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ABSTRACT

A Study on the Effects of Lubricant Containing Copper—-Nickel Nano Metal

Powder on Lubrication and Engine Performance

Young Nam Kim

Department of Mechanical Engineering, Graduate School
Korea Maritime University

Busan, Korea

(Supervised by Professor Kweonha Park)

The characteristic of a lubricant 1s important under severe running
condition.

Especially 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.

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 MoS»

or PTFE have not been applied on engines due to the extreme conditions
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such as very high temperature and pressure by combustion process in a
cylinder.

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

In this report the lubricant containing the metal alloy particles is applied
on wear test machines and diesel engines. 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.

In the engine performance test, the results were manifested as
shown the increase of maximum torque, and the decrease of
cylinder pressure, exhaust gas temperature, scavenging air
temperature, CO emission according to running time lapse at various
speed and torque on a diesel engine.

It is clear that the Ilubricant containing the copper nickel alloy
nano-powder decreases friction and wear, increases the sealing effect
between a cylinder and piston rings and also improves engine

performances.
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Table 2.2 Afresh property of matter change observed in nano powders
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SvjEy S
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Table 2.3 Variation of material characteristics according to

nano-—particlization

I

i
o,
[

- AN EES 7Y
A7A 44

of\

ks

- A7) Agel

- QAN A wAE 2t
R ERE
- QA ClRA A nAE gaE A 24 AB

7IAH ER

o
o
)
X,
X,




olo
o)
=
i

/AR Fo

)

(o]

7}, A7)

s, 3/

G

N

&4 Al
A A

g
9]

==
o

14 e

o

o, ge A sl

Aol Y 27| 3ho] e

o]
H

o]
.

N

o
o)
Hlo
O
oo
)

ot
~

=
wK
7o

A

oH

O
ol

ol

=

=

g o
Ao A

T
E

gt A =
I1EE

A

At A7kl webq S & okt
A, A Sl A AAE 2715 -

17}
Table 2.4 % Table 2.5 YEFU AT}

R,

)
i

Ton

JJo
—_

oo

oo

Q%

H

5 o]

-
R

ool A

, A

4ol

oF 27}

fLN

=]

B

= A7)e 3 RIA

T
LN

Aol 574 o]

=
=

o]
=1

o)
i

A A =R

g]

==
o

1] A ]

of X ol

-

R

g 87 kol A

+

B

i

FHoto] 71A

5}

Al A R $F

1T} Table 240 Yeld nvle} o]

AR

[e}

Y

w7 2]

ANe]
o=

w7l

il
=0
il
H

i

EREEEEE R

3|

S
=

=

o)

S
Y
)
A
Gl

=
o

ol

5]

==
=

A 7 719el 7]
Boprh 7

a

RELA

e

tof

[¢]

S AA "ol A

1

=
=

)=
—J—L—L_

Aere

}oh.
Bl A 2o Ay w

G

s



Table 2.5014 ¢} zo] ¥ 2}o]

A718) F

- ©
— -

ol

e

[e}

al

]

Ex
#9)

|

of
oNA L2 7}A]

A ARRE 2 2947 Wojd Ao

I
RIEL

A

HA a7t

)

=

ol #Hojuha, A

off A2t

N
_5.0

o

}

o

SisNy=

B 1l o]}

)
el

F71 o

]

A

Fol v

Zolm o]o nlds

e

=
[¢]

e
7
B

H

)

Mo

il

a7F g 19

sk o
= =

3 o] of

A )

= 312 .0
s IAS

gkt



Table 2.4 Applied field of metal nano powder
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Table 2.5 Applied field of ceramics nano powder
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Fig. 3.1 Schematic of full-film lubrication

Fig. 3.2 Schematic of boundary lubrication

Fig. 3.3 Schematic of extreme lubrication
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3.2.3 AR F9

Table 3.1 SAE viscosity grade(SAE ]300, 1995.12)

Low temperature viscosities High temperature viscosities
SAE ) Pumping (cP) . .

. . Cranking . Kinematic . 5
viscosity max with no .| High shear (cP) at 150C and
(cP) max at _ (cSt) at 100C 5 )
grade . yield stress at 10°/s min

temp C 5 :
temp T min max

0w 3250 at-30 60,000 at-40 3.8 - -

oW 3500 at-25 60,000 at-35 3.8 - -

10W 3500 at-20 60,000 at-30 4.1 - -

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 7 -

20 - - 5.6 L 2.6

30 - - 9.3 { W3S 2.9

40 - - 125 | < 163 2.9(0W/40,5W/40,10W/40)
40 - . 125 | < 16.3| 3.7(15W/40,20W/40,25W/40,40)
50 - = 163 | < 219 3.7

60 - N 21.9 4 3.7

Table 3.2 Air temperature & SAE standard

SAE Air temperature(C)
SAE 10W -20C ~ -10T
SAE 20W -10C ~ -25T
SAE 30W 5C ~
SAE 40W 10C ~
5W /20, 5W /30 -25TC ~ 40T
10W /30, 10W /40 -20C ~ 40T
15W /40 -15C ~ 40T
20W /40, 20W /50 -10C ~
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A= HAEAFFAA (viscosity index improve), %o 2T o &= g~
7b AL A AAsE o §1 He AS WASte e Akl (pour point
depressants), AF-& T AT wdkztgo o3 7|E7F TAEHE AL HA G}
= A2 ¥ A (anti-foam agents), &% ZTWHo| FAWS wtEo FU|7F S 9
) o] WAEE AL WA= WA Al (anti-rust additives), nFEEHo| ZF
435t vpEASFE FH = AvbA (friction modifier) % o] Lt

7| HE ol AFEEE HbAY HaE A shbES Table 3.3% Z T},

Table 3.3 Representative compounds in lubricants

Item

Representative compound

Dispersants / Detergents

Sulfonate, Phenate, Salicylate, Succine, Acid Ester

Succinimide,

Anti-oxidants

Zn-DTP, Bisphenol

Extreme oressure additive

Dialkyldithiophosphate, Tricrecylphosphate,

Chlorine Compounds,

Viscosity index improvers

Polymetacrylate, Olefine Polymerization, Styrengen
Polymerization, PIB, PMA, OCP

Pour point depressants

Polymetacrylate

Anti-foam agents

Silicon compounds

Anti-rust additives

Sulfonate, Ester

Friction modifier

MoS2, Graphite, Molybdenum Compounds, Ester,

Amine, Phosphate, Compounds
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3.3.3 1A & A (Solid lubricants)
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Fig. 3.4 Schematic of graphite

W32 coating layers

=

Substrate

Fig. 3.5 Schematic of WS2 coating layers on substrate
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Fig. 3.6 Schematics of substrate and coated WS» layer
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Fig. 3.7 SEM/TEM micrographs of CuNi nano-powder
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Fig. 3.9 Characterization of surface layer
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Fig. 3.10 Cored micro-structure by fast cooling in Cu-Ni nano powder
sound micro-structure in the surface layer :
No oxide layer and crystalline structure
B EELS analysis is effective in analyzing Cu alloy
system, especially in nano materials
B EELS quantification results revealed very high
spatial resolutions of 2nm wide
B The cored structures of Cu-Ni nano powders
were, for the first time, found in this study
B Strong evidence that powders had went through

non-equilibrium liq. — sol. solidification process



0] /\6]
i of

=

=

L=

o 0)

a

o
=

_]

A
o

4

o
R

b3}

A
v

U =279
[e]

?_ -

AT EEEL

SCA

T oo
il .
= £omE l
G ot m% wmc o5
Foe v 2R IS
= = W ‘WL o) role 2 = R
Jo M -3 o o R X [ S I W o T W
%o X - CINES W woot o o O o B T
< o Ho =y . oF o w ° _ = =
%aﬁoawigﬂiw? <7 © wwgag
ol ! N ) N ! ) —_
Eon o y oo Zow °x T B T °
a N oo = w B ol oy < T n WO N 2 u
= o o o .W uy °© " - BT No W M HAF o
=) op T g ° y B < ST oy B © ]
. ) ~ ]—I
(Y o ﬁ s o= g NG W m% m,w R @: T % Lﬂ o o7
A = ohg FET W = LS S e ¥
T gl o o Ar ok = i) iy Piu 7 .- i~ N HA].I M- o i W
qioligiigw@f%f
o @ B b oaes 4 = |8 C G z S = w© [ Bl
R # oﬁeﬂﬂeﬂﬂ N obclafig
JA e o g W & B S R = = ° N
w T o oo < & i T - ofp fy w o _L =
W % 5 T R = T bt oo o m.t 7 p
& — o w - gi_ ol -3 Al L, K2 T H
o A r— g S 2 oy o) T mﬁ
) o Y = wc G ~ I w?_ = @ M SRR - —
oy BB 5z B & A0 - o ) = o T °
of o 2 L T o) = o W=g AW = ol - T
I g X TE = N o i ey " ol - k3
M b T W ME = K ) o ) Mﬂ v - WT o ol 7o <
w&ﬂ?;}uewa%}a%@émﬁm,@ﬂﬁ
Sy Mo~ © of s x4 Moo T
ol S I T x B I o oD o st oy X
= ' T Wm bk 7 Moo = < = MV] T Mu. TR = o R
N = - mo X s ) X ) B i
e%hmmmmggowwiAmmyuﬂﬁmgﬂwﬂ
ﬂ ﬂa o I= o m T N = Mﬂ ﬂﬂ 1,_A._.0 J o “Haﬂ ,ﬁ r ﬂA_.O m Mﬂ a
b e A e Mo 2 o o BB N w5 = gy U
o :1_ = .ﬁ_v o %° OE - T w Mﬁ = U ‘Ul
o B
e & Mm o M- T T o HUII fuy X0 =
4 W ™ T JOW o )
5 I i T @ X <k
M —
HoNp

- 67 —



bl B4E el

°©

R

7t 9l

J

A
=

Aoz W7k =

=

0]

~
ME o
X N ﬂ.o
m
oo
M B
JJJ = %
o G
W
= o
T
oy of
mb o N
o <
S o
- T
wooe HT
w5 W
<~ 287
i ]
R m.n
(S
T o
W g T
k3
S mm 3
ul] o} ©
T Y oT B
o ™ o ol
= GG
T
N Ak

;00
-
OO

=
[y

of M o
w
e

bl ok,

[¢]

g/]

=
R

5]

[¢]

A



19 74

{3

ZO
R
W

]

4.1.1

o
= 4

3

o E
a5

.1:7].

z
Fig. 413 #ow

bol vt

)

speed rolling contact wear test machine)S ©] &

al

o
T

w2 vhm 8 d 78] AL

A4r

o
TR

Table 4.1%}

o
.

Ao

pr:l

=

57 9 v

AT,

T892 AC A ¥ EE (surbo motor)oll A 24

Fi=3

o
= A

Cl

ARAI 7] =

1=}
-

SN

N
=

Aok AR

g/]

Aok oAz ol ARHRew, 4

]

}\]E

KR
T

Fig. 4.2%} Fig. 4.3

.

< AE

H

Al Z

)

A

o

)?3]—

=

o)}
2R

=
T

gepApel vhE s 2o ol

ki3

H A A o

—(:5_}__

71 A

A3kl o

SK3o 2 A

-
R

SM45C= A3 A



Table 4.1 Specification of high speed rolling contact wear test machine

Specifications

Speed range of revolution (rpm) 60~ 7,000

Rolling speed (m/s) 0.65~58

Load range (kN) 0.25~15

Roller diameter (mm) 150

Slip rates 0~100%

Measurement v RN Wear coefficient, Friction.forc.e,
Temperature, Number of vibration




Fig. 4.1 Model of high speed rolling contact wear test machine
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Fig. 4.2 Detail view of specimen

Fig. 4.3 Photography of specimen
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Fig. 4.5 Friction force variation after 20 hr
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Fig. 4.6 Friction force variation versus running time
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Fig. 4.16 Photography of specimen just after added (without ADD)

S

Fig. 4.17 Photography of specimen just after added (with ADD)

/3

Fig. 4.18 Photography of specimen after 20hr (without ADD)

Fig. 4.19 Photography of specimen after 20hr (with ADD)
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Fig. 4.20 Photography of smoked specimens
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Fig. 4.21 A process of Cu molecule separation on surface
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Fig. 4.22 Schematic diagram for the behavior of lubricant molecules

Fig. 423 Schematic diagram of the behavior of nano—particles forlubrication
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Table 4.2 Specification of pin on disc wear test machine

Specifications
Speed range of revolution (rpm) 0~2000
Load range (N) 22~1000
Heat range(TC) 0~150
Measurement variables Friction force, Temperature

Table 4.3 Test conditions
Averaged
. y Volume Temp Test load
Nano-material nanoparticle
) percent(%) range(oC) range(N)
dia(nm)
0.0075
) 0.015 80, 90, 120, 130,
CuNi+Ag 20 13 - 530
0.03 140
0.12




valve

Qil injection

load

1] O
oooo O
O3 ]
-
PC(data acquisition) O O
[ [
Ol pump Wear test machine

e~

e —

Fig. 4.24 Schematic diagram and photo

of wear test machine




ha 4.25|<'

8.9 |
12.6
I
|
AVAvAv4
®109

Fig. 4.25 Test specimen

Fig. 426 Photo of disc and pin



],

]

[e]

.

423

Al
=

Fig. 4.26% Fig. 4.27

4.2.2

N
Nlo
b
T

o} 2

3 vl A

7
b ol

=
[¢]

b5 ol
7o

v}

Rl

79.68N ©]

7] - (base oil) 9]

L.

2~
T

o}
=

‘oH

o]
T

3

)

OX]

i

O3 [e)
T+ S

o

=

o 0.015vol% 7}
=44

o
Ean

531.2N 7} A

WA

.

118.192N7} A

O
=

B

.

0)
aF A = of
464 8N 7FA], 0.12vol% ol A

-

S Y ERW A RE 0.12v01% o] A]

U8 A7 0.0075v01%
bl ok,

0.03vol% ol A
[e]

A

oy

F7

2 ¢ of

A} 2

B & o]

%7} 9}

}ol

G

_(')4

171

G

z A}
sh9l o v 130T o A

p—

H
o}

e
o)

X

~

o

~
o

¢

140°C 7+ A

w1 o

&t A 7] 7]

X1 [9)

T =
a =

3|

&
=t

—~
o

ol
M
o

il

N

=y
2

il
o
ﬁo

o)
e

ol 2 2 o]

% 7h 4 o

o w} ol
ERE

2 ¢ of

A} 2

Aol 7Sk w ol

- &
T

|

72 5o

H



—— base oil
——— CuNi 0.0075 vol% in oil(B)

6] —— CuNi 0.015 vol% in oil(B)
E —— CuNi 0.03 vol% in oil(B)
5. CuNi 0.12 vol% in oil(B)
4 4
3 4
= 2]
8 ]
s "
5 o
B 4]
\C ]
0
L]
-4
-5 ]
-6 I . T . T r I r T . T . I .
0 100 200 300 400 500 600
Time(second)
Fig. 4.27 Friction forces vs. running time
35
30 = 1326M B
e 3984N
g 4 51792
v EBE4HM <l
25 79.68N o
. 4 929N
= 1 106.24N
= ® 118192
S 20 4 * 1328N
S 1 ; vy 0
=
5 | a ?
Ll‘ij 4 o ¥
10 il i
. | N H x
5 v V ] t <
{ # ¢ : I M
u u
0 - T . 1 .

Volume percent(%)

Fig. 4.28 Friction forces vs. volume percent of nano-particles



60

Temperature experiment

58

56

= 54

52

50 4

friction force(

48 -

46

—m=— base oil

—=&— CuNi 0.023 vol% in oil(B)
CuNi 0.046 vol% in oil(B)

—w— CuNi 0.067 vol% in oil(B)
CuNi 0.12 vo!% in oil(B)

T T T T T
80 90 100 110 120 130 140

Temperature(C)

Fig. 4.29 Friction forces vs. lubrication temperature




jze]

wr
oy
okl

7b 0] 0.03vol% Rt} =

=]
=

oy
N_.o
,_._mo

jze]

il

koko ™ 0.03vol%

& = A

3k

Sl

==
=

2

714 E 130C oA T}

o

]

!

=744

H 3} 7} H;\%J\X]E'l', 0.12vol%7F =W =7}

=
L

g

0.03vol% 7} A

&t Al

%
140°C 7+ A

)

=
=
;._‘ﬂ

z

—_L

]_

-

7F& & 0.03vol% o] A o]

°]
ol

iz

ToF

jze]

il
=yl
okl

o

_ﬂo.o

o
o
Nfo

)
-
K

]
KR

o

=

O

M
Nlo
o}

=t

0

el
nze]

J)

—_—
o

N

el

o

oy
ol

T
o]

)
N+

=
)
~

oy

ze]

-

o
+=

AR A Hel 29

=
=

7}
<%= ZF717F 130°C ol

=
o

3

b

G

oj=7 =W 7]

=t

e

)

0

—_—

0

<

i

dr

—

0

ol
=0
q_mo

okl

gy
3

X
B

r

il

W
B8

!

ol
il

- 100 —

130C ¢+



il
=0
i
H

i

)
Iyl
~

]
M
%R
e

R

A
A
N

—

O
el
_X_l

o

N
No
el
T

ol

o] g2 a A

= AE

o)
=

o
-

LR

!
=)

I_)NO
B
o
o

i

;LH
of

B

ol

uj

71 &5 e

oF
)

o
jze]

].

oy

0

H

fuy
—_
o

o

.

Al 7] A

ol

oj

ze)
&
o)

—

0

o]
i

+
ol

—_—

o

w

o

oy

o

2ol

73 35 of

3}
=

[e)
=54 ol

ol = O
=2 2

il
H

!

folm

oy
B

=
"o

=

el

el
il
e

B
B

ill

- 101 —



A5 AAETEHA
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5.1.1 A3 AX

Table 513 .

Table. 5.1 Specification of experimental engine

Specifications
Type Vertical 4-stroke cycle
Number of cylinder 4
Number of valve 2
Displacement volume(cc) 2209
Compression ratio 21.0
Maximum power(PS) 45 at 2600 rpm
Maximum torque(kg-m) 13.8 at 2400 rpm
Built year 1981
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Fig. 5.1 Model of experiment engine
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Table 5.2 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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N

A

TE°] 1,000Hz(60,000CPM)e] = e ol 714 HeiE H7st7] A&

AgHEt A5 FEb ] BEe, AFS Sqelt AEE ZHo] $A

Velocity=2nfD

Acceleration=2nfV and (2xf)’D

D=Displacement of peak (um), f=Frequency (cycle/sec),
V=Velocity (mm/sec), A=Acceleration (mm/sec”)
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Zo] AXH 2= A(Load cell)Z =A™ AL Table 549 Ztf.

Table 5.3 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 ~ +120

Output

Voltage output

Output content

Displacement, Amplitude

Model

VT-120

Maker

Ono sokki co.

Measurement items

Gap between the detector and

material under measurement

Gap detector

Response frequency DC to 10KHz
Displacement output 0 ~ 5V
Amplitude ouput 0 ~ 5V

Monitor

Digital display 0 ~ 100%

Table 5.4 Specification of load cell

Specifications

Model JW U2SB

Maker JUNGWOO co.
Rated capacity 200kg¢
Rated output 2mV/V+0.2%
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Table 6.1 Specification

of the test engine

Type

Turbo diesel engine(D4AK-C)

Cooling method

W ater cooler

No. of cyl. & Arrangement

4-IN line

Valve mechanism

Overhead valve

Combustion chamber type

Direct injection

100mm x 105mm

Bore x Stroke
Total piston displacement 3,298cc
Compression ratio 16:1
80/2400(ps/rpm)

Rated output(KSR 1004)

Peak torque(KSR 1004)

25.5/1800(kg.m/rpm)

NO-load minimum speed

700~ 750 rpm

NO-load maximum speed

2640+20 rpm

Firing order

1-3-4-2

Injection timing

16°+1°B.T.D.C

Table 6.2 Specification of oil system

Oil pressure

Idle : 15 ~3kg/cm’
Rated speed : 1.5 ~ 3kg/cm®

Full flow filter type

Oil filter
Oil cooler W ater cooled shell & Tube type
Max. allowable oil temp. 115C
8.5 liter

Eng. oil capacity
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Table 6.3 Specification of cooling system

Coolant capacity

8.3 liter(Engine only)

Thermostat opening temp.

82T

Heat rejection to coolant

35,000kcal/h at rated output

Max. allowable coolant temp.

105C

Water pump

Centrifugal type

Drive method

V -belt drive

Table 6.4 Specification of intake and exhaust system

Maximum intake

air restriction

100 mmAq
762 mmAq

With clean filter element :
With dirty filter element :

Intake air flow rate

8.5m’/min at rated output

Maximum allowable back pressure

30mmHg

Exh. pipe size normally acceptable

50.8 mm
(Turbocharger outlet port)

Max. exh. gas temp.

at turbocharger outlet

425 C

Exh. gas flow rate

15.5m%/min

at rated output
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Table 6.5 Specification of fuel system

Fuel injection pump Bosch PES-4A
Max. suction head of feed pump 735 mmHg
Max. static head of leak pipe 1216mmHg
Fuel injection nozzle Multi-hole type
Governor RSV type
Fuel filter Paper element type

Table 6.6 Specification of turbocharger

Boost pressure 550 mmHg at 2000rpm, Full load
Air intake temp. 110C at 2000rpm, Full load
Turbine inlet pressure 500 mmHg at 2000rpm, Full load
Turbine inlet temp. 580C at 2000rpm, Full load
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Fig. 6.1 Photography of experiment set up of diesel engine
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Table 6.7 Specification of dynamometer

Specification

Items
Type Hydrodynamometer
Model P - 1.8 - LC non-reversible model
Max. braking horsepower 200 /3331 (PS/rpm)
Max. speed 6000 (rpm)
43 (kg * m)

Max. torque

Braking control

Manual control

Amount of feed water

Max. 3.6 m*/Hr

Feed water pressure

1.0 ~15 kg/cm®

Drain temperature

Max. 70,

Lubrication

Grease

Table 6.8 Specification of load meter

Load cell
Type LU-200KE
Capacity 200 kgf
Indicator
Load cell Type FLA-102RV
Measuring points 1
Indicate 0~60.0 Kg (ratio indicate)
Detector
Measuring range 50 ~ 20000 rpm
Plus/Rotation 60 P/R
Tachometer Indicator
Measuring range 0 ~ 19999 rpm
Type RM-200
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B oAgd A48 W77k B4 (testo 3500 O, COs CO, NO, NO,
SO.% 77 e gEAA FuEm:, NS AT £ AT FEG SHE
=43 5 9 dl S

Table 6.9 Specification of exhaust gas analyzer

Model Testo 350
Range © -40 to 1200C
Temperature | Accuracy : £0.5C(0 to 100C)
+0.5% of measured valve(from 1007TC)
o Range : 0 to 21 vol %
E Accuracy : 0.2 vol %
Range : 0 to 20000 ppm
co Accuracy : 20 ppm(to 400 ppm)
+5% of measured valve(to 2000ppm)
£10% of measured valve(to 20000ppm)
Range : 0 to 3000 ppm
NO Accuracy : 5 ppm(to 100 ppm)
+5% of measured valve(to 3000ppm)
+10% of measured valve(to 3000ppm)
Range : 0 to 500 ppm
NO Accuracy : *10 ppm(to 100 ppm)
2 +5% of measured valve(> 100ppm)
+10% of measured valve(to 3000ppm)
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dolg FHS AFAsE Eg Al(trigger)7F I, =3 dxre BE A~
o184 9 36039 THRE WAI
AP 2= 159 14 dHeolgE MEHS7 A o dzgE
AgE AT mea A A/DMBAAAE AN FEHE A¢L %
7ol A FEAFN L, dFZGeA U BHxe ZHAE wrol AlA 9
FEANETE BE2Y EYr Ao wep 2727 dEHE A2 R
B oA gA7E et AfolE surE delHE F4¥ & At
Table 6.100] 4 A =ZH e A%FS HoFa ).
Table 6.10 Specification of encorder
Type TRD - J360 - RZ
Pulse number / Rotation 360 / Rotation
Power sourse voltage 5 ~ 30 VDC
Maximum response frequency(kHz) 18 kHz
Output pulse A, B, Z Pulse
oggel AgE JxZ: AFEEH 5000HAA S @RE FEY
F ey, 24U A7l VKR, ICE FTHIA ALEse =g zE
(drift), =9°] Z(noise)s = A Az, A A Z&F3t7] wol LA
7| = AF§3t 7]l & o] sttt
= 71719 542 v 2o,
DO SEgF9347 =9.(DC~5KHz, £5%, DC~10KHz, £10%)
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Table 6.11 Experimental conditions

Engine speed(rpm)

700rpm 1000rpm 1200rpm 1400rpm 1600rpm

Running | Torque |Running | Torque |Running | Torque |[Running | Torque |Running | Torque
time(hr) | (kg - m) | time(hr) | (kg - m) | time(hr) | (kg * m) | time(hr) | (kg - m) | time(hr) | (kg + m)
20hr idle 20hr idle 20hr idle 20hr idle 20hr idle
40hr 20% 40hr 20% 40hr 20% 40hr 20% 40hr 20%
60hr 60% 60hr 60% 60hr 60% 60hr 60% 60hr 60%
80hr 80% 80hr 80% 80hr 80% 80hr 80% 80hr 80%
100hr Max 100hr Max 100hr Max 100hr Max 100hr Max
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Fig. 6.6 Time to time torque increment
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Fig. 6.16 Variations of BSFC versus run hours according to eng.

torque at 1400rpm
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Fig. 6.17 Variations of BSFC versus run hours according to eng.

torque at 1600rpm
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Fig. 6.18

Fig. 6.19
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Fig. 6.20

Fig. 6.21
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Fig. 6.22
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Variations of exhaust gas temperature versus run hours

according to eng. torque at 1600rpm
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Fig. 6.23

Fig. 6.24
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1200RPM
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Fig. 6.25 Variations of Scav. air temperature versus run hours

according to eng. torque at 1200rpm
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Fig. 6.26 Variations of Scav. air temperature versus run hours

according to eng. torque at 1400rpm
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1600RPM
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Fig. 6.27 Variations of Scav. air temperature versus run hours

according to eng. torque at 1600rpm
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Fig. 6.28 Variations of NOXx emission versus run hours according

to eng. torque at 700rpm
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Fig. 6.29 Variations of NOx emission versus run hours according

to eng. torque at 1000rpm
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Fig. 6.30 Variations of NOx emission versus run hours

to eng. torque at 1200rpm
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Fig. 6.31 Variations of NOXx emission versus run hours

to eng. torque at 1400rpm
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Fig. 6.32 Variations of NOXx emission versus run hours according

to eng. torque at 1600rpm
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Table 6.14 Comparisons of reducing effects of CO emission versus

run hours at various engines speed & torques

rom torque Y ) B ) c ; D ) Z )
700 26.7% 6.7% 19.8% 60.1% 74.6%
1000 27.8% 25.3% 51.5% 69.1% 83.2%
1200 36.1% 22.5% 50.3% 13.3% 67.2%
1400 22.9% 5.6% 55.3% 79.1% 65.2%
1600 14.0% 13.7% 48.9% 64.6% 69.8%
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Fig. 6.33 Variations of CO emission versus run hours according to

eng. torque at 700rpm
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Fig. 6.34 Variations of CO emission versus run hours according to

eng. torque at 1000rpm
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Fig. 6.35 Variations of CO emission versus run hours according to

eng. torque at 1200rpm
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Fig. 6.36 Variations of CO emission versus run hours according to

eng. torque at 1400rpm
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Fig. 6.37 Variations of CO emission versus run hours according to

eng. torque at 1600rpm
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Fig. 6.43

Fig. 6.44
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Fig. 6.45

Fig. 6.46
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Fig. 6.47

1600RPM

60
55
50
45
40
35
30
25
20

—m— Torque-3.9
—e—Torque-9.3
—4— Torque-14.8(
—w— Torque-20.3(

Torque-24.7(

Smoke(%)

15
10

o

Time(hr)

Variations of Smoke(%) wversus run hours according to

eng. torque at 1600rpm

- 188 —



6.2 9871 d HE&429

6.2.1 2dFA T4

Fig. 6482 719 Aedets Asto] ALgd Hd7|dS HolFm AXIA}
G2 Table 6.159 2tk 4347 dolv 6ddol &3 1500mH# o] <lxloltt

o

A 15 % 750rpmeol ™ FEH] 7 11.2015 ARk o] 9+
2

oft 1o
O
o L
N |
=2
o
>,
uei)
ol
ol
2
ul
()
o2
ol
i
Mo

ol
ol
ol
2
(o
2
o
b
o
i)
2
o
iy
NI
5
ol
ol
~N
o
i
o
fr
p )
o
2
o
it
jaii}
ol
ol
7
i

|\

Table 6.15 Test conditions for engine test

Items Values

vertical 4 stroke cycle
6

Type

Number of cylinder

Combustin system Direct injection

Continuous maximum output(PS) 1500
Maximum engine speed(rpm) 750
Bore(mm) 250
Stroke(mm) 320

11.2

Compression ratio

LO pump type Eng direct coupling gear pump

LO pump speed(rpm at E750rpm) 1154
LO calacity(m®/h) 235
Nov.of 1978

Built year
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Fig. 6.48 Photo of the test engine
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Table 6.16 Exhaust gas temperature with working time

rack . . Exhaust gas temperature(C)
Working time after
(max; . .
adding Additive
24mm) Cyl 1 Cyl 2 Cyl 3 Cyl 4 Cyl 5 Cyl 6 Aver
No Additive 385/365 | 385/405 | 415/380 | 380/365 | 365/385 | 395/385 | 384.2
2490mins(41:30) 391/371 | 411/411 | 411/401 | 411/371 | 371/401 | 411/401 | 396.8
21mm
6090mins(101:30) | 400/380 | 420/420 | 430/410 | 420/390 | 400/410 | 420/400 | 408.3
9170mins(152:50) | 414/379 | 429/419 | 439/419 | 439/379 | 409/409 | 439/399 | 414.4
No Additive 190/130 | 155/130 | 140/130 | 170/140 | 150/130 | 120/90 139.6
2490mins(41:30) 190/130 | 160/120 | 150/120 | 180/130 | 150/130 | 130/90 140.0
7mm
6090mins(101:30) | 180/150 | 150/140 | 185/140 | 170/150 | 150/130 | 130/90 147.1
9170mins(152:50) | 165/150 | 140/140 | 120/140 | 150/150 | 140/140 | 110/90 136.3
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Fig. 6.49 Exhaust gas temperature with working time
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Table 6.17 Pressure in cylinder with working Time

rack Pressure in Cylinder(bar)
Working time after
(maxi | ding Addit
24mm) adding Addive Cyll | Cyl2 | Cyl3 | Cyld| Cyl5 | Cyl6 Aver
No Additive 57/56 60/65 55/65 60/59 53/66 60/65 60.1
2490mins(41:30) 59/69 60/67 59/67 61/67 57/67 62/64 63.3
21lmm
6090mins(101:30) 65/72 66/74 65/70 67/73 63/72 69/74 69.2
9170mins(152:50) 65/74 69/73 65/70 68/73 65/72 69/74 69.8
No Additive 33/29 33/33 27/34 34/28 33/28 31/31 31.2
2490mins(41:30) 39/40 39/38 34/39 40/41 38/38 37/36 38.3
7mm
6090mins(101:30) 40/41 40/40 35/40 41/44 40/39 38/38 39.7
9170mins(152:50) 41/46 45/45 37/45 41/46 39/44 39/43 42.6
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Pressure in Cylinder(kg/cr)
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Fig. 6.50 Pressure in cylinder with working Time
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