ransformer Inrush curren
Switching-Relay TSR, and an Explanation of the physical basics o

transformers. Speech to explain the Softstart procedure of the TSR.

This Speech give answers to the following questions:

What is an transformer inrush current peak, what is his origin?

What is the function, the advantages and the application of the Transformer-
switching-relay, a low cost softstarter for Transformers? What happens inside of
the transformer while continuos running and if switch him on?

To understand the causes of the inrush current, you need an understanding of the
physically basics of the transformer and how does it function:

a.) while continuous run, b.) when switching him off, c.) when switching him on.
d.) The difference between Inrush current- Limiting and avoiding.
This explanation is following in the first part of this speech.

The explanation of the detallled physical rules inside the transformer follows in the
second part of this speech away from foil 54.
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Transformers always are producing inrush current peaks!
Nearly everybody

knows that! T800mA, 250V vor Halogentrafo 100VA mit 80W 12V Halogenlampen belastet
JU st When SWitCh | ng on 2 Jahre nach Installation durchgebrannt wegen EinschaltstromstoB-Stress

a tranSfOrmer’ Inenn primar ist 350mA, jetzt T1000mA eingesetzt !!!

sometimes the fuse
trips and sometimes
he stay ok. Why?

(The fuse in the picture
has a value of 0,8A
and was double of
the nominal current,
of the transformer,
but although, he trips
after any time,
because of the
overcurrent StreSS.) Sicherung-defekt1.jpg

More than double of the nominal current is not enough!!
foil 2



Particularly toroidal core transform

absich-v-rkir-ohn.xis Ohne Einschaltstrombegrenzung
230V Primar automaten  schmelz-Sicherung PKZM- PKZM-T PKZM-T
Trafo-Typ Leistung stromPr. Inrush  B-Char. C-Char. K-Char. 5*20m Bereich Bereich Einstell
VA A Apeak A A A A A A A A

Ring-Kern 500 2.17 300 - 50 40 - - / 10-16 10
Ring-Kern 800 3.48 350 - 63 50 - . / 16-2 16
Ring-Kern 1000 4.35 400 - - 50 - - / 20-20 20
Ring-Kern 1250 5.43 500 - - 63 - . /

/ Ring-Kern 1600 6.96 600 - - - - - /

Ring-Kern 2000 8.70 800 - - - - - /
\ Ring-Kern 2500 10.87 1000 - - - = o /
— An 1kVA Transfo must have an 20A PKZM-T line breaker, and therefore
a value of 5 times of the primary nominal current.
Without avoiding of the insrush current that leads to foolish fuse values.

An 1600VA or bigger toroidal Transformer size is not fusible
with elements listed in top.

foil 3



- 4 - =
g ) st 8
f D) S iusie e
& ; :

sssss

Wh

at happ ysteresefamilie im Eisenkern eines Trafos
_1- je gioker die Spannungsamplitude der Trafo-
core 1 . priméarwicklung und je niederer die Frequenz
desto groBer die Hystereseschleife
While continuous __ . sofigung
operation: =

The primary voltage cycles are
changing the dense of
magnetisation B, in a
permanently manner.

® The positive Voltage- ./ A
halfcycle transports the /7
amplitude of the
magnetisation B, from the
negative_to the positive
return point of the
hysteresic loop, reaching
it at the end of the pos.
halfcycle.

® The negative Voltage-
halfcycle, brings back the
B to the negative

hyst4.cdr

Only the voltage-time-area of an Voltage half wave is
returning point of responsible for this transportation of the B. (The no-
hysteresic loop. load-primary current is only the answer from the transfo.)

® And so on and on. With the voltage-time-area of a fullwave, see on top, the

amplitude of the magnetisation B, walk round the hysteresic
loop one time.
Foil 4
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switch off with softstarter

o When SWitChing loaded 1kVA fransformer switch off with TSE. Hysteresefamilie im Eisenkern eines Trafos
off to the end of ;\lho W"Chhoﬁspﬂ-f oceurs. |' je groBer %ie Spqngt]mg?aénplmgie 'c::ier Trafo-
m all n Il Il C {= I
an half wave: ke the yitors. desto grober Gle Hysteresssehielte
® The last positive 3
Voltage half wave\ | \j - / =
transports the =
magnetisation B, to _ — — |
the positive return | =]
point of the B = N
Hysteresic-loop. SN "
® The small negative : f -
voltage time area/I .......... \ /1 \ // \ A/ civ
transportsthe Bton,. = W/ N/ x|
....... < hystd.cdr
the pOS. max. U ﬁ_ Off In zero Cross

residual induction,
the max.
remnance.

® Following the B
stands still and fix
in the pos. max.
remnance point.

L

The sight with tﬁEmCGOidfage time areas helps to easyer under-
standing what happens.

Why goes the voltage to negative: Because of the inductive
current value, which holds conducting the thyristor until this
current is near zero, originate the neg. voltage time area

and to spell it like the answer of the transformer when
switching off. foil 5
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Causes of the inrush current a sim
Inrush current at 1,6 KVA El core Transformer Hysteresekurve

von Trafo mit geschachteltern Kern
U 230V eff i
B pos.S(OThg.

—_—

verkurzt dargestelit

pos.Remanenz

Umkehrpunkt der

pos. Magnetisienung
bei Dauerbetriel

H

neg.Remanenz
e

\_//

= 320A peak

|
/
O
neg. Saturation to the End of the neg. Voltage Half Wave.

° Prehistory: Switch off was to the end of an negative Voltage half Wave. (Opposite to
the state in the example on foil 5') Remnance was set therfore on the negative max.
remnance point and stays there for longtime. See also the remnance test on the end of this

speech on foil 59.

Switch on happens now to the begin of the negative voltage halfwave, (In the graphic up

left in the top curve.) Now the magnetisiation is brough from the negative remnance point
to the negative saturation, reaching his max. to the end of the negative voltage half wave.
That is the worst case switch on, following with the highest Inrush current peak.

foil 6
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Cause of the Inrush current peak, a simple expanation-2.

« The iron core goes into saturation, when a new voltage half wave does not change
the direction of magnetisation in the iron core, and he is furthemore driven in the
same direction for magnetisation as before. And if this happens from an high
magnetisated Point, with a high B, then the iron goes into saturation.

(Up to a B from 2 Tesla begins the saturation.)

« The remnance is the magnetically memory of the Iron core. He stays longtime there
fixed at one point. See on foil 59. The high of remnance is depending of the air gap in
the transformer iron core. No air gap brings high remnance. A large air gap of any 0,1
mm for an 1kVA Transfo brings a remnance near zero.

« |If Switch on a transformer with an half wave in an direction opposite to his switch off
half wave, then the inrush is low because the saturation is low, because the core is
beeing changed in magnetisiation direction. (But because nowbody knows the
amplitude and direction of the remnance, you cannot measure it from outside tof the
core, you cannot start directly the transformer in the best case without inrush current
peaks. You can only doing that per accident perhaps 1 time inside 10 switch on trials.
It"s a bit like russian roulette.)

« While core saturation, only the copper resistance of the primary coil is limiting the
current amplitude. It’s than a transtformer without iron core in this saturation sate for a
short moment.

foil 7



The cause of the Inrush curr

For that circumstance the current rises to very high amplitudes!

In the case of iron core saturation, only the primary coil copper
resistance added to the Grid line |mpedance IS limiting the current
for this half wave of the voltage. In this case the inductive
resistance of the transformer is lost.

The inrush current can rise up to the amplitude of 100 times of the
nominal current, at toroidal transformers, in the first half-wave.

The more the losses of an transformer goes to a minimum, the
more higher rises the inrush current.

(The line impedance is about 0,3 Ohm at a grid for 230V with 16-
32 Amps, the transformer primary coil resistance is about. 0,3 Ohm
at an 1,6 kVA Transfo, + the plug cable resitance of 0,4 Ohm.)
That limits the inrush current up to amplitudes of about 310Apeak in
the first half wave after switch on.

foil 8
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Stand'ard methodes to I|m|t the inrus
Schaltstrom-Begrenzer®, ESB.

Start with an additionally resistor in the input. -
=>ESB with a fix value
Resistor and with a bridge Rel.
over it after a short time. 74
Netz
Trafo
O 3,5 Ohm 10 W

Typ: ESB-5

= ESB with an NTC resistor,
with or without a delayed
bridge.

Einschaltstrombegrenzer spannungsgesteusrt,
Die Wirkungsweise beruht auf einem
zeitverzigerten Uberbriicken des

integrierten, fest voreingestellten Begrenzungs-
widerstandes, Die Zeitverzdgerung ist bei dem
Typ ESB-5 werksseitig fest eingestellt,

(ca, 20-50 msec.). Ausfibrung im Kunststoff-

7 "
o Jli L gehause, aufschnappbar auf Tragschiene TS 35,

Spannungs- und Leistungsbereiche:

Upgpt 110 - 400V
Foil 9
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When a standard ESB starts onto a short ¢

Transformatoren schalten. Mit ESB

2 kVA Ringkerntrafo mit Sekundiarem Kurzschlufz eingeschaltet
mit tiblichem Einschaltstrombegrenzer. fiir 230V 16A.
Abgesichert mit 16A C-Tyvp Leitungsschutzschalter. der

erst ausloést. wenn das Relais im FEinschaltstrombegrenzer

den 3.5 Ohm Widerstand briiclkt. .

== s W s m 3 m s m s om s oW s oW s oW s o® . - & om & s &

IDie ganze INetzspannung fa;llt wahrend de1n Eln‘schalten [
am Vorwidegstand als

mmE s ®m 3 m 3 ®m 3 ®m 3 W 3 O 3 m ¥ W S ® & ™ S ™ S 8 ® 8 5 5 & ¥ S ¥ 8 8 ¥ 8 8 ¥ 8 B ¥ o @

POmssa =<t Hold:BS B= 50 Az

Hmaﬂ[l Ufa o

Das Relais im Einschaltstrombegrenzer wurde bei diesem
Schaltversuch beschadigt. Der zusiatzlich wvorgeschaltete
CloA Automat hat nach dem Briiclken mit ausgelost.

IDas Relais im Finschaltstrombegrenzer hat beimm nachsten
Einschaltversuch den Widerstand

nicht mehr gebitickt. worauf dieser verbrannt ist.

S2.5 o8 R e Kurzschlul3

Trafo

— ESBE
INet= Q ILast

EMEK O, esbkzschl.cdr,

ESB-auft-kurzschll.cdr

Curve on top, Voltage on
Transfo clamps. Curve
bottom, current into transfo.

Before bridging the resistor,
the Losspower at the only
10W resistance is 12kW.
After bridging him, the
current rises up to 300A
peak.

At the next start, the ESB
cannot work properly,
because the bridge relay is
damaged from the
Overtemperature of the
resistor of the 12KW
overload, and cannot bridge
him the next time.

This was truly tested from
EMEKO.

Foil 10
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This NTC Resistors are
permanently hot when
transformer is in the Switch on
state.

That’s a cheap but not a good
solution. But the most amount of
transformers ar softstarted like
this, with NTC with a high
resistance before start and a low
resistance after they are hot.

The picture shows damaged NTC
resistors, because of restart after
a short time after switch off, and
the NTC has been hot and low
resistive, and following high
currents have destroied them.

Foil 11
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Disadvantages f?o_nT(ESB’s), Inrush curre_

Problems occur if an ESB’s is switching on if the transformer has an overload
or a short circuit at his output. The current limiting resistor gets an
overtemperature. He can bee destroied or destrois other electronic
elements inside the ESB.

Therefore all Inrush current limiters are not shortcircuit proof.

They could only be restarted if his temperature is down, that needs mostly a minimum
of 1 minute waiting time between stop and next start.

If an overload state occurs while starting, the current rises to a second and high inrush
current peak, because of the bridging of the resistor at an unsynchrounosly time
to the grid. Fuse trips than in this case.

All inrush current limiters cannot handle with the the so called voltage dips..
(Because the bridging relays is to slow to open while the dip duration of only an
half wave or the NTC resistor cannot cool down fast enough in this case, if the
voltage retourns after the short dip.) For electro medical equipments the voltage
dip thest is a must. The effect of the voltage dips on to a transformer is declaired
later in this speech, away from foil 33. And therefore much of our customers are
producers of electro medical equipments.

Foil 12



There are also other limits for ESB”s. Those are:

e Frequently switching, start and stop and start again.

e Switching on with overload.

e Switching on onto a short circuit.

e Short time interrupts of the grid voltage. (Voltage Dips.)

e |If a transformer must be fuses with his nominal current
value on the primary side, current limiting is not enough.

e Life cycles of maximum 20.000 cycles.

e Switch off an on with an voltage hysteresis, against
malfunctions from the contactors in a machine control
system.

Foil 13
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If a peak voltage SW|tch|ng solid stat

As an deterrend transformer.
example. . . .

- Although any producers 1kVA Ringkerntrafo mit scheitel-schaltendem
of solid state relays are Halbleiterrelais eingeschaltet.

telling, tor start an
transformer the switch . -
on with an peakvoltage die Remanenz war positiv
switcher ist the best vor dem Einschalten
whot you can do.

= But the result is to seen U
in the graphic at right, if
switch on to an toroidal
transfo.

e Also in the scientific
literature ist often be

. - »

written, that the peak | > 200As 10A Motorschutzschalter 16st aus.

switching is the best for - el
Al kind of transformers. well der Trafo pos. gesattigt wurde

e Only for a transformers I |
with a big air gap is the
peak switching- L-"""'

procedure a convenient
solution. Tseme006.car

Scheitel-schalter-auf-trafol1.cdr .
Foil 14
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TSR |s ot an ihruéh current limiter, he avoids the inrush.

A TSR avoids inrush current peaks because of
It"s premagnetising procedure and his full
switch on cycle to the physically correct moment..

 To understand all this precisely, you must first
read the physically basics for the transformer
away from foil 55..

* Following is showed, how the TSR does it's
switching, and where the TSR Is used and which
advantages then you can have with it.

Foil 15
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arting procedure with only the flowing

1kVA El-weldedcore transfo if he is in off-load state.

1 Eingang A 2
3200 25000 i T Datenblock
Mame  =Einganga Eingang B
Datum = 20022009 20,02 2009
2E200 20000 Uhrzeit  =10:29:34 10:23.34
Y-Skala =100 WD | 500 mA/Div
Y beiB0% = -48,00% 5000 rmd,
#Ekala = 10 meDiv] 10 meDiv
B U Kbeil% = 496 ms | 436ms
H¥-Grofe =300 (1016) 300 (1018)
Mawimum = 320,59 300.3 md,
52,00 1000.0 Mirirnum = -320.59 E736 md,
P&‘Hri SIZZIZICS '\E::::: ZEZZIZICECT —Eursnrwerle
i ®1: 271
4300V 5000mé X2 179 me
d#: 450 ms
el Y1: BBEY
-148.00 0.0 Y2 1357
dv: 841
248,00 5000

-342,00 -1000.0

44800 18000 ’ |

-496 mz 10 medDiv

TSRL-EI-1kVA-einschaltenimleerl-14.bmp

= Red curve: Voltage at transfo. Blue curve: Current into transfo. Scalefactor is 0,5 A / div.. ( Directly after full
on switching, just the off-load current is flowing, knowing on his typically shape.)

e Can anybody make a better transformer start??
Foil 16
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TSRL Start procedure of an 5kVA El-core

1 = Eingang &
Sl Datenblock,
Harme =Eingang & Eingang B
Datum = 29.09.2005 29.09,2005
Ubrzeit  =11:59:06 11:59:06
W-S5kala = 200 W/Div | 20 A/Diw
W obei BO% = 400 Y 20,04
¥-Skala = 10 mz/Div] 10 mz/Div
Mbeilx = -A08m: -40,8 ms
K-Groke =225 [255) 225 [255]
Maximum = 344 W 1924
Minimum = -336 W 1924
Curzonserte

w1 282ms

-A00Y W2 220ms
dx: 32 ms
Y1280 24v

-500 Y2 16 48Y
dy: 295 24V

800

<1000

4200 o .

-40,8 ms 10 mz/Div

radonbad-11

= Red curve, voltage on the transformer clamps. Blue curve: current into
transformer. Scale factor is 20A per div.

e No inductive current peaks are seen only the resistive current from the load.

= No difference in Switch on behaviour between noload and load at the same
adjusting of the high and width of the voltage areas to premagnetise the
transformer correct, here 3,2 msec. width. coil 17
Oi



One from ,,about 1000“ dn‘ferent Appli

Transformatorschaltrelais-Applikaftion: Fur 230V Last enfweder
uber Spartrafo mit 115V zu 230V oder mit 230V direkf einspeisbar.
Der Trafo- Einschalt-Sftromsfol3 entfallf

entweder 115 oder 230V anschliessen. PE N Lﬂ/ L]
NIE BEIDE GLEICHZEITIG Y —_

e For a machine to export
from one customer, the
Adapting transformer for
115V to 230V stays for
everytime in the Machine,
also if the tranformer is not
need.

e With a ,,Bridge 1“ over 2
clamps, in conjunction with
the different connectors for
115V or 230V, the Function
of transformer is selected or
not.

e The TSR allows the fusing of
the nominal viue of the
primary current and avoid
the trip of the Building fuse
at the machine customer.

—
i M5V 230V
I
. |
|
|
i Netzschalter
| ~Ae - -
Die Sicherung mus |
TSRL vo auf den Neftzstrom bei def 1 F2
FSM-Elekt k jeweiligen Neftzspan g F1=32A, [] []
angepasst werden | F2 =16 A
,,,,,,, - |
| WTBSWRUEM S j !
| | |
S2
: 15V, 32A : |
ohne Ballast | 15V 230V
' widerstand L bl [ L -
| 3
| |
| 2 |
| T
| |
Lo - _

TSRL schalfef ein
wenn S1und S2
gebrickt werden
TSRL ohne Zum Beispiel 3000VA Trafo
Halbwellenausfallerkennung
Auch Ringkerntrafos
sind ohne Einschaltstromstol3
Wenn bei 230V die Brucke 1 schalfbar mit TSRL
drin ist enfsteht ein Ein-
haltstromstof3 vom

o

Wenn bei 115V
Bricke 1 nicht drinis s
schaltet TSRL nicht ein v sy < 230V

Foil 18
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1kVA geschachtelter Trafo mit TSR Veerfahren **
eingeschattet. Mit Nennlast belastet.

mit unipolaren fixen Spannungsabschniften ¢ Trafoschaltrelais ol
vor-magnetisiert flr 60msec. _{_7 C
~
\ZM Netzteil o
%n K ; ) | = <
T || R-ballast D 33
E ! Ohm
Z !
vormagnefisierung B
| Volleinschalten
[ 2| 3 4] [SI]S2]
[ $ & ] | [ o1& |
mesmesteneAsenan\ NSNS
Il | +
es flieBt immer nur der Nennstrom. LI B&B—>=>—
*+ dos TSR Verfahren ist patentier NI 2 Ansteuerund
Absicherung: auf _ ]
fseme010.cdr Nennstrom und flink U -
: : moglich AAAL 0.5 bis
The TSRL, as an bridged solid state relay, Tl S22 0

correspond EN60947-4-3, is switching in a soft
manner, without a Pre-Resistor, and therefore
load un-depending. The premagnetissing cycle
transports with small unipolar voltage time
areas the Magnetisation B, to the right point to
switch on in a physically correct manner.

Last:

Sek. Sich.
kann erltfallﬁK

Leerlauf, ohmisch. z.B.
Heizwiderstand. Gleichrichter
weitere Trafos

i

Us fsrO2-s.cdr

-

Steuerstrom:
<10 mA

Foil 19
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e The graphic at right shows a switch ml__ _ Bl __
on cycle from TSRL onto a short U— A=
circuit 2kVA toroidal transformer (The SINGLE
transformer output hasashort & oo T o
circuit.)

= Upper curve from the line voltage,
after the fuse, shows his tripping.

= Lower curve shows the flowing
current into the transformer.

e The fuse, an R10A LS Line protector
switch is tripping after the 6.
premagn. Voltage time area.

e The Thyristor can conduct 500A for : : : : - :
10 msec. and gets here, at the only AZ200 Us  0msa <t Hold:BI Bz 50 i

80A high and only 2 msec. width o= «...rT;mUE . ,

peaks naturally no damaging. '2'j&'{}i"ﬁ]éi—;'f'."r}ii'{:"'Eé’k’"'z%ii'fé'é&i’ﬁi’iiié"'é’i’ﬂgé"—' """

° If a hlgher valued fuse not trlp while schaltet. I in Trafo B80A peak, (Ausl

the premagnetisiation, the he trips Ssg. bei 60A peak.) mit R10A B-Typ
shurely at switching on, seen in the Leitungssch.sch. abgesichert,
next foil 21. schon belm vormagn.ausgeldst. A= U

nach Sicherung.

e * Normally circumstances are a 230V~ 17_.11.98 Emeko
or 400V grld with max. 32A fuses with Ing.Blirc D72114 Freiburg
corresponding cable area sizes. tsf103.fvf

Foil 20
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The TSRL is short ciurcuit proof under

Enschalten von kurzgeschlossenem Rigkerntrafo mit dem TSR e While premagnetising the B- 10A LSS

line protector switch does not trip.
When switching full on the mechanical

1 KVA Ringkemtrafo mit sekundiren Kuszschlud mit TSR TkVA Ringkerntrafo mit selmddren Kurzschiuf mit TSR3

A émilie relay bridges the Thyristor.
Mit 164 B -Typ Lethngsscltzachalter abgeachert, der erst bes Ikt 10A B-Typ Lettungsschutzschalter abgesichert, der erstba . TheThynStor can lead 500 A for 10
volleinschalten auslast. valleingchalten auslést. msec., but he must lead here on|y S80A

(EinR-10A Automat hitte schon betm Vormagnetisieren ausgeldst)  (FinR-10A Avtomat hitte schon beim Votmagnetisieren ausgeldst )

Der 1SR und natirich der Leitumgsschuizschaltersben dabei  Der TSR und afitich der L etungsschutzschalterblsben dabed for 2msec., also no problem for him.

b eschddigt urbeschidigt e The mechanical Relais can lead 500A
Der vorgeschaltete - 16A Automat hat dabet auch ausgeldst. Der vorgeschaltete ¢ 164 Automat hat dabel auch ausgeltist for 10msec., but he must lead here
.................. oo il only 240A for 10msec..
e dldtddtar S - A E b - Notice:
banidogilpdiessbuns e - iUminb e An B 10A Lineprotectorswitch is not
-ﬂh selective to an C 16A
A h : h ok ket el e e Lineprotectorswitch.
R W K Lo ST e But a B10 Lineprotectorswitch is
PP e e e lﬁébé'giririt'ﬂ&' SRRt T R I AR selectiv to a preconncted 25A- gL
i o oo Timleafr 0 S Y 0 0 . .
§-----E-I-if-l;Tr-@f-?----i----i--f’“ﬁmm‘m : fuse, if the max. current is < 1KA.

© dffen
prmmraran e (That means if Ik < 1kA only the

LT L L B10A Lineprotectorswitch is tripping
R i ENEREN ””"P“k and not the 25AgL fuse.)

Ae100 V% i0nsi < Hold:Al Bu200 Ak o100 U mm 2 Hold:h! Binﬂiﬂn e That shows significant, that an 25AgL
U anTrefo Lin TSR Uan Tuo IinTSR2 fuse is enough for a 6kVA bis 10 KVA

medically IT-Transfo in future together
with an TSR and not an 50A fuse must
built in.

Mit B 16A LSS fused Mit B 10A LSS fused

Folie 21
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Has a TSR the risc to get defectlve if he starts an Medically IT-separation
transformer, if he gets a short circuit? Can be reached a fuse selectivity from the
secondary B10A Line breaker to the 25AgL primary fuses?

e If a 25A gL or a 50A gL melting fuse is fusing the cable going to the separation
transformer in a medically environment via an TSRL, and if occurs an short circuit in
the medically area after the separation transformer in a connector box, the TSRL has
not get a risc to get damaged, because the cable from the separation transformers
output is fused with an B10A Lineprotectorswitch.

e Example: The cables after the transformer are laid short protection proof, and are
fused after the cable with a Lineprotectorswitch of B10A. The single phase
transformer has 400V to 230V and a size of 10kVA. The short circuit current is not
higher than 500A peak for one half cycle into the cables after the transformer,
because of their current limiting characteristic from powercord cables and
connectorplugs. Wat you can see on the foils before, shows that the TSRL has no
risc, because the current into him is not higher than 230/400 * 500A = 290Apeak .

e The 20AgL o the 25AgL or the 50AgL fuse not trips, because the B 10A
Lineprotectorswitch is tripping inside the first half cycle of the short circuit current
peak. No higher current than 300Apeak is flowing into the TSRL. The B10A
Lineprotectorswitch starts to open after 5 msec. and limits for that also the max.

current in the peak point. See also the following table sheet from Schupa on the foil
23.

e The selectivity is guarantee. Only the B10 A Lineprotectorswitch is tripping.

Foil 22



Distributed from ,,Schupa®, a producer of Lineprotectorswitches .
Current-Selectivity in case of short circuit to preconnected melting gL/gg fuses.
values in KA until the nominal switching capacity of the Lineprotectorswitch,
LPS, if he can handle up to 6kA max..

Values for gL/gl melting fuses with: 20A 25A 35A 50A

The max. short circuit current is allowed then to.

For B1OA LPS : 0,4kA 1KkA 1,5kA 3kA

For B16A LPS : -—-- 0,6kA 1,5kA 2,5kA

Until the showed short circuit amplitudes consist a selectivity in the short
circuit case to the preconnected melting fuse in front of the transformer.

In the most of all grid circuits, no higher values than 0,4kA after the grid
connectorplugs are reached in case of a short circuit.

* In case of an 400V to 230V Transformer the selectivity is higher for this
values, because of the current reduction of the primary side.
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Overview of the advantages if you t_

= No more inrush current peaks. Start only with off-load currents if the
transformer is unloaded. (Line switch is saved.)

e With a loaded transformer, only the load current is flowing if switch on a
transformer.

= Fusing with nominal current values and fast tripping possible. (Also a fusing
with lower values than nominal current is possible, if transfo is not full loaded.)

e No waiting time need between the single starting procedures.

e No inrush current peak after voltage dips, proof again tripping fuses when
tested correspond EN 61000-4-11 and medical equipment EN 60601.

e TSR short circuit proof.

e More than 5 Millions switch on cycles lifetime under nominal load conditions.

e No fail from the bridging relay contact, if he is closed for a long time without
acting.

e The frequently apply of the TSR in secure sensitive areas shows, how robust he
is, like sowed in the following examples.

Foil 24



/_ -.;

The TSRL board is plgczd- in the box for an medically s_

here for an endoscopy trollev.

Such a Separation
Transformer is placed in
the bottom of many
medically trolley carts.

He correspond the
EN60601 and the
EN61000-4-11 tests for all
Elektro-Medically
equipments.

In many such transformer
boxes a TSRL is built in for
avoiding the high valued
inrush current peaks in all

circumstances. More than _ o _
100.000 times since 2002. And consider: The grid is fused with an

B10A line circuit breaker. Foil 25
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A customer specmc TSR board for t

* A customer specific TSRL for
traffic lights with the new
LED-Technique.

The TSRL switches the 2kVA
230V to 40V AC toroidal core
Transformer who feed the
trafic lights.

* And he must switch off for a
short time each day to test
the security chain and switch
on after a very short pause off
less than 50msec..

e More than 50.000 Installatios
since 2004.

This shows the confidence to
the TSR from our customers
for the reliability of it.
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Security Is very imp

e At television transmitting cars is the grid feeding in from extern duty
via a separation-transformer inside the car. Respond of her light
weight, toroidal transformers are mostly used for that.

e For first aid cars, THW, Firebrigade cars, and so on, should not be
used the so called inrush current limiter working with pre resistors,
says the ministery of internals..

e They suggest to take the TSRL to avoid the inrush currents in those
cars.

e Also together with separation Transformers flr Hospitals for the |-
T- grids shall no inrush current limiters be used, built with
preresistors. ( EN 61558 )

Foil 27
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Since 2004 Fa. Ruhstrat
applys the TSRL for IT-
transformers. Up to the
End of 2010 more than
400 times.

They are using toroidal
Transformers, -3 black
blocks In the picture-,
and are avoiding the
Inrush current peaks
with the TSRL, mounted
In box on top..

Foil 28
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Supplement for a s—eajrity check out of the
knob and an failure Signaling relays, in medically applications.

i i I'm. Halbwell 52,
m. Halbwell-E|
without inrush current peak. S
lerkennun g Rk L*L“
1 . 'y schneller 3 1.5gmm m T e
® h h II I b d f 'Wiedereinsc ho 2 Al . hat der Trennfrafo nur einen
[his shall on y pe aone It no | | i Option schmbile max Inraan yon §mal | nen
- - etzsyncr. n 5sec auc ac erz nnungslucken
danger for the patients life A 1 N o veraraing ot
****** 230V, SkVA
Die EInschalt-verzogerung des TSRL nach Netz ein befragf und KurzschluBsicher

M H H bei EI Tr ca 0,15sec, bei Ringkertr ca 0,8 sec ausge "
INsiae the room exists T e
] Die Elnschalt-verzogerung des TSRL nach loslassen @ Medizin Trenntraf
e der

goegzuwsv, 6k VA gfngﬁefz

e To test periodically for 1N Pe LT N Pe
working correct of the TSRL. Eifi“*} | b |

* When pressing the test knob R S0 W (N I rh v
opener, (Prueftaste), the e I g W
TSRL K1 switches off, the obooood AR SemTI
green LED goes dark and the o B
alarm Relays K2 opens his . - o
contacts to allow to test the P o . o
alrm signaling path for correct S I IN 4:% ] j 77777 % .
working. T A E

= After release of the knob, the e s e
TSRL restart the transformer e S

der Priftaste befragt bei EI Tr. ca. 0,06sec.,
bei Ringkertr. ca. 0,25 sec

EMEKO-ING.BUERO MEDIZIN-TRENNTRAFO-SANFTEINSCHALTUNG
www emeko de 06.02.09

TSRL-APL-MED-TTR-PRUEFTAST-30-VDE DWG ‘ f“s@"e‘ plart
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A Future project: A
signaling relays.

e TSRM (TSR for Medically Transfos),
with an in built self test, and failure
signaling.

e security against the first failure,
because of 2 redundancy current path
inside the TSRM.

e If pressing the test knob, (Pruftaste
TSRM), occurs an alternativly switch
off of one of the two current path.
Correspond Signal light goes dark and
the alarm Relay gives a signal. But the
transfo stays on the grid via the other
current path.

e That allows a test without influence of
the function of the transformer.

e |f pressing the test knob for a longer
time, both current path inside TSRM
are switching off.

» After release of the test knob, follows
a restart with a soft start without an
inrush current peak.

e This ideas are to be discussed in the
EN 61558 Gremium.

These Man muss nicht alle Trafos sanft einschalten, nur die allermeisten,

damit die ZSV durch die Elnschaltstrome nicht iberlastet wird

Prioritat hat die sichere Stromversorgung und das Einschalten auf jeden Fall, ob mit oder ohne
Einschaltstromstol Werterer Vorteil. Es sind mit K1 und K2 zwei verschiedene Einschalter eingebaut,womit
die Redundanzforderung erfullt ist Damit ist der Vorschlag des EN 61558-2-15 Kap 1313 Entwurfs erfillt

Sanfteinschaltung fur IT-Trafo, mit Auftrennung des Hauptstrompfades,

gemal EN61558-2-15 mit einem TSRM fur max. 90A fur 1h, Inenn = 45A

Nach der Umschalt-Pause der 3 Schutze Ka-c, wird der Trafo sanft eingeschaltef
Wen das K1 TSRM versagf, wird es automatisch durch einen Schiuftz K2 gebrickt,
Dann hat bei defektem TSRM dieser Trafo zwar einen Inrush,

nach dem Umschalten der Ka-Kc., aber die anderen Trafos

haben keinen Inrush, was bei meistens mehr als 10 Trafos den Nefzen nicht viel ausmacht
Das TSRm kann wenn ohne Fehler auf Nefz Halbwellen Fehler reagieren und den Trafo vor Sttigung durch HW-defekte schiitzen

Netz 3 Standart-

otz

Netz 2 bevorzugtes Nefz 1 o sel Umschalteinrichtung
von USY craginets il ornservess 1 K btargt
liegt immer an von Geb 1V eg! nich

N Dle Nefze konnen Phasenungleich sein L1

L1 N

nrush'v 80 mal | nenn hat
20 3516 kVA

Unschaltsteuerung
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a6 K1 durchgeschatet, Nach bestinmter Zeit yon 8 h prift es sich und den K2 selbststandig auf Fehler TSRM-APL-MED-TTR-61-VDE-FAVORIT.DWG
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A TSR can solve also other problems!

With the sight out from the Grid and fuse in the direction to the transformer, the
inrush current is a bad disturbance for grid an fuse.

(Therefore Voltage sags occures and fuses can trip.)

With the sight out from the transformer in direction to the grid, are Voltage-Dips a
disturbance which can provocate other following inrush current peaks trough the
transformer saturation. See later more to this thema.

With the sight out from the transformer in direction to the load, is the short current
or the overload a big disturbance. (High Mechanical forces are pulling on the wires
inside the coils, Overtemperatur of the transformer can occur).

With the sight out from the load in the direction to the grid, a to fast or a to slow
rising of the voltage after a switch on is a disturbance. (Produces Capacitive inrush

current peaks together with rectifier loads and caps, or a bad restart of control
elements if contactors are getting an ac voltage rising to slow.)

A TSRL with his soft start also for capacitors can solve all this

problems because he fills the capacitors slowly and he has discrete thresholds for
switch on and off, with an hysteresis for the grid voltage.
He Starts when grid rises 180V, he stops if grid falls under 150V, at the 230V unit.
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Example for an
1 Sec. during loss of
grid voltage.

Showed is the reaction
of an medically IT-grid
Transfo with an
allowed Inrush current
of 8 times Inominal.

But here are measured
an inrush of 17 times I-
nominal. Leading to
problems for the ,Diesel
engine* when any such
transformers are starting
at the same time.

Foil 32

Einschaltstromstol3-Test verschiedener Trafos im Leerlauf.

FPrufgerat: TESTO, Intush-Stimulator, Zuleitung muit 1 0m mit 16 gimm an Hauptwvert.
wnd msges. 2m mit Sgamm zu IREST und Pitafling .

Einschaltverfahren: Ende neg. HW. aus- nach 1 Sec. Beg.neg. HVVW. ein.
Trafotyp:3,15 EVA Medizin Gerite-Trafo m. 1,0 Tesla

L eerlaufztrom: 0,54 Netzzpannug: 234%
ez. Netzimpedanz: ca. 0.2 Olhan incl. Absicherung wvon:
oA IWNH 00, wnd Irst0 mat K40 LS Automat:

Mhlodalitdten: an 220V Wicklung des Prifling s angellemmmnt.
MelBergebnis des max. Einschaltstrom=zstoles: 318 Apeak, mehr als berechnet.

T e

; i _MESESP'I.'I.I'.I.Iit

Iarvor Ende nezx. HIVV . ausgescl

R 404 ITR-Autbmat 1dst noch nicht aus
00 N s
A1, N AN /%
AN AN N Y
b iy O qﬁf\"f"\,’ _____________ \r‘,f ___________
Ernds I“\. FJ \'\ /'f o l{f \\.‘ IIIII
N e /
o L L S
Py e 8 2 1Y e 10 17 . M Fp S alp Tt i alalEY 1™ .Mea L M Py By B T - M
To iwamceomiF s il Me o 1 Lom A
[k BT E g B P by Tl K m:a:=f:13
It 1 ] 1 Aaht=m=ate-mte N M=
Hamsharal=h 1. k= (-t ¥ ¥ B 2] ¥ =l =l=l=]
Ugyrmaschiz=hta L ] i LU IN 1N ) MHechamaschichta ! [ELT
Fuse . XD - . ama it - —FLF . A —FEH.Z
= 1%7/100 AR
Prufaufbau:
20005
Bt schienen Bedienung
Damprine Priifling
364 ™H 00 IRSTO
it I 40uA. -La Axtomet =0,

Ll Datun:02.05.1997

F0l06 DL= BO022 pcx
irst0011 cdr



In deed th

Example with a
voltage dip for 10
msec.correspond EN
61000-4-11.

Showed is the
reaction of an
medically IT-grid
Transfo with an
allowed Inrush current
of 8 times Inominal.
But here are measured
an inrush of 27 times I-
nominal. Leading to
problems for the ,Diesel
engine“ when any such
transformers are starting
at the same time.
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Inrush current Is some fti

Einschaltstromstof3-Test von Medizingeriate Trato 1mm Leerlaut.
Prafecerat: Inmuash-Stumulator, Zuleitunge mit 1 0mm mat 1 Sqgrmom an Hauptvert.
und msges. Z2m omaiat Sgmm zu [RST und Prafline.

Einschaltverfahren: Halbwellenausfall, provorziert grilten Stromstold
Trafotyp:3.15 KWA MWMedizin Gerdte-Trafo, mit 1.0 Tesla Induktion
und Einschaltstromstoll von kleimer 8 mal ™ennstrom = <= 154.A peak
MNetzspannung . 234N
ces. Netzimpedan=: ca. 0.2 Olham incl. Absicherung wvorn:
S WH OO, und Stumulator muaat K440 LS A ntomat:
Modalitaten: an 230%W Wicklung des Praflings anceklermmmt.

MieBergebnis des max. EinschaltstromstoBes: 380 Apealk.

= 2,45 mal dem zulissigen Einschaltstrom v. 8 mual Inemnmn.

Fazit: Ohne Softstart ist dieser Fall nicht beherrschbar.

I s
a S S S S S
s =
J NeSsptinkt
-y = :
— . = S - H
4rA K -ASaurtomat 1ost moch nicht aus
e S = i
1.1"“-,_ i~
f kY i
! = £ LY ¢
5 : g
J S # i
toau P - # e Fa X -
.q" _1| "-1 ; l‘L /
Ermnde & Y ¢ ',‘ 'y 1 E
Fi b 5 &
r L . N r = 5 o
R E a— .y = L
=3 . O =& . O —1& . O =3 . OO [ a Ll 15 . D =<k . O E3 0
Trisgeraufze ichrearea M. =2
e — Ve=TSE e 10 rs9 =S
Hare 1 3 Pt ast e ate L0 =
e s s e re e =SS A Geas arn
oD e P Zooo Hochoeschioht e oo
Foas . > : — L 2Fes Pos . Wz —3=0.T a —=3=31 .8 U
= 1% 1A
Pruatautbain:
R
Stramschienen Faedienune
Camprums  Priafling
36 INET O -
- Sumulator
it K S0 -Ls Aarpoansar |:|f? ==
10en M Lesgumm It ™. Sorrem 1m = GgmED
ML Datum 02 05 1997

FOL06. DL= BT pox
irstO01 2 cdr



Once again sometlng about the

e Also In the following foils the ,,sight with
voltage-time-areas® Is very important to
easy understand what happens in the
transformer core In all of his states.
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Effect of an voltage drop for th

MNetzunterbrechungs Test verschiedener Trafos im Leerlauf, nach IEC 1000-4-11.

Prifgerat: IRSTO, Imush-Stimulato, Zuletimgmit 10m mit 16gmm an Hauptvert. hd Here are miSSIng a piece Of a

S tdtispilap sakon il o RIS grid voltage time area.
{ﬁnt{?}l:t:riiilff;teﬁ' Netzmpmfg ;;14%’4‘! hd TeSt With an 1,5 kVA tOfOldaI
i NITO0 s SO8 435 2 Botyp Lo sohaltar B Yan transfo at 230V.
I e e e A 5 msec. during loss of
ergeb nis des max. Einsc istomsio S A . .
TESTaach IV Nemn EC 1000-4- 11 100% Emlaa i 0.5 Hallre I voltage leads to tripping of the
- A B 25A Lineprotectorswitch,
P b Y § = Because of transfo saturation
s T ™ an current peak of 250A high
_ 1 OCCurs.
sy BRI HNE = Voltage drops with this shape
and similar loss of voltage time
_______ area, was from EMEKO to be
L. . T measured onto industrial grids.
Tk : = And therefore it is a good
e R practice to test transformers or
) power supplys with a higher
deficit of voltage time areas up
SRR to 10 msec. in one half wave.
SOmAE Frifauflban: ) Thad T s Trafo Figare gem esser

Bedicrways
Txmyp e Prifling

IER=ST0 BOOG2 pcxu BODG S pex
TRl Sy —. I Datun 0905 1997

o AT e Folie 35
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A 10 msec. voltage drop of one half wave le
the transformer and the fuse.

Einschaltstromstol3-Test verschiedener Trafos imm Leerlauf. o
Prufgerat: IERSTO, ntush-Stimulator, Zuleitung 1mdt 10m mit 16 ganm an Hauptvert.
und insge=s. 2m mit SGgmm zu IR.ST und Pirafling, .

Einschaltverfahren: schlechtester Netzausfall Ty p

Trafotyp: 1,5SEVA Ringkern Trafo Lieferant: Induktor

Leerlaufstrom: 0,1 A eff ®

Netzspamming: 234N
ez. Netzimpedanz: ca. 0.3 Ohm  incl. Absicheruang von:
0A NH 00, + 50A B, + 25 A B Automaten
Mhlodalititen: an 230V Wicklung des Prifling s angelkleinint.
MMebBDergebnis des max. Einschaltstrom stolBes: 332 eals, ®
der 25 Automat begrenzt den Strom nicht zlich

1 68§
Prufaufban:
20004
T Bedienung
S0Aa B 254 B pmnpiane Priflings
S0ANH 00 = = IRSTO
it I Sk ~Le Axtomet Koty

Datum:09.05.1997
BOOTO.pcx . BOOT1 . pox

1r=t0057 cdr

dig beiden Automaten vernuindsm den Ftromste 3 1 v

Thats the worst case
for a transfo.

Inrush current peak of
332A peak.

10 msec. Voltage-Dip

An B 25A and a

B 50A lineprotecting-
switch are tripping
together.

Measured with an 1,5
kVA toroidal transfo at
230V.

This simulation
procedure is applicated
to test medically
equipments, also with
transfos inside and the
fuses shall not trip.
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Slnce 2007 the test W|th voltage dips
Extract of EN60601-1-2, S.69
voltage half wave, or parts of it or longer eee--2eee: 2000w -

« Voltage-Dip’s, are the missing of a full

A per phase, deviation from the requirements of Subclause 36.202.1 j),
Compliance criteria, is allowed at the IMMUNITY TEST LEVELS specified in
Table 207, provided the EQUIPMENT and/or SYSTEM remains safe,
experiences no component failures, and is restorable to the pre-test state
with OPERATOR intervention. Determination of compliance is based upon
performance of the EQUIPMENT and/or SYSTEM during and after application
of the test sequence. EQUIPMENT and/or SYSTEMS that are not LIFE-
SUPPORTING and for which the RATED input current exceeds 16 A per phase
are exempt from the testing specified in Table 207.

during deficits.

 Concern to EN 60601-1-2, and the
drafted EN 61000-4-11,
Electromedically equipments, including
IT net transfos, must be tested with
voltage drops. See table at right, with
95% Ur decay for 0,5 Perioden.

2. EoquiPMENT and/or SYSTEMS are allowed a deviation from the requirements
of Subclause 36.202.1 j), Compliance criteria, at the IMMUNITY TEST LEVEL
specified in Table 208, provided the EQUIPMENT and/or SYSTEM remains
safe, experiences no component failures, and is restorable to the pre-test
state with OPERATOR intervention. Determination of compliance is based
upon performance of the EQUIPMENT and/or SYSTEM during and after
application of the test sequence.

LIFE-SUPPORTING EQUIPMENT and/or SYSTEMS for which this allowance for a
deviation from the requirements of Subclause 36.202.1 ). Compliance
criteria, is used shall provide an alarm, complying with applicable
international standards, to indicate cessation of intended FUNCTION.

Voltage test level Voltage dip Duration
 Transfos are running into saturation if ry e T
the voltage returns, because of getting % 2
two times of an halfwave with the same

polarity. That is Leading to a higher

IMMUNITY TEST LEVELS for voltage dips

Inrush than with normally switch on at N T
the worst case point. o :

Foil 37

b) Tests

The test method and equipment specified by IEC 61000-4-11 shall apply with

IMMUNITY TEST LEVEL for voltage interruption




Effect of voltage drops after using a

=>» No inrush effect of voltage drops if a TSRL is connected to the toridal

transfo.

Halbwellenausfalltest,. TSRL ~or 1kVA Ringkemmtrafo.
Netzausfall durch Wackellkontalt erzeust.

TSRL erkennt den Ausfall und ~erhindert die Eisen-
Siattigung des Trafos. TSRL schaltet so fitih wie méglich
wieder ein.

Netz-
Spannung

Spannung
am Trafo
Tt

Trafo oder

Netz Strom. a

It

s Tltr
TSRL E é
spanng.
Itr

Net=-
Spannung

Spammung
am Trafo
Utr

Trafo oder
Netz-
Strom

Ttr

In beiden Fillen wiwrde ein Trafo ohne TSRILL
woll m die Sittigung gehen nach solch
einer Netzlucke.

A
\

Ca. 43 msec. Liicke

Ca. 10 msec. Liicke

e

b

o om —So.um o

Emeko Ing. biuo
TSRI.O200 cdr

The fast switch off reaction
onto the voltage drop and
the intelligent, calculated,
switch on of the TSRL,
protects the transfo from
saturation at the return of
the grid voltage.

Fast restart with full on
switching, with only the
nominal current amplitude.
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(Welded El-core, 1kVA measured at nominal load state.)

Difference between left an right = 70 A peak= 35%

gréBter EinschalfstromstoB an einem Halbwellenausfall-Simulation
1kVA geschweiBten El-Trafo mit TkW an einem geschweiBten 1kVA El Trafo
oelastet.  weicher Trafo) mit 1 KW belastet,  (weicher Trafo)

es fehlt

ein im eine HW.

U Ndg.

Y

Remanenz war neg. \ ’ V V Inenn = 6A Spitze
vor dem Einschalten ,
/| =130A Spifze | = 200A Spitze

tsebha10.cdr

max. Stromspitze. Wenn eine HW.

ausfdllt, 16st jeden Motor-schutz-

schalter aus, auch wenn er auf 2*Inenn
eingestellt ist und ist damit nicht behenschbar.

tsebhal8.cdr

After a voltage gap he is about 35 %6 higher
The normally inrush current peak is low.
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Behaviour of an high-inru

sh-like Transfo, wit

(1,6 KVA El-core-stacked, measured with nominal load.
Only a little difference between left and right = 30Apeak, = 8,6%

groBter EinschaltstromstoB an einem

1,6kVA optimierten El Trafo mit 1kW belastet

U einim neg.
NDG. =

neg.Rem.
vor Einsch.

ergib‘r d_en
groBtmaglichen EinschaltstoB
e nicht mit Mot.schutzschalter

I beherrschbar auch nicht wenn
er auf 2* Inenn eingestellt ist.

|. = 320A Spitze
tsebha09.cdr

The normally inrush current peak
Is high.

Halbwellenausfall-Simulation
an einem 1,6 kVA optimierten,
geschachtelten Trafo mit

1kW belastet
Netz 5 fehlen 5 Hw.
U aus Netz
ein
|
I
!
I der Trafo
| | geht in Sattigung
I = 4A !
_ﬁ.\-_’ i

| = 350 A Spitze
nicht
absicherbar
mit Nennstrom
Motorschutz-
schalter

g

tse6hal5.cdr

After a voltage gap the inrush is
o
about only 8,6 % higher. Folie 40



consequence from the test with volta

Why low inrush transfos with higher losses shall to be used in future?

o Transfos with low inrush behaviour are bringing no
advantage, if voltage drops are to be considered.
(Also if a voltage drop is only for test in duty.)

e Then are better low loss transfos is to be used,
which indeed having high inrush current peaks,

e but together with an TSRL having no inrush
current peaks, also if voltage dips occurs.

 And energy saving is gratis.

Foil 41
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Transfo |s not similar transfo.

Why occurs this different behaviour between soft and hard transfos, like showed
before in foil 39 and 407

e The different shape of the hysteresic loops is the cause.
Reason for that is the different shape of the iron core types.
See the following foils.

» Generally is true: If a short voltage gap of only 10 msec. occurs, the
magnetisation B onto the Hysteresic loop is not running back to ‘the
stable rest point of the remnance, like after a longer pause. Then if
the voltage returns after 10 msec., the B ist sitting on a higher value
of the magnetisisation. Following is a higher value of time area
available to drive the Iron into a higher value of saturation,
following with an higher value of inrush current.
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Hysteresic loop of a transfo with a welded core (El c

= Through the considerable Air gap, the HysTereseku rve geSC hweisster

hysteresic loop is incline to the right. The

max. remnance point. —point of intersection TrOfO kern

of the hysteresic loop with the axe B,- has

a considerable lower value than the max. s
B POos. SAffig,

B. (Also the off-load current at the turning

point of the loop has a higher value. The |

off-load is proportional to H.)

=>Only such types of transfos are to be
switch on with an peak point switching
solid state relay. All the other types not, kleine pos.Remanenz
see next foils..

verkUrzt dargestellt

Umkehrpunkt der pos.

. i Magnetisierun

=>n the literature is unfortunately to read, beigDouerbeTrigeb

that all kind of transfos are at the best to be

switch on with the peak-point-switchers. Huliemanenz H

kleine neg.Remanenz
Gr. Feldstarke
:g?oﬁef'GUf Umkehrpunkt der neg.
(El core transfo) | | Magnetisierung
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ransfo with a stacked cor

= The hysteresic loop runs HySTeresekU 've

more vertically than before at the von Trafo mit geschachteltermn Kern
tranfo with the considerable air

gap. B POs.SAftig.

The max. remnance ist higher,

the off-load current and the H is

lower.

Depending of the Start point to 0os Remanen:

switch on of the loop, relative to

the remnance, rises a more or

less higher Inrush current.
Stacked core

verkUrzt dargestellt

Umkehrpunkt der
pos. Magnetisierung
bei Dauerbetriel

H

neg.Remanenz

— | <—

Stacked Laminates shifted with alternating sides. _
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Hysteresm Ioop of a toroidal core trans

=>»The max. remnance is HVSTe reseku rve

nearly as high like the

nominal B at the turning oei Ringkern-Trafos
points of the loop. luftspaltfrei deshalo hohe Remanenz
=> The off-load current is 00s.Séttigun
very low, because the H at B ' 9ung
the turning points is very low.

hohe pos.Remanenz d

(About 100 times lower than
before at the El core.)

I?lllmensmn of ]Ic-l:h[A /_cm]. In eine Schisffenfiiche
this case cm of the air gap. = wenig Verluste im Eisen.
=>» Such transfos has a big T

inrush current peak, but low f
losses. kleiner

Magnetisierungs-
Strom, prop.der
klein.Feldstarke. hohe neg.Remanenz

verkurzt dargestellt

Umkehrpunkt der "+" Magnetisierung
el Dauerbetrieb

H

Umkehrpunkt der "-" Magnetisierung
bei Dauerbetrieb.

Toroidal core Folie 45




How the TSR can deal with all

transformers?

e How can the TSR all kind of transfos switch on in the
same inrushless manner?

 Very simple, The broad, the height and at the same time
the count of the premagnetisiation pulses are to be
adjusted with an trim pot onto the board of the TSR.

e (FSM can deliver also TSR without a trim pot, with per
Software fix adjusted Pulses, for a predefined transfo

type.)
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Sample for an U

Toroidal core Jw i L

Transfo. ]

H II:'JAM l

Like on can A

see, the N\

:trr:r?]%h of t'h'e Fig.1b B Fig. 2b i“?@&%iié?é’éiié.f;f “y loop
INEUSING e ramarr oposremons | By SISO

effect depends Small area =
of the amount low core losses
of the voltage- sz
time-areas. Negative

saturation :

Display shortened

Small area =

H H

Low magnetic field

strength correspond

to low no-load
Max.neg. current amplitude

Max.neg.remanence
remanence

Negative reversal point
during continuous operatipn

The current-

answer of the ~ Toweak Correct premagnetised.

transfo, tells us Premagnetised. No current peak | at fully

what’s happen -40A peak at switch on.

inside the core. Full switch on Trim pot on 8 o clock 30.
in no load case. Adjusting is not load

The Not good adj.case. depending.

Fig. 3b

B Positive core faturation

Display shortened

Max. pos. remanence

positive reversal
point during continuous

operation.

Small area =
low core losses.

Negative reversal
point during continuous

operation. \

Max, neg. remanence

To strong premagnetised.
+25A current needles

at fully switch on.

A harmless case.

Trim pot on 9 o clock 30.
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TSR-Switch on samples with different transformer types-1.
. &geg;gg'l?grﬁ'?a%sfg,vﬁe has an lE["] 1 4 U= .u I14 1 A=

considerable air gap, to see on WEJ Uw votris . 0202ax
the high no-load current of 6 : E S U N
amps peak. He needs voltage

time areas of 4 msec. abroad of
each.

 Two Pulses are enough,
because the starting remnance
point is sitting nearly the zero
remnance point.

 The Trim pot is adjusted on R

H'Ellll I.lfd mms!.: -Cl: Tr-lg HJ‘ B' 10 Fm

e Such and only such transfos

can to be started without an ﬁnue - EEB%%EHT TWHTHHST]
high inrush current peak with tsrmagnetron.fvf ] Emeko Ing Bliro F
peak SWItChmg solid state reiburg M.Konstanzer, TSRL schaltet
relays. That correspond then to Magnetrontrafo mit S00VA im Leerlauf
a 5 msec. Pulse following with a ein, (grober Luftspalt) Poti auf

low inrush current peak’ not 15Uhr= 4 msec. Spanngs.zipfelbreite.
showed here. Nur mit TSR-Frinzip ist einschalten

mit dem Leerlaufstrom mdglich.
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samples with differe

* The unloaded 1 kva s : cograt : o
EI'Core'TranSfO W|th J J E E Mame =Einga:geg * Eingang B
a stacked core, with w0 200
a small air gap,
needs some voltage

Datum  =20022009  |2002.2009
Uhrzeit  =10:29:34 10:29:34
Y-Skala =100 %/Div [ 500 mA/Div
Y bei 50% = -48,00Y 500,80 md
¥Skala = 10 maDiv] 10 ms/Div
wbeil% = 496 ms 436 ms
®Gioke =900(101E) 900 (10718

15200 15000

Pulses with 3 msec. 20 1000 g omar = 2059y | irsm
broadness. 7 N S N D i
48,000 500,0 ma ' y w20 179 ms
e 8 pulses ar needed, ' ' ST
because of the high o et
Starting max. 24800 5000
remnance, to

transp_ort the B to the 4800 40000
opposite point.

-448.00 15000

-49,6 ms 10 mz/Div
e Thetrim pot is DTSRI ET-1kVA-einschaltenimleerio14.pmp| e
adjusted on 13 0
clock.

Here is the full switch on point.

Switch on in the best case Red is the voltage, blue is the current.

with only the off-load current
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1 Eingang & 2

150,00 50000 i i
L4 T h I d d ' ) : | Name  =Eingang & Eingang B
e u n Oa e ' ' Datum  =31.12.2007 (31122007
1 100,00 40000 : ! Uhrzeit  =14:12:20 141220
Va to rO I a H i Y-Skala = B0 WD 1 A/Div
E . Y bei 60% = -BO00Y 1000.0 mé

ASkala = 10 me/Div| 10 ms/Div

t f 5000 2000 Ll L ala -
core translo, ﬁ‘w g LS |
0on 20000 S PO :

Datenblock

need voltage e ERR A
pulses of only oo o
1,8 msec. o g
broadness. f |
200,00 -2000,0
o 40 Pulses ar
needed ’ The TSR Ao 15, bip ;'"i'}é'\?ii"R'i}i'gjiéé}ﬁg?.@iééEi’;"k}aﬁ"g}h‘ggga Tter Vi ckTng s el

Tr|mmer can be ngesch. Poti 8:00,A= Uprim, B= Iprim
adjusted on 80

clock until- 8 o
clock 30. Here is the full switch on point.

Red is the voltage, blue is the current.
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Advantages from an Tor0|dal core Transfo:
=>» The best Transfo can be an toroidal core transfo, because he can built up with very
low losses with representative costs.

 He has the lowest iron core losses, to seen at the very low off-load
current, the lowest weight and a very low stray field. He has a big sized
window for the windings , and following you can wrap it with oversized
wire diameters and that leads to low copper losses.

e But his origin disadvantage, the high inrush current, can be totally
avoided with a TSR. And you must not spend an higher primary winding
resistor, if you wrap a smaller diameter wire, or a reduces B in the core
to limit the inrush. His off-load losses are up to 50 times lower than at a
stacked core transfo.

« Because the higher material costs, are rising the advantages oft the
toroidal transfo, because he needs the fewest of all material in relation to
power. kg / watt.
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N'o Ioad current of a toroidal core tr

 The shape of the current decay over time is totally other as from an El-core
transfo. (Showed in the next foil.)

» The nearly horizontal course of the current in the middle of the voltage half
wave and a much lower amplitude are flashy.

 Compare the next foil, who shows the off-load current of an El core transfo.

You cannot say, that the
off-load current, blue curve,
has a lag of 90 degr. to the
voltage. In the middle of
voltage curve he is even in
phase.

In the most of literaturs is
the off-load current showed
as a sinusodial shape who
has a lag of 90 degr. to the
voltage, and that is a fault.

30000 30000
20000 20000
10000 10000

000V O0m
40000 10000
20000 -2000.0

300,00 30000

400,00 -4000.0

A= 100k,
trafo-gnmdlagen-42-heir-Teerprg 5 mz/Dliv Sl FOI I 5 2



To comparison: Off-load curre

Much higher and triangle transfo.
shaped course of the ;5 xm ! :
current, because of : |
the considerable air 000 15000
gap into the core.

The most of the amount  zmm 1000
of Field strenght H
and therfore the off- 10000 5,000
load current is needed
to magnetizes the air 000y 0000

gap. (linarly rising.)

100,00 5000
Here has the off-load
current a nearly 90 200,00 10,000
degr. lag to the
voltage. But he has 300,00 15,000
not a sinusoidal
shape. 40000 20,000 .
trafo-gnandlagen-4 0-Elk-Nesr prng A=1007 a1,
B maDiv B=0 54idte
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Pause

Now follows something about the physic inside the

transfo.

The most part of the physic is already declaired with the
voltage time areas and her effect of the magnetisation
Inside the transformer core.

But no fear, the following declaration happens nearly
without formulas, because with the effect of the voltage
time areas you understand the most of the transformer
physic.

Think on: The voltage time area transports the
magnetisation in the core along the hysteresic loop, and

the off-load current is the answer from the transformer
to that transportation.
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e Formulas are describing what happens with a theorie.
e Often they are only aproximations to the reality.

e Pictures and graps are mostly showing better and are easyer to
understanding, what happens.

e They are more descriptive than formulars.

e At the transfo shows the oscilloscop measured off-load current of
the primary coil what happens to each point of the time, in
conjunction with the Voltage curve at the primary coil.
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On the next foils you find a declaration of t

e Hysteresic loop course in the air, in iron, in different shapes of transformer
cores.

e Remnance.

e Core losses.

e Air gap in the core.

e Saturation in the core.

e Induction.

e Inductionvoltage, counterinductionvoltage.

e Off-load current lzero, Fieldstrengh H.

e Magnetflow Phi.

e« Magnetflow dense B.

e Magnetomotive force, magnetomotive resistance, magnetomotive voltage.
e \Voltage time area, voltage push.

e Premagnetising with small voltage time areas.
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What are voltage tim
Definition of the voltoge time area, Yoradelmearea
= IS an old notion,
| +—|Ir at 325V peak voltage at 230V eff aIready used from
| A R e R s Michael Faraday.

He says to it
voltage push. The
voltage time area
moves the B along
the hysteresic
loop up an down.

e The sum of the small squares above, marks the voltage time area of the half from
a sinussodial voltage half wave. But also each other part area of the voltage on
any position of the time axe is an voltage time area.

e The voltage time area from a sinussodial voltage half wave at 230V and 50 Hz has
about 2,0 Voltseconds. A Transfo for 230V is calculated for that. His
magnetisiation runs trough this application of the voltage time area from one to
the other end of the hysteresic loop.
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Transform r without a remnance are rarely.
At a Transfo without a residual Magnetisation, the so called emnance,

stays the magnetisation after switch off from the primary voltage not
at the point of the hysteresic loop at this point of time. He runs of the
shortest way to the symmetrically middle of the loop, tothe B =10
and H = 0 Point.

Transformers without a iron core have no hysteresic loop and no
remnance.

Transformers with Iron cores without a remnance have large air gaps
and are not economic for 50 HZ Transfos, because an air gap stores
energie in each voltage half wave and send it back to the begin of the
next opposite half wave to the grid. It”s the so called inductive
current that must be compensate to reduce the grid losses.

Only with such transfos can peak point switching relays deal. D" ont care
of the starting direction and voltage polarity, the starting voltage time
area from an peak switching is always right to bring the
magnetisation to the end of the hysteresic loop, because the

Remnance is near zero. .
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What is Remnance? An EXxpiri

Load up and fixing of the Versuchsbeschreibung zum Nachweis
. . der Remanenz im Trafo Eisenkern
magnetisation trough

SWItCh Off from an Hier steht die Remanens= Hysteresekurve von UI Trafo

Spannung an der ¥ -
Primarspule nach dem fausschalten mit geringem Luftspalt.

continuing AC Voltage to Ausschalten G Ende da pas Halbwellg 5
the end of the voltage time i

area from a pos. half wave. Ul kam
B runs to the + max.
Remnance point and

pos. Femanenz Wendepunlt dex

? asy ,
bei Danerbetiis

Sta in Sti” Spannung an der Hier steht die Femanens=
. Primarspule beim nach dem Offnen
y g O ffen des Masnet des Magnet Freises Hysteresekurve von Ul Trafo

B

kreises I I
L

Discharge of the —— | —

. . Trafo miit pos Remanenz
magnetlsathn U-1 Kern

trough the lift up of the __ Spulw? et Ot bt ‘Jr
core I-Leg for any

Wendepunkt der
pos. Magnetsiemng
bei Damusibetich

es wurden max=. 2V gemessen

Beim Offinen des Magnetkreises durch schnelles abheben des I-Schenkels,

cou ntS entsteht eine Selbstinduktions-Spannung an der Priméar und Sekundarspule.
- Dieser Spammungsimpuls entsteht durch den Abbau der Remanenz.
Die Remanenz kann sich nmur im geschlossenen Magnetkreis halten.
LOOk Onto the decay Im entstehenden Luftspalt reicht die magnetische Spaimung nur nocl,

um einen wesentlich kleineren MMagnetfluld anfrecht zu1 erhalten.
Of the B on the MNach einem erneuten Schliessen bleibt die Remanenz auf diesem niedrigeren
Niveau stehen. Die anfangs hohe Remanenz wurde durch das Offnen des

hyStereSIC Ioop, he |S Magnetkreises abgebaut.

Die Remanenz verkdrpert eine iim Magnetkreis gespeicherte Energie.

Slnklng deeper and die beim Emntladen frei wird, wie an der Eizeugung des Spammungsimpulses
sichtbar wird. Wird der Magnetkreis melumals wieder geschlossen und geofinet,
deeper AISO the baCk daim wird der Spannungspuls kleiner, verschwindet aber nicht ganz, weil eine

geringe Remanenz erhalten bleibt..

sended voltage. rernmerverr e FOII'D9



Iron Core losses. _

The core losses, also called no-load losses, are as much higher, as
the Hysteresic loop broader an higher is. (Losses are proportional to
the Area inside the curve.) The losses have not only to do with the
hight of the Induction B. They develope from the magnetically
resistances inside the Core Material. This resistance is into EIl cores
higher than in wrapped cores, because of the non flow aligned core
foils. The magnetic flow must overcome the hihger resistance in 2
of 4 core legs. (Lateral to the best flow direction in the core folls, is
the magnetical resistance higher and the suturation occurs at lower
Induction B more early.)

Saturated zones inside the core are like an additional little air gap.

See datasheet from iron core foils.
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Iron Core Saturati

e The magnetical flow density, B, the so called magnetisation, cannot
rise higher than over the limit of the saturation. ( 2 Tesla max.) After
the begin of the saturation the magnetisation can only rise higher
for a small amount. Dont care of the amount of driving voltage-time-
area at the primary windings. If the driving voltage-time-area drives
the core although at the begin of an voltage curve into saturation,
then the current will be only limited until to the end of the voltage
curve in this half wave from the resistant of the copper wire from
the driving coil. And he is very low for a good transformer.

e (All the Weissche districts inside the material are aligned then.)

Foil 61
e



=i
EMEKO and / /] _/

[ —
E______J

I[

. ] Physic inside Transfo
How does produce the transfo the secondary voltage and the counter EMF-17?

* The influence of the primary voltage produce the
secondary voltage through induction in the coils.
Induction happens through change of the
Magnetically flow Phi, precisely through
changing of the flow dense B. Dimension: [V *
sec. / area]

 The Magnetflow Phi (t)= Integral of Uind(t) * deltat + C.
Dimension: [V * sec.]

 The magnetflow Phi is rising higher proportional to the
Influence of applicated voltage time area, while the iron

core IS not saturated.
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Howdoes produce the transfo the secondary voltage and the counter EMF-27?

e Phi=Upr/N*F, or Phi=U*dt/N.

o Delta Phi*=0,225*U/F * N, for a sinusodial shaped voltage. [V sec.]
*1 for the full Induction amplitude from —B to +B. ( then normally 3,2 Tesla.)

e Phireaches his Maximum for that to the end from each
voltage half wave.

e Voltage V pro Winding = delta Phi / delta time.
Dimension: [V * sec. / sec. = V] Induktionslaw.)

 The amount of the Magnetflow change and the amount
of the applicated voltage time area, wich is the reason of
the magnetflow change, are linked together.

« That has found Sir Michael Faraday in the past. He tells
Voltage-push to that. ( Both parameters has also the
same Dimension: V *sec..)
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What IS a ,,voltage time are

To understand whats happen if a transformer if he is switched on per
accident, and to understand the softstart procedure of the TSR, is the sight
with voltage time areas very helpfull and also simple. (Less articles are to
found in the literature. Most of them to calculate the dimensions for switch-
mode-supply-transformers and not for 50HZ transformers, but the physic is
the same.)

The dimenson of the magnetflow Phi is [Vs], of B is Vsec./cm*cm.
The magnetflow Phiis also = B * A, (A = core area, B = flow density.)

Phi and also B are permanently changed in the core of the transfo and in
the coils and at the same time originates the secondary voltage V = delta
Phi / delta time.

Phi is reaching his Maximum value to the end of each voltage half wave.
[Dimension =V * Sec.] and naturally to the end of the hysteresic loop.

Following is Phi or B influenced from the product of momentual voltage
times Timepeace, [Volt times Seconds.]
See following foils.
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Definition of the voltoge Time arec

<1004 ot 325V peak voltage at 230V eff
H| M
sum of squores are marking the voltoge-
A i Ntime-areo of the half from a sinus half-wave
i N
y
\
\
\_..
{ b3
Ay T — B _— Y
AT EEHE b8
Y
e iche N
. “\_
Omsec Smsec \
\
\

= The sum of the small squares marks the voltage-time-area from the half of a sinusodial voltage
half wave is 1 voltseconds. But also each other part area on each position position of the time
axe of the curve is also a voltage-time-area, greater or smaller.

e The voltage-time-area of a sinusodial voltage half wave at 230V und 50 Hz has the amount of
about 2,0 Voltseconds.
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Physic inside Transfo
Magnetlsmg current or Voltage-time-area-1?

Most Teaching books are saying until yet:

The current trough the coil does magnetise the iron core and produces the voltage at the coil. That™s ok
for the sight to the EMF into the primary coil and for the secondary coil, but what™s with the voltage
applyed to the primary coil? (The current is not present in the formulas for the voltage generating, see
the foils above, there are only voltseconds into!!) The current is responsible for the magneticfield, and
that” s obvious for an Electromagnet who is feeded with dc voltage, but he build also the magnetic field
inside of the transformers core. But the change in field strenght is much lower than the change of the B,
particularly at a toroidal transfo.

The induction of a voltage is also better to understand through the change of the magnetic flow delta
Phi. And therfore the current is not responsible. On can say the offload current is the answer of the
transfo. The detour via the magnetisation current is not needed. The current is depending from the shape
of the hysteresic loop and she is depending of the core shape, but the voltage time area is always the
same.

Why is the off-load-current for more than factor 50 different, at different transformers with the same
power size,? (He is only depending from the air gap in the core and the core losses.) The voltage and the
frequency, (the voltage-time-area) has the same value at both different types of transformers, simply
because they are feeded with the same grid voltage!

To evaluate the voltage depending effect at transformers, suit the voltage-time-area much better than
the current. The current is depending of the transformer shape and the load, the voltage-time-area does
not change, he is the same for all types of transformers and loads. Much students could have less
problems to understand the transformers physic, if they would use the sight with voltage-time-areas.
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Magnetising current or Voltage-ti

The understanding of the things happens in the transformer is much more easy if
on says:

The current into the off-load transformer is only the Answer from the
transformer to the primaryside applied changing of the voltage-time-areas.

(Not reversible is the voltage the answer to the off-load current changes.)

The off-load current is only depending from the core shape an Size, the air gap
and core losses and also from the material of the core.

On should better say for that: Not the current is feeding the change of the
magnetisation, driving the B along the hysteresic loop, but rather the voltage
applyed at the transformer, transports together with the appealing time the
magnetisation B in the core along the hysteresic loop. But the current is needed
to built up the magnetic field.

The off-load current shows only that” s what happens inside the core.
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What happens in the elctromagnet

For the calculation of the force in the airgap of an electromagnet is the
current important!

At an DC Voltage feeded electromagnet without an iron core is the
current not suddenly flowing with his end value in the same
moment if the voltage is applied. ( With a core into the coil the
current raises much slower.)

He rises from Null until the endvalue | = U/R, correspond the function
off the time Tau = L/R.

The magnetisation is driven from the voltage-time-areas. She is an
rectangle at dc voltage.

After reaching the current end value, the longer time of the voltage-
time—area has no more an effect, the current is limited from the coil
resistance and no driving voltage is on the ,inner coil* after that.
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What happens in the elctrom

Also at an DC Voltage feeded electromagnet with an iron core is the
current not suddenly flowing with his end value in the same
moment if the voltage is applied.

He rises from Null until the endvalue I = U/R, correspond the function
off the time Tau = L/R. The L is much higher than at the coil without
an iron core.

The magnetisation is driven from the voltage-time-areas. She is an rectangle at
dc voltage.

Behind the reaching of the end of the current value, the longer time is
not useful, the force has also his end value.
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While the saturation in the core is not reached and the coil runs voltage
dominated and the current is also not limited, on can say, that at the
connection of a coil with ac voltage, the voltage-time-areas are
responsible which drives the magnetisation around the hysteresic
loop.

The forl?:e F=(B/K)2*A. You cannot find a parameter for the current in the
formula. Via the hysterescic loop he can be found.

The current is the projection of the magnetisiation on the horizontal axe
of the hysteresic loop and also an reaction to the voltage-time-areas.

This underlines also the sight with voltage-time-areas.
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The Magnet. Flow Theta =1* N, has the Dimension [A]

Or Theta =H * L, Field strenght times Lenght L oft the fieldlines. Dim. [A/cm *
cm]

H*L=1*N, shows, that the current | depends from the field strenght H, if L
and N are given for a transfo.

|* N/Rm=B*A, magnet.flow / Magn. resistance. = Magnetflow. Dim.
[Vsec.]

Attention of missmatch: | does not mean the load current, it means only the off

load current I, not transferred to the secondary side.

The field strenght H inside an Transformer core stays the same opposite the no load state, if
he is connected to a load at the secondary side.

The magnetisiation runs under load on the same shape of the hysteresic loop, like in no load
state.

One more time to say: The no load current is only the answer onto the things
happen from the voltage-time-areas proceeded to the transformer. Thats true
for all shapes of transformers, load states and Hyteresic loops.

Foil 71



The rule for Induction, Ut = dphi / dt, is responsible for the physic in the
Transformer. To generate voltages into all coils or windings.

But also the counter EMF is an effect in the primary coil. Otherwise the off
load input current for example would be 230V / 0,3 Ohm, (the Cu-
resistance), in the same hight like the inrush current.

In truth is the voltage, which drives the no load input current much
lower. She is the input voltage minus the self induced counter EMF
voltage.

To self imaging the counter EMF voltage is unconvenient. This voltage is
not to be measurable. She exist as an model.
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Rule of Induction-

If you put into the following Furmula the noload current, then the result
fits to the Induction formula.

The magneticvoltage Teta =1 * N. And B * A = is the magneticflow Phi.

| * N/ Rm = B * A = magneticflow Phi.

Rm is the magnetically resistance, A the core area, | the noload current, N the
count of windings.

In Analogy to the Ohmic law: U/R = 1. I*N = magn. voltage. B*A =
magn. Current

Into the magn. Voltage =1 * N, is the electr. current into

and in the magn. current = B * A, is the electr. Voltage into.

It is simply opposite like at the Ohmic Law.

You can understand the physically function of the transformer also with the effect
of the noload current, if you are using the law of Ampere.

But you need therfore the shape of the hysteresicloop, to get the B and this is
complicated. Foil 73



s Rule of Inductio

For an electro technician it is correct to see the voltage as the
cause for an current flow, not opposite.

The current is the result of the effect of the voltage on a
resistance, will say, the voltage drives the current via the
wire trough the load.

Without a voltage flows no current.

For transformers for switch mode power supplys is the
calculation with voltage-time-areas a standard since a long
time.
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On the following foils is demonstrated with voltage and off-
load current measurings at different transformes, how the
effect of voltage-time-areas is.
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Induction happens only as long as the transf

Precondition: Here is to seen at - . Eingang 4 2

a 1kVA toroidal core, how does B | |
|mmed|at|y after switch on, to the 20400 34800 Frememseeq W*'ﬂw—v"*'};{"»m&w"‘wn—~-~ﬁw"-ww-----*+J>’i<4»~ww«-~w~ww
core is going into saturation, g '

because the core will not be 10400 23500

changed in his magnetisation from
the red curve.

e The red curve shows a dc voltage 3500V 13800V
of 20V, connected to the 230V
primary coil of the transformer, A T8
via a 100 Ohm resistor, measured
after the contact to ground.

e The blue curve shows the induced WL 400
voltage directly at the primary coil
or at the secondary coll.

20,0 ms 20 mz/Drive

 The que_ curve breaks down after Trafo-Grundlagen-18.bmp, 1kVA Ringkerntr. v. pos Rem. aus mit +20V $prur

a few milliseconds, (at 15msec.) g, A= Uangel. B= Utreib nach Rv von 100 Ohm.

because of the beginning of , :
saturation from th% core? because 1he effective voltage-time-area has only 0,3Vsec., correspond the

0,400 24,800  cmmmmrremons)

29600 9,800

-49600  -0.200

the starting point was on the short way from + remnance to + saturation on the hyst. curve.

pr(])siﬁive max. rlemnaPCﬁ point of

the hysteresic loop. (The

remnance was setted to + max. ]_/_: See also the shape of the

before switch on.) 20V DC hysteresic loop from the
toroidal core.
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Induction happens only as long as the transf

e The red curve shows the same test

voltage like in foil 76 before, see also . 39500 : s 3

schematic. - *“r““‘“"“/ e ossandroscsnsad
= The blue curve shows the voltage | |

directly at the primary coil, measured 10400 29,800

like in the foil 76.

e The blue curve falls much later down,
than in the foil before, because the core 9600 13,800V
goes later into saturation.
(At 120msecl) 19,600 14,2800

e The Remnance was settled before onto  zsw s
the neg. max. Remnance value. That
leads to the later saturations time point,
because the iron can be changed, In his .0 00 e
magnetisation from the pos voltage- 00 —
time-area of 2 voltseconds. Trafo-grundlagen-19.bmp, Ringkerntr. wie Bild 1, jedoch von neg. Rem. au

e The voltage time area changes itself his 3 %20V spruna.
amaount only over the time, because Rorrekbur @ wie Brid 19
it”s a dc voltage with a constant hight.
The voltage-time-area is changing

0400 24800 e

39600 4,800

Same schematic drawing as before: The effective

himself with a constant velocity, leading voltage-time-area has an amount of 2 Voltseconds
to a constant hight of the induced and has the same area like an half wave from the
voltage, the blue curve until saturation is 230V grid at 50Hz, the primary voltage from this
reached. transfo.
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e This measuring shows the effect
of an dc voltage, connected to
the primary transformer coil via a
a 100 Ohm resistor.

e Same schematic as before.

e The voltage, the red curve is now
directly measured at the cail,
other than in the two foils before.

e |f the saturation is reached, the
red curve breaks down and

e The blue curve shows the rising
current in the case of saturation,
flowing into the caoil.

e The current stays as long on a
low level as no saturation occurs.
He rises, if the core is going into
saturation. The voltage is then
falling to zero.
The remnance was settled before
switch on, to negative max.
value.

Induction happens only as long as the transf

1 Eingang &
30,000 79600 T

20,000 6.9600
10,000 5.9600
0000 43600
-10,000% 3,9600%
20000 29800
30,000 1.9800
-40,000 09800

0000 00400 st

-20.0 ms 20 ms/Dive

Datenbloc
Mame  =Eingang & Eingang B
Datum  =15122007 15122007
Uhrzeit = 1002512 102512
Y-Skala =10 WD | 1 W/ Div
' bei B0% = 10,000 3,9e00
HSkala = 20 m/Div| 20 g/ Dlive
Kbeilx =200 ms 2000 ms
K-Groke =300(1012) ann[1012)
basimum = 19,734 Uberlast
Minimurn = -0,568 % 00953y
Cursorwerte
#1250 ms
X 150 ms
dy: 900 ms
Y1 18772
Y2 12E44W
dyv:  B12aY

Trafo-grundlagen-17.bmp, Ringkerntrafo lkva, von neg. Remanenz aus mit p
03.kleinem Sprung. A=Utreib, B= U an Rv mit 100 Ohm, also 10m&/div

Like foils before only with other measuring points.

—

20V DC
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To compare: Test on a curre

I 1 Eingang &
2.9200 100,000 v I T Dratenblock
el B R by R R R R . EEEL EEEEEEEEE by : M ame =Eingang & Eingang B
: Datun = 04.05.2008 04.05.2008
! Uhrzeit  =10:43:30 10:43:30
H Y-Skala = 2 AlDiw | 20 WDy
""""""""""""""""""""""""""""" Y bei BO0% = -4.0800 A4 20,000
X ' #-5Skala =10 mz/Div| 10 mz/Div
nosto e0.000 Hbeilk =-404  ms 404 ms
w-Grale =900 [1016] 900 [1016]
Maximum = 33,7360 A 19,363 W
-20800 40,000 Minimum = -3E871 4 9838 Y
——— Curzonwerte
=1: 178
408004 20,000% Wa 1 me
ds: 450 ms
Y 34697 &
-6.030 000 W2 09260 &
dy':  -2,5438 A

U -B.0800 20,000
100200 -40.000

120800 60,000 : "

40,4 msg 10 mzdDiv

e Current transformer VAC ZKB 465/501-03-160 A3 , U=50A / 0,05A, at 200 Ohm load.
e The transducer can carry 50A and is with this current not to be saturated at a load of 200 Ohm.

e The input current here is 3,5 A peak. At a 5k Ohm load the output voltage is than 18V peak.
(3,5mA * 5000 V/A)

e The outputvoltage follows truly to the input current otherwise the load ist to high, (not 200
Ohm). The voltage time area in this example has an amount of 0, 130 Vsec. ( Not to much for

this core.)
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To compare: Test on a curre

i Eingang & 2
3.9200 280,00 T T D atenblack
\\1. M arne =Eingang & Eingang B
"""""""""" /< TR Datum  =04.05.2003 04.08.2003
19200 20000 --dmmmedmmeeaaak ><. .................................... VR P R - Uhrzeit  =10:45:44 10:45:44
] . YW-Skala = 2 A0 | B0 WD
. H W bei B0% = -4.0800 & 50,004
i ' ' #-Skala =10 meDiv| 10 mzDiv
0.0800 150,00 Kbeilx =-404 ms -40.4 ms
H-Grofe =900[1015] 900 [1015)
Maximum = 44497 4 9640
-2.0200 100,00 Minimum = -4,3395 & 39,60V
—— Cursonwerts
®1: 78
408004 S0.00YV %2l 971 me
de: 450 ms
| 19585 &
-B.,0800 0.00 W2 29116 A
k4 09531 4
-8.0800 50,00
U -10,0800 100,00
42,0800 150,00 : L
-40,4 mz 10 mz/Div

Stromwandler-test-6.bmp, wie 5 Jjedoch keine Biirde, also offen. Starke s3
ttigung. Eingangsstrom wird beeinflusst.

e The input current is with 3,5 A the same as before. Without an load resistor the outputvoltage has
increased and brings the core in a short time after the begin of each voltage half wave into
saturation. The current has the same amplitude like in the foil before, but he is influenced from core
saturation, ( Counter EMF.)

e Thats a nice evidence for the effect of the voltage-time-areas with a to large amount does saturate
the core. Here 0,2 Vsec.. Between 0,17 and 0,2 vsec is going the core into saturation. For the truly
transfer of this signal is a core needed with a capability of 1Vsec. ( Then the blue curve has no
?]atlrjlra'ﬂor] d)egradation and is a sinusodial curve. This tested core here is to small or the load is to

igh ohmic.
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To compare: Testonac

Ei pi
I 9200 25,000 l S 2 Datenblock
Eame - Eiﬁnagnzgn.g.a Eiﬁnag?ﬂgﬂ
aturn = [J5.105. Ai=1
4800 20,000 Uhizeit  =071855  |07-18.55
Y-Skala = 500 md/Div 5 WD
200 15,000 Y bei 50% = -1020,0 mé, 5,000
®Skala = 80 ms/Div| 50 s/ Div
5200 10,000 #beilk = -202.0ms 2020 ms
! ! #-Grale =900 (1018) 900 [1016)
A0200mé 5,000 - . Mawimurm = 627,58 ma 3BE3Y
: : Minimum = -643,1 mé -4,337Y
. - ':UTSDTWE[EE
\—E 1520.0 0,000 | | %1: -895ms
0 20000 5,000 nE Do
i ; Y1 4119 ma
-2520.0  -10,000 : ' Y2 4494 ma
i i d%: 375 mad

30200 15,000
2020 ms B0 mz/Div

Stromwandler-test-9.bmp, wie 1 jedoch Rechteckstrom in Draht durch Wandl
er-Loch. mit 1k Ohm Birde, A= Iprim, B= Usek

e The current transformer is not saturated, although the fequence is 19 Hz. The Input
current is only 0,5A peak. high. The output voltage is 2,5V peak. (The effective driving
voltage-time-area is 0,125Vsec. Saturation is from higher than 0,17 Vsek.)
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Test on a current tran

1 Eingang A 2

3200 25,000 Diatenblock
Mame = Eingang & Eingang B
Datum = 05052008 05.05.2008
4800 20,000 #ﬁ.ﬁ# Uhrzeit  =07:21:28 072128
YSkala = 8500 mé/Divl 500 WADiv
Y bei B0% = 10200 md, 5000
R #-Skala = B0 meDiv| BO mzDiv
200 15000 Mbeilz = -202.0ms 2020 ms
H-Grole =900 (101E) 900 (1018)
Maximum = B27.5 md 13663Y
6200 10,000 Minimum = -E050m& | 15337V
Cursonmerte
®%1:. 895
A0200ms 5000V %2 1955 me
dx:  2250ms
Y1 4910 ma
-1520.0 0,000 Y2 4633 mA
dy: 227 mh
U 20200 -5.,000
-252000  -10.000
-302000  -15.000
-202,0 ms A0 mzDiv
Stromwandler-test-10.bmp, wie % jedoch ohne Blrde. A=Iprim, B=Usek. S&ELCL

igung.

e Test like on foil before but without a load resistor. The current
transformer is saturated after 20 msec. from each voltage time area.
The usable voltage time area is 0,2Vsec. At higher values of it, the
core goes into saturation, the blue curve breaks down.
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Conclu3|on of the current transformer tests.

Current transformes are constructed with a toroidal core. For that
reason the current, flowing in the output coil is very low at the
transport of the B on the hysteresic loop. (<<field strenght.) For that
Is the current signal transferred without reduction, with the effect of
the voltage-time-areas on the output coil.

This tested current transformer can transfer each shape of a current
curve on his input to his output if the voltage time area on his output
IS not higher tan 0,2Vsec. Also at a frequence lower than 50Hz.

Also is the evidence true, that the flow dense B in the core directly
depends from the hight of the voltage time area and only indirectly
from the current on his input.

The current can not to flow out of the output if no load resistor is
connected on it, and despite the signal of the output is true
correspond to the input current if he is low enough. It is thanLike at
an current to voltage transceiever.
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Measurings right are made from
Deutsches Kupfer Institut, Stefan

Fassbinder.

If the negative Halfwave has a higher
Amplitude than the pos. H.w., then
the hysteresicloop will be not driven
symmetrically. The core gets a low
negative saturation at the end of each
neg. Half Wave. To see at the

current.

The voltagetimearea from the neg.

H.W is higher.

In this example is a power load
resistor with a rectifier in serie

connected in parallel to the

Transfomer at the same grid.
The load current is not flowing

through the transformer.

Only the pos. Halfwaves are under
load, why the pos. H.W. are lower

than the neg. H.W. and the

hystereresic loop runs asymmetrically.

Toroidal Transformers are sensitive to
dc-offest voltages, because her Core

is free of an air gap.

EEEI U 2293Ux HIN 5l1[l Ha

DE 9. 052LF
055 v e

[l 4 7 UAR GESAMT

Ringkerntrafo S04 itn Leerlauf E 4 l:l rms
mA=

SGPANHUNG / STROM / FRERUEHS

EE?E“"“ 220205 MIN 5l1[l e

LEISTUHG

* 1]
337w 050 co*

3‘3 o GESAMT
P

Rlngkerntrafl:n SOV A im Leerlauf.l 4 H rms

parallel zu Fon 11 00wy mA=

auf halt_:uer Leistung

Ringkerntrafo S04 im Leerlauf
parallel zu Fén 110000
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What”s an hysteresic |

She shows for example at
at mechanically pression
spring the course of the
path of the moved spring
end under the influenced
force.

Or at the magnetism she
shows the course of the
flow dense B under the
influence of the field
strenght H or vice versa.

But you can also say she
describes the course of H
in dependance of B and
therefore from the
Voltagetime area to a
transformer. ( B is
depending of the Integral
of the Voltage over the
time.)

To the same force Weg

other point of way
than upwards.

T T Kl‘aft
It exists an span of retourn,
the so called hysterese.

At a spring
Or an El-core,
(then B Uber H)

Magn. flowdense B Magn. flowdense B
_, Field- _, Field-
strenght H strenght H
In the magnetic field At the toroidal Transfo
trough the air I’s a rectangular curve.
no hysteresic loop exists. Foil 85
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What happ ysieresetamilie Im clsenkern eines Iraros

_ 1 - je gioker die Spannungsamplitude der Trafo-
core 1 ’ one more tl me.: priméarwicklung und je niederer die Frequenz

desto groBer die Hystereseschleife

While continuous : - semgung
operation: =

The primary voltage cycles are
changing the dense of
magnetisation B, in a
permanently manner.

® The positive Voltage- ./ A
halfcycle transports the /7
amplitude of the
magnetisation B, from the
negative_to the positive
return point of the
hysteresic loop, reaching
it at the end of the pos.
halfcycle.

® The negative Voltage-
halfcycle, brings back the
B to the negative

hyst4.cdr

Only the voltage-time-area of an Voltage half wave is
returning point of responsible for this transportation of the B. (The no-
hysteresic loop. load-primary current is only the answer from the transfo.)

® Andsoonand on. With the voltage-time-area of a fullwave, see on top, the

amplitude of the magnetisation B, walks around the
hysteresic loop one time.
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course of B onto the Hysteresic loop is dependin

Hysteresefamilie im Eisenkem eines Trafos — «  \while continuos running, the core

B = | B Séffigung is to be permanently changed in
poporional ™ O his B between his end points of
uSpannung e the curve, up and down, plus and
mal Zeft g minus. (Thats the function princip
Remanenz<= ;PA Urrkehiounkie of the transformer.)
Punkfe I
if e One voltage half wave transports,
the B onto the Hysteresic loop
; H from one end point to the
, J | S LS opposite.
-0 ~10 10 0g .
. e Is the voltage time area smaller

or lower, than the b curse runs

g opotond onto a smaller curve more inside.

9 e That can happen from a lower

) voltage or a lower periode time,
e or if the coil gets more windings

8 at the same voltage and

-7 frequence.
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The course of B onto the Hysteresic loop is de
Hysteresefamilie im Eisenkem eines Trafogl€a-2.

On which layer of the onion shaped

B= gJ B Scffigung curves, the B is running, is depending

f&%%%ﬂ?g% " ?”*D from the voltage and the time of periode

ol Zeit . at a given gmount of _windings.
Remanenz="f [Px Urnkehiounde A smaller time of periode, example at

Punkte 60Hz, opposite to 50Hz, or a lower hight

o of voltage amplitude is following to a
smaller, more inside laying curve.

0
T , l'l-% Example proof: A transfo made for 60Hz

oo has a max. Inrush current of 12 times
Proportiond the nominal current. He produce if he

i 7um Strom runs with 50 Hz, at the same voltage, an

o more higher inrush, example of 15 times,

- because the B is running now onto a

" broader curve and reaches earlier the

" saturation at the end of a voltage half

wave, than at 60 Hz.
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e This drawing ist not to find
in an teaching book. But
this can be measured of
each person itself who want
that to know, with an 2
channel oscilloscope for
voltage and current.

e She shows like the B is to
be transported trough the
voltage time area from each
half wave, and like the
current peaks comes into
being.

e The measured noload
current is proportional to
the field strenght in the iron
core and has its peak at the
end of the hysteresic loop,
because of a small
saturation of the core.

e Thats also a proof for the

influence of the voltage time

areas.

/usammengehorigkeit vomn
Hysteresekurve, Spannungsverlouf
und Leerlaufstrom bel einem Ringkerntrafo

+ max. Remanenz Umkehrpunkt

. der pos. Stromverlauf

Zustand der
Magnhetisieun Mo gne tisierung o Pirima it
bel H i Flussdichte an der Frimarseite
+ B (7D
\l:vSeC‘/qcmj 10 ms 10 ms
T@%f§=i< — =
Netzspannung
5 |
& |
o Eygtefege ‘
“ urve <
= ‘ pOs. Spoannung
& | Feld Stdrke |Zeit Fldche lleer leor
4 “H<L 0T —>+H (A/cm
(s | an der Trofo
- | Primarseite
= |
g ‘ [Vsec.]
0 ms -R
. 747777>
- B (1>

Umkehrpunkt

der neg. Magnetis
entspricht

neg. Trafo

Strom Spitze

Current
| over t

Hysteresic loop
B over H

Voltage half wave
U over t
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The TSR IS usmg maII and unipolarly

e To influence the magnetisation softly.

e In respect to the physically laws and the shape of the
different Hysteresicloops, at differnt iron core shapes of
the transformers, is it that what the TSR Softstart
procedure has at the content.

The flow dense B is be brought first with the
premagnetising to a point onto the hysteresic loop
knowed to the TSR and after that the transformer is to
be switched (full) on.
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oftstart Procedure from the TSR an

And if the B is not leaving the hysteresic loop,
no inrush occurs.

Each of the positive voltagetime areas,
(into the orange marked Elipse,)
transports the B from the present
Remnance point a piece higher to the
next remnance point. (Orange marked
Points on the hysteresic loop.) With a
sufficient amount of voltage time areas,
B reaches always the yellow marked
point, the max. Remnance point.

To many voltage time areas are no
problem, because each small voltage
time area sending to much, transports
the B from the yellow point until the
belonged Return point onto the
hysteresic loop. In the pause the B runs
back to the max. Remnance, the yellow
marked point. At the following full
switch on, (green marked Ellipse,)
starting in zerocrosspoint, the B runs like
in continuos running mode onto the
hysteresic loop. Foil 91




Transformer soft-start with an El Core. Start at B = -0.95 Tesla, Max. Remnance Point at + 1 Tesla

U

g 400 T T T ! T T T

o Br(O)( =-095T ‘ . ‘ ‘ .

o . o o o o o ae

o 300 —-;—i—j-Rbad-—“.-’-JOO QU7 g Dy

= - =130 Y, —130 V] —130 V] —130 W 130 y.=1 |

£ aoof [T 4 AR RN R R A

= S | D . :;‘ ‘,j ﬂ: | |

i 100F B n S | RN - e

< o0 | PR
gam 8 L —ow W
ﬂﬁmﬁﬁf oA "_‘—_ | Unet V]

2_200 . - U2 A7/ I CER ETRESI  Df SE R B

~ E— |1*0.02 [A]
~300

1= w10 m |- oYY A
: — B*0.01 [T] i | : :
- 400 i i I 1 i i i
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
t [s]

net’

U

B runs onto the black curve. The Transfo is under load, |
sinusoidal shaped current from. 3,6Apeak. No inrush to seen Foil 92



To understanding of the things happen inside of

Important to understand,

a.) That the unipolar voltage time areas only inside the linearly course
of the hysteresic loop are to be integrated until the max. Remnance
point.

b.) That these Integration and for that the Transport of the B in one
direction stops, If the hysteresic loop is leaving in direction to a low
saturation.

c.) Dont care Of the magnetisation of the core, also brought into
saturation, only the max. Remnance can be reached in idle state, if
the voltage time area is over.

d.) The iron core can only be brought until the max. Remnance point

not higher to be resting in the idle state.
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Hysteresic loop and Functi
Hysteresefamilie im Eisenkem eines Trafos ¢ After each voltage time area the
magnetisation reaches an higher point as

B= »|B fdﬁgung bevore.

proportional
2U Spannung 06
mal Zeit 0

—H < Before the end of the premagnetisation

procedure the B max. point is reached, and to
the end of the last voltage time area the
Remonenz 1]~ Umkehrounkie transformer will be switched full on.

Punkfe il e To many voltage time areas are no problem.
if
e The Saturation is avoided in all circumstances.
H e The width of the voltage time areas must to
, . | L be adjusted to the shape of the hystereseic
-0 ~10 1 10-% |00p_
H= e (The adjusting value depends of the vertically

Proportional distance from the max. Remnance point to
0 zum Sfrom the turning point on the hysteresic loop.)

£ e The load or no load state has no influence of
' the adjusted value.

08 e For that a trimmer is placed onto the board of
-03 the TSR.
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Voltage and Current- measuring curves from the TSR softstart procedure.
1kVA geschachtelter Trafo mit TSR Verfahren **
eingeschaltet. Mit Nennlast belastet. .

mit unipolaren fixen Spannungsabschnitten
vor-magnetisiert fur 60msec.

U .

e

vormagnetisierung

I Volleinschalten

smesmesnAmAsenAnm\ NN °

es flieBt immer nur der Nennstrom.

** das TSR Verfahren ist patentiert

tseme010.cdr

To full switch on, the Thyristor,
producing the premagnetising impulses,
gets to be shorted from an electro
mechanically relays.

The relays helps the Thyristor and the
Thyristor helps the relays. The relays
protect him from overheating and for
overcurrent peaks. And the Thyristor
protects the relays contact from the
lightning spark.

For that a life time of more than 5
Millions switching cycles under nominal
load are reached.

The relay alone can only switch such a
load for 25.000 times until weared out.

At switch on only the resistive current
from the load resistor is to seen, no
inrush current peak occurs.
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Developed at the Fraunhofer Gesellschaft

The inventor of
the TSR —units:

Emeko Ingenieur
Blro, Michael
Konstanzer in
Freiburg.

Here a
photography from
1994 for the
journal
Fraunhofer, for the
Award from
Fraunhofer for
him.

From 1996 until
2006
M.Konstanzer was
working at
Fraunhofer in
parttime.

After that he
works at a
freelancer for the
marketing and
customer
consulting for the
TSR Applications.

T —

.Ii'l- f
Sy .
=S
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The manufactor and
further
developer of
the TSR —since
1998:

Fsm-Elektronik.
In Kirchzarten at
Freiburg.

In 2011 with 90
employes.

Foil 97



In the Literatur you can find many proposals to measure the Hysteresic
loops with Lissajous Figurs with an Oscilloscop.-

Here is one proposal.

WWW.fh-uesseldorf.de/DOCS/FB/MUV/staniek/dokumente/hysterese.htm
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| hope now all is ¢

e Really understand you this only if you work practically
with an transformer, an TSR, an 2 channel oscilloscope
to measure voltage and current at different shapes of
transformers. If you deadjust the TSR, Trafoschaltrelais,
you can see and understand what happens inside a
transformer, much better like with calculations of

formulas.
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Thanks for your attention.

More to know about the TSR and the
transformer physic you can get here:

www.EMEKOQO.de
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