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Supplementary Material
Supplementary Information
1 Supplementary Data & Figures
Supplementary Information Section S1.1: Examples Time-Series Voltaiq Data Files 
Time-series data collected in Voltaiq Data Format files have two main sections, a header and a body. The header consists of a metadata header and the body consists of the time-series data. An example file is shown below which shows the metadata header and the body, separated by the [DATA START] line. The termination of the header is indicated by a line containing only the string "[DATA START]". This file can be downloaded and accessed at https://github.com/vq-clininger/VoltaiqDataFormat.
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Figure S1.1: Image of time-series datafile in Voltaiq Data Format.
For any additional time-series trace names that are not explicitly included in Table 2 in the main body, the columns should be included in the file as auxiliary traces, named “Aux. {Trace Name}”, where {Trace Name} is replaced with a descriptive name for the time-series data. Below is an example of a Voltaiq Data File with displacement measurements included as an auxiliary trace. BMS traces are another example of data that can be included as auxiliary traces.
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Figure S1.2: Image of time-series datafile in Voltaiq Data Format with an auxiliary measurement.
Supplementary Information Section S1.2: Example Voltaiq Metadata Files 
Metadata that is outside the scope of the time-series datafile header should be included in a separate metadata file in Voltaiq Metadata Format. Each row is a distinct electrochemical device, each column is named according to the Voltaiq standard naming schema, and each value column has an associated units column subsequently. This file can be downloaded and accessed at https://github.com/vq-clininger/VoltaiqDataFormat.
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Figure S2.1: Image of Voltaiq Data Format Metadata file. 
2 Supplementary Tables
Supplementary Information Section S2.1: Supported Units
For each dimension of measurement, we have listed the accepted units for all Voltaiq Data File traces.
[bookmark: _heading=h.hxvcwxerg1rr]Supported Units

	Dimension
	Unit
	Key for Datafile

	Angle
	Degrees
	degree

	Angle
	Radians
	radian

	Area
	Square Centimeters
	square-cm

	Area
	Square Meters
	square-m

	Area
	Square Inches
	square-in

	Area
	Square Millimeters
	square-mm

	Areal Density
	Milligrams per Square Centimeters
	milligram-per-square-cm

	Areal Density
	Grams per Square Centimeters
	gram-per-square-cm

	Areal Density
	Kilograms per Square Meters
	kilogram-per-square-m

	Boolean
	Boolean
	boolean

	Capacity
	Ampere-Hours
	amp-hour

	Capacity
	Milliampere-Hours
	milliamp-hour

	Capacity
	Kiloampere-Hours
	kiloamp-hour

	Capacity
	Coulombs
	coulomb

	Current
	Amperes
	amp

	Current
	Milliamperes
	milliamp

	Current
	Microamperes
	microamp

	Current
	Kiloamperes
	kiloamp

	Current
	Megaamperes
	megaamp

	Date
	Date and Time
	datetime

	Date
	Milliseconds since 1970
	epoch

	Density
	Grams per Cubic Centimeters
	gram-per-cubic-cm

	Density
	Kilograms per Cubic Meters
	kilogram-per-cubic-m

	dI/dt
	Amps per second
	amp-per-second

	dI/dt
	Amps per minute
	amp-per-minute

	dI/dt
	Amps per hour
	amp-per-hour

	dQ/dV
	Ampere-hours per Volt
	amp-hour-volt

	dQ/dV
	Milliampere-hours per Volt
	milliamp-hour-volt

	dT/dt
	Degrees Celsius per Second
	celsius-per-second

	dT/dt
	Degrees Celsius per Minute
	celsius-per-minute

	dT/dt
	Degrees Celsius per Hour
	celsius-per-hour

	dV/dt
	Volts per Second
	volt-second

	dV/dt
	Millivolts per Second
	millivolt-second

	dV/dt
	Volts per Minute
	volt-per-minute

	dV/dt
	Volts per Hour
	volt-per-hour

	Energy
	Watt-Hours
	watt-hour

	Energy
	Milliwatt-Hours
	milliwatt-hour

	Energy
	Kilowatt-Hours
	kilowatt-hour

	Energy
	Megawatt-Hours
	megawatt-hour

	Energy
	Joules
	joule

	Energy
	Millijoules
	millijoule

	Energy
	Kilojoules
	kilojoule

	Energy
	Megajoules
	megajoule

	Flow
	Standard Liters per Minute
	slpm

	Force
	Newtons
	newton

	Force
	Pounds-Force
	pound-force

	Force
	Dynes
	dyne

	Force
	Poundals
	poundal

	Impedance
	Ohms Imaginary
	ohm-imaginary

	Impedance
	Microohms Imaginary
	microohm-imaginary

	Impedance
	Milliohms Imaginary
	milliohm-imaginary

	Impedance
	Megaohms Imaginary
	megaohm-imaginary

	Impedance
	KiloohmsKilliohms Imaginary
	kiloohm-imaginarykilliohm-imaginary

	Length
	Meters
	meter

	Length
	Centimeters
	centimeter

	Length
	Millimeteres
	millimeter

	Length
	Microns
	micron

	Length
	Nanometers
	nanometer

	Length
	Angstroms
	angstrom

	Length
	Feet
	foot

	Length
	Inches
	inch

	Mass
	Micrograms
	microgram

	Mass
	Milligrams
	milligram

	Mass
	Grams
	gram

	Mass
	Kilograms
	kilogram

	Mass
	Pounds
	pound

	Mass
	Slugs
	slug

	None
	None
	none (or empty string)

	Percent
	Percent
	percent

	Percent
	Decimal Fraction
	decimal

	pH
	pH
	ph

	Power
	Watts
	watt

	Power
	Milliwatts
	milliwatt

	Power
	Kilowatts
	kilowatt

	Power
	Megawatts
	megawatt

	Power
	Horsepower
	horsepower

	Pressure
	Pascals
	pascal

	Pressure
	Kilopascals
	kilopascal

	Pressure
	Pounds per Square Inch
	psi

	Pressure
	Bars
	bar

	Pressure
	Atmospheres
	atmosphere

	Resistance
	Ohms
	ohm

	Resistance
	Microohms
	microohm

	Resistance
	Milliohms
	milliohm

	Resistance
	Megaohms
	megaohm

	Resistance
	kiloohms
	kiloohm

	Specific Energy
	Watt-Hours Per Gram
	watt-hour-per-gram

	Specific Energy
	Watt-Hours Per Kilogram
	watt-hour-per-kilogram

	Temperature
	Degrees Celsius
	celsius

	Temperature
	Degrees Fahrenheit
	fahrenheit

	Temperature
	Kelvins
	kelvin

	Time
	Seconds
	second

	Time
	Deciseconds
	decisecond

	Time
	Milliseconds
	millisecond

	Time
	Minutes
	minute

	Time
	Hours
	hour

	Time
	Hours Decimal
	hour-dec

	Time
	Days
	day

	Voltage
	Volts
	volt

	Voltage
	Millivolts
	millivolt

	Voltage
	Kilovolts
	kilovolt

	Volume
	Cubic Millimeters
	cubic-mm

	Volume
	Cubic Centimeters
	cubic-cm

	Volume
	Cubic Meters
	cubic-m

	Volume
	Liters
	liter

	Volume
	Cubic Inches
	cubic-in
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Device Name Areaunit Cell Mass Cell Mass unit_Active Material Mass _Active Material Mass unit Nominal Capacity Nominal Capacity unit Lot/ Batch Number Lot/ Batch Name
VDF _Voltaiq_EV_HPPC_Cell49 45.1863 | g 1355588623 | mg 43.90196191 | Ah 100
VDF _Voltaiq_EV_HPPC_Cellé5 45.1837 | g 1355509997 | mg 43.80886256 | Ah 100
VDF:_Voltaiq_EV_HPPC_Cell63 45.1138 | g 1353415487 | mg 43.95624715 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell59 45,1755 | g 1355265319 | mg 43.33841157 | Ah 100
VDF_Voltaiq_EV_HPPC_Cells4 45.1787 g 1355361785 | mg 43.05428256 | Ah 100
VDF:_Voltaiq_EV_HPPC_Cells3 45.1780 | g 1355339345 | mg 43.2602049 | An 100
VDF _Voltaiq_EV_HPPC_Cell52 45.1291 g 1353872151 | mg 43.06171046 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell51 45.1589 | g 1354766908 | mg 43.47303737 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell50 451317 g 1353951715 | mg 43.01389386 | Ah 100
VDF _Voltaiq_EV_HPPC_Cellés 451739 | g 1355217402 | mg 4330071787 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell64 451311 g 1353933204 | mg 4351330656 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell28 45.1639 | g 1354916436 | mg 4355086058 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell56 45.1580 | g 1354738691 | mg 43.93067181 | Ah 100
VDF _Voltaiq_EV_HPPC_Cells5 45.1986 | g 1355958857 | mg 4334136198 | Ah 100
VDF _Voltaiq_EV_HPPC_Cells7 45.1090 g 1353269469 | mg 4378168978 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell61 45.1102| g 1353305177 | mg 4353803584 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell58 45.1763 | g 135529044 | mg 4379373564 | Ah 100
VDF _Voltaiq_EV_HPPC_Cell60 451710/ g 1355129676 | mg 43.3838443 | An 100
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Start Time:1514815012745
‘Timezone:America/New_York

[DATA START]
Timestamp  Test Time Cycle Number Stepindex  StepTime  Cument Voltage Charge Capacity Discharge Capa Charge Energy Discharge Energy
epoch second second amp volt amp-hour amp-hour watt-hour watt-hour
1514843812745 0 0 2 0 161 3041414634 0 0 0 0
1514843813252 0507 0 2 0507 162 3044487805 00022815 0 0.006945998927 0
1514843813759 1014 0 2 1014 162 3046536585 0.004563 0 0.01389667215 0
1514843814266 1521 0 2 1521 162 3048585366 00068445 0 0.02085201966 0
1514843814773 2028 0 2 2028 157 3050634146 0.00905558333¢ 0 0.02759722598 0
1514843815280 2535 0 2 2535 16 3051658537 0.01130891667 0 0.03447362988 0
1514843815787 3.042 0 2 3.042 16 3052682027  0.01356225 0 0.04135234207 0
1514843816294 3.549 0 2 3.549 16 3.054731707 001581558333 0 0.04823567085 0
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Start Time: 2020-01-08T08:00:00+00:00

Timezone: UTC
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