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Historical Perspective

Engine Development (I)

1897: 1st diesel engine by Rudolf Diesel

Power: P0 = 15 kW/cylinder, efficiency factor η = 26%

2023: MAN 12V35/44G TS

Power: P0 = 12x620 kW/cylinder, efficiency factor η ~ 50%
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Issues in new and continuous engine development: 

Efficiency, power density, emissions, multi-fuel capability, comfort

4.5 m

9.0 m

2.5 m
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Automotive Sector vs. Large-bore ICEs

Engine Development (II)
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Adapted from [LKBR2020] Jochen Lang, Gunter Knoll, Peter Böhm und Alexander Rieß. Thermo-Elastohydrodynamic Connecting Rod Simulation of a Four Stroke Medium Speed 

Engine. In: Liebl, J. (eds) Experten-Forum Powertrain: Simulation und Test 2020. Springer Vieweg, Berlin, Heidelberg, 2021.
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5‘000‘000‘000
Load cycles for a typical large-bore engine during its lifetime.

Giga [109] Mega [106] Kilo [103]
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Applications

Large-bore Internal Combustion Engines

Marine Systems Power Plants / Microgrids

 Long-time continuous operation at medium load

 Short bursts of full power demand

 Peaker and Base Load Application

 On demand: Frequent start/stop and steep load 

ramps with high share of full load
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Multi-physics System – Multi-physics Simulation

Large-bore Internal Combustion Engines

Place holder
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Market Expectations

Future Fuels

MAN ES customer survey (n=504, multiple answers possible)

 Customers expect a variety of fuel options, 

including multi-fuel capability

 This poses great challenges, especially for 

injection systems, tribology and combustion 

development

 For structural strength, higher firing pressure 

and temperature are the most important issues

 Corrosion and material degradation (e.g. 

hydrogen embrittlement) add further challenges for 

some fuel types
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Scattering of peak firing pressure
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Strength Challenges (I)

Future Fuels

Temperature Changes
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+ additional effects (e.g. quenching distance, heat of vaporization etc.)
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Embrittlement

Reduction of strength, especially of static properties (tensile strength, 

elongation at fracture)
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Strength Challenges (II)

Future Fuels

Corrosion

G. Schauer, Auslegungsansatz für Stahlbauteile bei Ermüdungsbeanspruchung in Druckwasserstoff-

atmosphäre, Dissertation, MPA Universität Stuttgart, 2018 
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+ additional effects (e.g. fuel-lubrication interaction)
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Hydrogen Effects in FEMFAT
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 Hydrogen embrittlement is strongly dependent on material class

 High-strength steels most affected

 Safety factors can be raised to conform with existing hydrogen 

standards

 For a quick estimation of static effects, the elongation at rupture 

can be reduced or set to 0% 



Conventional designs
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Safety Factors

Simulation of Future Fuel Components

Emission-optimized designs Future fuel designs

New emissions regulations

(e.g. IMO Tier III)

Vast knowledge and experience Fast adaption to new boundary

conditions

?



Simulation Strategy3
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Investigated Model

Simulation

d = 25 mmD = 30 mm

r = 2.5 mm

In order to illustrate our workflow we will mostly use a rounded bar (34CrNiMo6) 

with Kt,b=2 at a fatigue failure load of M=+/- 445 Nm (St1, 50%).

Reference: Dirk Harste, Disseration: Untersuchungen zur Auswirkung von Überlasten auf die Dauerschwingfestigkeit, Technische Universtät Clausthal, 1996

M=+/- 445 Nm



• Democratize and Automatize the use of FEMFAT

• Strength assessment as close as possible to FKM Guideline*) 

• Double Strength Assessment for Fatigue with open Haigh 

diagram and Static (global and local failure mode) 

• Required safety factors j to compute consumed load 

capacity a = j / sf

• Stress gradient support depends on type of strength 

assessment

• User define temperature influence for all assessments

• …

• Efficient Reporting
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Requirements

Simulation

*) FKM Guideline, ANALYTICAL STRENGTH ASSESSMENT OF COMPONENTS, 

Made of Steel, Cast Iron and Aluminum Materials in Mechanical Engineering, 6th (2012) and 7th edition (2020)

Although FEMFAT allows various options for a 

strength assessment we needed to develop some 

enhancements to meet our requirements
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Democratize and Automatize

Simulation
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results (file.rst)

temperature (file.lis)

assignment

set prop1 { 
group_name ALL     
matid 1   
Rz 20   
temp 20
Size          25
jm 2.0
jp 1.5
jf 1.5
}

Many “expert”

parameters

loadsteps

material (file.ffd)

set loadsteps {1  2 } 

infl Technological Size

infl Rotating Stress

Stress Selection Method

…

mesh (file.cdb)

Only ~10 input parameters are required to 

configure a strength assessment

Our in-house program simWorkflow offers a 

simplified and efficient interface to several CAE softwares.
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Double Strength Assessment and its Combination

Simulation

=

Fatigue [fps] Static  [fps] Combined  [fps]

a 

sf

a=j/sf

(j=1.5)

30 5.0%

5.5 27.3%

5 30.0%

4.5 33.3%

4 37.5%

3.5 42.9%

3 50.0%

2.5 60.0%

2 75.0%

1.5 100.0%

1 150.0%

0.8834 169.8%

j: required safety

a: consumed load capacity

BK: Fatigue

SK: Static

FF: FEMFAT

FKM: FKM

KpKt, FF: Global failure

Spot: Local failure

+

+ PostproccesingInput

sf 
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Required Safety

Simulation

safety-relevant 

higher strength

requirement

other locations:

lower strength 

requirement

The required safety factor j is a node dependent value.

We “use” the parameter range of dispersion to store this 

information.
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Fatigue Strength Assessment – Open Haigh diagram 

Simulation

We make use of user defined Haigh diagrams to generate an “open” Haigh diagram (no static limit for fatigue strength assessment).

# Activate user specified haigh diagramm from the material file to eliminate static limit

# the corresponding material file need included user spec. haigh diagram

setValue {} {} InfluenceMeanStressMethod 39
# switch off the extention on static limits within haigh diagram - like plastic notch factor K_p

setValue {} {} InfluenceOnHaigh 0
# [AUTO] -- [Automatically added due to: openHaigh = 1 (=yes)] -- END

Allowable stresses for FKM

compared to FEFMAT
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Static Strength Assessment - Stress gradient support

Simulation

Size of specimen

from ffd

Data from ffd

Data from ffdData from ffd

A5 adjusted to 

match 𝝐𝑭𝑲𝑴

FEMFAT Break does not consider the size of a component 

where the stress gradient is apparent.

Adjustment of the actual influence according to FKM-guideline

during post-processing
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Static Strength Assessment - User defined Temperature Influence in Static Strength Assessment

Simulation

 User defined temperature influence is useful in high-

temperature applications, especially when experimental 

material data are available

 Solution: Replace temperature influence value 

according to FKM by user-defined value according to 

experimental data

 Relevant for following components:

• exhaust gas piping

• cylinder head

• valves and valve seats
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Combine FPS: Create Template

Simulation
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Combine FPS: Insert actual data

Simulation

The h5py package is a Pythonic interface to the HDF5 binary data format; https://www.h5py.org/

j: required safety

a: consumed load capacity

BK: Fatigue

SK: Static

FF: FEMFAT

FKM: FKM

KpKt, FF: Global failure

Spot: Local failure

http://hdfgroup.org/
https://www.h5py.org/
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Reporting: Result-Table

Simulation



We have illustrated how to efficiently

• Democratize and Automatize the use of FEMFAT

• Implement the Double Strength Assessment

• Create Reports

We are ready for analyzing the influence of future fuels!

Enhancement Requests

• More than 10 user defined results in combined results

• Export of nodal Haigh Diagrams (only image export in GUI possible)

• Definition of own nodal information (currently: “mis-use” of range of dispersion for 

required safety)
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Conclusion



Thank you
very much!
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