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The IBM Thinkpad 760XD has been used in the Orbiter
and International Space Station since 2000.  The
Thinkpad is powered by a Panasonic li-ion battery that
has a voltage of 10.8 V and 3.0 Ah capacity. This
Thinkpad is now being replaced by the IBM Thinkpad
A31P which has a Panasonic li-ion battery that has a
voltage of 10.8 V and 4.0 Ah capacity. Both batteries
have protective circuit boards.

The Panasonic battery for the Thinkpad 760XD had 12
Panasonic 17500 cells of 0.75 Ah capacity in a 4P3S
configuration.!  The new Panasonic battery has 6
Panasonic 18650 cells of 2.0 Ah capacity in a 2P3S
configuration.

The batteries and cells for both models have been
evaluated for performance and safety. A comparison of
the cells under similar test conditions will be presented.
The performance of the cells has been evaluated under
different rates of charge and discharge and different
temperatures. The cells have been tested under abuse
conditions and the safety features in the cells evaluated.
The protective circuit board in the battery was also tested
under conditions of overcharge, overdischarge, short
circuit and unbalanced cell configurations. The results of
the studies will be presented in this paper.

Source of Acquisition
NASA Johnson Space Center

Figure 2. Panasonic Battery for the IBM Thinkpad A3 1P.
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INTRODUCTION

% The first set of Panasonic Batteries for the IBM Thinkpad Model
760 XD was certified in 1999.

#% The information was presented at the 39t Power Sources
Conference in 2000.

#% Cells contained in this battery were CGR17500 and were in a
4P3S configuration with capacity of 3.0 Ah and 10.8 V.

% The latest IBM Thinkpad A31P has a new Panasonic Li-ion
battery with CGR 18650 cells.

#% The battery has a 2P3S configuration with a capacity of 4.0 Ah
and 10.8 V.

% Performance tests at different rates and different temperatures
were carried out.

# Abuse tests under different abuse conditions were carried out
to determine their safety tolerance.
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Panasonic Lithium-ion IBM Thinkpad Battery 760 XD

Weight: 366 g

Dimensions: 47X 4.5”
Voltage: 10.8 V

Capacity: 3.0 Ah
Configuration: 4P3S (12 cells)
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Circuit Board in the Panasonic Thinkpad 760XD
Lithium-ion Battery
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Panasonic Lithium-ion Battery for the IBM Thinkpad
A31P
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Panasonic Li-ion Thinkpad (A31P) Characteristics

Physical Characteristics:
Weight: 3181*1.0g
Height: 24.9 £ 0.3 mm
Length: 215.6 £ 0.6 mm
Thickness: 40.6 £ 1.2 mm

Electrochemical Characteristics:
OCV at full charge: 12.6 V
CCV: 1051V
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Circuit Board in the Panasonic Lithium-ion Battery for
Thinkpad 760XD

Decisions about turning off charge and discharge switches based on cell bank
voltages and current are made by firmware in microcontroller.

Protective circuit performs capacity gauge function.

Protective circuit can balance cell bank states-of-charge by putting small (15
mA) discharge currents on individual cell banks.

Thermistors

Protective PCB /
in battery

Pl

VP

VH

Connector to ThinkPad
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Panasonic 17500 Lithium-ion Cells

Physical Characteristics

Weight: 2443 +0.6 ¢
Diameter: 16.399 + 0.4 mm
Length: 49.648 + 1.2 mm

Electrochemical Characteristics

Open Circuit Voltage: 3.9V

Capacity (room temperature): 0.81 Ah

J. Jeevarajan /[LMSO-NASA JSC



4

LOCKHEED MAnruvj

Characteristics of the Panasonic 18650 cells for
Thinkpad A31P

Model No. CGR-B/663AT
Physical Characteristics
Weight: 445+ 0.7 g
Diameter: 18.3 £ 0.3 mm
Height: 64.6 £+ 0.5 mm

Electrochemical Characteristics
Nominal Voltage: 3.6 V
Voltage at full charge: 4.2V
CCV: 3.75V
Capacity: 2.0 Ah
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Typical Voltage and Current Profile During Charge of a
Panasonic Lithium-ion Battery in the IBM Thinkpad
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Typical Discharge Profile for the Li-ion Battery in the
Thinkpad A31P
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Charge and Discharge of the Panasonic Lithium-ion
Battery at Two Different Temperatures
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Performance of the Panasonic Battery in the IBM
Thinkpad A31P at 50 degrees F
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Performance of the Panasonic Battery in the IBM
Thinkpad A31P at 90 degrees F
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Overcharge of the Panasonic Lithium-ion Battery for
Thinkpad 760XD
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Overcharge Test of Panasonic Battery in A31P
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Voltage Profile for the Individual Cell Banks During
Overcharge of the Top Cell Bank for Thinkpad 760XD
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Overcharge of Individual Cell Bank in the Thinkpad
A31P Panasonic Battery
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Overdischarge of the Panasonic Lithium-ion Battery for

Thinkpad 760XD
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Overdischarge of the Panasonic Lithium-ion Battery for

the A31P Thinkpad
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Voltage Profile of Individual Cell Banks During
Overdischarge of Top Cell Bank for Thinkpad 760XD
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Voltage Profile of Individual Cell Banks During
Overdischarge of Top Cell Bank for Thinkpad A31P
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Circuit Board in the Panasonic Lithium-ion Battery for
Thinkpad 760XD

Decisions about turning off charge and discharge switches based on cell bank
voltages and current are made by firmware in microcontroller.

Protective circuit performs capacity gauge function.

Protective circuit can balance cell bank states-of-charge by putting small (15
mA) discharge currents on individual cell banks.

Thermistors

Protective PCB
in battery
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Circuit Analysis for Thinkpad 760XD

 Failures were imposed on the parts of the circuit board and it
was determined that were no single point circuit element failures
that would result in a hazardous condition.

* There is a single IC chip and two MOSFET switches. The two
MOSFET switches are connected in series in the main current
path. One controls charge current (at 13.38 V) and the other
controls discharge current (at 7.7 V).

* There is a thermal fuse in series with the MOSFETs, which opens
at 135 °C with no current and at 50 °C with a 4 A DC flowing
through it.

* The thermal fuse is placed next to the MOSFETSs, presumably to
trip if they overheat.
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Circuit Analysis for Thinkpad A31P

« Current limit: Discharge currents >5A cause battery disconnect
from load. Reset by connection to charger.

* Undervoltage cutoff: If any cell bank voltage drops below 2.5
volts, battery disconnects from load. Reset occurs when all cells
are greater than 2.7 V or when connected to the charger.

« Overvoltage cutoff: Charger disconnected if any cell is >4.3
volts. Reset occurs when all cells are less than 4.2 V or when
connected to a load.

* Cell temperature sensor (thermistor): Analog temperature
sensor in close proximity to cells. Charge cuts off if temperature
> 50°C. Resets when temperature falls.

* Cell Thermal cutoff switch (thermostat): Opens electrical
connection to cells, preventing charge or discharge if
temperature > 80°C. Resets when temperature falls.

J. Jeevarajan /[LMSO-NASA JSC
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Circuit Analysis for Panasonic Battery in Thinkpad
A31P

« MOSFET thermal cutoff: Ceramic device thermally bonded to
charge and discharge control MOSFETs. Opens like a fuse if
temperature exceeds 120°C.

- Self safing feature: If any cell voltage > 4.3 V, control circuit
activates heater in MOSFET thermal cutoff device, permanently

blowing it. This permanently disables the battery if it subject to
extreme abuse.
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Vibration Test for the Panasonic Lithium-lon Batteries
for the Thinkpads 760XD and A31P

Frequency Level

20-80 Hz +3 dB/octave
80-350 Hz 0.1 g’/Hz
350-2000 Hz -3 dB/octave

Both batteries were subjected to the above vibration levels and did
not exhibit any significant changes in discharge capacity on post-
vibration cycling. Less than 2% changes in capacity was observed in
the 760XD batteries. The A31P batteries showed a 0.5 % increase in

capacity.

J. Jeevarajan /[LMSO-NASA JSC

FORM SEAT 076 (08/26/1997)



A

LOCKHEED Mnhrln///

Vibration Test Fixture

Ratterv: 7-axis

FORM SEAT 076 (08/26/1997)



A

LOCKHEED Mnkruv//7

CONCLUSIONS

« The Panasonic lithium-ion batteries for the Thinkpad 760XD and
A31P were tested under normal and abuse conditions.

« The protective features in both batteries are different but they prevent
the cells from going into any hazardous situations under abuse
conditions.

« The cells and the battery have adequate protection under conditions
of overcharge and overdischarge to prevent any catastrophic
occurrences. Batteries have protection under unbalanced conditions.

» The failures imposed on the circuit boards proved that there would be
no single element failures that would cause the cells to go into a
hazardous condition.

« The new Panasonic lithium-ion battery for the Thinkpad A31P has
been qualified for flight on the Space Shuttle and International Space
Station.
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