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LR Gas Injector: Magnetic circuit design 

Target 

The injector have to be very fast to open and to close. For these reasons the 

target became: 

1. Maximize magnetic force 

2. Maximize velocity to energize and to deenergize the magnet 

Opening time = 1,7ms 

Closing time = 1,5ms 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters 

To respect the target it is possible to work on many 

parameters: 

1. Coil: Number of the wires of the coil and Resistance. 

2. Type of command: Peak & hold / Saturation 

3. Magnetic material. 

4. Geometry of the magnet. 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters: Coil 

Coil geometry design: define the number of wires and the resistance 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters: Coil 

m=permeability 

S= Iron section 

N= number of wires 

I=current that pass in the coil 

L=Inductance 

l=length of the circuit 

te=energizing time 

R=resistance of the coil 

V=tensure 

To reduce the energizing time: 

1. Minimize Resistance 

2. Minimize Inductance 

3. Minimize the number of wires 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters: Coil 

To increase the force: 

1. Maximize the number of wires 

2. Select the material with great permeability 

m=permeability 

N= number of wires 

I=current that pass in 

the coil 

l=length of the circuit 

H=fmm 

F=fem 

B=magnetic density 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters 

Type of command: Peak & hold 

Max force and max 

energizing/deenergizing 

velocity 
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LR Gas Injector: Magnetic circuit design 

Magnetic parameters: Material selection 

m=permeability 

N= number of wires 

I=current that pass in 

the coil 

l=length of the circuit 

H=fmm 

F=fem 

B=magnetic density 

Target: 

• Maximize magnetic force 

• Maximize velocity to energize and to deenergize the magnet 

Select the right magnetic 

material considering: 

1. Hysteresis curve 

2. Max density 

3. Max permeability 
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LR Gas Injector: Magnetic circuit design 

Problem: Geometry design 

After selecting the coil, 

After selecting the command, 

After selecting the material, 

How we can unify all in a geometry to 

understand if the target is respected? 

FEM SIMULATION 
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LR Gas Injector: Magnetic circuit design 

Fem simulation: crate geometry 

To reduce the calculation time and to obtain more precise 

simulations it is useful to simplify the geometry, passing 

from the 3D to a 2D geometry 
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LR Gas Injector: Magnetic circuit design 

Fem simulation: Parametric file 

Coil design 

Command type 

Material 

Hypothetical geometry 
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LR Gas Injector: Magnetic circuit design 

Fem simulation results: magnetic density 
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LR Gas Injector: Magnetic circuit design 

Fem simulation results: Flux lines 
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LR Gas Injector: Magnetic circuit design 

Fem simulation results: Magnetic force and Inductance 
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LR Gas Injector: Magnetic circuit design 

Virtual modeling cycle 
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LR Gas Injector: Magnetic circuit design 

Conclusions: 

•With FEM simulation it is possible to see 

the magnetism that is invisible to human 

eyes. 

•With Fem simulation it is possible to have 

a value of inductance and force that is 

very difficult to measure experimentally. 

•With Fem simulation it is possible to 

optimize a magnetic circuit in a very 

simply way. 

•With Fem simulation you reduce cost and 

time improving the quality 


