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ABSTRACT

BACKGROUND: This article discusses automotive inductor alternators of domestic and foreign production with different power
and design. A comparative analysis of inductor alternators according to the main electromagnetic parameters and design is
carried out. Based on the results of the comparative analysis, conclusions are drawn about the competitiveness of domestic
inductor alternators and their superiority over foreign analogues.

AIM: Research and comparative analysis of tractor inductor alternators in order to determine the optimal design, as well as
the main characteristics and parameters.

METHODS: The calculation of the magnetic circuit and the idling characteristic is based on the method of successive
approximations using iterations. A well-known method with the Blondel diagram is used to calculate the current-speed curve.
RESULTS: A review and comparative analysis of automotive inductor alternators of domestic and foreign production,
with various magnetic systems and design, is carried out. The advantages and disadvantages of the magnetic circuit of inductor
alternators of both domestic and foreign production are determined and given in comparative tables and current-speed curves.
The optimal design of the inductor alternator with the most effective technical and economic indicators was chosen to perform
the calculation.

CONCLUSIONS: The calculation of the magnetic circuit and idling characteristics of the 11.3701 three-phase single-pole,
single-pack inductor generator with a classical toothed zone and a two-half-period rectifier is carried out. The calculation
of the current-velocity curve was performed using the well-known method with the Blondel diagram and the method
of successive approximations using iterations.
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ODVII'VIHaJ'IbHOG nccneaposaHme

K Bonpocy o 6ecKOHTaKTHbIX reHepaTopax
nepeMeHHOro ToKa Ha NOABUXXHbIX 06beKTax

E.A. Pabbix, P.A. Manees, A.B. Akumos

MocKOBCKUI NonuTEXHUYECKUA YHUBepcuTeT, MockBa, Poccuiickas Qepepaums

AHHOTALMA

06ocHoBaHMe. B naHHoI cTaTbe paccMaTpUBaKOTCS aBTOTPAKTOPHbIE MHAYKTOPHbIE FeHepaTopbl 0TEYECTBEHHOIO U 3apybex-
HOTO MPOM3BOLCTBA C PA3NIMYHON MOLLHOCTBIO M KOHCTPYKTUBHBIM MCTONHEHWEM. [poBefiEH CPaBHUTENbHBINA aHANN3 UHAYK-
TOPHbIX F@HEpPaTOPOB MO OCHOBHBIM 3/IEKTPOMArHUTHBIM MOKA3aTeNsiM U KOHCTPYKTUBHBIM MCMONHeHUsM. (Mo pe3ynbTataM
CPaBHUTENIbHOTO aHanM3a CAenaHbl BbIBOAbI O KOHKYPEHTOCMOCOOHOCTU 0TEYECTBEHHBIX MHAYKTOPHbIX FeHepaTopoB U npe-
BOCXOACTBE Haf, 3apybeHbIMK aHanoramu.

Lienb paboTbl — uccnefoBaHMe U CPABHUTENLHBIA aHanKU3 TPAKTOPHBIX MHAYKTOPHLIX FEHEPaTopOB C Lieflblo onpeaeneHus
ONTUManNbHOW KOHCTPYKUMM, @ TaKXKe OCHOBHbIX XapaKTEPUCTUK U NapaMeTpoB.

Marepuanbl U MeTofbl. PacyéT MarHMTHO Lenu 1 XapaKTepUCTUKW XONIOCTOr0 XOfa OCHOBaH Ha MeTOAe MocyefoBaTesib-
HbIX MPUBIMKEHNI C NOMOLLbIO UTEpaLMiA. [Lns pacyéTa TOKOCKOPOCTHO XapaKTepUCTUKM NPUMEHSETCA M3BECTHAs METOAMKA
C UCroNb30BaHWeM auarpammel bnoHgens.

Pe3synbTarbl. poBeAéH 0630p M CPaBHUTENLHBIA aHANM3 aBTOTPAKTOPHBIX MHAYKTOPHLIX FEHEPaTOpPOB OTEYECTBEHHOMO U 3a-
py6e>+(|-|0r0 npon3BoacCTBa, C pasfinyHbiIMKU MarHUTHbIMKU CUCTEMAMU U KOHCTPYKTUBHBIM UCNOJIHEHUEM. OI'Ipe,EI,EHEHbI npenmy-
LLeCTBA W HEAOCTATKU MarHUTHOW LIeNU MHAYKTOPHbIX FTeHePaTOPOB KaK 0TEYECTBEHHOIO, TaK W 3apybeXHoro Npou3BOLCTBa,
KoTopble 0TODpaXeHbl B CPABHUTENbHbIX TabnMLax M TOKOCKOPOCTHbIX XapaKTepucTukax. [ns npoBedeHus pacyéTa bbina
BblOpaHa ONTUManbHasA KOHCTPYKUMS MHAYKTOPHOrO reHepatopa ¢ Haubonee 3¢(deKTUBHbIMUA TEXHUKO-3KOHOMUYECKUMM
noKasaTtensmu.

3akntoyeHue. MpoBeAEH PacyET MarHUTHOM LENu M XapaKTePUCTUKM XONI0CTOr0 X0Aa TPEX(HasHOro 0HOMMEHHOMOIOCHONO,
O[JHOMaKeTHOro MHAyKTopHoro reHepatopa 11.3701 ¢ Knaccuyeckon 3y6LOBOM 30HOW U OBYXMONYNEPUOLHBIM BbINPAMUTE-
neM. PacyéT TOKOCKOPOCTHOM XapaKTepUCTUKY BbIMOJHEH MO M3BECTHOW METOAMKE C UCMOMb30BaHMEM auarpaMmbl bnonaens
MEeTOA0M NOC/eA0BaTeSbHbIX NPUONIKEHWN.

KntoueBble cnoBa: BEHTU/IbHbIN VIHJJ,YKTOPHbIVI reHepatop; NOCTOAHHbIE MarHUTbl; MarHUTHaA NPOHMLLAEMOCTb; BO3,EI,YLLIHin7I
3a30p; TOKOCKOPOCTHaA XapaKTepucTuKa.
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INTRODUCTION

Permanent magnet generators offer several
advantages, including technological simplicity, low loss-
es, and savings on winding copper. These generators do
not require a separate power supply. How-ever, their
disadvantages include the complexity of voltage regulation
at variable rotational speeds and loads.

To enhance the reliability and durability of tractor
electrical equipment from 2000-3000 operating hours
to 4000-5000 operating hours, three approaches were
considered: developing new DC genera-tors, using
alternating current generators with permanent magnets,
and employing generators with electromagnetic
excitation [1].

Initial attempts to develop generators with permanent
magnets (such as GT1A; 573.00017, etc.) failed to meet the
layout and electrical requirements for advanced tractor
generators. Therefore, a solution was found by creating
a brushless generator with electromagnetic excitation,
which in-creased reliability and durability. Consequently,
the generator durability mainly depended on the bearing
assembly. The goal was to design a generator that was
efficient, simple, and technologically advanced [2].

Brushless generators with electromagnetic excitation
can feature either a winding on the rotor, known as
a generator with a rotating rectifier, or nor rotor winding
at all. The latter type is reliable and cost-effective,
encompassing alternators and inductors.

In alternators, induction at each stator point varies
in magnitude and direction, resembling synchro-nous
machines with contact rings. claw pole rotor is an
example, though it has higher design and manufacturing
costs.

Inductors or pulsation-type generators vary in
magnetic induction magnitude at the stator bore without
changing direction. Although they utilize magnetic flux
less efficiently, they allow for sim-pler and more reliable
designs [3].

Inductor machines are divided into:

1) with axial flow (homopolar);
2) with radial flow (salient-pole).

Radial flow designs are simpler in design since all
windings are located on the stator, eliminating the need
to conduct the excitation flow through the shaft and
covers, but they require more winding material. The main
consumption of winding material is in the field winding
(proportional to the square of the center line of the winding
length).

Axial-flow generators bring the field winding closer
to the machine axis, thus reducing the average winding
length and material consumption.

This configuration maximizes the stator bore
to accommodate the stator winding, increasing
the armature core volume and the machine's
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electromagnetic power, allowing for a smaller housing
for the same power.

These advantages favor brushless generators with
axial flow [6].

Axial-flow inductor generators come in the following
versions: two-pack and single-pack.

In two-pack generators, the excitation winding is
placed between two stator and rotor packs. The two-
pack generator design is structurally and technologically
complex, primarily owing to heat dis-sipation challenges
with the field winding in alternators lacking open-circuit
ventilation.

Single-pack generators are structurally simpler. They
allow for a shorter excitation winding by bring-ing it closer
to the machine axis. In these generators, the excitation
winding is located in the genera-tor cover, which provides
favorable cooling conditions.

Tractor generators feature a closed design, where
the magnetic circuit is largely integrated with structural
parts, optimizing weight efficiency [5].

The performance of inductor generators largely
depends on selecting the right parameters for the tooth
zone.

Two types of tooth zones are used:

1) classic;
2) combed.

The combed toothed zone increases frequency,
reducing the weight of the working winding. Studies
suggest optimal machine utilization with the ratio:

1 = (40+60)3,

where 7 is the pole pitch and 3 is the width of the one-
sided air gap.

Design and technological considerations favor
8 = 0,35 + 0,4 mm, leading to T = 15 + 25 mm.
Owing to size constraints on the outer diameter, the
classic tooth zone is optimal. Although the combed
zone increases frequency, it balances this with a more
favorable time-varying magnetic con-ductivity curve
between the rotor and stator teeth. In comparison with
the combed tooth zone, the amplitude of the magnetic flux
pulsation increases (the ratio of the variable component
of the idling flow in the stator tooth to the constant
component). Homopolar machines can be designed as
both single-phase and multi-phase systems. The choice
of optimal phase number relates to the rectifier circuit
and other requirements, with a three-phase system
being more convenient for voltage regula-tion. This
system allows for high armature winding utilization
and self-limit current through full-wave current
rectification [4].

Based on the above, a three-phase homopolar inductor
generator with a single-pack design and a classical
toothed zone, with a full-wave rectifier has been selected
as the optimal tractor generator.
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The generator has 16 poles. Power is supplied
to the consumers through a built-in rectifier assembled
in a bridge circuit with nine diodes. The bearings are
designed to allow additional lubrication through special
oilers.

Given the complexities of voltage regulation at variable
rotational speeds and loads, brushless generators
with permanent magnets are used where a wide range
of output voltage changes is allowed. These generators
maintain voltage stability through parametric regulation.
Initially produced in the USSR with models like G30,
G46, and G303, the AB introduction on tractors increased
the need for forced voltage regulation owing to stricter
output voltage requirements. This led to the development
of generators with parametric voltage regulation, such as
the GT-1A, as well as generators with controlled rectifiers
like Ducati in Italy) [5].

ANALYSIS OF TRACTOR GENERATOR
DESIGNS. CHOOSING THE OPTIMAL
TYPE OF GENERATOR (GENERATORS
WITH ELECTROMAGNETIC EXCITATION)

Inductor generators manufactured by Niehoff (USA)
(Fig. 1) are homopolar pulsation generators featuring
an externally closed magnetic flux.

Most inductor generators belong to this type and are
widely used abroad. For example, the Niehoff produces
a series of inductor machines for 6, 12, 24, and 32 V,
all sharing a robust design suitable for harsh operating
conditions, such as exposure to dust, dirt, sand, water,
fuel and lubricant vapors, and a wide range of ambient
temperature changes. These generators feature a tubular
housing with a stator package inside. The toothed zone
resembles the G306 generator, with rotor teeth beveled
at an angle of 45° to the middle of the package to minimize
magnetic noise and improve voltage shape, although this
design reduces power by 30%.

The excitation winding, fixed in the front cover
of the generator, enters the inner cavity of the rotor
package, allowing the magnetic flux (main) to bypass
the shaft and enhance weight efficiency of the generator.

The generator is air-cooled by its own fan, supported
by ventilation windows in the covers.

The A-2-125 series generator combines standard
generators connected to each other by an interme-diate
locking ring and a cam coupling. The generator consists
of two stators with a 3-phase winding, steel covers
with two rectifier assemblies connected in parallel, and
two rotors with inductor sprock-ets connected through
cam engagement and an intermediate rubber gasket.
The excitation winding of the generator has a low
resistance (R = 1.6 ohms) when cold.

Inductor generators from Gallo (Italy) are salient-pole
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pulsation generators with an externally closed magnetic
flux

Their Condor supergenerator is a multipolar inductor
machine for heavy-duty trucks, characterized by an even
tooth pitch in the stator and rotor (Guye machine).
The machine has a relatively small outer diameter.

Its design is akin to DC generators, featuring a tubular
body with four poles, similar to those of DC generators,
supporting both excitation and stator windings in special
grooves. There are two excitation coils at each pole: serial
and shunt. All serial coils are connected in parallel, while
shunt coils in series.

A disadvantage is that the output voltage is stabilized
when the load changes only by the magnetizing effect
of the serial winding, which is not highly effective.

Motorola (USA) produces inductor generators with
a rotating rectifier.

This company’s machines are designed for heavy-
duty applications. They were produced as SB series
models.

The distinct feature of this generator series is
the presence of a transformer, where the secondary
winding is fixed to the rotor shaft and rotates with it.
This set-up allows the voltage from the secondary
winding to be applied to a rectifier that rotates
alongside the rotor. The rectifier voltage is then supplied
to the excitation winding located between the pole
halves. A high-frequency alternating voltage is supplied

Fig. 1. A schematic section of the Niehoff alternator: 7 —
an excitation winding; 2 — rectifier diods; 3 — a front cap; 4 —
a housing; 5 — a pack of a stator with winding; 6 — a rear cap;
7 — a bushing; 8 — a rotor.

Puc. 1. CxeMatnueckuin paspes reHeparopa Niehoff: 7 — obMotka
B03bYyxaeHus, 2 — avopbl BeiNpAMUTENS, 3 —nepefHAs KPbILLKa,
4 — Kopnyc, 5 — nakeT cTaTopa ¢ 06MOTKOM, 6 — 3a[iHAS KpbILu-
Ka, 7/ — BTyNKa, 8§ — potop.
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to the primary winding of the transformer by a high-
frequency generator within the voltage regulator (VR).
This system includes a five-position switch that enables
adjust-ments to the voltage level of the regulator.
The maximum speed is 6000 min™".

BOSCH (Germany) produces generators with a rotating
rectifier,

such as the T4 model (Fig. 2). The service life of
these generators is determined by the service life
of the bearings, which is approximately 300,000 km.

The generator features an exciter designed as
a synchronous machine. The armature winding
of the exciter, along with a rectifier and a regulating device,
is securely attached to the machine body. The winding
of the exciter rotor supplies power to the generator’s
excitation winding through a rotating rectifier, located
between the claw pole tips.

AXIAL ALTERNATIVE SINGLE-PACK
ELECTRIC MACHINES (GENERATORS
WITH A CLAW POLE ROTOR)

Axial generators from Delco Remy (USA) incorporate
a claw pole magnetic system to emulate traditional
automotive generator designs.

Electric machines of this type have been manufactured
by Delco Remy (USA) since the 1950s, beginning with
the Delcotron model featuring claw poles and a cantilever
rotor. This design includes a built-in rectifier, VR, and an oil
cooling system connected to the common lubrication
system of the internal combustion engine. In the future,
the company abandoned the cantilever rotor design and
implemented exhaust ventilation.

Figure 3 shows a sketch of the magnetic circuit of one
of the generators of the Delco Remy series 30-si type
400 model 1117481, 12 V, 90 A. The generator features
a built-in rectifier, a transformer—rectifier unit, and an
integrated VR. The generator’s 16-pole excitation system
features pole halves attached to an aluminum alloy ring;
one half is secured to the rotor shaft, while the other is
supported by an aluminum ring. Inside the resulting claw-
shaped structure, a magnetic conductive sleeve is pressed
onto the shaft.

Marshall (Netherlands) produces the A 14/30 Fred axial
generator, which operates at U, = 14 V and I, = 30 A.
It features shortened claws, with the excitation winding
suspended from the rotor’s pole halves using aluminum
holders (Fig. 4).

The magnetic flux under each half claw pole rotor
pulsates in magnitude but not direction, making these
generators transitional models between inductor and
alternator machines. This design boosts magnetic flux
by 50% compared generators with contact rings, achieving
weight-efficient parameters typical of rotating field
winding generators.
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Exciter Main alternator

Subexciter

Fig. 2. Design of an alternator with a rotating rectifier: 7 —
permanent magnets of a subexciter inductor; 2 — a winding
of a subexciter armature; 3 — rectifying and controlling devices;
4 — an excitation winding of an exciter inductor; 5 — a winding
of an exciter armature; 6 — rotating rectifiers; 7 — an excitation
winding of an inductor of the main alternator; 8 — a winding
of an armature of the main alternator; 9 — a centrifugal fan.
Puc. 2. KoHcTpyKkums reHepaTopa C BpalLaloLLMMCS BbINpsSMUTe-
neM: 1 — nocTosHHbIE MarHUTbl UHAYKTOpa noaBo3byauTens; 2 —
0bMoTKa sKops NonBo3byanTens; 3 — BbINPAMUTENLHOE U pery-
nupyloLLee YCTPOWCTBA; 4 — 0OMOTKA BO3bYXAEHUA MHAYKTOpa
B030youTens; 5 — o00OMoTKa siKops Bo3byauTens; 6 — Bpallato-
Lmecs BbinpaMuUTeny; 7 — obMoTKa Bo3byKaeHWs WHAYKTOpa oc-
HOBHOrO reHepaTtopa; 8§ — 06MoTKa SIKOpA 0CHOBHOTO reHepaTopa;
9 — LeHTPOBEXHbIA BEHTUNIATOP.

Table 1 presents a comparative analysis of Delco
Remy, Marshall, Motorola, and Bosch inductor generators.

Generators with a controlled rectifier manufactured
by Ducati (Italy) manufactures generators with controlled
rectifiers designed for various power outputs in both
single-phase and three-phase voltage systems. These
generators utilize a controlled rectifier with thyristors
using a VR. Table 2 presents a comparative analysis
of the Ducati inductor generator with its domestic analogs
“6303" and “GT-1A".

The current-speed characteristics of the generators
discussed above, both domestic and foreign production,
are shown in Fig. 5 and 6.

RESEARCH ON GENERATOR 11.3701

The inductor generator model 11.3701 is designed
to serve as an electricity source in the electrical systems
of industrial tractors. Table 2 highlights the characteristics
of domestically produced inductor generators, comparing
them with foreign counterparts. Table 3 presents
a comparative analysis of inductor generator 11.3701 with
a foreign-made analog Delco Remy 30-52 min 400 model,
and a perspective sample.

11.3701 generator meets the highest international
standards in terms of technical performance. It is proposed
to increase its design speed from 2000 to 4000 min
and its maximum power from 2772 to 5000 Watts. This
enhancement would add only 1 kg to its weight, resulting
in a higher maximum utilization factor for the generator.
Table 4 shows the calculated current-speed characteristics
of inductor generator 11.3701, determined using
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Fig. 3. Section of the Delco Remy 30 Si 400 alternator: 7 — a needle
bearing; 2 — a shaft; 3 — a rear cap; 4 — poles; 5 — an excitation
winding; 6 — a stator; 7 — a stator winding; 8 — a front cap; 9 —
a magnetic conducting bushing; 10 — a front bearing.

Puc. 3. Paspes reHepatopa Delco Remy cepumn 30-si tun 400:
] — wronbyaTtblii NOAWMNHKK; 2 — Ban; 3 — 3aAHAS KPbILLKa;
4 — nontoca; 5 — obMoTKa Bo3byxaeHus; 6 — cratop; 7 — 06-
MOTKa CTaTopa; 8 — nepeaHss KpbILUKa; 9 — MarH1TonpoBoasLLas
BTYNIKa; 10 — nepeaHuii NOALLMIHUK.

the well-known technique of the Blondel diagram [3].
The calculation was performed using the method
of successive approximations using iterations (Fig. 7).
Figure 8 shows the calculated current-speed
characteristic of inductor generator 11.3701.

CONCLUSION

A comprehensive review and analysis of automotive
inductor generators, both domestic and foreign,
with various magnetic systems and designs, was carried
out. The advantages and disadvantages of these magnetic
circuits are outlined in comparative tables and current-
speed characteristics. In calculating the optimal design,

Table 1. Comparative analysis of inductor alternators
Tabnuua 1. CpaBHUTENbHBINA aHaNKU3 MHAYKTOPHbIX FeHepaTopoB
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Fig. 4. Magnetic system of the Marshall Fred A 14/30 alternator:
1 — a bushing of an excitation winding; 2 — a pole tip; 3 —
a stator winding; 4 — the excitation winding.

Puc. 4. MaruutHas cucteMa reHepatopa A 14/30 Fred Marshall:
] — BTyNKa 06MOTKM BO3BYKAEHMS; 2 — NOMKOCHBIA HAKOHEYHUK;
3 — obMoTKa cTaTopa; 4 — 00MOTKa BO3DYKAEHMS.

the most effective inductor generator with superior
technical and economic indicators was selected.

The magnetic circuit and idling characteristics
of a three-phase homopolar, single-pack inductor generator
11.3701, featuring a classical toothed zone and a full-
wave rectifier, were also calculated. The current-velocity
characteristic was assessed using the Blondel diagram
through successive approximations.

ADDITIONAL INFORMATION

Authors’ contribution. E.A. Ryabykh — search for
publications on the topic of the article, writing the text
of the manuscript, editing the text of the manuscript, creating

Type of generator

Generator parameters D;(l]cgiR:[;Ey Marshall Fred 8 ;45 tg[r]%l]a R Bosch T4
Rated voltage, V 14 14 14 28
Maximum power, W 1200 445 1250 1700
Design power, W 800 310 750 1100
Speed in design mode, min"'! 2000 2200 - -
Generator weight without pulley, kg 13,5 3,45 n 21
\ilp/ek(;i.ﬁr::]iﬁﬂlization factor in the design mode, 3 4] 45 9
Specific maximum power, W/kg 88 129 114 82
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Table 2. Properties of alternators
Tabnuua 2. lapaMeTpbl reHepaTopoB

Tom 18, N2 1, 2024
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Generator parameters Value -
G303 GT-1A Ducati E-35.14.34
Rated voltage, V 12 12 12
Rated power, W 180 300 325
Design power, W - - 225
Sg;;de ’c;rirneiponding to the rated speed of the internal combustion 3000 4000 _
Maximum speed, min”! 400 4700 5000
Weight without pulley, kg 4,3 7 2,94
Specific power, W/kg 42 43 110,5
Specific utilization factor in the design mode, W-min-10%/kg - - 32
QOuter diameter of the stator, mm 116,5 130 12
Electric loading, A/mm 280 93 497
Weight of active materials, kg 1,8 4,1 1,6
Weight of winding copper, kg 0,38 0,43 0,23
Ir, A -
B / // A
2 80 T -
/ — ‘ | 2:
80 L . / /
60 /"‘__4__’_'3
//3 50 ‘ ‘
%0 ?/" /
5 30 1 -
20 //A/ﬂ:""—'—ﬂ—_'s //
10
W77 I _
1000 2000 3600 4000 5000 6000, min’! 1000 2000 3000 4000 5000 6000 n, min™!

Fig. 5. Current-speed curves of alternators: 7 — the Niehoff
A-2-125; 2 — the G-309 (15.3701); 3 — the Niehoff A-81-1;
4 — the Gallo Condor; 5 — the G-306 (13.3701); 6 — the Ducati
E-35.14.34.01.

Puc. 5. ToKocKopoCTHble xapaKTepUCTUKKU reHepatopoB: | —
Niehoff A-2-125; 2 — I'-309 (15.3701); 3 — Niehoff A-81-1; 4 —
Gallo Condor; 5 — '-306 (13.3701); 6 — Ducati E-35.14.34.01.
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Fig. 6. Current-speed curves of alternators: 1 — the Motorola
8SB2001-R; 2 — the Delco Remy 30 Si 400; 3 — the Bosch T4;
4 — the Marshall Fred A-14/30.

Puc. 6. TokocKopocTHble xapakTepuctuku: | — Motorola
8SB2001-R; 2 — Delco Remy; 3 — Bosch T-4; 4 — Fred A-14/30.

Funding source. This study was not supparted by any external
sources of funding.

A0NOSIHATENIbHAS UHOOPMALUA

Bknapg aBTopoB. E.A. Pabbix — nouvck nybankaumi no teMe
CTaTbM, HaNMCcaHWe TEKCTa PYKOMUCK, PeaKTUPOBaHME TeK-
CTa PyKOMUCK, co3faHune u3obpawenuir; PA. Manees —
3KCMepTHas OLeHKa, YTBepXKAeHWe GuHanbHOM Bepcuu;

59



ELECTROTECHNICAL FACILITIES AND SYSTEMS

Vol 18 (1) 2024

[zvestiya MGTU «<MAMI»

Table 3. Comparative analysis of a prospective domestic prototype with a foreign alternative
Ta6nuua 3. CpaBHUTENbHBIA aHaNM3 NEPCMEKTUBHOMO 0TEYECTBEHHOIO 0bpasLia ¢ 3apybexHbIM aHanorom

. . Delco Remy
Generator parameters Results_ According | Perspective 30-52
of the experiment | to the TU sample .
min400
Rated voltage, V 28 28 28 25/12,5
Maximum power, W 2772 - 5000 975
Maximum current, A 99 - 178 78
Rated load current, A 72 72 120 67
Rotation speed, at design load current, min™! 2250 2500 4000 2200
Generation start speed, min”! 1500 1500 2500 900
Generator life, operating hours (85%) 8000 8000 8000 -
Generator weight, kg 24 25 25 13,5
Diameter of the stator bore, cm 14,2 - 14,2 11,6
Length of the stator iron package, cm 4 - A 2,5
Design power, W 2016 - 3360 840
Specific maximum power, W/kg 115,5 - 200 72
Generator utilization factor, W/(kg-rpm)-10° 373 - 33,6 28,2
Utilization factor of active materials, W/(kg-rpm)-10° 51,5 - 48,2 -
Utilization factor of winding copper, W/(kg-min™") 2731 - 256,1 -
Utilization factor of the design stator volume, W/(kg-min™")-10° 1,1 - 1,04 1,1
Reliability indicators
Time to failure, operating hours 5000 5000 5000 -
Warranty period, year 2 2 2 -
Warranty service life, operating hours 4000 4000 4000 -
EV) I, Ak
80 i e
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5 VAN .
; \ \ N
: \ \\ N
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Fig. 7. The AE = f{(n) curves.
Puc. 7. 3asucuMocts AE = f(n).

AB. AkumMoB — mouck nybnmkaumi no TeMe cTatbu. AsTo-
pbl MOLTBEPXKAAKOT COOTBETCTBME CBOErO aBTOPCTBA MEX Y-
HapoaHbIM Kputepusm ICMJE (Bce aBTOpbI BHECAM CyLLe-
CTBEHHbIN BKMafA B pa3paboTKy KOHLENuuW, NpoBefeHue
MCCNefoBaHNs M MOAFOTOBKY CTaTbi, MPOYAM M 0f06pMAK
(GUHanbHyto Bepcuio nepep Nybnukauven).

DAl https://doi.org/1017816/2074-0530-625880

Fig. 8. The current-speed curve of the 11.3701 alternator.
Puc. 8. ToKocKopoCTHas XapaKTepuCTMKa MHAYKTOPHOIO reHepa-
Topa 11.3701.

KoHdnukt uHTepecoB. ABTOpbI AEKNapupYOT OTCYTCTBME
ABHBIX 1 MOTEHLMANBbHBIX KOH(IMKTOB MHTEPECOB, CBA3AHHBIX
C NybnMKaLMen HaCTOALLIEN CTaTbK.

MUcTouHnk dmHaHcMpoBaHUA. ABTOPbI 3asBNIAOT 06 OTCYT-
CTBMM BHELLHEro GUHAHCMPOBaHWA NMPW NPOBEAEHWN MCCe-
J10BaHus.
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Table 4. Results of calculation of the magnetic circuit of the 11.3701 alternator
Tabnuua 4. PesynbTatbl pacyéta MarHUTHo Lenu reHepatopa 11.3701

I, 5 5 10 10 20 20 30 30 40 40
1,=1,/0,48-1,53 8,9 8,9 193 193 40,1 40,1 61 61 81,8 81,8
n 1500 2000 1500 2500 2000 3000 2500 3500 4000 5000
U, 22,5 22,5 22,8 22,8 23,2 23,2 23,4 23,4 23,5 23,5
f=0,1n 150 200 150 200 200 300 250 350 400 500
I,f 750 1000 1500 2000 4000 6000 7500 10500 16000 20000
E,;=5,52-10-3 I ,f 4,14 5,52 8,28 11,04 22,08 33,12 414 5796 88,32 110,4
E,;=0,966-107"I f 0,724 0,866 1,45 1,932 3,864 5,796 7,245 10,143 15,456 19.32
E,=1,5-10",f 1,125 1,5 2,25 3 6 9 11,25 15,75 24 30
E+E, 5,265 7,02 10,53 14,04 28,08 42,12 52,65 73,1 112,32 140,4
E,=0,033], 0,165 0,165 0,33 0,33 0,66 0,66 0,99 0,99 1,32 1,32
U,+ E, 22,66 22,66 23,13 23,13 23,86 23,86 24,39 24,39 24,82 24,82
tgy 0,23 0,309 0,455 0,607 1,1768 1,765 2,158  3,0221  4,5253 5,656/
% 13° 17°10 24°30 31°20 49°40 60°30 65°10 71°40 77°30 80°
siny 0,22 0,295 0,414 0,52 0,7623 0,870 0,907 09492  0,9763  0,9848
cosy 0,97 0,955 09N 0,8542  0,6472 0,492 0,42 0,3145  0,2164  0,1734
E,siny 0,25 0,442 0,933 1,56 4,5736 7,833 10,20 14,95 23,431 29544
U, cosy 219 215 20,74 19,475 15,015 11,42 9828 73593  5,0854  4,0796
E,siny 0,16 0,285 0,601 1,0066  2,9455 5,200 6,574 96277 15,089 19026
E,cosy 4,03 5,27 7534 94303 14,29 16,30 17,38 18,228 19112 19,165
22U, 26,3 275 2981 31,47 39,82 40,76 bb 50,165 62,7186 71,815
F, 1974 1974 1974 1974 1974 1974 1974 1974 1974 1974
F=17,0261,siny 1915 25,13 70,61 88,53 2596 296,3 463,5 484,8 664,9 670,8
F,-F, 1954 1948 1903 1885 1717 1677 1510 1489 1309 1303
1= F,-F;\290 1,52 1,51 1,47 1,46 1,33 1,3 1,17 1,15 1,01 1,01
Eyi 3,8 31,8 31,3 31,2 30,8 30,6 30,2 30 299 299
Ein 23,25 31,8 23,47 39 30,8 45,9 97,75 52,2 60 74,75
AE +3,12 -4,3 +5,4 -75 +6 -5,2 +6,25 -2 +2,7 -2,95
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