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Shaft Generator
Solution

Introduction to ZEME's shaft Generator solution




Group Background

Natural Gas Environmental Protection Renewable Energy



ZEME’s Green Shipping Solutions Ed ZEME

Committed to becoming a leading global provider of comprehensive green shipping solutions.

Energy Saving Energy Saving
Shaft Generator System Wind Shield

' I

EEpEE |

o

| i |
sriord boreroitrieeel BoTeroiTiTinid dereeries

vl Fwmsrsrerail e

Energy Saving
Waste Heat Recovery

Energy Saving

Green Power Connection Air Lubrication

(AMP)

Energy Saving
Pre-twisted Duct and Dual-Fuel: LNG, Methanol,
Cap-fin Ammonia; Pure Electric

Energy Saving
Bulbous Bow Retrofit
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How a Shaft Generator System works
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A shaft generator is a mechanical

device that is integrated into a
ship’s propulsion system to
convert mechanical energy into
electrical energy.

Due to that the AE fuel consumption rate is higher than

that of the ME, fuel saving, and emission reduction can be
achieved, and it additionally improves the EEDI of the ship.
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It is connected to the main shaft
of a ship and uses the redundant
power of the main engine. It
drives the rotation of the
generator rotor through the
rotation of the main shaft, thereby
generating electrical energy.
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Shaft generators are firstly
introduced to reduce the reliance
on auxiliary generators and

optimize energy consumption.



Clamp-on Type with original Shaft

8,400 TEU containervessel

Vessel Profile:

with annual sailing days of 288

ME Power @ MCR: 68520 kW
SG Power: 3000 kW (to replace part of AE power)

ME + AE Data

ME RPM 35 40 50 55 60 65 70 75
ME Power at RPM (KW) 3000 4000 8000 11000 13500 15500 22000 25000
% of Sailing Days @ RPM 2% 6% 2% 2% 4% 22% 37% 25%
ME Fuel Oil Consumption

Rate. (a/kWh) 194 192 190 189 187 185 182 180
ME Fuel Consumption @ gp5 3185 2101 2874 698.0 4360.4 102400 7776.0

RPM (t/year)

ME Fuel Consumption (t/year) 23,970.9
AE Power (replaced by SG) (kW) 2922
AE Fuel Oil Consumption Rate (g/kWh) 220
AE Fuel Consumption (t/year) 4,443.3
ME + AE Fuel Consumption (t/year) 28,414.2

Id ZEME

Fuel Saving: 1,022.4 t/year (3.6%)

Fuel Cost Saving: US$ 511,200
Reduction of CO2: 3,210.3 t/year
Maintenance Saving: aboutUS$ 130,000

Cost Recovery: 2.5 years

ME + SG Data

ME RPM 35 40 50 55 60 65 70 75

ME Power at RPM (kW)

3000 4000 8000 11000 13500 15500 22000 25000
(SG Power excluded)

SG Power at RPM (kW) 1800 2100 3000 3000 3000 3000 3000 3000
% of Sailing Days @ RPM 2% 6% 2% 2% 4% 22% 37% 25%
Original ME Fuel QOil

Consumption Rate 194 192 190 189 187 185 182 180
(g/kWh)

ME Fuel Oil

Consumption Rate after 1916 191 189 1865 1845 1838 180 178
SG (g/kwWh)

ME Fuel Consumption @ 1,71 4832 287.4 360.9 841.7 5170.6 115085 8612.4
RPM (t/year)

ME + SG Fuel Consumption (t/year) 27,391.8
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Shaft Generator Types

EESG PMSG

Exciter cabinet (1.3m in width) Frequency
SG System +Frequency Converter Converter
Stator Stator winding made up of cooper wire and iron

A rotor winding supplied by a DC

Rotor current supplied by a exciter via Magenatic
carbon brush and slip ring steel
volume:
Size & Weight Bigger/Heavier -6.84%/weight:
-22.8%
Efficiency 91%-95% 96-98%

Maintenance Regular Maintenance None
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Shaft Generator Types
Slip Ring

< Maintenance of Carbon Brush & Slip Ring
(4 pairs, and requires daily visual check,
monthly cleaning and annual replacement)

<+ An independent generator as Exciter

Requires NO maintenance

Carbon Brush

In summary, the PMSG's design, which eliminates the need for additional components, not only makes it a
more maintenance-friendly option but also contributes to its superior efficiency, and its more compact
and lightweight form factor. These attributes make the PMSG a preferable choice in many applications.




Already

shaft
generator

projects and
counting

Vessel Type

53,580DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 80-110rpm)

177,000DWT Bulk Carrier
(690V, Water Cooling, Generator operating
spped range: 65-90rpm)

181,000DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 50-80rpm)

181,000DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 65-87rpm)

56,742DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 65-87rpm)

8,400TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 50-74.3 rpm)

10,766 TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-65rpm)

24,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-64.7rpm)

3,534TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 60-80rpm)

181,000DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 50-80rpm)

680

1280

1280

1280

680

3000

3000

4300

2000

1200

Clamp

Clamp

Clamp

Clamp

Clamp

Shaft-Holding

Shaft-Holding

Shaft-Holding

Clamp

Clamp
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PMSG

PMSG

PMSG

PMSG

PMSG

VEM EESG

PMSG

PMSG

PMSG

PMSG

Quantity

Delivery Time

2024.10

202411

2024.12
Combined Test Completed

2025.2
Combined Test Completed

2025.2
Combined Test Completed

2024.11
Combined Test Completed

2024.11
Combined Test Completed

2024.11 - 2025.03
Combined Test Completed

2024.11
Combined Test Completed

2024.1



The list

continues

Vessel Type+B14:G24

3,500-5,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 60-80rpm)

8,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-65rpm)

3,500-5,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 60-80rpm)

13,102TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-72rpm)

8,000-14,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-65rpm)

9,411TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-72rpm)

14,336TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-68rpm)

9,640TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 60-80rpm)

8,000-14,000TEU Container Ship
(690V, Water Cooling, Generator operating
speed range: 45-72rpm)

37,650DWT Bulk Carrier
(690V, Water Cooling, Generator operating
speed range: 70-93rpm)

PTO

(kWe)

2000

3000

2000

3000

3000

3000

3000

3000

3000

700

Mode

Clamp

Shaft-Holding

Clamp

Shaft-Holding

Shaft-Holding

Shaft-Holding

Shaft-Holding

Shaft-Holding

Shaft-Holding

Shaft-Holding
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SG Type

PMSG

PMSG

PMSG

PMSG

PMSG

PMSG

PMSG

PMSG

PMSG

PMSG

Quantity

27

10

14

Delivery Time

2025.3
Combined Test Completed

2025.2
Combined Test Completed

2025.3
Combined Test Completed

2025.4
Combined Test Completed

2025.5
Combined Test Completed

2024.12
Combined Test Completed

2025.1
Combined Test Completed

2025.3
Combined Test Completed

2025.4
Combined Test Completed

2025.4
Combined Test Completed
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Multiple power Shaft Generator

PTO
500kW-4300kW

45-110rpm

COOLING TYPE

.

® RPMRANGE
’

E Water Cooling
;
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Combined PMSG Type

Rationale for Holding Device Design

To enable the installation of the shaft generator within a limited retrofit period, the expansion sleeve serves as a
key component. Once installed, it eliminates the need to replace the intermediate shaft, significantly reducing
both time and cost.

‘__m
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PMSG Expansion Sleeve Coupling

How the holding design device works

The holding device consists of a split flange and a split expansion sleeve, which are taper-matched. Both
components are positioned on the rotating shaft using the expansion kit. Their axial placement is determined
based on the designed interference fit.
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PMSG Expansion Sleeve Coupling

Advantages of the holding device

(1) Shorten the transformation cycle and reduce costs;
(2) large torque transmission capacity, 6-8 times the safety margin;
(3) lightweight design, small moment of inertia;

(4) Simple and reliable structure, easy installation and maintenance;
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SAC & TVC Calculation

shaft Alignment calculation &Torsionalvibration calculation in shaft Generator retrofitting

Outer shaft diameter: 790 mm
Effective beaning length: 790 mm DNV
Diametnical clearance: 1.3 mm 2 INTRODUCTION
- = ) DY Maritime: Advisory, section Machinery and Systems was contracted by MSC Shipmanagement 10 perform a Torsianal
Max permussible load: 0.8 MPa / 499 kN Vibration Calculation (TVC) for the propulsion shafl line for "MSC MAXINE Class”, buill by Jiangnan Shipyard Group
The vessels are a seres of container vessel of approximatety 131,034 dwt built by Jiangnan Shipyard Group in 2015-
. . . 2016, Thee els to be redrofited with er and shaft rator, h TVC is carried out
Intermediate shaft bearings(IB3/1): White metal B—————— . it -
Du shaﬂ dl ) 650 Vessel name Hull Mo. IMO Ho. Yard Class Socisety
ter . ?mftﬂ MSC MAXIMNE H3001 arz0287 DY
Effective beaning length: 352 mm O RI G I N AL e SILVIA — I i
Diametnical clearance: 0.6 mm MSC JEONGMIN H3003 9720471 DNV
Max permussible load: 1.0 MPa / 235 kN BEARING MSC CHLOE H3004 9720483 Shanghai Jiangnan Changeing PNV
MSC BRANKA H3005 0720405 Shipbuilding Co., Ltd DNV
Intermediate shaft beanings(IB2): White metal MSC SASHA H2006 9720500 DY
DIJ'[E‘I shaﬁ di! Etﬂ: 650 MSC MICHELA H3007T 9720512 DN
Eﬂ.ecu.ve ]}E g l I : 580 MSC CLEA H30048 GT20524 DY
- - MSC GISELLE H2552 9T 20196 . f . DMWY
Diametrical clearance: 0.85 mm RETROFIT Jananan St e co b
o MSC DOMITILLE H2553 ST20201 DY
Max Pmsslble load 1'5 L{Pa 'III 565'5 kN B EA RI N G The propulsion system for the vessels is a single propulsion system with fixed pitch propeller. The shafl line is driven by

a 2-stroke diesal engine.
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PMSG Configuration I4 ZEME

Model Generator Exsplansmn New Shaft Advantage Installation Cost
ode Structure eeve Requirements 9 Time Comparison
Coupling
Simple Structure, convenient
N1-Clamp On installation, easy maintenance,
(Half-Half) Split Split No 680k£/\/1'01()’|§\?\?kw' quick connection and 10 Days /
Type ’ disconnection of equipment can
be realized
The transmitted moment of
Inertia is high, ensuring long
Integral / Yes 3,000kW, 4,300kW service life, strong stability, and 20 Days /
N2-Shaft enhanced safety.
Holding
(Integral) Type e _ f Hocti
Integral |  Split No 3,000kW, 4,300kw| _ —25Y t0 Install, cost-etlective, 1, r, o -10%
flexible, short installation time.
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ZEME

Shaft Generator Project Execution Plan
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Process Flow Date Department RP Keyp project Key process control measures
¥
Customer data collection Research and
(drawing data ship 5 e PRRSHEL Code Content Main ways and Methods
infarmation)
|
3D SCAN 10 Technical
Technical scheme
g g According to the actual condition of the ship and
7 Y
determination equipment RED 1 echnical scheme determination relevant code requirements
selection
according with dassfication society regulations and
TVCASAC 30 Technical 2 Submit drawing design for review relevant requir A
Submit dvam.nq design for 10 Yechnical 3 Equipment pvoduc‘.)orf, installation, Specify Aed time n 8 onc) IONIOT P s
review commissioning ?
Cassfication society product According to the test outline and drawing requirements)
Cabinet structure design 12 Technical a in ion quality function ¢ '
Classification society audit 21 Classification society aud
drawing drawang center
Products production &0 Product
Production tradking (v} Product
Equipment production, 20 Pr o
nstallation, commissioning
i ocety fi
Classification socety survey 13 Classification 5 y fleld
engineer
Monitor the progress of the
Pr
whole plan oduct
18/06/2024
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We are fortunate to count - s e a spafl L3 wan kwone i emotonal
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many renowned names in the
shipping industry among our
clients. Their support, through
more than 2,000 orders of our -

- - - x ELTA MANGROVE
different solutions, has not OLp END ORTE DYNACOM M m 1T | MARGROTE

only enabled us to amass a

wealth of experience but also

demonstrates that we
consistently deliver

I
i
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_— =PIL | =e ZiM

outstanding quality to our
clients’ satisfaction.
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We are committed to Excellence

ZEME always upholds a customer-firstphilosophy, providing
all-in-one turnkey solutions, the shortest installation cycles,
and24/7 global after-sales service. Thanks to this

commitment, as reported by authoritative organizations like
clarksonand DNV, ZEME currently ranks as the world's

leading supplier of de sulfurization systems in terms of order
volume.More and more clients are choosing zE ME's green and
WOIlY-free solutions.

Unknown
ZEME

Alfa Laval
Panasia
Wartsila Mass
Feen Marine..
Qiyaho Enviro..
Yara Marine...
Ecospray

HHI Power Sy...
ContiOcean
Clean Marine

CR Ocean Eng
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2417 After Sales Support globally i ZEME

Our services, including Engineering, Logistics, Installation, Servicing, Planning, Design, Commissioning, Warehousing

and Spares, are available across various locations.
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We only use vetted Suppliers

id ZEME

we are partnering with 464 vetted suppliers, we manufacture core components in-house, delivering best-in-
class products with lead times as short as 2-3 months.

A= 'S #
CRUNDFOS "}f En dress+Hauser ED DES MI bj L\hb b‘ SCE{IEEIHIEE
Solutions. For Life. N
SIEMENS Honey well ABB Doanfosd SICK
Sensor Intelligence.
Floriner = Green NETZSCH =
AFFCO APPENDICES = Instruments Proven Excellence.
h — Huba Control NORSK
.}h e — AMALYSE
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Experienced and top -tier Shipyard Partners i ZEME

Our seasoned project managers, with extensive global experience, ensure installationsupto 50% faster
than industry norms.we have longstanding partnerships with the leading ship repair yards.

TN
CSSC rssssinasrsseinanns JL ~ Dubai
SOLIS BPGI0N SELA CETRAE0M ST LIS n wDrfd |
CESSC maxeunsanmag S L
Lalp ey Llgla s ds, &
77 N\
b EAY
paxocean R e e i COSCO
NS
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Email:marketing@zeme-china.com

Phone:+86 18840865825
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