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What is a gas injector?
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How does it work?
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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
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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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Magnetic parameters: Coil

Coil geometry design: define the number of wires and the resistance
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Magnetic parameters: Coil

To reduce the energizing time:

1. Minimize Resistance ..
u=permeability

2. Minimize Inductance S= Iron section

3. Minimize the number of wires N= number of wires
7 IR I=current that pass in the coil
te = ——In|l1- — L=Inductance

R V o

I=length of the circuit
. t.=energizing time
I = H- SN R=resistance of the coil
l V=tensure
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Magnetic parameters: Coil

To increase the force: .
u=permeability

1. Maximize the number of wires _
N= number of wires

2. Select the material with great permeability

|=current that pass in

the coll
F=B*I*] I=length of the circuit
B=n*H H=fmm
H=N*I F=fem

B=magnetic density
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Magnetic parameters

To respect the target it Is possible to work on many
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1. Coil: Number of the wires of the coil and Resistance.
2. Type of command: Peak & hold / Saturation.
3. Magnetic material.
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Magnetic parameters

Type of command: Peak & hold

Electrical command for Landi Renzo injectors

Current control
Peak current | Hold current | Time to go fro peak to hold | PWM frequence
5A 1A 0,14ms 10kHz
Timer control
Peak current | Hold current | Time to go fro peak to hold | PWM frequence

6A 1A 0,14ms 10kHz
current e Max force and max
energizing/deenergizing
o velocity
\ Time >

 Time to go fro peak to hold

A J
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Magnetic parameters

To respect the target it Is possible to work on many
parameters:
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Magnetic parameters: Material selection

Target:

+ Maximize magnetic force

+ Maximize velocity to energize and to deenergize the magnet
u=permeability

N= number of wires

F=B*I*] |=current that pass in Select the right magnetic
B=p*H the coil material considering:
H=N*I I=length of the circuit :> 1. Hysteresis curve

H=fmm

2. Max density
F=fem .
_ _ 3. Max permeability
B=magnetic density
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Magnetic parameters: Material selection

Target:

+ Maximize magnetic force

+ Maximize velocity to energize and to deenergize the magnet
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Magnetic parameters: Material selection

Target:
+ Maximize magnetic force
Maximize velocity to energize and to deenergize the magnet

F=B*I*] 1. Hysteresis curve
B=p*H |:> 2. Max density
H=N"I 3. Max permeability
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Magnetic parameters: Material selection

Target:

+ Maximize magnetic force

+ Maximize velocity to energize and to deenergize the magnet

F=B*I*] 1. Hysteresis curve
B=p*H |:> 2. Max density
H=N"I 3. Max permeability |59

11111

nnnnn

Relative permeability

|||||||||||||||||||
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

300 1000110
H (Afm)

\ LANDIRENZO Confidential visit us: www.Landi.it




Modellizzazione e Prototipazione virtuale dei prodotti CINECA 29-11-2007

LR Gas Injector: Magnetic circuit design

Magnetic parameters

To respect the target it Is possible to work on many
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Problem: Geometry design

After selecting the coll,
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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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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Fem simulation: Parametric file

File Modifica Formato WVisualizza 7

! PARAMETRI EOQEBIMNA

pi=acos(-1) ! PIGRECO

alfa=.0039 Coefficiente termico del rame
rob=. 0172e-6 " del rame
rfi1 = (0.4502-3),2
resistenza = 0.025

[ohm*m] Resistivita
rRaggio f1lo
resistenza dell’ avvolgimento

tens=14 Tensione alimentazione bobina (wolty
wzen=a68 Tensione df taglio del diodo Zener

tstat=3%s Tempo simulazione analisi statica

dn=,2%s piametro nominale filo nudo avvolgimento

hcaria = 20%1.163
taria = 130-273

Coefficiente convettivo aria esterna
Temperatura aria esterna

nspi=120 Mumero di spire

muz=12.572-7 permzabilita’ dell'aria
cap=3.3e-6 capacita condensatore (Farad)
wc0=50 Tensione iniziale condensatore

Coll design

Acom,  Fattore moltiplicamte per wariare Te unita' di misura
ASSESGMAZIONE QUOTE PARAMETRI

ASSEGMAZIONE PARAMETRI CALCOLI

Ge-6 ! [ohm*m] Resistivita del ferro

Command t e €1/rod ! [siemens,/m] conducibilita' del ferro
yp TTsT=58-§ ! Tempo del time-step

{ PARAMETRI GEOMETRICI

Material

L definizione aria circostante
haria=2%s ! altezza aria circostante
1

Hypothetical geometry corrente = 4.00 ! corrente di alimentazione

prewrwswiis definire 91 traferro con cud s wvuole realizzare 1'analisi  wwwwww
! inserendo un valore compreso tra hmin e hmax

hgap=0,42%s !

]

! definizione hobina

rhi = 7.15%s ! r‘agg"lo bobina interno
rhe = 9.50%s ! raggio hobina esterno
hbt = 8.232%= ! altezza totale hobina
Fi11 = (pi%rfil*rfil*nspil ((rbe-rbi)+*hbt) ! fattore di riempimento
robef = rob/(fi11) I pesistivitd efficace

POTenza=resistenza“correntecorrente
volume=pi*(rhe*rhe-rbi*rbid«hbt
superficie=((rbe-rbi)*hbt)
per_medio=2¥pi¥C(rbe+trbil 20
thgen=Potenza/ (Superficievper_mediol
hgen=rotenzavolume

L definizione rocchetto

sh = 3.618%s ! spessore assiale superiore rocchetto
shi = 0.9%s ! spessaore assiale inferiore rocchetto
der = rhe¥2+0. 5%s ! diametro esterno rocchetto

rer = daer/2 ! raggio esterno rocchetto
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Fem simulation results: magnetic density

Iniettore Landili Renzo Vergsione GIZS

LANDIRENZO Confidential

ANSYS 11.0

NOvV 23 2007
12:13:46
ELEMENT SOLUTION
SUB =1

TIME=1

BSUM (NOAVG)
SMM =.370E-06
SM¥ =1.423

. 370E-06
.158137

. 316274

. 4744171

. 632548

. 790686

. 948823
1.107

1.265

1.4Z23
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Fem simulation results: Flux lines
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Fem simulation results: Magnetic force and Inductance

m Imatrix.out

SUHHARY OF FORCES BY WIRTUAL HORK
Load Step Hunber: .
Subsztep Hunber: 1.
Tina: 0. 1000E-+11
Initz of Force: [ W
Conponent Foroe-Y
AHCORIMA - 0.12981E+02

SURHARY OF FORCES BY HAMHELL STRESS TEMSOR
Inits of Force: [ H ]
[onponent Force-y
AHCORINA - 0.13178E+02

LHATRI® SOLUTIOM SUNHARY

0.17248E-01
0.35849E-01

Flux linkage of coil 1.
Gelf inductance of coil 1.

Inductance natvis iz stored in avray paraneter induct [ 1., 2.1

Inductance natvis iz stored in file induct  .tat

Hote: Hauell forces are in the Global Cartesian coordinate systen.
Yirtual work forces are in the elenent ESYS coordinate susten.

The forces correspond to a full 360 degree vewolution of the cross
gection (an awizynnetric nodell,

The following elenent table itens are awailable for printing and
plotting of the forces obtained by Virtual Hork and the Hasuell Stress
Tengzor nethods.

Elenent Iten Hane Hethod Direct ion
FAH Nirtual Hovk i
FHK_Y Hamuell Stress Y
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Virtual modeling cycle

Coil design

Electrical Conunand

FEM FEM Realize
Model Results prototipe
Material
Geometry
Prototipe only to
verify the
calculation!!!
Target NOK
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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 ﬂ’ﬂ'g’%’%@!“
optimize a magnetic circuit in a very

simply way.

*With Fem simulation you reduce cost and
time improving the quality
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