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Different types

bobbin support
(suppert babinat)

e C - frame plunger solenoid (semi open architecture)
¢ D - frame plunger solenoid (closed architecture)
¢ Tubular plunger solenoid (closed type)
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Different types (page 1/2)
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Different types (page 2/2)

e (- frame plunger solenoid
e D - frame plunger solenoid
e Tubular plunger solenoid

Force/stroke characteristics

Force vs stroke

Fa Closed aschitecture
én
Open archieciure
, |

The Force/stroke characteristics gives the static force according the displacement of the
core. The shortest is the flux path, the strongest is force.

Main points

¢ The maximum force is very different for each type
¢ The plunger force must superior to the load force,

and the higher is the difference, the faster is the plunger.
e The length of the stroke is dependant of the plunger type e 0

|
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Force/stroke characteristics

¢ Maximum force

*  Fplunger > Fload
e Length of the stroke



Timing characteristics

v

Closed architecture

Open architecture l

i @)

Load is constant force Fr

Load is assimilated to a spring

End of stroke
{fin du déplacement)

The timing characteristics is important for the applications that require a low response time.
The higher is the current to obtain a large force, the longer it will take more time, but the
higher the force and the faster is the movement.

Points principaux

¢ R and L values of the coil
¢ m x (d>x/d*t) = Fpjunger — Fload
e Three steps

Note : The use and calculations of these characteristics will be presented in a next

webinar.

Start of stroke
(début du déplacement)

Inrush current

1 Mo movement until the lorce
is sufficiont | Starting current )

2 Movemant : the inductance changes with
the displacement of the core

End of the : the current contl

to incraase il possible until the value Uom

&
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Timing characteristics

R and L values of the coil
m X (d*x/d*t) = Fp -F
Three steps
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IS

[ , —— 1 No movement until the force
dem is sufficient ( Starting current )

2 Movement : the inductance changes with
the displacement of the core

3 End of the movement : the current continues
to increase if possible until the value Uo/R

2 t,

Note : The use and calculations of these characteristics will be presented in a next webinar.

Environment conditions QuickField modules

The modules of Quickfield allow to check the behaviour of the appliance under different
thermal', electncgl or mechamcal conditions. Fhe available moéules are : DC mggnetlcs, AC QuickFickh 5718
magnetics, Transient magnetics, DC Conduction + Electrostatics, AC Conduction + Copyright © 1393-2003. Tera Anabesia Lid
Electrostatics, Transient Electric, Static and Transient Heat Transfer and Linear Stress. .
*four passweosd is vabd  Pemanently
Masrmum mesh node rumber: Urfimited

Opbors nchded
[#F=d Magratic: fisld problems:
Possible conditions to be tested [#] A)] Magnstosatic analysic
['1]2]] AL [iime-hamonic] magrelic analpsis
[F1 8] Transent magnelic analysis
. [F1=3 Electic fiekd peoblems
e Thermal use of coil [7].4) Elechostaic snabyse
e Insulation test [#]:5] DC condution ansiais
e Mounting test [£] 4] AL lme-hasrmanic) conduction analysis
[F111] Tranman! sloctic fiskd ansbs
[ 3 Temperahue feld problems
[lim) Steach-siste heal banster anlysis
[¥]ra] Transent heat tansler analysis
[#]ad] Sokd state elastic analysis
[Z—3 Addsional options
[0 Coupied jmuliphysic] anaysis

Note : The use and calculations of these characteristics will be presented in a next
webinar.
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QuickField] 5.7.1.838

. ey Ci ight = 1993-2009, Tera Analyzis Ltd.
Environment conditions el =

YWour pazsword iz valid  Permanently
I aximurn mesh node number: Unlimited

Options included:

. [#}'=3 Magnetic field problems

b Thermal use Of COll ] Magnetostatic analysis

° Insulation teSt E AL [time-harmonic) maghetic analysis
e Mounting test

] AL [time-harmaonic) conduction analysis
Tranzient electrc field analyziz

Steady-state heat tranzsfer analysiz
Tranzient heat transfer analysiz

[#i=3 Additional options
ﬂ Coupled [multiphyzic) analysis

Note : The use and calculations of these characteristics will be presented in a next webinar.



A simple design

Quickfield is pleasant as it's a software that allow you to check simple things very quickkly.
Here is an example where you want to ckeck if a linear model can replace a non-linear
model (note that as there is no closed magnetical path, the linear choice will always be
reasonnable, but the example wants also how to prepare the geometry for use with
LabelMover or other modules) Static and Transient Heat Transfer and Linear Stress

Main steps

The main objects

The bondary conditions
Problem parameters [ '
LabelMover tips

Quickfield : as simple as a pocket calculator !!

Thermal tips
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simple_plunger.pbm ®

. . + Simple ~
A simple design ] e

e The main objects H Lo ) R
¢ The bondary conditions HH e
e Problem parameters g

e LabelMover tips

e Thermal tips

Designing a plunger

Datasheet

Main formulae and calculations

Designing
Parameter sweeping with LabelMover

Improving sweeping with Tcl scripts

® Use of computer algebra systems
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Designing a plunger

e Datasheet

e Main formulae and calculations

* Designing

e Parameter sweeping with LabelMover
e Improving sweeping with Tcl scripts

e Use of computer algebra systems
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Tubular solenoid from MSA catalog
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Note : The use and calculations of these characteristics will be presented in a next webinar.

Datasheet
« Dimensions Size SMALLEST TUBULAR
T profle length-diameter  1x.5in.
« Energy 25.4x 12.8mm «——
o Temperature ? Performance (continuous duty coil)  «
* Response time ? Maximum Stroke: .25 in. (6.35mm)
) . I ) ! Force—
Note : The use and calculations of these characteristics will be presented in a next
webinar. Holding: 27 oz (?5 N}
At Max Stroke: S20z(11N) <—
Coil Power: 2.5 watts -
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TUBULAR a3 CUSTOMIZABLE

Range of characteristics of 14 different Tubular solenoids within this standard product group.

Higher forces can b achieus

y-chianging the duty cycle and input
power to the coil.

Size SMALLEST TUBULAR Direction of
length-diameter x 5 in 3205 Actuation Available:
25.4 x 12.8mm 81.3 x 38.1mm Push or Pull
Performarice (continuous duty coll -
Maximum Stroke: .25 n. (6.35mm) 1 in. (25.4mm) ::;?:f;t:ﬁgﬂz?:m*zec'
Force— ; 3
: Plunger interface,
Holding: 27 o3 250 0z (69.5 N) ringg e e
At Max Stroke: ; 18 0z (5 N) m)readybrad;ets e
Coil Power: 15 watts ¢

voltage/wattage,
force/stroke.

Datasheet e Dimensions ® Profile ® Force ® Energy

Temperature? ® Response time ?

Note : The use and calculations of these characteristics will be presented in a next webinar.



Main formulae

&= [E] Aighbre 1 Tirst_caleulitions. diw

E Kightre 3 Formalae. div
¢ Force .at the end of the stroke mechanioal
e Electrical power
Bmax = maxisum netic Field
. Score = section of the core
Calculations w0 magnetical constant
. Bmax +Score
e Core section o1 Fem =
e Wire section 2opl
Electrical
P = power
U = DC voltage
1 = current
L PzUl
Hypothesis : The nusbers proposed allow o
dasign acei] with a small mumber of turns
for the webinar but usually the aumber of
turns 15 much higher a plunger
a3 0
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Current density in conductor = 6 Afmmd
U=12V¥
P=25M
Bmax = 1.8 7T
Holding stroke = 5 N

2

Bmax -Score
#1: SOLVE|Fem = Score
2.40

-5
#2: Score = 1.318693212.10
#3:  Rcore = 0.0011

P
4 1= —

[}

#5: I :=2,083333333

LLH

=3
Dwire = 0.6.10
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Main formulae e

Calculations e

Eﬁll{é—bli- 1 formuiae.dfw ;E‘E‘J
Mechanical
Bmax = maximum magnetic field
Score = section of the core
w0 magnetical constant
2
Bmax +Score
#1: Fem = #1:
2-ul
Electrical
#2
P = power .
U = DC voltage #3:
I = current
#4:
#2: P=U.I
Hypothesis : The numbers proposed allow to 3
design acoil with a small number of turns
for the webinar but usually the number of £
turns is much higher a plunger #6:
#3:
3 0 #7

re 1 first_calcu
Current density in conductor = 6 Afmm?2
U=1.2%
P=2.5W
Bmax = 1.8 T
Holding stroke = 5 N

2

Bmax -Score

SOLVE| Fem = . Score

2ap

Score = 1.318693212:10
Rcore = 0.0011

I:=2.083333333

-3
Dwire := 0.6.10

Maximum force at the end of the stroke @

Core section

Electrical power

®  Wire section




Designing and some tips

¢ Thermal coefficient for coils
Open architecture if h = coil height, D = Dext
K =25 W/m?xdeg if h/D < 1
K =20 W/m?xdeg if h/D = 1
K =16 W/m?xdeg if h/D > 1

For other surfaces take

K =5 W/m?xdeg (natural convection)
K =80 W/m?xdeg (forced convection)

(For final design these data must be checked)
¢ Filling coefficient of windings

Under a wire diameter of 0.8 mm, this coefficient can be under 0.5
and depends of the type of wire
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il File Edit View Problem Conmtour Tools Window Help

- &%
] o005 = Straight ne (0°) = -+ ,
- = . [
= i ronclad_transent_eke_vipom| L.
Gasimatry: Irondad_transs Values *®
& (2] Data: ronciad_transent sy | b
5 Ubrary Diata; <nce> Integral Caloulator |
? ﬂ:? ‘- Geometric Quantities
g linkz -
3 Crout: iondad transent e ] Contour length
B Cross section area
| surface area
|3 Physical Quantities 4
1 Total Current
2| External Current
0000000 i e e =
k) 1L X F X Wi X 2| Eddy Current
Ao eeses) Rt ) 3o st
o's § y % ’-h-t =[] mechanical forcs
= P Fu0.11958N
A cmor =
|2 f,=0.11958N
L® f=0N
| P irkage per one tum
L] Magratomative force
2 Timing = I
Caleulste up o 0.005 : =l Mfllx B :.Y_ i
Suep 00005 ) 3]
Aulomatic Steps N |
Store Fesults it 0 |
Step For Resulls 00005 ._|
(]
Jc | m | (]
Tronclad_transient_ebes_v2.mod | tpr sing ironclad nsient_elec_v2.pbim: | T
For Help, press F1 8.35,-5.30
Designing

Virtual tests for design and production

® General issues

Thermal model

Insulation model

Mounting model

Tolerance analysis

Note : The use and calculations of these characteristics will be presented in a next

webinar.

Example from MSA catalog
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Virtual tests for design and production

e General issues
Thermal model
Insulation model
Mounting model
Tolerance analysis

Note : The use and calculations of these characteristics will be presented in a next webinar.

General issues

Think about a global geometry

Linearize as much as possible

Transient simulations are longer

Use circuit (for accuracy and understanding)
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General issues

e Think about a global geometry

e Linearize as much as possible

e Transient simulations are longer

e Use circuit (for accuracy and understanding)
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