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Métal Résistivité a 20°C
Argent 1,6 x 108 W-m
Cuivre 1,7 x 108 W-m

Aluminium 2,8 x 10 W-m
Tungsténe 5,6 x 10 W-m
Fer 9,6 x 108 W-m
Platine 10 x 108 W-m
Plomb 22 x 10 W-m
Mercure 95 x 10 W-m

Grandeur électrique

Unité de mesure

Relations entre les

. . randeurs électriques
Appelation Symbole Appelation Symbole I g
Résistance R ohm Q P = Pl R = 1

S G
L R.S 1
Resistivité P ohm-meétre 0-m p= — P = T
1
Conductance G siemens S G R

. siemens f _ 1

Conductivité A matre Sim Y = -
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LEM

Current transducer LF 310-S I, =300A

For the electronic measurement of current: DC, AC, pulsed..., with galvanic separation
between the primary and the secondary circuit.

Features Standards

e Bipolar and insulated current measurement up to 500 A e EN 50178: 1997

e Current output e IEC61010-1: 2010
e Closed loop (compensated) current transducer e UL 508: 2010.

e Panel mounting.
? Application Domain

Advantages e Industrial.

e High accuracy
o Very low offset drift over temperature.

Applications

o Windmill inverters

e Test and measurement

e Substations

e AC variable speed and servo motor drives
e Statics converters for DC motors drives

e Battery supplied applications

e Uninterruptible Power Supplies (UPS)

¢ Switched Mode Power Supplies (SMPS)
o Power supplies for welding applications.
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Absolute maximum ratings

Parameter Symbol Unit Value
Maximum supply voltage (working) (-40 ... 85 °C) U, \Y% 21
Primary conductor temperature Ty °C 100
Maximum steady state primary current (-40 ... 85 °C) I, A 300

Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum ratings for extended periods may degrade reliability.

UL 508: Ratings and assumptions of certification
File # E189713 Volume: 2 Section: 9
Standards
e USR indicates investigation to the Standard for Industrial Control Equipment UL 508.
e CNR indicates investigation to the Canadian standard for Industrial Control Equipment CSA C22.2 No. 14-13
Conditions of acceptability
When installed in the end-use equipment, with primary feedthrough potential involved of 600 V AC/DC, consideration shall be
given to the following:
1 - These products must be mounted in a suitable end-use enclosure.

2 - The secondary pin terminals have not been evaluated for field wiring.

3 - Low voltage control circuit shall be supplied by an isolating source (such as transformer, optical isolafor, limiting
impedance or electro-mechanical relay).

4 - Based on the temperature test performed on all Series, the primary bar or conductor shall not exceed 100 °C in the
end use application.

Marking

Only those products bearing the UL or UR Mark should be considered to be Listed or Recognized and covered under UL's Follow-
Up Service. Always look for the Mark on the product.
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Insulation coordination

Parameter Symbol Unit Value Comment

Rms voltage for AC insulation test, 50 Hz, 1 min U, kV 3.8

Impulse withstand voltage 1.2/50 ps UW kV 10

Insulation resistance Ry MQ 1000 measured at 3.8 kV AC

Comparative tracking index CT! 600

Reinforced insulation, non

Application example

300V 4 I
CAT Ill. PD2 uniform field according to
’ EN 50178, IEC 61010

Application example

Basic insulation, non
CA%‘OI?IO F\3/D2 uniform field according to
’ EN 50178, IEC 61010

Case material

) V0 according
to UL 94

Clearance and creepage

See dimensions drawing on page 7

Environmental and mechanical characteristics

Parameter

Max Comment

Min  Typ

°C -40 85

Ambient operating temperature .
Ambient storage temperature Tq °C -50 90
Mass m g 107
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LF 310-S

Electrical data

At T, =25°C, £U, = £15V, R,, = 1, unless otherwise noted.
Lines with a * in the conditions column apply over the —40 ... 85 °C ambient temperature range.

Paramete DO D a ond 0
Primary nominal rms current L A 300 |*
Primary current, measuring range L, A -500 500 |*
Measuring resistance R, Q0 0 *| Max value of R, is given in figure 1
Secondary nominal rms current I, A -0.15 015 |*
Ry (T,)=R, % (1+0004 x (T, + Alemp—25))
Resistance of secondary winding Ry QO 22.5 Estimated temperature increase @
I, is Atemp=15°C
Secondary current L A -0.25 025 |*
Number of secondary turns Ny 2000
Theoretical sensitivity G, mA/A 0.5
Supply voltage U, \Y +11.4 21 |*
33+ I U, =212V
Current consumption I, mA 35+ 1 U, =215V
38 + I U, =220V
Offset current, referred to primary I A -0.2 0.2
Temperature 'varlatlon of I, T A —0.2 02 |*
referred to primary or
Magnetic offset current,
referred to primary Tou A .2 At Xy,
Sensitivity error & % -0.1 0.1 &
Linearity error € %of I, | -0.05 0.05 |*
-0.2 0.2 25..85°C
v} *
Overall accuracy at I, X, % of I, ~0.2 02 ~40 .. 85°C
Outgut rms noise current referred I A 35 1 Hz to 100 kHz (see figure 4)
to primary no
_— 0to 300 A, 100 Alus
Reaction time @ 10 % of I, t, ys 0.5 R, =100
: 0 to 300 A, 100 Alus
0, ]
Step response time to 90 % of I, t Hs 0.5 R, = 10 Q (see figure 2)
Frequency bandwidth BW kHz 100 R,=500Q;-3dB

Definition of typical, minimum and maximum values

Minimum and maximum values for specified limiting and safety conditions have to be understood as such as well as values shown
in “typical” graphs.

On the other hand, measured values are part of a statistical distribution that can be specified by an interval with upper and lower
limits and a probability for measured values to lie within this interval.

Unless otherwise stated (e.g. "100 % tested"), the LEM definition for such intervals designated with “min” and “max” is that the
probability for values of samples to lie in this interval is 99.73 %.

For a normal (Gaussian) distribution, this corresponds to an interval between -3 sigma and +3 sigma. If “typical” values are not
obviously mean or average values, those values are defined to delimit intervals with a probability of 68.27 %, corresponding to an
interval between -sigma and +sigma for a normal distribution.

Typical, minimum and maximum values are determined during the initial characterization of the product. Pags 417
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LF 310-S

Typical performance characteristics
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Figure 1: Maximum measuring resistance
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Figure 3: Typical noise voltage density e__
with R, =10 Q
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Figure 2: Typical step response (0 to 300 A, 100 A/pus R, = 10 Q)

~ Total RMS noise current in the frequency range [1...10] MHz
10
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n

Primary referred I
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Figure 4: Typical total output current noise with
(primary referred, rms) with R,, =10 Q

To calculate the noise in a frequency band f, to £, the formula
is:

I (o B)= 1 (G~ 1, (B

with I'_(f) read from figure 4 (typical, rms value).

Example:

What is the noise from 10* to 10° Hz?

Figure 4 gives I (103Hz)}=3.19mAand I (10°Hz)=84.4mA
The output current noise (rms) is therefore:

J(84.4% 107 - (3.19 x10°) = 84.34 mA referred to primary
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LF 310-S

Typical performance characteristics
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Figure 5: Linearity

Performance parameters definition

Sensitivity and linearity

To measure sensitivity and linearity, the primary current (DC) is
cycled from 0 to I, , then to I, and back to 0 (equally spaced
I.,/10 steps).

The sensitivity G is defined as the slope of the linear regression
line for a cycle between 1.

The linearity error ¢ is the maximum positive or negative
difference between the measured points and the linear
regression line, expressed in % of the maximum measured

value.

Magnetic offset

The magnetic offset I, is the change of offset after a given
current has been applied to the input. Itis included in the linearity
error as long as the transducer remains in its measuring range.

Electrical offset

The electrical offset current I, is the residual output current
when the input current is zero.

Overall accuracy

The overall accuracy X; is the error at I, relative to the rated
value I,
It includes all errors mentioned above.

Response and reaction times

The response time ¢ and the reaction time ¢ _ are shown in the
next figure.

Both slightly depend on the primary current di/dt. They are
measured at nominal current.

100 %
90 %
I,
10 %
|
t
Figure 6: Response time t and reaction time f
Page 67
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LF 310-S

Dimensions (in mm)

=

MOLEX 441 CCRMECTOR

i

L

\ Prinary currant arecton

dg (mm) o (mm)
A-B 10.5 10.8

Connection

e iy

14 1 |>—4o+u

c
g @‘ '%B——O‘U‘:
B

Mechanical characteristics

e General tolerance
¢ Transducer fastening
Vertical position

Recommended fastening torque
e Transducer fastening
Horizontal position

Recommended fastening torque
e Connection of secondary
e Primary through hole

Remarks

0.3 mm

2 holes @ 4.3 mm
2 M4 steel screws
2.1 N'm (+10 %)

4 holes 4.3 mm
4 M4 steel screws
2.1 N-m (+10 %)
MOLEX 6410

@ 20 mm

e [_is positive when I, flows in the direction of arrow.

e The secondary cables also have to be routed together all

the way.

¢ [nstallation of the transducer is to be done without primary

current or secondary voltage present.
¢ Maximum temperature of primary conductor: see page 2.

e This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),

please contact us.

e Installation of the transducer must be done unless otherwise
specified on the datasheet, according to LEM Transducer
Generic Mounting Rules. Please refer to LEM document
N°ANE120504 available on our Web site: Products/
Product Documentation.

Safety

This transducer must be used in limited-energy secondary
circuits according to IEC 61010-1.

This transducer must be used in electric/electronic equipment
with respect to applicable standards and safety requirements in
accordance with the manufacturer’s operating instructions.

Caution, risk of electrical shock

When operating the transducer, certain parts of the module
can carry hazardous voltage (eg. primary connection, power
supply).

Ignoring this warning can lead to injury and/or cause serious
damage.

This transducer is a build-in device, whose conducting parts
must be inaccessible after installation.

A protective housing or additional shield could be used.

Main supply must be able to be disconnected. Page 7/7
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FORMULAIRE

COURANT CONTINU

TRAVAIL - ENERGIE: PUISSANCE:
p
t
1J =INm 1W=1J/1s
RENDEMENT:
W P
n=—=—/<l1 eten %: x100
W, P,
QUANTITE D’ELECTRICITE:
O=1Ixt
1C=1AXx 1s
1Ah = 1A x 1h
ENERGIE ELECTRIQUE:
1J=1wx 1s
1wh = 1w x 1h
RESISTANCE ELECTRIQUE:
R=pxt 10-10mx 1M
S 1m?
R,=R,(1+ax0)
LOI D’OHM: LOI DE JOULE:
U W =RI%
)i
1Q=1V /1A 1J=1Q x 1A’ x 1s
PUISSANCE ELECTRIQUE:
P=RI’
1w =1Q x 1A? 1w =1V x 1A

RESISTANCES EN SERIE:

Req = ERn
n RESISTANCES IDENTIQUES EN SERIE:
R, =nR

RESISTANCES EN PARALLELE:

s
R,

1
=ER_n

n RESISTANCES IDENTIQUES EN

PARALLELE:

R
n

R=

eq

DEUX RESISTANCES EN PARALLELE:

R R, xR,  Produit

- R +R, ~ Somme

Courant dans Rj:

Courant dans Rz: |/, =

avec

GENERATEURS:

u=ri

GENERATEURS (suite):

P,=Ul




CONDENSATEURS:

Capacite : |C= 2
U
1F=1C/V
Energie :
1 5 1
W=—-CU" =—-QU
Groupement paralléle :
Co=DC
Groupement série :
1 1
Ceg ] ECn
Constante de temps :
7T =RC
1s =1Q x 1F
MAGNETISME
dans le vide (ou dans l'air)
NI NI
Induction : |B, = yoT avec = H

et Uy = 4 x 107

B en Tesla (T) | en ampére
1 en métre HenAm™
Flux magnétique :
® = BSN Cosa
®en Wéber (Wb) BenTesla Senm?
N : nombre de spires
FERROMAGNETISME
B
Perméabilité relative : u, = B
0
Pertes hystérésis : P=KfB*V

avec V : volume en m®

FORCES ELECTROMAGNETIQUES
Loi de Laplace : F = Bll Sina

Travail des forces électromagnétiques :

W = Bild = BIS = IAD |

Variation de flux magnétique :

INDUCTION ELECTROMAGNETIQUE

AD =D - D,

moy

AD
At

Autre formule :

pour 1 conducteur

avec Vv :vitesse enm/s

COURANT ALTERNATIF SINUSOIDAL

MONOPHASE

Fréquence : =

f en Hertz (Hz)

T en seconde (s)

Pulsation :

=— =2
w T af

w en radian/seconde (rad/s)

Valeur instantanée :

u=Usinwt

avec U : valeur maximale

Avec déphasage : ¢

u=Usin(a)ti¢))

avec @ en radian

U I
Valeur efficace: |U=—/H I=—
V2 J2
Valeur moyenne : nulle
PUISSANCES :
Active : P =UI Cosp en W
Réactive : |Q=UlSing

en voltampére réactif (Var)

Apparente : |S = Ul

en voltampére (VA)

Autre formule :

S=\P+0O

Facteur de puissance :

(Pythagore)

Cosp =

U |~

—k




IMPEDANCES (en ohms : Q)
Résistor:

Bobine :
Réactance d'induction: |X, = Lw
Impédance : Z,=|R*+X,’
Facteur de puissance : Cosp = E
Condensateur :
1
Reéactance de capacité : |X .=——=2,
Cw

Condensateur souvent parfait :
Xe=2Zc et R=0
CIRCUIT RLC SERIE

Impédance : Z= \/Rz + (XL - Xc)2

1
Résonance série: Lo=— = |LCw’ =1
Cw

RELEVEMENT DU FACTEUR DE
PUISSANCE EN Monophase

P(tang - tang')
C= 2
U'w

Oc
Uw

Q. =UCw = C-=

avec (.= Ptang- P tang'

COURANT ALTERNATIF TRIPHASE
Montages équilibrés
Tensions simples : V

entre phases et neutre
Tensions composées : U

entre phases
Courants de lignes : |

Courants circulant dans les récepteurs : J

Rapport entre tensions : |—=+/3

Rapport entre courants :|—=+/3

Puissances en triphasé :

(Montages étoile Y ou triangle D)

Puissance active ou réelle :

P=UI/3 COS ¢
Puissance réactive :

Q=Ul/3sing
Puissance apparente :

S=UI3
Facteur de puissance :

P
cosp=—=
Pertes par effet joule :
P = gﬂz

avec r la résistance mesurée entre deux phases indépen-
damment pour un montage étoile ou triangle.

TRANSFORMATEUR MONOPHASE

Force électromotrice induite au secondaire :
(Formule de Boucherot)

E=444BNf S=444f @
N: nombre de spires f: fréquence en Hz S: section en m’

Pertes dans le fer:

Pe=Ho
Pertes dans le cuivre :
P.=P
jlec

Rapport de transformation :

U N,
= 20 2
a vide m =—===—=
v U N.
1 1
1
1
en charge |m=—
>
Rendement :
77=Z= P2 =U212cos¢72
P1 P2 +Pf +PJ Ull1 cos @




TRANSFORMATEUR TRIPHASE
Rapport de transformation :

Couplages identiques :

U V. 1
M=_2_2_71_.
vy b
Couplages différents :
Couplage Dy = M=m3 Couplage Yy = M = %

MACHINES BIPOLAIRES A COURANT
CONTINU
Fonctionnement en génératrice :

Force électromotrice :
E = Nnd
Fonctionnement en moteur :
Force contre-électromotrice :
E = Nnd

N = nombre de conducteurs actifs
n: vitesse de rotation en tr/s

Puissance électromagnétique :

Pem = El = Nn®]
Couple électromagnétique :
;o lem NOI
A N
avec Q=2 (vitesse angulaire en rad/s)
Pu
Couple utile : T =—
Y 9
ELECTRONIQUE
Redressement monophasé
Simple alternance U=%
Double alternances 17=27U

Redressement triphasé

. AN
Simple alternance |F7_3V~3 _ 30

27
A .
Double alternance |7_3V~3 _ 3U

Transistor bipolaire

Vee=Veb+Vpe To=1.+1I} B =

Vce =Vcc _Rcl c

Vbe=Vbb—Rplp

MOTEUR ASYNCHRONE TRIPHASE

Puissance absorbée [Pa =U I\/gcosq)

Pertes par effet Joule STATOR

Pss=3RI? pour le couplage étoile
PJs = 3 RJ? pour le couplage triangle,
Si r est la résistance entre phase du stator couplé et | I'intensité en

ligne alors :

Py =3rP

Puissance et couple transmise au rotor

Pr = P,- (Pys + Pg)] T, =P
Tr = a'( Js fs) Tr_Q

Puissance électromagnétique
‘PEm =Py - PJRJ

Pertes joules rotor | Pjr =& X Py,

| et
Vitesse de synchronisme s

p : nombre de paires de péles par phase
f : fréquence du courant d'alimentation en Hz.
ns : fréquence de synchronisme en tr/s

g=Ts—N
ns

Glissement

n=n¢(1-9)
Vitesse angulaire de synchronisme

2nf _w
p

Q, en radians par seconde (rad/s),
 (pulsation) =2 stf = 100 &t pour f = 50 Hz

QS =2JT,Ils =

Vitesse angulaire |2 =27zn

P

Couple utile : |, =

_u
Q

Rendementrotorm, =1 -g




