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Dorado Design Memo
Date:  05/17/02
To:  Dorado Design Team

Cc:  
From:  Hans Thomas
RE:  Battery Chemistries

Introduction

The current ALTEX vehicle utilizes Yardney Ag-Zn cells as the primary energy storage system. Although these cells have been in use for a number of years in the Odyssey and other AUV programs, they suffer from several deficiencies, notably short cycle life, labor-intensive charge control, high cost, and gas generation during charge. New chemistries being considered include pressure-tolerant Lithium Polymer, being pursued at Bluefin, and one-atmosphere Lithium Ion, already in depolyment by WHOI for both the ABE and REMUS programs (ABE is also researching pressure-tolerant lithium ion), as well as by JAMSTEC and Florida Atlantic University. 

In comparing various energy alternatives for AUV’s, there are several key considerations. Safety in both discharge and charge is the overriding concern. Secondary considerations include cycle life in high depth of discharge applications, typically the major driver in operational costs; and, since AUV’s are inherently volume-limited, the neutrally buoyant net energy density of the chemistry, including any necessary charging electronics, potting materials, housings/secondary structure is critical. Form Factor, packaging, low temp performance, high charge rate, 

This memo compares various configurations of Lithium Polymer and Lithium Ion Battery configurations. Our goal is to compare the performance of these two technologies in the context of an AUV power system.

Commercial Cells
Lithium polymer and liquid electrolyte cells are in mass production by a number of vendors, targeted at a number of applications. Lithium polymers are finding wide application consumer electronics, and their application to electric vehicles is being explored because of their inherent safety. Lithium ions are being utilized in several Eurpoean, US, and Japanese electric vehicle programs, especial hybrid vehicles where their high discharge and charge currents are advantageous. Major development programs in the US are being funded by DOE, DARPA, US Air Force, US Navy (references to programs), and United States Advanced Battery Consortium. Characteristics for several secondary lithium chemistries is presented in Table 1, along with data on high performance lithium primaries and Siver/Zincs.

The balance of this memo will consider various housed and pressure tolerant configurations of these chemistries. Seawater and housing properties are described in Table 2. The housing used is a Vitrovex borosilicate housing, manufactured by Nautilus( see http://www.nautilus-gmbh.de/english/vitrovex.html). Foam parameters come from testing of 4500m foam supplied by Floatation Technologies.

Table 1 Battery Chemistries


 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Chemistry
LiC/LiNiO2
LiMO
LiMO
LiC/LiMO2
Ag/Zn
?
Li/SOCL2

Construction
Spiral Wound
Polymer
Polymer
Spiral Wound
Prismatic
Prismatic
Cylindrical

Weight (kg)
1.05
0.121
0.121
0.136
0.638
0.188
0.213

Max Cell Dimensions (mm)
220 (height)

54 (diameter)
5.8 (thickness)

103 (height)

103 (width)
5.8 (thickness)

103 (height)

103 (width)
61.0 (height) 34.04 (diameter)
25.1(thickness)

180.3(height)

82.6(width)
16.0(thickness)

78.0(height)

61.0(width)
111.4(height)

33.53(diameter)

Nom. Cell Voltage (V)
3.6
3.8
3.8
3.6
1.5
3.6
3.9

Nom. Cell Capacity (Ahr)
41
4.36
4.36
4
64
6
29.0

(derated for 0 C)

Specific Energy (Whr/kg)
140
136.9
126.04
105
150.47
145
531

Energy Density (Whr/liter)
290
269
242.1
250
256.82
345
1426.9

Density (kg/liter)
2.07
1.9675
1.92
2.456
1.71
2.38
2.6872

Pressure Tolerant
Under Devel.
Under Devel.

Under Devel.
Available
?
?????

Cycles
>1500 @ 80% DOD
>1500

TBD (>1500)
100-250
>500
1

Table 2 Seawater, Housing, and Foam Parameters

Seawater Density (kg/liter)
1.028

Housing Parameters


Depth Rating [m]
6700

mass [kg]
17.3

Seawater Buoyancy [kg]
26.10

Internal Diameter (ID) [mm]
404

Overall Diameter [mm]
432

Internal Volume (liters)
34.53

External Volume (liters)
42.21

Density (kg/liter)
0.41

4500m Foam Param.


Density (kg/liter)
0.5

Bouyancy (kg/liter)
0.5

Case 1 – Housed Batteries with and without additional foam

In this analysis, we assume a 17 inch Vitrovex sphere is our main battery housing. This housing provides 26.10 kg of bouyancy (note that the calculated buoyancy is different from that on the web spec sheet (27.72)). We will consider three designs for housed batteries. In design 1, we will construct a neutrally buoyant package with no external syntactic foam; this is the buoyancy-limited scenario. The neutrally buoyant energy density will be driven by the specific energy of the chemistry, since the energy density of all chemistries considered is large enough to not be volume-limited by the housing. In design 2, we will insert the spherical housing into a 21’’ diameter, 21’’ long cylindrical mid-body, and add syntactic foam to the top half of the cylinder, ending up with a neutrally buoyant package. This package will be referred to as the volume-limited scenario, since it is predominantly constrained by the housing volume. In design 3, we will add bottom half foam to design 2, and then add batteries until neutrally buoyant. This scenario is somewhat unrealistic since the necessary packing efficiencies cannot be achieved, but it is presented for the sake of comparison.

Table 3 - Single 17'' Sphere, No Syntactic



 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Total Energy (Whr)

3654.00
3573.09
3289.76
2740.50
3927.27
3784.50
13859.10

Energy Density (Whr/liter)

86.56
84.64
77.93
64.92
93.03
89.65
328.31

Table 4 - Single 17'' Sphere w/ Top Half Foam



 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Total Energy (Whr)

6291.87
6152.55
5664.68
4718.90
6762.42
6516.58
23864.16

Energy Density (Whr/liter)

55.39
54.17
49.87
41.55
59.54
57.37
210.10

Total Battery Volume (liters)

21.70
22.87
23.40
18.88
26.33
18.89
16.72

Total Foam Mass (kg)

17.84







Total Battery Mass (kg)

44.94







Table 5 - Single 17'' Sphere w top & Bottom Foam



 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Total Energy (Whr)

8929.74
8732.01
8039.60
6697.30
9597.57
9248.65
33869.21

Energy Density (Whr/liter)

78.62
76.88
70.78
58.96
84.50
81.43
298.19

Total Battery Volume (liters)

30.79
32.46
33.21
26.79
37.37
26.81
23.74

Total Foam Mass (kg)

17.84







Total Battery Mass (kg)

63.78







Case 1 – Neutrally Buoyant Batteries

In this design, we calculate the amount of external syntactic needed to float a given volume of batteries. We do not consider any other pressure compensation quipment which might decrease the energy density or specific energy.



 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Energy Density (Whr/Liter)

97.44
96.79
89.97
67.48
112.37
96.93
344.46

Battery Volume Fraction

0.336
0.360
0.372
0.270
0.438
0.281
0.241

Foam Volume Fraction

0.664
0.640
0.628
0.730
0.562
0.719
0.759

Conclusion

The neutrally buoyant energy density of the various chemistries and packaging options is presented below. While the energy density of pressure tolerant lithium polymer and sphere-housed lithium ions is comparable, there is a dramatic descrease in net volumetric effeciency for housed lithium ions as the battery mass is increased external foam is added to achieve neutrality. A more precise number is required from Bluefin regarding the mass/volume hit from potting the lithium polymers. Finally, the charge effeciency for a given chemistry needs to be included in this analysis, and charging implications should be traded off.

Packaging
 Saft 3.6V/41Ah
Valence 44/4360 Ah
Valence +10% scotchcast
Eagle-Picher SLC-16015
Yardney LR-40
Lithion

INCP-611678
Electrochem CB36

Neutral Buoyant
97.44
96.79
89.97
67.48
112.37
96.93
344.46

Sphere
86.56
84.64
77.93
64.92
93.03
89.65
328.31

Sphere & top Foam
55.39
54.17
49.87
41.55
59.54
57.37
210.10

Sphere & Top/Bot Foam
78.62
76.88
70.78
58.96
84.50
81.43
298.19

