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Power Analysis with Vector-CSM eMobility Measurement System

Vector-CSM eMobility Measurement System

Vector completes the measurement system with data acquisition systems providing the

 eMobilityAnalyzer fast function library with Power Analyzer functionality

 Available in CANape, vMeasure, vSignalyzer

 Measure power along with
> Signals from ECUs, vehicle bus, all kinds of further analog sensors

> Context information like GPS, video

 All precisely synchronized and stored to the same measurement file
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Efficiency is the Ratio of Input vs. Output Power

Analysis of Electrical Power and Efficiency

AC

DC

Physical Quantity Formula

Efficiency

Inverter Efficiency 𝑒𝑡𝑎 =
𝑃𝑖𝑛
𝑃𝑒𝑓𝑓

∙ 100%

Pin Peff (out)

PLoss
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Indirect Power Measurement by Current and Voltage Measurement

Analysis of Electrical Power and Efficiency

Physical Quantity Formula

0
0

S

|Q|

|P|
P

p(t)

𝝎𝒕

Direct Current

Power 𝑷 = 𝐕 ∙ 𝑰

Alternating Current

Complex Power 𝐒 = 𝑷𝟐 + 𝑸𝟐

Active Power 𝑷 =  𝑽 ∙  𝑰 ∙ 𝒄𝒐𝒔 𝝋 =
𝟏

𝐓
 
𝒕𝟎

𝒕𝟎+𝑻

𝒗(𝒕) × 𝒊(𝒕) 𝒅𝒕

Reactive Power 𝑸 = 𝐕 ∙ 𝑰 ∙ sin𝜑

3-Phase Effective Power 𝑷𝒆𝒇𝒇 = 𝑷𝟏 + 𝑷𝟐 + 𝑷𝟑

MotorBattery Inverter

Direct Current Alternating Current
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The phase angle 𝝋 must be accurately measured 

so requirements to time synchronous acquisition 
are very high to avoid

 shifts by time inaccuracy

 any variation in system latency on the 
different signals acquisition path’s

 Precise Synchronization of current and voltage 
measurement is a MUST for power calculations

Challenges at AC Power Measurement – Synchronization

Analysis of Electrical Power and Efficiency

MotorBattery Inverter

Alternating Current

Synchronized Measurement Signals

Not Synchronized Measurement Signals
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Challenges at AC Power Measurement – Frequency Detection

Analysis of Electrical Power and Efficiency

MotorBattery Inverter

Alternating Current

 The frequency f by period time T detection    (f =
𝟏

𝐓
)

 Detection of T in noisy signals is a challenge

 Zero crossing difficult to determine

 Sophisticated statistical algorithms 
are required to determine period time / frequency

Ideal Sinusoidal Signal

Real Noisy Measurement Signal

𝑇

2

𝑇

2
? ? ?
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Challenges at AC Power Measurement – Highly Dynamic Frequency Changes

Analysis of Electrical Power and Efficiency

MotorBattery Inverter

Alternating Current

 Very dynamic vehicle operation conditions
continuously changes
> Acceleration 

> Breaking

> Recuperation

> Load changes

> Direction changes 

> Force feed back from road, …

 Frequency and Amplitudes are not steady state, 
they are changing very dynamically by load and speed

 Frequency detection must be stable/fast enough to follow highly dynamic changes
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Accessible measurement points for current and voltage 
measurement cannot be used directly for power calculation.

 The Y-delta transformation or its inverse required to calculate
the respective currents and voltages of windings

Challenge eMotor Power Analysis

Analysis of Electrical Power and Efficiency

MotorBattery Inverter

Alternating Current

Delta Motor

𝑉
𝐼?

Star Motor

P𝐼 𝑉?
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Conventional Tools for Power Analysis

Laboratory Power Analyser

 Power analyzer are typically

 Very precise

 Made for In-lab usage

 Limited synchronization 
to further signal sources
> ECUs

> Vehicle Bus Signals

> …

 Missing context information

 Challenging offline analysis
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 All equipment is capable for On-Road Vehicle Trials and Laboratory use cases

 Vector Smart Logger can run the measurements fully automated in On-Road Tests

 And automated Data Analysis and Reporting can be realized with Vectors
Measurement Data Management Tool vMDM

Power Analysis with Vector-CSM eMobility Measurement System

Vector-CSM eMobility Measurement System
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