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ABSTRACT : This paper shows the new approach for protectiaieaftric energy storage batteries in order to gmeheavy
damage in case of sever electrical fault, e.gatlishort circuit on the battery. Existing solusamith Pyroswitches with
parallel Fuses has disadvantages. Proposed pagsangs battery over-current protection system stbcially designed
Pyroswitch and melting Fuse in parallel. This catio® can be triggered externally and it is abledger all time-current
circumstances with specialy designed internal sigjfer system. Additionally, it is able to provittee discharging process

for DC-link capacitor.
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of an electric arc, provoked by the fault on thétdyg circuit

1. INTRODUCTION
In last few years, the use of DC voltage and curieciteased
tremendously. It started with the use of Photovolp@wer plants
as one of the most important renewable recourseslesfric
energy. Together with electric energy storage systespecially
batteries, they are becoming competitive solutiogairest
conservative and centralized electric energy dhistion systems.
On the other hand, the use of DC current is emere
significant in electric vehicles. The batteries edsctric energy
storage system are becoming more efficient andrdnge of
battery-operated cars is getting longer. The efficy of electric
cars also depends on the capacity of the battevigsh depends,

among others on the value of the DC voltage of th@ralectric

power-train system. Thus, the short-circuit cayaaitd expected

short-circuit current are getting higher and safpects in case

wiring, are becoming more and more important. Tgaper will
propose a very competitive solution for over-cutigmtection in
a main High-Voltage DC circuit between battery aogvertrain.
We speakabot High-Voltage DC system when there iated
voltage of gt least 300Vdc and up to 1.000Vdc.

The over-current solution is based on specialygdes Pyro-
switch, combined with a melting fuse. The trigggrsolution is

based on the use of standard passive componertsasuReed-

relays and Thermo-sensors with normaly open caoatact

Additional function, such as, discharging the D@klicapacitor,
helps to prevent futher possible arc with fire @odsible touch of

danger high-voltage and consequentely electrocuatigrersons.



2. SAFETY ISSUES

2.1. In case of car crash

This paper would like to emphasize some safetyesdu battery
electric vehicle, which uses HV battery storagetesys It is

obviously more than possible that in case of ciafsan electric
vehicle a fault on the main wiring, e.g. plus anthus cable
between the battery and powertrain, can occur. iife@ns direct
short circuit of the battery system and high curneil appear

which will cause electric arc on the spot of thendged cables.
Fig.1 below shoves the photo of such event, desdriib (1).
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Fig.1
In the report of the fire fighters it is clearlyese that the fire

appeared several times after it was already exshgd. The main
message from the same report was that the maonactistop the
fire in electric vehicle is to provide total disecwttion of the

battery from the powertrain as quick as possible.

3. EXISTING SOLUTIONS

3.1. Use of melting fuses

The melting fuses are historically recognized gsedect over-

current protection. Yet, it is also well known, thguse breaks the
current according to time-current characteristitbe modern

electric battery storage systems require more tihah They

require also opening the circuit at any currentditson, usually

by using DC contactors, which are often at highenltages and

DC currents prone to contact welding. Some otheartgwis has

been proposed in the past, such as “Triggered K23¢3), where

inside of the fuse there is short-circuit connettiomposed

through the third wire into the fuse via voltag@eedent resistor.
Fig.2 below shows the shematic diagram of battdrguit,

protected by triggered battery fuse.
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The main disadvantage of such solution is in fdett the whole
concept is based on standard melting fuse, whicdtoisetimes
unreliable at high number cycling loads with heawyrrent

profiles.

3.2. Use of Pyroswitch and Fuse
The Pyroswitch is known solution and it is basegbiston, driven
by gases exposed from chemical filling above th&opi The
chemical filling is triggered by electrical impuld&'hen triggered,
the piston cuts the copper conductor and thus thigselectric
current.

Recently, there is some more work done on the lphral
connection of Pyroswitch and a DC Fuse, publishéd)iand (5).
Both sources are dealing with Pyro technology used
combination with melting fuses in order to combiriee
advantages of Pyro technology on one side and feab@ology
on the other side. In source (5), we can see ttal@laconnection
of Pyroswitch P1 and Fuse F1, as shown on Fig3c®hwination

is called “PyroFuse”.
Current
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Fig.3
This solution has at least two disadvantages. ykistthen
overcurrent occurs and the level of this faultgm@urrent is just
above the rated current of the fuse F1, than ioperating time
of the Fuse F1 much longer than it should be ire assevere
crash of electric vehicle. Secondly, the soluti®mather complex
because of separate current sensor and electicoud for current

measurement and evaluation with separate powetysupp



4. NEW SOLUTIONS
New solution in over-current protection in HVDC aiit of
electric vehicle is based on special design of Bwitch with 3
contacts and not only two like the standard Pyrdesw Such
pyro-switch is combined with a fuse and the whalebination

we call it “Triggy-Fuse”. This is the first part tie solution.

4.1. “Triggy Fuse”

On the figures Fig.4a and Fig.4b we can see thie balsition with
3-contact Pyro-switch. Before the ignition, as we ae the fig 4a,
the contact points Nr.1 and Nr.2 are connected taedmain
current path is closed and ready to conduct maingidhe load

current.
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The ignition impuls comes from current sensor oitterg
management system. After the ignition, the corltact and Nr.3
are closed and thus contact Nr.3 is directly coteteavith

opposite pole of the battery.

4.1.1. How does “TriggyFuse” works?

The current sensing device according to the measneresult
sends the triggering impulse to the Pyroswitch,cwhstarts to
operate, and physically breaks the copper bushkaeka point 2

and point 1, as it is shown on the Fig.5
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An arc occurs and remains until the moving pathefbusbar hits
the point 3 and provides the connection betweerPthiatl and
Point2 und thus the short-circuit conditions foe tFuse. Under
short-circuit current the Fuse operates immediatelg safely
breaks the main HVDC circuit independently from tredue of

actual fault current.

Additionally, this proposed solution gives the citioths for

discharging the capacitor in the DC-link of thearner. This is
important safety action after e.g. the car cradere all sources
of electric energy (battery pack, DC-link capagitbas to be
safely disconnected from the rest of the vehicttantly after the

dangerous event.

4.2. Advanced solution in form of a “Self-Triggy-Fug”

The goal of this solution is, as follows:

-to achieve complete operation without additiodet&onics,
-to incorporate over-current sensor inside of mtite device,
-external triggering has to be possible,

The proposal for solution is shown on the next6ig.

U

Fig.6
On the Fig.6. we see the self triggering solutidgthwvo devices,

namely the Reed Relay NO (Normaly Open), and TheFRuak
NO. Next Fig7 gives more exact explanation aboatgtinciple

of operation of self triggering.



Fig.7

Fig7 gives us more precise explanation of, howeedfrcurrent
detection works. Thermal Fuse NO is in thermal acnhwith the
outgoing conductive terminal. In case of an oveemnt; the
temperature will rise and under specified thernmadditions, the
Thermal fuse will react and close the ignition gitcin Pyro-
switch to start the operation.

Reed-Switch NO is in a magnetic connection with aliégoing
terminal conductor. It is sensitive to the highrtaircuit currents.
When such high current appears, the Reed switchesltise
ignition circuit and Pyro-switch starts the opeoati

Thermal Fuse NOis in thermal contact with the outgoing
conductive terminal.

How to provide adaptable TIME-CURRENT characterigtic i
overload area?

-To choose the different type of Thermal fuse

-To dimensionally shape the conductor who provittesmal

energy for thermal —fuse operation

Reed-Switch NOis in a magnetic connection with the outgoing
terminal conductor.

How to provide adaptable TIME-CURRENT characterigtic i
high-current short-circuit area?

-To choose the different type of Reed-switch,

-To assure the appropriate distance between Reddhsand
conductor

Below presented Fig. 8. shows the possible Time-@Gurre

characteristics in case of “Self-Triggy-Fuse”.
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5. TEST RESULTS

First test results has been carried out at tweifft conditions.
DC test generator was set-up on the voltage of 500l the
prospective short-circuit current was 2kA and 15kA.

Next Fig.9 shows the diagram of all electrical eslat prospective

short-circuit current of 2kA.
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As self triggering unit was used Reed Switch. Histatice and
position from main current path was set-up to theel of 1kA.

Inductivity of the test circuit was low, between 2B and 60pH.

The operation is divided into three phases.

In 18t phase the Reed relay at 1kA of actual currentaumse of
his magnetic field, closes the ingintion circuibtB, Reed relay
and Pyro switch reacts in a time of 0,3milisecomiben the 3

contact of the Pyroswitch is closed, than the sciocuit

conditions for the fuse are fullfiled, the curréattommutated to

the fuse and the"2phase starts. This is actualy the melting phase



of the fuse, which after 0,45 miliseconds ends'fhpBase, the
arcing phase. The duration of arcing phase is (lkaronds.

Total clearing time is thus les than 1,5 milisecand

Second test was carried out at the value of prdiseeshort-
cisrcuit current of 15kA. Next Fig.10 shows thectfieal diagram
of all electrical values.
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At the first glance, the picture is very similarthtmse on Fig.9. In
fact, the main diference is in steepness of theeatitamp from

the zero value up to the moment when the magni&gitt &round

the main conductor reaches the preset value. In bases this
value was set to 1kA. After ignition of Pyroswitahd closing the
34 contact to opposite pole, the short-circuit cdodi are

dependent on the electrical conditions in the drbatween the
battery and TriggyFuse, while the rest of the dirafter the

TriggyFuse is short-circuited and has no influencethe Fuse
behavior. Therefore the prearcing and arcing pbatiee Fuse are
in both cases rather similar, because the shaxtticapability of

the DC source was in both cases the same.

In reality we will face different short-circuit cditions of the

batteries because of their size, energy densite s charge and
other conditions. Nevertheless, it is known frorffedent sources
that the short-circuit capability or better to spsgspective short-
circuit current of the battery storage sistemsnrekectric vehicle
could reach even up to 30kA. This value is even pussible in

case of the battery systems with the voltage 80Grdtmore.

3. CONCLUSION
The proposed paper gives several important corwelgsiThe
current breaking time of the device is not depehdaom the
actual value of the fault current and it dependsg fsom the signal

from current sensor and/or from othsaifety systems in electric

vehicle. The device has all advantages given froth,iPyro and
Fuse technologies. High safety standards are ceresidullfiled
and the occurrence of an electric arc and firdrisndshed to the
lowest possible value. On the other hand, very tperating
power loss, high breaking capacity, high operatogability and
low product weight and costs are important values EV

manufacturers.
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