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come   L'archive ouverte pluridisciplinaire

For the more electric aircraft and the electric aircraft, the systems will need to:

• Operate safely at higher power levels • Comply with current regulations • Work in symbiosis with the other aircraft systems • Be more efficient and lighter than systems they replace In this context, optimizing the entire chain is necessary to meet these objectives: converters, filters, and electric machines.
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A Design Of Experiment is generated for two frequencies, and a metamodel is trained using GEMSEO tools: 1. A set of motor design parameters is used in the predictive simulation process, creating a data set. 2. The simulation data is used to train a machine learning model.

Sobol indices are computed,

indicating the output variation based on input data probability intervals. A dedicated computer is used for data generation.

Predictive sensitivity analysis of motor's windings HF impedances
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  consists of four main steps: • Calculation of geometry based on input parameters. • Estimation of magnetic and electric impedance matrices. • Circuit simulations of machine coils using the simulations. • Display of simulation data for various configurations. within M possible places and list them from top to bottom Select first wire, pick the (N // + N added ) closest and randomly choose filling and grouping within a slot Comparison of measurements and uncertainty simulations Simulations and measurements are set in similar configurations: • Common Mode quantifies the impedance seen from the input of a coil relative to the reference (symbolized by ground). • Differential Mode quantifies the impedance of a coil between its input and output. An automated process for slot filling and winding assembly was designed. This way, it is possible to: • Study different numbers of wires in parallel for the same working point • Study the impact of wires order relative to each other • Study parallel wire groupings and distribution of wires in parallel within the winding Consequently, all the other parameters associated with the slots (enamel thickness, variation in slot sizes, impregnation resin, slot liner thickness, etc.) can be evaluated A sensitivity analysis was conducted and was expended given the interdependencies among variables. Three prototypes were created to validate simulations through experimental testing: • Configuration 1 (C1): slot insulating paper thickness • Configuration 2 (C2): number of wires in parallel • Configuration 3 (C3): wire insulation grade (enamel size) Each configuration comprises three reference coils and two times 3 coils with variations. A statistical analysis is conducted across different configurations and for all windings on a stator, in Common Mode and Differential Mode. Simulation statistical outputs are compared against measurement results Achievements: • Correct representativeness of low-frequency curves in DM and CM. • Overall behavior is predicted and assessed accurately using Sobol indices Next steps: • Integrate variation in wire groups, increasing turn-to-turn capacitances. • Use mechanical simulations for wires to replicate a realistic placement in slots. • Refine magnetic sheets models to take into account iron losses and HF effects. Predictive simulations (solid lines) vs. measurements for varying number of wires in parallel, Common Mode and Differential Mode

Predictive simulation process for motor coil Representation of a slot with winding for circuit simulation.

  

		Sobol indices for Z CM 32 kHz			Sobol indices for Z DM 32 kHz	
	N w	Sobol indices forZ CM 2 MHz W p I % W T	ε s	N w	Sobol indices for Z DM 2 MHz W T W p I %	ε s
	N w	I %	W p	W T	ε s	N w	I %	W p	W T	ε s
		Variables	Notation		Interval			Sobol Interval
		Tooth width	W T		± 0.3 mm			± 0.15 mm	
	Wires in hand	N w		n ∈ [1,5], n ∈ ℕ		n ∈ [1,4], n ∈ ℕ
	Insulating paper	W p		[0.1, 1.0] mm		[0.1, 0.51] mm
	Slot permittivity	ε s			ε r =[1, 3]			ε r =1	
	Insulation percent	I %	[0.69, 1.39] 0.69 ⇒grade 1, 1. ⇒ grade 2, 1.39 ⇒ grade 3	[0.69, 1.39]	

dx B

The simulation is derived from telegrapher's equations with additions to account for effects present in transformer-type components: skin effects, proximity effects, turn-to-turn capacitance couplings... All elementary components are predicted using finite element simulations, then assembled into an overall schematic replicating a single coil. The simulation time increases by n², where n is the number of turns within a slot.

A circuit is generated per frequency, as circuit modeling needs to accommodate nonlinear phenomena effectively.

Design interval for EMC sensibility analysis
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