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DH-1 Objectives of
" the JASO Diesel Engine Oil Seminar

To Improve Quality of Diesel Engine Oil for:

>Environmental protection and global warming reduction
>less fuel expenses, maintenance cost, disposal oil

To Share Information of Japanese Activities
Timely on:

>Diesel Engine Oil Specifications,
>Engine Technologies,
>Bio-diesel Impact, etc.
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(DH-1 Memberships of DH-1 Promotion

Today’s Speakers are in blue.

Industry Name Company
OEMs Kenji Tomizawa Hino Motors
Makoto Okamoto Mitsubishi Fuso Truck & Bus
Tetsuji Ukal Nissan Diesel
Oil Suppliers Masaki Yamanaka Showa Shell Sekiyu

Noriyuki Naganuma

Japan Energy

Additive Suppliers

Jiro Magarifuchi

Chevron Japan

Kazuo Nishimura

Lubrizol Japan

Hitoshi Hamaguchi

Evonik Degussa Japan

Other

Koichi Yasuda

Japan Lubricating Oil
Society (JALOS)




Japanese Truck & Bus Exports to Asia

| 2004-2007

Malaysia, Indonesia and Vietnam.

Many trucks and buses are exported to Thailand,
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Quality Grade of Heavy Duty Diesel

Engine Olls In Indonesia

API CD and lower grade oils still make up

a large part of the market today.

< API CD Others API Cl-4 AP| CH-4
2% 5%

APl CG-4
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10% '\ 5%
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Source : SAE F&L Steering Committee for Asia 2006



Quality Grade of Heavy Duty Diesel
Engine QOils in Thailand

API CF-4, JASO DH-1 grade and higher grade oils make up
100% of the market.

JASO DH-1, Cl-4,5%
25%

CH-4,40%

CF-4,25%
CG-4, 5%

Source : SAE F&L Steering Committee for Asia 2006



Quality Grade of Heavy Duty Diesel
Engine Oils in Vietnam

API CD grade and lower grade oils still make up

a large part of the market today.

CH-4, 1% .
CB,17% \ /CF""Z/" CD, 30%

< /
S ‘=

CC, 50%

Source : SAE F&L Steering Committee for Asia 2006 10



]
Past Activities for Promoting JASO Diesel
Engine OIl Standards in Asia, Pacific

e Seminars (2005 — 2007)

- JASO DH-1 promotion seminars were held at 6 countries in Asia,
having more than 1,000 attendees.

e Survey (2007)

- Surveyed JASO DH-1 products from Asian market
- Investigated measures for the DH-1 popularization by questionnaire

e Results

36 DH-1 brands in 11 countries, including 9 brands on-filed.
JASO DH-1 has a potential market. (only 25%)

Products and its benefit are not recognized well.

JASO On-file system is not well known

11



JASO DH-1 Market Survey
JASO M355 - Number of DH-1 Bragd -

Emission Regulations
in 2008

[ Euro IV /V (S< 50ppm)

I Euro Il (S<350ppm)

[ ] Euroll (S<500ppm)
[ ] BelowEuro|

Number of DH-1
Brand

Results as of Dec. 2007
12



DH-1

JASO M355

JASO DH-1 Products Results as of Dec. 2007

Global Oil Company

Local Oil Company (ex Japan)

©
on-|8 5 &8 § 8 & 8 5 S © £
Marketer Brand SAE |API| . "|& @ = = 2 £ T £ T 5
file|] 2 N T § © £ © 9 = =
] = O < T — < c S =
< o - [= > 0 = <
4 - I o
BP-Castrol Tection HD 15W40 | Cl-4+ X X
BP-Castrol Tection J-MAX 15Ww40 | CH-4 X X
BP-Castrol Tection Global 15W40 Cl-4 X X
BP-Castrol RX 10W40 CF X X
BP-Castrol RX Diesel 20W50 | CF-4 X X
Caltex Delo 400 Multigrade 15W40 JCI-4+| X X X X X X X
Caltex DELO CXJ 15W40 CF X X X X
Caltex Delo Gold 15W40 | CH-4 X X
Hitachi Hitachi Construction Machinery - Genuine Oill 15W40 | CF-4 X X X X
Idemitsu APOLLOIL MULTI RUNNER DH-1 0W30,15W4d CF-4 X X X
Idemitsu Idemitsu Extreme Diesel DH-1 15W40 ? X X
Mobil Delvac 1 5W40 Cl-4+ X X X X
Mobil Delvac MX Extra 15W40 | Cl-4+ X X
Shell Rimula Super 15wW40 | CH-4 X X X X
Shell Rimula X 15W40 | CH-4 X X X X X X
BP-Castrol Vanellus C7 15wW40 Cl-4 X
BP-Castrol Tection Global ES 15W40 | Cl-4+ X
Fuchs Titan Ultra MC 1040 10w40 | Cl-4+ X
Valvoline Diesel extra long drain LD 15W40 | CI-4 X
Valvoline Premium Blue 15W40 Cl-4 X
BP-Castrol FEFE 15w40 | Cl-4 X
Komatsu Komatsu - Genuine Oil 15W40 | CF4 X X
Shang Xi Japan Energy| JOMO DIESEL ENGINE OIL CF-4 15W-40 | 15W40 | CF-4 X X
Shang Xi Japan Energy| JOMO DIESEL ENGINE OIL CF-4 15W-40H| 15W40 | CF-4 X X
Shell EFE;X 15W40 | CH-4 X
Caltex Delo Sports Synthetic Blend 15W40 | CI-4 X
Conoco Phillips Hydroclear Power D 15W-40 | Cl-4+ X
Hino Expert 21 20W50 | CH-4 X
Isuzu Besco Duramax 10W30 | CH-4 X X
Mobil Delvac 1640 ? X
PTT Dynamic XJ SAE 40 CF X
PTT Dynamic Synthetic 5W40 Cl-4 X
Shell Rimula R3X 15W40 | CH-4 X
Idemitsu ID.RACING DIESEL DH-1 15W40 CF X
Hino Hino Genuine Motor Oil 15W40 | CH-4 X X |_3
Pertamina Meditran SX 15W40 Cl-4 X
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DH-1 Performance Requirements for
Heavy-Duty Diesel Engines

Good

High Fuel Economy

Reliability

(Lower CO2)
Diesel Engines
High <
Durability

o
O (PM, NOx )

High
Performance

Lower
Emissions
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History of Exhaust Emissions Regulations
JASO M355 |n Japan, EU, USA

;3 EU Euro Il ‘WHOt EGR & a
= Hus ooled EGR |
< 6
2 T // Eurolll ;
2 4 Euro IV
X 3 i JASO DH-1 /
o ; EuroV
; X [JASO DH-2/DL-1
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
0.8
0.7 T
—_ 0.fJaPan
S 0.5:
Y = After Treatment |
® FEeu J[1Aso bH-1
= o2} ~~|JASO DH-2/DL-1
0.1 US
o—

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Fuel Sulfur content

Japan | ZUusein 500ppm 50ppm 10ppm
EU
UsS

2000ppm 500ppm S0ppm 10ppm

500ppm 15ppm
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momss EXNAUSt Gas Emissions Regulations in Asia
(Heavy-Duty Diesels)

Revised Dec. 2008

Year
Europe EurolV EuroV EuroVI
USA EPAO07 EPA10
JP09 (post NLT) (GVW>12t)
Japan JP05 (New Long Term) (3.5<GVW<=12t)
<l|Indonesia (EurolV)
7
<| Thailand (EurolV)
Vietham Euro II (Euro )
Color | Fuel S Level Cooled After Compatibility with JASO engine oil
EGR Treatment DH-1 DH-2
> 500 ppm No No O (Shorter Drain Interval) X
<500 ppm No No O X
< 500 ppm Yes/No No O X
< 500 ppm Yes* No O X
< 50 ppm Yes* Yes* X O
< 15 ppm Yes* Yes* X O

*:Estimated



st
(DH-1_ rade-Off Relationship

JASO M355

netween PM and NOX

MY ’

) .

Incomplete combustion /a | complete combustion
-

PM: Increase NOXx: Decrease

PM: Decrease NOx: Increase

@

Less O2 & Lower
Combustion Temperatures

Source : NEDO Home Page

> NOX
@

Higher Combustion
Temperatures
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JASO M355

PM g/kWh

~ Strategy of
Exhaust Emission Reduction in the EU
Incomplete mmmms)>  Engine Modifications
combustion - After-treatment systems

0.2 —
NOXx
\ EUROII

EUROII

0.1
Limit without complete
EUROV after-treatmen mbustion
NOx
0

0 1 2 3 4 9 6 I
NOx g/kWh
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JASO M355

Incomplete
combustion

Fuel Consumption

®
o
o

Trade-Off Relationship
between Fuel Consumption and NOXx

0 1 2 3 4 5 6 7
NOx g/kWh

- After-treatment systems

for NOx Reduction
NOXx

Limit without complete

EUROV EURC after-treatment combustion

*4-----*

20



DH-1

s== Relationship between Displacement and
Power of Diesel Engine in Japan

Downsizing for Fuel Economy

500
450 .
400
S 200 s
x &
o 250
3 200
o 150 ¢ 00-01year Model
100 = 06-08year Model
50
0 ] ]

0 5000 10000 15000 20000 25000 30000
Displacement(cc)

35000

21



DH-1

JASO M355

Technology Adopted for JP05 ¥ Truck

*New Long Term Exhaust Emission Regulation in Japan

(equiv. to Euro 1V)

Engine
Displacement

Combustion Technology

Aftertreatment Technology

Injection System

(Liter)

CR Other

VG
Turbocharger

Cooled
EGR

DPF

Urea SCR [ NSR

Hybrid

LD-Truck

2.95

2.98

2.98

3.00

3.00

4.01

4.01

4.01

4.73

2 |2 |2 |2 |<2|<2]|"

MD-Truck

4.90

5.19

6.40

< | <2 |

7.55

7.68

7.79

HD-Truck

8.87

< |2 |2 |2 |2 |2 ||| ||| |<|<|=<|=<

9.20

9.84

2|2 |2 |2 || ||| ||| ||| |||

12.74

e e

12.88

\/

12.91

< <]

2 |

13.07

\/

15.68

2 |2 |2 |2 |2 |2 |2 |<|<2]|<2]|"

< |2 |2 |2 || ||| ||| ||| ||| || |<|=<|=<

Source : JA

MA Material
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) .
Fuel Injection Pressure Trends

JASO M355

for PM Reduction in the Japanese Market

Injection Pressure (MPa)

'80 '85 '90 '95 '00 '05 '10
Year

23



JASO M355

For Example

Common Rail System

Rail pressure sensor distributor link pressure control

‘ "Common-Rail* valve
jetting = _.ﬂ
&
fi= <=
1
& filter o
Injectors
control Sensors
unit i j J 4 % %
[ engine phase pedal boost air cooling
L speed (NW) value pressure temp. water
(kW) temp.

prefilter

Source: Bosch Home page
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DH-1

s Merits of the Common Rail System (1)

for PM Reduction

Higher Pressure at lower Speed
than Inline Pump

o

S

=

"

0

o :

0 on rail

c

Ig

wd

3]

2, : .

= . Conventional inline pump
low == Engine speed — high

Source: HINO Home page
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Merits of the Common Rail System (2)
"™ for NOx Reduction / Regeneration of DPF

from Common Ralil

Solenoid
Valve

Command
Piston

Injection rate

TG

:."
\ .

Source: NSO Home page

Nozzle

e
5




The Newest Piezo Injector

msomsss - Eor Example

Piezo Actuator

Displacement
Expansion Unit

Nozzle

Source: Engine Technology magazine No0.42

7
| S8

Merit

* Quick response

« Accurate control of injection
quantity and timing

27



Cooled EGR for NOx Reduction

JASO M355

Acceleration signal —p-l ECU *— Engine speed

Egr Cooling water EG;R
Cooling water  <fmmm cooler P Valve

Portion of
exhaust gas

Intake
throttle
valve

ﬂ Intake air

" piston

Lower

G Combustion

Exhaust gas

- Connecting rod

Temperature by
Cooled EGR

Source: ISUZU Homepage
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CR-DPF (CRT'™) for PM Reduction

T (Continuously Regenerating Diesel Particulate Filter)

For Example

o idation Catalyst |~ M Filter (DPF)

NO — NO, C+NO, — CO, NO
HC — CO,, H,0

CO — CO,

SOF — CO,, H,0

Ceramic Filter

Source : NGK

29



- i
SCR System for NOx Reduction

( Selective Catalytic Reduction )
For Example

Urea
(HZN-CO-NH2 + H,0 ) —  2NH,; + CO,
‘ “ 4ANH; + 4NO + O, — 4N, + 6H,0
“\” 8NH, + 6NO, > 7N, +12H,0
m

Infrastructure for Urea SCR

SCR Catalyst
Urea Injection | /

Post Catalyst

Pre Catalyst

i :‘=
o :Harmless =

WI %

- Harmless

.|'n

N ‘u, [

Eﬂftz}cﬁj EElits: = msi

'I.l'.:..l.l.!.;' ]
rete et g

Harmless
E’ETI::

...'n"n"n'l.

I:mﬂ:h'dﬁ) E’Eﬂ: |
I e |

Source : Mitsubishi FUSO HP 30




DH-1

Technology for JPQ9 *

JASO M355 * :Post New Long Term Exhaust Emission Regulation in Japan
(equiv. to Euro V)

For Example

Higher Capacity
EGR cooler

Large Quantity EGR
& Accurate Control

Higher Injection Pressure

Higher Capacity
Radiator

Higher Capacity
Intercooler

Electric-controlled Turbo /

Accurate Control

(up to 200MPa)

Smaller DPF
Higher PM Trap Efficiency

| —>
&\jE Exhaust Gas

Accurate control of
Urea Injection Quantity

\ O
’ ' Smaller SCR

E Higher NOx Conversion Efficiency

Source : JAMA Material

Urea Tank
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i Composition of Engine Oils

w
JASO M355

Additives are formulated to ensure engine oil performance.
Engine oil works for engine protection.

E/ISCOSIty Modifier Corrosion Inhibitoa

Detergent

Anti-foam Agenz|

Additives

Oxidation Dispersant j
Inhibitor
Base Oil
Pour Point
|:O|I|ness Agent Depressant]

7 N—_
[Rust Inhibitor

Anti-wear Agent

33



Functions of Engine OIl

55555555

Cooling
Sealing

& Lubrication

- Reduce Friction
- Wear Protection

\ Cleaning
Source : RohMax

Anti-corrosion

O

34



" |l ubrication : 1

JASO M355

eFriction

can be reduced

when engine parts

slide on the oil film

. . *\Vear
Engine Oil can be prevented
) when engine parts
Engine Parts are separated by

the oil film

Lubricity 1s Important for Engine Protection

Source : RohMax

35



|_ubrication : 2

CCCCC
.....
.Iat m

(@)
D mn >

L%%%

y

/

/ c

P' ylinder

//®w
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" |l ubrication : 3

JASO M355

Friction Is a cause of wear

Hard metal shave the Friction causes the
surface of soft metal. following phenomena
Hard " 4
| . St , " 50
.“W 2 R 25 Frictional heat up
Soft Frictional loss up

= Fuel consumption

Source : Showa Shell 37




DH-1

JASO M355

_ubrication : 4

- To protect engine, supplying oil by pumping oil from oil pan
- Filtering and cooling oil before supplying oil to main oil gallery

Intake / exhaust

Valve system

Rocker shaft

Valve Train

Cam shaft

Rocker case

Piston, Crank
Supplying Qll

Main oil gallery —
v
Idle Idle
Main Oil cooler gear C gear D
0 bearing v 3
A 4 Idle gear
AB Full flow v
Turbo Connecting
i Suppl
Piston charge’ || rod bearing filter pu?r?py
v v v A
Water Air oll I v
pump compressor Connecting splay || Reliefl]l  Qil Bypass
rod bush plug valve filter
l pump
\4 l k l v v v
i Strainer
\ Oil pan -,




Lubrication : 5

JASO M355

Engine oil prevents wear of engine parts

Lubrication of engine

Valve train

Piston

{ VY p | VNS Decrease friction

¥ 3

2 > —¢
@ Bearing

Source : Showa Shell 39



Lubrication : 6

JASO M355

More Clearance by abrasive wear

B Higher Tapping Noise
B Possibility of Engine Damage

i

=

o Abrasiv_e Wear '

Source : SAE Paper : 2006-01-3439

Lo-w Wear &=

Poor Anti-Wear Performance
Abrasive wear due to Soot in used oil on adjusting screws

40




Cleaning : 1

55555555

- Detergensy
to keep hot parts
of engines clean
 Dispersancy
to keep cold parts
of engines clean

Thermal Stability
and Dispersancy
Source : Showa Shell ale ImDO rtant

41




0 Cleaning : 2

JASO M355

Engine oll keep Inside of engine clean
and makes engine operate stable.

carbon

/

Molecule of
detergent

Source : Showa Shell

Sludge

Detergent additives
accommodate sludge (soot) to Dispersant additives prevent sludge

oil, and remove from engine. (soot) from sticking together.
42



0 Cleaning : 3

JASO M355

v Oils with adequate detergency & dispersancy provide better fuel
economy than low quality oils.

v" The effect on fuel economy is dependant on operating conditions
such as load, speed, traffic road, engine revolution etc.

Test Conditions Source : Hino Motors

-Truck Weight : 25 tons, city driving conditions, 10W-30

Fuel Economy Rate

Soot Increasing

/

Viscosity Increasing

[ LowQualityoil |

___— Low Quality Oil Adequate Detergency
Dispersancy Oil

1.0

Soot

Relative Fuel
Consumption

Viscosity

Mileage

Effect on Fuel Economy of Higher Quality Oils
- An example of Japanese dispersancy field tests - 43




JASO M355

Cleaning : 4

Sludge & Deposit

Oil Consumption,

)| sticking Rings,

Scuffing

Possibility of
Engine Damage

‘ ( Piston, Piston Ring )

Poor Detergency, Dispersancy Performance

Much Sludge & Soot Deposit on Piston Ring Grooves

44




" Anti-corrosion : 1

JASO M355

Engine oil prevents corrosion
of engine parts from corrosive
material caused by oxidation

Prevent from corrosion

Metal

Source : Showa Shell 45



JASO M355

Off Lead (Pb)

Antl-corrosion : 2

ﬁ> Scuffing

il | o it e

Possibility of
Engine Damage

| ( Bush Metal, Connecting Rod ) \

Poor Anti-Corrosion Performance

Acids in Poor Oil are Corrosive to Metals.

46



Anti-corrosion : 3

JASO M355

E> Possibility of
Engine Damage

Scuffing

Deeply Corroded Bearlng

Source : SAE Paper : 2006-01-3439

Poor Anti-Corrosion Performance
Bearing Corrosion due to Oil Oxidation in used oil




a1 Operation Conditions and Durability = 1

JASO M355

High viscosity
(like as Honey)

i i i g 5{ i

Engine oil must keep suitable Performance & Viscosity
under wide temperature for long time. 48

Low viscosity
(like as Water)




JASO M355

Operation Conditions and Durability : 2

v Multi-grade oils provide better fuel economy than mono-grade oils.

v The effects vary according to operating conditions such as load,
speed, traffic road, engine revolution etc.

— 1.00
*Test Conditions 1
*- Truck Weight: 20 tons -
. . . q’ .
«- Mileage: 150k km/year on highways S g 0.9
o- Fuel Cost: JPY100/liter L o
o & 08
Source: > 3
SAE F&L Division, Steering Committee for Asia 'E; 2
— 0.7
o O
o
0.6
#30 10W30 15W40
Annual Fuel Cost (Million JPY): 4.60 4.28 4.41
Annual Effect (Million JPY): Base 0.32 0.19

Annual Effect (US$) : Base 3200 1900

US$1 = JPY100

Effect of Multi-grade Oils on Fuel Economy in the Japanese Market

49




a1 Operation Conditions and Durability = 3

JASO M355

v Multi-grade oils provide better fuel economy than mono-grade oils.

v The effects vary according to operating conditions such as load,
speed, traffic road, engine revolution etc.

120 Source : ldemitsu
100 18.3%
~ Annual Effect : US$ 5431
s 80 | US$1 = JPY100
2
E 60 |
(7))
S 40
Lf—,: - Truck Weight : 20 tons

20 * - 84% for highway driving
0  -16% for city driving

0 100 200 300 400
Mileage km

Effect of Multi-grade Oils on Fuel Economy in the Japanese Market

50




55555555

Engine oil works
for engine protection
for long time.

It needs many kind of performances.

We recommend suitable Performance &
Viscosity for engine oil.




Contents :

DH-1
JASO Diesel Oil Seminar 2009
Introduction

Engine & Oil Technologies
- Engine Technology
- Functions of Engine Oil & Examples
JASO Standards
- JASO DH-1/ DH-2 / DL-1
- JASO On-file System
Break 20’
Other Topics
- Biodiesel Fuel Impact on Diesel Engine and the Lubricant
- Japanese OEM Requirements for ATF
- Hydraulic Fluid Standards for Construction Machinery (JCMAS)
Summary
Discussion

52



DH-1

JASO M355

History of

Diesel Engine Oil Specifications

The diesel engine oil specifications have the history of 60 years or more.

Region |Application kS 1950s 1960s 1970s 1980s 1990s
USA AIIEIx[():I:;teI aprca | ATLCB AP1 CC API| API | API | API | API | API
2 Cycle API CD CE [CF-4(CG-4|CH-4| CI-4 | CJ4
Heavy-Duty CCMCD ACEAE
Europe ACEA
Light-Duty CCMC SHPD ACEAB A/B and C
JASO DH-1
Heavy-Duty JASO
Japan DH-2
Light-Duty JI:‘LS_,IO

53



DH-1

JASO M355

Automotive Diesel Engine Oil Standard
(JASO M355:2008)

JASO Application Fuel Sulfur Emission Regulations
DH-1 Trucks & Buses * ~ 500ppm ~ Japan NST, Euro l&lll
DH-2 Trucks & Buses <50ppm Japan NLT **, Euro IV&V **
DL-1 Passenger cars <50ppm Japan NLT **, Euro IV&V **

Recommendation should be depended on OEMs.

* Technically applicable to passenger cars
** Required after-treatment devices (DPF, de-NOx catalyst etc)

54



- _
e JASO DH-1

Performance Reguirements
- JASO M355:2008 -
Test Items Test Method Performance Criteria
Piston Deposit Control Nissan Diesel TD25 TGF £60.0%
JASO M 336-98 Ring Sticking: All Free
Test Soot Control Alg'?'ﬁﬂkgégé <0.2
Oxidation Stability igﬁ‘_;%’;‘;gé'/'[')';’gg = API CH-4
Hot Surface Deposit Control I-.IJ?:(ILUS'?SSTSSt 27.0 at 280°C
nitcaming | Fepmng Tendeney |8 12T 100
Laboratory Volatility Jpl_ggj‘l;_‘;om <18.0
Test i
Corrosiveness A S_ﬁ;’ggggz (I;ILTDclg-(I)--94 = API CH-4
Shear Stability * A ST“JB? - Stay in Grade
Seal Compatibility CEC-L-39-T-96 = ACEA E

* for multi-grade oils (No requirements for mono-grades)



. Engine Test - Piston Deposit Control
(JASO M336-98)

Test Engine  Nissan Diesel TD25
2.5L In-line 4 1DI

Test Condition 4,300rpm Full Load 200 hours

Pass Criteria TGF; 60.0% max
Piston ring sticking; Free

" Slight Carbon g

Fresh Plston g
o %

Source: JALOS
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1) Plston Detergency Performance

( JASO M336-98)
- JASO Precision Test Results -

DH-1 oil has much better Detergency Performance than CG-4 for Japanese
OEM Engine.

)
o\ 100
o) 90 |
> 80 |
: T Pass Criteria
= 70 | (60.0% max. )
() 50 -— Max.
c>> 40 | 1 mean
2 30 T
o 20 1
=y 10 L nin.
2 o
G;;g BorgErOLine USA DH-1

Oil (CG-4) Qil
REO : Reference Engine Oil (n=2) (n=68) 57



-
Engine Test — Valve Train Wear
(JASO M354-2005 )

Test Engine Mitsubishi Fuso 4D34T4
3.9L In-line 4 DI

Test Condition 3,200rpm Full Load 160 Hours

Pass Criteria  Average cam nose wear; 95.0 um max

Max cam nose wear; 210 um max
No Pitting

No Pitting Pitting

Source: JALOS 58



—1  Valve Train Wear Performance

(JASO M 354-2005)
- JASO Precision Test Results -

DH-1 oil has much better Valve Train Wear Performance than CG-4
for Japanese OEM Engine.

300

250 T

max.

mean

200

150

Pass Criteria

—
100 - " (95.0um max.)

90

0

Normalized Average
Cam Nose Wear (um)

Good Border Line Poor USA DH-1

REO REO REO Co_mmercial On filed
(n=7) (n=36) (n=4) Oil (CG-4) Qil

=2 —
REO : Reference Engine OiIl (n=2) (n=68) 59



-
Engine Test — Soot Control
(ASTM D5967 )

Test Engine Mack T-8A
12.0L DI
Test Condition 1,800rpm 258kW load 150 hours
Pass Criteria  Viscosity Increase(100-150hours); 0.2 mm?/s/h max

Viscosity Increase by Soot
(Olls after Engine Test)

[y

ﬁ CD class

JASO DH-1 N
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DH-1

JASO M355

Soot Dispersancy

(Mack T-8A Data)

Pass JASO
Criteria DH-1 APICD
KV100 Incr
00 Increase |, , ' ox.| 0.05 | 0.40
mm-</s/hr
, 50
N &--JASO DH-1, 10W-30 —&— APl CD, 15W-40
g 40
O
S 30
© 2
% A 0
R
>
0
0 20 40 60 80 100 120 140

Test Duration hr
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=D | aboratory Test — Hot Surface Deposit Control
(JP1 5S-55-99 )

Glass Test Tubes Test Method  Hot Tube Test
Therme: /L x Test Condition 280 °C, 16hours, 0.3ml/hr
% f\, Pass Criteria  Merit rating; 7.0 min
|

couple

|
Heat 'I
InsulatoN

Aluminum ||
Block— T 7

Heater —|__ |
:’F{ ) JASO DH-1 i

Sample ' Sample

Oll Oll

Air & —/

CD class
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DH-1

JASO M355

Hot Surface Deposit Control
(Hot Tube Test Results)

This method was adopted for the hot surface deposit
control such as a turbocharger.

The pass criteria based on test results of popular oils in the markets,
Japan and USA etc..

—
o

Pass Criteria :
7.0 min.

= O oo

NS

Hot Tube Test Rating
(280 C)

o

APICD(n=7)  JASODH (n=12)
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DH-1

= Chemical Limit — Base Number
(JIS K2501 or ASTM D4739)

Test Method Base Number

Pass Criteria JASO DH-1; 10.0 mgKOH/g min
JASO DH-2; 5.5 mgKOH/g min

JASO DH-1 oils are advantageous to API oils in view of anti-corrosion
performance. (Corrosive wear on cylinder liners, bearings, etc.)

DH-1 |
Cl-4 B

| |
CH-4 I .

i I Pass Criteria for DH-1
CG-4 ] 1 10.0 min.

| \I |
4 6 8 10 12 14

Base Number(ASTM D4739)
,mgKOH/g




DH-1

JASO M355

Automotive Diesel Engine Oil Standard
(JASO M355:2005)

JASO Application Fuel Sulfur Emission Regulations
DH-1 Trucks & Buses * ~ 500ppm ~ Japan NST, Euro l&lll
DH-2 Trucks & Buses <50ppm Japan NLT **, Euro IV&V **
DL-1 Passenger cars <50ppm Japan NLT **, Euro IV&V **

Recommendation should be depended on OEMs.

* Technically applicable to passenger cars
** Required after-treatment devices (DPF, de-NOx catalyst etc)
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—— Difference in Requirement
— JASO DH-2 vs. DL-1 -

After-treatment devices require low SAPS

[ Truck & Bus } [ Passenger Diesel Vehicle }

.

Need to avoid excessively
lowered Sulfated-Ash in keeping
appropriate TBN level

* Need fuel economy

« Higher oxidation stability

e Oil Drain Interval
* Anti-Corrosion Performance

l

DH-2 DL-1
Sulfated-Ash: 1.0+=0.1 % Sulfated-Ash: 0.6 % max
TBN: 5.5 min Fuel Economy : ACEA B1
Oxidation Stability : GF-3
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DH-1

JASO M355

JASO DH-2/DL-1 specification

JASO
DH-1
Nissan Diesel TD25 Y25, Y2, Y25 Detergency
Engine Mitsubishi Fuso 4D34T4 Yoy, Y2, [ Valve train wear / Soot handling
Tests MACK T-8/ 8E Y25, Y2, Y25 Soot handling / wear
SEQ.IIE / lIF Y25, Y2y, R * Oxidation / wear
MB M111 - - 2 Fuel Economy
SAE J300 - - XW-20,XW-30 Viscosity grade
CEC L-36 24 4] 2] Viscosity(HTHS)
Bench ASTM D892/D6082 Y23 Y25, 25 Foaming
Tests CEC L-39 Y] Y2, [ Oil/elastomer compatibility
CEC L-40 4] Y2, 2, Noack volatility
JP15S-55 Y] Y2, [ Hot surface deposit control
ASTM D5968 / D6594 Y25, Y2, Y25, Corrosion(HTCBT/CBT)
ASTM D874 - 1.0+0.1 0.6 max Sulfated ash, mass%
Chemical £§T|<|\/2|5DO41739 10.0 min 5.5_m|n ) Base number, mgKOH/g
Limits |[ASTM D2622 / D5185 - 0.5 max 0.5 max Sulfur, mass%
ASTM D5185 - 0.12 max | 0.10 max Phosphorus, mass%
ASTM D6443 - 150 max | 150 max Chlorine, ppm

* Severe passing criteria
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Composition of Engine Oils

JASO M355 Additives are formulated to ensure engine oil performance
Engine oil works for engine protection.

E/iscosity Improver Corrosion Inhibit j

Detergent

Antl Foam Age”;'
Additives ‘
Oxidation / ‘\

Inhibitor
Base Qil
|:Oiliness Agent
7 \ /
ERust Inhibitor

Dlspersant

Pour Point ]

Depressant

Anti Wear Agent

Additives which leaves Ash after combustion
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JASO M355

DPF Pressure Gap Increase

When sulfated ash contents were higher, the DPF
pressure gap increased gradually.

© 15 DPF Cells

o Wall Through Type
o Source: NGK

T)

S 10

Q ©

© p

(O] & Accumulated
o Sulfated Ash
E,'; on DPF Cells
7)) 4 a0 =

2 ! S-Ash =1.31% DPF Cross Section

0 i

200 400
Running Time hr

DPF Pressure Gap : DPF Pressure Gap between Inlet and Outlet by Exhaust Gas

Source

: JCAP Official Report PEC-2003JC-01 69



DH.1 Summary
for JASO DH-1, DH-2 & DL-1

JASO has 3 specifications for Diesel Engine Oils
*DH-1; for high sulfur fuel region
*DH-2; for low sulfur fuel (<50 ppm) region with DPF for trucks and buses
*DL-1; for low sulfur fuel (<50 ppm) region with DPF for passenger cars

e Development cost of JASO DEO are less expensive than
API/ACEA.

« JASO DEO specifications are the most suitable olils for
Japanese trucks, buses and light duty diesel vehicle &
passenger cars

 JAMA expects the current specifications live on for many
years... beyond 2010. '

JASO DH-1 is currently the most suitable engine ol
for Japanese diesel vehicles in your country.
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DH-1

~w= - \What 1s JASO On-file System?

e A quality management system for JASO engine
oll standards

e Operated by the “JASO Engine Oil Standards
Implementation Panel (JEOSIP)” composed by
the relevant industrial organizations with engine
olls in Japan.

 Economical system compared with EOLCS (US)
and EELQMS (EU) with reasonable effectiveness

* Aiming to protect end-users and lubricant
suppliers from fake oils




DH-1

JASO M355

Organizations Relative to the System

L EMA JAMA

(define needs)

JBIA

p
JASO Engine Oil Standards
Implementation Panel

.
*
RS
o

——————————————

.| Oil/ Additive
"t Suppliers |
(run testing)

——————————————

JSAE PAJ

(develop tests
and
classification)

[ -

————————

LEMA : Land Engine Manufacturers Association
JBIA : Japan Boating Industry Association

(system support)

*

— o e - —

JAMA : Japanese Automobile Manufacturers Association

JALOS

(Secretariat of

On-File System
and REO supply)

PAJ : Petroleum Association of Japan
JPI : Japanese Petroleum Institute
JAST : Japanese Society of Tribologists
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DH-1

JASO M355

QOutline of the On-File Process

“Submitters”
(Oil Marketer)
(OEM)
(Additive Co.)

5

[ Self-Certification ]

023 ABC 456

DH-1

Oil Code on the

Product Label

Application
* Phys/Chem Properties
* Engine/Bench Test Data JASO Engine Oil
* Product Information Standards
» Submitter’s Information Implementation
* Written Consent 7 Panel
On-File Notice O (Entrusted to JALOS)
(If no problem)
[ Market Monitoring ] = l
On-File JJ

S

Product List on
End Users

the Web
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DH-1

JASO M355

ltems to be Submitted

for the Filing System

Items

2T

4T

Diesel

Administrative

- Company Name - Contact Person
- Product Name - Viscosity Grade -Performance Grade

- Contact Address

Information - Oil Code - Letter of Consent
Engine Test - Lubricity -Detergency -TD25 - Mack T-8A/E or 11
Results - Smoke - Blocking -4D34T4 - Seq. llIF or G

Rig Test Results

- Wet Clutch Friction

- Corrosion Test
- Hot Tube Test

- Phys. Properties

- Phys. Properties

- Phys. Properties

E:lgsélgir;esm. - Elemental Analysis - Elemental Analysis |- Elemental Analysis

P - IR Chart - IR Chart - IR Chart
Initial Filing Fee JPY 40,000 JPY 40,000 JPY 40,000
Maintenance Fee NA NA JPY 30 x Sales Vol. (KL)
Marlfet . Yes Yes Yes
Monitoring
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JASO M355

Labeling & Oil Code

(Example)

Country Number Seller Code

N = f

Unit : mm

Control Number

Category Code 18

N
Centering

Helvetica
Regular
Condensed

023ABC456 )<

i

o

025

>

!
2 o PRODUCT MEETING JASO M 355

T ol ABC Oil Corporation

Cenfering

Oil Code Number

Performance
Classification

X Helvetica

Regular

AN Helvetica

T« COMPANY GUARANTEEING THIS PERFORMANCE:

Regular
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JASO M355

An Example of Logo Mark

ENGINE OIL
SUPER GlF=4

JASO M 355 B&&®
_ ADH-1EED R RIS
=EAESNSwy. (A EH
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JASO M355

JEOSIP Web Site (http://jalos.or.jp/)

Copyright(c) 1999-2008 Japan Lubricating Oil Society. All Rights Reserved.
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DH-1

JASO M355

JEOSIP Web Site

(Example)

JASO Engine Oil Standards Implementation Panel
[ Filed Diesel Engine Oil List ]

/

bl D1 1 1

Brand Name Submitter Name Oil Code Classification v'cs;f:j:y
} - - - \
<J Super Diesel HH ABC Oil Corporation D023ABC456 DH-1 15W40
[ S —]
2 | Super Diesel XT ABC Oil Corporation D023ABC457 DH-2 10W30
3 | Ultra Diesel Ol Ultra Lube Oil Co., Ltd. DIa}uNNINalaTak =VE 15\W40
L0

End-users can check if the products labeled with JASO symbol mark
are listed in the Engine Oil Lists published on the JEOSIP’s Website
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T JASO On-filed Oils by Year
(2000 to 2007)

JASO DH-2 / DL-1 oils for DPF compatibility going up since 2005 in Japan

250

NLT Regulation in Japan,
1DL1-05 Engine equipped DPF 4 /
p200 | T
E [1DH2-05 —
3 [ DH1-05 92
450 o] L b -
< mDH1-00 53
S . 8 10
=100 | ®
>
o
S
@5 [ a0 93| | 99| | 105 112 112
- 58
0 H_O_] 1 1 1 1 1 1 1

2000 2001 2002 2003 2004 | 2005 2006 2007
Year

Source : JALOS Annual Report



DH-1

JASO M355

Advantages of the On-File System

« Rather simple and economical system with
reasonable effectiveness

e Easy to understand for end users on the
selection of suitable diesel engine oll

* OIl marketers will be protected from
malignant suppliers through market
monitoring by the QM system
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DH-1

JASO M355

Expense of Engine Tests for Approval

ACEA & API are three times as expensive to run tests.

ACEA API
USD($) E7 E9 Cl-4 plus CJ4
Nissan Diesel TD25 45,000 #
Mitsubishi Fuso 4D34T4 | 49,000 #
OM501LA 131,000 # #
OM602A / OM646LA 52,000 # #
Cummins ISM 94,000 # # # #
Cummins ISB 74,000 #
MACK T-12 118,000 # # # #
MACK T-11 75,000 # # #
MACK T-8A 39,000 #
MACK T-8E 79,000 # #
Cat 1N 28,000 # #
Cat 1R 67,000 #
Cat C-13 163,000 #
RFWT 13,000 # #
EOAT Aeration Navistar 8,000 # #
SEQ IIE / NF NG 35,000 # # #
Total USD($) 474,000 470,000 517,000 608,000 -
% 282 278 308 362
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DH-1 Cost Comparison of QM Systems

JASO M355
Initial Registration Fee Annual Maintenance Fee
3,000
——JEOSIP
24
D500 |-rmeemmemn e EOLCS (APl Member) | R
= = EOLCS (non-APlI Member) ’

2,000

Uss$

1,500

1,000

500

JEOSIP EOLCS EOLCS 2,000 4,000 6,000 8,000

(API)  (non-API) Production Volume, KL



DH-1

JASO M355

On-File Continuation

 The on-file status is renewed annually.

e "On-file Continuation Fee":

— must be paid depending on the amount of
volume sold by each application submitter
(not by each product).

—is to be used for market monitoring, etc.
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DH-1

Market Monitoring

« “Market Monitoring Panel” conducts
market survey on:

— Physical & chemical property
measurements

— Bench & engine tests

* Oils not meeting DH-1 requirements /
registered data is to be requested for
improvement.
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JASO M355

Japanese OEM’s Recommendation
(Owner’s Manual Examples)
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- .
Japanese OEM's recommendation

JASO M355

(Owner's Manual Example)
Mitsubishi Fuso Heavy Duty Truck for Thailand

= 11] =10 2 111} = ]

8 C

[
1
5 (=01
I
5

SAE i

Automatic temperatures when engine is started

200733

Qils and fluids — check and
replacement

1 Engine oil

Performance, life, and startability of the engine
depend to a large degree on the engine oil. Always
use oil of the specified type and viscosity.

Recommended oil:
Engine oil

At the time of

Inspection intervals preoperational check

Replacement intervals | Every 16,000 km

*  The first engine oil replacement dunng the run-
in penod should be performed at the first 5,000
km_

ﬂpl‘:'ﬂﬂﬂiﬁ?#ﬁﬂlj CD, CDV/SF, CE, CE/SF, CF4 or « When the engine i1s used at high speeds and

LASO classification DH.1
SAE40, 30, 20W-20, 10W-30

high loads, replace the engine oill earlier than
normal.
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JASO M355

oi)  Japanese OEM's recommendation

—— (Owner's Manual Example)

Recommended Lubricants

For further details, refer to the recom-

Lubricant Wms : . Remarks
Extra Multi, Special Multi (genuine)
o i O: DH-1
Engine ol AP|: CF-4, CH4 ACEA: E3 or higher
(Sulfated ash: more than 1.0%)
NOTE:

e Use NISSAN DIESEL genuine engine oll or equiv-
alents. DH-1 Is the Specification established by
Japanese Automobile Standard Organization.

e APl CG-4 is not recommendable due to its high
dispersive quality.

e If the sulphur content in the fuel exceeds 0.05%
by weight, the oil change interval must be haived.

Nissan diesel
for Heavy Duty Truck

mended SAE viscosity chart.

|

Recommended SAE Viscosity
Number

Use oil having the proper viscosity beforehand which
meets temperatures you forecast for areas where you
are planning to drive.




DH-1

JASO M355

Japanese OEM's recommendation

(Owner's Manual Example)
Hino Motors for Heavy Duty Truck

v JASO DH-1 or DH-2 depending on the Emissions Regulations & the Fuel
Sulfur Content are recommended.

\ APl CD & CE Grades are deleted from the Owner’s Manual in the future.

PERIODIC LUBRICATION

* Periorm the following inspections at the indicated mileages and time periods for both new vehicle and after overhaul.

Capacities

Viscosities Temperature Range

of these oil grades.

Items Lubricants L {gal (US). gal (UK)} Grades Anticipated Before Next Oil Change
JASO: DH-1, DH-2*"
API:CD*?, CE**, CF, 40 22 4 14 32 50 €8 BE 104 °F
_ CH-4, CI-4, CJ-4*1 40 80 20 10 0 10 20 30 40 °C
Qil pan Approx. 28.0 {7.40, 6.16} ACEA:E-3, E-4, E-5, E-6*1 | | | | |
SAE 20W-50 >
*1:HINO recommends these oil [T T 1T 1T | |
Engine Engine oil to the EUROA4/EPAOT regula- SAE 15W—40, SAE 10W=30
tion countries, and use ultra- [ 1 | | |
low sulfur fuel only. SAE 30
*2:These oil grades do not com- [ 1 | I 1
Oil filter 6.0 {1.59, 1.32) ply with the latest exhaust SAE 40 '
‘ T emission (EURO4/EPADT | | | | |
etc.) regulations, and HINO
cannot recommend the use
DP1207012G
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Biodiesel 1s a Global Phenomena

JASO M355

f,;. MNorway
= Fish il

Asia
i = Jatropha
= Cooking il

.';United States B ,
i India Thailand Phillipines

» Tallow = Jatropha . = Palm » Coconut
* Cooking 2l ~,_.-. . ““Q

e
-

Maylaysia i gygy
1 = Palm -~ .“‘&i
* Mamaouna plant) i [ Indonesia

* Babsoo (Muth -y ﬂ:',n‘ = Palm

!pg.

Australia/New Zealand
= Sheep Marrow
= Tallow

3"“

-'-r‘l"“i‘"

America B ' 41‘..\-:!' 4
= latropha




.
(DH-1, -
= Trend of FAME-blended diesel fuel

FAME FAME
Country Contents : REINEWES
Max Major Source

Germany B7 Rape seed |B6.25 mandate in 2009, Severe oxidation stabilit
France @ | B7 | Rapeseed |B6.25 mandate in 2009, Severe oxidation stabilit
Other Europe B5 Rapeseed [

USAA | B5 |  Soy |B2mandate, Minesota plus other 3 states
Indonesia |Investigating| ~ Palm  [B1toB5 are sold at the limited service station
Thailand | B5 |  Palm  |B2 mandate, B5 is sold on the market

Vietnam Palm, Catfish |50K tons of B5 sales is planned in 2010

apan Any, Cooking oil|No actual sales
Jatropha

Tallow

Tallow

New Zealand
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How Much Biodiesel Do the HD OEMs Allow?

JASO M355

e Japanese OEMs allow up

to B5 Regulation of FAME Blended Fuel in Japan
— As far as it meets the
Japanese B5 regulation Sulfur 10 ppm max
45 min
— FAME blend stock is also
. . 0.01 mass% max
required to comply with 0.01 mass% max
B100 guideline spec.
 WWFC B100 Guidelines

Oxidation Stability (Acid) |0.12 mgKOH/qg as growt

* Total of Formic, Acetic and Propionic acid

(to be published soon)
— Oxidation stability is the most
important property
 Induction period of minimum
10 hours is required.

http://www.jama.or.jp/eco/wwfc/pdf/ WWFC_B100_ Guideline_June_2008.pdf
9
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ﬁ OEM Biodiesel Concerns and Unknowns

JASO M355

Emissions Systems

® Impact on after-treatment
devices and sensors

® Impact on NOx emissions

® Lower BTU
content/fuel economy

7

Fuel System

Injector deposits

Fuel filter plugging
Injection pump durability
Materials incompatibility
Fuel Instability

Low temperature handling

Mag reduce detergency
and anti-foam properties
of fuel additive

packages

o

Lubricant Performance S
Fuel dilution 8 .
Corrosion
Viscosity increase
Oxidation
Piston Deposits
Sludge Deposits
Wear



oH-1)  Crankcase Fuel Dilution With Biodiesel

JASO M355

Surface Tension

Properties of Biodiesel lead to higher fuel dilution

25.4

levels than mineral diesel

Diesel — Normal droplet size

Diesel RME Biodiesel

Specific Gravity

0.874

0.8

Diesel RME Biodiesel

Viscosity, cSt @ 100° C

3

2.4

Larger fuel spray
<:| droplet size

Biodiesel — Increased droplet size

2

11

Diesel RME Biodiesel
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-
Crankcase Fuel Dilution With Biodiesel

Higher and narrower boiling range of biodiesel makes it more
persistent once it enters the crankcase

Some OEMs have reported 15 to 20% fuel dilution at oil drain

Some OEMSs reduce drain intervals when biodiesel is used
400

350 A — N_arr_ow Boiling Range of
- Biodiesel
300

250
200 —*#— RME Biodiesel

150 Mineral
100

50
)

Temperature, ° C

10%0 50%0 90%0
Percent of Fuel Evaporated
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JASO M355

Example of engine failure

from the use of FAME
(B100, Used cooking oil ME)

Sludge & Deposit in
the Oil Pan Sump

Source: Japan Lubricating Oil Society (JALOS) 97



— 100
“

X
JASO M355 ] ] |.|: 60
Lubrication Aspects 2 4
Nissan Diesel TD25 20
Detergency Tests 0
JASO M336-98 .0
g3 -
S g -2
2 =
o .3
O @
N 4
Test Oil; JASO DH-2, 10W30 a
-5
No BDF = Test Oil 30
15% RME = 15% neat RME was
blended in the Test Oil 60

Metal Content

Source : Japan Auto Oil Program

No BDF 15% RME

EPb

No BDF 15% RME
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Lubrication Aspects — Pb Corrosion

s Cummins HTCBT Corrosion Test

ASTM D6594
2000
1500 JASO DH-1
HAPICD

Pb, ppm

1000 | /
0
1.5% RME 7.5% RME

(15% fuel dilution with B10) (15% fuel dilution with B50)

Source : Japan Auto Oil Program (JATOP)
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Db, Summary

JASO M355

Engine Builders and Fuel System Suppliers currently restrict the use of
biodiesel during warranty periods

Japanese OEMs allow up to B5

Biodiesel properties make it more likely to enter and stay in the
crankcase as fuel dilution

Oxidation of biodiesel in the crankcase oil leads to higher levels of
deposits and lead corrosion

Use of biodiesel can lead to lubrication issues

— High and persistent fuel dilution
— Oil oxidation and bearing corrosion
— Piston deposits