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Development Concept

Concept

Boosting the *"Life Cycle
Value' for Customers

Beautiful Harmony with
Global Environment
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Policy

g
Reduce GHG

Optimized SCR for Engine
Noise & Vibration Technology

Flexible Fuel Strategy

e Improvement of Engine
nces

Improvement of reliability
Reduce Maintenance Cost
Making to High power
Down sizing

Approach to the
ent Regulation

to the Ultra Low Fuel
tion

Cycle efficiency Improvement
Variable Technology
Electronic Fuel Injection
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Research and Development Organization

Development
Manufacture
: Sales
i Z Service
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R&D Center
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Environmental Regulation Trend
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Technologies to Reduce Fuel Consumption

2-Stage Turbo Charging

V YANMAR
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Miller Cycle : Early Suction Valve Close

. Suc.

. Adiabatic
Sucking in Early Suc. Expansion
Fresh Air Valve Close l
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Decrease of Cylinder Air Temperature just before Combustion

~ =
Nox Reduction




The Great Effect of the Strong Miller Cycle

Tier2

IMO NOx

IMO_Tier2 Spec.
/

Drastically Improved FOC

Strong Miller

SCR

— Small Size
Less Urea Consumption
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The Relationship between Miller timing and Required Compression Ratio

T/C Compression Ratio

S~

Stronger Miller timing requires higher
compression to suck in enough suction air.

Earlier Suc. Close
(Stronger Miller)

Miller Timing (Suction Close Timing)
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Turbo Charging System Layout

Single Stage
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Test Result (F.O.C — NOx 75%l _oad)
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Performance in Acceleration
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2 Stage Turbocharging System to Reduce FOC
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Technologies to Reduce Fuel Consumption

Electronic Unit Pump System

V YANMAR

© YANMAR Co., Ltd.



Electronic Unit Pump System

Minor Modification from Conventional Engine
Minimum Electronic Device, Easy_lMaintenance

: | I High Pressure Pipe
Injector I\ J-

Same Structure

Same Structure

| Solenoid |

)

Injection
Duration
Timing

Controller

Injection Pump | —

w/o Plunger Lead
Spill Port
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Main electronic control parts

Solenoid valve Speed sensor

Controller

Phase sensor

G

Wiring for control

V YANMAR
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Merit of EUP System

1) Further improvement of FOC-NOx trade-off

2) Smoke reduction (Start, Low load, Acceleration)

3) Ship handling improvement when ships come alongside
the pier or leave the pier.
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Engine Performance Comparison
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Electronically Controlled Engine Line-Up
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Development of Marine Gas Engine

V YANMAR
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Gas engine merit for ships

N d effect Task b lved
o| item escription asks to be solve
P NO x|SO x| PM | CO,
N - Urea cost, maintenance
1 |SCR cNacl):;(I d:tomdatlon by the © | — | — | — |- Prevention of ammonia
Y leakage
Removing SOx by seawater __ |+ Purification of polluted
2 |Scrubber wash A © |0 seawater
: : _ » Engine durability
3 |EGR Exhaust gas recirculation O X | X | Efficiency drop recovering
: - Mass pure water production
4 |Emulsion Combustion temperature Ol =10 = |device
decrease by emulsion fuel . .
- Engine durability
P O O Y
Gas : - Fuel supply infrastructure
> engine Y Eil@iHDMTEI e ©10 0 0] Fuel storage in ships
Gas engine is the most effective solution to reduce all exhaust
emissions simultaneously.
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YANMAR gas engine history

Pre-combustion chamber type
lean burn Miller cycle engine
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YANMAR gas engine history

stoichiometric combustion system

60

50

o
- =
© 40 ©
3 E
g 3
o. 30 o
S 2
S 20 L

=

(&)

10

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 O1 02 03 04 05 06 O7 08 09 10

Annual year

v YANMAR

© YANMAR Co., Ltd. Large power products operation division



Development Policy of Marine Gas Engine

: 6EY@G26
= A ) 2

Established

Many actual achievement
in Land use Gas Engine

EY26 Marine Diesel Engine

N\ YANMAR
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Pure Gas Engine

V YANMAR
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Specification

Engine name 6EYG26L

Engine type 4cycle water cooled
Cycle Lean burn miller cycle

Ignition Spark ignite

Bore 260
Stroke 385
Speed 720
Rated output 1350

Fuel Natural gas

V YANMAR
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Marine gas engine profile (6EYG26)

Thermal efficiency

Diesel Pure Gas
Engine
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Marine gas engine profile (6EYG26)

Exhaust gas characteristic
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Key technology development for marine gas engine

In gas engine, fuel gas is mixed with air in the intake port. The mixture
concentration would vary when the load is varied.

The mixture concentration variation would strongly influence combustion stability.
Yanmar developed the fuel mixture concentration control technology.
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Combustion Characteristics of Gas Engine
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Air — Fuel Ratio Control System

Throttle Valve —

Exhaust

By-pass
Valve
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Air — Fuel Ratio Control

» Air Fuel Ratio Control by Throttle Valve and Bypass Valve By-pass
Valve
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Technology to Compensate the NG Property Variation

Air Fuel Ratio Control against the NG Property Variation
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Effect of Fuel Calorie on Engine Performance
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Development of Yanmar SCR System
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IMO Regulation for NOx

(IMO Tier3 Apply from 2016)
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Super Clean Marine Diesel PJ

07 " 08 09 10 11
SCMD PJ >
Basic Technology Development >
Real Ship Demonstration >

Catalyst Rig Test Real Engine Bench Test




Catalyst Rig Test Equipment
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Rig Test
Model gas mixture unit
Water addition unit

Temperatures control unit

Reacting furnace

FT-IR
. =
Optimum Catalyst Searching
. =

Real Engine Bench Test
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SCR System Bench Test (6EY18ALW+SCR)
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Reliability Improvement

Inner wall of exhaust pipe Prevention of the Urea deposition

-

Air assist Injection

Mixer

Adequate Temperature

v YANMAR
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Improvement of the NOx Reduction efficiency

Test Results Example

(Urea Atomization =Promoted Decomposition to NH3)
|

%

Air Assist A

\\ "
— VN

Alrless

NOx Reduction Ratio

N H3/N0x ratio

Air Assist Injection
- Downstream Direction Injection

= Spacelike Uniformity
- Continuous Injection = Timelike Uniformity
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Compact Structure

By-Pass Integrated Structure

E.CA 1 Global
NOx Reduction: :
809% 1 15-22% .
%%E@ S ’ Mixer
: (Tier2)

By-Pass

Easy Installation in Shipyard
~
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Optimum System for Plural Engines

= NO.1 D/G Ryl S\ o
. NO.2 D/G NO.3 D/G
Pump unit

The controller can controls urea water
Injection amounts for 4 engines. YANMAR
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Bench Test of Total SCR System

NIPPON KALJI KYOKAI

STATEMENT OF FACT

Certificate No.: KB13IMMO0153

- ol Ser Ten | Rasaower W) | NOw Reduces
Engine Mamslcturs Pamber Nusmser Cycheis) | and Speed (RPBY) Devie
]
0 ww Selective
- Cwtalytic
0. L1d. | 6E 3 | i
Yanma: Co. L | sEvILW | oxzvs |02 | et
; i 20 sem ftted

THIS IS TO CERTIFY:

1. That, at the request of Yanmar Co., Lid., Japan. NOX for the ab d d i
finted with Selective Caralytic Reduction (SCR) ws surveyed in accordance with Chapter § of NO Technical
Cosde 2008 a Yanmat G, Lt Japan, on 29 May 2013; and

2. That the NOx measurement result shows the following value less than the NOx Tier T emission it of 24
#/kWh specified in paragraph $ 1.1, Regulation 13, MARPOL ANNEX V1

NOx emission vaiue: 19 2/ Wh

af engine firted with SCR is as per the Drowing No. G5-09814-0020
and the document “Test Report”, examined on | July 2013,

tssuod mt Tokyo on 1 July 2013

Y. Shibata e,
Geaeral Manager of Machinery Depariment
NIPPON KALITKYOKAL

This Regsnt
undes any e

4o the combiion that i s undersiwod and agreed that neicher the §
seves 1 be beld responsibie for sny inaccuracy i amy repart or
the Becurd ar ather blsearion of the Society a1 for any error o1 J

Sarveyors ur
Difcers, Surveyars o Ageses

97, 11, 10000 (K)
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THANK YOU FOR YOUR ATTENTION.
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