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METROLOGICAL SUPPORT OF ONBOARD REGULATORS
MEASURING CHANNELS

The subject of research was the development of a compact device that uses an imitator of a torque meter on
the free turbine shaft to provide the metrological support for the development and production of RDC -450M-
117V — the TV3-117VMA-SBML1V digital engine onboard regulator. The purpose of this study was to develop
the torque meter imitator based on information about the real aircraft engine torque meter characteristics, but
without its mechanical part, which is big enough and difficult to manufacture and use during the regulators'
production. The real engine torque meter (which signal it was necessary to imitate) was a combination of the
special free turbine output shaft (measuring shaft) with two inductors on it and a rotor rotation speed sensor
(with frequency outputsignal). The tasks faced by developerswere to investigate the real torque meter operat-
ing principle and its characteristics, first, the output signal characteristics, and to develop an electronic device
thatwould provide the same signal reproduction. The applied methods are the real engine torque meter char-
acteristics theoretical and experimental study on the stands of JSC "Motor Sich™, processing of experimental
data (waveforms of rotor rotation speed sensor) using a quantitative analysis method. The results. The design
documentation and software for the torque meter imitator were developed, and the imitator was made. It is
compact and comfortable to use a two-channel electronic imitator, which provides calibration and testing of
the RDC-450M-117V regulator measuring channelsand can operate in autonomous mode under operator con-
trol or as the engine stand-imitator part (or being connected to a PC with an installed engine mathematical
model) under automatic control by the engine mathematical model. The scientific novelty of the obtained re-
sults is that the engine torque meter output signal was studied in detail and implemented in a compact elec-
tronic imitator that doesnot need a mechanical part similar to a real measuring shaft with two inductors on it
and a rotor rotation speed sensor. The practical significance. As part of the metrological support for the de-
velopment and production of aircraft engine regulators, a new compact, which is comfortable to use as a two-
channel electronic imitator of a torque meter on the free turbine shaft, was developed. The developed torque
meter imitator providesengine regulatorswith production tests. The imitator was verified duringtesting of the
RDC-450M-117V regulator as part of the TV3-117VMA-SBM1V engine.
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Introduction 1. Formulation of the problem

JSC Element (a certified developer and manufac-
turer of aviation equipment components) has developed
and produced the aircraft engines' digital regulators un-
der the technical requirements (Statements of work) of
SE Ivchenko—Progress and JSC Motor Sich for about a
quarter of a century. The important task is to provide
the test base availability and metrological support for
this activity. Specialists of Element JSC have always
paid attention to this task, including developing special-
ized testing equipment, such as stands with built-in en-
gines mathematical models provided engine imitation
during digital regulators tests [1, 2].

The important part of such test equipment is the
engine transducer imitators, which provide the regula-
tors with measuring channels calibration [3].

By 2021, the equipment specially designed and
manufactured at Element JSC included a stand that sim-
ulated all the engine sensors with which by that time the
electronic engine regulators being developed at the en-
terprise needed to interact. These were, in particular,
meters of:

—rotor rotation speed (with frequency output signal);

—gas temperature (thermocouples);

—oil temperature (thermal resistance);

—angular position of the dosing element (sensors
45D-32 — linear rotating transformers);

—the angle of installation of the common propeller
pitch (DBSKT sensors, the information signal of which
is the ratio of voltages on the sine and cosine windings);
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—vibration level (piezoelectric sensor, the conver-
sion function is described as a directly proportional de-
pendence of the electric charge Q at the output on the
vibration acceleration amplitude o at the sensorinput).

But for the new regulator RDC-450M-117V,
whose development began at the end of 2021 [4], the
list of measuring channels was not limited to the men-
tioned types of sensors. The task was set to process the
torque sensorsignal.

The device on the engine, used for torque meas-
urement, is the combination of the special free turbine
output shaft (measuring shaft) with two inductors on it
and a rotor rotation speed sensor (with frequency output
signal). One of the two inductors is installed on the un-
loaded part of the measuring shaft (on the so-called
screen), and the other is installed on the loaded part
(spring). This arrangement of the inductors leads to the
fact that when the shaft rotates, an additional angular
displacement occurs between adjacent teeth of the in-
ductors, reflecting the shaft twist angle, and therefore
proportional to the value of the torque on the shaft:

Mtor= k(th-

Thus, the indicated additional angular displace-
ment is in this case an informative parameter, which is
converted into an electrical signal by the rotation speed
sensor.

Of course, making an imitator of the described
torque meter, which would have a mechanical part iden-
tical or close to the real one, would be a difficult task.
But even if manufactured, such an imitator would not be
convenient to use when calibrating and testing the
measuring channels of the regulator under mass produc-
tion conditions.

Thus, imitation of the mechanical part of the meter
was not considered relevant and the developers of Ele-
ment JSC were faced with the task of developing an
electronic device (with built-in software) that would
allow the generation of an electrical signal identical to
the signal from a real speed sensorat given values of the
shaft twist angle.

2. Results

The appearance of the developed imitator is shown
in Figure 1. This two-channel torque sensor imitator is
appropriate for use as an autonomous module or as an
engine stand-imitator part, or being connected to a PC
with an installed engine mathematical model.

When working in autonomous mode, the operator
is allowed to set the required value of the shaft twist
angle ow (thereby setting the torque value) by rotating

the encoderhandle and observing the indicator readings.

When an imitator works as an engine stand-
imitator part or is connected to a PC with an installed
engine mathematical model, this model provides the
automatic angle setting.

The block diagram of the imitator is shown in Fig-
ure 2. Information about the required (set) twist angle
value is supplied to the microcontroller either from the
encoder (in autonomous mode of imitator operation) or
from the stand-imitator (or from PC). The RS-232 driv-
er provides exchange with a stand-imitator or with a PC.
The microcontroller, thanks to the specially developed
software installed onit, processes the incoming data and
generates the corresponding signals. From the outputs of
the digital-to-analog converters (DAC) of the first and
second channels, the signals are supplied to amplifiers
and then through transformers (serving for galvanic
isolation) to the imitator output (and then, accordingly,
to the input of the regulator being tested).

Every of two equal output signals arrives at the
regulator input.

Fig. 1. Imitator appearance

The imitator output signal is shown in Figure 3 (it
is illustration for clarify the principle and we do not
indicate the numbers on the axes). It reproduces the re-
sponse of the rotor speed sensor when the teeth of each
of the two inductors mentioned above sequentially pass
over it.

These are two sequentially repeating quasi-
sinusoidal oscillations with an interval (pause) between
them. The duration of the interval depends on three fac-
tors:

—rotation speed of the measuring shaft;
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—the value of the initial angular displacement be-
tween adjacent teeth of the inductors, which is deter-
mined by the design and is constant;

—the value of the additional angular displacement,
thatis, the shaft twist angle, and depends on the torque.

Shaft twist angle ¢w can be calculated as the fol-
lowing:

Otw = (T1/T%) Pz — Qinit,

where 11 — first oscillation duration (see Figure 3);

Ty — oscillations duration sum;

¢z — the angle between the inductor teeth (is equal
to 360° divided by the number of inductor teeth);

einit — Initial angular displacement between adja-
cent teeth of the inductors.

Thus (taking into account the above formula), to
check the compliance of the output signals with a given
twist angle using a standard verified oscilloscope, it is
enough to determine the ratio t1/ty, which ensures the
availability of monitoring the suitability of the imitator
at almost any time.

The manufactured torque meter imitator has suc-
cessfully passed the verification by comparing the cali-
bration results of the RDC-450M-117V measuring
channels and the measurement results when testing this
regulator as part of the engine.

Conclusion

1. As part of the metrological support for the de-
velopment and production of aircraft engine regulators,
a new imitator has been developed, namely an imitator
of a torque meter on the free turbine shaft.
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Fig. 3. Outputsignal graphs — the top graph corresponds
to the absence of shaft twisting, i.e. zero angle, bottom
graph — twist angle 2° underthe same rotation speed
of the measuring shaft

2. A compact comfortable in using two-channel
electronic imitator provides calibration and testing of
the RDC-450M-117V regulator measuring channels and
can operate:

—in autonomous mode under operator control;

— as the engine stand-imitator part (or being con-
nected to a PC with an installed engine mathematical
model) under automatic control by the engine mathe-
matical model.

3. The checking imitator metrological characteris-
tics is provided using standard measuring equipment.

Torque sensor imitator
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Fig. 2. Block diagram of the developed two-channel imitator
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4. The developed torque meter imitator was veri-
fied during the testing of the RDC-450M-117V regula-
tor as part of the TV3-117VMA-SBM1V engine.
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METPOJIOT'TMHE 3ABE3IIEYEHHS BHUMIPIOBAJIb HUX KAHAJIIB
BOPTOBHUX PEI'YJIATOPIB

A. I'. Bypauenxo, /. C. Bypynos,
B. O. Bacwkosuu

ITpeomemom Oocniorncenna ctama po3poOKa KOMIIAKTHOTO, 3pyYHOTO Y BHKOPHCTAHHI IMiTaTOpa BHUMiproBada

KPYTHOTO MOMCHTY Ha BUILHOMY Baily TypOiHM I METpOJIOTIYHOTO 3a0e3NedeHHs po3pOOKH Ta BHPOOHHIITBA
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P/IIT-450M-117B — umdpoBoro OGoprtoBoro peryysitopa mpuryHa TB3-117BMA-CEMIB. Memoio pooomu Gyna
po3poOKa iMiTaToOpa BEUMIipIOBaya KpyTHOTO MOMEHTY Ha OCHOBI iH(opMaIlii mpo XapaKTepUCTHKH PealbHOIO BHM i-
pIoBaua KpyTHOTO MOMEHTY aBialliifHOrO IBUIYHA, ajie 6e3 HOro MexaHiuHOi YaCTMHM, JOCHUTh BEIUKOI Ta CKIAIHOT
y BUTOTOBJEHHI Ta BUKOPHCTAHHI IIPH BUTOTOBIEHHI perynsaTopiB. CnpaBa B TOMy, IO CIPaBXKHill BUMipioBad Kpy-
THOTO MOMEHTY JBUTYHA (CHUTHAJ SIKOTO MOTPiOHO OyIJO iMiTyBaTH) € KOMOIHAI€I0 CTEMiaTbHOTO BUIGHOTO BUXiJI-
HOTO BaJy TypOiHM (BUMIpIOBAJBFHOTO Bally) 3 BOMa iHAyKTOpaMH Ha HHOMY i JaT4HKa IIBUIKOCTI OOCpTaHHS pO-
Topa (3 YaCTOTHUM BHXTHHUM CHTHAlOM). 3@@0aHHsa, MO CTOSIN Tepex po3pOoOHHWKaMH, MOJATAIN B JIOCIIDKCHHI
HNPUHIUIY POOOTH peasbHOTO BUMIpIOBaua KPYTHOTO MOMEHTY Ta HOTO XapaKTCpUCTHK, B IIEPIIy Yepry XapakTep u-
CTUK BHXIHOTO CHTHAJy, Ta PO3POOKM €JIEKTPOHHOTO NPHUCTPOIO, 10 3a0e3Meuye BiITBOPEHHS TAKOTO X CUTHAIY.
Memoou: TeopeTHYHE Ta €KCHEPUMEHTAIBHE JOCIIDKCHHS XapaKTepHCTUK BHMIproBaya peajbHOro KPYTHOTO MO-
MeHTy mBuryHa Ha cteHgax BAT «Motop Ciu», 06poOka ekCIepuMeHTaIbHUX JaHHUX (OCIIIOrpaM JaT4MKa ILIBU I-
KOCTi 00epTaHHS pPOTOpPA) METOJIOM KUTbKICHOTO aHanizy. Pesynsmamu. Po3po6iieHO KOHCTPYKTOPCHKY JOKyMEHTa-
Iif0 Ta TporpaMHe 3a0e3MeueHHd Il IMiTaTopa BEMipioBadya KPYyTHOTO MOMEHTY Ta BHTOTOBJIEHO iMiratop. lLle
KOMIIaKTHHH, 3pyYHHH y BHKOPHCTAHHI JBOKAaHAJIBHUH EJNEKTPOHHUH iMiTaTOp, IO 3a0e3meuye KamiOpyBaHHS Ta
MepeBipKy BUMIPIOBAILHUX KaHaTiB perymsatopa PJI[-450M-117B i 3maTHuii mpaifoBaTd B aBTOHOMHOMY PEXHUMi
i KepyBaHHSIM omepaTopa abo y CKiaji CTeHAa-iMiTatopa ABHTryHa (abo migkmouatouuch a0 11K i3 BcTaHOBIEHOIO
MaTeMaTHYHOI0 MOJEJUIIO JBUI'YHA) ITiJ aBTOMAaTHYHUM KEPYBAaHHSAM 3a MaTeMaTH4YHOIO MOJENo ABUryHa. Hayko-
6a HOGU3HA OTPUMAHMUX pPE3yJbTaTiB: JETATBHO MNOCIDKEHO BHUXTHMH CHUTHAll BUMIpIOBada KPYTHOTO MOMEHTY
JIBUTYHA 1 peai30BaHUH B KOMITAKTHOMY €JEKTPOHHOMY IMITaTopi, mo He MoTpedye MeXaHIYHOI YaCTHHH, aHaJOTi-
9HOi peaJbHOMY BHMIPIOBAJEHOMY Bally 3 JBOMA IHAyKTOpaMH Ha HBOMY i JaTIMKOM IIBHAKOCTI 0OCpTaHHS POTO-
pa. IIpakmuune 3nauenns. Y paMKax METPOJIOTIYHOTO 3a0€3MEUEHHS PO3pPOOKM Ta BHPOOHHITBA DPEryJSITOPIB
aBiallifHUX JBUTYHIB pO3pO0JIE€HO HOBHUH KOMIIAKTHHMA, 3pYUYHUH y BUKOPHUCTAHHI JIBOKAHAJbHUU ENEKTPOHHUHU iMi-
TaTOp BUMipIOBada KPyTHOTO MOMEHTy Ha BUIbHOMY Baily TypOinu. Po3poOnenuii imitatop BUMiproBada KpyTHOTO
MOMEHTy 3a0e3nedye 3aBOJCHKI BHIPOOYBAaHHS pEryJsTOpiB ABUTYHA. IMiTaTtop BepidikoBaHHH IMpH BHIPOOYBaH-
Hax perymitopa PAI-450M-117B y cxmani meuryna TB3-117BMA-CEM1B

KirrouoBi ciioBa: KOMIUTEKTyI0di BUpOOHM aBiaIlifHOT TEXHIKH; peryJsiTop IBUTYHA; KaHAJI BHMIPIOBaHHSI KpYyT-
HOTO MOMEHTY.
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