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1. backgound

® Orbital debris is increasely concerned because of
more aerospace activities

manned spacecraft

® As the large relative velocity, a fatal damage
could be occured if a spacecrafts is impacted by

debris even with very small mass.
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ebris >10cm ~ 20,000 objects
debris
® debris < 1cm
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The resouces of space deberis
(1) human aerospace activities
Seperation of satellite from luanch vehicle
Sapce orperation
last stage of luanchers
satellites without function (out of use)

(2) Collision between orbital objects,

10 cm debris collision ---- new debris cloud
containing more than one million fragments 1 mm in
size and larger can be created.
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1.Simulation of debris clog evolution
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Gyroidal Omnidirectional filling
1d , several d, >10d 2y (LEO)
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NASA Model for debris creation

N.ic(Lc) = 0.1(MV)*75L 272

® NASA model is built based on the test and
space surveillance data.

B NASA Model cannot consider the material
property and the configurations of impact
objects.
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2. Software to simulate hypervelocity impact
and typical applications

Hypervelocity Impact (V> 1 km/s)

Available Commercial software

Autodyn 2D and 3D
LS - Dyna
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Hypervelocity impact

Fragment: sphere diameter 9.53mm, 1.29;
Target : plate thickness-2.2mm
Impact velocity : 6.64km/s.

Figure  debris cloud at 6 and 19.8 ms

Experiment phenomenon computational simulation
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SPH simulation
principle

13 2011#~10AR218




Hypervelocity impacting with LS-Dyna

a)s5us 0)10ps c)15us d)20us
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Damage after impac
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Typical Study with LS-Dyna or Autodye

 Simulating the phenomena of impact with
different bullet velocities, shooting angles,
mass and sizes.

« Estimating the critical damage conditions for
space structure, and used for protecting
design.

This work use it to simulation the body break
up in hypervelocity impact

Then to estimate the number of debris with
special sizes.

16 2011%=10AR8218 AFTAMEMRARNS:  KITHRINGSEE



17

Use FEM Mesh to establish SPH particles
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Use 0-1 drawings to statistic number of
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Parameters Determination
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FEM elements side length delta(cm)

Debris size vs FE mesh size
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Parameters Determination
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Simulation termination time(ps)

Debris size vs simulation time
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<
Simulation example of hypervelocity collision

LS-DYNA keyword deck by LS-PRE




Non-central hypervelocity collision

LS-DYNA KEYWORD DECK BY LS-PRE

Time = 0




Non-central hypervelocity collision

LS-DYNA keyword deck by LS-PRE
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LS-DYNA KEYWORD DECK BY LS-PRE
Time=  1143.2
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Non-central hypervelocity collision

LS-DYNA KEYWORD DECK BY LS-PRE
Time = 1643.9
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Non-central hypervelocity collision

LS-DYNA keyword deck by LS-PRE

LS-DYNA KEYWORD DECK BY LS-PRE,
Time = 2001.1
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Central hypervelocity collision

LS-DYNA KEYWORD DECK BY LS-PRE

Time = 0




Central hypervelocity collision

LS-DYNA keyword deck by LS-PRE
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LS-DYNA KEYWORD DECK BY LS-PRE
Time = 645.52
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Central hypervelocity collision

LS-DYNA keyword deck by LS-PRE
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LS-DYNA KEYWORD DECK BY LS-PRE
Tme= 11487
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Central hypervelocity collision

LS-DYNA keyword deck by LS-PRE
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LS-DYNA KEYWORD DECK BY LS-PRE,

Time = 16438 3
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Central hypervelocity collision

LS-DYNA keyword deck by LS-PRE

LS-DYNA KEYWORD.DECK BY-1:S-PRE:
Time= - 2000.1 e 5
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Example for real happened space collision

Thanks David Wright for the fig.
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Central impact simulation result (2)
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Collision on deffrent position
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Creclusion in normmal
impact plane
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Beihang University (BUAA)

DENIM distribution
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Fixing the position of Iridium33 and change
the impact location of Cosmos2251 we can
get the DENIM distribution.

The maximum number is 0.38.
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Fragments statistics

6z 6x Cosmos2251 Iridium33 Fragment
NIM (kg)  NIM (kg) DENIM DSEFM  DLFM "5 ount

2
(o)

O 00 N OO L1 A W N =

96 -72 331 153 ).20 0.76 0.24 749
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-60 -84 337 225 D.30 0.81 0.19 1330

DENIM Dimensionless Equivalent Normal Impact Mass
DLFM Dimensionless Large Fragment Mass
DSFM Dimensionless Small Fragment Mass




Beihang University (BUAA)

Debris orbits 1 hour after
the collision including
debris > 1cm.

It does not need 1-3 years.

Several hours are enough
for the debris to spread
over all LEOs.




4. Conclusions

(1) The work use SPH method to simulation the
orbital object break up in hypervelocity impact.

(2) Compared NASA model, this simulation can
consider more situations of object, including
materials as well as configurations.

(3) Real happened spacecraft collision simulation is
conducted. The result comply to the observation
date.

(4) further study should be continue to obtain more
effective model.
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Thank You
for Attention!
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