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ABSTRACT 

 

         Syntactic foams are light weight particulate 

composites manufactured by dispersing hollow 

microballoons in a polymer matrix. Most of the syntactic 

foam systems are fabricated using an epoxy based 

thermoset polymer as the matrix. In this study a polystyrene 
based shape memory polymer (SMP) is used as the matrix 

material. The idea in this study is to use the shape memory 

characteristics of the SMP to achieve self-healing 

functionality. The objective of this study is to evaluate the 

self-healing performance of a SMP based syntactic foam 

under multiple low velocity impact incidents when the 

syntactic foam is used as a composite sandwich core.  

 

SMP usually has a low strength and stiffness. In order 

to enhance its strength and stiffness and increase its 

thermal/electrical conductivity so that phase-change can 

possibly be triggered by systems other than heating, Multi-
Walled Carbon Nanotubes (MWCNT) has been included in 

the shape memory polymer system. The dispersion of the 

nanotubes was achieved by a systematic process involving 

an ultrasonic probe and a three roll mill. The surface 

morphology and carbon nanotube dispersion was identified 

using a TEM observation.  

 

 
 

Figure 1. TEM image of MWCNT in SMP matrix 

 

 

 

 

Once the nanotubes were dispersed uniformly in the 

polymer, glass microballoons were added to the system. The 

prepared syntactic foam was used as the core material in 

fabricating a sandwich structure with E-glass fiber 

reinforced face sheets. Vacuum Assisted Resin Infusion 
Molding (VARIM) process was used in fabricating the 

sandwich panel. The sandwich panel was further cut to 

smaller sized specimens for conducting Low Velocity 

Impact (LVI). 

 

 
 

Figure 2. LVI tests on Dynatup 8250 Drop tower 

 
      Low velocity impact tests were performed on each 

sandwich specimen 3 cycles at the same impact location 

using an Instron Dynatup 8250 drop tower machine at a 

velocity of 3m/s and a hammer weight of 6.64kg. LVI tests 

were conducted at 4 different temperatures of 32oC, 62oC, 

92oC and 122oC. For each temperature 5 specimens were 

tested and the Load and Energy traces were obtained.         

C-scan was utilized to characterize the impact damage and 

self-healing efficiency before and immediately after impact 
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as well as immediately after self-healing for each cycle of 

impact test.  Self-healing by heating up the impact damaged 

specimen to a temperature higher than its glass transition 

temperature (62oC) was implemented after each cycle of 

impact.  
 

 Compression tests were also performed on the pure 

smart syntactic foam per ASTM D 695 to obtain the 

compressive strength, modulus, and stress-strain behavior. 

 

The test results show that the impact damage is 

effectively healed by the smart foam under multiple impact-

healing cycles. The majority of the structural capacity is 

maintained after multiple impacts. 

   

 
 

Figure 3. Vacuum Assisted Resin Infusion Method 

(VARIM) 
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