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Table 1. Control group test matrix for PHEV validation
testing.

Figure 1. HPPC profile that is repeated at each 10%
DOD increment [3].

       
       

          
           

        
       

      
        

        
        

          
        

Figure 2. Charge sustaining cycle-life test profile [3].

         
             

        
          

        
          

           
          

        
           

      
        

         
         

       
             

        
       

        
  

Table 2. Test matrix for HCSD validation study.
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Figure 3. Pulse resistance comparison between control
groups and HCSD groups.
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Table 3. Average discharge capacity summary for the
control and normalized HCSD groups.

Figure 4. Normalized average capacity loss for the
HCSD cells under (a) no-load and (b) load conditions.
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Table 4. Average discharge pulse resistance summary for
the control and normalized HCSD groups.

Figure 5. Normalized average pulse resistance growth
for the HCSD cells under (a) no-load and (b) load

conditions.
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Table 5. Average available power summary at 500 Wh
for the control and normalized HCSD groups.

Figure 6. Normalized average available power at 500 Wh
for the HCSD cells under (a) no-load and (b) load

conditions.
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Figure 7. Impedance spectrum from HCSD.

HCSD measurements
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Figure 8. Average HCSD measurements at (a) 40°C and
(b) 50°C for the no-load conditions through RPT5.

Table 6. Average real impedance at the semicircle
trough.

EIS measurements
           

       
         

          
     

        
        

         
         

         
       

      
         

       
      

       
       
       

Figure 9. Average HCSD and EIS measurements at (a)
40°C and (b) 50°C for the no-load conditions through

RPT5.
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Table 7. Average EIS real impedance at the semicircle
trough.

Table 8. Average HCSD real impedance at the semicircle
trough.
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Figure 10. HCSD real impedance correlated to the scaled
10-kW constant power discharge capacity.

Table 9. Trendline fit for the HCSD vs. scaled 10-kW
constant power discharge capacity.
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Table 10. Trendline fit for the HCSD vs. L-HPPC
discharge pulse resistance.
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Figure 11. HCSD real impedance correlated to the L-
HPPC discharge pulse resistance.
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Table 11. Trendline fit for the HCSD vs. L-HPPC
available power at 500 Wh.

Figure 12. HCSD real impedance correlated to the L-
HPPC available power at 500 Wh.
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DEFINITIONS/ABBREVIATIONS
DOD    
EIS    
HCSD     
L-HPPC      
NMC    
PHEV     
RCT    

RO   

RPT    
SOC    
SOH    
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