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Saft PROPOSAL # RD 420

Saft America PROPOSAL

FOR THE DEVELOPMENT OF A LITHIUM-ION BATTERY SYSTEM

FOR AUTONOMOUS UNDERWATER VEHICLE (AUV) APPLICATION

PREPARED FOR:

MONTEREY BAY AQUARIUM RESEARCH INSTITUTE (MBARI) 

PREPARED BY:

Saft AMERICA, INC.

107 Beaver Court

Cockeysville, MD  21030-2106

Telephone:  410-771-3200

Fax:  410-771-1144

3 KWh Battery System For AUV Application

INTRODUCTION

In response to a request from MBARI, Saft Advanced Battery Systems Division is submitting this proposal to develop a lithium-ion battery for an Autonomos Underwater Vehicle application (AUV).  

Saft America has been developing lithium-ion battery technology since 1990 and has been very successful in producing high energy, medium range and high power cells, modules and battery systems. 

Background

Saft has participated in programs from many agencies including DOE (USABC & PNGV), DARPA (CHPS), NASA-JPL and DOD (ITAS, RSTV and others). Saft has developed and delivered experimental cells, modules and complete battery systems for a wide range of applications. Saft has made significant investments in the development of  its lithium ion technology.  This investment extends beyond the specific cell targeted for use in various Navy applications including underwater vehicle program encompassing fundamental chemistry, cell, module and battery designs, electronic controls, safety and performance testing and evaluations.
MBAR – AUV Technical Requirements

1. ELECTRICAL

1.1. Battery nominal voltag:  24 V
1.2. Voltage range [min – max]:  19V to 36V
1.3. Max power or current in discharg:  300 W
1.4. Max power Duration: 1 second 
1.5. Average load: 250 W
1.6. Energy Minimum (KWh): 3 KWh @ 80 % DOD
1.7. Battery Load Profile:  Flat @ 200 to 250 W
1.8. Number of working hours per day / per week / per year:

1.8.1.1. 12 hours per day

1.8.1.2. 2 complete discharges in a given week

1.8.1.3. 52 complete discharges in a given year                                         
1.9. Charging: Charge at a C/2 to C/4 rate @ RT, but this requirement is flexible
2. Physical Requirements

2.1. Battery Size - The battery will be contained inside a 400 mm diameter spherical underwater pressure vessel. The battery, as well as all associated charging electronics, should fit completey inside this envelope. This is a hard constraint.

2.2. Maximum weight of the battery, Kg –  35 Max

3. Temperature Requirements

3.1. Non-Operating (Storage):     -20 C to +25 C

3.2. Operating:                                    0 to +23C

4. Environmetal Requirements

4.1. Mechanical Shock – Benign shock environment (vehicle is rolled 

5. Life

5.1. Calendar:   No information given by the customer (As long as possible!)

5.2. Cycle life – Prefer 80% plus as DOD and the cycle life trade off as a function of discharge

6. Procurement Requirements from MBARI

6.1. Required number of intial samples for evaluation – 2 batteries with electronics

6.2. Production quantity – 3 additional units with electronics (90 days after  initial sampling)

6.3. No specific cell or module or battery level testing required by MBARI

Saft Technical Approach

Saft has chosen to use VES-140 (~40 Ah) high energy cell size for this application to meet all of performance requirements. The battery consists of 3 modules in parellel. Each module carries 7 each VES-140 cells in series. The battery should fit into a 400 mm diameter (ID) spherical underwater pressure vessel as required (see attached sketch).  MBARI is directly responsible to secure the battery into the pressure vessel including interfacing. The operating voltage range is 36V/19V.  Recommended charge rate is C/4 rate at room temperature conditions. Saft recommend to use 90 to 100% as DOD instead of 80% as proposed by MBARI. Eventhough there would be very insignificant degradation in cycle life, it would be necessary to discharge to the full depth to meet the energy requirements. 

In order to further improve the battery performance and protect it during abusive conditions, the battery will be assembled with a Battery Management System (BMS). The safety features & protection circuit included BMS ( Battery Management Systems) provides battery level for:

· Over charge 

· Over discharge 

· Over current 

· Over temperature

Battery Description

Saft will provide the battery along with a battery management system necessary to optimize the battery performance (capacity, power, life) and to protect it from abuse conditions.  The battery management system consists of 2 electronic levels: module and battery.  Each module will include electronics for active cell balancing, which is necessary to optimize battery performance, and sensing of overcharge and over discharge conditions.  Module-level electronics will be powered by the module itself.

Controls will also be implemented at the overall battery level. In response to an overcharge signal from one or more modules, battery charging will be interrupted, and a set of alarm contacts will change state. Charging will automatically resume when the overcharge signal has cleared.  In response to an over discharge signal from one or more modules, a set of contacts will change state, allowing an alarm signal to be sent and/ or a contactor to be opened. 

To meet the specification, a battery made of 3 modules connected in parallel (each module consisted of 7 VES-140 cells in series) will be required. A total of 21 VES-140 cells will be used per battery. The construction of the 7 cell module and subsequent assembly of multiple modules. The weight of the battery will be approximately 30 to 35 kg. 

BMS Electronics System Design

The Battery Management System (BMS) consists of 2 electronic levels: module and battery. Each module will include electronics for cell protection, voltage and temperature monitoring, and cell balancing. These functions are needed to optimize battery performance and to protect the individual cells from overcharge and overdischarge conditions. Module level electronics are powered in situ by the module.

Battery level controls are also implemented that provide system protection and operations. In response to an overcharge signal from one or more modules, battery charging will be interrupted, and alarm messages are sent to the system power controller. Charging will automatically resume when the overcharge signal has cleared. If after a short period of time, the alarm condition persists despite the alarm messages, the BMS will institute opening of safety relay to prevent damage to the battery.

Pricing (ROM) and Delivery (No customer testing included in the pricing)

1. Deliver two initial evaluation battery samples (pricing  includes hardware & electronics development). No chargers included in the pricing.

$180,702 (Total), FOB Cockeysville, MD

Delivery – 8 months ARO
2. Production Quantity – Deliver 3 batteries 

ROM Price per battery $57,348 each, FOB Cockeysville, MD
Delivery – 5 months after ARO
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