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New Generation of Rotating Colils

New specifications

* Increase in coil speed up to 8 Hz and more + continuous rotation
Measurements on magnets in dynamic conditions with a ramp

slope up to 1000 A/s

Field harmonics measurements in real time in a fraction of second
for on-line monitoring reference magnets
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CERN State of the Art: PDI
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* OSR is the ratio between sampling
rate and trigger frequency

* Designed and developed at
CERN on a VFEC basis
(by P. Galbraith)

*Used for 20 years and put on the
market by METROI.AB
Instruments SA

*It goes in crisis with the new
generation of rotating coils

*Its dynamic metrological
performance is directly related to
OSR, thus, an increase in the trigger
trequency, giving rise to an OSR
decrease, causes a performance loss
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Basic Idea and Key Design Concepts
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FDI: Measurement Technique

Encoder Pulses
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FDI: Architecture
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* The input signal is conditioned by a programmable gain amplifier (PGA), with offset
and gain self-calibration

* The conditioned signal is sampled and quantized by an ADC
* A DSP carries out the integration algorithm on-line

* Trigger events are provided by a flux sampler and measured by a time base

* Flux samples are sent to a host PC via PXI bus
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FDI: Time Domain
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Absolute timebase measurement

Flux computation: . . . :
P * V" is obtained by interpolation

*f e 20MHz oV 5V among the values before and after

max

. f 1024 Hz  *f,pc 800 KkS/s the trigger

. * 7, and 7, are obtained from the
i=n—
* trigoer instant (known the ADC
=V.r, +» Vir,+V, 1, =¢, + + &
Ph ko ; 65TV = Prg ngl-(fH) Pk, rate) and 1, measured by the
absolute time base
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Numerical Metrological Analysis

Error as difference between numerical and analytical integrals at varying:

* Numerical algorithm
* Sampling rate

* Trigger frequency

* Timebase presence

* Timebase jitter

Input signal: sine wave , 2 Vpp, 10 Hz.

Deterministic error = RMS [ E ( Error (t))].
Random error = E [std ( Error (t))].
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Algorithm Error : Timebase Influence
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Hardware Implementation
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* PGA & ADC: analog front-end

* Trigger board: manages the pulses arising from an encoder

* FPGA: I/O processor

* DSP: processor for digital integration and board management
* PXI: data communication for board remote control
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Analog Front-End

* Differential measurement chain: the input section of the
programmable gain amplifier (PGA) and the ADC input are fully
differential in order to increase the CMRR;

*Digital Kelvin resistive divider. the gain variation is obtained
trough a programmable Kelvin resistor, by assuring high accuracy;
*FPGA control at low-level, a FPGA supervises PGA operations,
self-calibration of the data acquisition chain, and the interface with
the board bus;

* Dichotomic algorithm of self-calibration: the calibration of the
analog front-end 1s carried out in real-time automatically, by means of
a dichotomic algorithm running on the FPGA;

*Real-time correction of systematic errors: by processing the
samples out of the ADC converter, the FPGA establishes the
correction of the input gain and of the voltage offset, autonomously.
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Firmware Architecture and Design:
FDI Conceptual Levels

PXI-PC
User Level (PC)
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Firmware Architecture and Design:
FDI State Machine

MAIN

*INITTALIZE

User Reset > s
@ “READY
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*MEASUREMENT
ACQUISITION

*'RECOVERY
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Board Communications

. FPGA
* FPGA acts as /O interface for e I Ho,
DSP by
Parallel Port (to ADC)
sand Serial Port (SPI to PXI) (. e N ..
* FDI interfaces PC via PXI bus g
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FPGA-DSP Communications

Critical task for the
measurement algorithm
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Results of Static Tests on prototype (I)
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Results of Static Tests on prototype (II)
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FFT Dynamic Tests Results
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Results of Dynamic tests of PDI vs. FDI
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FFT Dynamic Test

OSR Frequ(ie%%?(r(Hz) SINAD(dB) SNHR(dB) | THD(dB)
FDI 1000 500 105.0 111.91 -104.94
FDI 10 50000 105.18 113.04 -105.15

2 SINAD: Signal to Noise And Distorsion Ratio
. SNHR: only Non Harmonic noise
. THD: Total Harmonic Distortion
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Future Developments

¢ Higher-order integrating filters will be tested

in order to reduce noise

¢ Noise signature of rotating coils will be

analyzed

¢ The metrological characterization will be

completed

¢ Study interesting applications that could

need modifications of this prototype
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Conclusions

FDI over performs PDI
FDI can be easily reconfigured (firmware)

Absolute time base improves FDI
performance

12 FDI prototype units are being mounted
to do test on SM18 this autumn on real
magnets with new shafts
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