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Mission Critical Performance Characteristics 

0 

0 

Long calendar life 
- Cruise time of 6-8 years 

Tolerance to high radiation environments 
- 4 M Rad for Europa Orbiter 
- 8 Mrad including the qualification margin 
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Technology Demonstration Strategy for 
Radiation Tolerance 

Obtain prototype cells from different aerospace vendors 
and evaluate radiation tolerance 

DD cells from SAFT (PC-EC-DMC) 
- High and low dosage rates 

7 Ah Prismatic cells from Yardney (EC+DMC+DEC) 
- High and Low Dosage Rates 

18650 cells from Sony/AEA/Comdev 
- High and Low Dosage Rates with blanks for both 

Three electrode cells and Li ion cell components 
- Tonin Separator, YTP electrodes and EC:DMC (1:l) 

electrolyte 
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RADIATION TEST FACILITY 

Cylindrical cells 
Radiation in a direction to the electrodes 

Prismatic cell 
Radiation in a direction parallel to the electrode plates (to avoid 
attenuation from the preload fixtures) 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of Yardney 7 AHr Cells: Effects of Radiation Testing (High Rate) 

Reversible Capacity at 23OC 

Capacity after 10.1 MRad = 6.6179 Ahr (92.68 %) 
Capacity after 11.6 MRad = 6.668 Ahr (93.66 %) 
Capacity after 13.1 MRad = 6.548 Ahr (91.70 %) 
Capacity after 14.6 MRad = 6.466 Ahr (90.55 k) 
Capacity aft@ 14.6 MRad = 6.444 Ahr (90.24 %) 

4.50 - 

+ Capacity prior to radiation exposue 
A Capacity after 1.5 M Rad radiation exposue 

Capacity after 2.6 M Rad radiation exposue + Capacity after 4.1 M Rad radiation exposue 
4b Capacity after 5.6 M Rad radiation exposue 

Capacity after 7.1 M Rad radiation exposue 
A Capacity after 8.6 M Rad radiation exposue 
0 Capacity after 10.1 M Rad radiation exposue 
A Capacity after 11.6 M Rad radiation exposue 
0 Capacity after 13.1 M Rad radiation exposue 
I Capacity after 14.6 M Rad radiation exposure 
A Capacity after 16.1 M Rad radiatlon exposue 

4.00 

- 

A 

- 
5 3.00 
0 

2.50 

2.00 

~ 

Yardney 7 Ahr Lithium-Ion Cell 
Cell YO81 

High Rate Cell 

I I I I I I I 

0 1 2 3 4 5 6 7 8 
Discharge Capacity (Ahr) 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of Yardney 7 AHr Cells: Effects of Radiation Testing (High Rate) 

Reversible Capacity at O°C 
4.25 - 

4.00 1 
3.75 

3.50 

3.25 

3.00 

2.75 

2.50 

2.25 

2.00 

I Yardney 7 Ahr Lithium-Ion Cell I 

______ + Capacity pnor to radiation exp 
-i- Capacity prior to radiation exp 
-0- Capacity at OC after 1.5 Mrad + Capacity at OC after 2.6 Mrad 
-4- Capacity at OC after 4.1 Mrad 
.IC Capacity at OC after 5.6 Mrad Radiat 

CaDacitv at OC after 7.1 Mrad Radiation * CapaciG at OC after 8.6 Mrad Radiation 
--C Capacity at OC after 10.1 Mrad Radiation 
-O-- Capacity at OC after 11.6 Mrad Radiation 
-C- Capacity at OC after 13.1 Mrad Radiation + Capacity at OC after 14.6 Mrad Radiation 

Initial Capacity at 0°C = 6.457 Ahr (90.43 % of lntial RT Value) 
Capacity at 0°C after 1.5 MRad = 6.0557 Ahr (84.81 % of lntial RT Value) 

Capacity at 0°C after 4.1 MRad ~5.8329 Ahr (81.69 % of lntid RT Value) 
Capacity at 0°C after 5.6 MRad ~5.9064 Ahr (82.72 % of lntid RT Value) 
Capacity at 0°C after 7.1 MRad ~5.7168 Ahr (80.06 % of lntid RT Value) 
Capacity at 0°C after 8.6 MRad ~5.6827 Ahr (79.58 % of lntid RT Value) 
Capacity at 0°C after 10.1 MRad 15.733 Ahr (80.03 % of lntial RT Value) 
Capacity at 0°C after 11.6 MRad 15.616 Ahr (78.65 % of lntial RT Value) 
Capacity at 0°C after 13.1 MRad 15.478 Ahr (76.72 % of lntial RT Value) 

Capacity at 0°C after 3.0 MRad ~5.8867 Ahr (82.44 % of lntid RT Value) __ 

I I I I I I I 

0 I 2 3 4 5 

Discharge Capacity (Ahr) 

6 7 8 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of Yardney 7 AHr Cells: Effects of Radiation Testing (High Rate) 
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L Yardney 7 Ahr Lithium-Ion Cell 
Cell YO81 -High Rate Cell 

Cycle 1-5 = 
Conditioning 

cycles 4 After I I 
II After 
1.V 

MRad 2.6 
MRad ___ 

++w4 

After 
4. I 

MRad 
- 

-4w 

After After 
5.6 7.1 

MRad MRad 
- __ 

-* 
After 

After After 11.6 After 
13.1 - 

MRad 

.~ 
. 

- MRad - 8.6 __ 
MRad MRad 

After __ 
14.6 

MRad --- 
Cycle 6-7= 

Cycling at 0°C 
_____ ____~___ 

\ I \ \  
% 

After 

at 0°C 2.6MRad After After 
1.5 M Rad After 

After ~ After __ After __-- atOOC - 4.1 ~ 5.6 ~ 

MRad MRad 7.1 8.6 10.1 
atO°C at0"C  rad After 

at 0°C ~ at oOC 

MRad MRad After 

at 0°C at0"C atO% 11.6 13.1 After 
MRad MRad ~ 14.6 

M Rad 
at 0°C 

_ _  

~ - - - - - ~ - - - - , - . - - - - - - ~ - ~ . , ~ - , , - " , - - - . ~ ~ , ,  
Capacity Fade Rate (Cycles 1-5) = 0.047%/cycle 
Capacity Fade Rate (Cycles 8-12) = 0.122%/cycle 

Capacity Fade Rate (Cycles 15-19) = 0.12l%/cycle 
Capacity Fade Rate (Cycles 22-26) = O.O59%/cycle 
Capacity Fade Rate (Cycles 29-33) = 0.136%/CyCle 
Capacity Fade Rate (Cycles 36-40) = 0.165%1cycle 
Capacity Fade Rate (Cycles 43-47) = 0. 122S6/cycle 
Capacity Fade Rate (Cycles 50-54) = 0.163%/cycle 
Capacity Fade Rate (Cycles 57-61) = 0.15l%/cycle 
Capacity Fade Rate (Cycles 64-68) = 0.144%/cycle 
Capacity Fade Rate (Cycles 71-75) = 0.167%kycle ~ ~ ~ - ~ ~ , - - " . ~ - "  ~ 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

Cycle Number 
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Lithium-Ion Cells for Future Outer Planets Program Applications 

Capacity after 10.5 MRad = 6.5788 Ahr (90.73 O/O) 

Capacity after 12.0 MRad = 6.6420 Ahr (91 60 %) 
Capacity after 13.5 MRad = 6.4906 Ahr (89.52 %) 

Status of Yardney 7 AHr Cells: Effects of Radiation Testing (Low Rate) 
Reversible Capacity at 23OC 

+ Capacity prior to radiation exposure 

A Capacity after 1.5 M Rad radiation exposure 

4.50 

4.00 

0 Capacity after 3.0 M Rad radiation exposure 

0 Capacity after 4.5 M Rad radiation exposure 

Capacity after 6.0 M Rad radiation exposure 

A Capacity after 9.0 M Rad radiation exposure 

0 Capacity after 10.5 M Rad radiation exposure 

+ Capacity after 12.0 M Rad radiation exposure 

__ 

3.50 

3.00 

2.50 

2.00 

____. 

0 

Yardney 7 Ahr Lithium-Ion Cell 
Cell YO92 

Low Rate Cell 

I- t Capacity after 13.5 M Rad radiation exposure 1 
I I I I I I I 

1 2 3 4 5 6 
Discharge Capacity (Ahr) 

7 8 
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Lithiumllon Cells for Future Outer Planets Program Applications 
Status of Yardney 7 AHr Cells: Effects of Radiation Testing (Low Rate) 

4.25 

4.00 

3.75 

3.50 

3.25 

3.00 

2.75 

2.50 

2.25 

2.00 

Reversible Capacity at O°C 

Yardney 7 Ahr Lithium-Ion Cell 

~~- ~ _ _  + Capacity pnor to radiati 
A Capacity prior to radiation exposure at OC 
0 Capacity at OC after 1.5 Mrad Radiation 
+ Capacity at OC after 3.0 Mrad Radiation 
@ Capacity at OC after 4.5 Mrad Radiation 
0 Capacity at OC after 6.0 Mrad Radiation 
A Capacity at OC after 9.0 Mrad Radiation - Capacity at OC after 10.5 Mrad Radiation 
f& Capacity at OC after 12.0 Mrad Radiation 

______ ____- 

Initial Capacity at O°C = 6.478 Ahr (89.49% of lntial RT Value) 
Capacity at O°C after 1.5 MRad = 5.991 Ahr (82.62 % of lntial RT Value) 
Capacity at O°C after 3.0 MRad = 5.884 Ahr (81.15 % of lntial RT Value) 
Capacity at O°C after 4.5 MRad = 5.795 Ahr (79.92 % of lntial RT Value) 
Capacity at O°C after 6.0 MRad = 5.754 Ahr (79.36 % of lntial RT Value) 
Capacity at O°C after 9.0 MRad = 5.659 Ahr (78.05 % of lntial RT Value) 

Capacity at O°C after 10.5 MRad = 5.608 Ahr (77.34 % of lntial RT Value) 
Capacity at O°C after 12.0 MRad = 5.499 Ahr (75.84 % of lntial RT Value) 
Capacity at O°C after 13.5 MRad = 5.455 Ahr (75.23 % of lntial RT Value) 

~~ 

I I I I I I I 

0 1 2 3 4 5 6 7 8 
Discharge Capacity (Ahr) 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
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Status of Yardney 7 AHr Cells: Effects of Radiation Testing (Low Rate) 

Cycle 1-5 = 
Conditioning 

cycles 

1.5 
MRad ----- 

% 

Yardney 7 Ahr Lithium-Ion Cell 1 Cell YO92 - Low Rate Cell 

After After 
3.0 4.5 

MRad MRad 
After After 

13.5 12.0 

After After 
9.0 6.0 

MRad MRad 

After 
10.5 

~ MRad ~ MRad __ MRad - ___ 

-_ - - Cycle 6-7- 
Cycling - 

After After 
1.5 Mrad 3.0 Mrad 

atO°C - atO°C - 

at o O C  After 
4.5 Mrad 

at O°C 

Capacity Fade Rate (Cycles 1-5) = 0.082 %/cycle 
Capacity Fade Rate (Cycles 8-12) = 0.169 Wcycle 
Capacity Fade Rate (Cydes 15-19) = 0.253 OMcycle 
Capacity Fade Rate (Cycles 22-26) = 0.189 OMcycle 
Capacity Fade Rate (Cycles 2433 ) = 0.172 %/cycle 
Capacity Fade Rate (Cycles 36-40 ) = 0.226 %/cycle 
Capacity Fade Rate (Cycles 43-47) = 0.263 %/cycle 
Capacity Fade Rate (Cycles 50-54) = -0.037 %/cycle 
Capacity Fade Rate (Cycles 57-61) = 0.272 %/cycle 

% + t t  \ 
After After After 

10.5 ~ 12.0 ~ After - 

Mrad Mrad Mrad 13.5 
Mrad atO0C atO°C 

After 
6.0 9.0 ~ 

- Mrad ~ 

 at^'^ atOOC 

at OOC 

-~ 

I I I I I I I I I I I I 

0 5 I O  15 20 25 30 35 40 45 50 55 60 65 

Cycle Number 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of Yardney 7 AHr Cells: Effects of Radiation Testing 

High Rate vs. Low Rate 
8.5 

8 

7.5 

7 

6.5 

6 

5.5 

5 

4.5 

4 

3.5 

0 

- Yardney 7 Ahr Lithium-Ion Cells ~ - _ _ _ _  

Reversible Capacity vs. Radiation Dosage 
L I 

.. 

'OCO y-rays 

emperature (High 
Capacity at Room Temperature (Low Rate Cell) 

A Capacity at OC (High Rate Cell) 
Capacity at OC (Low Rate Cell) 

5 10 15 20 

Radiation Exposure Dose (MRad) 

25 
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Electrochemical Impedance Spectroscopy 
0.030 

0.025 

0.020 

i! 

- 2 

S 

2 0.015 
N' 
d 

0.010 

0.005 

0.000 

(before and after Ist, 21-14 3rd, & 4th radiation) 
Cell YOBI-High Rate 

Temperature = 23OC 

A Initial Measurement 

0 After Exposure to 1.5 MRAD 

0 After Exposure to 3.0 MRAD 

@After Exposure to 4.5 MRAD 

*After Exposure to 6.0 MRAD 

07.1MRad 

High Rate 

0.005 0.010 0.015 0.020 0.025 0.030 0.035 
Real, Z, (Ohms) 

0.040 

0.035 

0.030 

0.025 

0.020 

0.015 

0.010 

0.005 

0.000 

__ 

EIS of Radiated Cells 
(before and after Ist, 5th, 6th, 7th and 8th exposure 

Cell YO81-High Rate 

Temperature = 23OC 

0 After Exposure to 1.5 MRAD 

A 10.1MRad X 11.6MRad 

0 14.6 Mrad f 13.1MRad 

8.6MRad 

. . .  
0 0 . 

0 

. . 
0 

0.005 0.010 0.015 0.020 0.035 0.040 0.045 
Real,  ohm^^ 

Little change in the series resistance indicative of small changes in the ionic 
(electrolyte) and electronic (electrode) conductivities. 
Increase in the low frequency impedance (attributed to the cathode kinetics) which 
might affect the high rate/low temperature performance. 
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Electrochemical Impedance Spectroscopy 
Low Rate 

0.035 

0.030 

0.025 

h 

v) 
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N" - 
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E - 
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0.005 

0.000 

Yardney 7 Ahr Outer Planets 
EIS of Radiated Cells 

Cell YO92-Low Rate 

I I 

I Temperature = 23°C 

+After Exposure to 1.5 MRAD 

After Exposure to 3.0 MRAD 

After Exposure to 4.5 MRAD 

+ After Exposure to 6.0 MRAD 

0 After Exposure to 9.0 MRAD 

After Exposure to 10.5 MRAD 

c 

0.036 

0.030 

0.026 

v) 

0.020 

0, - I  
N I I  

1 0.016 

E - 

Yardney 7 Ahr Outer Planets 
EIS of Radiated Cells 

Cell YO92-Low Rate 

Temperature = 23OC 

10.5Mrad-rep 

A 15 Mrad 

A A A A  
A * * *  A . A 

4 -  A 
W . 8  

0.010 

A 

0.005 

0.000 
0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 

Real, 2, (Ohms) Real, 2, (Ohms) 

Slightly higher increase in the series resistance compared to the high rate 
impedance data, may be attributed to ageing. 
Also, marginally higher impedance at low frequencies compared to high rate 
exposure data, may be attributed to cell ageing 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of SAFT DD-Size Cells: Effects of Radiation Testing (High Rate) 

4.50 

4.00 

n 

= 3.00 
a> 
0 

2.50 

2.00 

Reversible Capacity at 23OC 

Initial Capacity = 9.099 Ahr 
Capacity after 1.5 MRad = 9.023 Ahr (99.16 %) 
Capacity after 2.6 MRad = 8.965 Ahr (98.53 %) 
Capacity after 4.1 MRad = 8.927 Ahr (98.1 1 %) 
Capacity after 5.6 MRad = 8.899 Ahr (97.80 %) 
Capacity after 7.1 MRad = 8.861 Ahr (97.38 %) 
Capacity after 8.6 MRad = 8.838 Ahr (97.13 %) 
Capacity after 10.1 MRad = 8.799 Ahr (96.70 %) 
Capacity after 11.6 MRad = 8.737 Ahr (96.02 %) 
Capacity after 13.1 MRad = 8.699 Ahr (95.60 %) 
Capacity after 14.6 MRad = 8.648 Ahr (95.04 %) 

__ _ _ ~  

5th Discharge 

.IC Capacity prior to radiation exposure 
+ Capacity after 1.5 M Rad radiation exposure 
-0- Capacity after 2.6 M Rad radiation exposure 
--t Capacity after 4.1 M Rad radiation exposure 

Capacity after 5.6 M Rad radiation exposure 
Capacity after 7.1 M Rad radiation exposure 

-0- Capacity after 8.6 M Rad radiation exposure 
+ Capacity after 10.1 M Rad radiation exposure 
-@- Capacity after 11.6 M Rad radiation exposure 
--IC Capacity after 13.1 M Rad radiation exposure 
3- Capacity after 14.6 M Rad radiation exposure 

0 2 4 6 
Discharge Capacity (Ahr) 

8 10 
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Lithium-Ion Cells for Future Outer Planets Program Applications 

- 

Status of SAFT DD-Size Cells: Effects of Radiation Testing (High Rate) 
Reversible Capacity at O°C 

4.25 

A Capacity at OC after 8.6 Mrad Radiation 
8 Capacity at OC after 10.1 Mrad Radiation 
+ Capacity at OC after 11.6 Mrad Radiation 
e Capacity at OC after 13.1 Mrad Radiation - 

4.00 

3.75 

3.50 s v 

2.50 

2.25 

2.00 

0 

ISAFT Q A i r  Lithium-Ion Cell 
Cell SO? I 1  

High Rate Cell 

0 Capacity at OC after 1.5 Mrad Radiation 
6 Capacity at OC afler 2 6 Mrad Radiation 
e Capacity at OC after 4.1 Mrad Radiation 
0 Capacity at OC after 5 6 Mrad Radiation 

Capacity at OC after 7.1 Mrad Radiation 

Initial Capacity at 0°C = 8.394 Ahr (92.25% of lntial RT Value) 
Capacity at 0°C after 1.5 MRad = 8.050 Ahr (88.47 % of lntial RT Value) 
Capacity at 0°C after 2.6 MRad = 8.039 Ahr (88.35 % of lntial RT Value) 
Capacity at 0°C after 4.1 MRad = 8.058 Ahr (88.56 % of lntial RT Value) 
Capacity at 0°C after 5.6 MRad = 8.146 Ahr (89.52 % of lntial RT Value) 
Capacity at 0°C after 7.1 MRad = 7.830 Ahr (86.05 % of lntial RT Value) 
Capacity at 0°C after 8.6 MRad = 7.781 Ahr (85.51 % of lntial RT Value) 
Capacity at 0°C after 10.1 MRad = 7.880Ahr (86.60 % of lntial RT Value) 
Capacity at OoC after 11.6 MRad = 7.799 Ahr (85.71 % of lntial RT Value) 
Capacity at OoC after 13.1 MRad = 7.824 Ahr (85.99 Yo of Inti1 RT Value) 

I I I I 

2 4 6 
Discharge Capacity (Ahr) 

8 I O  
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Lithium-ion Cells for Future Outer Planets Program Applications 

__ 

__ 

Status of SAFT DD-Size Cells: Effects of Radiation Testing (High Rate) 

Capacity Fade Rate (Cycles 1-5) = 0.034 %/cycle 

Capacity Fade Rate (Cycles 17-21) = 0.092 %/cycle 
Capacity Fade Rate (Cycles 24-28) = 0.030 %/cycle 
Capacity Fade Rate (Cycles 31-35) = 0.059 %/cycle 
Capacity Fade Rate (Cycles 38-42) = 0.044 %/cycle 

Capacity Fade Rate (Cycles 52-56) = -0.086 %/cycle 
Capacity Fade Rate (Cycles 59-63) = -0.086 %/cycle 
Capacity Fade Rate (Cycles 66-70) = -0.086 %/cycle 

Capacity Fade Rate (Cycles 10-15) = 0.055 %/cycle _ _ _ _ _ ~  

Capacity Fade Rate (Cycles 45-49) = -0.018 %/cycle ___- 

12 - 

11 

I O  

9 

8 

7 

6 

5 

4 

SAFT 9 Ahr Lithium-Ion Cell 
Cell so111 

High Rate Cell 
______ 

After 

MRad 

Initial -- After ___ 
I .5 2.6 After After After After After After After 

4.1 5.6 7.1 8.6 10.1 11.6 13.1 
MRad MRad MRad MRad MRad 

at 23OC 
MRad 

Rad MRad -* 
44 

________ - % .~ 

Initial After 1.5 After 2.6 After 4.1 After 5.6 ---v ++ w * w 
Cycling Mrad Mrad Mrad Mrad After 7.1 After 8.6 After 10.1 After 11.6 After 
at O°C At O°C At O°C At O°C At O°C Mrad 13.1 Mrad Mrad Mrad 

At O°C At O°C At O°C At O°C - MRad 
__ __ - - - - - - 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
Cycle Number 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of SAFT DD-Size Cells: Effects of Radiation Testing (Low Rate) 

4.50 - 

4.00 - 

= 3.00 
Q) 
0 

2.50 

2.00 

Reversible Capacity at 23OC 

SAFT 9 Ahr Lithium-Ion Cell 
Cell so105 

Low Rate Cell 

Capacity prior to radiation exposure 

A Capacity after 1.5 M Rad radiation exposure 

Capacity afler 3.0 M Rad radiation exposure 

0 Capacity after 4.5 M Rad radiation exposure 

CB Capacity after 6.0 M Rad radiation exposure 

A Capacity after 9.0 M Rad radiation exposure 

I Capacity afler 12.0 M Rad radiation exposure 

Caoacitv after 13.5 M Rad radiation exoosure Initial Capacity = 9.313 Ahr 
Capacity after 1.5 MRad = 9.314 Ahr (100.01 %) 
Capacity after 3.0 MRad = 9.282 Ahr (99.67 %) 
Capacity after 4.5 MRad = 9.2798 Ahr (99.64 %) 
Capacity after 6.0 MRad = 9.2262 Ahr (99.07 %) 
Capacity after 9.0 MRad = 9.1899 Ahr (98.68 %) 
Capacity after 12.0 MRad = 9.2082Ahr (98.87 %) 
Capacity after 13.5 MRad = 9.1406 Ahr (98.15 %) 

0 2 4 6 8 10 
Discharge Capacity (Ahr) 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of SAFT DD-Size Cells: Effects of Radiation Testing (Low Rate) 

n 

2 
Q, 
13) m 

8 
3 
- - 

4.50 

4.00 

3.50 

3.00 

2.50 

2.00 

0 

Reversible Capacity at O°C 

SAFT 9 Ahr Lithium-Ion Cell 
Cell 50105 

Low Rate Cell 

+ Capacity prior to radiation exposure at 23C 
-A- Capacity prior to radiation exposure at OC 
+ Capacity at OC after 1.5 Mrad Radiation 
-+- Capacity at OC after 3.0 Mrad Radiation 
-11- Capacity at OC after 4.5 Mrad Radiation 
--C Capacity at OC after 6.0 Mrad Radiation 
+ Capacity at OC after 9.0 Mrad Radiation 
-9- Capacity at OC after 12.0 Mrad Radiation 
-+- Capacity at OC after 13.5 Mrad Radiation 

Initial Capacity at 0°C = 8.721 Ahr (93.64% of lntial RT Value) 
Capacity at 0% after 1.5 MRad = 8.241 Ahr (88.48 % of lntial RT Value) 
Capacity at 0°C after 3.0 MRad = 8.224 Ahr (88.30 % of lntial RT Value) 
Capacity at 0°C after 4.5 MRad = 8.178 Ahr (87.81 % of lntial RT Value) 
Capacity at 0% after 6.0 MRad = 8.015 Ahr (86.06 O h  of lntial RT Value) 
Capacity at 0% after 9.0 MRad = 8.105 Ahr (87.03 % of lntial RT Value) 
Capacity at 0°C after 12.0 MRad = 8.127 Ahr (87.26 % of lntial RT Value) 
Capacity at O°C after 13.5 MRad = 8.066 Ahr (86.61 % of lntial RT Value) 

2 4 6 8 10 

Discharge Capacity (Ahr) 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of SAFT DD-Size Cells: Effects of Radiation Testing (Low Rate) 

12.0 
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10.0 

9.0 
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SAFT 9 Ahr Lithium-Ion Cell 
Cell SO105 

____ .______ 

After 
Low Rate Cell - 

After 
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After After After After 
Initial 

Mrad Mrad Mrad Mrad it 23OC ~- 9.0 __ 1.5 __ 3.0 4.5 6.0 __ 

12.0 
Mrad 

.-- (23OC) -~ 

After 
13.5 

-- Mrad 

(23OC) 

_____ - 
d+ 

___ Cycling - % % % % 
After 

12.0 Mrad at O°C 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Status of SAFT DD-Size Cells: Effects of Radiation Testing (High Rate) 
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Electrochemical Impedance Spectroscopy 
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Similar scatter in the impedance pattern, mainly increase in the series 
resistance, as in the high dose cells. 
EIS measurementshterpretation may be difficult when the case is polarized 
(+e terminal). 
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SONY 18650-Size (1.2 Ahr) Lithium-Ion Cells (AEA) 
Effect of Radiation Upon Cell Performance (60Co y-rays) 
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SONY 18650-Size (I .2 Ahr) Lithium-Ion Cells (AEA) 
Effect of Radiation Upon Cell Performance (60Co y-rays) 

High Rate Radiation Test (Test Sample vs. Blank) 
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SONY 18650-Size (1.2 Ahr) Lithium-Ion Cells (AEA) 

0.250 Amp Charge Current (C15) to 4.1 V 
0.025 Amp taper current cut-off (CEO) 
0.250 Amp Discharge Current to 3.0 V 

Temperature = 23°C 
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Effect of Radiation Upon Cell Performance (6OCo y-rays) 
High Rate Cell - Reversible Capacity (23OC) 

SONY 18650-Size Lithium Ion Cells 

+ SX 027 - Cell subjected to radiation 

A SX 004 - Blank sample I 
0 5 10 15 20 

Radiation Dosage (M Rads) mbine 41 and 42 
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SONY 18650-Size (1.2 Ahr) Lithium-Ion Cells (AEA) 
Effect of Radiation Upon Cell Performance (60Co y-rays) 
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SONY 18650-Size (I .2 Ahr) Lithium-Ion Cells (AEA) 
Effect of Radiation Upon Cell Performance (60Co prays) 
Low Rate vs. High Rate Cell - Reversible Capacity (23OC) 
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Electrochemical ImDedance SDectroscopy 
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SonylComDev Outer Planets 
EIS of Radiated Cells 
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Increase in the series resistance, may be related to the cell case being 
Scatter not as much as with SAFT cells 
The low frequency impedance (attributed to the cathode kinetics) appears 
be unaffected by radiation exposure. 
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Electrochemical Impedance Spectroscopy 
Control-High Rate 
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Changes in the impedance pattern, more specifically on the series resistance 
are also observed in the control cell, which suggests that the performance 
decay on storage is significant compared to that occurring on y-irradiation. 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
Effect of Radiation Upon Cell Performance (High Rate) 

Comparison of Cell DesignNendor - Reversible Capacity at 23OC 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
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Lithium-Ion Cells for Future Outer Planets Program Applications 
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Effect of Radiation Upon Cell Performance (High Rate) 
Post-radiation cycling of SAFT cells at 100% DOD 
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- 
Summary and Conclusions 

Li ion prototype cells have been subjected to co-60 radiation 
exposure to dosage levels exceeding 20 Mrad. 
Lithium ion cells sustain mild capacity loss, more noticeably in 
low temperature discharges. 

Capacity loss is independent of the dosage rate 
Control tests performed on the Sony/Comdev/AEA cells reveal 
that a significant portion of the capacity loss is due to storage, 
rather than irradiation, at least until the first 5 exposures. 
Among the three types of cells tested, Le., Yardney Prismatic 7 Ah 
cells, SAFT DD cylindrical 9 Ah cells and Sony/Comdev/AEA 
18650 cells, SAFT cells have the highest tolerance followed by 
Sony and Yardney. 
Post-radiation cycling show of Yardney, SAFT and Sony/Comdev 
cells show no ill effects of radiation on capacity fade rate. 
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