Serial Hybrid

(@) Generator

(2) shore Power
@ Battery bank
@ Frequency drive
(5) Electric Motor

@ Transmission

@ Propeller

f/SERIAL OR PARALLEL HYBRID

Serial Hybrid

Bigger e.motor

More complicated electrical system

Only e.motor providing mechanical power
No redundancy

Lower efficiency due to several energy
transformations

Parallel Hybrid

- Smaller e.motor

- More simple electrical system

- Both Diesel and e.motor providing mechanical
power to the propeller

- Safety redundant system

- More energetically efficient

RANSELUID]
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Parallel Hybrid

@ i @ Shore Power
- o
@ Battery bank

(@) Diesele Engine

@ Frequency drive

@ Electric Motor / Generator
(&) Transmission

@ Propeller

Clutch
Hybrid Module

Bellmarine’
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HYBRID SYSTEM CONFIGURATION

SENSORS |

\

GENSET
AND/OR
SHOREPOWER
LiPo/LiFePO4
BATTERY COMPLETEWITH
BATTERY
MANAGEMENT SYSTEM
.
DIESEL ENGINE
h ELECTRIC
MACHINE
JI\
\ — |
HYBRID MODULE WITH
INTEGRATED MULTIDISC
DRY CLUTCH
TEMPERATURE
PRESSURE AIR POWER
SPEED PACK
CURRENT

GSM
REMOTE
MONITORING

A

MPCB-RS

L —————

-t

DISPLAY

-

-

CONTROL LEVER:

- THROTTLE
-F/N/R

- ELECTRIC/DIESEL
- BOOSTER

- REGENERATION

POWER WIRE
) CAN WIRE
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HYBRID SYSTEM FUNCTION MODES

Battery g

Marine Gear

ELECTRIC MODE
I.C.Engine BOOSTER MODE

Electric Propulsion — to drive or sail at zero emissions.

Booster — allowing the electric motor during acceleration to assist the Diesel engine.
Engine Propulsion — using the electric machine as a generator to recharge batteries.
Regeneration - using the electric machine as a generator to recharge batteries.

+ (Additional power source) — to power other auxiliaries such as: hotel loads, pumps etc.

TRANSELUID; Bellmarine’
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— HYBRID MODULE OVERVIEW

Up to 4 heads PTO/PTI Permanent Magnets Electric Machines
Up to 2 x 130 kW@3000rpm peak power

SAE B 2 bolts / SAE C 2-4 bolts —
gy

—

A\ g ‘\\‘Sﬁ\‘\
\H‘\ WL

y

SAE Standard Output
for coupling with any transmission

Input Clutch, dry Kevlar®
discs oil-air operated

SAE Standard Input
Split Power Drive

TRANSELUIDI Bellmarine

industrial & marine




HYBRID MODULES RANGE

HMB300

HM3350

HM2000

HYBRID PROPULSION

DNV

HM450/HM560 HM3350

Input & Output standard: SAE5-8"/4-10" Input & Output standard:
Max input Diesel power:  100/180 kW @ 3500 rpm Max input Diesel power:
Max input electric power: 35 kW @ 3000 rpm Max input electric power:
Longitudinal dimension: ~ 290/305 mm Longitudinal dimension:
Weight: 95/120 kg Weight:

HM2000

Input & Output standard: SAE 3-11,5"

Max input Diesel power: 435 kW @ 3300 rpm
Max input electric power: 150 kW @ 3000 rpm
Longitudinal dimension: 458 mm

Weight: 350 kg

RANSELUID;

industrial & marine

SAE 1- 14"

620 kW @ 2300 rpm
200 kW @ 3000 rpm
690 mm

560 kg

HM6300

Input & Output standard: SAE 1-14"/SAE0-18”
Max input Diesel power: 1230 kW @ 2300 rpm
Max input electric power: 200 kW @ 3000 rpm
Longitudinal dimension: 777 / 830 mm

Weight: 900 kg

Bellmarine’

oweted by Transfiuid


https://www.transfluid.eu/wp-content/uploads/2023/09/brochure-electrichybrid_gb_2301_lq__.pdf

ADDITIONAL HYBRID TRANSMISSIONS

HTM700 HTM1000

Input standard: SAE 4 -10” Input standard: SAE 3 11,5"

Max input Diesel power: 140 KW @ 3200 rpm (about 560/1,25 Nm) Maxinput Diesel power: 175 kW @ 3200 rpm (about 700/1,25 Nm)
Max input electric power: 35 kW @ 3000 rpm Max_ input electric power: 150 kW @ 3000 rpm

Marine gear: Revermatic 11-700 RBD Marlne_gear: . Revermatic 11-700 RBD

Reduction ratio: 1,40-1,88-2,25 Rec_iuctlon ratios: 1,40 -1,88-2,25

Weight: 220 kg Weight: 450 kg

RANSELUID; Bellmarine
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https://www.transfluid.eu/wp-content/uploads/2022/05/402_gb_2204_lq-1.pdf
https://www.transfluid.eu/wp-content/uploads/2022/05/402_gb_2204_lq-1.pdf

ELECTRIC MACHINES RANGE

DNV

w ’Zo‘; L
E §§ g - 3 g . Permanent Magnet Synchronous
S el x = E _ E = . : .
< S,z S Gw -2 i S electric machines, 100% Made in Italy
= Q 2z QSE £0:% Zo5 ¢
i SE=2 S« 0382 O« Wid : i1abl
EMIB08 8 (1) a7 7 (1) a1 ide range of power available
EM180-12  12(16) 140 10(14) 124 Air forced or liquid cooling available
EM220-20 20 (27) 215 17 (23) 185
EM220-35 35 (48) 190 33 (45) 119
Torque-speed curve

EM300-50 50 (68) 176 49 (67) 177 o
EM300-75 75 (100) 271 72 (98) 266 . — ikt
EM300-100 100 (134) 270 97 (132) 251 " e

E 400 \\"‘\

: ~N

'_300 ‘\

200 \\

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Speed [rpm]

Air cooled Liquid cooled
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https://www.transfluid.eu/wp-content/uploads/2022/02/700_gb_2201_lq.pdf

TRANSFLUID BATTERY SYSTEMS

GENERAL SPECIFICATIONS

TE SR TR R mow
100 100 200 ao 120
. 200 200 400 160 240

TYPE APPROVAL: project # A0402415 o w W m w L
With extension to NMA (Norwegian Maritime Authority) 1
800 800 1600 640 260
48V eV

A —le——0 = =

. - Single B20x6TT Single SOExETE 130

SJ gfart Sd I re kto ratet ks Module h352 mm l Ry Lo Element h293 mm L kg

J/ Norwegian Maritime Authority B F e okm B B2 don e e

DNV s w @5, oms o» w5

no e N B e P | |

.. ) ) ) ) §16 W s = | =

Energy efficiency is an important issue in the B — geess 4w

management of a hybrid propulsion system.

T4V

The energy storage system in hybrid applications must S, Aectre QT ofMoodes | Weg

. . ¢ B20XGTT 390

be the synthesis among the best available technology, I B

614  35-2F 52 mm i

the total energy requirement and a reasonable cost. 11— 11

. . ) h35Z mm * MCTE kg

Transfluid is the owner of the Type Approval s wew  SUET 2 am

certification for LiFePO4 batteries.

288V J84Y

4000 lifespan cycles at 80% DOD T Metare  COCho Ofbedtes Wegw wwn AW SUERTL  ofkodaes Weon

288 35 et 3 200 384 45 et 4 320

2000 lifespan cycles at 90% DOD U 3w w s e s

864 3530 EATE 1170 152 45- eaTE e 1380

Protected, reliable and safe wsz s BIBSSS 6y g e S9OS 8,

1728 3s-30 S1ass | 2070 2304 5@ S1oass e zIE

Best €/kWh/CVC|e ratio 2304  3S-40 s L w72 £S-4p s e a0

Internal BMS dedicated
#'- *“ MCR dimensions: 300:350wh 160 rmm, weight- 7 kg
CANbus Open communication protocol - SO——
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industrial & marine

TRANSFLUID HYBRID FEATURES
SUMMARY

Combining some of the traditional products, with several thousands of applications for each single component, let
Transfluid design a new range of products:

RYBRID TRANSMISSIONS

Main features are:

Standard SAE input and output

Input Clutch, dry Kevlar® discs oil-air operated

Split Power Drive to accommodate E.Machine and other implements
E.Machine AC synchronous with permanent magnets (high efficiency)
Internal combustion engine up to 1230 kW (1650 hp)
Electric Machine peak power up to 260 kW (350 hp)
Booster ability to reduce ICE consumption

Battery recharging

Small dimensions to easy fit and retrofit

RANSELUID; Bellmarine’
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Transfluid Hybrid System configuration

) (3 |[@]fom—

Sea Water Cooling Additional PTO «Come Home» Oil-Sea Water
Pump Head Input: SAE System Cooler HM
b ~| 3 " Quantity: BIC-2/4Bolts Vdc:12/24 Quantity:
ﬁ‘—. ‘ o 1l Quantity: Quantity:

Main Display Aux. Display
Quantity: Quantity:
[ | -- l__

5 | [

Diesel Engine Hybrid Module HM Marine Gear
i g Maker: Type HM Elastic Coupling Maker: Shaft Propulsion system
@ @ Model: Input: Size: Model: Ratio:
& ‘) 4 ‘/ kw: pm: Output: Quantity: Input:

Quantity: Quantity: Quantity:

B

Main Control Lever Aux. ControlLever = | g g | | - -
Single  Twin engine Single  Twin engine !
Quantity: Quantity: I
1
MPCB & Software -
Quantity: b

Remote Monitoring Motor Jacket Electric motor Frequency drive Electric Box for all Battery LiFePO4 Master MCR4 Battery Charger Shore Power
System GSM & GPS For liquid cooling I~ KW: pm: I~ 1 Type: VP60OTF electric devices & Vdc: 48-96-144-288- Collector box Vac: 240-400
technology Quantity: Air/Liquid cooled AirlLiquid cooled connections 384 For parallel batteries Single - 3 Phase
Quantity: Quantity: Quantity: Ah: KWh: Quantity: Vde: KW
Quantity: Quantity:

1
1 |
S I : 1 |
| 1 1
(I R ! 1 1
N 1 ’ N emmmmmmm =TT ==- i o
- . = - | Do
D CUSTOMER SUPPLY : 1 1 1o ]
D TRANSFLUID Liquid Cooling I . P
SUPPLY Tt \ “ s
NOT IN THE SCOPE OF SUPPLY for this project Quentty / ; o
_____ MECHANICAL AND ELECTRICAL o —= — ]
CONNECTIONS Ve e Vi e Vec: 200400 !
230/400 kW: ) Single-SPnase
’O?Of‘ﬁf'“ CANbus CABLES & CONNECTORS INCLUDED m: . Quany S qni " =]
Y Y o ____ [
———— COOLING - SEA WATER —
————— COOLING - FRESH WATER/ GLYCOLE
COOLING - OIL

IRANSEUID Bellmarine’
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HYBRID SYSTEM CONTROLS

Control Lever

Easy control through Transfluid’s lever. Shifting between Electric mode and Diesel mode is completely
controlled by our logic; it works in any lever position, just press “Diesel” button and transition is made.
Press Electric to shift back to E.mode.

Booster and Regeneration modes are available from the side of the knob: Booster, works holding the
button pressed; Regeneration, works just pressing the button once.

No automatic transition available, this is a precise choice for SAFETY reasons.
Control is always in charge of the Captain!

TRANSELUID] Bellmarine
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HYBRID SYSTEM CONTROLS

Multi-function smart display

{ ] ‘_ D ¥ RANGE — N RANGE i
{)} _# Onh: On D 5 On: Om E
=
F - . N
“éﬁb . &W e
DIESEL CLUTCH ELEETQIE' E!FITTERY
EEEID 10.0 l-II:I 1520 120 I-|I:I
RPM bar oC RPM A oC
TRANSFLUID] : TRANSELUID]

The Display with several different pages, shows all working modes: Diesel, electric, booster, regeneration.
Indication of range in electric mode. Master clutch pressure and current absorption or regenerated. Gearbox or
HM temperature. Battery state of charge.

IO —— 216 D" 53 ’* @'*
G ﬁ é e’
DIESEL BF'TTER; DIESEL BRATTERY
'|'-|5|:| 161 l-IEI 1560 60 38
RPM A °C RPM A °C
TRANSELUID] RANSELUID]
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FREQUENCY DRIVE ERROR CODE o
ELECTRIC MACHINE CURRENT 0R
ELECTRIC MACHINE TEMPERATURE LatE
FREQUENCY DRIVE TEMPERATURE RS
ELECTRIC MACHINE SPEED 1520 RPM
DIESEL ENGINE SPEED ORPM
CLUTCH PRESSURE 0.0 bar

HYBRID SYSTEM CONTROLS

Multi-function smart display

e DIESEL MODE FORWARD =
AV 7 AT
N\ 00 2400 o -so -izo T}
~ - ~
| ‘I -E0 -150 78

S~
— - —
L] 200 3200 - '-_— —_-
. N —_—
- - -
BATTERY FAULT CODE o - -

-~
RPM  ypopp o

BATTERY CURRENT usA P a—
STATE OF CHARGE 15%
BATTERY TEMPERATLRE 22°C — a:04
T - ELECTRIC MOTOR CLUTCH

g TEMPERRTURE PRESSURE
ON BORARD SERVICE oou

CONSUMPTION

4O

NVERTER PRGE

BATTERY PAGE

The Display dashboard shows the most important parameters: Gearbox and HM oil temperature. Battery state of
charge. Diesel or E.Machine rpm. Oil pressure and current. Lever position and throttle percentage. E.Machine and
Frequency Drive temperature. There are specific pages for Battery, E.Machine, Frequency Drive, alarms and warnings.

SHOW DETRILS HIDE
& —_— 9
i B2 \-
’
s ! ! PRGE FOR DETRILED
| INFO.
ELECTRICY BRATTER FD )
1520 45 =
_ RPM A °c
TRONSELUID]
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WRONG PROCEDURE BATTERY ALARM ]
SHIFT TO NEUTRAL FREQUENCY DRIVE 1 ERROR ]
MASTER CLUTCH LOW
PRESSURE

CAN BUS

DIESEL ENGINE LOW

COMMUNICATION ERROR

ALARM: GO TO ALARM SPEED
PAGE FOR DETRILED ELECTRIC MOTOR HIGH
INFO. TEMPERATURE

FREQUENCY DRIVE
HIGH TEMPERATURE

R
BATTERY"

45

ELECTRICY

1520

_ RPM

5o ALARM/WARNING PAGE i

FRONSELUID]
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CATALOGUE

https://www.transfluid.eu/downloads/

® TRANSFLUID
RSO & AT
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https://www.transfluid.eu/wp-content/uploads/2023/09/brochure-electrichybrid_gb_2301_lq__.pdf
https://www.transfluid.eu/downloads/

HYBRID SYSTEM SELECTION

Step 2: Hybrid Module
Made by Transfluid

Hybrid Module is selected based on the Diesel model and rated output:

Hybrid Module

HM450

HM560

HM2000
HM3350

HM6300

(*) Adapter needed
(**) Service factor

TRANSELUID;

industrial & marine

T [Nm] = kW / rpm x 9550 x 1,25(*")

Bell Housing
Flywheel

SAE 5 - 8”

Borg Warner ()
SAE 4 - 10"
SAE3-11,5"0)

SAE 3-11,5"
SAE2-11,5"0)

SAE 1-14"

SAE1-14" 1)
SAE 0 - 18"

Max Input
Power [kW]

100

180

435

620

1230

Max Input
Speed [rpm]

3500

3500

3300

2300

2300

Bellmarine’



HYBRID SYSTEM SELECTION

Step 3: Electric Machine
Made by Transfluid

Electric machine(s) are selected according to the power request:

E. MACHINE
kg (lbs)

WEIGHT

EM 180-8 25 (55)
EM180-12 35 (76)
EM 220-20 55 (120)
EM 220-35 80 (175)
EM300-50 135 (295)
EM300-75 185 (404)
EM 300-100 195 (425)

Air cooled

TRANSELUID,

industrial & marine

L .

3000
3000
3000
3000
3000
3000
3000

MAX SPEED

ON

O
Kol
=>

102 HMA450

102 HM560-HTM700

102 HM560-HTM700-HM2000
307 HM560-HM2000-HM3350
307 HM2000-HM3350-HM6300
307 HM2000-HM3350-HM6300
409 HM3350-HM6300

TRANSMISSI

BATTERY
HYBRID

Liquid cooled

We usually have two different scenarios:

Customer directly asks for a precise power
need in electric mode;

Customer asks for a minimum speed to be
achieved in electric mode, here we can use
a bit of experience based on previous
references and making a rough estimation
via an empiric formula BUT WE DO NOT
GUARANTEE ANY SPEED PERFORMANCE!

Bel!lmarine’

powere d by Transfiui ¢



HYBRID SYSTEM SELECTION

Step 4: Batteries
Made by Transfluid

Battery selection is based on expected range:

Battery Capacity [Ah] = (Continuous rating [A]) x (Requested range [h]) / (Max DoD%)
Battery energy [kWh ] = Battery Capacity [Ah] x Battery Voltage [Vdc]

Capacity

Ah

100
200
304
404
600
a0ad

Pulse

discharger

A
204
400
600
B0
1300
1600

aa
160
240
30
480
640

DoD%
80%
90%

According to the absorbed current [A ] of the electric motor both in Continuous and Intermittent duties it is

fixed the minimum battery size based on max continuous and intermittent discharge capacity of the LFP

battery:

1C > Continuous duty

2C > Intermittent duty

Also

TRANSELUID,

industrial & marine

is limited by the battery size, it’s set at 0,5C.

Bellmarine’
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