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Abstract. The article discusses the design of a magnetic damper to fix the problem the occurrence of resonance, leading to vibration of the
shaft at high speeds. When creating engines of large bypass ratio and large rotor speeds are crucial questions speakers. The most effective
means of reducing the level of vibrations and dynamic loads at the nodes of the motors is the use of damper supports. For the final determi-
nation of the effectiveness of the type of damper selected and designed for this engine, it is necessary to perform experimental work. \When
fine-tuning the engine D-436T1 (special examination for the fan wheel) at 5900 rpm fan...6100 rpm had increased engine vibration at fre-
quencies of the rotor due to resonance vibrations of the shaft of the fan. These oscillations were caused by the bending of the shaft of the fan
and tapping it into stator and rotor parts of the compressor low pressure. A change in the design of the fan shaft to eliminate resonance was
impossible. Domain service fan wheel and fan design coil spring / oil damper was not provided to prevent resonance. To solve the problem
of design of a magnetic damper that allows you to change the technology of Assembly of the engine and provide its operation on all modes.
The analysis of magnetic materials that can be used in the damper based on the design features and maximize the stiffness of the damper.
Analyzed three systems: Sm-Co, Fe-Nd-B and Fe-Nd-C, from which we can conclude that magnetic characteristics of the most printlevel
may be the system Fe-Nd-B. At the moment developed the design of the fan shaft with magnetic damper is at the stage of experimental work
to determine the effect of magnetic field on the details that surround the damper in the first place, on the parts of the bearing and the efficien-
cy of the damping
Keywords: magnetic damper, axial force, radial force, the stiffness of the damper, the coercive force, residual induction.

Introduction. In the aircraft industry the main goal of the  balance, i.e., forced oscillations.

developers of turbojet engines is the creation of highly eco- 3. Methods of assessment of residual unbalance in the ro-
nomical and reliable, with low specific gravity propulsion.  tor.
The life and reliability of modern machines with elements 4. Investigation of the stability of the system rotor-bearing

rotating in a large extent depends on the level of vibration,  on the basis of the calculation of the critical speed taking into
durability of bearings, the magnitude of the dynamic loads  account damping or the application of sustainability criteria.
caused by rotor imbalance. One of the reasons that causes 5. Analysis of the transient unsteady processes or reac-
more vibrations in an aircraft engine, is the increased imbal-  tions of the rotor to imbalance and impact exciting force and
ance of the rotor (or rotors), which can lead to the excitation  also the study of transients caused by the phenomenon of
of one or more critical speeds, vibration of the rotor, and  self-excitation.
cause the resonance phenomena in the reference design [1]. Abroad these issues were addressed by many authors in a
When you create engines heavily decontrol with large ro-  different setting. In the CIS such researches were considered
tor speeds are crucial questions speakers. The most effective  in the MAI and CIAM. In Ukraine the company "Ivchenko-
means of reducing the level of vibrations and dynamic loads  Progress” developed a methodology and software package
at the nodes of the motors is the use of dampfern supports.  for the determination of natural frequencies and forms of
Supports of rotor are separate modules, which are included in  oscillations of a system of rotors, and also for definition of
the constructive force of an engine system. Design dampfer — amplitude-frequency characteristics, which are caused by the
supports very diverse, but regardless of this they have the  response of the system is established on imbalances, on
following main functions: structural friction and viscous friction. To determine the
— to reduce the support stiffness of the rotor, which leads  natural frequencies used in the method of initial parameters
to a change of dynamic elastic system of the engine (this  for systems which have many relations [2,3].
reduces the natural frequency of the system, eliminates reso- Design features magnetic mounts engine D-436T1. On
nances in the operating modes); GP "lvchenko-Progress™ in fine-tuning the engine D-436T1
— the absorption of the vibration energy of the engine dy-  (special examination for the fan wheel) at 5900 rpm
namic system, turning it into heat, which does not allow to  fan...6100 rpm had increased engine vibration at frequencies
develop large ampltude vibrations, dynamic loads and stress-  of the rotor due to resonance vibrations of the shaft of the

es in engine parts. fan. These oscillations were caused by the bending of the
Nowadays in aviation engines use three basic types shaft of the fan and tapping it into stator and rotor parts of the
dampfern supports: compressor low pressure. A change in the design of the fan
— hydrodynamic (oil) damper; shaft to eliminate resonance was impossible. Domainservice
— hydrodynamic (oil) damper and elastic element type  fan wheel and are available in fan design elastic oil damper
"squirrel wheel" (elastic oil damper); was not provided to prevent resonance. To solve the above
— with elastic ring. mentioned problems together with the SE "lvchenko-

For the final determination of the effectiveness of the type  Progress" according to the agreement on cooperation was
of damper selected and designed for this engine, it is neces-  tasked to design such a damper that would allow the availa-
sary to perform experimental zavodnye work. But since  ble geometrical dimensions do not change the technology of
experimental evidence is of high value, it is advisable to use  Assembly of the engine and provided the performance of the
numerical simulation to evaluate variants of the system rotor-  engine during all modes of operation. A separate task was to

bearing: ensure maximum rigidity of the damper due to the selection
1. Determination of critical speeds redemptive system. of magnetic material with optimal properties [4-7].
2. The calculation of the system response, steady-on im- On the basis of the foregoing, of the design of the fan
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shaft with a magnetic damper [8-10], which would allow to
eliminate the resonance frequency region of the operating
range of the engine and to prevent the increase of vibration
level. The scheme also had the task of testing the possibility
of applying this type of damper as extra support for long
shaft engines. Developed the design of the support does not
require the traditional oil supply for cooling of the bearing
and is devoid of typical defects mevalonic supports (procon-
sulare, the complexity of the supply and discharge of ail, the
complexity of the collection and ensure that special require-
ments for the bearing).

In Fig. 1 shows the fan shaft of aircraft engine D-436 T1
with magnetic support [5,11].

Fig. 1. The fan shaft of aircraft engine D-436 T1 with magnetic
bearing: 1 — bearing of the fan, 2 — fan shaft, 3 —the oil feed pipe, 4
— magnetic damper, 5 — bearing the low-pressure compressor, 6 —
shaft front compressor low pressure.

In Fig. 2 shows the structure of the rings of the rotor and
the stator.
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Fig. 2. the Design of the rings of rotor and stator: a —the inner ring
with magnets, b — outer ring with magnets.

Developed magnetic damper consists of a portion that ro-
tates the rotary and stationary part (stator). Rotary part of the
magnetic damper consists of a set of radially magnetized
sectors gathered in a ring of non-magnetic steel (EP 33-VD)
and installed in the cage with magnetom eco steel (EP 609-
W) of alternating magnetic poles, each pair of segmented
rings. The fixed part of the damper is assembled from seg-
ments radially magnetized permanent magnets assembled in
a ring of non-magnetic steel (EP 33-VD) and installed in the
cage with magnetom eco steel (EP 609 - W) of alternating
magnetic poles, each pair of segmented rings. Thus, the poles
of the magnets of the rotor and stator create a whole range
repulsive force. In Fig. 3 shows a bushing with magnets.

Design must provide:

1. The mutual displacement in axial direction by the
amount L of the sleeve with the magnets 1 and sleeve with
magnets 2 (Fig. 4).

2. Measurement of axial force Grew and the value of L
when mutual displacement of the sleeve with the magnets 1
and sleeve 2 with magnets (see Fig. 4).

3. The mutual displacement in the radial direction by the
amount d of the sleeve with the magnets 1 and sleeve 2 with
magnets.

4. Measuring radial forces of Rad and the value of d when
mutual displacement of the sleeve with the magnets 1 and
sleeve 2 with magnets (see Fig. 4).

5. Rigid fixation of one of the plugs with magnets in the

measurement of axial and radial ROS Red forces.

6. The step width in the measurement of axial and radial
forces— 0.1 mm.

7. Needs to be secured and the installation of the hub axle
with the magnets 1 and sleeve 2 with magnets in adjacent
axes (see Fig. 4).

8. Weight of the subjects and items of equipment should
not affect the accuracy of measurement of forces.
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Fig. 3. Bushing with magnets: 1 — sleeve, 2 —ring, 3 — sleeve with
magnets, 4 — adjusting ring.
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Fig. 4. — Scheme of tests of the magnetic damper: a — Magnetic
damper: 1 — inner ring, 2 — ring appearance: b Addiction Poc (L); ¢ —
Addiction Ppay (d);.

According to the scheme of the test magnetic damper (see
Fig. 4), the value razanajato (axial) forcesP,. > 1500 N, the
value of radial force Rad > 500 N.

Features choice of permanent magnet material

The requirements that apply to magnetic materials:

— high coercive force;

— low specific weight;

—low cost;

— stable characteristics over a wide temperature range and
time;

—sufficient physical and chemical properties;

—high electrical resistance.

The use of permanent magnets with a high value of coer-
cive force, which characterizes the resistance Romagnan
arising from the characteristics of the suspension: of the
magnet in the field of another magnet. The required values
razanajato forces can be achieved provided that there is no
significant mutual demagnetization of support elements. This
condition is responsible cobalt alloys and composite materi-
als based on alloy Nd-Fe-(b,C). When looking at the second
type alloys are also the third condition is low cost compared
to cobaltocene alloys. The specific weight of the obtained
sintered magnets — 9375 kg/mé.

High resistance of magnetic materials is necessary to min-
imize losses from eddy currents generated by the rotation of
the shaft.

Also, the design of a magnetic damper was used, known
at that time, magnetic material based on the alloy Sm-Co
with known characteristics. However, the high cost of the
Sm, high energy costs for obtaining cobalt and the need to
preserve the basic characteristics of quite a long time does
not give them sufficient widespread use. To reduce the cost
of such magnets you can use magnets based on alloys of the
system Fe-Nd-B and Fe-Nd-C. Table 1 presents comparative
characteristics of the magnets of the systems Sm-Co, Fe-Nd-
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B and Fe-Nd-C (TC — Curie temperature, 1S the spontaneous
on-magnet, HA — anisotropy field, (BH)max — the maximum
magnetic energy). The working temperature of about 470 K.

Table 1. Comparative characteristics of the magnets of the sys-
tems Sm-Co, Fe-Nd-B and Fe-Nd-C.

Technical characteristics of the magnets:

1. Magnetic induction Br> 0.9 T.

2. The coercive force HC > 600 kA/m.

3. Operating temperature T> 493 K.

The calculation of magnetic forces in the magnetic
damper. Informed by the results of the research supports
damper with a permanent magnet the Bekkers were made the
following conclusions: by increasing the radius of the sup-
port its capacity increases linearly, and the weight of the

shaft increases with the square. That is, under certain condi-
tions, the bearing will compensate only the weight of the
shaft. Therefore, the shaft must be run empty and the inner
ring of the bearing — minimal [12-20].

To calculate the discharge power was used the following
formula:

. Ha, BH)max,
Connection | Tk, K | Is,T | B, T MAA/m (kjla;‘;g* - - 321 (r+x/2) ~ef%x~sin¢; (1)
SmCos 1020 | 114 | 077 13 140 ) _ 2
NdzFeC 535 15 0,8 76 450 Magnetic saturation can be defined as:
NdzFewB 585 1,6 1,2 54 512 =B _H )
Ho

In total, this design uses magnets 390. The size of the
magnets that are used in design, 6x12x16 mm, height 6 mm,
the working part of the magnet 12x16 mm, thus this plane
can be divided into 12 elementary magnets of square section.
Thus, for a single magnet, the value of the discharge power
obtained by the formula 1, should be increased in 12 times.

Table 2. Magnetic properties [21-24].
Magnetic system The coercive force, Hc, KA/m Residual _|I[1duct|on, Br,
Magnetoplasma composition Ndas 2Fe74,99Cu1,57Bs5Co51Ti1,38 1320 0,79
Anisotropic magnet composition Ndis2Fezs5Cu1,57B65C0,17Ti1,38
after TH 1260 1,125
Plate magnets KS-37 1300 0,77
Rosenteich force for the minimum values of Hc and Br 600 0,9

Using the data in table 2, determined by the discharge
power according to the formula (1). To compute the depend-
ence of the force from the magnitude of the gap in the mag-
netic damper, it was believed that the sine of the maximum
angle of rotation [25].

It is known that the smaller the gap in the damper, the
greater razanajato power can be achieved [5,26-32]. Howev-
er, the features of production do not allow to reduce the gap
to a minimum. In the proposed design, the clearance is 1
mm. figure 7 shows the dependence razanajato forces from
the gap in the magnetic damper.

In Fig. 5-7 shows the dependence razanajato power from
step razanajato (axial) forces from the gap and radial forces
from clearance for sintered under the initial pressure of 12
MPa and a temperature of 1023 K magnets of the composi-
tion Nd-Fe-B doped with Cu, C, Ti in the magnetic damper.

Radial support stiffness is calculated according to the fol-
lowing formula:

c-F ®)

The specific lift force per unit surface is calculated by the
following formula:
4)

o 5 10 15 0

5
L, i

Fig. 5. Dependence razanajato (axis) from the force of the step
sintered under the initial pressure of 12MPa and a temperature of
1023 K magnets of the composition Ndis2Fe7290Cu1,57Bs5Cos1Tis,38.
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Fig. 6. Dependence razanajato (axial) forces from the gap in the magnetic damper:
1 — Baked under an initial pressure of 12 MPa and a temperature of 1023 K magnets of the composition Nd1s2Fe74,99Cu157B65Co,51Ti1,38i;
2 — Plate magnets KS-37; 3 — Anisotropic magnets of the composition Ndis2Fe7ssCu157Bs5Co,17Tiz s after HT; 4 — Rosenteich power for the
minimum values of HC and Br.
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Fig. 7. the dependence of the radial forces from the gap in the magnetic damper:
1 — Baked under an initial pressure of 12 MPa and a temperature of 1023 K magnets of the composition Nd1s 2Fe74,99Cu1,57B65Co,51Ti1,381;
2 — Plate magnets KS-37; 3 — Anisotropic magnets of the composition Ndis2Fe7ssCu1,57Be5Co,17Tizss after HT; 4 — Rosenteich power for the
minimum values of HC and Br.

Tab. 3 presents the unit values for the lift force, which is calculated by the formula (4) for different types of magnets.
Table 3. values of specific lift force per unit surface of the magnet.

Magnetic system Specific lifting force, f, KN/mm?
Magnetoplasma composition Ndis 2Fe74,99Cu157Be5Co51Ti138 119,377
Anisotropic magnet composition Ndis2Fe7ssCui,57Bs5Co,17Ti1,38
33,178
after TH
Plate magnets KS-37 117,973
Rosenteich force for the minimum values of Hc and Br 3,396

In Fig. 8 shows the dependence of the radial stiffness of
the support from the gap in the magnetic damper.
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Fig. 8. Dependence of the radial stiffness of the support from the
gap in the magnetic damper:
C1 - Baked under an initial pressure of 12 MPa and a tempera-
ture of 1023 K magnets of the composition
Ndis 2Fe74,99Cu1,57B65Co51Ti1 381; C2 — Anisotropic magnets of the
composition Ndis2Fe7s5Cu1,57Be5Co17Ti1,3s after HT; C3 — Rosen-
teich power for the minimum values of HC and Br; C4 — Plate
magnets KS-37.

Thus, the proposed design fan shaft with magnetic damp-
er and the analysis of magnetic materials that can be used in
the damper based on structural features. It is shown that the

maximum stiffness of the damper and taking into account the
cost of finished products the most successful are the magnets
made from the alloy Ndis2Fe74,90CuU157B65C051Tis 8. It is also
shown that such a design of the support does not require the
traditional oil supply for cooling of the bearing and is devoid
of typical defects between the bulk of the supports.

Conclusions

1. The proposed design fan shaft with magnetic damper
that had the task of testing the possibility of applying this
type of damper extra support for long shaft engines. Such a
design of the support does not require the traditional oil
supply for cooling of the bearing and is devoid of typical
defects mevalonic supports.

2. The scheme tests the magnetic damper, the calculated
discharge power for different types of magnetic systems.

3. The analysis of magnetic materials that can be used in
the damper based on structural features. Analyzed three
systems: Sm-Co, Fe-Nd-B and Fe-Nd-C, from which we can
conclude that magnetic characteristics of the most printlevel
may be the system Fe-Nd-B.

4. Developed the design of the fan shaft with magnetic
damper is at the stage of experimental work to determine the
effect of magnetic field on the details that surround the
damper in the first place, on the parts of the bearing and the
efficiency of damping.
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AnHoTanms1. B crarbe paccMarpuBaeTcst KOHCTPYKIMSI MarHUTHOTO JieMIidepa, KOTOpbIi NMpeAHa3HaueH Ul YCTPAaHEeHNs POOJIeMbl BO3HHK-
HOBEHMsI pe30HAHCa, TPUBOJISIIETO K BUOpalyy Baa Ha Oonbiunx obopotax. [1py co3nannm npurareneii OOJBIION CTENEHH IBYXKOHTYPHOCTH
C BBICOKUMH YacTOTaMH BpAILIEHHs] POTOPOB YPE3BbIYAHO OOJBIIOE 3HAYEHHE MMEIOT BOIIPOCH! AvHaMUKH. Hanbonee s(¢dekTHBHEIM cpen-
CTBOM CHIDKEHMSI YPOBHSI BUOpALMi M IMHAMUYECKHX HArpy30K B y3JIaxX JIBUTaTesIel sIBISIETCs PUMEHeHue JieMidepHbIX orop. [ okoHua-
TEJBHOTO omperieneHnst A3(GGEeKTHBHOCTH THIa JeMIidepa, KOTOPBIB MOXKET ObITh BHIOPAH M PACCUUTAH TSl TAHHOTO JIBUTATells, HEOOXOIMMO
BBINOJIHUTD HKCIIEPUMEHTATLHO-10BoI0uHbIe paboThl. Ilpu noBonke nurarens [I-436T1 (mpoBeneHue crielalbHOW MPOBEPKU 110 KOJIECY
BEHTHIIITOpA) TpH 0bopoTax BeHTwsiTopa 5900 ... 6100 06/MHH BO3HUKAIIM MTOBBIIIEHUH BUOPAIIK JBUTaTelsl Ha YaCTOTaX POTOpa BCIIEACTBUE
PE30HAHCHBIX KoJleOaHWH Baja BEHTWIITOpA. DTH KOJeOaHHs BHI3BAIM M3THO Bajla BEHTWIATOpA M KAacaHUs ero 00 CTaTOpHBIE U POTOPHBIE
JIeTaM KOMIIPECCOpa HU3KOTO JaBNeHHMs. V3MeHeHne KOHCTPYKIMK Bala BEHTIJIITOpA Ul YCTPaHEHHUs pe30HaHca ObUIO HEBO3MOXKHBIM.
JloGanaHcupoBKa KoJieca BEeHTWIITOpa M MMEIOIIHIICS B KOHCTPYKIIMK BEHTHIIATOpA YIPYTO-MaCcisIHBIA JieMIipep He 00eCTieunBaIM yCTpaHe-
HUsI pe3oHaHca. [l pemeHus mpoOieMsl OblTa pa3paboTaHa KOHCTPYKIMST MArHUTHOTO JieMIi(epa, KOTopasi O3BOJISIET HE MEHATh TEXHOJIO-
TUI0 COOpKY JIBHTaTellst 1 00eCIeurBaeT ero paboTOCIIOCOOHOCTh Ha BCeX pexiMax paboTsl. [IpoBe/ieH aHam3 MarHUTHBIX MaTepHasioB, KOTO-
Ppble MOTyT OBITH UCIIONB30BAHBI B IAHHOM JieMIepe, NCXOJIT U3 KOHCTPYKTHBHBIX OCOOCHHOCTEH 1 00eCTIeYeHHsI MaKCHMAJIBHOH JKECTKOCTH
nemrngepa. [poananusuposans! Tpu cucteMbl: Sm-Co, Fe-Nd-B 1 Fe-Nd-C, u3 KOTOpbIX MOKHO CIENaTh BBIBOI, YTO T10 MATHUTHBIM XapaKTe-
pucTHKaM Haubortee moxozsiel Moxer Obith cucrema Fe-Nd-B. Ha naHHbIT MOMeHT paspaboTaHa KOHCTPYKIIMS Bajla BEHTHIIATOpPA C Mar-
HUTHBIM JieMII(epOM HaXOIWUTCS Ha CTAJIMH SKCTIEPHMEHTAIIBHBIX Pa0OT C IIEIBI0 ONPEIeNeHHs] BIMSHI MArHUTHOTO TOJIs Ha JIeTallH, KOTO-
Ppble OKPY)KaIOT JIAHHBIH feMII(ep, B IEPBYIO OUepeib, Ha JICTATN IIAPHKOIOAIIMITHAKA 1 S(Q(EKTHBHOCTB eMII(pUPOBaHHS.

Knrouesvie cnosa: maznummbwiii demngpep, ocesas cuna, paouanbHas CUid, HCeCmKOCHb 0eMn@epa, KOIPYUMuUSHAst Cuid, OCIAMOYHAsL UH-

OYKYUSL.
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