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HYBRID DRIVELINE DESCRIPTION & OPERATIONAL CONDITIONS

Diesel Drive Mode

Propeller shaft
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Generator

Hotel Load

Main Engine

E-Motor Battery

Inverter
Propeller shaft
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’ j. Gearbox Main Engine
otor
* E-Motor Off

* Propulsion by Main Engine (Diesel)
* Hotel Load by Main Generator or Battery
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Electric Drive Mode

Propeller|shaft

Propeller shaft
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E-Motor
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Generator

Hotel Load

Generator

Gearbox

Main Engine

Inverter

* Main Engine (Diesel) off

* Propulsion by E-Motor

+ Powered by Main Generator or Battery

* Hotel Load by Main Generator or Battery



HYBRID DRIVELINE DESCRIPTION & OPERATIONAL CONDITIONS

Boost Mode

Hotel Load

+ Main Engine (Diesel) On

* Main Generator On

* Propulsion by E-Motor and Main Engine (Diesel)
- Powered by Main Generator or Battery

* Hotel Load by Main Generator or Battery
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Generator Mode
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* Main Engine (Diesel) On

* Propulsion by Main Engine (Diesel)

* E-Motor as Generator Driven by Main Engine

+ Main Generator only switched on if additional load
of battery or hotel load is required



HYBRID DRIVELINE DESCRIPTION AND OPERATIONAL CONDITIONS

Hybrid Driveline Example

Gearbox

CENTA coupling

E-Motor

Power = 720 kW
Speed = 2,100 RPM
Coupling #1
Diesel Engine #1 w
Diesel Engine CENTA coupling
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Il

E-Motor
Generator

Coupling #3

REGAL REXNORD:

Conducts the Torsional Vibration Analysis (TVA)
in-house.

Models engines with In-Line or

Vee configuration for different fuels (diesel, gas,
methanol, hydrogen, ammonia, others).

Have conducted numerous TVA's for Methanol
and Methane Slip Solution (MSS).
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WHAT IS REQUIRED:
Engine Excitation data and complete system Mass

Propeller
Propeller ShaftLine + Propeller °

Diesel Engine

CENTA coupling

Elastic data along with Operating Conditions.
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Diesel Engine #2
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Coupling #2

OPERATING CONDITIONS OF VESSEL

v' PTI engaged; Full pitch
v' Single Engine engaged; PTO Engaged; Propeller Full Pitch
v' Single Engine engaged; PTO Engaged; Propeller Zero Pitch

v' Single Engine engaged; PTO Dis-engaged; Propeller Full Pitch
v" Single Engine engaged; PTO Dis-engaged; Propeller Zero Pitch
v' Both Engines engaged; PTO Dis-engaged ; Propeller Full Pitch
v' Both Engines engaged; PTO Dis-engaged ; Propeller Zero Pitch
v" Both Engines engaged; PTO Engaged; Propeller Full Pitch
v' Both Engines engaged; PTO Engaged; Propeller Zero Pitch




SINGLE ENGINE ENGAGED; PTO ENGAGED; FULL PITCH
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SINGLE ENGINE ENGAGED; PTO ENGAGED; FULL PITCH

Power Loss in coupling #1 Power Loss in coupling #1
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SINGLE ENGINE ENGAGED; PTO ENGAGED; FULL PITCH

Vibratory torque in coupling #3 | . Vibratory torque in coupling #3 |
£ . Vibratory torque in coupling #3
? 00 % =00 :
5 &00 — a0
o Qo
‘Normal Operating
> s
o - —
© o |
Qo = cio T 0 . . .
> e 7 - £10 ~+ The vibration magnitude of
100 — - - — i ook | Lo | i . . .
i e -~ S —— == ~ coupling #3 is different
Engine speed [rpm] ; Engine speed [rpm] ~ compared to coupling #1 &
Vibratory torque in coupling #3 Vibratory torque in coupling #3 #2
2000 2000 f/”
1900 E05 = \ : ;
g = e . Ew e ~ + The duration of operational
) - N o T N} ~conditions and their
S //// \\ " Fw f/%é-s A  repetitions play an
z - / N~ e //5 7 |mpo|rtant rcile for the
8 / B _ / ~ coupling selection
S A = | I\ s AN _a— ‘

Engine speed [rpm]

Tailored Solution | Original Solution
[>RegalRexnord

i . h !

; 200 ‘

— T ~——1 [ : —tf p— :

0 === . _ ! 0 S —— - - ;
600 800 1000 1200 1400 1600 1800 2000 2200 ; 500 00 1000 1200 1400 1600 1600 2000 200 3
: Engine speed [rpm] :



SINGLE ENGINE ENGAGED; PTO ENGAGED; FULL PITCH

Power Loss in coupling #3 | Power Loss in coupling #3
~ Power loss in coupling #3

=
=
=

Power loss [W]

Power loss [W]

1ol = ~ « The vibration magnitude of
:EE:J_‘_I _-‘SEI‘L;'I\II I1D-:--:‘rI ' '1:m‘ I IHD-D 1600 1800 2606.;-_:'-2.-200 i ‘:':DDE-- ;E;_ 1o 1200 1 1eon Imﬁn :EIDD i Coupllng #3 iS dlﬂerent
Engine speed [rpm] Engine speed [rpm] compared to coupling #1 & #2
Power Loss in coupling #3 Power Loss in coupling #3 |
YA * The duration of operational
o conditions and their
N 500 2 500 -y . .
3 i Tl NARY | repetitions play an |mporta.nt
5 z < 5 role for the coupling selection
3T = L . |
&g y —
600 800 1000Ené2i[1'?]e ssged f;gm] 1800 2000 2200 3 Englne Speed [rpm] i

Tailored Solution | Original Solution
[>RegalRexnord



Development of transient power loss in rubber
couplings to establish new time dependent limit.



CURRENT INDUSTRY STANDARD PROCESS

Limitation:

Difficult to reach 110°C for larger couplings in short time periods due to required load levels.
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SINGLE ENGINE ENGAGED; PTO DISENGAGED; FULL PITCH
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BOTH ENGINES ENGAGED; PTO ENGAGED; FULL PITCH
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Power loss in coupling #2

Operational conditions
play an important role in
coupling selection



BOTH ENGINES ENGAGED;

PTO ENGAGED; FULL PITCH

Power Loss in coupling #2 Power Loss in coupling #2
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COMPARISONS BETWEEN SINGLE AND DOUBLE ENGINE

ACTIVE COUPLING RESPONSE

Power Loss in coupling #2
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CONCLUSION - THE VALUE OF A DETAILED TVA

In this presentation, we have:

* Simulated the possible combinations of operating
conditions in a parallel hybrid driveline.

- Shown how understanding the vessel
operating conditions plays a key role in
confirming correct coupling specification as the
vibration responses vary according to
operating mode.

* Confirmed acceptable vibration levels in all hybrid
drive modes.

« Confirmed in this drivetrain by integrating a
torsionally elastic coupling with a light-weight
composite shaft and an optimized middle
mass, which reduces the load on the driven
components and thereby increases the

fEReg%W(S%@““fet'me of the marine transmission.
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To speak with an expert about how we can support
your marine applications contact:

Americas -
CentaAmericas@ReqgalRexnord.com

Europe & Asia -
CentaMarine@RegalRexnord.com
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THE REGAL REXNORD ADVANTAGE — UNMATCHED BRAND LEADERSHIP
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