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1.Introduction

2.Theory

3.Experimental Data

4.Limits and §§

5.New approach to get 3. closer to 4.
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Introduction

• WTD 71 = Bundeswehr Technical Center for Ships, Naval Weapons, Maritime 

Technology and Research

 Federal Office of Bundeswehr Equipment, Information 

Technology and In-Service Support (BAAINBw)
 DEU MoD

• Section 310 = Shipbuilding Technology, Equipment

• Section 340 = Shock and Vibration Center
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• near Helgoland, North Sea

• 4 Bft

• SOG 24 kn

• Wave heigth 1,0 m – 1,5 m

• Sea state 3
• BUSTER boat, RHIB 10 m

• middle (of 3) seat

• deck acceleration

• raw data
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deck: Awz(10 s) =3.45 m/s2, T ~ 26 min

harm.: Awz(10 s) =2.91 m/s2, T ~ 36 min

pneum.: Awz(10 s) =4.78 m/s2, T ~ 13 min (hard stops!)

deck: Awz(2 s) =1.42 m/s2, T ~ 152 min
harm.: Awz(2 s) =1.62 m/s2, T ~ 118 min (excitation close to f0)

pneum.: Awz(2 s) =0.98 m/s2, T ~ 320 min

deck: dmax(10 s)=25.8 mm dmax seems not to

harm.: dmax(10 s)=18.4 mm be critical.
pneum.: dmax(10 s)=28.2 mm

1. Use soft/weak/long springs

2. Avoid hard stops
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Define Spring characteristic

deck: Awz(10 s) =3.45 m/s2, T ~ 26 min

harm.: Awz(10 s) =2.91 m/s2, T ~ 36 min
pneum.: Awz(10 s) =4.78 m/s2, T ~ 13 min (hard stops!)
new: Awz(10 s) =1.73 m/s2, T ~ 103 min 

deck: dmax(10 s)=25.8 mm t = 0.21 s

harm.: dmax(10 s)=18.4 mm
pneum.: dmax(10 s)=28.2 mm
new: dmax(10 s)=9.4 mm
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Optimize t

new: Awz(10 s) =1.73 m/s2

T ~ 103 min, t = 0.21 s
newopt: Awz(10 s) =1.33 m/s2

T ~ 174 min, t = 0.49 s 

new: dmax(10 s)=9.4 mm

newopt: dmax(10 s)=5.3 mm
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Conclusion and way ahead

• Spring should work in + and – direction (avoid hard stops)

• Combine spring and damper in a single material.

National study (2023) about rubber materials

- select caoutchouc

- design form

- optimize t (t variable?, electro-rheologic?)

• Be aware of heating/cooling (P ~ some 10 W)

• Use „standard“ (t.b.d.) time signal.
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Thank you for your attention
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mean heating power <P>

t needed for calculation!
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Helgoland data set: <P> ~ 65 W
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P = Pem + Pconv. + Pd

em: electro magnetic (radiation)

conv.: free convection

d: disspipation (heating the damper)

Ignoring higher orders of rescaled temperature [(T-Tair)/Tair ]in 

radiation terms: []2 [])3 []4

air
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6 Hz

x0=15 mm
(peak2peak)
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* Cooling mechanisms: Radiation and free convection, no forced

convection (i.e. cooling air flow) 

* Peq = heating power, that leads to equilibrium temperature Teq

* Model damper is a cylinder

Leq = 25 cm
Diameter 5 cm

* Tair ~ 300 K
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