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Fig.	1.	Battery	design	and	management	
issues	based	on	the	aging	mechanisms	and	

life	model	[Ref:	23].
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• Data Collected: Voltage (V, Volts), Current 
(I), Time (s), Cycle number (n, cycles), Cycle 
at temperature limit error (z, cycle #). 
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!_"#$ (%,&) - avg. discharge voltage, V

% – cycles ran
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Initially, A=+∞ (or a large number ≫ maximum lifetime, 100,000 etc.). 

When a temperature anomaly occurs, set A=C_(DEFG. HCIF.)
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!_" (#,$) - discharge capacity, Ah 

# – cycles ran
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Initially, P = +∞ (or a large number ≫ maximum lifetime, 100,000 etc.). 

When a temperature anomaly occurs, set P = STUVW.XYZV.



Temp. failure (z)
Battery SoH (% Vavg. remaining)

100% 95% 90% 85% 80%
75%, 

Full life

500 ! = 1 645 725 755 775 785

1000 ! = 1 825 1190 1240 1265 1280

1500 ! = 1 825 1595 1715 1750 1770

+∞ ! = 1 825 1655 2475 3305 4130

§ Note: & = +∞ means that no temperature failure has occurred!
§ ' = ()) means that a temp. failure was recorded at the 500th cycle.
§ Example: If temp. failure occurs during the 1000th cycle, the full lifetime of the 

battery is projected to be ~1280 cycles (75% SoH / Full Life).
§ Example: A battery that records a temp. failure during the 1500th cycle is 

projected to have a *+, = -)% at the 1595th cycle.



Temp. failure (z)

Battery SoH (% Cd remaining)

100% 95% 90% 85% 80%
75%, 

Full life

500 ! = 1 381 524 577 609 632

1000 ! = 1 425 829 1009 1070 1104

1500 ! = 1 425 853 1264 1491 1562

+∞ ! = 1 426 850 1274 1698 2122

§ Note: & = +∞ means that no temperature failure has occurred! 
§ & = 500 means that a temp. failure was recorded at the 500th cycle.
§ Example: If temp. failure occurs during the 500th cycle, the full lifetime of the 

battery is projected to be ~632 cycles (75%: SOH / Full Life).
§ Example: A battery that does not record a temp. failure is projected to have a 
)*+ = ,-% at the ~1698th cycle.
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Q1: Engineering Problem & Objectives 
● Batteries are crucial in many applications
● Reports of explosion events due to batteries
● Increasing demand of these systems/devices
● Develop a mathematical algorithm for modeling 

and predicting the battery lifetime for health 
monitoring of battery.

● Analysis of a life time projections and expected 
SoC as a function of operating parameters and 
properties.

● Formulate an architecture for model-based 
prognostics that will be applied for BHM (Battery 
Health Monitoring).

Q2: Project Design 
● Temperature, V, I, P, Cd data were recorded 

throughout the functioning of the cell during 
charging, discharging, and subsequent resting steps. 

● The failure of the battery has been modeled to derive 
equations for predicting the capacity as well as the 
lifetime as a function of the cycle number, a cut-off 
discharge capacity (75 % of initial discharge 
capacity), and temperature.

● The failure of the battery has been modeled to 
consider the failure as a function of the cycle number 
and a single temperature limit failure.

Q4: Interpretation & Conclusions
● The flowchart for the mathematical analysis of the 

cell cycling and developed algorithm provides 
continuous estimation of remaining lifetime.

● Discharge capacity will limit the battery lifetime 
before Vavg.

● Based on 75% 1st cycle discharge capacity, the 
max. projected lifetime of the battery is ~2100 
cycles.

● While the Cd limit is reached first, the avg. voltage 
the battery can deliver drops off significantly faster 
after a temperature failure.

Q3: Data Analysis & Results 
● 3 Governing Equations were derived from this project. 

Lifetime prediction as a function of cycle number and 
temperature failure: 

● !" #, % = '()* #+% + -# + .
● The equation for the voltage profile versus SoC follows a 

logarithmic equation as follows:

• /0*1234) = ' #, % 5 − log #3 #,%
:;!<-= #,% +# > #,%

' #, % , 3 #, % , > #, % , :;!<-= #, % = '()* #+% + -# + .


