Two Conduct or Measuring Device, Method for Testing the Sane, and Testing
System Therefore The invention relates to two conductor neasuri ng system;,

met hods for testing said systems, and testing syste \\W\ﬂ\ use In
performng said tests. In the foll ow ng statenents, “mm made tq
Pig, 1. As is known, two conductor neasuring devi ces are.gggasurl ng devices
that are equipped with only two conductors LL L2. which enable themto be
el ectrically connected fromand to the outside. These two conductors nust
be used both for supplying energy andlfor transmitting a measuring signal
generated by the neasuring device. The neasuring signal values produced by

the two conductor neasurin devi.ce are direct currents within a
st andar di zed Tarkyte ©endugtpr MeasyrigmDeyice, Mathed forFesgmgthe $amernd, g) ue wit hin

this range corresponds pFECISET%“hEgﬂﬁanqﬁﬁﬁﬁﬁbng signal value. The
above-mentioned supplying of energy is acconplished by neans of a direct

current source that, during operation, is connected to the two conductors

from tﬁﬁ M@ékﬁdrﬂ%mg &b RbRScRr AbdsBGhg GHEME Methoddbr teoregRaRSy tems apd iestigy
net wor , hat a so-cal | ed current Ioop is created. This |oop also

Cont ai wysrems designpdfer usede gUfarmigesaidies or Rm where a current that is
proportional to the current value at any given tine. and thus to the
measuring signal, can be fapped and further, processed. The resjst Rmca
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i N thig, mensuring devices thut are squipped with only two conduetprs L1, L2, which enable them to be
clectrically connected from and to the outside. These two conductors must be used both for supplying
energy and for transmitting & measuring signal generated by the measuring device. The measuring signal
values produced by the two conductor measuring device are direct currents within a standardized range of
4 mA to 20 mA, such that one current value within this range corresponds precisely to one measuring

signal value,

The above-mentioned supplying of energy is accomplished by means of a direct current source that,
during operation, is connected to the two canductors from the outside, generates a direct current, and
belangs to a primary network NP, so that a so-called current loop is created, This loop also contains a
current measuring resistor Rm, where a currant that is proportional to the current value at any given time,
and thus to the measuring signal, can be tapped and further processed.

The resistor Rim can be positioned a great distance from the two conductor measuring device MS'; in this
case it is connested to the measuring device via cables of appropriate length, Specifically, the terminal
NP| of the primary network NP is connected to the conductor L1 of the two condustor measuring device
MS*, and the terminal NP2

A

*G00002*



case it is connected to the neasuring device via cables of appropriate
‘Iength Specifically, the termnal NP 1 of the primary network NP is
connected to the conductor Li of the two conductor neasuring device M,
and the termnal NP2 2 is connected to one port of the resistor Rm- mhlle
the resistor's other part is corinected to the conductor L2 as an indirect
second prinmacy network port NP2', as it were. In addition to the
above-nentioned current val ues, which are analog signals, digital signals
can also be transnmitted at the two conductors L1, L2, in accordance with
one of the customary standards, such as the so-called HART protocol, The
HART protocol (HART is a reglstered trademark of the HART User Croup and
is an dEFAgHIedte one pareafithe %ﬁr@@@#ﬂle@mole‘- dfhea partl isconniepted to the bexuser ds
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conti ngaﬂﬁl aval l.ab Sil ,lo&l ling and, 1f necessary subsequent
i nstru [MEAsKFiRg daviseP s ilciict @dtuaqdes indpsiiad menwrmateshrmlmess a
di gi taI zero is real | zed via two sine-wave oscillations at a frequency of
2, %ﬁ% one is realized via a single sine- wave oscill ation
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Shift Ieyddegntage of simultaneous transmissibility of an analog measuring signal in accordance with the 4+

mA to 20 mA standard, and of the digital HART signal for start-up, maintenance, polling, or control of

the measuring devices in the field level,

While the analog measuring signal is continuously available, eyclical poliing and, if necessary, a
subsequent instruction via the digital HART signals takes place. In this process, a digital zerc is realized
via two sine-wave oscillations at a frequency of 2.2 kliz, and & digital one is realized via 2 single sine-
wave oscillation at a frequency of 1.2 kHz, in keeping with the standard Bell 202 Frequency Shift Keying,
These sine-wave oscillations are transmitted via the two conductors, in that they are modulated upon the
current flowing therein,

Current state-of-the-art two conductor measuring devices are competitive, in other words marketable by
the manufacturer, only if they have been




"t' hese sine-wave oscillations are transmtted via the two conductors, in
_that they are nodul ated upon the current flowi ng therein, Current
State,-of-the-art two conductor neasuring devices are conpetitive, In other
wor ds nmar ket abl e by the manufacturer, only if they have been 3 tested for
el ectronmagnetic conpatibility (abbreviated:- EMW). Said testing nmust be
conducted in conpliance with the currently valid international standard
1EC- 1000- 4- 5; 1995, which has been adopted in individual countries to
correspond with national standards, and is a so-called type test. In a type
test, each individually produced device is not tested. Instead, the testing

of one or a few devices frqom.a ou f_didentical devices is sufficient.
The ot ssfasFor eippRoTRgtHe omPRgaHsy (EIbrBie MV oaid Rt THSESE soo@efio ¢ o t he
Previ OdsmpiRined With chivbairfeitly WER in@imiibndNdtinkard J00-1 000345 11985, Sbiivhins been atdpted il
were considered only as sigpal, |ines used to transnjt, neasuring signals,
Bndt hisRLapte s EePoRl Vi A REA shdafsy B SRR wB Bins 1 or ener gy
supply lines, for which the conductors were tested. In 1995, however, this
approach and cl assif, catjon s.tightened, with t di rect _.connecti on, of
e b BBh o rast nabidily Rrpdig prdes ¥ 5 et beretd Brepshaho SR & SRR o1
its prifgRyaerek denticdl doyees GuffiRient. he two conductors LI, L2 now are no

| onger defined nerely as signal lines, but also as supply lines, hence
they are subject to the above-naned rigid test specifications and are
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addi t i areasusing kignals, and thus were not subject to the more rigorous specifications for energy supply lines,
for which the conductors were tested.

In 1995, however, this approach and classification was tightened, with the direct connection of the two
conductor measuring devices to the direct current source G and/or its primary electrical system NP, the
two conductors L1, L2 now are no longer defined merely as signal lines, but also as supply lires, hence
they are subject to the above-named rigid test specifications and are tested on that basis,

These test speeificalions require that the primary electrical system that serves to supply energy and
originates from the direct current source Q also gsnerate high-energy interference pulses in addition to the
direct current, which a two conductor measuring device MS' that is connected to the network must

withstand.



direct current, which a two conductor neasuring device M5 that is
_connected to the network nust wthstand. 4 These test specifications
Sinmul ate real conditions such as occur in practice 35 when two conduct or
measuring devices e.g. are to be used in neans of transport, especially in
ships. in a primary vehicle electrical system NP installed on a ship, the
above-nentioned interference pulses are frequently present, conp. Fig. 1.
Hence, the two conductors LI, L2 in state-of-the-art two conductor
measuring devices nust be tested using the test signals based upon the
standard |1 BC-1000-4-5: 1995 for energy supply lines, hence they are to be
di rensioned to be resistant relative to these test signals. This does not
make sEhselestupgrifinstipnsaimulase sl condiiensansh asionevs in nmqﬂ@wgwhwwo POMIRRE in the
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i ntended for use In
combination, serving to suppress or at least filter the interference pulses that oceur in the primary vehicle

electrical system NP.

These incorporated elements, however, increase production costs. Furthermore, the dynamic space SF
roquired for thesc filtcr componcnts, which in most cases must be installed in multiples, is not available,
so that the size of the standardized casing Gh must be increased by a casing volume Gz, which increases
costs substantially, Finally, the applicability of the above-mentioned HART protocol is severely curtailed
as a result of the filter components, and in some cases is rendered impossible.

One object of the invention consists in disclosing & two conductor measuring device intended for use ina



5 nmeans of transport, especially in a ship. A further object of the
~invention consists in disclosing a nethod for testing the el ectromagnetic
conpatibility of a two conductor neasuring device that is intended for use
in a nmeans of. transport, especially in a ship, in accordance with the
standard JEC- 1000. 4-5: 1995. Anot.her object .of the, invention consists in.
disclosing a test systemfor testing the electromagnetic conpatibility of
a two conductor neasuring device that is intended for use in a neans of
transport, especially in a ship. Finably, an object of the invention
consists in disclosing a nethod for granting approval for use of a two
conductor neasuring device that is intended for use in a neans of
t r ansppédns ofmppmi, edpbqinllyrin asishi p furfier ojéctbfthé hoaion bhritsdn disclbdingi muhed ant
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"'o attain thesa objects, a first variant of the invention consists of a two conductor measuring device

o that {s intended for use in a means of transport, especinlly in a ship,

» wherein it is supplied on-board with current from a current loop,

« which originates trom a source circuit that is certified in accordance with a valid standard IEC-
1000-4-3, especially the standard 1EC-1000-445:1993, is supplied with power by a primary
vehicle electrical system of the means of wansport, and serves to supply a secondary vehicle
electrical system with power, and

* wherein the two conductor measuring device is designed such that it cannot be certified for
electromagnetic compatibility in accordance with the valld standard TEC-1000-4-5,

To attain the above-mentioned objects, a second variant of the invention comprises a method for testing



the el ectromagnetic conpatibility of a two conductor neasuring device that

_is intended for use in a noans of transport, especially a ship, where it,

i's supplied on-board with current froma current |oop, which originates
froma source circuit that is certified in accordance with a valid standard. "~
MC-1 000-4.5, especially the standard | EC-. 1000. 44: 1995, is suppli-ed with
power by a primary vehicle electrical system of the neans of transport,

and serves to supply a secondary vehicle electrical systemw th power, in
which method a hybrid generator, espdcially one that is in accordance

with the standard I EC-60-1 or TEC 469-17 is used to generate a

current/vol tage surge, _a decoupling network far sinmulating 5 the source
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W th currentsdssmgangmﬁamgnymgemgph originates froma source circuit
that is certifi ed] in accordance with a valid standard | EC-1000-4. 5,
P

especi al |Yy #Herouplipgpsiverk orsimuptios 51ths sanessircpis issanmotted it ontgoingsiranit tottye a
primary vehhgrR Rhegtby,i cal system
v atwo conductor measuring device, which does not satisfy the test specifications of the standard
IEC-1000-4-5:1995, is connected in outgoing circuit to said decoupling network, and
¢ an 10 approval for use in the secondary vehicle electrical system is granted to other two

conductor measuring devices of the same type when the tested two conductor measuring device
has withstood the test,

To attain the above-named objects, a third variant of the invention comprises a test system for testing the
electromagnetic compatibility of a two conductor ineasuring device that is intended for use in a means of
transport, especially a ship, where It is supplied on-board with current from a current loop, which
originates from a source circuit that is certified in accordance with a valid standard IEC-1000-4-5,
especially the standard IEC-1000-4-5;1995, is supplied with power by a primary vehicle electrical system

of the meany of wransport, and serves to supply a secondary vehicle elactrical system with power; wherein
this test systemn comprises:



of they neans of transport, and Serves to supply a secondary vehicle

_electrical systemw th power; wherein this test systemconprises: 7 a

hybri d generator, especially one in accordance with the standard | BC 60-1
or IEC 469-1,. for generating it current/voltage surge, "a decoupling .
network for sinulating the source circuit, connected in outgoing circuit to
the hybrid generator, and a two conductor neasuring device that does not
satisfy the test specifications of the standard nEC- 1000-4-5, and is
connected in outgoing circuit to said dbcoupling network. To attain the
above-nenti oned objects, a fourth variant of the invention consists in a

nmet hod for ntd n an _approval ,for use of two,cC r '

devi ce tHat gf‘ib'}drﬁ‘g%‘% e§p§$zal s'a“i%“ﬁ"ﬁé’&ﬁé"‘%?“?’?&ﬂ%‘g%j‘?‘?&?&E@?%"&g‘i n a
shi p, wher egérerating s oyrpent/exdtagasubgear d with current froma current |oop, which
originates from .a source.ci.rcyi.t that is certified jn acgordance with,

Val (d st B AR Rt o sinilatng ha e pes i comaidin cutsemE D stee] | o
suppl i ed w péhepupandby a primary vehicle electrical systemof the neans of
transport, and serves to supﬁlb%?a secondary vehicle electrical systemwth
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device is gngoutes| Mfisktondectetl id Sungomgireli®RGaReedcuplingslelvdrll the certified
source circuit of the mantis of transport, wthout being certified in

accordance with the test specifications of the current valid standard
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dynami espscially in a ship, where it is supplied on-board with ¢urrent from a current loop, which originates from
a source circuit that is certified in accordance with a valid standard IEC-1000-4-5, especially the standard
TEC-1000-4-5:1995, is supplied with power by a primary vehicle electrical system of the means of
transport, and serves to supply a secondary vehicle electrical systemn with power, in which method the
approval for use of the two conductor measuring devics is gramted only if it is to be used exclusively in
the certified source circuit of the means of transport, without being certified in accordance with the test
specifications of the current valid standard TEC-1000-4-5 10,

One significant advantage of the invention consists in the fact that, in two conduetor measuring devices
that are to be used in means of transport, especially in ships, no costly components that require dynamic
space and suppress and/or filter interference pulses are necessary, and in that an approval for use
according to the standard LEC 1000-4-5:1995 can nevertheless be granted for such two conductor
measuring devices.




sbace and suppress and/or filter interference pul ses are necessary, and in
“that an approval for use according to the standard LE C 1000-4-5:1995 can
nevert hel ess be granted for such two conductor neasuring devices. 8 The

invention will be described belowin greater detail, with reference to the
second figure in the diagranms, .Fig. 2, in which an exenplary enbodi nent'.of
a two conductor 25 neasuring device is illustrated schematically in the

formof a block diagram in Fig. 2, a traditional two conductor measuring

device M5, e.g. with a standard casing &nh. is depicted as a circuit bl ock.

At Ieast one physi cal dinmension is nmeasured by the two conductor neasuring
volunetric or nmass flow of a fluid, or its density,

devi ce
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val ue,  or 4315 concent rat i on ecause the invention re 3 the
measur F‘H@“‘HF E?’b?‘@algﬂ‘mldﬁé" acRierdrddageam. neasuri ng device M5 and its
el ectronic circuitry, specifically its evaluation electronics, but rather

ertification indcpcndent of the neasuring principle, its

relates to
circui o% j raditipnl tq qordycior pnsasusing devireMibees. with a signdgreeasiog GhaeHepidted dihe
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el ect r PE c"w'seys eni NP of the nmeans of transport, and

Because the invention relates not to the measuring principle of the two conductor measuring deviee M$
and its electronic circultry, specifically its evaluation elestronics, but rather relates to its certification

independent of the measuring principle, its circuit block is not illustrated or described in uny yreater
detail.

The two conductor measuring device MS is intended for use in a means of transport, especially a ship.
There it is supplied on-board with eurrent from a current loop, which ariginates from a source circuit Q
that is certified in accordance with a valid standard IEC-1000-4-5, especially the standard IEC-1000-4-
$:1995, is supplied with power by a primary vehicle electrical system NP of the mcans of transport, and
serves to supply a secondary vehicle electrical systam NS with power.

The two terminals NP1, NP2 thus lie at supply terminals for the source circuit Q, one active part of which



serves to supply a secondary vehicle electrical system NS with power. The
two termnals NP 1, NP2 thus |lie at supply termnals for the source circuit
Q one active part of which 9 is presented, for the sake of sinplic, as the
source g of a . direct current, with filter conmponents, such as an .

i nductance coil and a condenser’ C, being presented as conponents of this -
active part, so that a secondary vehicle electrical system NS wth the
terminals NS1, NS2' is created at its tput. In this case as well, the
current neasuring resistor Rni is connected between the term nal NS2 and

t he conduct or hence the termnal of rho resistor Rmthat faces the

L2, . . .
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an approval for use of a two conductor neasuring device MS intended for use

in a nmeans of transport, especially in a ship, can be granted as foll ows,
i .c, iThefilterizsemBtnentsaredimensitned; conseivedisnd Yidesighed suchstbatithe sehendagyvehiclef
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current roma current |loop, wherein the current originates froma source
ci rcui 6:18P%,land thmsca@éaettqswﬂ@af famifinddmpesardarce Wighithis siandard d st andard

| EC- 1000-4-5, especially the standard MC-1 000-4-5:1995, is supplied with

ower
P On the basis of this inventive design, the twa conductor measuring device MS surprisingly needs only to

be designed such that it cannot be EMV certified for electromagnetic compatibility in accordance with the
valid standard [EC-1000-4-5 5.

Hence, an approval for use of a two conductor measuring device MS intended for use in a means of
transport, especially in a ship, can be granted as follows, i.e. it can be EMV centified 2s follows: When in
use in the means of transport, the two conductor measuring device MS is supplied on-board with eurrent
from a current loop, wherein the current originatesrom a source circuit Q that is certified in accordance
with a valid standard 1EC-1000-4-5, especially ths standerd [EC-1000-4-5:1998, is supplied with power
by a primary vehicle electrical system NP of the means of trangport, and serves to supply a secondary
vehicle electrical system NS with power, The source circuit is in compliance with the test specifications
of the valld standard TEC-1000-4-5 and



by a primary vehicle electrical system NP of the neans of transport, and
.serves to supply a secondary vehicle electrical system NS with power. The
source circuit is in conpliance with the test specifications of the valid
standard TEC-.- 1000.4-5 and 10 will be or is already EW <ertified, in other
words it possesses this approval, for use and/or the corresponding
certificate. Thus the approval for use of the two conductor neasuring
device, in other words its EMWV certificate, is granted in accordance with
the valid standard YEC-1000.4.5 only if@ w thout being EMV certified in
accordance wth the test specifications of the valid standard 111C 1
000-4-5:1995, it wll be used exclusively in the EM/-certified secondary
vehi cl @,]ﬁlueﬁngmﬁdy EMVtcentified, if fthermadidt siissesdef thiguppioval for wee aed/or theo ful fil |
this condition, conductor neasuring device M5 may be equi pped e.g.
wi t h a®orEgap ’§§8?fﬂ€?‘?&ﬁ y di nensioned terninal connecting device. The method
spacifed in the invention for testing the el ectronmagnetic corrpati bility of
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accor ance andar’ 1 or 10 | EC
469-1, e:gammbrtmﬁ:eeEM%-uemﬁcd fevaidaryyehisle elyetricad systemi ofl the/medne of anspant. /o ordeage

surge 4lnS gp4r se of the
open- cije'jﬁt EEﬁl‘vo& a e %ﬁh@%ﬁatﬁwr?ﬂgéﬁﬁég&?se OP%{’]EGO@WP‘E%IY‘CUII current.
A decmkpqngmgb'tdimcdswuai @midﬂﬁbmﬁiﬂnﬁe‘bwthe above- nenti oned standard, for
sinmulating the source circuit Q

The method speeified in the invention for testing the electromagnetic compatibility of the two conductor
measuring devics MS that is intended for use in a means of transport, especially in a ship, is implemented
5 as [ollows (the measuring device MS in this case is also supplied with the above-deseribed current from

the current loop that contains the source circuit Q:

A hybrid generator, especially in accordance with the standard TEC-60-1 or 10 IEC 469-1, generates a
current/voltage surge, especially the current/voltage surge defined in this standard in reference to the
temporal course of the open-circuit voltage and the temporal course of the short-circuit current. A
decoupling network, also defined 15 by the abave-mentioned standard, for simulating the source circuit Q
is connected in outgoing circuit o the hybrid generator, and a two conductor measuring device M$, which
does not satisfy the test specifications of the standard LEC-1000-4-5:1995 is connected in outgoing circuit
to said decoupling network.



is connected in outgoing circuit to the hybrid generator, and a two
~conductor neasuring device M5, which does not satisfy the test
Specifications of the standard | EC-1000-4-5:1995 i s connected in outgoing
circuit to said decoupling network. Il The approval for use in the
secondary vehicle electrical system NS of ‘the neans of transport i's granted
to other two conductor neasuring devices, hence the EMWV certification is
granted them when the tested two conguctor measuri ng devi ce M5 has

wi thstood the test. A test system spé ified in the invention, for testing
the el ectromagnetic conpatibility of a two conductor neasuring device that

is intended for use in a s of trann ort eci al | S
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vehicle electrical system NS, and the two conductor measuri ng devi ce that
is connected in oy cirguit to,t ecou Ii net i b
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wher eloRovemengoSEP GRS apee Y e aceinen vk g paden) fBEY T pE eS|
or i gi NAh&Stingtabave desEritrd Guﬁﬁﬂ%lta(;@urgd;l% deuplinpinctwoddednnectaddo putamzz WI t h a
valid circuit to the hybrid generator and intended for simulating the secondary vehicle electrical system NS, and

the two conductor measuring device that is connected in outgoing eircuit to the decoupling network and is

not certified in accordance with the test speoifications of the valid standard TEC-1000-4-5.



standard | EC 1000-4-5, especially the standard I.EC 1000-4-5:1995, is
supplied with power by a primary vehicle electrical system (NP) of the
" heans of transport, and serves to supply a secondary vehicle electrical
system (NS) with power, and wherein the two conductor heasuring device
(M5) is designed such that it cannot be certified for electromagnetic
conpatibility in accordance with the valid standard | ECG 1000-4-5. 2.
Met hod for testing the el ectromagnetic gonpatibility of a two conduct or
nmeasuring device (M5) that is intendel for use in a nmeans of transport,
especially in a ship, where it is supplied on-board with current froma

current | oop, which originates fr f circuit that is certified in
accordance with a valid standar ﬁ%ﬁWS especially the standard

| EC- 1000-4-5: 1995, is supplied with power by a prinmary vehicle electrical
system (NP) of, th : : port, and serves to supply a secondary
vehi clrné' y@%’éﬁ?““f‘@iﬁnggy'ﬁ"e%("fkl@?% th power, in which nethod a hybrid
gener at or, especiméddgd fon usde e ndarsef ranspivt, tehpecistininddrndhipEC- 60. 1 or |1 EC
469-1, is wused It’(‘g' a decoupl i ng network

for simulating®t %ﬁﬁ%g{l@uﬁ%@ﬁ&? t @’g&%@%ﬁ%@gﬁh}ﬁ%t going circuit to
the hybrid gengr aihgh originates from a source cireuit (Q) that is certified in accordance with a valid
standard TEC 1000-4-5, especially the standard IEC-1000-4-5:1995, is supplied with
power by a primary vehicle electrical system (NP) of the means of transport, and serves
to supply a secondary vehicle electrical system (NS) with power, and
« wherein the two conductor measuring device (MS) is designed such that it cannot be
certified for electromagnetic compatibility in accordance with the valid standard JEC-

1000-4-5.

2. Method for testing the slectromagnetic compatibility of a two ¢conductor measuring device (M8) that is
intended for use in a means of transport, ¢specially in a ship, where it is supplied on-board with current
from a current loop, which originates from a source circuit that is certified in accordance with a valid
standard TEC-1000-4-5, especially the standard [EC-1000-4-5:1995, is supplied with power by a primary
vehicls electrical system (NP) of the means of transport, and serves to supply a secondary vehicle
slectrical system (NS) with power, in which method
0 hybrid generator, especially in accordance with the standard [EC-60+1 or TEC 469-1, is
used to generate a current/voltage surge,
» adecoupling network for simulating the source circuit (Q) is connected in outgoing
circuit to the hybrid generator,



