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ABSTRACT
This paper present the approach used at the VUJE institute for the evaluation of a
ruptured blade impact on the current protection cover of a SKODA 220 MW turbine. Firstly,
it briefly describes experiments (Hopkinson-Davies split bar facility, Taylor tests) and
numerical simulations used to obtain realistic material parameters needed for the CowperSymonds material model that is implemented in the code LS-DYNA3D. Then, numerical
simulations, by using the code, of the ruptured blade impact on various protection barriers are
presented. These simulations make it possible to find an optimal solution for a new turbine
protection cover.
1

INTRODUCTION

For the resolution of impact and penetration problems such as the ruptured blade impact
on a turbine housing, strain rate effects on the yield stress and material erosion limits are very
important. For this reason, the behaviour of steel materials involved is usually described by
using the Cowper-Symonds model (low velocity impact) or the Johnson-Cook model (high
velocity impact) with material erosion limits.
At VUJE [2], the determination of the material parameters for the Cowper-Symonds
model consisted of the following steps:
þ
þ

Experiments with material samples at the Hopkins-Davies split bar facility with the goal
to determine basic material parameters for the Cowper-Symonds model,
Taylor tests with material samples (impacts of material cylinders on a rigid wall: cylinder
diameter of 5 mm, height of 25 mm, impact velocity within the interval from 50 m/sec to
300 m/sec)
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Numerical simulation of the Taylor tests by means of the LS-DYNA3D [1] code using the
basic material parameters, comparison of the numerical and experimental data (the
cylinder diameter profile along the sample height),
Numerical simulation of an experiment with a blade penetration in order to determine the
material erosion limit,

After verification of the material parameters, various designs of the turbine protection
cover were studied by using the LS-DYNA3D code.
2

MATERIAL MODEL DEFINITION

All materials were described by the Cowper-Symonds model. This model is suited to
model isotropic and kinematics hardening plasticity with the option of including rate effects.
σY = σS [1 +(εr/D)1/p]

(1)

where
σY is the current yield stress,
σS is the static yield stress,
εr is the strain rate,
D a p are the user defined input constants.
Dynamic materials parameters based on experiments on the Hopkins–Davies facility
were:
Steel ČSN 11 375 (turbine housing)
σS = 270 MPa;

D= 65,6;

p= 14,9

Steel PAK 1 TD (turbine blade)
σS = 685 MPa;

D= 143,4;

p= 21,5

The numerical simulations of the Taylor’s tests were performed by using a finite
element model shown in Fig.1. The main model characteristics were:
Number of elements : 1674
Number of nodes
: 2331
Element type
: brick elements, 8 nodes, one-point integration,
elastic hourglass control
Material model
: Cowper-Symonds
Boundary condition : impact on the rigid wall, without friction
Process time
: 0,050ms real process time
CPU
: about 218s (HP 1900/735)
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Fig.1. FEM model for Taylor test
Calculations were done for the experiments S8, S5, S7 (material ČSN 11 375) a L2, L1,
L5 (material PAK 1TD). A typical cylinder deformation after the impact is shown in Fig. 2.
The comparison of calculations and experiments is shown in Tab. I. and Tab. II. The
results of numerical simulation and experiments are in very good agreement.

Experiment
no.

Head of missile

Length of missile after impact

Diameter [mm]

Length [mm]

Experiment.
LSValue
DYNA3D

Difference Experiment.
LSDifference
%
Value
DYNA3D
%

S8

3.010

3.089

2.6

23.55

23.308

1.0

S5

3.630

3.803

4.8

21.02

21.020

1.5

S7

4.385

4.500

2.6

19.42

19.060

1.9

Tab. I.
Comparison of experiments and calculations for Taylor tests of material
ČSN 11 375
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Head of missile

Length of missile after impact

Diameter [mm]

Length [mm]

Experiment.
LSDifference Experiment.
LSDifference
Value
DYNA3D
%
Value
DYNA3D
%

L2

2.840

2.882

1.5

23.550

24.032

2.0

L1

3.290

3.195

2.9

22.400

23.061

3.0

L5

3.840

3.567

7.1

21.250

22.012

3.6

Tab. II.
PAK 1TD

Comparison of experiments and computations for Taylor tests of material

Fig.2 Typical cylinder deformation for Taylor test (LS- DYNA3D simulation)
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RUPTURED BLADE IMPACT ON STEEL PLATE

In order to obtain realistic material erosion limits for the cover material and turbine
blade, an experiment on a realistic scale was prepared and performed.
A real ruptured turbine blade (the mass of 6,14 kg) was covered by a resin and placed
into a cartridge of a canon. This missile was shot against a steel plate (dimensions 2.0 x 2.0 x
0.025 m) made of the same material as the turbine housing and with the same thickness. The
impact velocity of the blade was 403.2 m/sec, the measured residual blade velocity after target
perforation was 281.7 m/sec.
Then, a numerical simulation of the experiment by means of the LS-DYNA3D code
was performed using material parameters determined by the standard approach described
above. The computed blade residual velocity was 284.56 m/sec, for the plate erosion limit 0.8
and for the blade erosion limit 0.91. These erosion limits were used for all subsequent
numerical simulations.
The main FEM model characteristics for the experiment were:
Number of elements : 5027
Number of nodes
: 6251
Element type
: brick elements, 8 nodes, one-point integration,
elastic hourglass control
Material model
: Cowper-Symonds
Process time
: 3ms real process time

Fig.3. Calculation model
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RUPTURED BLADE IMPACT ON TURBINE HOUSING

Finally, the original design of protection turbine housing could be studied by using a
numerical FEM simulation shown in a Fig. 4. During this as well as subsequent simulation,
the ruptured blade had not only translational but also rotation velocity, which was obtained by
detailed kinematics studies.
The main FEM model characteristics were:
Number of elements : 14 352
Number of nodes
: 17681
Element type
: brick elements, 8 nodes, one-point integration,
elastic hourglass control
Material model
: Cowper-Symonds
Process time
: 2,5ms real process time

Fig.4. FEM model for evaluation of the original turbine housing
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The numerical calculations performed confirmed that the original turbine housing in the
lower pressure part will be perforated by a ruptured turbine blade, see Fig. 5.

Fig.5. Perforation of the original turbine housing

A ruptured turbine blade will perforate the original turbine housing. By many following
simulations, it was observed that a single barrier (with increased barrier thickness) is not an
effective solution. A two-barrier solution showed to be very effective due to the fact that the
ruptured blade has not only a translational velocity but also a rotational velocity. After the
perforation of the first original barrier, the blade penetrates into the second barrier and then
due to its rotation will be captured and clamped between the barriers.
The main FEM characteristics for a two-barriers study were:
Number of elements : 13 356 solid elements, 24 beam elements
Number of nodes
: 16 679
Element type
: 8-nodes brick, 1 point integration, HG elastic control, Hughes-Liu
beam
Material model
: Cowper-Symonds
Blade
: impact velocity 573.0 m/sec, rotation about 265 rad/sec
Process time
: 3ms real process time
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Fig.5 Two-barriers model, before impact

Fig.6. Two-barriers model, at the end of simulation
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CONCLUSIONS

The experimental and numerical simulations performed for the SKODA 220 MW
turbine confirmed that the original turbine housing in the lower pressure part would be
perforated by a ruptured turbine blade. For this reason, an optimal solution for this barrier was
studied. It was observed, by many numerical simulations using LS-DYNA3D, that a single
barrier is not effective to prevent a barrier perforation. A two-barrier solution proved to be
very effective due to the fact that the ruptured blade has not only a translational velocity but
also a rotational velocity. After the perforation of the first original barrier, the blade penetrates
into the second barrier and then due to its rotation will be captured and clamped between the
barriers.
6
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