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Technical Note

Cycle Life of LiPo Packs N TN06012

Device under test

EVO20 new formulation 1500mAh 3S1P

Weight
Dimension

127g incl. cable & connectors
105x30x20mm

flghtPower EVO 20

Id Jl!"l.a. New Formulation

1500 mAh 3s1p 11

Test method
Test conditions

Sponsored by slowflyer.ch

a) Life test accordlng to PA06002 section3.2:
lav = 9A, Ip = 30A, Vcutoff = 3.1V/cell (CI95% DoD), Ta = 18<C.
0 - 39 cycles @ Icharge = 4.5A (3C) for 35 minutes.

40-79 cycles @ Icharge = 1.5A (1C) for 80 minutes

80-101 cycles @ Icharge = 4.5A (3C) for 35 minutes.

b) Intermediate measures: Charge 1.5A (1C) and discharge 18Adc (12C),
Veutort = 3.1V / cell

Results

1) Life test, 101cycles (Fig. 4-6)

discharged vVm used energy Ri *) temperature rise T
capacity [Ah] [V/cell] [Wh] [m /cell] [K]
new 1.43 3.49 14.9 11.4 42
50 cycles 1.26 3.41 12.9 15.2 47
100 cycles 1.15 3.34 11.5 18.0 47.5
*) measured in the middle of the discharge period
Practical energy density: 117Wh/kg (initial value)
2) Intermediate testing with 12C dc current (Fig.1, 2)
12C capacity [Ah] | 12C discharge voltage Vm/cell T [K]
before life test 1.45 100% 3.47 100% 56
after 15 cycles 1.43 99% 3.44 98% 58
after 39 cycles 1.36 94% 3.40 98% 61
after 80 cycles 1.30 90% 3.35 97% 62
after 101 cycles 1.26 87% 3.33 96% 64

3) Cell symmetry during 12C discharge (Fig. 3a, 3b)

No significant mismatch of the capacity was found before and after life test.

Conclusions & Comments
The battery has a high energy density.

The cells of the tested battery were well capacity-matched.

The temperature rise and the relative Ri are significantly higher than one is used from the larger
EVO20 cells (2500mAh and higher). Also the temperature coefficient of Ri is higher which make this
type of cells not well suited for high discharge currents at lower temperatures < ~15<C.

These cells can also be charged with currents up to 3C but the rate of the capacity degradation seems
to be somewhat higher than under standard charge conditions:

10% per 100cycles for 1C charge current, 15% per 100cycles for 3C charge current. However, for the
increase of Ri no difference between the two charging methods was observed.

With regard to life expectancy it is not clear how the discharge conditions interact with the charging
methods, i.e. if the difference between 1C and 3C charge changes for other discharge conditions.
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Intermediate testing with 12C dc current (1)

EVO 1500mAh 3S1P
12C DC discharge test
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Fig. 1 capacity and average discharge voltage @ 12C vs the number of cycles

Between cycle #1 - #40 and #80 - #101 (3C charge) the capacity drop rate is about 15% per 100 cycles
while between cycle #40 - #80 (1C charge) it is slightly below 10% per 100 cycles.
Supposedly the accelerated degradation comes from the higher charge current because nothing else was changed.

The capacity drop of about 10% per 100 cycles was also found during another test with EVO20 new formulation
->TNO06005-1.
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Fig 2 discharge voltage curves
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Intermediate testing with 12C dc current (ll)

Cell voltage curves

cell voltage

EVO 1500mAh 3S1P
12C DC discharge test
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Fig. 3b after life test

V =f(t)

V= f(VBAT)

The capacities of the cells where well matched. The voltage difference, around 50mV, is primarily the result of
unequal internal resistances. Even after the life test no significant difference in the cell capacities was found.

From the V = f(Vgar) curves one can learn that if Vcutoff on the ESC is set to 9.3V (= 3.1V/cell average) not any cell
of this battery will fall below 3V. This not only applies to the 12C dc discharge but also for practical discharge
profiles with pulse currents up to 20C -> refer to Fig.5
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Life test (1)

EVO20 1500mAh 3S1P
power cycle test @ Ip = 30A, lav = 9A
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Fig. 4 trend of average discharge volt

age and internal resistance during life testing

A continuous drop of Vm was observed during life test. It is the result of the increasing Ri.

The rate of degradation is quite uniform. In particular between cycle 40 and 80, where the battery was charged with

1C only, no deviation can be seen.

Cell voltages under dynamic discharge conditions

EV020 1500mAh 3S1P
power cycle test @ Ip = 30A, lav = 9A

EVO020 1500mAh 3S1P
power cycle test @ Ip = 30A, lav = 9A
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Fig. 5 individual cell voltages under pulse discharge conditions 0-20C in life test
No substantial difference to the 12C dc curves was found.
Jorg Berner, 11/2006 Lipo EVO20 1500 page 4 of 5




TNO6012

Life test (1)

Internal resistance within one cycle

EVO20 1500mAh 3S1P
power cycle test @ Ip = 30A, lav = 9A
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The temperature coefficient of the internal resistance is substantial. Ri starts at 25mOhm (cold) and
drops to 10mOhm at the end of discharge.

After life test the Ri-curve is shifted to higher values which increases the losses during discharge
causing a higher end temperature although the discharge time is shorter (less capacity).
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