 6. The
experiments suggest that the friction coefficient
follows the relation:

kAl + k,
f p—vl

constant

Al < Al
Al > Al

Here Al,is the critical value of displacement, and it

(@))

is about 20 micrometers for the test results. It is
reasonable to consider k,as 0. So the regression of
the stable friction coefficient (when Al™>Al,) with
the contact pressure is written as:
Ssable=2. 691 —0. 409lnay

So we have:

(&4

10 20 30 40 50
Amplitude/pum

Fig. 6 Test results of FFC

2.1.2 The effect of temperature

The effects of temperature on the friction co-
efficient are investigated at 20,200,350 and 500°C.
The contact pressure is 200 MPa, the ratio of HF
to LF loads amplitude Q is 0. 214, the peak-to-
peak value of HF load amplitude is 30 MPa, and
the value of LF load amplitude is from 70 to
210 MPa. The relationships of FFC to the number
of low cycle and temperature are shown in Fig. 7.
It is clear that FFC decreases with the increase of

temperature, and it is also suggest that with the

Temperature 'C
200
S00

¥ «20 o
0.3r x 350 4

0.0 L it L

x10*
Number of cycles

Fig. 7 The relation of friction coefficient to the number
of cycles at various temperatures

increases of the number of cycles at the beginning,

FFC increases, then it decreases and keeps con-

stant. Similar results are reported'’.

The oxides, such as TiO,, Cr,0; and FeO are
detected by XPS. The formation of protective ox-
ides results in the reduction of FFC.

2.2 Fretting fatigue life

2.2.1 The effects of contact and tensile stresses



