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 Well-known need for flux density waveform control in magnetic measurements

• Sinusoidal B for comparable and repeatable test conditions

• Application specific conditions (PWM voltages, etc.)

 Diversity of flux control methods

• Analog/Numeric, Iterative/Real-Time, etc.

• Various control theory : proportional compensation, neural network, etc.

 Classical closed-loop setup for magnetic measurement

 Convergence conditions (for sinusoidal B) : (< 1 % error on magnitude) & (< 1 % THD)

1. CONTEXT 3. EXPERIMENTAL SETUP

 Root-finding algorithm : nullify an objective 

function 𝑭

 Newton or quasi-Newton method : input 

update by inverting the Jacobian 𝑱𝑭 of 𝑭

 Instabilities damping 

 Proposed objective functions  

4. CONTROLLERS

8. CONCLUSIONS
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Exact computation of the Jacobian

Make an initial guess for the Jacobian inverse

and improve it iteratively (alongside the

excitation 𝑽𝒈)
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Newton-Raphson’s method (NR)

« Bad » Broyden’s method (BB)

Application to flux control.

Hypothesis : Due to the periodicity of the

system, we assume the following circular

behaviour.

𝜟𝑩𝟏 = 𝒋𝟏𝜟𝑽𝟏 + 𝒋𝟐𝜟𝑽𝟐 +⋯+ 𝒋𝒏𝜟𝑽𝒏
𝜟𝑩𝟐 = 𝒋𝟏𝜟𝑽𝟐 + 𝒋𝟐𝜟𝑽𝟑 +⋯+ 𝒋𝒏𝜟𝑽𝟏

…
𝜟𝑩𝒏 = 𝒋𝟏𝜟𝑽𝒏 + 𝒋𝟐𝜟𝑽𝟏 +⋯+ 𝒋𝒏𝜟𝑽𝒏−𝟏

→ Reduce the system dimension

Application to flux control.

Choice of the initial Jacobian inverse :

𝑱𝟎
−𝟏 =

𝟏

𝑽𝟎
𝑰𝒏

 Application of both Newton’s method and Broyden’s method to flux control

 Comparison between

• Both proposed controllers

• Several objective functions

• The proposed methods and a classical form of control

 Benefit : High adaptability 

• Only the starting voltage has to be set between setup
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 Using BB controller, comparison between all three objective 

functions : 𝑭𝑩, 𝑭𝒅𝑩 and 𝑭𝑫𝒖𝒂𝒍

 Results are coherent with physical interpretations :

• 𝑭𝑫𝒖𝒂𝒍 is steadier against frequency and initial excitation 𝑽𝟎

• Balancing between inductive and resistive terms

• 𝑭𝑩 works better for low frequency and high 𝑽𝟎

• 𝑭𝒅𝑩 performs well with high frequency (inductive cases), and 

needs lower starting voltage

6. OBJECTIVE FUNCTION

 Control achieved with both controllers in a variety of test conditions

• BB : Reach moderate saturation level on the [5 – 100] Hz band

 Below : Control unstable ; Above : System limited

• NR : Slightly lower induction level and narrower band ( [10 – 100] Hz )

 Erratic for 5 Hz

 Comparison to a simple digital controller for speed reference 

• With empiric best 𝜶,𝜷

• BB shows a similar speed to the simple proportional controller with a lower 

setting time, NR is slower

5. OPERATION VALIDATION
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 Application of both

methods to several

identical cases

 BB’s method presents a

smoother and steadier

convergence than NR

 NR’s method has a

very low repeatability

(not shown, up to 2x)

𝐟 (Hz) 𝑽𝟎 (V)
Number of iterations

𝑭𝑩 𝑭𝒅𝑩 𝑭𝑫𝒖𝒂𝒍

5 0.6 31 ∞ 28

10 0.8 24 ∞ 12

20
0.5 ∞ 20 10

1 24 ∞ 7

50
1 ∞ 9 9

1.4 20 ∞ 8

100 2.6 14 8 7

200 4 ∞ 6 7

 Appropriate for laboratory measurement : 

• Sample/setup change is fast and simple

• No parameters : only the magnitude of 

the initial voltage 𝑽𝟎 has to be set

 And, eventually, the starting 

waveform (sine in most cases)

 Successful adaptation of Newton’s and 

quasi-Newton methods

• For 𝒇 ∈ 𝟏𝟎; 𝟏𝟎𝟎 Hz and 𝑩 up to mild 

saturation

• Link between convergence 

performances and Jacobian 

conditioning to be investigated 

Matlab script running control  and managing 

communication with scope & AWG

Arbitrary 

Waveform 

Generator

400 VA 

Power Amplifier

Numerical 4 synchronous 

channels oscilloscope

Sample

Either : 

• Toroid

• Strip 

(Epstein frame)

• Sheet 

(C-shaped yoke)

Optional transformer used for 

samples with a low excitation voltage 
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