wo 20187130349 A2 | 0E 00O R A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation > 0 0 0 0 00 0 0
International Bureau —/) (10) International Publication Number
(43) International Publication Date = WO 2018/130349 A2
19 July 2018 (19.07.2018) WIPO | PCT

(51) International Patent Classification: Published:

GOIK 7710 (2006.01) GO1K 7/02 (2006.01) _“ lfvifhout international search report and to be republished
(21) International Application Number: upon receipt of that report (Rule 48.2(g))

PCT/EP2017/081822

(22) International Filing Date:
07 December 2017 (07.12.2017)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
17151432.6 13 January 2017 (13.01.2017) EP

(71) Applicant: IDT EUROPE GMBH [DE/DE]; Grenzstrasse
28, 01109 Dresden (DE).

(72) Inventors: RIEDEL, Stefan; Bahnhofstrasse 1b, 01458
Ottendort Okrilla (DE). KAUERT, Reinhard; Friedrich-
Engels-Strasse 21, 01458 Medingen (DE).

(74) Agent: ADLER, Peter; LIPPERT STACHOW, Patentan-
wilte Rechtsanwalte Partnerschaft mbB, Krenkelstrasse 3,
01309 Dresden (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: FAILURE TOLERANT THERMOS-VOLTAGE ACQUISITION FOR THERMOCOUPLE APPLICATIONS

(57) Abstract: The invention discloses a method for acquisition of failure tolerant thermo-voltage in a thermocouple sensor. The object
of the invention to provide a method that can compensate an insulation resistance to ground fault will be solve by a method comprising
the following steps: performing four ditferent voltage measurements by measuring at two ditferent common mode voltage levels, each
at a positive and a negative current polarity, resulting in four different measurement values nl, pI, nll and pll, calculating a compensated
thermo-voltage VTC_comp using nl, pI, nll and pll by a digital signal processing, whereas the compensated thermo-voltage VTC_comp
is independent from a local occurrence of an insulation resistance fault along a sensor wire of the thermocouple sensor.



10

15

20

25

WO 2018/130349 PCT/EP2017/081822

Failure tolerant thermos-voltage acquisition for

thermocouple applications

The invention discloses a method for acquisition of failure

tolerant thermo-voltage in a thermocouple sensor.

The automotive industry employs thermocouple temperature
transmitters to monitor temperatures on the exhaust system.
A thermocouple is fabricated by joining two dissimilar
metals. The junction of the two dissimilar metals produces a
small voltage that is related to its temperature. This is
known as Seebeck effect. The Seebeck voltage (so called
thermo voltage) 1is measured as a difference voltage across
the two thermocouple sensor wires and translated into a
temperature signal by a measurement and acquisition system.
This kind of temperature measurement is sensitive against

two typical system fault effects that often occur in a

field:

1. Thermocouple sensor degrades or changes it
resistance;

2. Insulation resistance to ground potential decreases.

This system faults are detected by the measurement system
whereon it usually indicates that the temperature signal is
not reliable any more. Different methods for fault detection
are established and are not part of this invention. So US
6,556,145 Bl describes a method how to detect a degraded

thermocouple sensor that changes its resistance.
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As automotive temperature measurement becomes more important
for engine control there is an increasing need to provide a
reliable temperature signal that is robust against the

typical system faults.

US 6,556,145 Bl claims that the diagnostic signal is used to
calculate a compensated temperature output signal. In terms
of US 6,556,145 Bl the diagnostic signal is related to the
thermocouple resistance itself but not to an insulation

resistance to ground fault.

Today there is no state of the art method publicized that
compensates an insulation resistance to ground fault. It is
therefore the object of this invention describes a method
how to compensate this type of system fault to increase the

reliability of the measurement system.

An insulation resistance fault can be caused by the
mechanical construction of the sensor. So most thermocouple
sensors have a characteristic to decrease its insulation
resistance to ground especially at high temperatures what
will result in a wrong temperature output. A low insulation
resistance can also be caused by a faulty sensor system

installation.

If the thermocouple sensor wires have an insulation
resistance fault to ground the measured thermo voltage is
changed that leads to a wrong temperature output. This
voltage change is caused by the current flowing through the
insulation resistance to ground and dropping across any
ohmic resistance of the sensor network connected to the
measurement system. The network resistance includes

contacts, sensor wires and EMC-filter components if
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available.

The object of the invention will be solved by a method for
acquisition of failure tolerant thermo-voltage in a
thermocouple sensor comprising the following steps:

- performing four different voltage measurements by
measuring at two different common mode voltage levels, each
at a positive and a negative current polarity,

— resulting in four different measurement values nI, pI, nII
and pII,

- calculating a compensated thermo-voltage Vic come using nI,
pI, nII and pII by a digital signal processing,

whereas the compensated thermo-voltage Vic comp 15 calculated
as follows: Vic comp = 2*M1 - M2, whereas M1 = (nI+pI)/2, M2 =
nII+pII)/2 and whereas the compensated thermo-voltage Vic comp
is independent from a local occurrence of an insulation
resistance fault along a sensor wire of the thermocouple
sensor. Therefore, the failure tolerant thermos-voltage
acquisition method is used to eliminate the voltage caused
by insulation resistance fault from the measured
differential voltage. The acquisition method is a
combination of voltage measurement and digital signal

processing of the measurement results.

In order to execute the inventive method the voltage
measurements are performed by a differential amplifier with
a positive and a negative input and a common mode voltage
buffer connected to the positive or the negative input of
the differential amplifier in order to provide the two
common mode voltage levels (I, II) with a positive (p) or a
negative (n) current polarity, depending on whether the

buffer is connected to the positive (p) or the negative (n)
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input of the differential amplifier.

The four voltage measurement values are measured as follows:

nl = VqctVq, (a)
Pl = Vic=Vy, (b)
nIl = Vg+V, and (c)
PIl = Vic—Vy, (d)

whereas nlI is performed at a first common mode voltage level
with a negative current polarity, nII is performed at a
second common mode voltage level with a negative current
polarity, pI is performed at the first common mode voltage
level with a positive current polarity and pIl is performed
at a second common mode voltage level with the positive
current polarity, whereas V; is a voltage drop over a first
sensor wire network, V; i1s a voltage drop over a second senor
wire network and Vic is the thermo-voltage of the
thermocouple sensor. The four different voltage measurement
results nI, pI, nII, pII are realized with four different
single measurements which differ in common mode voltage
level and current polarity. This is shown in the measurement

setup of figures 1 to 4.

The required compensated thermo-voltage Vic comp 18 calculated

as follows:

Vic comp = 2*M1 - MZ, (eg. 1)
whereas

ML = (nI + pIl)/2, (eq. 2)

M2 = (nII + pII)/2. (eg. 3)

So, the intermediate calculations (eq. 2) and (eg. 3) are
based on four different voltage measurement results nI, pI,
nII and pII. With relation (eg. 1) the acguisition method is

independent from the local occurrence of the insulation
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resistance fault along the sensor wires.

The intermediate calculations can also be expressed by
Ml = Vi + Vorr and (eg. 2%)
M2 = Ve + 2*%Vayy, (eg. 3%)
with V.,r as an error voltage caused by the insulation
resistance fault. The error voltage is calculated by the
measured voltages V; and V, of the voltage drop over a first
sensor wire network, and the voltage drop over a second

senor wire network, respectively. So

Verr = (Vl_v2)/2 (eq. 4)

In an embodiment of the present inventive subject-matter the
thermocouple in a thermocouple sensor is of type K or type

N.

And to finalize the measurement set-up of the independent
failure tolerant thermos-voltage acquisition the two
different common mode voltage levels are at Vg and 2*Vy4

provided by the common mode voltage buffer.

The invention will be explained in more detail using

exemplary embodiments.

The appended drawings show

Fig. 1 Measurement configuration for determine nI;
Fig. 2 Measurement configuration for determine pI;
Fig. 3 Measurement configuration for determine nII;
Fig. 4 Measurement configuration for determine pII.

Figure 1 shows the measurement configuration for determine
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the amplifier input voltage nI, if the common mode voltage
level is V5 (as a first common mode voltage level) provided
by the common mode voltage buffer and a negative current
polarity, because the common mode voltage buffer 2 is
connected to the negative input of the differential
amplifier 1. The current I; in a first sensor network wire is
different to zero, whereas V; as a voltage drop over this
first sensor network wire can be measured. The current I, in
a second sensor network wire is zero, so V, as a voltage drop
over this second sensor network wire is also zero.
Therefore, nlI = V¢ + V. If no insulation resistance to
ground potential - a fault in the thermocouple sensor - is
present the differential voltage of the differential

amplifier is Vy and is equal to the thermos-voltage itself.

Figure 2 shows the measurement configuration for determine
the amplifier input voltage pI, if the common mode voltage
level is Vg4 (as a first common mode voltage level) provided
by the common mode voltage buffer and a positive current
polarity, because the common mode voltage buffer is
connected to the positive input of the differential
amplifier. The current I, in a first sensor network wire is
zero, whereas Vi as a voltage drop over this first sensor
network wire is also zero. The current I, in a second sensor
network wire is different to zero, so V; as a voltage drop
over this second sensor network wire can be measured.

Therefore, pl = Vi — Vs

Figure 3 shows the measurement configuration for determine
the amplifier input voltage nII, if the common mode voltage
level is 2*V4 (as a second common mode voltage level)

provided by the common mode voltage buffer and a negative
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current polarity, because the common mode voltage buffer is
connected to the negative input of the differential
amplifier. The current I, in a first sensor network wire is
different to zero, whereas V; as a voltage drop over this
first sensor network wire can be measured. The current I, in
a second sensor network wire is zero, so V, as a voltage drop
over this second sensor network wire is also zero.

Therefore, nlIl = Vi + V.

Figure 4 shows the measurement configuration for determine
the amplifier input voltage pII, if the common mode voltage
level is 2*V, (as a second common mode voltage level)
provided by the common mode voltage buffer and a positive
current polarity, because the common mode voltage buffer is
connected to the positive input of the differential
amplifier. The current I, in a first sensor network wire is
zero, whereas Vi as a voltage drop over this first sensor
network wire is also zero. The current I, in a second sensor
network wire is different to zero, so V; as a voltage drop
over this second sensor network wire can be measured.

Therefore, plIl = Vi - Vs

With the four measurement configurations four different
amplifier input voltages are provide. With these results two

intermediate calculations can be performed

ML = (nI + pI)/2 = Vi + Verr (eq. 2, 2%)

M2 = (nII + pII)/2 = Vi + 2%Verr (eq. 3, 3%)
Whereas

Verr = (V1-V3) /2 (eq. 4).

The failure compensates thermos-voltage is then calculates

according to
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VTcicomp = 2*M1 - M2 (eq. 1) .

As one can easily see form the equations above, the
compensated thermo-voltage Vic cone 1S independent from a local
occurrence of an insulation resistance fault along a sensor

wire of the thermocouple sensor.

The above mentioned measurements represents the following
variables: V. 1s the error voltage caused by an insulation
resistance 6 fault, V, is the differential voltage at the
amplifier input and therefore the thermos-voltage if no fault is
present, Vic comp 1s the compensated thermos-voltage if a fault is
present, V; is the voltage drop over a first sensor wire network 3
in the present set-up configuration on the right side and V, is
the voltage drop over a second sensor wire network 4 in the
present set-up configuration on the left side, V, is the ground
bounce voltage level and V, is the common mode voltage provided by
the commom mode voltage buffer 2, Ry, is the ohmic resistance of
the sensor network 3 on the right side of the measurement
configuration and Ry, is the ohmic resistance of the sensor network
4 on the left side of the measurement configuration. R;,, is the

insulation resistance 6 to ground and GND is the ground potential.
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Failure tolerant thermos-voltage acquisition for

thermocouple applications

Reference signs

differential amplifier

common mode voltage buffer

first sensor wire network

second sensor wire network

thermo-voltage of the thermo-couple sensor
insulation resistance

sensor wire

Sensor wire

positive input of the differential amplifier
negative input of the differential amplifier
differential voltage at the amplifier equal the
thermos-voltage if no fault is present

first common mode voltage level

second common mode voltage level



10

15

20

25

WO 2018/130349 PCT/EP2017/081822

10

Failure tolerant thermos-voltage acquisition for

thermocouple applications

Method for acquisition of failure tolerant thermo-
voltage in a thermocouple sensor comprising the
following steps:

— performing four different voltage measurements by
measuring at two different common mode voltage
levels, each at a positive and a negative current
polarity,

— resulting in four different measurement values nI,
pI, nII and plI,

- calculating a compensated thermo-voltage Vic comp USing
nI, pI, nII and pII by a digital signal processing,

whereas the compensated thermo-voltage Vic comp 1S

calculated as follows: Vic comp = 2*M1 - M2, whereas M1l =

(nT+pI) /2, M2 = nII+pII)/2 and whereas the compensated

thermo-voltage Vic comp 15 independent from a local

occurrence of an insulation resistance (6) fault along

a sensor wire (7, 8) of the thermocouple sensor.

Method for acquisition of failure tolerant thermo-
voltage according to claim 1, whereas the voltage
measurements are performed by a differential amplifier
(1) with a positive (p) and a negative (n) input and a
common mode voltage buffer (2) connected to the
positive (p) or the negative (n) input of the

differential amplifier (1) in order to provide the two
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common mode voltage levels (I, II) with a positive (p)
or a negative (n) current polarity, depending on
whether the buffer (2) is connected to the positive (p)
or the negative (n) input of the differential amplifier

(1).

Method for acquisition of failure tolerant thermo-
voltage according to one of the claims 1 or 2, whereas
the four voltage measurement values are calculated as
follows: nlI = VictVy, pl = Vic—V,, nIl = VectV, and pllI =
Vre=V,, whereas nlI is performed at a first common mode
voltage level (I) with a negative current polarity, nII
is performed at a second common mode voltage level (II)
with a negative current polarity, pl is performed at
the first common mode voltage level (I) with a positive
current polarity and pIl is performed at a second
common mode voltage level (II) with the positive
current polarity, whereas V; is a voltage drop over a
first sensor wire network (3), V; is a voltage drop over
a second senor wire network (4) and Vic is the thermo-

voltage (5) of the thermocouple sensor.

Method for acquisition of failure tolerant thermo-
voltage according to claim 4, whereas Ml = VictVerr and
M2 = Vic+2*Verr, with Ve.r as an error voltage caused by

the insulation resistance (6) fault.

Method for acquisition of failure tolerant thermo-

voltage according to claim 4, whereas V.., = (V1I-V2)/2.

Method for acquisition of failure tolerant thermo-
voltage according to claim 1, whereas the thermocouple

in a thermocouple sensor is of type K or type N.
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7. Method for acquisition of failure tolerant thermo-
voltage according to one of the claims 1 and 2, whereas
the two different common mode voltages are V,; and 2*Vg

provided by the common mode voltage buffer (2).
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