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2.2.7

USABC Publication

Available from USCAR, 1000 Town Center Drive, Suite 300, Southfield, MI 48075, Tel: 248-223-9000, www.uscar.org.
USABC Test Procedures Manual, latest revision

3. BATTERY TERMINOLOGY

3.1

AC Recharge Energy

The AC energy, measured in AC W<h, from the power outlet required to return the energy storage system to full charge
after a test. This measurement must include energy needed to power charging equipment (e.g., EVSE)

3.2 Active Mater

The constituents ¢
separators, current

3.3 Aqueous Ele
Electrochemical ce

3.4 Available or

The total Ash that
operating condition

3.5 Average Pov

Total energy withd

3.6 Average Vollage

The ratio of the wa
3.7 Battery

A battery is a gen
More specific term

3.8 Battery Auxil

The components 1
control electronics.

al

f a cell that participate in electrochemical charge and/or discharge reactions. Thi
collectors, catalysts or supports.

ctrolyte Batteries
lIs that contain water-based electrolytes.

Deliverable Capacity

5 does not include

can be withdrawn from a fully charged electrochemical)cell or energy storage systém under specified

s such as discharge rate, temperature, age and stand time.
er

awn (or returned) from (or to) a electrochemical cell divided by the time of discharge

t-hours to A+h for a given discharge or charge. Also known as current weighted volt3

bral term that inclusively refers to electrochemical cells, modules, packs and energ
nology should belused to describe the level of functionality where appropriate.

aries

equired o support the operation of a battery module, such as a tray, watering sul

or charge).

y storage systems.

system, pumps or

3.9 Battery Cell

See Electrochemical Cell

3.10 Battery Management System

The top level controller and subsystem control, communication and sensing components for the energy storage system.
The system may provide communications, safety, cell balancing and supervisory control.

3.11 Battery Module

Refers to the multiple connections of electrochemical or electrostatic cells.

Battery modules may or may not include

sensors such as voltage and temperature sensors, safety components, and a cooling structure so that each module can
be controlled and managed independently.
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3.12 Battery Pack

A battery pack may consist of only one module or multiple modules. The pack includes sensors, interlocks, contactors,
battery management controller, safety devices, thermal management and structural components.

3.13 Battery System

See Energy Storage System

3.14 Battery System Components

Refers to the components contained within an HEV of EV traction energy storage system. These include the modules,

interconnects, venting systems, restraint devices, electronic controls, and the battery box or container that holds the
individual electrochemical cells.

3.15 Battery Syst¢m Density
Energy storage sygtem mass divided by energy storage system volume.

3.16 Battery System Mass Fraction
Ratio of energy storage system weight to gross vehicle weight.

3.17 Battery Volume
Cell, module, pack| or system should be specified, and should include _the usable exterior volume displaged.
3.18 Battery Mass
The mass of the cgll, module, pack, or system.
3.19 CN

The Capacity (C)[|in A*h obtained from a battery- discharged at a constant current to an end-of-discharge condition
(discharge cutoff vpltage) in N hours. CN is established once and is not adjusted through the battery's life.

3.20 CN Hour Rate

The constant current rate at which a fully charged battery can be discharged to its discharge cut-off voltage in N hours, see
C/N Rate.

3.21 C/N Rate

The Capacity (C) of a battery divided by the discharge time in hours that yields that capacity.

3.22 Calendar Life (years)

Calendar life refers to the total time elapsed to EOL (End of Life) of a cell, module, pack or system measured in
hours/days/years.

3.23 Capacitor

An electrostatic device capable of accumulating and holding a charge of electrons that consisting of two opposing
electrodes separated by a dielectric material.
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3.24 Capacity (C)
The total number of A+h that can be withdrawn from a fully charged electrochemical cell under specified conditions.
3.25 Charge

Conversion of electrical energy into chemical potential energy within an electrochemical cell achieved by the application of
direct current.

3.26 Charge Profile

Schedule used for charging a battery, usually defined by voltage, current or power versus time.
3.27 Charge Rate
Refers to the charge current. General term that may be expressed as an average or a singularpoint.
3.28 Charge Segtnent

A contiguous subsgction of a charge regime.

3.29 Charge Step
A change from ondg power level to another in a charge regime.

3.30 Charge Voltage Limit

The maximum voltage permitted under load during specified.conditions.
3.31 Cl
See Constant Current Charging.
3.32 Clicv
A constant currentcharge followed by(a constant-voltage charge.

3.33 Constant Cufrent Charging-ar Discharging (Cl)

The charging or digcharging.ef’a battery at a constant rate of current flow.

3.34 Constant Voltage>€harging (CV)

The charging of a battery by applying a constant voltage while allowing the current to vary.

3.35 Coulombic (Ash) Efficiency

The A<h removed from a battery during a discharge divided by the A<h required to restore the initial capacity.
3.36 Current Collector

The part of an electrode that is designed to conduct current from the active material to the electrochemical cell terminal.
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3.37 Cutoff Voltage

The battery voltage at which charge or discharge is terminated.

3.38 CV

See Constant Voltage Charging.

3.39 Cycle

From the start of one charge/discharge to the start of the next charge/discharge where the period includes discharge time,

open-circuit time, (
each cycle must bg

3.40 Cycle Life

Cycle life is the to
system measured

3.41 DC Recharg
The net DC energy
3.42 Deep Dischz

A qualitative term

available capacity ¢r more).

3.43 Depth of Dis

The number of A
expressed as a pe

3.44 Derived Pea

An estimate of the
by the Dynamic Ca

3.45 Diffusion

Diffusion is the mo
of low concentratio

harge time and stabilization time. The depth of discharge (or percentage of capac
specified for cycle life measurements.

al energy throughput to EOL (End of Life) of an electrochemical cell, module, pack
n kWh.

e Energy
output of the battery in DC Wh measured over a cycle.
rge

for the discharge of a significant percentageof ‘capacity from a fully charged state

charge (DOD)

ty) associated with

or energy storage

b (typically, 80% of

h withdrawn from a battery divided by its rated capacity at the test current ang temperature and

centage.
Power

maximum power capability of a cell or battery calculated from the results of power pr|
pacity Test (SAE), the Dynamic Stress Test or Hybrid Pulse Power Characterization ]

vement of ions in response to a gradient. Movement occurs from an area of high con

Ofile tests specified
[est (USABC).

centration to areas

n. Therate of diffusion is proportional to the diffusivity of the species and the magnit

Pertains to solid, liquid} and gas phases in electrochemical systems. Can be described by Fick’'s Law.

Tde of the gradient.

3.46 Discharge

Conversion of chemical energy into electrical energy within a battery by the passage of direct current.

3.47 Discharge Profile

Schedule used for battery discharge that follows a particular current, voltage or power versus time sequence.

3.48 Discharge Rate

The current during

discharge of a battery.
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3.49 Discharge Segment

A contiguous subsection of a discharge regime.

3.50 Discharge Step

A change from one power level to another in a discharge regime.

3.51 Discharge Voltage Limit

The minimum voltage permitted under load during specified conditions.

3.52 DOD

See Depth-of-Disc
3.53 Driving Profi
See Energy Storag
3.54 Dynamic Ca
A variable-power d
3.55 Dynamic Str
A variable-power d
3.56 Electrochem
An electrochemica
reaction is occurrin
reactions occurring
3.57 Electrode
The conducting bo

3.58 Electrolyte

The medium that
participate directly

harge.

e

e Driving Profile and Vehicle Driving Profile

bacity Test (DCT)

pss Test (DST)

cal Cell

at the electrode-solution surfaces.

ly that contains active materials and through which current enters or leaves a cell.

brovides.ion transport between the positive and negative electrodes of a cell.
n the~charge and/or discharge reactions.

scharge test to simulate the expected duty cycle of a-baitery over a specified state of

scharge test to simulate the expected duty.cycle of a battery during vehicle driving ca

Ele

3.59 End of Life (EOL)

charge range.

nditions.

cell is a device that converts chemical energy into electrical energy or vice versa when a chemical
g in the cell. Typically, it consists of two electrodes immersed into a solution (electrd

lyte) with electrode

ctrolytes may also

When an electrochemical cell fails to meet specified capacity or power performance criteria under controlled conditions.
When an energy storage system fails to meet specified capacity, power or function in specified use conditions.

3.60 Energy Capacity

See Energy Output.

3.61 Energy Density

The rated energy of a battery (Wh) divided by the total cell, module, pack, or system volume (L). Also known as volumetric

energy density.
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3.62 Energy (Watt-Hour, Round Trip) Efficiency
The rated energy of call, module, pack or system (Wh) divided by the respective volume (L).
3.63 Energy Output

The total Wh that can be withdrawn from a fully charged battery under specified operating conditions (such as
temperature, rate, age, stand time, and discharge cutoff criteria).

3.64 Energy Storage System (Battery System)

One or more packs connected in parallel and/or series configuration and associated electronics.

3.65 Energy Storgge System Driving Profile

A vehicle speed-versus-time schedule represented as power versus time that is used to-test energy storage system
characteristics.

3.66 Equalization
The process of resforing all cells in a module, pack or energy storage system to approximately the same state-of-charge.
3.67 Failure Critefia

Specific cell or baftery performance characteristics that indicate the cell or battery can no longer perform its intended
function.

3.68 Finishing Chprge Rate

The current specified for completing the charging of a. ¢ell, module, pack, or system that is nearing the fully charged
condition.

3.69 Flame Arrestor

Device located at the outlet of a venting system designed to prevent an external spark or flame from propagating into the
pack or energy stofage system.

3.70 Float Charge
Charging a cell or battery at a fixed voltage for extended periods of time to obtain or maintain the fully charged condition.

3.71 Formation

The initial charging“process during which electrochemical cell active material are transformed info the constituents
required for proper electrochemical operation.

3.72 Gassing
The evolution of gas from one or both of the electrodes in a cell.
3.73 Hybrid Pulse Power Characterization (HPPC) Test

A test procedure whose results are used to calculate pulse power and energy capability under specified operating
conditions.
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3.74 High Voltage

Any wiring system which contains one or more circuits operating above 60 V DC or AC RMS.

3.75

Internal Impedance

A measure of the opposition to alternating current flow under specified conditions including phase and frequency.

3.76

A measure of the o

Internal Resistance

pposition to direct current flow.

3.77 Minimum Dis
See Discharge Vol
3.78 Module

See Battery Modul
3.79 Negative Ele

Of the two electrod

is negative in voltage compared to the other electrode of the cell.

discharge of the cq

3.80 Net Ach

For a discharge tést including both negative (discharge)sand positive (charge) current or power st

between the Ach
electrochemical ce

3.81 Nominal Cor

Nominal conditions
which allow a batte

3.82 Nominal Ope

The voltage of an ¢nergy storage system, pack, module or electrochemical cell, discharging at a rate ar

is specified by the

charge Voltage

age Limit.

ctrode
es composing a cell, the electrode at which the associated half-cell reaction has the

It¥is the electrode at which oxida
Il.

removed from the electrochemical cell during discharge steps and the A
| during charge steps, regardless+of’charge acceptance.

ditions (or Nominal Standard.Conditions)

may refer to standarditest conditions. In general, nominal conditions refer to the
ry to function to the(rated capability.

rating Voltage

manufacturer.

3.83 Nonaqueous

Electrolyte Batteries

lower potential. It
tion occurs during

ps, the difference
returned to the

ange of conditions

d temperature that

Cells or batteries with electrolytes that are not water based, such as those with molten salts or organic electrolytes.

3.84 Nonvented Batteries

A hermetically sealed battery comprised of one or more rechargeable cells that has no provision for venting, or the addition
of water or electrolyte, or for the external measurement of specific gravity.

3.85 Open Circuit

After Charge (OCAC)

The period during which the energy storage system, pack, module or electrochemical cell is placed on open-circuit

following a charge.
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3.86 Open Circuit

After Discharge (OCAD)

The period during which the energy storage system, pack, module or electrochemical cell is placed on open-circuit
following a discharge.

3.87 Open-Circuit

Voltage (OCV)

The voltage of an energy storage system, pack, module or electrochemical cell at a specified state-of-charge and

temperature in the

absence of charge or discharge current and after a specified rest period.

3.88 Operating Conditions (or Operating Test Conditions)

Operating conditio
which battery is de

3.89 Operating T¢

The temperature r
under nominal con

3.90 Overcharge
The amount by wh
3.91 Pack

See Battery Pack

3.92 Peak Power

The maximum po
period of time whe

3.93 Peak Power
The peak power av
3.94 Performancs

The extent to whi
performance speci

ns refer to but is not limited to the voltage, current, temperature, humidity, elevati
signed to operate. Typically a component of reliability metrics.

mperature Range

bnge in which the energy storage system, pack, module or electrochemical cell is d
Jitions.

ch the charge in A<h exceeds a full charge.

ver obtainable from an energy storage system, pack, module or electrochemical

Density
ailable from an energy storage system, pack, module or electrochemical cell divided
Degradation

ch the energy storage system, pack, module or electrochemical cell is decrease
fication, or rating.

3.95 Peukert Cun

e

bn or duty cycle at

esigned to operate

cell for a specified

h discharged at constant current:(or voltage), generally determined as a function of depth of discharge.

by its volume.

i from the original

A plot of the logarithm of discharge current versus the logarithm of discharge time, or discharge current versus discharge
time, to a specified end-of-discharge voltage. The curve is constructed to show the effect of discharge rate on capacity. A
Peukert equation is an empirical formula that shows how the available capacity of a battery changes according to the rate
of discharge.

3.96 Polarization

The electrical potential deviation from equilibrium open-circuit voltage caused by the passage of current in an
electrochemical cell. It includes the effect of IR potential drop, activation polarization, and concentration polarization.
Since an electrochemical cell under load is not in equilibrium, the measured voltage and capacity may differ significantly
from their respective equilibrium values. The further from equilibrium these values are (for example the larger the charge
or discharge current) the larger the deviation from the cell voltage and capacity.
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3.96.1

Polarization - IR Polarization

Voltage drop caused by Ohmic loss in the electrolyte. May include voltage drop caused by the electrical conductivity of the
discrete (hardware) components.

3.96.2 Polarization - Activation Polarization

Potential difference required to initiate the transfer of electric charge.

3.96.3 Polarization - Concentration Polarization

Potential differencsd
3.97 Positive Eled
Of the two electrod
is positive in voltg

discharge of the cqg

3.98 Power Conti

A power level characteristic of an energy storage system, pack, module of_electrochemical cell provid
for a specified time.

3.99 Power Dens

The rated power ({
energy storage sys

3.100 Power-to-En

Ratio of the pows
obtained under spe

3.101 Ragone Cur

A plot of specific e
or electrochemical
density. Originally
particular technolo

3.102 Rated Capac

caused by diffusion rate of the active species at the electrode surface.
trode

es comprising a cell, the electrode at which the associated half-cell reaction” has the
ge relative to the other electrode of the cell. It is the electrode at|which redud

huous (i.e., Continuous Power)

ty

V) of the energy storage system, pack, moddle or electrochemical cell divided by the
tem, pack, module or electrochemical cell\(L). Also known as volumetric power dens

ergy Ratio (P/E)

r obtained under specified conditions and time, such as depth-of-discharge, to
cified discharge conditions-

e

nergy as a function)of the continuous specific power at which the energy storage sys
cell is discharged. Alternatively, the plot may depict energy density versus continuod
Hefined as the-set of curves ranging between the high-power design and the high-¢

Y-

ity

higher potential. It
tion occurs during

ng constant power

total volume of the
ity.

the energy output

tem, pack, module
s discharge power
nergy design for a

The manufacturer's specification of the total number of A<h that can be withdrawn from a fully charged energy storage
system, pack, module or electrochemical cell for a specified set of test conditions such as discharge rate, temperature,
discharge cutoff voltage, etc.

3.103 Rated Current

Current level (or levels) in amperes at which a device is designed to operate for a specified duty cycle.

3.104 Rated Open-

Circuit Voltage

The manufacturer's specification for the open-circuit voltage of a fully charged energy storage system, pack, module or
electrochemical cell at a defined condition.
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3.105 Rated Power

The manufacturer's specification of power capability for an energy storage system, pack, module or electrochemical cell
under specified conditions.

3.106 Rated Voltage

Voltage range at which a device is designed to operate.

3.107 Recharge Factor

The inverse of the

3.108 Reference P

A set of tests to be

coulombic efficiency, expressed as a ratio, for a cycle.
erformance Tests (RPT)

performed periodically to monitor performance degradation during life-cycle‘testing.

3.109 Regenerative¢ Energy Capture

A conversion of ve
3.110 Residual Ca
The number of Ae
specified dischargg
circuit stand tests.

3.111 Rechargeab

Any energy storag
electro-mechanica

3.112 RESS Availg
Energy available af
3.113 Reversal
Forced discharge g

3.114 Sealed Batte

nicle kinetic energy into energy stored in the RESS. Also known as “regen” braking.

bacity

rate and temperature after it has been exposed.to-specified conditions such as driv|

e Energy Storage System (RESS)

b system that has the capability to be charged and discharged. (Examples: batteri
flywheels).

ble Energy

the connection point.of\the RESS to the system under specified conditions.

f a cell or battery to the point that the cell's electrical terminals change polarity.

ry

h that can be discharged from an energy storage system, pack, module or electrgchemical cell at a

ng-profile or open-

es, capacitors, and

See Valve Regulat

pd Battery

3.115 Secondary Cell or Battery

A cell or battery capable of being charged and discharged repeatedly. Also known as a rechargeable cell or battery.

3.116 Self-Discharge

The process by which the available capacity of an energy storage system, pack, module or electrochemical cell is
spontaneously reduced over time.

3.117 Separator

A cell component placed between the negative and positive electrodes, which acts as an electrical insulator and an ionic

conductor.
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