The Characteristics of Extreme Lubrication and Engine Dynamic

Movement of Lubricant Containing Copper Alloy Nano-powder
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ABSTRACT

The Characteristics of Extreme Lubrication and Engine Dynamic Movement of

Lubricant Containing Copper Alloy Nano-powder

Seung Woo Oh

Department of Mechanical Engineering, Graduate School
Korea Maritime University

Busan, Korea

(Supervised by Professor Jaehyun Jeong)

Lubricant is the material to reduce the friction between two contacting
surfaces, which occurs for a moving machinery. Recently the size of
machinery becomes reduced without losing performance in order to satisfy
the economic requirement. The friction load per area is extremely increased
when the performance is increased and the contact area decreased. The
traditional lubricant does not meet the severe condition. But, there are many
severe conditions, like high temperature , combustion, impact in engine. So,
the new development of the improved lubricant is required. The engine
lubrication has to satisfy not only the requirement of the high density of the
friction load but also the extreme conditions peculiar to the engine.

Many research works for improving a boundary lubrication performance
have been studied by using solid lubricants, and have been tried to apply

solid lubricants to an engine. However, those general lubricants like MoSs or
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PTFE have not been applied on engines due to the extreme conditions such
as very high temperature and pressure by combustion process in a cylinder.
Now, nano particles with lubricant additives is developing at many
country. Especially, nano particle's volume percentage is important as
economy and efficiency. The characteristic of a lubricant is important under
severe running condition. On diesel engines, the better lubrication
performance is required due to the extreme condition such as high
temperature and pressure by combustion process in a combustion chamber.

Recently, the solid lubricant containing a copper nickel alloy has been
introduced and studied.

In this thesis, the lubricant containing the alloy particles is applied on a
high speed rolling contact wear test machine and a diesel engine. That
particle is changed volume percentage. The lubricant is assessed by
mechanical characteristic test and by engine performance test. The results
by mechanical characteristic test show the decrease of the coefficient of
friction and oil temperature. The results by engine test show the decrease
of X-axis and Y-axis amplitude which strongly effect on engine vibration
and the decrease of torque related strongly to the engine efficiency as well
as the improvement of the engine lubrication performance.

[t is clear that the lubricant containing the copper nickel alloy
nano—-powder decreases friction and wear, and it is also expected the

increase of the sealing effect between a cylinder and piston rings.
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MN

A SAEH =W S 9 #A= Table 2.19 2t

Table 2.1 SAE Viscosity grade (SAE ]300, 1995. 12.)

Low temperature . ) ..
) o High temperatyre viscosities
SAE viscosities
] Pumping(cP) Kinematic )
viscosity| Cranking ) High shear (cP) at
(cP) | max with no (cSt) at 150C and 10%/
max n
grade ¢ ao 4 yield stress 100C a' °
temp C . ; min
at temp C min max
oW 3250 at—-30 | 60,000 at-40| 3.8 - -
5W 3500 at-25 | 60,000 at-35| 3.8 - -
10W 3500 at-20 | 60,000 at-30| 4.1 I -
15W 3500 at-15 | 60,000 at-25| 5.6 “ -
20W 4500 at-10 | 60,000 at-20| 5.6 = -
25W 6000 at-5 |60,000 at-15| 9.3 S -
20 - S 5.6 (9.3 2.6
<
30 - = 9.3 2.9
12.5
2.9(0W/40,5W/40,1
40 - - 12.5 ¢ (ow/ /
16.3 |OW/40)
¢ 13.7(15W/40,20W/40
40 - - 12.5
16.3 |,256W/40,40)
50 - - 16.3 ¢ 3.7
21.9
60 - - 21.9 | € 9.3 3.7
7129 HAg SAE A5 352 Table 2.2 3 #Zt}.
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-10T

-25T
40T
40C
40C

-20TC ~
5T
10T

-25T

-20C

-15T

-10T

Air temperature(TC)
-10T

Table 2.2 Air temperature & SAE standard
SAE

SAE 10W
SAE 20W
SAE 30W
SAE 40W
5W/20, 5W/30
10W/30, 10W/40
15W/40
20W/40, 20W/50

2.6 3L A f & Al (Solid lubricants)
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WS coating layers
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substrate
Fig. 2.1 Schematic of Fig. 2.2 Schematic of WS2 coating
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Fig .2.3 Schematics of substratum and coated WS» layer
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3CHE HuL% 650C7+A Graphite® o}t @& nlZAFS YJebe 234 ef ol A
= 1000C7HA] Ao Wd glo] AR & v Aoz g v =3 4
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=
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Fig. 2.4 Schematic diagram for the behavior of lubricant molecules

Fig. 25 Schematic diagram of the behavior of nano-particles for

lubrication
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150nm

Fig. 3.1 SEM/TEM micrographs of CuNi nano-powder
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3.2 utZ vl R A7

Fig. 32%& A& Al8% pin on disc wear test machine &% ¢ A Zo]n

Table 312 A=A °] Y¢S Bol Ev. AAdFA+= v 34 3 vpz 3323 1
°| ¥ e vhed AEs A

AFE-3Le] 2000rpm7FA]
1000N, 7t eAE 150C7HA 7hsste dstes sk
olf HEL R Ao nRINTE 2EMMAA SEANTE AP TR Pols
of ZAFE A Hedrr nHolA HHFH &L

[e]
P’
g hBstel F4 vhEW wE Aol ool FFHEE 1 Utk

Table 3.1 Specification of wear test machine

Specifications
Speed range of revolution (rpm) 0~2000
Load range (N) 0~1000
Heat range(TC) 0~150
Measurement Variables Friction force, Temperature

Oil injection
valve

o)
[ Io

L1

00

L1 1]
Wear test machine

PC(data acquisition)

Qil pump

Fig. 3.2 Schematic diagram and photo of wear test machine
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Fig. 3.3 Test specimen
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Fig. 3.4 Photo of disc and pin
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AzxdowA, AHL 5

Table 3.2 4wr=hAl 9 U=

r:lo
et

dA S Hlastr] ¢
7FAl FFol tiste] a5 o, o] Base oil(H] T : 0.81)2} Base oiloll 714l
(1,10-Dichlorodecane 2.4ml + Amide 0.16g+ Ethylene Glycol 2ml + MgS0O4 0.01g)
£ 26ml, 50ml, 75ml FH7F§ 37bA Ao yix=Ewel H7MAl 50mlEs £
sampleZ 2% F At AALYHANAMY &&F Tv¢dEdL 25 HE HE9

WAt wiel WMEAor Agsidon, §d= Aldo] FFE= FEel e A
3t

9. vpRAd A4S FAYH] £EE 100rpm, 500rpm, 1000rpme] 37}A4]
Aol A stFS 7| & T (22N)dlv7F 1029 1+4 & 100N, 200N, 200N< =

Table 3.2 Test conditions

. Tempera
sample rpm & Load & time tare (T)
Base oil
100rpm 22N — +100N — +200N — +200N — -200N — -200N — -100N
" _ (% 7027
additive 25ml added
- 500rpm : 22N — +100N — +200N — +200N — -200N — -200N — -100N
additive 50ml added (& 7027
50
additive 75ml added 1000rpm : 22N — +100N — +200N — +200N — -200N — -200N — -100N
(% 7027
Nano powder + _
. 500rpm @ 172N (% 6002 7})
additive 50ml
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Table 3.3¢ Y= FU4EAS
F 2b49 T EE AFS A

Ak AAA AET FuA A

)

2717 Z242F 35nm, 20nmelvh. H7FAIRA o] M7 AlA vas ek 2ol WEAZ
™

o

O

1= % 130 A] 530N7FA 2 A A 5 9t}

’

o, &%= 80~14071A o]

Table 3.3 Test condition

Averaged )
Nano ) Revolution Volume Temp Test Load
) nanoparticle 5
material ) speed(rpm) | percent(%) | Range(TC) range(N)
dia(mm)
) 80, 90, 120,
CuNi+Ag 35 600 0.06 530
130, 140
0.0075
0.015
80, 90, 120,
CuNi+Ag 20 600 0.03 13~530
130, 140
0.06
0.12

_26_



33 2 4§ "HAV#

331 29 FA

it
N
1o,
2,
=
=
=
z
o
it
Jo
1o,
offf  fo
B
i
deb
r o
ol
on
N
do
o
on
2
N
g
Lo
it
2
N
N
of
a
M,
)

271 o)

T
]
>
>
ofo
ofr
o
£
ol
2
-4
ot
ol
ol
rir
oft
1>
lo,
112
jakci
tlo
N
o
ol
ol
2
)
re
>
jakci
=

>
>
ofo
it}

Fig. 3.5 Model of experiment engine

Table. 3.4 Specification of experimental engine

Specifications
Type Vertical 4stroke cycle
Number of cylinder 4
Number of valve 2
Piston displacement(cc) 2209
Compression ratio 21.0
Maximum power(ps) 45 at 2600 rpm
Maximum torque(kg - m) 13.8 at 2400 rpm
Built tear 1981
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TEZE SEA07)7 FRE ACHMRES} AgAoz AAFe T

il

=

=
O BEE A7 EIRS 4EF 5 UES ey Agsie] npay
glol TARAT. ZEe AAHNASE 1750rpmol ™ AAAHL 1200rpm 7

S
THE AT, 5 EE 9 7] EAYFE Table 359 2t

Table 3.5 Specification of test motor

Specifications
Model TEFC
Allowed voltages(V) 220~ 380
Allowed current(A) 25~44
Maximum power(kw) 10
Maximum rpm/(rpm) 1750
Frequency 60
Number of pole 4
Maker HYOSUNG Industrial co.
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2 A dxeTeds H2A49 713 WelA e AAAHQ adE votst)
Aste], ARFF IFERE, WF5, X-Y orbitd =9} dXEIAE Zh7zte] 4%
A= FA43 9. ANFF9 Aer=, 55 2 X-Y orbitdE+ AW F59
H =S WHAMA(Eddy current type displacement transducer)E £3dlo] =43 o
H oolgA FAHE NEE FEH7|(Amplifier)E AAH AAd A2 FHFH F AD
W37 E AA HAFE AZEHANT. ANEAS AF37] A&, A5 Fe =
EA(Load celD& AAstA o, medz dHd o= & UE AFE AFEH=
AgE o] 2x dHeolHA Y Jhesit. A e BY

(Inverter)®] &S Alojste] Ao, X9 IJdEE= BH AXE A=

hl
'
iin)
i)
2
%2
rr
rO
=
i}

] (Encoder)® 913 =] & %}

Fig. 36& 2% dlol82 4317 Aa 448 APIAES vehach,

Test Engine Terminal

g Load Cell
Inverter { ]:D:I:
|:—:| Encoder
oo
N = R
PC PC

Fig. 3.6 Experimental setup for assessment of engine lubricants
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ZIAY AEe AFe AT RE WEAA F= MM & SAHHEY. H7]
Mool d9E2es F2 UHPEEMV)E AESAT yuz BEE(V)E AMEST &
Eol Wy EE HAE 1,000mV/Volth waxw, dyjEERS BEEZom w3

$71 A 25HS Ay 980w o] ¥aAL 100002 el Aol F

==

9. AgdHe 5

o

H Az A2V, eAdzAmx B2 dgxn o 7|l

= mV/um, mV/mm/s, mV/g, mV/deg == A5 += AlAo] #HE mV/[3
At Aol AME F2 U HEZ HYA(Proximity probe)2t HZ=2] WA (Shaft
eddy current displacement transducer)®Z% EelA &= | HHZ HYAE Holg %

sh9-gel BAEM, WA A ] @ A

=
% ohe] MM Zhzkel delA 90° A== AAHY )

ax
o

2 =
A ow oge] S5 WA @A S MeA e 900 Leme] YES A )

ol Ae=HE F4 ¥5e 24 89, §%, 7S 52 Yot

H 9] (Displacement)® A F 3k g Ao A 2wz el =AW
ZgH s S8 AHEc, dukde AL Fe] 47 FJAagy -7 gAagel o
-

2, Mxs AFol/] Wi Wels va-vagew EAHd WlE 3543
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N
I

%5 (Velocity) = 8919 Akl tidt Wsigolth Welsh Fus o] 2495
o, Wz gdd Age] W aew fEE FResh AL4E 24 9A6lA
AARE) A7 e AR 10HZ600CPM)FE 60,000(1000H) 744 o] 5 5p4
el 7 AR E Foheks el £k AL HE T

7}4 = (Acceleration)E 1LF 3 G oA AuwjHor =AHIHAGY, 7tEEE V)

2
S

2e A axd  Aga= P wdsv, wAHE  Fus

ully

°]

a9

1,000Hz(60,000CPM) o] = Z#& wo] 7|AGHE B7tet7] s g9, A%
o FEsb 27 wEel, A% Z4o
23 Eo] gaAME W9, £%, S5 WAL B ge BAHOR W

@stel 7T & 9ok

Velocity=27 /1D
Acceleration=2%/Vand (28} *D
D=Displacement of peak (um), f=Frequency (cycle/sec),
V=Velocity (mm/sec)
A=Acceleration (mm/sec”)

2 AP AME BHS GdF WHAA0 GAPAIAE At&ston, A ALS
¥ GAPAAM = F5EE S dZ2HE ddFSo] 90°9 A3AE 7Hd & s A
A 8t A e

A A e Al Table 3.63% 2t}
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Table 3.6 Specification of test rig instruments
Instrument Specifications
Model VS-021
Maker ono sokki co.
Gap sensor | Measurement range(mm) 0.02 = 2.05
(eddy . )
Linearity 0.4%/F.S or below
current
type) Operating temperature(C) -10 7 +120
Output Voltage output
Output content Displacement, Amplitude
Model VT-120
Maker ono sokki co.
) Gap between the detector and
Measurement items i
material under measurement
Gap detector Response frequency DC to 10KHz
Displacement output 0~ 5V
Amplitude ouput 0~ 5V
Monitor digital display O = 100%
Azel o FAAGel T SAs AAT B Vop AN H9 o
AxgE 2= A (Load celD)® =A% AL Table 3.79% 2t}
Table 3.7 Specification of load cell
Specifications
Model JW U2SB
Maker JUNGWOO co.
Rated capacity 200kg;
Rated output 2mV/V£0.2%
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A4d 29283 2 2 F

X

411 vh2 54
1) 100rpm ¥

Figd1s mRAR7] 3dE5%7F 100rpm, =5 Al @A iAo dd&E=7t
!

T A vEE wgs vekdg 7159 45 s 22NY W vhEE 0.24N,

ofr

0.278m/s¥ W Base oil¥} sample 25~75ml, Y%A 50mlE HA73 499

122N¢ vl 1.65No = F7i&Eglen 322No] =S wf 2s5QhS 232N9 mpzed s
A S RAAIRE o] - A wpEo] WAHEHE WA AP HAETAYU 200N =34
stttk o] 522No = F7hEal thAl 322Ne® 7Had w7hx mpzE o] 200N
ZHetdon 122No = ZHAH s W 143N, 22N # 0.63No] ¥ T},

Sample 26ml #H7FAl ol &= sk o] 22NY uwf 0.19N, 122NY = 147N, 322N uj
411N, 522N uw] 625Nz £xx oz Fr7istdon oF 574 ubet
397N, 2.38N, 1.83Ne°o & 743 th. sample 50ml, 75ml, Y= 71e] 4§ 25
sample 2omlQl 74 $-¢F LI Wl ATFS HAY. HmIg) A7 P w2 e
S A3tk sample 50mlel ¢ sample 50mlol] V=& &4 50mlE 3 7FE
A5 vustA kol 7 v 22No A = sample 50miQl 7% 0.14N, Y= 3
7Fel A% 0.19N9] vz o2 sample 50ml H7Fe] A$7F i 2o HL-Hr
g e s yeda, stFe Sitel wet sample 50mle] 49+ 122N Y
o 1.31N, 322N¢¥ @ 437N, 522N uf 6.68N°o= F7tstA i, Y= 7te] 44+

1.21N, 3.26N, 6.79N°] %l o1 sample 50ml®] 7 -§- st o] 322N, 122N, 22No] 74
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sk uf 362N, 168N, 1.23No] 3, Y= 7Fe] 749+ 422N, 244N, 1.52No 2 1}

Sample 75ml®] 4%+ sts 9 T34 wek 0.13N, 243N, 2.87N, 4.15N, 1.88N,

0.75N, 0.08NoZ 7} £ $IEAS B

ool A FUEAL ST AHEW, base oil& 322N =% FHAA &S A

200 A M
( I ]
150
404
Z = —
K1 % Friction force
4 4 o 4 Temperate
L 100 Frictin force S 30 P
s Temperature =
k<] 8 204
[ =
. r L Y
0 I/%
T T T T T T T T 1 04
10 0 10 20 3 40 5 60 70 80 — T T T T T T T 1
Time(secolid) 10 0 10 20 3 40 50 60 70 80

Time(s)

(a) Base oil (b) Sample 25ml added

—— Friction force
"""" Temperature

Friction force(N)
Friction force(N)

N e S B S

T T

T T T 1 T T T
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(c) Sample 50ml added (d) Sample 75ml added
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Friction force(N)
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(e) Nano powder 50ml & sample 50ml added

Fig. 4.1 Friction force variation at 100rpm
2) 500rpm ¥

Fig. 42% wt#@ut2A g 7] 3 A EE7F 500rpm, 5 Al @A doiAe Ad&=7)
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(e) Nano powder 50ml & sample 50ml added

Fig. 4.2 Friction force variation at 500rpm

3) 1000rpm ¥

Fig. 432 n#Evl2 A g7 s ALEE7F 1000rpm, = AT A A &=
73
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Fig. 4.15 Engine Torque with Transient condition
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(¢) Vibration comparison at 600rpm
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Fig. 4.17 Comparison of vibrations with additive’s volume percent
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The axial vibration at 50rpm (additive 0.0075vol%)
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Fig. 4.19 Vibration response of shaft with nano—-powder of 0.0075vol%
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The axial vibration at 100rpm (additive 0.015v01%)
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Fig. 4.20 Vibration response of shaft with nano—powder of 0.015vo0l%
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The axial vibration at 100rpm (additive 0.03vol%)
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Fig. 4.21 Vibration response of shaft with nano—powder of 0.03vol®
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The axial vibration at 100rpm (additive 0.06v0I%)

The axial vibration at 50rpm (additive 0.06vo1%)
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Fig. 4.22 Vibration response of shaft with nano—powder of 0.06vol®
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The axial vibration at 100rpm (additive 0.12vol%)
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Y axis amplitude(um)

Fig. 4.24 Measured X-Y amplitude with nano—metal alloy powder
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xyorbit at 50rpm (additive 0.015vol%)
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Fig. 4.26 Measured X-Y amplitude with nano—-powder of 0.015v0l%
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