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The subject of research was the development of the RDC-450M-117V — the TV3-117VMA-SBML1V digital en-
gine regulator — based on the RDC-450M previously created at the enterprise for the Al-450M engine, consid-
ering differences in engine characteristics and exploitation conditions. The work purpose was to develop
RDC-450M-117V based on information about aircraft engine characteristics, including refinement of its math-
ematical model based on experimental data, taking into account the exploitation condition difference. The
tasks faced by the developers were to determine the optimal regulator structure in view of exploitation condi-
tions, refine the mathematical model of the engine, and study the characteristics of the pump-regulator, to se-
lect the optimal processing form for the signal of rotation sensors for torque measurement. The methods that
were applied were experimental engine and pump-regulator characteristics study on the stands of JSC "Ele-
ment", JSC "Motor Sich", and on pump-regulator manufacturer’s stands,; processing of experimental data us-
ing numerical simulation with subsequent statistical analysis. The rotation sensors signals experimental data
(waveforms) were studied using a quantitative analysis method. The results. Design and software documenta-
tion was developed considering the requirements of international standards DO-254 and DO-178C, and a pro-
totype of the regulator new modification was made. The engine mathematical model was refined, on the basis
of which the stand-imitator of aircraft engines was finalized for a new type of engine. An adaptive algorithm
for controlling the pump-regulator was developed, which made it possible to ensure stable maintenance of fuel
consumption, despite the unstable operation of the pump-regulator. Using a quantitative analysis of the torque
sensor signal waveforms, characteristic points were found that ensure the choice of the optimal level of com-
parison (measurement). The pilot regulator prototype passed tests including electromagnetic compatibility and
lightning resistance in specialized laboratories in Ukraine. The regulator was tested as part of the engine at
the Motor Sich JSC stands and as part of a helicopter at the foreign customer site, including the first demon-
stration flight. The scientific novelty of the obtained results are: the clarified engine TV3-117VMA-SBM1V
mathematical model was formed and implemented in a stand-imitator; the adaptive algorithm for controlling
the pump-regulator was formed and allowed to provide stable fuel consumption maintenance, despite the
pump-regulator unstable operation; and the optimal processing form for the signal of rotation sensors for
measuring torque was selected. Practical significance. A new engine regulator was developed and tested, and
it provided the first helicopter demonstration flight.
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tions of digital engine regulators — RDC blocks. These
are both purely technical tasks, as well as organizational

Introduction

The aircraft engines digital regulators developing
and serially produced by JSC Element are the main el-
ements of automatic control systems for a number of
engines developed by SE Ivchenko-Progress and JSC
Motor Sich. These are such engines as for example the
Al-450 (Mi-2M helicopter and Mi-2MSB), Al-450V
(Mi-2MSB-V helicopter), Al-450S (DART-450 air-
craft), MS-500V-02S, as well as an unmanned aerial
vehicle engine [1, 2].

The experience accumulated over more than two
decades in the development, testing and manufacture of
regulators allows Element JSC, a certified developer
and manufacturer of aircraft components, to solve in-
creasingly complex problems of creating new modifica-

and methodological issues, due, among other things, to
the requirements of foreign customers, cooperation with
which has been expanding in recent years. Thus, during
the development of the RDC-450M-117V regulator for
the TV3-117VMA-SBML1V engine (which is currently
being ended) at the request of a foreign customer (heli-
copter developer) in addition to the previously mandato-
ry procedures, regulated by Qualification Requirements
DO-178, development procedures were introduced
(more precisely, the order of their documentation) ac-
cording to DO-254 "Design assurance guidance for air-
borne electronic hardware". This DO-254 implementa-
tion is reflected in [3]. The purely technical side of this
development is covered in this article.
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1. Formulation of the problem

The development of the RDC-450M-117V regula-
tor, based on the previously tested the development of
previous modifications of the RDC-450M regulators
family and the design, circuitry, software and techno-
logical solutions that confirmed the effectiveness, re-
quired to take into account:

—differences in the characteristics of external in-
fluencing factors, especially more stringent require-
ments in terms of electromagnetic compatibility, allow-
able power failures and lightning resistance;

—the need to refine the mathematical model of the
engine and study the characteristics of the pump-
regulator, which required a series of tests as part of the
engine to obtain initial data for integration into the
stand-imitator [4] and algorithms control refinement;

—the need to use an adaptive control algorithm for
the pump-regulator (which was revealed by the results
of a study of its characteristics);

—requirements for a significant expansion of the
memory capacity of the parameter recorder, which is
impossible without changing its hardware base, and in
addition led to the adoption of measures for some reor-
ganization of data reading;

—new concerning what all previous models of the
RDC-450M family worked with (although it has been
known for a long time), a method for measuring torque
using rotation sensors.

2. Results

The appearance of the RDC-450M-117V prototype
manufactured and passed to date series of tests (includ-
ing electromagnetic compatibility tests, as well as tests
as part of the engine and as part of the helicopter) is
shown in Figure 1. The regulator body design is similar
to that of the base model [1], but slightly differs in pro-
portions. The modular structure and basic technological
solutions have been preserved. However, the element
base has undergone certain changes — partly due to the
constant updating of proposals on the market for com-
ponents of electrical radio elements, but mainly due to
changes in the requirements for resistance to external
influencing factors.

So, for example, in terms of the indirect impact of
lightning, according to section 22.0 of the DO-160G
Qualification Requirements, the category A3J3L3 is set,
which, among other things, provides for verification by
the contact input method with a test level of 600 V / 24
A, while for the previous blocks the test level was nor-
malized 250V/10A.

In specialized laboratories in Kharkov, a prototype
of the RDC-450M-117V regulator was tested for com-

pliance with the requirements for:

—the regulator as a receiver of electricity — Sec-
tions 16.0, 17.0 and 18.0 of DO-160G;

—electromagnetic compatibility — Sections 19.0,
20.0 and 21.0 of DO-160G;

— susceptibility to electrostatic discharge — Section
25.0 DO-160G;

—indirect effects of lightning — section 22.0 of
DO-160G.

Since the characteristics of the electric cable have
a significant impact on the resistance of the product to
the above effects, to fully reproduce the real operating
conditions, the tests were carried out with the original
helicopter cable received from a foreign customer. It
should be noted that the tests revealed shortcomings in
the shielding of the cable.

Fig. 1. RDC-450M-117V appearance

As for the regulator, incomplete compliance with
the requirements of sections 20.0 (at some frequencies
of the required range, the susceptibility of the RDC-
450M-117V regulator exceeded the permissible level)
and 22.0 DO-160G (exposure to the contact input by the
above mentioned level of 600 V / 24 A damaged some
elements of the input circuits). For the rest of the tests
regulator passed successfully.

To date, measures have been worked out to elimi-
nate the identified inconsistencies, the necessary regula-
tor circuit adjustments have been determined and, based
on the results of the search, new components of the
electroradioelements have been selected, namely:

—elements for finalizing input circuits, resistant to
contact input 600 V / 24 A, the installation of which,
instead of the previously used ones, will provide the
required level of lightning resistance according to sec-
tion 22.0 of DO-160G;

—electrical connectors with integrated filters that
provide interference suppression at frequencies that
turned out to be critical for the regulator and at the same
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time are resistant to other specified influences, including
testing with a 600 V / 24 A contact input, which will
allow to achieve full compliance with the requirements
for radio frequency susceptibility according to section
20.0 DO-160G.

When checking the fulfillment by the regulator of
the main functions for its intended purpose, Element
JSC already traditionally uses an aircraft engine stand-
imitator [4]. Verification of the mathematical model
built into the stand is carried out by comparing the test
results of the regulator on the stand-imitator and as part
of the engine on the stand for engine tests. According to
the test results, it turned out that the mathematical mod-
el previously provided by the engine developer required
the adjustment of several essential details. Thus, the
throttle characteristics of the model were refined, and
the model dynamic block was refined in terms of calcu-
lating the free turbine rotation speed ng, taking into ac-
count non-linear and non-stationary relationships with
the turbocharger rotation speed n«. The dynamic mod-
el’s adequacy was assessed both qualitatively (the form
and nature of transient processes, inflection points) and
quantitatively (the time of transient processes, the mag-
nitude of overshoots and dips, etc.).

The pump-regulator characteristics study (carried
out at the site of the pump developer and at the stand of
Motor Sich JSC), as well as the interaction of the pump

60 T T T

with the RDC-450M-117V regulator, revealed that the
commonly used proportional-integral-derivative (PID)
controller is not the optimal solution, because of the
difference between pumps characteristics and the nomi-
nal. Additionally, characteristics spread from specimen
to specimen (as illustrated in Figure 2) exceeded an ac-
ceptable level, including:

—the dead zone was either noticeably wider than
the nominal one, or turned out to be asymmetric con-
cerning the zero value of the control current (shifted) -
Figure 2;

—the change rate of the damper opening angle at a
constant current value changed in time.

This situation forced the use of an adaptive algo-
rithm for controlling the pump-regulator. The algorithm
consists in the fact that during the transition between
steady-state modes, the control current is formed taking
into account not only the deviation of the present value
of the fuel consumption from the set value, but also tak-
ing into account the tracked dynamics of the change in
the regulated flow.

The method of torque measurement using rotation
sensors chosen by the engine developer required chang-
es to the corresponding measuring channel of the regu-
lator. All previous modifications of the RDC-450M
“dealt” with a relatively simple measurement of the DC
voltage value from the Pixm sensor.
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Fig. 2. Comparison of experimentally obtained characteristics three two-channel pump-regulators
with a nominal characteristic
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But the RDC-450M-117V regulator needs to determine
the “distortion” of the quasi-sinusoid period (phase
shift) as an informative signal, reflecting the angle of
shaft twisting, against the background of a change in its
period (and amplitude), proportional to the speed of
rotation of the shaft. This, firstly, meant much more
stringent requirements for the polling frequency, and
secondly, it required additional experimental data to
select measurement points on the sinusoid, that is, to
determine the front of the sinusoid and the signal level
concerning the amplitude (comparison level).

The comparison level search was performed by
points for which the second derivative of the voltage
concerning time is equal to zero. As for the front choice,
when studying the signal received from the torque me-
ter, it turned out that due to the specific design of the
inductors kinematically connected to the loaded and
unloaded parts of the output shaft of the free turbine
(measuring shaft), the leading edge of the quasi-sinusoid
undergoes a noticeable distortion, in contrast to the
stress decline section. The graph of Figure 3 illustrates
the above, in which numbers 1 and 2 conventionally
denote the pulses from the two inductors mentioned
above and mark the points with a zero second derivative
of the voltage versus time function.

Based on the results of the analysis, the level of
0.55 from the current value of the amplitude in the de-
scending sections of the curve was selected as providing
the best result.
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Fig. 3. lllustration of the selection of the level
and the front of comparison (measurement) points

The built-in registrar of the RDC-450M-117V pa-
rameters has a significantly larger amount of memory
compared to previous modifications of the RDC-450M
family of regulators, which is achieved through the use
of a new element base. This, in its turn, led to measures
to increase the speed of reading data from the recorder,
in particular, replacing the ARINC 429 interface with
RS-422 in the technological data transmission channel
(ARINC 429 is retained for the channels of exchange
with onboard devices).

In addition, an algorithm has been developed for
automatically selecting the optimal value (out of several
preset ones) for the data exchange rate between the

KPTO-117 maintenance kit and the RDC-450M-117V
regulator. The automatic selection depends on the length
of the connecting cable, which makes it possible to
avoid unjustified increase read time when using a rela-
tively short cable and prevent data loss if you need to
use a long one.

To date, a prototype regulator has been tested both
as part of the engine at the stands of Motor Sich JSC,
and as part of a helicopter at the site of a foreign cus-
tomer. In general, the test results, including the first
demonstration flight, are positive. The necessary ad-
justments were determined both for the requirements of
the technical specifications, and for the design and
software documentation of the regulator.

Conclusion

1. JSC "Element" developed (taking into account
the requirements of DO-254 and DO-178C) working
design documentation and the necessary software, a
prototype of the RDC-450M-117V digital regulator for
the TV3-117VMA-SBML1V engine developed JSC "Mo-
tor Sich". During the development process, the mathe-
matical model of the engine was refined and the engine
stand-imitator was improved, which provides testing of
the regulator at the site of Element JSC.

2. A prototype regulator has passed a series of
tests:

—at the enterprise-developer — for compliance with
the requirements for the performance of functions for
their intended purpose, as well as for resistance to me-
chanical and climatic external influencing factors;

—in specialized laboratories in Kharkov — for
compliance with the requirements for electromagnetic
compatibility, lightning resistance and as a receiver of
electricity by Qualification requirements DO-160G;

—in JSC "Motor Sich" — at specialized stands as
part of the engine;

—at the site of the helicopter developer (foreign
customer) — tests as part of a helicopter, including the
first demonstration flight.

3. Currently, the adjustment of requirements, de-
sign and software documentation and the completion of
the sample based on the test results are being completed.
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PO3POBKA PETYJATOPA BEPTOJITHOI'O TYPBOBAJIBHOI'O JIBUT'YHA

I. C. Panuenko, A. I. Bypauenxo, B. M. I pyoinkin,
/. C. Bypynos, B. B. /lanunos

Ilpeomemom Oocniormcennn Oyna po3poOka mmbppoBoro peryiasropa apuryna PIAI-450M-117B — TB3-
117BMA-CBEM1B — Ha 6a3i paninie ctBoperoro Ha mignpuemctsi PAL-450M mnst neuryna Al-450M 3 ypaxyBan-
HSIM BIJIMIHHOCTEH y XapaKTepUCTHKH JBUTYHA Ta YMOB eKkciutyaraiii. Memoro pobotu O6yna po3podka PIAI1-450M-
117B Ha ocHOBI iH(pOpMAIlii PO XapaKTEPUCTHKK aBialliiHOrO ABMI'YHA, BKJIIOUAIOUM YTOUYHEHHS HOro MaremMarTuy-
HOI MOJIEJI Ha OCHOBI €KCIEPUMEHTAILHHUX JaHHUX 3 ypaxyBaHHSIM DI3HUIII YMOB eKciulyatauii. 3aedanhs, siKi cTo-
SUTM TIepell PO3pOOHUKAMH, MOJIATANIM Y BU3HAYEHHI ONTUMAJIBHOI CTPYKTYPH PEryJsLTopa 3 ypaxyBaHHIM YMOB €Kc-
TulyaTaii, yTOUHeHHI MaTeMaTU4YHOI MOJENI JBUI'YHA Ta JOCHIPKEHHI XapaKTepUCTHK Hacoca-peryisiropa, BUOopi
OINTHUMAJIBbHOI (JOPMU OOPOOKH CHTHATY NAaTUHKIB 0OEpTaHHS JjIsi BUMIPIOBAHHSI KPYTHOTO MOMEHTY. Memoou, 110
3aCTOCOBaHI: EKCIEePUMEHTAJIbHE JIOCHI/KEHHS XapaKTepHCTUK IBUTYHAa Ta Hacoc-perymsropa Ha creHmax AT
«Enement», AT «Morop Ciu» Ta Ha cTeHJax BUPOOHUKIB HACOC-PEryIsTOpa; 00pOOKa EKCIepUMEHTABHUX JTAHUX
13 3aCTOCYBaHHSAM METO[a YHMCEIHHOI0 MOJETIOBAHHS 3 MOJAJBLIMM CTaTHCTUYHHUM aHani3oM. ExcriepuMeHTanbHi
JaHi (CHTHAIM) JaTYUKIB 00epTaHHs JIOCHIIPKYBAJIKCS METOJOM KiJbKicHOro aHami3y. Pesyasmamu. Po3pobineHo
KOHCTPYKTOPCHKY Ta MPOrpamMHy JOKYMEHTAILII0 3 ypaxyBaHHSM BUMOI MibKHaponHuX ctanaaprie DO-254 ta DO-
178C, BUrOTOBIICHO AOCIIIHUI 3pa30K peryisTopa HoBol Moaudikarii. Y TOUHEHO MaTeMaTHYHy MOJIENb JBUTYHA,
Ha OCHOBI SIKOT pO3pOOJICHO CTEH-IMITaTOp aBialliiHUX JBHUT'YHIB JUisi HOBOro Tuiy aBuryna. CopmoBano anantu-
BHUI QJITOPUTM KepYBaHHSI HACOCOM-PETYIISITOPOM, SIKUH JI03BOJIMB 320€3MEYUTH CTAaOlIbHE i ATPUMAHHS BUTPATH
MaJIMBa, HE3BAKAIOYH HA HECTAOLIBHY POOOTY Hacoca-peryasTopa. 3a JOIOMOTO0 KiTbKICHOTO aHaJIi3y OCIHIOrpamM
CHUTHAIIy TaTYMKa KPYTHOTO MOMEHTY 3HAlIEHO XapaKTepHI TOUKH, IO 3a0e3MeUyIOTh BUOIP ONTUMAIBHOTO PiBHS
TOPIBHAHHA (BUMIiproBaHH:). JlociiTHMIA 3pa3oK peryisaropa IpoUIIoB BUIPOOYBaHHS, B TOMY YHCII Ha eJIeKTpoMa-
THITHY CYMICHICTh Ta CTIHKICTh IO il OJMMCKAaBKH y CIEIiasli3oBaHUX Jaboparopisx Ykpainum. Ha manmii MOMEHT
peryasTop mpoimoB BUNpoOyBaHHS B ckimani apuryHa Ha cteHgax AT «Motop Ciw» i B ckimami remikonrepa Ha
MaiJaHYUKy 1HO3EMHOI'0 3aMOBHHKA, B TOMY YHCIi B NEPIIOMY JEMOHCTpaliiiHOMY NonboTi. Haykoea noeusna
OTPHMAaHUX PE3YNbTaTIB MOJATAE Yy TOMY, II0: ¢()OPMOBAHO Ta Peajli30BaHO B CTEHII-IMITaTOpi yTOYHEHY MaTeMa-
TnuHy Moxens asuryna TB3-117BMA-CEMIB; chopMoBaHO amanTHBHHK AalTOPUTM KEPYBaHHS HACOCOM-
PETYASATOPOM, IO J03BOIISIE 3a0€3MeUNTH CTaOUTFHY MIATPUMKY BUTPATH TMATHBA, HE3BAKAIOUX HA HECTAOUIBHY PoO-
00Ty Hacoca-peryasTopa; o0paHO ONTUMANbHY (OpMY OOpOOKH CHTHANTy MAaTYMKIB OOCpPTaHHS I BUMIipPIOBaHHS
KpyTHOro MoMeHTy. [Ipaktinune 3HaueHHA. Po3pobieHo, BUIpoOyBaHO HOBUI PEryiasaTop ABHTYHA, SIKHHA 3a0e3re-
YHB TIEPIITNA JEMOHCTPAIHHUIH MOJIIT TeTiKonTepa.

Ki11040Bi cj10Ba: KOMITIEKTYIO9i BUPOOH aBialliifHOT TEXHIKH;, PETYASATOP JBUTYHA; MATEMAaTHIHA MOJCHb.



Aemomamuyne Kepy8anHs i OlacHOCMUKA 0GUZYHIE | eHeP2OYCHMAHOBOK 57

Panyenxo I'ennaniii CtemaHoBWY — KaHJ. TeXH. HayK, ronoBHuil koHcTpykrop AT «Enement», Ogpeca,
VYkpaina.

Bypsiuenko Anna I'puropiiBHa — ronosuuii metponor AT «Enement», Oneca, YkpaiHa.

I'pyninkin B’sadeciap MuxaijioBU4 — 3aCTYIHHMK TOJIOBHOro KOHcTpykTopa, AT «Enement», Ogeca,
VYkpaina.

Bypynos JImutpo CepriiioBuy — Hayansauk Otopo AT «Enement», Oneca, Ykpaina.

JanunnoB BeeBoson BosogumupoBuy — npoianuii nporpamict AT «Enement», Oneca, YkpaiHa.

Gennadii Ranchenko — Candidate of Technical Science, Chief Designer of JSC “Element”, Odessa, Ukraine,
e-mail: odessa@element.od.ua, ORCID: 0000-0002-1896-038X.
Anna Buryachenko — Chief Metrologist of JSC “Element”, Odessa, Ukraine,
e-mail: annaodessa55@gmail.com, ORCID: 0000-0003-4480-6965.
Viacheslav Grudinkin — Deputy Chief Designer, JSC Element, Odessa, Ukraine,
e-mail: odessa@element.od.ua, ORCID: 0000-0002-2766-1162.
Dmitriy Burunov — Head of Department of JSC “Element”, Odessa, Ukraine,
e-mail: odessa@element.od.ua, ORCID: 0000-0003-2864-2681.
Vsevolod Danilov — Lead Programmer of JSC “Element”, Odessa, Ukraine,
e-mail: odessa@element.od.ua, ORCID: 0000-0002-5499-7702.


about:blank
about:blank
about:blank

