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The diesel engine’s ability to function well under impact is directly related to sailing and
operating of ship. Therefore, the study on impact response of diesel engine has great meaning.
This paper first builds the finite element model of diesel engine. Then the modal analysis of
diesel engine and its parts has been performed. By conducting the modal analysis not only the
finite element model has been verified, but the dynamic characteristics have been acquired.
The results show that the assembly has the lowest frequencies of low order modes while the
cylinder head has the highest frequencies of low order modes. This investigation provides a
valuable reference to estimate the response of diesel engine under impact.
As the finite element model has been verified, the investigation on impact response of diesel
engine has been conducted. This paper adopts dynamic design analysis method (DDAM) and
real time simulation method to analyze the impact response of diesel engine separately in
frequency domain™ and time domain'®. The load in DDAM method is a spectrum based on
frequency domain that is acquired by empirical formula which is proposed by American naval
laboratory™®. Real time simulation method is based on the stress wave propagation
theory.'The load in real time simulation method is described by sine wave. The response of
diesel engine under impact from different direction has been analyzed in both methods. The
stress distribution in both methods has been shown in Fig. 1 and Fig. 2. The stress distribution
shows that the trends of stress distribution in both methods are similar. The maximum stress
in DDAM method is a little higher than that in real time simulation method. It is because that
DDAM method is a conservative method and can only consider the liner elastic behavior of
material. The response of diesel engine in real time simulation method is much closer to the

real solution.
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Fig. 1 stress distribution in DDAM method Fig. 2 stress distribution in real time simulation
method

Then the influence of ship on impact response of diesel engine has been discussed. The diesel
engine has lumped parameter system characteristics according to modal analysis. The abstract
model has been built as shown in Fig. 3. The acceleration of diesel engine in coupled model
and uncoupled model has been shown in Fig. 4. The results shows that the maximum
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acceleration is smaller and the period is longer in coupled system. Therefore, it is necessary to
consider the flexibility of the ship.
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Fig. 3 abstract model Fig. 4 accerleration of diesel engine in both models

Finally the diesel engine has been assembled on the hull. In real case, diesel engine is
connected to the shock absorber. This paper adopts an appropriate way of simulating the link
constraint based on flexible coupled system theory. The shock absorber is simulated by spring
element. The degrees of freedom of mounting are coupled with spring element and the
degrees of freedom of spring element are coupled with hull. Then diesel engine and ship
become integration. In this method, the impact is no longer from one direction, and the
interaction between diesel engine and hull has been considered. The results show that the
stress is smaller in integration model, which agrees with the results in abstract model. The
spectral analysis of stress in both models has been shown in Fig. 5 and Fig. 6.

ss/(MPa)
ress/(MPa)

|
I il N
o SR Y . (P IIPPIOSr L Y PO SRS PCT =, AV, N WY
% s Tion i% 400 200 %0 400 450 500 % 50 100 150 200 250 300 350
Frequency/(Hz) Frequenc: yi(Hz)

Fig. 5 spectral analysis of stress in non-integration  Fig. 6 spectral analysis of stress in integration model
model

The stress in non-integration model mainly distributes in frequencies of 300Hz-350Hz, while
the stress in integration model mainly distributes in frequencies of 50Hz-100Hz. The spectral
analysis shows that the stress of integration model distributes in lower frequency ranges than
of non-integration model. This illustrates that response period in integration model is longer
than that in non-integration model, which accords to the results in abstract model. The
investigation of impact response in integration model shows that the flexibility of ship cannot
be ignored. This paper provides a valuable method to study the dynamic response of marine
equipment under underwater explosion impact.
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