
FRAGMENTATION MODELS FOR 

HYPERVELOCITY IMPACT
Shengyu Zou   - 35th Cycle

Supervisor: Prof. Alessandro Francesconi

Presentation for admission to 2nd PhD year - 6, November



Å Research background

Å Satellite breakup models

Å Fragmentation model

Å Research tasks and methodologies

Å Works up to now

Å Future works 

Shengyu Zou FRAGMENTATION MODELS FOR HYPERVELOCITY IMPACT 2-14

Outline

Orbital space debris

Outline



ü Orbital space debris & Breakup events

Causes of space debris
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Research background (1)



ü Satellite breakup models
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ÅEmpirical models

V NASA SBM
V CARDC SBM

ÅSemi-empirical models
V IMPACT
V FAST
V CST(CISAS)

Research background (2)

CST
ÅFragmentation algorithm
ÅFragments tracking algorithm
ÅStructure response

ÅSize distribution
ÅVelocity distribution
ÅArea-to-mass distribution



Fragmentation model  
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ü Impact condition
ÅProjectile shape ratio l/d

ÅImpact velocity vp, (Valid range:3km/s-7km/s)
ÅImpact inclination angle 
ÅMaterial of projectile and target:(Aluminum to Aluminum)

ü Thin-plate fragmentation model 
ÅPerforated hole: dh/d
ÅLargest central fragment: mLF, vLF.
ÅSpray angle of debris cloud: —
ÅMass, velocity distribution of fragments: Nm and Nv

ÅEdge velocity of debris cloud.

ü Thick target penetration depth model    

ü Damage response model 
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Å Small-scale model
Å A dual-wall structure



Research tasks and methodologies(1)

ü Investigation on projectile shape effects 
ÅSPH numerical simulation with AUTODYN code

ÅCharacterization investigation of shape effects on impacting fragmentation  

ü Fragmentation model development 
ÅSemi-empirical fragmentation model for satellite structure & material 

ÅLocal and global damage response model

ü Programming of new fragmentation model
ÅProgramming with MATLAB

Å Incorporation into CST and calibration

ü Experimental calibration and validation
ÅHypervelocity impact experiment with two-stage gas gun 
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Research tasks and methodologies(2)

Smooth Particles Hydrodynamics - SPH simulation

ÅGridlessLagrangianmethod
ÅExtreme deformation and high pressure condition 
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ü Equation of state
Å Mie - GruneisenEOS       
Å Tillotson EOS
Å Shock EOS

üMaterial strength model
Å Johnson cook
Å Steinberg-Guinan

ü Failuremodel
Å Grady criterion 
Å Maximum stress criterion 



Works up to now

ü Literature review activities and research scheme refinement

ü Investigation on characteristics of projectile shape effects

ÅDebris cloud characteristics of shaped projectile

ÅDamage effectiveness in terms of shape ratio

ü Preliminary works on fragmentation model development

ÅPerforation hole size prediction model

ÅCentral large fragment model

ÅPenetration depth model

ÅDebris cloud spray-angle model
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Works on fragmentation model (1)

Nysmith CR, DenardoBP. 
NASA TN D-5492, 1969.

Maiden CJ, McMillan AR . 
AIAAJ 1964;2(11).
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Reference database: Aluminum to Aluminum hypervelocity impact at 3.7km/s~10.4km/s

ÅExperiment data from:Scott A. Hill. Inter. J Impact Engng30(2004).

ÅSimulation data from:Schonberg WP. NASA CR-4486, Washington, DC, 1993.

Parameters calibration: Linear regression method 

Perforation hole model
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Works on fragmentation model (2)

Debris cloud spray-angle analytic model 

l/d=0.125 l/d=0.216 l/d=0.423 ʊ6mm sphere l/d=1 

l/d=1.539 l/d=2.824 l/d=4.348

Projectile: Al-2A12, bumper: Al-2A12, impact velocity: 5km/s, time: t=10us.
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Analytic model form
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Works on fragmentation model (3)

Central large fragment model 

Projectile: Al-2017, bumper: Al-2A12, impact velocity: 5km/s, time: t=20us. Analytic model forms

Å Size prediction model:
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Å Velocity prediction model:
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ü Penetration depth model ü Debris cloud spray-angle model

Works on fragmentation model (4)


