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What is DriveConstructor?

DriveConstructor is the online educational software. It was created to support
professors teaching design of power conversion systems. It is possible to use
the software for sketching solutions for the real world problems, however, it
was developed first of all for the educational purposes.

The software together with the Textbook and the Exercise book form the
integral online course in power conversion system design. The knowledge can
be acquired in a structured way through solving the tasks proposed in the
Exercise book.

A task can be for example driving a mechanism, like pump or conveyor, by using
electric power from the grid. Such a task requires conversion of the energy from
electric into mechanical and the electric machine, being the "heart" of the
power conversion system, works as a motor. Another example of a task can be
delivering power extracted from the water flow by a tidal turbine into the grid;
here conversion is from mechanical energy into electric one and the electric
machine works as a generator.
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Yto TaKoe DriveConstructor?

DriveConstructor — OHNaHOBbIN UHCTPYMEHT (Nporpamma) Ans camoobyyeHus
Nno TemaTUMKe 3NeKTPonpuMBOAa, CO3A4aHHbIM B  MOMOLb CTyAeHTam U
YHMUBEPCUTETCKMM npenogaBaTtensam. [porpamma MOMKeT UCNo/ib30BaTbCA As
NOMCKa peLleHnin 3a4a4 U3 peasibHOM XKU3HU, HO BCE }Ke c/ieyeT MMEeTb B BUAy,
4TO B NEPBYIO OYepesb OHa NpeAHa3HayYeH A58 06pa3oBaTe/ibHbIX Lenen.

Mporpamma Bmecte ¢ Y4ebHMKOM M 33a4a4YHMKOM COCTaB/IAKT WUHTEpPrasibHbli
OHNIANHOBBIMA Yy4ebHbIN KOMMMEKC MO cuctemMam npebpasoBaHMA 3HEpPruM U
anekTponpusoay. Hanbonee yaobHbIn nyTe NpeobpeTeHns 3HaHUM C MOMOLLbIO
KOMMNJIEKCa — PeLUEeHUA NPeASIOXKEHHbIX 33434 M3 3a4a4YHuKa.

Mpumep 3a4a4n — Noab6OpP CUCTEMbI SEKTPONPMBOAA ANA TaKMX MEXaHW3MOB,
KaK HacoC WM KOHBeWlep Mnpu 3afaHHbIX MapameTpax MexaHusma u cetu. B
TaKoM 3afaye MpomucxoguT npeobpasoBaHME 3/1EKTPUYECKOM 3Heprunm B
MEXaHMYECKYlO, a 3/IeKTpuyeckas MalnHa byaeT paboTaTb B ABMraTesibHOM
pexume. [pyroii npumep 3agauvM — npeobpasoBaHWe W nepegada sHepPruu
No/ly4YeHHOM M3 NOTOKa BOAbl NPWUAMBHOMK TypbUHOW B ceTb. B aToM caydae
NpoMCXoauT npeobpasoBaHMe MEXaHWYECKOW 3HeprMM B 3/EKTPUYECKyto, a
3NeKTpuyecKkas malwmHa byaeT paboTaTb B reHepaToOpPHOM pexume.
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The system between the mechanism and the grid can include various
components; both electrical, such as frequency converters and transformers,
and mechanical, such as gearboxes. The components, put together into the
power conversion system, can be called a drive train or a drive system (this is,
by the way, why this online software is called DriveConstructor)

Providers of the equipment often call the tasks Applications.

In DriveConstructor it is possible to design systems for the four applications:
pump, conveyor, winch (or winder) and wind (or tidal) turbine. The applications
have different load profiles and operational modes.

Navigating through the Textbook and solving the tasks one can learn how to
specify the mechanisms and the system components for the proposed
applications and how to design optimal systems.
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Cuctema Mexay MexaHM3MOM W CeTbl0 MOMKET BK/IOYaTb pPas/iMuyHble
KOMMOHEHTbI: 3/1eKTPUYECKME, TaKMe Kak npeobpasoBaTenb 4acToTbl WAU
TpaHcdOpPMaTOp, W MEXaHMYecKMe, TaKMe Kak peayktop. KOMMOHEHTHI,
coeaMHeHHble BmecTe, 06pasyloT cucTeMy NpeobpasoBaHUA 3HEPTUM WK,
roBops MHauye, CUCTEMY 3/1IeKTPONpPMBOAaA.

MocTaBWMKN  KOMMNOHEHTOB 4aCTO Ha3biBalOT

«lpumeHeHUAMU».

(obopypoBaHua) 3a4auun

DriveConstructor paeT BO3MOKHOCTb MPOEKTUPOBAHUA CUCTEM ANA YeTblpex
NPUMEHEeHUN: Hacoc, KoHBeMep, nebeaka (MM HaMOTOYHOE YCTPOMCTBO) M
BeTpsAHasa (MM npunamsBHan) TypbuHa. ITM NPUMEHEHMA XapaKTepusyloTca
OTANYHBIMU ApPYr OT Apyra Harpy3ouYHbIMW XapaKTEPUCTUKAMKU N perrumamm
paboTbl.

YuTan yuyebHMK M peluas 3adavn M3 3adadvHMKa, MOXHO OCBOMTb Mpouecc
3aflaHMA NapameTPoOB MEXaHM3MOB M CUCTEMHbIX KOMMOHEHTOB ANS YeTblipex
NpPeasoXKeHHbIX NPUMEHEHNIN N MONYUUTb NPAKTUYECKME HABbIKM ONTUMM3aLUK
cucTem.
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Pumps

A pump can be specified by its type and the set of hydrodynamic parameters;
rated speed, head, flow, efficiency and density of the fluid it pumps. However,
what dimensions the drive system is torque on shaft of the pump and the
shaft's rated speed as well how the torque changes with the changing speed.

To configure the drive train for a pump DriveConstructor uses four parameters:

1. Required rated torque on the shaft of the pump
2. Rated rotational speed of the pump's shaft
o variable speed drive allows changing speed the pump operates at,
however, a pump is designed for some definite rated speed usually
given for any pump in the respective brochure or catalogue
3. Load curve of the pump

4. Starting torque of the pump

The load curve and starting torque of the pump depend on the pump's type.
There exist many different types of pumps. The most common - centrifugal
pump - is presented in Fig.1. Another example - progressive cavity pump - is
presented in Fig.2.

Rated torque

Rated torque is calculated from the power and the speed:

T=(9.55%P)/n,
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Hacocbl

Hacocbl XapPaKTePU3YyoTCA TUAOOM n Ha60pOM rmapoanHammnyeckmnx
napamMeTpoB: HOMWHA/NIbHOM CKOPOCTblo, Hanopom, pacxogom, KNA w
NNAOTHOCTbHO nepeKaqMBaeMOﬁ KUAOKOCTHU. ﬂapaMEprl, KOTOpblE

HenocpeacCTBEHHO BINAKOT Ha Bbl60p KOMIMOHEHTOB CUCTEMbI 3/1EKTPONPUBOAA
—Tpe6yeN\b|171 HOMWHA/IbHbIA MOMEHT Ha Basly HacoCa N HOMUWHa/IbHaA CKOPOCTb
(LIaCTOTa BpaLLI,EHMFI) HaCoCa, a TaKXe 3aBUNCMMOCTb MOMEHTA HacCcoCa OT
CKOPOCTHU - HAarpy3o4yHaAa XapaKTepnucTtunka.

Ona  KoHUrypupoBaHMAa  cUCTEMDI DriveConstructor

MCMo/b3yeT YeTblpe napameTpa:

npueBoga Hacoca

1. Tpebyemblii HOMUHANbHbIN MOMEHT Ha Bany Hacoca
2. HomuHanbHaa CKOpoOCTb BpallleHWa Bana Hacoca
o [MpuBoa NepemeHHON CKOPOCTM MNO3BOJIAET U3MEHATb CKOPOCTb, C

KOTOPOM BpawaeTcA Hacoc, OJHAKO, HAcoC paccyuMTaH Ha
onpeaeneHHyld HOMWHAMbHYID CKOPOCTb BpalleHuda, KoTopas
06bI4YHO YKa3blBAeTCA B COOTBETCTBYOLLEM DyKNeTe UM KaTanore

3. Harpysou4Has xapaKTepucTMKa Hacoca

4, T[lycKoBOM MOMEHT Hacoca

HarpysouHas XapaKTepuCTMKa M MYCKOBOM MOMEHT Hacoca 3aBMCAT OT Tuna
Hacoca. Cyw,ecTByeT MHOXECTBO TMNOB HacocoB. Hanbonee pacnpocTpaHeHHbIN
— LeHTpobeKHbI Hacoc — nokasaH Ha puc. 1. [pyroit npumep Hacoca —
3KCLEHTPMKOBbIN LHEKOBbIM HAacOC — MOKasaH Ha puc. 2.

HomuHaNbHbI MOMEHT
HoMWHaNbHbIN MOMEHT PaCCYNTBLIBAKOT YEPE3 MOLWHOCTb N 4aCTOTY BpaLlLEHUA!

T=(9.55%P)/n,
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where n is speed in rpm, P is power in kW and T is torque in kNm.

The power can be calculated from pump parameters such as head, flow,
efficiency and density of pumped fluid:

P=(g*pxh*q)/(3.6x106%n),

where Pis in kW, g is gravity ( g=9.81 m/s?), p is density of the pumped fluid in

kg/m?3, n is efficiency of the pump, h is head in m and g is flow in m3/h.

*
3
=

-

Cowmiats eam
T 'Pipe Flange
Ot veshaft Plange
Ratamng Direction

Parp Casing -.,

Fig.1. Centrifugal pump.
Puc.1. LlenHmpobexcHbili Hacoc.

See also:

e Pump types & load curves
e Parameters of pumps

Note that in practice a pump can work at heads and flows lower than the rated
ones for which it is designed. Speed and efficiency can then be different from
the rated ones as well. So, remember to enter actual head, flow, speed and
efficiency.
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r4e N —4acrorta BpaleHus B 06/MuH, P — MOLWHOCTb B KBM 1 T — MOMEHT K
KH -m.

MOLLHOCTb MOXHO paccymTaTb Yepes Takne napameTpbl Hacoca, Kak Hanop,
pacxog, KMA v nnoTHOCTb NepeKkaynBaemoit }UAKOCTH:

P=(g*pxh*q)/(3.6%x106%n),
roe P — MOLWHOCTb B KBm, g — yckopeHue csoboaHoro nageHus ( g=9.81 m/c? ),

p — NNOTHOCTb NEepPeKaYnMBaEMON KUOKOCTU B K2/m>3, n — KMNJ Hacoca, h — Hanop
B M, g — pacxon B m3/uac.

)

Fig.2. Progressive cavity pump.
Puc.2. 9kcuyeHmpukosbIl wHeKo8bIl Hacoc.

CmoTpu TakxKe:

e Tunbl HACOCOB N UX HArpPy304HbIE XapPaKTEPUCTUKMU
e  OCHOBHbIe MapameTpbl HACOCOB

CneayeT MMeTb B BUAY, YTO Ha NPAKTMKE HAacoCbl paboTatoT NpU 3HAYEHUAX
Hanopa n pacxoAa HUKe HOMUHAJIbHbIX 3HAYEHUI, Ha KOTOPbIE OH OblN
paccunTaH. YactoTa BpalueHusa u KM, B aTom c/iyyae TakKe byayT oT/iMyaTbes
OT HOMUHaNbHbIX. [T03TOMY cneayeT 3a4aBaTh peasibHble 3HAaYeHUA Hanopa,
pacxoga, yactoTbl BpalweHma n KMna.
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Pump types & load curves

Pumps can be classified by their method of the fluid displacement. Two
overviews of pump types is presented in Fig. 1 and 4, though there are many
alternative overviews and classifications.

There are two basic types of pumps: positive displacement and centrifugal
(rotodynamic). Load curves (torque-speed characteristics) of these two types of
pumps are different:

e Centrifugal pumps have quadratic load curve T~n? (Fig.2)
e Positive displacement pumps have constant load curve T~const (Fig.3)

Quadratic loads are often approximately represented by assuming that the
torque required is proportional to the square of the speed, giving rise to the
terms square-law load.

Torque

ny

Rotational
speed

Fig.2. QT curve.
Puc.2. Keadpamuy4Haa xapakmepucmuka.
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Tunbl HacocoB U nx Harpy3o4yHble XapPpaKTepucTtnkum

Hacocbl MOXXHO KnaccuduumposaTb No cnocoby nepekaunBaHmA KUaKocTu. [ga
0630pa TMNOB HAaCcOCOB MpeAcTaBAeHbl HA pUC. 1 1 puUC. 4, XOTA CYLLECTBYIOT U
apyrne 0630pbl U Knaccupukaumnm.

CywecTByeT ABa 6a30BbIX TMNA HAcoCa: 8biImecHUMesbHbIl N yeHmMpobexHbil.
Harpy3ouHble XapaKTepucTUKKN (3aBUCMMOCTb MOMEHTa OT 4YacToTbl BpallleHuA)
3TUX ABYX TUMOB HAacCOCOB pa3/InyaloTCA:

e LleHTpobexkHble  Hacocbl MMET  KBagpaTUUHYO  HarpysouHylo
xapaKtepuctury T~n? (Puc. 2)
e BbITECHUTENbHbIE  HAcOCbl  MMEIT  MNOCTOAHHYIO  HarpysouHylo

XapaKktepuctuky T~Const (Puc. 3)

KBaZpaTUyHYtOo HarpysKy 4acTo annpoKCMMMUPYIOT, Npeanonaras, 4to
Tpebyembli MOMEHT NPOMNOPLMOHANEH KBaapaTy CKOPOCTH, NOPOXKAAA YCA0BUA
KBaApPaTUYHOM HArpysKku.

Terque

pr

ny

Rcrtational
speed

Fig.3. CT curve.
Puc.3. [fTocmoaHHaA xapakmepucmuka.
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Rotodynamic pumps
Positive displacement pumps
Low head

LeHTpobexHble Hacochl
BblTecHUTeNbHbIE HacoCbl
ManbIt Hanop

CpeaHuit Hanop

Rotodynamic pumps | Positr'oedisplaae;mrtpwnpsl Medium head

High head Bonbwoi Hanop

low'head I Madiu;nhmd I H:;g’hheud I Ra:';n"ocuﬁng I Rahn:ypmnps |

Reciprocating Bo3BpaTHO-nocTynaTenbHoe
(very high pressure puaps) ABUXKeHne
Rotary pumps BpawaTtenbHoe aBuKeHne

|
/ { {

f
Axial pump Centrifugal Centrifugal Piston pump Gear pump

Pump Pump (very high pressure pumps) Hacocbl 04eHb BbICOKOTO AaB/eHUS
(propeller) Mived flow ) Plunger pump Screw pump
type Radial type

Ditphmigm parisy Ve pusp Axial pump (propeller) AkcuanbHbI Hacoc (nponennep)

Fig.1. Pump classification.t
Puc.1. Knaccugukayus Hacocos.

Centrifugal pump /
Mixed flow type

Centrifugal pump /
Radial type

Piston pump /
Plunger pump /
Diaphragm pump

Gear pump
Screw pump
Vane pump

LleHTpobexHbiit Hacoc /
CmellaHHbIM NOTOK

LleHTpob6exHbIi Hacoc /
PaguanbHbI NOTOK

MoplHeBown Hacoc /
MAyHKepHbI Hacoc /
MembBpaHHbI Hacoc

LLlecTepeHOYHBbI Hacoc
B1HTOBOI Hacoc
LLInbepHbIn Hacoc
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CENTRIFUGAL

/"

MULTI-LAYER
DIAPHRAGM

"Wobble Plate™
—or—
“Swash Plate™

r—
“Slipper Pad"

Axial Piston
Pumps
Compact, high
pressure,

high horse power,

YyuebHUK

HOSE

A.B. MatBees

MULTIPLEX

PROGRESSIVE CAVITY
FOR SLUDGE & SLURRY

RADIAL PISTON

WITH SUCTION TURBO

Fig.4. Pump types with illustrations.?
Puc.4. Tunbl HACOCO8 € UNAOCMPAYUAMU.

Ctp. |10

Gear

Vane

Hose

Multiplex
Centrifugal

Air driven intensifier
AODeD

Lobe

Multi-layer diaphragm head metering
Progressive cavity for sludge & slurry

Injection / packed plunger

Wobble plate / Swash plate / Slipper

pad — Axial piston pumps

Radial piston with suction turbo

LlectepeHOuYHbIN
LWnbepHbIl

LLinaHroBbIl
MynbTUNAEKCHbIN
LleHTpobexKHbIi
MHeBMaTUYECKU ycunuTenb
AODeD

JNlonacTHow

[o3u1pylowmii Hacoc C MHOFOC/IOMHOM
ro/IoBKOM anadparmbl

Hacoc c nporpeccrBHOl N0AOCTbIO
A/1A 0CafKa U Ny bhbl

BripbickoBoOI / HarHeTaTe IbHbIM Hacoc

Kauarowasca nnactuna / wanba /
BbINYCKHasA NMPOKAaaKa — AKCUaibHO-
MOpPLUHEBbIE HACOCHI

PagmanbHbIi NOPLUIEHb C
TypboHaaayBom
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Key parameters of pumps
Head and flow

Rated head and flow are the key characteristic of any pump and is always
specified by the pump manufacturer.

The static Head (H) of a pump is the maximum pressure it can deliver (height to
which the pump lifts the liquid). In DriveConstructor this parameter is entered in
m.

Flow (Q), also referred to as volume flow rate or capacity, is the volume of liquid
that travels through the pump in a given time (measured in liter per second of
cubic meter per hour). Rated flow is the key characteristic of any pump and is
always specified by the pump manufacturer. In DriveConstructor this parameter
is entered in m3/h or I/s.

Q
Operating Point

Fig.1. Centrifugal pump.
Puc.1. UeHmpobexcHbil Hacoc.
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OCHOBHble NapameTpbl HACOCOB
Hanop u pacxoa

HoMWHanbHbIN Hanop W pacxon ABNAAKTCA OCHOBHbIMKU NMapaMeTpamMn BCeX
HAaCOCOB U BCerga yka3biBakoTCA NPOU3BOOAUTENEM.

CrtaTnueckuii Hanop (H) Hacoca siBnaeTca MakCMManbHbIM AaBNeHUEM, KoTopoe
MOMKEeT MPOM3BOAUTbL Hacoc (BbICOTa, Ha KOTOPYK HACOC MOXET MNOAHATb
UAKOCTb). B nporpamme DriveConstructor 3TOT NnapameTp BBOAUTCA B MeTpax.

Pacxo0 (Q), Takxe HasbiBaeMblh 06beMHbIN pacxo AN NPoOn3BOAUTENbHOCTb
Hacoca, npeacTaBasetT cobon 06bEM KUOKOCTU, KOTOPbIM MNPOXOAMT 4Yepes
Hacoc 3a onpegeseHHoe BpemsA (M3MepseTcs B JIMTPaAX B CEKyHAY WM
KybomeTrpax B 4ac). HoOMWHanbHbIA  pacxod  ABNAETCA  OCHOBHOW
XapaKTepUCTMKOM Ntoboro Hacoca M Bcerga yKasbiBaeTcA npoussoguTenem. B
nporpamme DriveConstructor 3ToT napameTp BBOAUTCA B M>/yac nnu B a/c.

Pump curve XapaKTepucCTuKa Hacoca
System resistance curve ConpoTms/ieHWE CUCTEMDI
Operating point Pabouyas TouKa
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Pumped fluid

The fluid pumped by the pump can be chosen from the options presented in the
table below. Note that for the same head and flow the power required on shaft
of the pump will be higher for fluid with higher density (according to
P=(g*p*h+*q)/(3.6%10°«n). The default fluid is water.

Starting torque ("breakaway" torque)
Real pumps can have a significant static friction or breakaway torque (as shown

in Fig. 2, 3), which must be overcome when starting. In some situations, starting
torque can be higher than the rated torque even for centrifugal pumps.

In DriveConstructor starting torque is defined as the fraction of rated torque T.,.
The following values can be chosen: 0.0, 0.1,0.2,0.3, ...,1.8, 1.9, 2.

‘ Fluid H Density, kg/m?3 ‘
‘ water H 1000 ‘
‘ average oil H 920 ‘
‘ kerosene H 820 ‘
| milk || 1035 |
‘ sea water H 1025 ‘
‘ gasoline H 720 ‘

Ctp. |12

MepekaunBaemas KNAKOCTb

TuN KUMAKOCTU, NepeKaynmBaemMor HacOCOM, MOXKHO BblbpaTb M3 HECKOIbKMX
BAapWaHTOB, NMpPMBEAEHHbIX B Tabauue Huxke. Obpatute BHMMaHMe, 4YTO ANA
OAHOr0O M TOTO e Hamopa M pacxofa MUAKOCTU MOLLHOCTb, KOTOPYI Hazo
obecrneunTb Ha Ba/Jy Hacoca A/ ee nepekaymBaHuA, OyaeT Bbiwe AnA
UAKOCTM  6osibleld  NAOTHOCTM (B COOTBETCTBMM € BbIpayKeHMem
P=(g*p*hx*q)/(3.6%106%n). }KMAKOCTbIO MO YMONUYAHMNIO CUMTAETCA BOAA.
MNycKoBoit MOMeEHT

PeasibHble HACOCbl MOTYT WMMETb CYLLECTBEHHOE CTAaTUYECKOEe TPeHWE WU
Havya/ibHbIAi MOMEHT COMPOTUBAEHUA (Kak NMOKa3aHOo Ha puc. 2, 3), KOTopbIi
JOJIKEH MPeooNeBaTbCs MPU BKAKOYEHUM Hacoca. B HeKOTOpbIX CUTyaLmsAx
Haya/IbHbIi MOMEHT COMPOTUB/IEHUS MOKET ObITb Bbille HOMWHA/IBHOTO, faXKe
ONs LeHTpobeKHbIX HAaCOCOoB.

B nporpamme DriveConstructor Ha4anbHbIA MOMEHT CONPOTUBAEHMA 3a43aETCA B
[0NAX OT HOMMHanbHOro MomeHTa Tr. osb3oBaTeNb MOXKeT BblbupaTb M3
cnepyowmx sHayeHmin: 0.0,0.1,0.2,0.3, ..., 1.8, 1.9, 2.

‘ Xupgkoctb H MnotHOCTb, Kr/m3 ‘
‘ BOAA H 1000 ‘
‘ HedTb H 920 ‘
‘ KepoCuH H 820 ‘
‘ MOJIOKO H 1035 ‘
‘ MOpPCKaA BoAa H 1025 ‘
‘ 6eH3uH H 720 ‘
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Torque Torque
/N VAN
Tos
Tor
Tps
Tor
ny |
- > 4 N
Rotational =
speed Rotational

speed

Fig.2. Pump with CT load curve and starting curve.
Puc.2. Hacoc ¢ nocmosaHHoU Hazpy304YHOoU xapakmepucmukol U Ha4yanbHbIM
MOMEHMOM CONMpPoMuBseHUA.

Fig.3. Pump with QT load curve and starting curve.
Puc.3. Hacoc ¢ kgadpamuyHoli Hazpy304Hol XapaKmepucmuKol U Ha4aa6HbIM
MOMEHMOM COMPOMUBAEHUS.
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Conveyors

Conveyors are used in various industries: metallurgical, petrochemical, mining,
glass, brewing, textile, food, printing, furniture, machinery, coal, as well as
many others. In a conveyor one or more drums (rollers) can be driven by
motor(s). Fig. 1-4 below show designs with one motor per drum. In Fig.5 there
are two motors driving the drum. Mutual position of the axle of the driven drum
and the motor shaft are defined by the gearbox type. There can be an angle
between the axles if bevel gear stage (Fig.4) or worm gear stage (Fig.2) is used.

See also:

e Parameters of conveyors
e Duties and overloads

Fig. 1. Puc.1.

Fig. 2.
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Ao
KoHBeunepbl
KoHBeliepbl  MCMOAL3YIOTCA B pasHbiX  OTPACAAX  MPOMbIWNEHHOCTU:
MeTanNypruyecKon, HebTEXMMUYECKO, rOpHOPYAHOM, CTEKO/IbHO,
NUBOBAPEHHOM, TEKCTUAbHOW, nNULWEBON, nonaurpaduyeckon, mebenbHoON,

Yro/IbHOM, B MalWMHOCTPOEHUM, a TaKXKe B APYrux oTpacaax. B KoHselepe ogmH
unn bonee 6apabaHoB (PONAMKOB) NPUBOAATCA B AeicTBMe aAuratensmu. Ha
puc. 1-4 HUKe NoKasaHbl BapMaHTbl C OAHUM ABuraTesniem Ha bapabaH. Ha puc.
5. nokasaHo pABa ABwuratens, Bpawawuwux oauH 6apabaH. B3anmHoe
NnoJsIoXKeHWe ocel Bpaliaemoro bapabaHa v Bana Asuratens onpeaenserca
TMMNOM peayKTopa. B cnyyae npumeHeHua B peayKTope KoHudeckon (puc. 4)
WU YepBAYHOI 3ybuyaTol nepeaaun (puc. 2) ocn asuratens u 6apabaHa moryT
ObITb pacrnoIoXKeHbl NoA Yyr/IoM APYr K APYry.

CMmoTpU TaKxKe:

e [lapameTpbl KOHBeMepoB
e [1OBTOPHO-KPaTKOBPEMEHHbIE PEKUMbBI U MEeperpysku

Puc.2.

Puc.5.


https://driveconstructor.com/docs/TextBook/Applications/Parameters_of_conveyors.html
https://driveconstructor.com/docs/TextBook/Applications/Duties_and_overloads.html
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Benefits of VSD for conveyors

Equipping conveyor with variable speed drive (VSD) (motor and frequency
converter) provides a number of advantages:

a) Improving the process controllability

The automatic control system of the frequency converter can maintain constant
load or constant speed regardless of the load. Conveyor's control system may
be integrated in the automation system of higher level.

b) Energy savings

Load of some conveyors, such as e.g. the belt conveyor at coal mines and ore-
processing enterprises are quite difficult to predict because of the varying
demand of the transportation. Idling or modes close to it can reach 20-40% of
the operating time of the conveyor. The use of VSD provides smooth control of
the belt speed, maximizes energy savings under variable loads, regardless of the
profile of transport distribution.

c) High starting torque

The frequency converter provides high starting torque (up to 200% of the
nominal value). In the event of an emergency stop it is not necessary to unload
the conveyor because a high starting torque gives the possibility to even start a
fully loaded conveyor.
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MpenmyuiecTBa peryiiMpoBaHuA CKOPOCTU KOHBEepoB

Mpy OCHAaWEeHUM KoHBelepa peryampyembiM NpuBOAOM (ABUraTesnb NJOC
npeobpasoBaTe/ib YacTOTbl) NOABAAETCA PAS NPEUMYLLECTB:

a) Yayuywaemcs ynpaensgemocme rpoyeccos

Cuctema aBTOMaTUYECKOro ynpaBaeHuA npeoﬁpasoBaTeneM 4YaCTOTbl MOXeT
nogaepXuneatb MNOCTOAHHYHO HaArpysky wWan NOCTOAHHYKO CKOPOCTb BHe
3aBUCMMOCTHN OT HarpysKu. Cucrema ynpasaeHUA KOHBEVIepOM MOXKeT bbITb
UHTErpnpoBaHa B aBTOMATUYECKYIO CUCTEMY 6onee BbICOKOTO YPOBHA.

b) dkoHOMuUmMCA 3HepausA

HarpysKy HEKOTOpbIX KOHBEMEpOB CNOMHO MNpeAacKkasaTb, Hanpumep, ANA
NIEHTOYHbIX KOHBEWEePOB Ha Yro/bHbIX LWaxTax MWAWM NpeanpuatTuax no
oboraweHMo  pyabl, 4YTO O6bBACHAETCA M3MEHAIOWMMCA 3aMpocoMm  Ha
nepeBo3Ky. JANTENbHOCTb XONOCTOr0 X04a MAW B/IM3KOrO K Hemy perKuma
pabotbl MoxeT pgocturatb 20-40% Bceld NPOAOIKUTENbHOCTM  paboThbl
KoHBelepa. MNpumeHeHWe peryivpyemoro npueofa obecneuyvBaeT MniaBHoOe
peryiMpoBaHMe CKOPOCTM JIEHTbI, MaKCMMAJIbHYIO 3KOHOMMUIO 3HEPTUIO Npu
nMepemMeHHOM Tpy30MOTOKe, HEe3aBMCMMO OT 33aKOHa  pacnpeneneHus
rpy3ornoToka.

¢) Mosvbiwiaemcs nyckosoli momeHm

MpeobpasoBaTenb YacToTbl 06ecneynBaeT 60/bLLOK NYCKOBO MOMEHT (40
200% OT HOMMHAa/IbHOIO 3HaYeHus). B cnyyae aBapuitHOM OCTaHOBKM He
0b6A3aTeNbHO pasrpy»KaTb KOHBeMEp, MOCKO/bKY 60/1bLIOM NYCKOBON MOMEHT
MO3BO/IUT 3aMYyCTUTb Aa*Ke NOJIHOCTbIO Harpy»KeHHbIN KOHBelep.
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d) Less wear of the mechanical parts and switching equipment at start

Stepless speed increase when starting the conveyor protects the mechanical
parts from wear and prolongs service life. Soft-start is also favorable for the
power switching equipment and the mains.

e) Increased line speed

Using a frequency converter allows the conveyor to operate at speeds above
par, if required by the process.

f) Load balancing on motors, shaft synchronization

If the conveyor is provided with two or more motors, there is a need for load
balancing between the engines and the synchronization of their shafts. Modern
frequency converters have a software that allows you to implement these
functions.

Parameters of conveyors

In DriveConstructor we operate with the type of curves shown in Fig.1. We
assume torque is constant in the given speed range. Short-term overload can be
specified. Also very short-term overloads for starting the conveyor (breakaway
torque) can be specified.

So, one needs to specify:

e minimum and maximum rotational speed of the conveyor drum,
rated torque,

overload torque,

starting (breakaway) torque, and

e conveyor duty
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d) YmeHbwiaemcsa usHoc mexaHu4Yeckux yacmel U KOMMymayuoHHOU
annapamypel npu rnycke

MnaBHoe nNOBbIWEHME CKOPOCTM MNpPM  NyCKe KOHBeMepa  3awumuiaert
MeXaHMYeCcKMe 4YacTu OT MPEeXKAEBPEMEHHOro M3HOCA W YBE/NYMBAET CPOK
Cny»Kbbl. [NaBHbIM NycK TakXe OnaronpuateH Aas8  KOMMYTaLMOHHOWM
annapaTypbl U CeTU.

e) Yseauyusaemcs ckopocme AUHUU

MpumeHeHe npeobpasoBaTesns YacToTbl NO3BONAET PA3rOHATb KOHBeKlep Ao
CKOpOCTEM Bbllle HOMMWHANALHOW, €ecAn 3TO TpebyercA MO yCnoBUSAM
aKCnayaTauuu.

f) Ynyywaemcs pacnpedenerue Hazpy3ku dsueamernel, CUHXPOHU3AUUA 84108

Echn  KoHBelep ocHalwaeTcA ABymA W 6onee ABUratensimu, BO3HUKaeT
HeobX0AMMOCTb B MPABUJAbHOM pacnpefeneHun Harpysku aAsuratenen u
CUHXPOHM3aUMK BpalleHMAa ux BanosB. CoBpemeHHble npeobpasoBaTenu
4YacToTbl MCMONB3YIOT NporpammHoe obecneyeHne, KOTOopoe Mo3BoAAET
peann3oBaTb 3TN GYyHKLUM.

MapameTpbl KOHBEWEPOB

B nporpamme DriveConstructor Ncnosib3ytoTCA XapaKTePUCTUKN, NOKA3aHHbIE Ha
puc.l. MomeHT cuyuTaeTcA NOCTOAHHbLIM B KaXAOM 334aHHOM [JuManasoHe
cKopocTeil. MOXKHO 3a4aTb KPaTKOBPEMEHHYIO neperpysky. Takke MOMXKHO
3a4aTb OYEHb KPaTKyO NeperpysKy npu nycke KoHeelepa (NycKoBol MOMEHT).

Takum o6pa30M, Aana onncaHumaA KOHBGVIepa HEO6XO,£I,VIMO 3a4aTb:

®  MWHUMAJNIbHYIO U b6apabaHa
KOHBelepa,

®  HOMMHA/IbHbINA MOMEHT,

® neperpy3oyHbll MOMEHT,

®  [YCKOBON MOMEHT

e UMKA paboTbl KOHBelepa

MaKCMManbHYO 4aCTOTy BpalleHunA
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Torque
= Conveyor rated curve

N ===+ Conveyor overload curve

= = = Conveyor start curve

M

Tcs -----
Teo -
rated curve HOMMHANbHAsA XapaKTepUCTMKa
Ter overload curve neperpysouyHasa xapaKTepucTuka
start curve nyckoBas xapaKTepuCTUKa

;:
ny N3 Rotational
speed

Fig.1.
Puc.1.
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Wind and tidal turbines

Drive train of WT in most cases include a gearbox and a generator (Fig.1,a). The
gearbox and the generator can be mechanically integrated (Fig 1,b).

Direct drives are usually bulky and heavy (Fig.2). There are, though, special
designs usually based on integration with the WT structure (Fig.2,b), in order to
reduce weight. In DriveConstructor we focus on geared solutions only.
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BeTpsaHble U NPUAUBHbIE TYPOUHDI

MpUBOAHOW MeXaHU3M BETPAHOW TYpOUHbI B BONBLWIMHCTBE C/yYaeT COAEPHKUT
peayktop wu reHepatop (pwuc.l,a). Peagyktop w reHepatop MmoryT 6biTb
MexaHMYecKkn obbeanHeHbl B 0A4HOM ycTpoicTtse (puc 1,b).

Mpsamol npuBog 0bblyHO nosyyaetca 6osee ob6beMHbIM U TAXKeNbIM (puc.2).
Tem He MeHee, CyLIeCTBYIOT cCreumasbHble  KOHCTPYKUMK, 06bIYHO

WMHTErpupoBaHHble C BETPAHON TypOUHOI, KOTOPbIe NMO3BOAAIOT CHU3UTL BeC. B
nporpamme DriveConstructor
peayKkTopamu.

pacCmaTpmnBaldTCA TOJIbKO KOHCTPYKUMKN C

Fig.1. Wind turbines with gearboxes.
Puc.1. BempsHble mypbuHbl ¢ pedyKmopamu.

Fig.2. Wind turbines with direct drives.
Puc.2. BempsaHsie mypbuHbl Npamozo rnpusooa.
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Load characteristics

There is theoretical maximum power which is possible to extract following the
maximum torque curve shown in Fig. 3-4.

It can be seen that generator speed increases in Region Il and is kept almost
constant in Region Ill. However, there should be kept some speed reserve
(between n; and n; in Fig.5) for the overspeed case due to wind gusts.

Maximum torque -—-_,_____‘[
s

curve {Top)

Rated
torque

Generator torque

1hm/s

Generator speed

Fig.3. Generator RPM vs torque.
Puc.3. 3asucumocms MomMeHmMa om 4acmomel 8pAWEeHUA 2eHepamopa.

MaTBeesB
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Harpy3ouHble XxapaKTepucTuKu

CyLiecTByeT TEOPETUYECKMIA MAaKCMMYyM MOLLHOCTU, KOTOPYIO MOXHO MONYy4YUTb
B COOTBETCTBUM C KPUBOM MaKCMMasibHOFO MOMEHTA Ha puc. 3-4.

MOXHO 3ameTUTb, YTO CKOPOCTb reHepaTopa Bo3pacTaeT B 30He Il n ocraerca
NPaKTUYEeCKM noctofAHHOM B 30He |ll. OaHaKo, MOXKHO nNpeaycMoTpPeTb
HEeKOTOpbI pe3epB cKopocTu (Mexay nl u n2 Ha puc. 5) Ans npesbilleHUA
CKOpPOCTU 13-3a MOPbLIBOB BETpa.

Power in wind

Rated power

Power
RPM

Rotor RPM

'/ Wind speed

Cut-in speed
o < >

< >
Region | | Region Il Region il Region IV

Rated speed Cut-out speed =

Fig.4. Wind speed vs RPM and power.
Puc.4. 3asucumocmb Yacmomeol 8pAULEHUA U MOWHOCMU OM CKoOpocmu eempa.
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Torque

iy n; Rotational
speed

Fig.5. Turbine load curves.
Puc.5. Haepy3ouHbie xapakmepucmuku mypOuHsl.

Parameters of wind (or tidal) turbine MapameTpbl BETPAHDbIX (M NPUAUBHbBIX) TYPOUH

e Rated speed of the propeller (above this speed maximum energy is e HomMHanbHaa CKOpoCTb BpallleHWa nponennepa (Npy NpesblleHUn
extracted) 3TOI CKOPOCTU BPALLEHUA MOXKHO MOAYYUTb MaKCMMabHYO SHEPTUIO)

e "Cut off" speed, which is maximum allowed speed (turbine and e [paHWYHan CKOPOCTb, T.e. MAaKCUMa/IbHO AOMNYCTMMAn CKOPOCTb
generator are not run above this speed) (TypburHa 1 reHepaTopa He paboTatoT NpPM NPEeBbILLEHMUM STON CKOPOCTH)

e Rated torque (at this torque maximum energy is extracted) e HOMMHaNbHbIA MOMEHT (NPM 3TOM MOMEHTE NOJyYaeTcs

e Extratorque (torque margin) is needed to prevent runaway of the MaKcMManbHas sHeprus)
turbine in case of wind gusts and very strong wind in general. e [lONOJIHUTENbHbIA MOMEHT (3anac No MOMeHTY) Heobxoanm gns

npefoTBpaLLeHna pasHoca TypbuHbI MpU NopbiBax BeTPa 1 BoobLue npu
O4YeHb CUIbHOM BeETpe.
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MaTBeesB

Winches and winders
In DriveConstructor two types of mechanisms are united under the same

“application” class; these mechanisms are winches (Fig. 1-2) and winders (Fig. 3-
4).

The winches and winders are characterized by the special shape of load curves.
The specifics is in changing diameter of the surface on which the material is
coiled on. The two extreme states are shown in Fig.5:

e drum without anything coiled/wound on it (D)

e last layer of rope or whatever coiled/wound on the drum when there is
no more space on it (Dy)

Fig.1. Winch.
Puc.1. /lebeokKa.

Fig.2. Winch.
Puc.2. /lebeokKa.

weight

weight

Fig.5. Drum dimensions.
Puc.5. Pazmepsi bapabaHa.
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JlebeaKun n HamaTbiBalOLLME YCTPOMUCTBA

B nporpamme DriveConstructor wcnonb3yetca ABa TunNa MEXaHU3MOB,
0b6beaUHEHHbIX B OAMH KNacC NpumeHeHus, 3ato nebeakm (puc. 1-2) u
HamaTblBaloLine ycTpoicTea (puc. 3-4).

Nlebefkn W HamaTbIBaKOWME YCTPOMCTBA XapaKTEPU3YHOTCA CheLmanbHOM
dopMoIt  HarpysouHbIX XapakTepUCTUK. WMx o0cobeHHOCTb 3akatoyaeTcs B
M3MEeHeHUN B npouecce paboTbl AMameTpa MOBEPXHOCTU, Ha KOTOPYH
HamaTbIBaeTca Tpoc. [Ba KpalHUX COCTOSHMA NOKa3aHbl Ha puc.5:

e HapabaH, Ha KOTOPbIN HMYEro He HamoTaHo (Ds)
® nocnedHuiA CNoi Tpoca WAM APYroro HamaTbiBaeMoro maTtepuana, Ha
KOTOPbIN yKe Henb3a HMYero HamoTatb (Da)

ACS 800 AC Drive
7 for dedicated

AC Motor

Fig.4. Winder.
Puc.4. Hamamesisarowee ycmpolicmeo.

web handiing

Fig.3. Winder.
Puc.3. Hamameisarowee ycmpolicmeo.

/. Torque

— Constant tension
===+ Constant tension
(overloads)

TDl 1

L R \

~,
Torz S~

Rotational
T speed

ny nz

Fig.6. Load curves.
Puc.6. Hazpy3o4Hbie xapakmepucmuxu.
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When the coiling/uncoiling (winding/unwinding) takes place (between the two
extreme states) the speed and the torque change in the opposite way. When
linear speed and tension are kept constant, then the rated torque curve is like
the blue curve in Fig. 6. Possible overloads are presented as the dashed red
curve.

Parameters of winches and winders

e Diameter [m] of the drum without anything coiled/wound on it.

e Diameter [m] of the last layer of rope or whatever coiled/wound on the
drum when there is no more space on it.

e Rated linear force (tension) [kN] on the
line/wire/string/fabric/paper/foil or whatever else is being
coiled/wound on the drum.

e Rated linear speed [m/s] of the line/wire/string/fabric/paper or
whatever else is being coiled/wound on the drum.

e Expected overload torque as multiple of the rated torque.
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B npouecce HamaTbiBaHMA / cmaTblBaHMA Tpoca (Mexay ABYMA KpalHMMU
COCTOAHMAMM) NPOUCXOAUT 0BpaTHOE M3MEHeHMe 4YacToTbl BpalEHUs U
MomeHTa. EcaM  AMHelHaa CKOPOCTb WM HaTAMEHWe Tpoca OCTaloTCA
NOCTOAHHbIMM, Harpy3o4YHas XapaKTEePUCTMKA COBMafaeT C CMHEeW KpWUBOW Ha
puc. 6. BO3MOXKHble Neperpysku NpeacTaBieHbl MyHKTUPHON KpacHOW IMHKEN.

MapameTpbl nebefoK U HAaMaTbIBaKOLWMX YCTPOMUCTB

e [unameTtp [m] nyctoro 6apabaHa.

e [unameTtp [m] 3anosiHeHHoro bapabaHa.

e HomuHanbHoe nnMHelHoe ycunue (HataxkeHue) [KH] Tpoca, npoBoaa,
HUTK, Bymarn, Gonbrv MAKM Apyroro matepuana, HamaTblBaemoro Ha
6apabaH.

e HomMHanbHas AMHelHaA ckopocTb [m/c] Tpoca, NpoBoAaa, HUTH,
6ymaru, ponbrm unam Apyroro matepmana, HamatbiBaemoro Ha 6apabaH.

e Onpgaemasn KpaTHOCTb Neperpy3o4HoOro MoMeHTa OTHOCUTENbHO
HOMWHANbHOIO MOMEHTa.
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Electric machines dNeKTpuyecKkme MaLluHbI

Only rotating AC machines with cylindrical cores with inner rotor are B . DriveConstruct

. . . . . . . HacToswWwen Bepcuu nporpammbl DriveConstructor paccmMaTpuBaloOTCA TOJIbKO
included into this version of DriveConstructor. It is possible to choose - P porp P P

between: BpaLLatoLMeCA MALLMHbI NEPEMEHHOTO TOKa C UMANHAPUYECKMMU CEPAEYHUKAMMU U

BHYTPEHHUM POTOPOM. MNonb3oBaTenb MoXKeT Bbl6paTb cneaywouime Tunbl MallnH:

e SCIM —Squirrel Cage Induction Machine (Fig.1), AM — A 6 1
e SyRM— Synchronous Reluctance Machine (Fig.2), o — ACUHXPOHHasA MalLMHA C POTOPOM TUMNa «bennyba Knetka» (puc.1),

e PMSM - Permanent Magnet Synchronous Machine (rotor shown in *  CPM - CnHXpoHHan peakTuBHan malunHa (puc.2),
Fig.3) o CMIIM — CMHXPOHHasA MaluMHa C NOCTOAHHbLIMW MarHUTamu (POTOp NoKasaH

Ha puc.3).

Fig.1a. SCIM. Fig.1b. Icon of SCIM. Fig.2a. SyRM. Fig.2b. Icon of SyRM. Fig.3a. Rotor of PMSM.  Fig.3b. Icon of PMSM.
Puc.1a. AM. Puc.1b. Mukmozpamma AM. Puc.2a. CPM. Puc.2b. Mukmozpamma CPM. Puc.3a. Pomop CMIIM.  Puc.3b. MTukmoepamma
CMIIM.
SCIM, PMSM and SyRM can be selected for any application and any drive AM, CMIMM u CPM ana noboro npumeHeHUs 1 noboi TonoiorMm NnpMBoAHOro
train topology. SyRM are available for quite limited range of powers. So far mexaHmn3ma. CPM gocCTynHbl LWL A8 OFPaHMYEHHOTO AManasoHa MoLLHOCTe. B
only LV SyRM products are known, therefore only LV FC can be used to drive  HacToALLlee Bpema N3BECTHbI TO/IbKO HU3KOBOAbLTHblE CPM, NosTomy ANA NUTaHMA
SyRM. CPM MOKHO MCNO/1b30BaTb TO/IbKO HU3KOBO/IbTHbIE NPe0bpas3oBaTeIn YacToTbI.
Performances of the machines of different types are different. Usually: MoKasaTenu MallMH Pa3HOoro TMNa pasinyaoTca mexay cobon. O6bIYHO:
e Efficiency (SCIM) < Efficiency (SyRM) < Efficiency (PMSM) e KNA (AM) < KNA (CPM) < KNA (CMMM)
e Cost (SCIM) < Cost (SyRM) < Cost (PMSM) e Croumoctb (AM) < CtoumocTb (CPM) < Ctoumoctb (CMIMM)

e Size (SCIM) > Size (SyRM) > Size (PMSM) e Tabaputbl (AM) > Fabaputbl (CPM) > Mabaputbl (CMMNM)
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Size and shape of the machine

Why some machines are long while the other are short? Why they have
small or large diameter? One of the possible explanations is proposed below.

The stator and the rotor of the electric machine (Fig.1) interact - there are
forces between them (Fig.2). The forces are not uniform and vary in time,
however, for simplicity we can represent them as several forces applied to
several points on the rotor circumference, as shown for example in Fig.3
(four points in this example). We can also talk about one average
circumferential force - the torque producing force — F. Intensity of the stator-
rotor interaction can be represented with the help of tangential tension Fa —
the force acting at the unit of rotor area, Fa = F/A, where A = 1 Ds Ly. Fa is
usually lower for smaller machines and higher for larger machines. For
machines of a comparable power levels it can be assumed constant.

Rotor -

Stator

Fig.1. Rotor and stator.
Puc.1. Pomop u cmamop.

MaTBeesB

Stator

Rotor

Fig.2. Interaction.
Puc.2. Bzaumoodelicmsue.
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Pasmep u popma malliuHbI

Moyemy HeKoTOpble MalMHbl UMetT «wakboobpasHyo» dopmy, a apyrne —
HaobopoT, GopMy BbITAHYTOrO UMAMHAPA? [loyemy AMameTp y OAHWUX MALIWH
bonblie, a y Apyrux — meHblue? OAHO U3 BO3MOXKHbIX OOBACHEHWUI MPensoKeHO
HUKe.

CTaTop M pOTOp 3/IEKTPMYECKOM MalumHbl (Puc. 1) B3anmoaeincTByoT nocpeacTsom
3NeKTpPOMarHuTHbIX cun (Puc. 2). Cunbl pacnpegeneHbl HepaBHOMEPHO BAO/b
PaCcTOYKM CTaTOPA U U3MEHAIOTCA BO BPEMEHMU, HO, TEM HE MeHee, A1A NPOCTOTbl Mbl
MOMKEM MpPeAcTaBUTb UX KaK HECKOJIbKO CWJI, MPUNOXKEHHbIX K HECKO/IbKUM TOYKaM
Ha MOBEPXHOCTW POTOPa, Kak MOKas3aHo, Hanpumep, Ha Puc. 3 (yeTbipe TOUKM
NPUIOXKEHUA CUA B 3TOM Npumepe). Mbl TaKKe MOXKem roBOpUTb O cpedHel cune
B3aMMOENCTBUA, co3galowen MomMeHT — F. WHTEHCMBHOCTb B3auMoAencTBusA
CTAaTOP-POTOP MOXKET ObITb NPeACTaBAeHA YAENbHOW CUNOM Ha eauHULY NaowWwaam
NoBEepPXHOCTM poTopa B 3a30pe — Fa = F/A, rae A = 1 Ds Ly. FA 06bI4HO MeHbLie ans
MaLWH Maso MOLWHOCTU M Bonblle ANA MalWKH 60NbWOW MOWHOCTU. [ANa MalluH
CPaBHMMOM MOLLLHOCTU Fa MOYKHO NPUHATb NOCTOAHHOM BEIMYNHOM.

F/4
F/4

F/4
F/4

Fig.3. Circumferential forces.
Puc.3. TaHzeHyuanbHsie cusol.
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MaTBeesB
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Rotor

¥

x

L,

Fig.4. Tangential tension explained.
Puc.4. K o6vAacHeHuto yoesbHOoU cunsl.

Active parts of an electric machine — the parts where the currents flow and
the magnetic field is alternating, performing the power conversion, form two
concentric “rings” as shown in Fig.5. Weight of the active parts can be
approximated as my ~ i Ds ha L, g, where h, is thickness of the two “rings”
taken together and g is an average density of the active parts (close to the
densities of iron and copper).

A Torque is the product of a Force and an Arm. Accordingly, we can express
torque in the electric machine as T=FDs/2 = FAADs/2 = FAt D&’ Lo /2. It is
apparent that if a higher torque is required, then increasing Ds would give
much more effect than increasing L, if we would like to keep moderate the
increase in weight of the active parts m,. The shape in Fig.5(a) is therefore
preferable over the shape in Fig.5(b).

Let us note that volume of the rotor (V, = m Ds? L, /4) will increase at the
same rate as the torque, since it is also proportional to Ds. It is easy to see
that overall volume of the active parts will follow the same trend. At the
same time, weight will increase slower, since it is proportional to Ds.

AKTMBHbIMM YacCTAMM 3/1IEKTPUYECKON MalUMHbl Ha3blBAlOTCA 4acTu, nposogAalime
3NEeKTpUYECKME TOKM MAN MarHUTHOE MoJie, USMEHSAIOLMECA BO BPEMEHN U, TaKUM
obpa3om, HenocpeacTBEHHO yyacTeylollMe B npeobpasoBaHun sHeprum. O6bIYHO
aKTMBHbIE YacTU NpeacTaBNAoT cob0l KOHLEHTPUYECKME «KO/MbLa» KaK MoKa3aHo
Ha Puc.5. Macca aKTMBHbIX YacTeil MOXeT 6biTb NPUBAN3UTENIbHO OLIEHEHa Kak Mg ™
1T Ds he Ly g, TOe h, — TONWMHA 060OMX «KOMEeL» BMECTe B3ATblX, a ¢ — cpeaHAs
NAIOTHOCTb aKTUBHbIX YacTen (6113Kan K NAOTHOCTM CTanu n meau).

MomeHm onpegenaetca Kak npousseaeHune Cussi Ha [1aeyo. COOTBETCTBEHHO, Mbl
MOXeM BbIpasuTb MOMEHT Kak T = F Ds/2 = FA A Ds/2 = Fa 1t D’ Ly /2. O4eBUAHO, 4TO
ecnu TpebyeTca NoBbICUTb MOMEHT, TO YBeAnYeHne anameTtpa Ds JacT 3HaYMTEIbHO
601bWKIA 3OPEKT YeM yBeAMYeHME ASIMHbI Ly, €CAN NPU 3TOM CTaBUTCA LENb He
AONYCTUTb 3HAUMTENIbHOTO YBEAUYEHUA M,. MosToMy dOpma aKTMBHBIX YacTeil Ha
Puc. 5(a) npeanoytuTenbHa nNo cpaBHeHMIo ¢ popmoit Ha Puc. 5(b).

3ameTum, uto obbem potopa (V, = T Ds’ L, /4) ByneT Bo3pacTaTb B TOW e CTeneHwu,
UTO M MOMEHT, NOCKO/IbKY 06bEM TOXe nponopumoHaneH Ds?. JIerko npeacTtaBuTh,
UTO 06bEM aKTUBHbIX YacTel byaeT cnefoBaTh TOM e 3aBUCMMOCTU. B TO Ke Bpems,
macca bygeT Bo3pacTaTb B MEHbLUElM CTerneHW, NOCKO/IbKY OHA MPONOpPLMOHA/bHA
Ds.
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Rotor = -
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Fig.5. Shape of the active parts.
Puc.5. ®opma akmusHbix yacmed.

However, electric machine consists not only of the active parts. It also needs the
carrying structure (Fig.6). The carrying structure must accommodate the end-
windings sticking out of the active parts. The end-windings take relatively small
axial space when the machine is long like in Fig.6(b) and relatively large space in
short machines like in Fig.6(a). When the diameter is chosen too high, and the
machine gets too short, the end-windings become too large compared to the
active parts, which is not a good design.

Weight of the carrying structure can be very roughly approximated as m.~ D5’ k,
where k is a coefficient. Then the total weight of the machineis m=m;+ m.=n
Dsh L, g + D& k. When the diameter gets too high the weight of the carrying
structure, being proportional to Ds?, can become the dominating part in the
overall machine weight.

Another argument against too radical increase of the diameter is the
convenience of coupling the machines to other mechanisms, like e.g. pumps,
with limited shaft heights.

JNeKTpUYECKME MALWMHBI COCTOAT HE TONbKO M3 aKTUBHbIX 4acTei. TakwKe
HeobXoAMMbl Hecylwme KOHCTpyKumMn (Puc. 6). Pasmep Hecywmx KOHCTPYKLMIA
OO/IKEeH ObiTb AocTaTodeH Ana pasmelleHua noboBbIX YacTet OBMOTOK,
BbIXOAALLMX M3 aKTMBHbIX YacTeil. JToboBble YacTWU 3aHMMAIOT CPaBHUTENbHO
Hebo/blOe aKCMaNbHOe NPOCTPAHCTBO B MALUMHAX C 6O/bLLON OJMHON KaK Ha
Puc. 6(b) 1 oTHOCUTENBbHO HEDONBLIOE NPOCTPAHCTBO B «KOPOTKMX» MaLUMHAX C
601blUMM AMaMeTPOM Kak Ha Puc. 6(a). Koraa anameTp MallnHbl OYeHb BESIMK
Mo CpaBHEHWUIO C ee AJIMHOM, 1060BblE YAaCTU CTAHOBATCA CAMULLKOM 601bWINMMU
OTHOCUTE/IbHO AJIMHbI aKTUBHbIX YacTel, YTO SKOHOMMYECKU He onpaBaaHo.
Macca Hecylei KOHCTPYKLIMM MOXKET o4eHb rpybo 6bITb oLeHeHa Kak m.~ Ds’k,
rae k - KoapodumumeHT. B TaKkom c/iydae NO/HbIN BEC MaLUMHbI NOAYYaeTca m = mq
+m:=1 Dsh Ly g + D&’ k. TIpn CUABHOM YBENUYEHUM AMaMeTpa, macca HecyLein
KOHCTPYKLMKM, KOTOpas nponopumoHanbHa Ds’, CTaHOBUTCA AOMMUHMPYIOLLUM
KOMMOHEHTOM B NMOJIHON Macce MalUUHbI.

Ewe oauvH APrymeHT NpoTnB pagnKasibHOIo yBeM4eHna gnamertpa — yAOﬁCTBO
npuncoeanHeHnAa mallnH K NpuUBOAHbIM MEXaHU3MaM, TaKUM KaK Hanpumep
HACOCbl, Y KOTOPbIX BbICOTbl OCH BpalLEHUA 06bI4HO OrpaHu4YyeHb.bl.
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Fig.6. Active parts and carrying structure.
Puc.6. AKmugHbie Yacmu U Hecyujue KOHCMpyKyuu.

Torque is inversely proportional to speed: T ~ P/n, where P is power and n is
speed. That means the machine with lower rated speed will have higher torque
(if power is the same). As we explained above, the machine with higher torque
will tend to have larger diameter and volume (size). The illustration is presented
in Fig.7.

The machine with low speed will tend to have large diameter and short length,
while the machine with high speed will tend to have slim shape (small diameter,
axially long). In Fig.8 illustrates the shapes of the machines with the rated
speeds different by an order of magnitude.

10 kW

10kw ~
" 3000 rpm

1000 rpm

Fig.7. Sizes of the machines of the same power but of different speed.
Puc.7. Pazmepbl MauwiuH 00UHAKOBOU MOUWHOCMU, HO Pa3HbIX cKopocmeli.

MomeHT 0bpaTHO MponopuUMoHaneH 4actote BpaueHua: T ~ P/n, roe P —
MOLLHOCTb, N — 4YaCcTOTa BpaLLeHMA. ITO 03HAYaET, YTO MallMHaA C bonee HU3KOM
YacToTOM BpalleHus byaeT MmeTb 6onee BbICOKMI MOMEHT (nMpu TOW Xe
MOLLIHOCTU). KaK 6b1/10 06BbACHEHO Bbille, MallnHa ¢ 60/1ee BbICOKUM MOMEHTOM
06blyHO 6ygeT umeTb bonbwnii guameTp M obbem (rabaputbl) — CM.
uAaCcTpaumio Ha Puc. 7.

MalwmnHa Cc HW3KOM YacToTon BpalleHMA obblMHO 6yaeT uMmeTb 6osbluok
AnameTp M HebOoNbLUYIO A/IMHY B HAaNpPaB/JEHMM OCU BPaLLLEHUA, B TO BPEMA KaK
MaLUNHA C BbICOKOM YacTOTOM BpaLLeHUsa 0bblYHO MMeeT NpogoaroBaTyto popmy
(Hebonblwol anametp, bonbluan anvHa). Ha Puc.8 nokasaHbl ¢popMbl MaLLMH,
YacToTbl BpaLLLEHMA KOTOPbIX OT/IMYALOTCA HA NOPALOK.

100 rpm

1000 rpm

10000 rpm
| —

Fig.8. Shapes of the machines depending on speed.
Puc.8. ®opma mawuH 8 3a8UCUMOCMU OM CKOPOCMU.
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Efficiency vs weight, size and cost

A machine can be designed in different ways for the same specification. One
can use more or less of the active materials (laminated steel, copper, etc). If
higher amount of active materials is used, meaning the slots are wider and/or
deeper providing more area for the currents to flow and the laminated core
provides wider paths for the magnetic flux to pass, then both the copper losses
and the iron losses are lower and the efficiency is higher. This is achieved at the
expense of the weight, size and cost of the machine. Similar logic can be applied
to conclude that the machine with low amount of active materials used will
have higher losses and lower efficiency. This trade-off is presented in Fig.9
showing the machines with higher efficiency larger than those with lower
efficiencies.

The same trade-offs are reflected in IE classes (IE2, IE3, IE3).

efficiency

FI

Ctp. |28

Komnpomucc mexay KMNA mawuHbl n ee pasmepom, BECOM U CTOUMOCTbIO

Ona ogHoM 1 ToM e cneumdpuKaLmm mallMHa MOXKeT BbiTb CNPOEKTUPOBaHa no-
pasHomy. MOHO MCMO/b30BaTb HO/bLIE MAM MEeHbLUe aKTUBHbIX MATePUaANoB
(wWMXTOBAHHBIN CTasbHOM cepaedYHUK, meab M T.4.). Ecam mcnonbsoBatb
CpPaBHUTENbHO BO/blIEe KOIMYECTBO AaKTUBHbIX MATEPMANoB, TO NAOLAAb Nasa
byaneT 6onblue, co3aaBan 60siee HU3KOE COMPOTUB/IEHME TOKY, TaKKe LMPUHA
3ybuoB 1 Apma byaet 6osblie, NO3BOAAA CHU3UTb 3HAYEHWUA WMHAYKUMK. B
pesynbTate, notepn B meaun M NoTepu B cTanu byayTt HuKe, a KN — Bbiwe.
EcTecTBEHHO, 3TO [OCTMrAETCA 33 CYeT Beca, rabapMToB U CTOMMOCTM MALUMHDbI.
Cnepya TOM e JNIOTMKE, MOXHO MNPUATU K 3aK/IHOYEHMI0, 4YTO MalUMHA C
MEHbLIMM KOJIMYECTBOM aKTMBHbIX MaTepuanoB byaetr umeTb 6osee BbiCOKUE
notepu n b6onee HuMskuii KMNA. OaHHbIA KOMOPOMKUCC NpeacTaBfieH Ha Puc.9,
AEeMOHCTPUPYA, YTO MallMHbI ¢ 6onee Bbicokum KM 6onblie pasmepom, 4em
MaLLUMHbI ¢ 6onee HU3KMM KMNA.

weight, size, cost

Fig.9. The trade-off.
Puc.9. Komnpomucc.
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Machine type vs size and weight

Some machine types are more compact than other types and can have higher
efficiency. For example, machine with permanent magnets (PM synchronous
machine - PMSM) will have more compact size than the induction machine
because the source of the magnetic field is inside the PMSM in the magnets and
it is not required to have extra currents in the stator to create the field. The
extra currents do not need extra copper area and do not produce extra losses.
This results not only in the compactness but also in higher efficiency as shown
in Fig.10.

Going from the size of the active parts to the size of the total machine, including
the carrying structure, will not change the relationship.

HIGHER LOSSES

Rotor ~ .

Stator T
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3aBUCMMOCTb pasmepa U Beca MallUHbI OT ee Tuna

HekoTopble TWMNbl MaWMWH OTAMYatOTCA Oosblien KOMMAKTHOCTbIO U Honee
Bbicokum KMA. Hanpumep, CUHXPOHHbIE MALIWHbI C NOCTOAHHBIMW MarHMTammu
(CMMM) 6onee KOMNAKTHbl YEM aCUHXPOHHbIE MALUNHbI, MOCKO/bKY MarHUTbI
ABNAIOTCA MCTOYHMKOM MarHMTHOro NossA 1 He TpebyeTca nepenasBaTb SHEPIULO
AN CO34aHUA NOAA, MOBLIWAA TOKWM cTaTopa. lloBbileHMe TOKOB B cTaTope
TpebyeT 60/blUEl NAOLWAAN NA30B U CONPOBOXAAETCA noTepsamu. MOCKObKY B
CMMM nepegayun sHeprum pas cosgaHma nona He Tpebyetcs, oHW Honee
KOMMaKTHbI U umetoT 6onee Bbicokuin KM/ Kak nokasaHo Ha Puc.10.

3TO COOTHOLWIEHWE MENKAY MalIMHAMU He WM3MEHMUTCA, eciiM Mbl Job6aBum K
AKTMBHbIM YaCTAM HECYLLYIO KOHCTPYKLMIO.

LOWER LOSSES

Rotor with
permanent
magnets .

Fig.10. Active parts of the machines of different type.
Puc.10. AKmugHbie Yacmu MaWUH pasau4HbIX muros.
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Key parameters of electric machines

Rated power

Power rating of the electric machines available in DriveConstructor is according
to IEC 60072-1 which suggests the following preferred ratings (based on a
subset of the R40 series) for motors (in kW) and generators (in kVA):
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OcCHOBHbIe NapameTpbl 31IeKTPUYECKUX MALLUH

HomuHanbHaa mowHOCTb

Pag, MOLLHOCTENM 31eKTPUYECKMX MALLWH, AOCTYMNHbIX B Mporpamme
DriveConstructor, cootBeTcTByeT cTaHaapTy IEC 60072-1, KoTopbiii npeanaraet
cneayowmnii pag npeanoYTUTe/IbHbIX MOLLHOCTENM (Ha OCHOBE NOAMHOMKEeCTBa
cepuun R40) gns gurateneit (B KBT) n reHepaTopos (B KBA):

0,06 | 0,09 (002 008 ) 0,25 | 037 055 (0,75 1.1 ) 1.5 | 16" 2.2 | 3% |37 ) 4% |55 63" |75 10%) 11 | 13%) 15 | 17" |18.5
JO5 | 22 [ 45% | A0 | 327 | A5 | 407 | 45 [ 507 ) 55 | 63T | Fu | 80T | 90 [ 100F | 110 1257 [ 132 | 150 | 160 185 | S| 240 | 250
ZB0 | 300 | 315 | 335 | 355 | 375 | 400 | 425 | 450 (475 ) 500 | 530 | 560 | 600 | 630 |670| 710 | 750 (800 | 850 | 900 | 950 | 1000

Note that asterix-marked powers are "secondary series" ratings and are only to
be used in cases of special need.

In DriveConstructor we use the following series of powers (in kW): 1.1, 1.5, 2.2,
3,4,55,7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 250,
280, 315, 355, 400, 450, 500, 560, 630, 710, 800, 900, 1000, 1250, 1400, 1600,
2000, 2500, 3150, 4000.

Our list is shorter than the IEC one as we picked up only the most used powers.

Rated voltage

Electric machines may be designed for different supply voltages (from converter
or grid). Machines are usually designed for «standard» ranges of rated voltage,
e.g. 380-400 V or 650-700 V, as it is easier to connect a «standard» machine to a
typical grid or a «standard» frequency converter. In Europe and America the
standard ranges are different. In Europe it is usual to differentiate between LV
(below 1 kV) and MV (above 1 kV).

Obpaliaem BHUMaHME, YTO MOLLLHOCTU, MOMEYEHHbIE 3BE3404KOMN, OTHOCATCS KO
BTOPUYHON CEPUM M MOFYT MCMO/b30BATbCA TOJIBKO B C/ly4yae ocobon
HeobxoaMMOoCTH.

B nporpamme DriveConstructor ncnonb3yetca ciegytowmii paga mowHocTel (B
KBT):1.1,1.5,2.2,3,4,5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132,
160, 200, 250, 280, 315, 355, 400, 450, 500, 560, 630, 710, 800, 900, 1000,
1250, 1400, 1600, 2000, 2500, 3150, 4000.

ITOT pAa Kopoue, Yem B cTaHgapTe IEC, Tak Kak B Nnporpamme BblbpaHbl TONbKO
Hanbosiee 4acTo UCNO/b3yeMble 3HAYEHUA MOLLLHOCTEN.

HomuHanbHoe HanpAXXeHue

dNeKTpUYEeCcKMe MallMHbl MOTYT ObITb PacCYMTaHbl Ha pPas3/IMYHOE NUTatowee
HanpaxeHne (oT npeobpasoBaTens wuanM oT ceTn). OB6bIYHO MaLLUUHbI
NPOEKTUPYIOT Ha CTAHZAPTHbIN PAf HanpsaKeHun, Hanpumep, 380-400 B nan
650-700 B, NOCKONbKY 3TO 061er4aeT NoAKAIOYEHNE CTAHAAPTHOMY MALUMHBI K
TUMUYHOM CETU UM K «CTaHAAPTHOMY» npeobpasoBaTento YacToTbl. B EBpone u
AMepuKe cTaHZapTHble pAAbl HANPAXKEHWI pa3nunyHbl. B EBpone obbluHO He
pa3nnyaloT HU3Koe HanpsaxeHue HH (Huke 1 KB) u cpeaHee HanpsxeHune CH
(bonee 1 KB).
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In DriveConstructor the range of rated voltages to which the machine is
designed to operate within can be chosen from the following options: 380-440,
650-700, 3200-3400, 5900-6700, 9000-12000 V. If it is desirable that the voltage
is chosen automatically then choose "any". It is assumed that all machines are
Y-connected. In practice windings can be reconnected into D, but this option is
not included.

Machines designed for lower voltage are usually smaller, lighter and cheaper
than those designed for MV. This is because of thinner insulation in the slots,
which allows putting more copper in the slots and makes heat removal easier.

It is normally not possible to design LV machines for very high powers as
currents would become too high and cables would become too thick to be
practical. LV machines are normally produced for powers from fractions of kW
up to a few MW (in DriveConstructor up to 2 MW), MV machines — from about
0,2 MW to 10...20 MW (in DriveConstructor up to 5 MW), in some cases up to
100 MW!

Slot designs of LV and MV machines look quite different (Fig. 1 and Fig. 2).

1
Fig.1. LV slot.
Puc.1. [Ta3 MawUHbI HU3KO20 HAMPAHXEHUA.
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B nporpamme DriveConstructor pag HOMUHaNbHbIX HanNpAXeHWn, Ha KoTopble
paccuMTaHa paboTa MaluMHbI, COAEPKUT cneaytouwme 3HadyeHus: 380-440, 650-
700, 3200-3400, 5900-6700, 9000-12000 B. Ecnv Hago BbIGpaTb HanpsAMKeHue
aBTOMaTMYECKK, cnedyeT yKasaTb 3HauyeHue «noboe». lNpegnonaraercs, 4yTo
0OMOTKM BCEX MALUMH coegMHEHbl B 3Be3ay. Ha npakTuke ob6MOTKM MalluH
MOTYT COEAMHATBCA WM B TPEYrO/IbHUK, HO TaKoW BapWaHT B MPOrpamme He
npeaycMmoTpeH.

MalluuHbI, paccynTaHHble Ha HMU3KOoe HanpsKeHue, 06blYHO MeHblle, nerye u
JelleBsie MallMH, PacCHMTaHHbIX Ha cpedHee HanpaeHue. ITO obbACHAETCA
npumeHeHnem 6onee TOHKOW M30MAUMM B Nasax, YTO NO3BOAAET pa3mellaTtbh B
nasax 6osble meau u obneryaer oTeoA Tenna.

O6bl4HO HEBO3MOMKHO CMPOEKTUPOBATb HM3KOBONILTHYD MaLUMHY OYeHb
60/1bLLOM MOLLHOCTM, NOCKOJIbKY TOKM ByayT O4eHb BEAUKU U ANA HUX HENb3s
byner nogobpaTb AOCTAaTOYHO TOJICTble Kabenu. HU3KOBOMbTHbIE MalUUHbI
06bIYHO NMPOM3BOJATCA HA MOLLHOCTM OT AoJsieit KBT ao HeckonbKkux MBT (B
nporpamme DriveConstructor — no 2 MBT), MalWWHbl CPpeaHEro HanpsXKeHusa —
Ha molHocTh oT 0,2 MBT go 10...20 MBT (B nporpamme DriveConstructor — po 5
MBT), B HeKoTopbIx cny4dasx go 100 MBT!

®opMbl Na30B B MaLLUMHAX HU3KOTO U CPEeAHEro HanpsaXeHUs pasamyaloTca (puc.
1 v puc. 2).

Fig.2. HV slot.
Puc.2. a3 MmawuHbl cpedHe20 HanpsaXceHus.
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Rated synchronous speed

Rated synchronous speed is proportional to supply frequency and reverse
proportional to number of poles (n=120+#f/p). For 50 Hz supply and number of
poles 2, 4, 6, 8 and 10 rated synchronous speed is 3000, 1500, 1000, 750 and
600, respectively.

SCIM have slip, so its rated speed is lower than rated synchronous speed by a
few percent. SyRM and PMSM have rated speed equal rated synchronous
speed.

It is obvious that a machine designed for delivering high power is bigger than a
machine designed for delivering low power. It is less obvious that the rated
speed the machine is designed for affects it’s weight, compactness, rotor inertia
and cost. However, if the power is fixed, the machine with lower speed will
have higher torque (T~P/n). To be able to provide higher torque the machine
has to be larger, heavier and as the consequence more expensive.
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CUHXPOHHAA CKOPOCTb

CVMHXPOHHAA CKOPOCTb MPOMOPLMOHAIbHA YAaCcTOTE MUTAOLLETO HaNpPSAXKEHMA U
06paTHO nponopumnoHanbHa Ymcay noatocos (n=120+#f/p). Ona HanpaxeHUa c
yactoTo# 50 'y 1 uncen nontocos 2, 4, 6, 8 U 10 CUHXPOHHAA CKOPOCTb paBHa
3000, 1500, 1000, 750 1 600 06/MNH COOTBETCTBEHHO.

AM umeeT HeKOTOpoe CKONbXeHWe, Mo3TOMYy ee HOMWHaAbHaA CKOpOCTb
MEeHbLUIE CUMHXPOHHOWM CKOPOCTM Ha HeCKosbKo npoueHToB. CPM u CMIMM
MMET HOMWHA/IbHYHO CKOPOCTb PaBHYH CUHXPOHHOM CKOPOCTU.

OueBMAHO, YTO MalUMHA, CMPOEKTUPOBAHHAA Ha 6oNblUyO MOLLHOCTL, byaeT
60/1blle MasIOMOLWHOM MallKHbI. MeHee o4yeBUAEH TOT GaKT, YTO HOMMHA/IbHASA
CKOPOCTb, Ha KOTOPYIO CNPOEKTUPOBAHa MallMHa, BAUSET Ha ee Bec, rabapuThl,
MOMEHT WHepuMM poTopa M cTommocTb. OgHaKo, ecnvM B3ATb  MalUMHbI
OAIMHAKOBOM MOLLHOCTM, TO MallMHa C MeHbLUel CKOpOCTblo ByaeT MmeTb
6onbwnii momeHT (T~P/n). Ona nonyvyeHna 6GOALIIOTO MOMEHTa MallnHa
[0MKHA B6bITb KpyMHee, TAXKenee U, cnegosatenibHo, 6osee ooporoit.



DriveConstructor YyuebHUK A.B. MatBees

Efficiency class

The International Electrotechnical Commission (IEC) has developed an
internationally applicable testing Standard IEC 60034-2-1 for electric motors
and a classification scheme IEC 60034-30-1 with four levels of motor efficiency
("IE-code"):

e |E1 Standard efficiency,

e |E2 High efficiency,

e |E3 Premium efficiency

e |E4 Super premium efficiency.

The IE-code and its efficiency levels create a basic vocabulary for governments
to determine the efficiency level for their minimum energy performance
standards (MEPS). The European Union sets motor MEPS levels (Directive
640/2009) at IE3 (or IE2 in combination with a variable frequency drive) from
2015 for smaller motors and from 2017 covering also larger motors.
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Knacc apPpektusHoctn

MeskayHapoaHas snektTpotexHuyeckas Komuceua (MIK / IEC) paspaborana
MeXAYHAPOAHbI CTaHAAPT ucnbiTaHui IEC 60034-2-1 ana anekTpoasuratenei
n cxemy Knaccnomrkaumm |IEC 60034-30-1 ¢ yeTbipbMa YPOBHAMM 3OPEKTUBHOCTH

(KnA) ("kom IE"):

e |E1—cTaHgapTHaA aPpPeKTUBHOCTD,

e |E2 — BblicoKas 3¢pPEKTUBHOCTb,

e |E3 — npemuanbvHan 3¢pPEeKTUBHOCTD,

e |E4 —cynep npemunanbHan 3pPeKTUBHOCTb.

Kog IE n ero ypoBHU 3dPEKTUBHOCTM ABNAIOTCA OCHOBOW ANA MPaBUTENbCTB,
CO34aK0WnNX CBOU YpPOBHU 3OGEKTUBHOCTU ANA CTAaHOAAPTOB MWHMMAJIbHOM
3HepreTnyeckoit addektnsHoct (MEPS). EBponeiickuii colo3 ycTaHaB/IMBaET
CTaHAApT MUHUMANbHOrO YypoBHA 3ddekTMBHOCTU (Directive 640/2009) Ha
ypoBHe IE3 (Man IE2 B cCOYETaHUM C pPEryInMpyembiM 3/EKTPOMPUBOAOM)
HaumHaa c¢ 2015 r. ana Hebonblmx asuratenen n ¢ 2017 r. Takxe U anAa
KPYNHbIX ABUraTenei.

Fig.1. Cut-away of standard, energy-efficient, and premium efficiency motors.
Puc.1. [Tod6opKa u3 cmaHOapmMHo20, 3Hep2o3dhheKkmusHo20 dsuzamens U deueamess NpPemuaasHol agpgpekmusHocmu.
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Efficiency value for a certain class depends on power as shown on the diagram
in Fig.2.

Efficiency at partial load (e.g. 25%, 50%) is lower than at rated load (100%). High
efficiency class motors are larger and heavier, while lower IE class motors are
more compact and lighter. Therefore, motors with higher IE class are more
expensive.

Ctp. |34

YposeHb 3¢pPEKTUBHOCTM ANA KaXKA0r0 KNacca 3aBUCUT OT MOLLHOCTM ABUraTens
KaK MOKa3aHo Ha puc.2.

3¢ddeKTUBHOCTb ABUraTeNa MpPU YacTUYHbIX Harpyskax (Hanpumep, 25%, 50%)
MmeHbwe  3dPeKTUBHOCTU npu HOMMHA/IbHOW Harpyske (100%).
BbicoKO3hdEKTMBHBIE ABUraTeNN KpynHee U TAXKesee, a ABUraTesIn MeHbLUUX
Knaccos 3pdpeKkTMBHOCTM 6Hosee KOMNAKTHble W nerkve. B pesynbTate,
asuratenn 6o0siee BbICOKMX KnaccoB 3¢P¢dEeKTMBHOCTM OKasbiBaloTca 6onee
O0POrNMM.

IE EFFICIENCY CLASS - 4 POLES MOTORS
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Fig.2.
Puc.2.
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Cooling

Cooling arrangements are usually chosen to minimize machine cost. Other
factors, such as the availability of cooling water, the need to minimize airborne
noise, or space limitations, may influence the eventual choice. There exist many
types (classes) of cooling. However, in DriveConstructor the choice is limited to
the three classes presented below:

e air-cooled self-cooled, designated /C411

e air-cooled forced-cooled /C416 (forced ventilation independent from
the shaft)

e water-cooled IC71W

Fig.1. Air-cooled self-cooled, IC411.
Puc.1. EcmecmeeHHoe 8030ywHoe oxnaxoeHue IC411.

Water infet
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OxnaxkaeHue

Cnocobbl oxnaxaeHusa ob6bIYHO BbIGMPAOT TaK, 4Tobbl CHW3WUTb CTOMMOCTb
MaLUKHbI. Ha KOHKpeTHbIN BbIBOp cnocoba oxNaxKAaeHUA MOTYT TaK»Ke NoBAUATb
N gpyrve $akTopbl, KaK AOCTYNHOCTb OX/aXKAAlOWEN KnAKocTU, TpeboBaHMA
MWHUMM3ALMN  a3POAMHAMUYECKUX LYMOB MW rabapuTHble OrpaHWYeHus.
CyliecTByeT MHOrO TUMNOB (KnaccoB) oxnaxkaeHua. OpgHako, B Mporpamme
DriveConstructor nonb3oBaTe/lb MOMET BblGMpaTb W3 Tpex CcAeayloLlmx
cnocoboB oxNarKaeHun:

e eCcTecTBeHHOe BO3AyLHOe oxnaxaeHue IC411

e MNPUHYAUTENbHOE BO3AYLWHOE oxnaxaeHue IC416 (npuHyauTenbHasn
BEHTUNALMA 6E30THOCUTENbHO CKOPOCTU BpaLleHMs Bana)

e BOAAHOE oxnaxaeHwe IC71W

Fig.2. Forced-cooled, 1C416. Note separate motor for driving the fan.
Puc.2.lpuHydumensHoe oxnaxodeHue IC416. BeHmuaamop spawjaemcs
omoenbHbIM d8uzamesnem.

Water outlot

Fig.3. Water-cooled, IC71W. Puc.3.BodsHoe oxnaxcdeHue IC71W.
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Fig. 4 shows that IC416 provides more load capacity at low speeds than IC411. It
is because the independently fed fan motor of /IC416 configuration allows
maintaining the cooling air flow independently on the rotor speed.

Water-cooled machines can be 20-40% smaller than air-cooled IP54/55
machines. If cooling water is available, some economies in motor size can be
obtained by the use of water-cooling.
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CpaBHeHMe cnocoboB oOxnaxaeHus Ha puc. 4 noKasbiBaeT, 4yto [C416
obecneunBaet 60AbWIMA MOMEHT MPU ManbIX CKOpOCTAX, Yem [C411. 3IT0
obbsAcHAeTcA Hannumem B asuratene /C416 AONOAHUTENbHOTO MPUBOAHOIO
asuratena  AnA  BpalleHuMa  BeHTMAATopa, obecneuyuBalowlero  MoTokK
OX/NaXKAaloWero BO34yXa BHe 3aBMCMMOCTM OT 4acToTbl BpaleHWA Bana
Asurartens.

MaluHbI ¢ BOAAHBbIM OxaxaeHnem moryT 6biTb Ha 20-40% meHblle MalluH ¢
BO3AYLWHbIM OXNa*kaeHnem mucnoaHerms IP54/55. Mpu Hannumm oxnaskaatoLuein
KUOKOCTU MOMKHO [0CTUYb HEKOTOPOWM 3KOHOMWUM no rabaputam gsuratens,
BbIOMpPas MalMHY C BOAAHbIM OXJaXKAEHUEM.

Fig.4. 1C411 vs IC416.
Puc.4. CpasHeHue IC411 u IC416.
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Mechanical design
Mounting variants

There are three basic variants of mounting included in
DriveConstructor: B3 — foot-mounted, B5 — flange-mounted, B35 —
machine with both feet and flange. The difference between mounting
variants is reflected in price. Flange-mounted machine would have 1-
3% higher price and flange&foot-mounted — by 5%, compared to the
basic foot-mounted design.

Shaft height

IEC and NEMA has standardized motor dimensions, including shaft
height. Standard shaft heights row in mm: 56, 63, 71, 80, 90, 100, 112,
132, 160, 180, 200, 225, 250, 280, 315, 355, 400, 450, 500, 560, 630,
710. If the shaft height of the driven mechanism is set, then it can be
beneficial to choose electric machine with the same or close shaft
height to simplify coupling of the motor and the mechanism. If the
shaft height of the driven mechanism is unknown then for the electric
machine “any” can be chosen instead of some concrete value. Shaft
height is approximately equal to half the diameter (h=0D/2).

Fig.1. Mounting B3.
Puc.1. UcnonHeHue B3.

Fig.2. Mounting B5.
Puc.2. UcnonHeHue B5.

MaTBeesB
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MexaHunyeckaa KOHCTPYKLUA
BapMaHTbl YCTAaHOBKU ABuUrarena

B nporpamme DriveConstructor cyw,ecTsyeT TPpU OCHOBHbIX BapWaHTa YCTaHOBKMK: B3 — Ha
nanax, B5 — Ha ¢naHue, B35 — KOMOUHMPOBAHHOE UCNOJIHEHME C lanaMn U GIaHLEM.
Pa3sHuuUa B cnocobe ycTaHOBKM OTpaKaeTca Ha UeHe asuratena. CTOMMOCTb ABUraTens
bnaHuem Ha 1-3% Bblle CTOMMOCTM ABUraTena Ha Jnanax, a ABuratenb
KOMBWMHWPOBAHHOIO UCNOMIHEHMA Ha 5% Aoporke ABUraTens Ha fanax.

BbicoTa ocu BpalweHua

M3K n NEMA ctaHgapTm3mpytoT rabapuTbl 3neKTpoaBuraTeneit, BKAOYAn BbICOTY OCU
BpalleHuA. CTaHaapTHbIN pAA, BbICOT ocK BpalleHus (B mm): 56, 63, 71, 80, 90, 100, 112,
132, 160, 180, 200, 225, 250, 280, 315, 355, 400, 450, 500, 560, 630, 710.
Ncnonb3oBaHMe CTaHOAPTU3MPOBAHHOM BbICOTbI OCUM  BpPALLEHMA MEXaHM3ma U
NPMBOAHOIO ABUraTtensa ynpouwlaetr coeuMHeHWe BasoB ABWUraTtena M MexaHu3ma B
npouecce MOHTaxa BCeW YCTaHOBKW. Ecam BbicOTa OCM BpalLeHMA MexaHu3ma He
M3BECTHa, B MNpPOrpaMme MOMHO BblOpaTb 3HayeHWe «abas» BMecTo noabopa
KOHKPETHOro 3HayeHusi. OBbIYHO BbICOTA OCWM BpPALLEHWMA paBHa MNOMOBMHE AMAMETPA
(h=0D/2).

Fig.3. Mounting B35.
Puc.3. UcnonHeHue B35.

Fig.4. Shaft height illustration.
Puc.4. Beicoma ocu epauwjeHus.
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Frame material

The available frame materials are used based on their mechanical
strength, density, heat transfer capability, cost, corrosion resistance,
etc. In DriveConstructor it is possible to choose from Aluminum (AL),
Cast Iron (Cl) and Steel (S). Some characteristics of the materials in
comparison to the others are given below:

e Aluminum

o vs CI&S: Aluminum is almost two-three times lighter than
steel or cast iron but several times more expensive
o vs CI&S: Aluminum is a better heat conductor than steel or
cast iron. The extrusion process enhances aluminum’s heat
conducting properties by allowing the frame sections to
have thinner fins placed closer together. The result is more
fins and greater surface area for maximum cooling. So,
machines with aluminum frames will be more compact and
lighter
o vs CI&S: Machines with aluminum frames are usually
cheaper and easier to install (because they are lighter).
e C(Castiron
o vs AL: Cast iron machines don't have corrosion problems.
Their frames are much stronger than aluminum frames, but
they are heavier and harder to install.
o vsS: Castiron is cheaper than steel
e Steel
o vs Cl: The yield strength of steel is higher than the ultimate

strength of cast iron. This makes steel much stronger and

MaTBeesB
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Marepuan Kopnyca

MaTepuan Kopnyca gsuratens BblOMPalOT Ha OCHOBE €ro MexXaHW4YeCcKoM MPOYHOCTY,
NAOTHOCTU, KoadduuMeHTa Tennonepeaadn, CTOMMOCTU, KOPPO3MOHHOM CTOMKOCTU WU
T.4. B nporpamme DriveConstructor MoXXHoO BblbMpaTb M3 Tpex BapUaHTOB: AIIOMUHUNI
(AL), YyryH (CI) u Cranb (S). HuMKe npuBeaeHbl HEKOTOPblE XapaKTEPUCTUKU 3TUX
MaTepmasioB No CPaBHEHMIO C MPOYMMU:

ANOMUHUIN

o

YyryH

Cranb

MO CPaBHEHMUIO C YYTYHOM M CTaNblo a/IlOMMHUI MOYTU B ABa-TPW pasa aerye,
HO B HECKOJ/IbKO pa3 AOpPOXKe;

aNlOMUHUIA  MMmeeT 60o/blylo TenJonpPoBOAHOCTb, YEM YyryH U CTajb.
Mpouecc 3KCTPy3MM NPU U3roTOBIEHUU aNlOMUHUEBOIO KOpPMyca No3BosseT
YAYULIMTb TENI00TBOAALLME CBOMCTBA KOopnyca 6narogapsa $opmMmMpoBaHUIO
6onee TOHKMX pebep, pacnosioKeHHbIX TeCHee Ha Kopnyce. B pe3synbTaTte Ha
Koprnyce oOKa3biBaeTca 6onbwe pebep, a naowagb OXAaXKAEHUA
yBe/NMuMBaeTcs, CcnocobcTBys oOxnakaeHuto. B pesynbTate, MaluHbl C
a/IlOMUHMEBBLIM KOPMYCOM MOY4atoTC MEHbLLUE U erye Npoymx;

MallWHbI C aNtOMMHUEBBIM KOpPNycom O06bl4HO AelwesBne M npowe B
yCTaHOBKe 61arofapsa UxX MeHblUemy Becy.

MO CPABHEHMIO C A/IIOMUHMEM YYTYH HE MMeeT nNpobiem ¢ Kopposumei. Takue
Kopryca MpoYyHee a/loMUHMEBbIX, HO MaLlUMHbI C HWMMW OKa3blBAKOTCA
TAXKesIee U C/I0KHEe B YCTaHOBKE;

No CpaBHEHUIO CO CTAN1blO YYTYyH Aellesne.

npegen TeKy4yecTu CTa/n Bbille, Yem Npeaen NPOYHOCTM YyryHa. ITo Aenaet
CTaNbHOM Kopnyc 6onee npoyHbIM M Ha 250% 6onee KeCTKUM, yem
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250% more rigid than cast iron. Cast iron is perceived as a YYIYHHbIN. YyryHHbIN KOopnyc 06bl4HO BOCMPUHUMAETCA Kak 6onee NpoYHbIi
rugged motor frame material because of its bulkiness, 6narogapa cBoein rpoOMO34KOCTU, HO B cuay Bo/bluen XPYrnKOCTU YyryHa ero
when in reality its relatively fragile nature requires 2-2,5 Tpebyetca B 2-2,5 pasa 6osblue ANA MOJYYEHUA TEX Ke CBOMCTB, 4TO Y
times as much metal to approach the performance of steel. CTanbHOro Kopnyca. A B c/yyae yAapHbIX HarpysoK CTasb NposBAsEeT
And when it comes to impact loads, steel provides much 6onbLlee ConpoTMBAEHNE PACTPECKUBAHUIO.

greater resistance to cracking.

Aluminum frames are usually used up to 60 kW, steel and cast iron O6bl4HO aftOMUHMEBBLIE KOPMNyCa MUCMO/b3YOTCA B ABUraTensx MOLLHOCTbIO A0 60 KBrT,
frames —to MW level. CTaJIbHble U YyTyHHble — BMJIOTb O MEraBaTTHOIO YPOBHS.
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Insulation classes

Anyone specifying or using

common):

YyuebHUK

electric

machines

A.B.

should have
understanding of how the insulation is related to temperature. Three
classes of insulation are in common use (with F being the most

e class B - with a maximum operating temperature of 130°C
e class F - with a maximum operating temperature of 155°C
e class H - with a maximum operating temperature of 180°C

Typically motors are designed for a maximum ambient temperature of
40 °C. The difference between the average winding temperature and
any hot spot is limited and it is usual to allow a 10 °C margin for class B

and F insulation and a 15 °C margin for class H.
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Knaccbl nsonauum

KaKabli, KTO ONWUCbIBAaET UAKN UCTONb3YeT 3IEKTPUYECKME MALLMHbI, AO/KEH NOHMMaTb
TemnepaTypHyo 3aBUCUMOCTb n3onauun. OBbIMHO MCNOb3yeTca TPU Knacca M3oaaunn
(cambilt pacnpocTpaHeHHbIn — Knacc F):

e Kaacc B —mnmeeT MaKkcMasibHyto pabouyto Temnepatypy 130°C
e Kjaacc F—umeeT MakcMmanbHyto pabouyio Temnepatypy 155°C
e Knacc H — umeeT makcumanbHyto pabouyto Temnepatypy 180°C

O6blYHO ABuUraTenIn MNPOEKTUPYIOT Ha paboTy npu  MaKCMMaabHOM TemnepaType
OKpyrKatowei cpegbl 40 °C. Bo3MoOXKHas pasHULA MeXay cpeaHel TemnepaTypomn
0OMOTKN M TemnepaTypon Hanbosiee HarpeToin ee YacTu He AO0JIKHa npesBbiwatbh 10 °C
ONA Knaccos n3onaunm B n F v He 6onee 15 °C ana nsonaumm Knacca H.

Insulation class B F H
Maximum insulation temperature 130°C ||]155°C |[180°C
Maximum temperature rise 80°C |[100°C ||125°C

Note that electrical machines are designed for an overall temperature
rise to a level that is below the maximum specified for the insulation

materials. For example, using class-F insulation:

max ambient + max temperature rise = 40°C +100°C=140°C,

which gives a thermal reserve of 15 °C. The larger the thermal reserve,

the longer the life expectancy of the insulation material.

Knacc nsonauumn B F H
MaKkcMmanbHO AoNyCcTUMana TemnepaTtypa 130°C || 155°C| 180°C
MaKcumanbHOe nNpeBbilleHne TemnepaTypbl 80°C ||100°C| 125°C

3ameTum, 4TO NpPU NPOEKTUPOBAHUM INEKTPUUYECKUX MALLWH NpEeBbIeHne TeMmnepaTypbl
M30/1AUMN BbIOMPAETCS MEHbLLE MaKCMMasbHO AOMYCTUMOro ANA AAHHOW M30NALUN.
Hanpumep, gna nsonauum knacca F:

MaKCMManbHaa TemnepaTypa OKpYKalolwen cpedbl + MAKCMMAsIbHOE MpeBbilleHne
Temnepatypbl =40°C +100°C =140°C,

yTO gaet 3anac no Temnepatype B 15 °C. yem bonblie ByaeT Takol 3anac, Tem bosblie
byneT oxuaaemas NpoLo/IKUTENbHOCTb CTYKObI U30ALNN.
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When operating contentiously at the maximum rated temperature of
its class, the life expectancy of the insulation is about 10 years. Most
machines do not operate at such extreme conditions because an
additional safety margin is usually allowed between the calculated load
torque requirements and the actual size of the machine chosen for the
application. So life expectancy of a machine, which is correctly
matched to its load and with suitable safety margins, can reasonably be
taken between 15 and 25 years. It is common practice to design
machines for class-B temperature rise but to actually use class-F
insulation materials. This provides an extra 20 °C thermal that will
extend the life expectancy to more than 20 years. This also means that
the machine could be used at higher ambient temperatures of up to 50
°C or more, theoretically up to 65 °C.

Running motors at a reduced temperature will also significantly extend
the useful life. For example, a machine operating at 180 °C will have an
estimated life of

e only 300 hours with Class A insulation

e only 1800 hours with Class B insulation

e only 8500 hours with Class F insulation

e tens of thousands of hours with Class H insulation

MaTBeesB
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Mpn nocTtosHHOM paboTe MallMHbI C MaKCMMaZbHO AOMNYCTUMOM TemnepaTypomn
N30N1ALUMN OXKMAAEMbIN CPOK CAyKbbl m3onauum coctasnaet 10 net. bonbWMHCTBO
MaWKWH He paboTaloT B TaKUX SKCTPEMANbHbIX YCAOBUAX, MOCKOAbKY MpU KX
NPOEKTUPOBAHNKN 3aKNaablBaeTCA AOMNONAHUTENbHbIM 3anac No TemnepaType, BAUAOLLNIA
Ha BbI6Op pa3sMepoB MallMHbI 415 3a43aHHON HArpysku. B pesynbraTte, 0XKnagaemblit CPoK
CNyX6bI MaLMHBI NPU NpPaBUIbHOM Bbibope Harpysku coctasnset oT 15 o 25 net. Yacto
MaLWHbI NPOEKTUPYIOT U3 pacyeTa NPUMEHEHWMA M30NAUMM Knacca B, HO peanbHoO
NCNONb3YIOT M30MAUMI0 Knacca F. OTo gaeT gononHuTenbHbid 3anac B 20 °C, uTo
npoaneBaeT CPOK CAyXbbl 6onee yem Ha 20 neT. ITO TaKKe O3HAYaeT, YTo TaKas
MaLLMHA MOMKET 3KCNAyaTUPOBaTbCA NPU TEMNEpAType OKpyrKatowen cpeabl Ao 50 °C u
BblLle, TEOPETMYECKM, A0 65 °C.

PaboTa aguratenei npu NoHWKEHHOM TemnepaType Tak:Ke CyLLeCcTBEHHO NpPoa/ieBaeT ux
CPOK cnyXbbl. Hanpmumep, malimHa, paboTatowasa npu temnepatype 180 °C, byget umeTb
OXKMAAEeMbI CPOK CNYKObl

e TO/IbKO 300 YacoB NpW UCNONB30BAaHUN N30MIALMM KNacca A;

e TOAbKO 1800 4yacos Npu UCNoab30BaHUM N30NALMKN Knacca B;

e TOAbKO 8500 Yacos Npu UCNONbL30BAHUM N30NALLUK Knacca F;

®  [ECATKM TbICAY YAaCOB NPM UCNOJ/Ib30BAHMM U30AALMKN Knacca H.
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Frequency converters

A typical frequency converter (FC) nowadays is a so-called voltage-
source type - over 95% of all FC are voltage-source converters (VSC).
This FC type has a DC-link with a capacitor bank across (see Fig.1).

The voltage of the supply network with a constant frequency and
amplitude is first rectified into DC voltage though with some ripples
(Fig.2), and then it is converted into the voltage with the required
frequency and amplitude (Fig. 3). Note that the voltage waveform is
made of pulses of varying duration, wherein the "fundamental"” voltage
is sinusoidal.

Some FC theory can be found for example here, here and here.
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Fig.1. VSC topology.
Puc.1. Cxema npeobpazosamesns HAMPAXEHUA.

NMpeobpa3osaTenu 4acToTbl

B Hactoswee BpemAa nog npeobpasosatenem vactotbl  (MY) noHumaetcs
npeobpasoBaTtenb HanpsakeHuAa — Bone 95% Bcex BbiNycKaemblx npeobpasoBaTeneit
ABNAIOTCA npeobpasoBatenamm HanpsxeHua. 31o Tmn MY MmeeT WKWHY NOCTOAHHOTO
TOKa C MOAK/IOYEHHbIM 6/1I0KOM KOHAEeHcaTopoB (puc.1).

HanpsxeHune nuTalowen CetTu, WMelLlei MOCTOAHHYIO 4YacToTy W amMnautyay
nepemMeHHOro HanpsXeHus, cCHayaa BbINPAMASETCA A0 HanpsaXKeHUa NocTOAHHOIo ToKa
C HeKoTopbiMM ny/nbcauusmu (puc. 2) u 3atem npeobpasyetca B MNepemMeHHoe
HanpsaxeHne c Tpebyemoi yactotol M amnautygoi (puc. 3). Mpu 3tom dopma
HanpsXeHua npeactaBadaeT cobon psag MMMYNbCOB M3MEHAILENCA WUPUHBLI, 0b6pasys
CMHYCOMAA/bHYIO KOCHOBHYHO» FaPMOHUKY HY}KHOW YaCTOTbl U aMMIUTYAbI.

TeopeTnyeckne ocHOBbI PaboTbl MY MOXKHO HalTW, HaNpUMep, 34eCb, 34eCb M 34€eCh.

Unidirectional
/ Current

A Mean d.c

Level
7N (=09554)

Level
(=0.7074)

Fig.2. Rectified current in the DC link.
Puc.2. BoinpamaeHHbil MoK 8 WUHe NocmosHHO20 MOKA.


http://www.frequencyconverter.net/basics.html
https://en.wikipedia.org/wiki/Variable-frequency_drive
http://machinedesign.com/motorsdrives/abcs-and-1-2-3s-variable-frequency-drives
http://www.frequencyconverter.net/basics.html
https://en.wikipedia.org/wiki/Variable-frequency_drive
http://machinedesign.com/motorsdrives/abcs-and-1-2-3s-variable-frequency-drives
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Fig.3. Phase voltage (a) and current (b) at the converter output (machine side).
Puc.3. ®a3Hoe HanpaxeHue (a) u mok (b) Ha sbixode npeobpazosamens (Ha cmopoHe dsuzamerns).
FC mounting variant BapuaHTbl yCTaHOBKM

Small and ligth FC are usually wall-mounted, while large and heavy are He6onbwune u nerkne MY 06bIMHO KpenaTcA Ha CTeHy, B TO BpemsA Kak 6onbline U
- floor-mounted. In Fig.4 the smaller dark-colored FC are for wall- Taxenble ycTaHaBnuBatoTca Ha nony. Ha puc.d Hebonbwme MY TemHoro uBeTa
mounting. The larger light-colored FC should be floor-installed. Usually npegHasHayeHbl ans ycTaHOBKM Ha cTeHy. Bonee Taxenble MY cBeTnbix UBETOB
FC above 250 kW can be found in floor-mounted versions only. FC can npeaHa3Ha4yeHbl Ans yCTaHOBKM Ha nony. O6blyHO MY mouwHocTbio 6onee 250 KBT
be wall mounted when powers are below 250 kW. Wall-mounted wumeloT To/NbKO HanosibHoe ucnosHeHue. MY MoryT MMeTb HacTeHHoe KpensieHue npu
modules can be convenient in certain cases, e.g. FC can be installed mowHocTax Huxke 250 KBT. HacTeHHble MOAYAM B HEKOTOPbIX CAy4yasaX OKasblBalOTCA
into existing cubicles or when the floor is wet wall mounted design can yao6Hee, Hanpumep, Takoi MY moKeT 6biTb YCTaHOBAEH B rOTOBOM LWKady, TaKkKe
be the only way. For some powers (usually 200...250 kW) there exists HacTeHHOe WCMO/IHEHME OKa3blBAaeTCA €AMHCTBEHHO BO3MOMHbIM B CAy4yae MOKPOro
both wall-mounted & floor-mounted versions. nona. [lna HEKOTOPbIX 3HAYEHNIN MOLLHOCTeN (06bI4HO 200...250 KBT) MOXKHO HaMTK Kak
HaCTeHHOe, TaK U HanoabHoe ncnoaHexnue MY.
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Fig.4. Family of frequency converters by Vacon.
Puc.4. Cemelicmso npeobpazosameneli yacmomsi om KomnaHuu Vacon.

FC topologies
FC can be 2-quadrant (2Q) and 4-quadrant (4Q):

e 2Q FC can transfer power only in one direction - from the grid to
the electric machine (motor),

e 4Q FC can transfer power not only from the grid to the machine
but also from the machine (generator) to the grid.

Usually the operational mode (motoring, generating or both) of the
application defines what FC should be chosen, 2Q or 4Q. For example a
wind turbine requires 4Q FC with fully-controlled inventor scheme at
the grid side. Sometimes operational requirements in applications
which typically require 2Q, may require 4Q - for example large fan with
high inertia may require considerable braking capability to slow down
in reasonably short time.

Cxembl ynpasneHua npeobpasosarenei

MpeobpasoBaTenb YacTOTbl MOXET UMETb 2-KBaApPaHTHYIO W 4-KBaApaHTHYO cxemy
ynpaBneHus:

e  2-KBagpaHTHbIN MY MmoKeT nepenasBaTb SHEPTUIO TONBKO B OAHOM HanpasaeHUN — OT
CETU K 3NIEKTPUYECKOMN MaLLMHE (3N1eKTpoaBuUraTento),

e A-KBagpaHTHbIN MY MorKeT nepenaBaTb SHEPIUIO HE TONbKO OT CETM K MalLMHE, HO U
OT MalUMHbI (reHepaTopa) B CeTb.

O6bI4HO peum paboTbl 3NEKTPUUECKOW MalLMHbI (ABUraTesIbHbIN, reHepaTopHbIA UK
06a) onpeaenset Bbl6op cxembl ynpasneHus MY. Hanpumep, BeTpoBasa TypbuHa Tpebyet
MCNoNb30BaHMUA 4-KBagpaHTHOW cXembl ynpaBaeHusa MY ¢ NOAHOCTbIO ynpasasemMbim
MHBEPTOPOM Ha CTOpoHe ceTu. MHoraa ycnoeus paboTbl YCTAHOBOK C TUMMYHO 2-
KBaZpPAHTHOW CXemoli ynpasaeHus TpebyloT nepexoga Ha 4-KBagpaHTHOE ynpas/ieHue,
Hanpumep, KPYMHbIM BEHTUAATOP C HONbLIMM MOMEHTOM WHEPUMWU A0/KeH obnafaTtb
TOPMO3HbIM PEXMMOM /1 OCTAaHOBKM 33 pa3yMHOEe BpeMms.
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FC can be low-voltage (LV) and medium-voltage (MV). LV FC usually
have only 2-level (2L) topology, MV — several alternative topologies (3L-
NPC, SCHB, etc.). Both the LV and MV topologies can be 2Q and 4Q.
The choice of LV or MV is usually defined by the power level, but other
features of the application, e.g. long cable can also affect the choice.
Some FC require input transformer, some don't.

As in DriveConstructor we deal with VSC only, all the topologies
included in the software and presented below have "VSC" in the
designations.

Converters of 2-level topology
2Q-2L-VSC-6p, 2Q-2L-VSC-12p and 4Q-2L-VSC

2Q FC inventor scheme at the grid side can be 6-pusle («6p») and 12-
pulse («12p»). Difference between «6p» and «12p» is in size, weight,
cost, efficiency and influence on the grid (THD). 4Q FC is larger, heavier,
more expensive and has lower efficiency than 2Q FC. 4Q produce lower
THD in the grid. 2-level FC are usually LV.

Note that on Fig.1a motor side of the FC is the right side, while on
Fig.1b - left side.

MaTBeesB
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MNpeobpa3oBaTenn 4actoTbl MOryT OblTb PACCYMTAHbl HA HU3KOE HAMPAXKEHUE WU
cpegHee HanpaxeHue. MpeobpasoBaTenn HU3KOTO HanpAXKeHWA 06bIYHO MCMOAb3YIOT
TONbKO 2-ypOBHEBbIE CXEMbI, a Mnpeobpa3oBaTenn cpeaHEero HanpsaKeHuAa MoryT
NCnonb30BaTb HEeCKONbKO aNbTEPHATUBHbIX cXem (3-ypoBHeHbIe 3L-NPC,
MHoroypoBHeBble SCHB, un T.4.). Bce cxembl MY KaK HW3KOro, TakK W cpeaHero
HanpAXXeHnA MOryT MMeTb KaK 2-KBaZpaHTHOe, Tak U 4-KBagpaHTHOE ynpaBJfieHue.
Bbibop ypoBHA HanpsaxeHWa onpeaenseTca 0bblYHO MOLLHOCTBIO NpeobpasosaTtens, HO
TaKXXe N 0COBEHHOCTAMM NPUMEHEHUSA, HANPUMEP, A/IMHHbIE Kabenn MOryT NOBAUATbL HA
Bblbop. HekoTopble MY TpebytloT NpUMeHeHNA BXOAHOIrO TpaHcpopmaTopa, HEKOTOpbIe
He Tpeby!toT.

Mockonbky B nporpamme DriveConstructor ucnonb3ytoTca TOIbKO npeobpasoBaTenu
HanpAXXeHus, BCe NPUMEHSAEMbIE CXEMbI cofieprKaT abbpeBnaTypy "VSC" B HazBaHUMU.
Mpeo6pasoBaTenu c 2-ypoBHEBOI cXxemoii

2Q-2L-VSC-6p, 2Q-2L-VSC-12p and 4Q-2L-VSC

Cxema MHBepTOpa 2-KBaZpPAHTHOro NpeobpasoBaTesia YacToOTbl HA CTOPOHE CETU MOMKET
6bITb 6-NybCcHON («6p») M 12-nynbcHoW («12p»). PasHuMua mexky 6-nynbcHoW n 12-
Ny/1bCHOM CXeMaMM BbIpPaXKaeTca B pasHOM pa3mepe, Bece, ctommocty, KA,
npeobpasosBatens U ero BAUAHUU Ha ceTb (KO3DOUUMEHT HENMHEWHbIX UCKaxeHuin /[
THD). 4-kBagpaHTHbIM Npeobpa3oBaTesib YacTOTbl KPyMNHee, TAXKeNee, A0POXKe U uMmeeT
meHbwuin KMNJA no cpaBHeHMO ¢ 2-KBagpaHTHbIM. HO OH OKa3blBaeT MeHbLUee BAUAHUE
Ha ceTb. 2-ypoBHeBble NpeobpazoBaTesivM 06bIYHO BbINOAHAIOT HA HU3KOE HAMpPAXKEHUE.

ObpaTtute BHUMaHWe, 4To Ha puc.la gBuratesib NOAKNOYAETCA K NpeobpasoBaTento
cnpaBa, a Ha puc.1lb — cnesa (Ha CTOpOHE C ynpaBasemMbiMU TUPUCTOPAMM).
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Fig.1a. 2Q-2L-VSC-6p. Fig.1b. Icon designation. Fig.2a. 2Q-2L-VSC-12p. Fig.2b. Icon designation.
Puc.1a. Cxema 2Q-2L-VSC-6p. Puc.1b. [Tuxmozpamma. Puc.2a. Cxema 2Q-2L-VSC-12p. Puc.2b. I[Tuxmoepamma.

Converters with 3- and multi-level topologies MNpeo6pasoBaTenu c 3-ypoBHEBOI U MHOTOYPOBHEBOW CXemamm

2Q-3L-NPC-VSC and 4Q-3L-NPC-VSC 2Q-3L-NPC-VSC u 4Q-3L-NPC-VSC
3-ypoBHeBble Npeobpa3osaTesiv YacToTbl 06bIYHO BbIMOAHAIOT Ha CpegHee HanpsaXKeHue.

3-level FC are usually MV. NPC stands for Neutral-Point Clamped.
AbbpesnaTypa NPC ob03HauaeT duKkcnpoBaHHyto HeliTpanb (Neutral-Point Clamped).

Control Unit + Communication Module
Conftral Unit + Communication Module EF o 3F( + FoO.
= = o : y ’
. %}, J} J} — Gaton | —%:i }ré -%l * l% 3L 12p
Sl &P AF AP S g = i g} 4 2 ==/
< = 7 E 2 1. P 7 H L
o= B slmu.ﬂ- = r‘)ZL - ’11’“ =LT] ~_
: i | A3ty
] v i
™ i L_"ﬂ_u_ 1 1 4
\-OWEN: T_( Water Goaling Syskem j E up@.g , T—{ Air or Water Cooling System }j
Fig.3a. 4Q-2L-VSC. Fig.3b. Icon designation. Fig.4a. 2Q-3L-NPC-VSC. Fig.4b. Icon designation.
Puc.3a. Cxema 4Q-2L-VSC. Puc.3b. lNMukoepamma. Puc.4a. Cxema 2Q-3L-NPC-VSC. Puc. 4b. Mukmoepamma.
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Gatos T— Air or Water Cooling System —T
Fig.5a. 4Q-3L-NPC-VSC. Fig.5b. Icon designation.
Puc.5a. Cxema 4Q-3L-NPC-VSC. Puc. 5b. lMukmozpamma.
2Q-ML-SCHB-VSC and 4Q-ML-SCHB-VSC 2Q-ML-SCHB-VSC u 4Q-ML-SCHB-VSC
SCHB stands for Series-Connected H-Bridge. Ab6bpesnatypa SCHB o0603Ha4YaeT nocneaoBaTe/lbHO BKAKOYEHHbIM MocT (Series-
Connected H-Bridge).
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Fig.6a. 2Q-ML-SCHB-VSC topology. Puc. 6a. Cxema 2Q-ML-SCHB-VSC.
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Fig.6b. 2Q-ML-SCHB-VSC cell.
Puc. 6b. Ayelika 2Q-ML-SCHB-VSC.

Fig.6c¢. Icon designation.
Puc. 6¢. lTukmozpamma.

FC power, voltage and current
Rated power

FC are rated according to IEC standard. The series of powers in DriveConstructor
is1.1,1.5,2.2,3,4,55,7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132,
160, 200, 250, 280, 315, 355, 400, 450, 500, 560, 630, 710, 800, 900, 1000,
1250, 1400, 1600, 2000, 2500, 3150, 4000 kW. If it is desirable that power is
chosen automatically then choose "any" - it is the default setting.

Rated voltage

The same voltage ranges are given both for grid side and machine side of the
converter. In DriveConstructor the variants to choose from are: 380-440, 650-
700, 3200-3400, 5900-6700, 9000-12000 V. If it is desirable that voltage is
chosen automatically then choose "any" - it is the default setting.

In DriveConstructor 3L-NPC topologies can have voltage rating of 2460 V, 3300 V
and 4160 V, while ML-SCHB topologies — 6000 V, 6600 V, 10000 V and 11000 V.

Fig.6d. 4Q-ML-SCHB-VSC cell.
Puc. 6d. Ayelika 4Q-ML-SCHB-VSC.

Fig.6e. Icon designation.
Puc. 6e. lNukmozpamma.

MoLwHOCTb, HanpAXXeHue 1 TOK NpeobpasosaTtens

HomuHanbHaa mowHOCTb

Psg HOMWHaNbHBIX MOLLHOCTEN npeobpas3oBaTesien 4acToTbl COOTBETCTBYET
ctaHgapty M3K. B nporpamme DriveConstructor UCnonb3yeTca caeayowmii pag,
mouwHocrten 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90,
110, 132, 160, 200, 250, 280, 315, 355, 400, 450, 500, 560, 630, 710, 800, 900,
1000, 1250, 1400, 1600, 2000, 2500, 3150, 4000 KBT. Ons aBTOMAaTMYECKOrO
BbIOOpPa MOLLHOCTU NpeobpasoBaTenia MOXKHO BblbpaTb 3HaYeHWe «atobaa» —
3TO 3HaYeHUe No YMOAYAHUIO.

HomuHanbHoe HanpAaXeHue

JunanasoHbl Hanps»KeHui npeobpasoBaTens Ha CTOPOHE CETU U Ha CTOPOHe
MaLUUHbI A0/IKHbI OblITb O0AWHAKOBbLI. B nporpamme DriveConstructor MoXHO
BbIOMpPaTb cneayowme 3Ha4YeHUsa AManasoHoB HanpsaxkeHuii: 380-440, 650-700,

3200-3400, 5900-6700, 9000-12000 B. [Ona aBTOMaTM4YecKoro Bblbopa
HanNpAXEeHUs MOXKHO BblIOpaTb 3HayeHMe «awboe» — 3TO 3HayeHue no
YMOYQHMUIO.

B nporpamme DriveConstructor cxembl 3L-NPC moryT MmeTb HOMMUHa/bHbIE
HanpAaxkeHua 2460 B, 3300 B n 4160 B, B 10 Bpema Kak cxembl ML-SCHB
paccunTaHbl Ha HanpaxxeHua — 6000 B, 6600 B, 10000 B 1 11000 B.
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Currents

For almost any application it can be expected that load torque will vary with
time going up and down. The pattern can be quite unpredictable. As current
drawn from the FC is proportional to the load torque, the torque variation
determines the current variation. In some application, e.g. pumps, the variation
is not significant and can be called "low", while in other applications, e.g.
conveyor or winch, the variation can be significant, and, therefore can be called
"high". Examples of what can be called "high overloads" and "low overloads"
are presented in Fig.1.

Choosing the FC the designer should take this aspect into account. Each FC has
certain overload capability determined by several physical limitations such as
thermal current and maximum current. The overloads the FC can tolerate will
be characterized by a certain amplitude, duration and cycle.
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Toku

npaKTVILIECKVI B itobom npumeHeHunmn Harpysqublﬁ MOMEHT MOXET U3MEHATbCA
CO BpemeHeM, TO NoBbliWaACb, TO NOHUXKAACD. 7 KpnBaa U3MeHeHUA MOMEHTa

MOXeT ObITb Henpeackasyemol. [lockosbky TOK, noTpebnsemblii  OT
npeobpasoBatens 4acToTbl, MNPOMOPUMOHANIEH HArPy304YHOMY MOMEHTY,
KonebaHMs MOMeHTa npuMBOAAT K KosnebaHmsam Toka. B HekoTopbix

NPUMEHEHMAX, HANPUMEP, B HAacoCax, TakMe KoebaHUA He O4YeHb 3HAUYUTE/bHbI
M MOTYT Ha3blBaTbCA «HEOO/bLIMMMNY, B TO BPEMA KaK B APYrUX NMPUMEHEHUSX,
Hanpumep, y KoHBeWepa wuan nebefkm kKonebaHuAa ToKa MoOryT bHbiTb O4YeEHb
BE/IMKKN, 4YTODObI cumTatbcs «BonbwumK». [pumepbl TOro, 4YTO CYMTAETCH
60/1bLIOM NeperpysKkon U HeboNbLIOW Neperpy3Koi, NoKasaHbl Ha puc.l.

Mpu BblibOpe npeobpasoBaTens YacToTbl CAedyeT Y4YUTbiBaTb I3TOT aCMEKT.
Kaxkgblhn  npeobpasoBaTenb  MMeeT  ONPeAesIeHHYID  NeperpysoyHyto
CnocobHOoCTb, onpeaensieMyto ero GpUan4eCKMMM OrpaHMYEHUAMM, TaKUMU Kak
TENMIOBOM MNOTOK M MaKCMMasbHbIA TOK. [leperpysku, KoTopble MOXKeT
BblAEPKMBATb npeobpasosaTessb, XapaKTepusyTcs aMNANTYL0M,
ONNTENIbHOCTBIO U NEPUOANYHOCTbIO.

0.8
0.6
o4 Low overloads

0.2

High overloads

Fig.1. "High overloads" and "low overloads".
Puc.1. bonbwas nepezpyska u Heb6onbLWIasa nepezpysKa.
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The same converter can be used for "high overloads (HO)" and "low overloads
(LO)" but its rated current in a catalogue will be presented in two variants; Iy
and I, where [, is always higher than /4. The principle is that motor current I,
should be lower than FC current. When choosing FC for LO application, e.g. a
pump, /; should be used and I, should be higher than I,. Usually for LO
applications acceptable overloads are just 10% and FC current should then
handle 1.1%/;. When choosing FC for HO application, e.g. a conveyor, Iy should
be used and /H should be higher than Im. Usually for HO applications acceptable
overloads are 50% and FC current should then handle 1.5%/4.

Explanation is presented in Fig.2. Note /, which is rated continuous current,
which is not used in practice. Short-term (10 s) high current of up to 200% of Iy
is acceptable for any converter.
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OOMH M TOT e npeobpas3oBaTesib MOMET MCMNO/b30BaTbCA MpU HBoAbLIMX
neperpyskax (HO) u Hebonbwnx neperpyskax (LO), Ho Toraa ero HOMUHa/bHbLIN
TOK ByZeT npeacTaBieH B KaTasore B ABYX BapuaHTax: Iy u I, npuyem I, Bcerpa
6onbwe Iy Mpu BblbOpe npeobpasoBatensa ANA MNUTAHWS ABUratensa Hago
cobnogatb nNpuHUMM, 4TOoBbl TOK ABuratena I, 6bln Obl MeHblUe TOKa
npeobpasosatens. [lpu Bbibope npeobpasoBatensa AN MNPUIOKEHUA C
HeboNbLIOWN neperpyskoi, HanpuMmep, Hacoca, cneayeTr OpPUEeHTUPOBATbCA Ha
3HayeHMe TOoKa /; U 3TO 3HaYeHne ToKa npeobpasoBaTtens A0KHO bbiTb 6onblue
Im. OBbIMHO ANA NPUNONKEHUN C HebONbLWOM neperpyskoir AonycTUmble
neperpyskn He npesbiwatoT 10% n B KayecTBe ToKa nNpeobpasoBaTesa MOXKHO
6patb 1.1%/,. Mpwn BbibOpe npeobpasoBaTensa ANA NPUNOXKEHUS C BONbLIOM
neperpyskoun, Hanpumep, KOHBeWepa, cielyeT OPUEHTUPOBATLCA Ha 3HaYeHue
TOKa Iy W 3TO 3HauyeHMe TOKa npeobpasoBaTens AO/KHO ObiTb 6onble Im.
O6bI4HO AN1A NPUAOMKEHUI € BONbLION NeperpysKon AONYCTUMbIE MEperpysku
cocTaBnalT 50% 1 B KayecTBe TOKa NpeobpasoBaTena cieayeT bpatb 1.5%/4.

Puc. 2 copeput noscHeHme. ObpaTUTe BHUMaHWE, YTO TOK I, NpeacTasnaet
0601 HOMWHA/bHbIN YCTaHOBMBLLWIACS TOK W €ro 3HaYeHNE He UCMOJIb3YeTCs Ha
npakTnke. KpatkocpouHasa (10 c) neperpy3ska no Toky go 200% ot Iy ABnseTca
aonyctumon ans ntoboro npeobpasosartens.

I 10s 10s
2.0%1,0
1.5%,
1.1%1
|
le -
ILO/'
g 60s 4@%
> 300s
300 s t

Fig.2. Current overloads of conventional FC.
Puc.2. lepeapy3Ka no moKy 8 0b6bI4HOM npeobpazosamesne 4acmomel.
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FC cooling

Typical efficiency of the low-voltage FC is 98% meaning 2% of converted energy
is turned into heat which needs to be removed from the enclosed area. FC can
be cooled by moving air and water (air- and liquid-cooling; AC and LC). The
difference between AC and LC-cooled FC is in size and weight - higher
compactness and lower weight can be achieved by use of liquid (water) cooling.
AC and LC(=W(C) FCs are usually priced on the same level.

Fig.1 depicts a 250 kW low-voltage FC mounted on the wall in an enclosed area
such as an electrical room.

With the efficiency of 98% the 250 kW FC will produce 5 kW of heat. To remove
the heat from the FC’s heatsink a quite powerful ventilation fan should be
integrated into the FC enclosure. For the 250 kW power the volume of air
pumped through the heatsink should be in the order of 2000-3000 m3/h.
Filtering may be required if the environment is dusty or dirty. This can be a
maintenance concern.
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OxnaxkaeHue npeobpasoBarenei

O6bl4HOo KM HM3KOBONLTHOIO NpeobpasoBaTena YacToTbl cocTaBaneT 98%, uto
O3HayaeT, 4YTo 2% BCeW npeobpasyemon SHepPruun BblAENsAeTCs B BUAE Tenna,
KOTOpOe HeoHXoAMMO OTBOAUTL M3 3aMKHYTOro nomelleHus. NpeobpasosaTesnb
MOXHO OXNaXK4aTb ABMXKYLLMMCA BO3AYXOM MWAM BOAOW (BO3AylWwHOe U
KUAKOCTHOE oOXxnaxAaeHue). PasHuMUa Mexay BO3AYWHbIM M KUAKOCTHLIM
oXxnaxAeHWeM BblparkaeTcAa B rabaputax M Bece npeobpasosatena — 6onee
KOMMaKTHble W Nerkne npeobpasosBaTeiv MOXKHO NOAYYMTb NMPU NPUMEHEHWUN
UIAKOCTHOTO (BoAsHOro) oxnaxaeHus. Cnocob oxnaxaeHus o06blMHO He
CKa3blBaeTCA Ha UeHe npeobpasosaTtens.

Ha pMC.l NMOKa3aHbl BapUaHTbl OXN1a>XaeHnAa 250-KMnoBaTTHOro HU3KOBO/ILTHOIO
npe06pa3OBaTenﬂ 4acCTOTbl, PAaCno2I0KEHHOIN0 B 3aMKHYTOM NOMeLWEeHNUN TUNa
3neKTpOLLI,MTOBOIZ.

Mpn KNJA 98% 250-KMnoBaTTHbIM npeobpasoBaTesib NpoussoauT 5 KBT Tenna.
[na oTBoAa 3Toro Tenna ¢ paauatopa npeobpasosaTens Hago BCTpavBaTb B
Kopnyc npeobpasosaTtena AOCTAaTOYHO MOLLHbLIA BeHTUAATOP. O6bem BO3A4YXa,
NPOKAaYMBAEMOM Yepe3 BEHTUNATOP, OONKEH COCTaBnATb oKoso 2000-3000
m3/yac. B cnyyae 3arpA3HEHHOro MM 3amblJIeHHOrO NOMeLLeHUs noTpebyeTcs
BO3AYLWHbIN duabTp. A Ana Hero noTpebyeTca nepnoanyeckoe obcnyRnBaHue.

P

5 kv kw

100 100

AC |
m
5kw kw

-

0,5 kW

250

oW
50
kg

45
kW

@ (>
A

N

#

(a)

(b) (c)

Fig.1. Cooling types.
Puc.1. Cnocobbl oxnaxo0eHus.
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If the produced heat is not handled (removed) in some way, eventually the
temperature within the enclosed area (ambient temperature for the FC) will
increase. Increasing the ambient operating temperature above the maximum
design temperature of the FC will cause the FC to overheat which shortens its
lifetime and will cause shutdowns. In Fig.1,a the heat is removed in a natural
way, e.g. through walls, windows, doors. This is possible if the enclosed area is
large (e.g. large production hall). In Fig.1,b the heat is removed with the help of
air conditioning. The latter measure can be costly and/or complicated to
implement.

Fig. 1,c depicts water-cooled FC with water pipes going to the neighboring
room. First, the water-cooled FC is considerably smaller (half the weight of the
air-cooled one). Secondly, the heat produced inside the FC due to losses is
divided into two parts; 90% is removed from the heat sink by the cooling water
and brought away from the enclosed area where the FC is installed, 10% are
dissipated within the enclosed area. The 10% of 5 kW of heat make just 500 W,
which can be easily dissipated without additional measures like air conditioning.
So, the largest portion of heat is removed through the liquid and can be
transferred to another media through a heat exchanger as shown in Fig.1,c.
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Ecnn Kaknm-nnbo obpasom He OTBOAWUTL Bblaensdemoe Tenso, Temnepatypa B
33KpbITOM MOMeLLeHUN (3TO TemnepaTypa OKpy)Kalowen cpeabl  A4s
npeobpasosaTens) byaeT Bo3pactath. MoBbileHWE TeMNepPaTypPbl OKpYsKatoLlen
cpelbl CBepX MaKCMMas/ibHOrO PacyeTHOro 3HayeHua NpuBedeT K neperpesy
npeobpasoBaTena YacToTbl, YTO CHUMKAET CPOK €ro CAYXK6bl U MOXKET NPUBECTU K
OTKAloYeHMto. Ha pwuc.l,a oTBOA, Tensia OCYWECTBAAETCA eCTeCTBEHHbIM
cnocobom, Hanpumep, Yepes CTeHbl, OKHa U Aepu. Takol cnocob oxnarkaeHus
MOHO NPUMEHATb, €C/IM 3aMKHYTOe NomellleHMe AocTaTouYHO 6osblioe, Bpoae
601blIOr0 NPOU3BOACTBEHHOrO LUexa. Ha puc.l,b Tenno oTtBoauTca nytem
KOHAMUMOHUPOBAHMA BO34yxa B MOMeLLeHMU. ITOT cnocob MOKeT OKa3aTbCs
O0POrMM U/UAKN CNOMKHBIM NPU NPaKTUYECKOKN peanmsaumm.

Ha puc. 1,c nokasaHoO BOAAHOE OxfaxaeHue npeobpa3oBaTenia, B KOTOPOM
TPybbl C BOOON yxo4AT B cocegHee nomellieHue. Takoi npeobpasoBaTesib C
BOAAHLIM OXNAXKAEHMEM 3HAUYUTENbHO MeHblue (BEC ero BMONOBMHY MeHbLUe
Beca npeobpasoBaTens ¢ BO3AYLWHbIM OXfaxKaeHueMm). Tenno, Bblgenaemoe B
npeobpasoBatesne B BUAE NOTEPb IHEPTUM, MONKHO Pa3fennTb Ha ABe YacTu:
90% Tensia OTBOAUTCA OT paZmaTopa OX/aXKAAIOLLEN KUAKOCTbIO U YHOCUTCA 33
npesenbl NOMeLLEHUS, B KOTOPOM YCTaHOB/IeH npeobpasosatenb, 10% notepb
paccemBaeTcA B 3aMKHyTOM nomeuweHun. 10% ot 5 KBT noTepb cocTtasnser
Bcero 500 BT, 4To nerko paccevBaeTca B nomelleHUn 6e3 npuMeHeHus
OONONHUTENIbHBIX Mep, TUNa KOHAULMOHUPOBAHUA BO3AyXa. Takum obpasom,
3HAUUTENIbHAA YacTb Tenja OTBOAUTCA C MOMOLLBH KUAKOCTU U MOXKeT
nepeaaBaTbCs APYromy TENAOHOCUTENIO Yyepes3 Ten00OMEHHMK KaK MOKa3aHo
Ha puc.l,c.
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Fig.2. Example of cabinet with LC FC.
Puc.2. Mpumep wkaga npeobpazosamesis YaCMoOMbl € B0OAHbIM OXAAHOEHUEM.

cooling loop. Typical: drinking water,
and a water/glycol mixture for freeze

Liquids used in the FC primary
demineralized or deionized water,
protection.

Heat exchangers

If clean cooling water is not available on site, water-to-air or water-to-water
heat exchanger may be used, providing clean water. Parameters of the heat
exchanger such as size, weight, cost and losses need to be included in the
system parameters/ performances when benchmarking alternative systems
(cooling solutions). Liquid to liquid (water-to-water) heat exchangers are used
when a cooling liquid is readily available. Liquid to air (water-to-air) heat
exchangers are used primarily when air conditioning is not desired, or in
dusty/dirty environments where air cooled VFD’s can be adversely affected by
these conditions (plugged heat sinks, electronics covered in dust, complicated
maintenance routines. Challenges of water cooling: condensation,
electrochemical corrosion (mostly related to HEXx).

B KauecTBe XMAKOCTEN, NPUMEHAEMbIX B MEPBUYHOM KOHTYpe OXnaxaeHuA
npeobpasoBaTtena  4acToTbl, O06bIMHO NPUMEHAIOTCA NWUTbeBasa  BOA3,
AeMUHepann3oBaHHaa AU AEMOHM3MPOBaHHAA BOAA WMAM BOAHO-F/IMKONeBan
CMecCb A/1a NpeaoTBpallleHUsa 3aMmep3aHma.

TennoobmeHHUKHU

Ecnv Ha mecTe yCTaHOBKM OTCYTCTBYET YMCTas BOAA AR CUCTEMbI OX1aXKAeHUA,
MOHO MPUMMEHATb Tenao00bMeHHMKM Tuna BOAA-BO3AYyX WAM BOAA-BOAQ,
obecneumBans u4YMCTOTy BOAbl. [lapameTpbl TenA00BMEHHWKOB, TaKue KakK
pasmep, Bec, CTOMMOCTb M MOTPW SHEPruM, AO/KHbI YYMTbIBATbCA B OBLUMX
napameTpax CMCTeMbl NPU CPAaBHEHWUU HECKOIbKMX aNbTePHATUBHbIX BapUaHTOB
(cnocoboB oxnaxkpeHws). TennoobMeHHVMKM TUNa BOAA-BOAA MPUMEHSIOTCS,
KOrga OX/IaXKAatoLas XUaKoCTb IerKo JOCTynHA. Ten1006MeHHUKKN TUna BoAa-
BO34yX W3HAya/bHO CTaBAT Tam, T[Ae KOHAMUMOHMPOBAHME BO3A4yXa
HeXkenaTeslbHO WAM  OKPYKAaloWas Ccpefa CWAbHO  3arpsisHEHHas  MAM
3anblNeHHasa W rge npeobpasoBaTesiv C BO3AYLIHbIM OX1aXKAEHUEM MOTYT
NnocTpaZatb OT 3TUX YC/OBUI OKpyKatowel cpedbl (3acopeHve paguaTopos,
MOKPbITUE TPA3bI0 3NEKTPOHMKM, YC/IOXKHEHME npoueayp O6Cay:KMBaHWA).
MpYMeHeHWe BOAAHOTO OXNAaXKAEHMA CO34aeT CBOM CNOMKHOCTU: KOHAEHCALUMIo
B/1arU, 3/1EKTPOXMMUYECKYIO KOPPO3Uto (0COBEHHO B TENN00OMEHHUKE).
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Other factors to consider: TaKKe HaZlo yunTbIBaTh crieaytowme GpakTopbl:
e Relation between cooling and IP e (CBA3b MexAay cnocobom oxnaxKAeHWs U UCNOJIHEHUMEM MO Ccnocoby
e Audible noise. The large fan is the primary reason air cooled FCs are 3awWmTsl IP
noisy. There is no large air fan in LC FC, just a very small fans to cool the e  AKYyCTMYECKMII wWwym. Bonblwoli BEHTUNATOP ABAAETCA NEePBUYHbIM
electronic boards WUCTOYHMKOM LYyMa npeobpasoBaTenia C BO34YLWHbIM oxaaxaeHvem. B

npeobpasoBatensix C KUAKOCTHbIM OXJaxAeHuem HeT 60ablimx
BEHTWU/IATOPOB, TO/IbKO HeboNblIMe BEHTUAATOPbI ANA OX/aXKAEHWUA
3/IEKTPOHHbIX NAaT.
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Filters

In many cases FC should be equipped with either input or output filters. Filters
can help to solve various EMC issues on both grid side and machine side.
However, the pay is extra size, weight, cost and losses. Some MV topologies do
not require output filters. In DC it is possible to choose “choke” and
“choke+RFI” for input filter and du/dt filter and sin-filter for output filter.é

Output filters
SIN-filter

The LC filter, called the "sinus filter", "sine-filter" or "sin filter" (Fig. 1) is the
most efficient filter in terms of turning the current and voltage waveforms that
the FC produces into almost sinusoidal form. Fig. 2 shows an example of the
effect of a sin-filter on the shape of the voltage waveform at the FC output.
With the use of a sin-filter, virtually all the negative effects described in chapter
FC influence on the electric machine> are eliminated, since the machine is
powered by voltage and current with a shape very close to sinusoidal.

~ L |
. | ()
amr |~

. |
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dunorpsbl

Bo MHormx cnyyasx npeobpasoBaTesiv 4acTOTbl AOJIKHbI OCHALLATLCA BXOAHbIMU
WAU  BbIXOAHbIMM  PuUnbTpamu. ODOuNbTPbl MNOMOraloT pewaTb pPasanyHble
npob6aembl 31EKTPOMArHUTHOM COBMECTUMOCTU KaK Ha CTOpPOHe CeTW, TaK U Ha
CTOPOHE 3/IEKTPUYECKOWM MallMHbIl. [11aTol, 04HAKO, CTAaHOBUTCA YyBe/NYeHue
pasmepoB, Beca, CTOMMOCTM M NOTepb 3Hepruu. HeKoTopble cXxembl
npeobpasoBaTenein cpegHero HanpaAXKeHUa He TpebyloT BbIXOAHbIX GUNLTPOB. B
npeobpasoBaTensx 4acToTbl MOMHO WCMO/Ib30BaTb B KayecTBe BXOAHOrMO
dunbTPa 0ObIYHBIN AN PAaAMOYACTOTHLIN APOCCE/b, @ B KAaYecTBe BbIXOAHOrO
dunbTpa — du/dt UALTP AU CUHYCHBIN GUALTP.

BbixogHble GUNbTPDbI

CuHycHblIli punomp

LC-dunbTp, HasbiBaeMbI TaKkKe CUHYCHbIM ¢uabTpom (puc. 1), asnaetca
Hanbonee 3¢pPeKTUBHBIM PUABTPOM C TOYKM 3peHus npueeneHus GopMmbl
HanpsA»XeHWA 1 TOKa Ha BbixoAe NpeobpasoBaTens YacToTbl K CUHYCOUAANbHOMY
Buay. Ha puc. 2 nokasaH npumep BAWAHUA CUHYCHOro ¢uAbTpa Ha dopmy
Hanps»XeHWs Ha BbIxoAe npeobpasosaTtens 4actoTbl. [IPUMeEHEHUEe CUHYCHOrO
éunbTpa NO3BOMAET YCTPAHWUTL MPAKTUUYECKM BCe HeraTMBHble 3¢G¢eKTbI,
ONUcaHHble B rnaee BavaHWe nNpeobpa3oBaTenia YacTOTbl HA 3/IEKTPUYECKYHO
MaLUMHY, NOCKO/AbKY MalUMHA MUTAETCA TOKOM W HaNpPsXEeHUEM MNPaKTUYECKM
CMHyconaanbHoM Gopmbl.

—
i

(a) —L e,

Fig. 1. “Classical” sin-filter topology (a) and product example (b).
Puc.1. Cxema (a) u npumep ucrionHeHus (b) Kaaccuyecko2o CUHYCHO20 huabmpa.
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Sin-filters have certain drawbacks (largely due to the high inductance value of
its chokes):

The voltage drop in the filter is 3-10%, depending on the manufacturer,
the nominal power (current) of the filter and the frequency of the
PWM.

Losses of 0.5-2%. The more power, the lower the relative losses in the
filter.

Displacement of the field weakening point by 1-2 Hz towards low
frequencies.

Significant reduction (up to 20% or more) of the critical moment
(overload capacity) of the machine.
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CUHyCHble GUABTPbI MMEIOT onpegesieHHble HeaoCTaTKM (B OCHOBHOM W3-3a
60/1blUOM UHAYKTUBHOCTU UX ApPOCCEeNei):

e [lageHune HanpsKeHUs Ha punbTpe coctasnneT 3-10% B 3aBUCMMOCTM OT
Nnpou3BoAUTENS,, HOMWUHA/IbHOW MOLLHOCTU (TOKa) ¢uabTpa M 4acToTbl
Wnm.

e [lotepn B Punbtpe coctaBnsaoT 0.5-2%. Yem 6onblie ycTaHOB/IEHHaA
MOLLHOCTb, TEM MEHbLLE OKa3blBaeTCA 4014 NOTEPb B PUAbTPE.

e TouKa ocnabneHna nons B malmMHe cmeltaetca Ha 1-2lL B CTOPOHY
HMU3KKUX 4acToT.

e 3HaunTenbHO ymeHbluaeTca (8o 20% u 6onee) KPUTUYECKMIA MOMEHT
(neperpy3o4yHas cnocobHOCTb) MalLMHbI.

Also it should be noted that the sine-filter is quite an expensive device. Its cost TakXe Hafo OTMETUTb, YTO CUMHYCHbIA PUABTP ABNAETCA BECbMA AOPOrUM
can be up to 30-40% of the cost of the FC (at low power - up to 50-70%).

yctponcteom. Ero ueHa moxkeT coctaBnatb Ao 30-40% OT UeHbl BCero
npeobpasoBaTens 4acToTbl (B MasoOMOLLHbIX NpeobpasosaTtenax — A0 50-70%).

(b)

Fig. 2. The voltage waveforms at the input (a) and at the output (b) of the sin-filter. Note different time span on the oscillograms.
Puc.2. Kpusbie HanpaxceHUs Ha exoode (a) u Ha ebixode (b) cuHycHoz0 ¢hunbmpa. Obpamume 8HUMAHUe HA PA3HbIl epemeHHoU wae 08yx 2papuKos.

du/dt-filter ®dunemp du/dt
Structurally, the du/dt filter is a three-phase choke (Fig. 3,a), and from the point KoHcTpykTMeHO ¢unbTp du/dt npeacrasnser cobont TpexdasHbIM Apoccenb

of view of the electric circuit theory it is a concentrated inductive resistance. (puc. 3,a), a C TOYKM 3peEHUA TEOPUWU INEKTPUUYECKUX Lenenm — 3TO
The inclusion of inductance in the equivalent electrical circuit of the cable cocpenoToueHHOE MHAYKTUBHOE CONPOTUBAEHUE. BKAlOUEHWE MHAOYKTUBHOCTM B
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increases the wave resistance of the cable line and brings down the reflection
coefficient. Thus, the voltage peaks at terminals decreases.

However, the main purpose of du/dt-filters is to eliminate du/dt-effect, i.e.
decrease in the rise time of the voltage pulse. In addition, due to the inertial
properties of the inductance, the filter also reduces the voltage surge at the
leading edge of the pulse (Fig.4). The length of the cable is 30 m. Note different
rise time: dt=220 ns, dt=820 ns.

(a)
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SKBMBANIEHTHYIO  3/IEKTPUYECKYID  Lenb Kabens noBbIWAET  BOJIHOBOE
COMPOTUBNEHNE JIMHUN U CHUXKAET KO3OODULMEHT OTPaXKEHUA B JIMHMMK. ITO
NPUBOAMUT K YMEHbLUEHMIO NMUKOB HAMPSAMKEHUS Ha 3aXKMMaAX MaLLMHbI.

OpgHako, OCHOBHaa Uenb npumeHeHna ¢uabtpos du/dt 3aknoyaerca B
WUCKNIOYEHUN BAUAHMA MEPexogHblX MPOLLeCCoB, T.e. YMEHbLUEHUU BPEMEHMU
HapacTaHUA MMMYAbca HaNpAXeHUA. TaKKe, B CUIY MHEPLMOHHOCTM NPOLLECCOB
B WHAYKTUBHOCTU, GPUNBLTP YMEHbLUAET NEepPeHanpAXKeHMA Ha nepesHem Kpae
umnynbca (puc.4). OnvHa Kabena B npumepe coctasnaseTr 30 m. Obpatute
BHMMaHME Ha pasHULY B AJUTENbHOCTU HapacTaHMA HanpsaxeHus: dt=220 Hc,
dt=820 Hc.

(b)

Fig. 3. “Classical” du/dt-filter topology (a) and product example (b).
Puc.3. Cxema (a) u npumep ucnonHeHus (b) Knaccuueckozo gpunsmpa du/dt..

(a)

(b)

Fig. 4. Voltage pulses at the machine terminals without du/dt-filter (a) and with a filter (b).
Puc.4. UMnynbebl HANPAXeHUa Ha 3aXUMax MawiuHsl 8 cryvae 6e3 punompa (a) u c punsmpom du/dt (b).
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Common recommendations on the use of du/dt-filters and other measures

To reduce the overvoltages, du/dt-effect and bearing currents, a whole
complex of measures is often applied, including both recommendations to
machine manufacturers, and the use of various filters, special cables, etc. The
measures depend in particular on the voltage level of the mains and on the
power (size) of the machine. Different drive manufacturers can offer different
measures. One example is presented in the table:
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O6wme peKkomeHAaLUMN NO UcNoNb3oBaHUIO dpunbTpos du/dt u gpyrue
coobparkeHus

[NA CHUXKeHWA nepeHanpaKeHWUin, yMeHbLEeHUA NepexoaHbIX NPOLLECCOB U
NOALWMMHUKOBbIX TOKOB YacTO NPUMEHSAIOT LLE/Ibli KOMMJIEKC Mep, BKIOYAIOLMX
peKoMeH4aLMmn NPon3BOANTENSIM 3N1EKTPUYECKUX MALLWH, NCNO/Ib30BaHMeE
Pa3NUYHbIX PUNLTPOB, BbIGOP CNeuunanbHbix Kabenen u 1.4. 9T Mepbl 3aBUCAT, B
YACTHOCTM, OT YPOBHA HaNPAXKEHUA B CETU M OT MOLLHOCTM (rabapnToB) MaLUUHBI.
PasnuuHble nponssoaMTeIN NPUBOAOB PEKOMEHAYIOT Pa3/inyHble mepbl. OauH

<100 kw >= 100 kW >= 350 kW
Standard machine +
Standard Standard machine + ||, I_
Ur<=500V . ) . isolated N-bearing +
machine isolated N-bearing .
ferrite rings
(Standard machine +
(Standard (Standard machine + |lisolated N-bearing +
machine + du/dt-filter) or du/dt-filter + 1 ferrite
Ur<=600V |/du/dt-filter) or ||(Reinforced ring) or (Reinforced
Reinforced insulation + isolated ||insulation + isolated
insulation N-bearing) N-bearing + ferrite
rings)
. Reinforced insulation
Reinforced . . . . .
. . Reinforced insulation||+ isolated N-bearing +
Ur<=630 V iinsulation + + du/dt-filter du/dt-filter + 1 ferrite
du/dt-filter ring

13 NPMMepoB npueBedeH B Tabauue:

<100 KBt >= 100 KBt >= 350 KBT
CTaHAapTHasn
CTaHZAPTHasA MalUWHa +
MallMHa + N
CTaHAapTHanA . N30/IMPOBaHHbIN N-
Ur<=500 B M30/1MpoBaHHbIN N- .
MallMHa . 06pasHbIN NOAWNMNHUK +
06pasHbIn
beppuToBbIE KONbLA
NOALWMNHUK
(cTaHpapTHaAA malmHa +
(cTangapTHas N
n301MpoBaHHbIN N-
MaLnHa + punbTp .
(ctaHpapTHaA 06pasHbIN NOAWMNMHUK +
du/dt) nau
MallunHa + bunbTp du/dt + 1
(ycuneHHas
Ur<=600 B |(|¢punnbtp du/dt) N dbeppuTOBOE KOJbLIO) NN
nsonaumn
WA yCUNEHHan . (ycmnneHHas nsonaums +
N30/IMPOBaHHbIN N- .
nsonauma . N30/IMPOBaHHbIN N-
06pasHbIn .
06pasHbIN NOAWMMHUK +
NOALWNMNHUK)
deppuToBbIE KOMBLA)
YCUIeHHas u3onaums +
yCcuUneHHas yCuUneHHas N30/IMPOBaHHbIN N-
Ur<=690 B |M3onauma + nsonauma + GunbTp ||06pasHbIN NOAWMMHUK +
¢unbtp du/dt  [|du/dt bunbTp du/dt + 1
beppnTOBOE KOMBLLO




DriveConstructor YyebHUK A.B. MaTBeesB Ctp. |59

Grid filters CeteBble puAbTPDLI

Chokes Apoccenu

Influence of presence of the choke and its size on the harmonics injected into Ha puc. 5 n 6 nokasaHoO BAUAHUE APOCCENSA U €ro BENMUYMHbI Ha FAapMOHUKN,
the grid is presented in Fig.5 and 6. The graphs show current waveform and the  nonagatowue B ceTb M3-3a paboTbl BbinpAmMUTENA. Ha rpadmkax nokasaHa
value of current distorsion THD(i) as % of nominal current at full load. dopma TOKa U BeNNYMHA KOIPPULMEHTA FTAPMOHUYECKUX UCKAXKEHWUIA MO TOKY

THD(i) B % OT HOMWHaNbLHOrO TOKa NP NOIHOM HarpyskKe.

—@-EH -0

Fig. 5. 6-pulse rectifier without any choke (a) and current waveform for this topology (b).
Puc.5. 6-nynbcHbll 8binpamumens be3 dpoccens (a) u popma moka 018 amoli cxemoi (b).

(a) (b)

40 % ' 28 %

|

(a) C (b) L (c)

Fig. 6. 6-pulse rectifier with a choke (a) and current waveforms for small choke (b) and big choke (c).
Puc.6. 6-nynbcHbIl 8binpaMmumens ¢ 8poccenem (a) u gpopmbl moka 019 masneHbKo20 opoccens (b) u 6onbuwozo dpoccens (c).
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LCL filter

FC with LCL filter between FC and the grid is presented in Fig.7,a. Current
waveform is very close to sinusoidal as can be seen in Fig. 7,b.

EMLC filters

EMC filters (Fig.8) is destined for emission reduction in MHz range. Example of
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LCL punemp
MNpeobpasoBatenb 4actotbl ¢ LCL  ¢unbTpom, BKAOYEHHbIM  Mexay

npeobpasoBatenem U CeTblo, MOKasaH Ha pwuc.7,a. dopma Toka 6au3Ka K
CUHYycouAe, YTO MOKA3aHo Ha puc. 7,b.
Punompol anekmpomazHUmMHbix nomex (EMC)

®PuUNbTPbl 3NEKTPOMArHUTHbLIX Nomex (puc.8) npegHasHayeHbl AN CHUMKEHUS
n3ny4yeHusa B AnanasoHe Mlu. Mpumep ero paboTbl NOKasaH Ha puc.9.

N=<5% ~

the effect is presented in Fig.9.
BO_T 1

&5
?

=) AR,

B {2& @i {P} ARV
/
Filter Active rectifier Inverter (a) (b)
Fig. 7. Topology (a) and current waveform (b).
Puc.7. Cxema (a) u gpopma moka (b).
oy - N
o 2 o "%ﬁ% o
D ’,4"'
Cr T — 0 "l .
& = ol i
> B0 () o= (o)

Fig. 8. EMC filters: topology (a), AC side filter product example (b).
Puc.8. ®unbmpel 31eKMpomMazHUMHbIX MOMeX: cxema (a), npumep guabmpa 07415 CMOpPOHbI NepemeHHo20 moka (b).
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140 T TII A
== Without filter
120 —0—  With EMC-filt
o~ f’<\ i ilter

I \ —— Standard for 1st environment
100 s
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High frequency voltage emissions, dB mcV

Frequency, MHz

Fig. 9. Effect of use of EMC-filter.
Puc.9. Pesynemam ucnosns308aHUA punbmpa 31eKmpomMazHUMmMHeIX rnomex.
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Transformers

ABB claims that only small frequency converters (FC) can be connected to an LV
network without a transformer due to harmonics and EMC requirements. The
different FC types are quite diverse in the amount of produced harmonics and
so are the networks in their sensitivity. The decision whether to use an
individual supply transformer or not must be made case by case.

The supply transformer placed between the grid and the FC covers several
different tasks:

e Galvanic isolation between the frequency converter and the feeding
network.

e Voltage reduction from the feeding MV or HV network to the FC input
level.

e Suppression of harmonics generated by the frequency converter, thus
protecting the feeding network from harmonic contamination.

e Protection of ambient and the feeding network against radio-frequency
interference produced by the rapidly commutating semiconductors.

Harmonic frequencies increase the mechanical and dielectrical stresses and
therefore the supply transformers must be specially designed for this duty.

Key parameters of transformers are power, voltages and transformation ratio.
There exist many kinds of transformers used with variable speed drives.
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TpaHcdopmaTopbl

ABB yTBEp:KAaeT, YTO TO/IbKO MasoMOLHble NpeobpasoBaTesn YacToTbl MOTYT
6bITb MOAKNIOYEHbI K HU3KOBOJILTHOM CETM Hanpamytlo 6e3 TpaHcpopmaTopa,
OCTa/IbHbIX OrPaHWYMBAIOT BO3MOMKHbIE TFAPMOHMYECKME  UCKAXKEHUSA U
TpeboBaHusA 3/1EKTPOMArHUTHOW COBMECTUMOCTH. PasnunuHble
npeobpasoBaTenn OTAMYAIOTCA APYr OT Apyra MO CO343aBaeMOMY CMEKTpy
rapMOHMK, a CeTM Pas/IMyYaloTca MO YyBCTBMTE/NbHOCTM K TapMOHMYECKUM
MCKaKeHUAM. TaK 4To pelleHne 0 HeobX04MMOCTM UCNO/b30BAHUA MUTAIOLWWErO
TpaHcdopmaTopa [AO/MKHO MPUHUMATLCA OTAENbHO B KaXKAOM KOHKPETHOM
cnyvae.

MuTtatowmin TpaHchopmaTop, BKAKOYAEMBIA MEXKAY CeTbio U NpeobpasoBaTenem
YacTOTbl, BbIMNONHAET HECKOJIbKO QYHKLMIA:

e [anbBaHMYyecKas pas3BA3Ka Mexay npeobpasoBaTenem 4actoTbl WU
NUTaOLWEN CETbIO.

o MoHunKeHne HanpAaXxXeHnAa cetn cpeaHero Uam BbICOKOro HanpAaxXeHua
00 YPOBHA Hanpax)eHua npeobpasoBaTens.

e [logaBneHWe rapMoHMK, co3aaBaembix NpeobpasoBaTesiem YacToTbl ANA
3aLWUTbI CETU OT FAPMOHMYECKOTO 3arps3HEHUS.

e 3aluTa OKpyXKalowen cpeabl U NUTAOWEN CeTU OT PafMOoYacTOTHOrO
BO34elCcTBUSA, €034aBaemoro 6bIcTpo nepeKkaYaembIMm
nosynpoBoAHUKamMM nNpeobpasoBaTens.

BbiCluMe TapMOHWMKM YBENMUYMBAIOT MEXaHWYeCKMe U  AM3/eKTpUyeckme
Harpysku, No3aToMy NuTaloLwme TpaHchopMaTopbl LOMKHLI UMETb CneumanbHble
KOHCTPYKLMK.

OCHOBHbIMW NapameTpamm TPaHcHOPMaTOPOB ABAAOTCA MOLLHOCTb,

HanpaKeHua 1 KoadduumeHT TpaHchopmaumnm. CyLLecTByeT MHOIO TUMNOB
TpaHCcHOPMaTOPOB, MPUMEHAEMbIX B PEFYIMPYEMOM NEKTPOMNPUBOAE.
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Fig.1. Transformer.
Puc.1. TpaHcghopmamop.

Power, voltages and transformation ratio

Rated power

For transformer ratings under 10 MVA, IEC 60076-1 suggest preferred values
based on the R10 series: 10, 12.5, 16, 20, 25, 31.5, 40, 50, 63, 80, 100, and
multiples of 10n. For example, the preferred transformer sizes from 500 kVA to
4000 kVA are: 500, 630, 800, 1000, 1250, 1600, 2000, 2500, 3150, 4000.

Voltages at higher voltage (HV) side and lower voltage (LV) side

ABB claims that the VSD supply transformer is usually fed by a medium voltage
network, but sometimes the transformer primary voltage may be at the LV
level. Feeding from an HV network is also possible but rare. The input voltages
in MV drives are from 1 kV to 36 kV. The input voltages in LV drives are usually
between 380 V and 900 V, depending on the drive type".

In DriveConstructor it is possible to choose not exact values but ranges of
values.

MouwHOoCTb, HanpaXXeHUAa U KoapPuumeHT
TpaHcdopmauum

HomuHanbHaa mowHoOCTb

Ons  TpaHcdopmaTopoB MmowHoOCTbio Ao 10 MBA cravgapt IEC 60076-1
npegnaraet cnegyowpe 3HayeHMa Ha ocHose cepum R10: 10, 12.5, 16, 20, 25,
31.5, 40, 50, 63, 80, 100, n KpaTtHble 10. Hanpumep, npeanoyvtuTesbHble
mowHocTM B gmnanasoHe ot 500 KBA po 4000 kBA: 500, 630, 800, 1000, 1250,
1600, 2000, 2500, 3150, 4000.

Hanpsa)XeHna Ha CTOPOHe BbICOKOro HanpsaxeHusa (BH) n Hu3Kkoro
HanpsaxeHua (HH)

ABB yTBep)KAaeT, u4TO nuTalowme TpaHchopmaTopbl  Peryimpyemoro
3NeKTponpueosa O6bIYHO MOAKAIOYEHbI K CETU CpeAHero HanpsXeHus, HO
WMHOT4A MEepBUMYHOE HanpsAXKeHWe TpaHCchopmMaTopa MOXKeT OblTb Ha YpOBHE
HU3KOrO HanpaxeHuA. [WTaHMe OT ceTell BbICOKOTO HaNPAXEHUA TOXe
BO3MOXHO, HO TaKoe CcJ/ly4aeTcAa perke. BxoaHble HanpaAXeHuA npuMBOAOB
cpegHero HanpaxeHuA nexxat B gmanasoHe oT 1 KB pgo 36 KB. BxogHble
HaNpAXEHUs ceTeil HU3KOro HanMpAXKeHUs nexaT B AnanasoHe ot 380B o 900B
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Voltage (HV)

The ranges can be chosen from the following: 2200-2500, 2500-2800, 2800-
3200, 3200-3400, 3400-4100, 4100-4300, 4300-5800, 5800-6800, 6800-9000,
9000-12000 V. Choose range which fits grid voltage. Default setting is «any».

Voltage (LV)

The ranges can be chosen from the following: 380-440, 650-700, 2400-2500,
2900-3100, 3200-3400, 4100-4200, 5900-6700 V. Choose range which fits FC
voltage. Default setting is «any».

Transformation ratio
In DriveConstructor the ratio is defined by the ranges chosen for the grid side
(MaxHV-MinHV) and FC side (MaxLV-MinLV) and the additional adjustments

made manually (see the software). The range of ratios is:

e minimum ratio is calculated as MaxHV/MinLV,
e maximum ratio is calculated as MinHV/MaxLV.

Then the ratio can be "manually" adjusted within the range between minimum
and maximum values.

Ctp. |64

B 3aBUCMMOCTU OT TUNa NpuBoda.

B nporpamme DriveConstructor moxHO BblbUpaTb HE KOHKPETHOE 3HAYeHUe, HO
AMana3oH HaNpPAXKeHUN,
HanpsaxceHue Ha cmopoHe BH

Monb3oBaTeNb MOMKET BblOMpPaTb CleaytolWme AManasoHbl HanpsKeHui: 2200-
2500, 2500-2800, 2800-3200, 3200-3400, 3400-4100, 4100-4300, 4300-5800,
5800-6800, 6800-9000, 9000-12000 B. Cnegyer BblOMpaTb [AManasoH,
COOTBETCTBYIOLWMI HaMNpsxKeHUto ceTu. [0 yMONYaHMIO CTOUT 3Ha4vyeHue
«nobony.

HanpsaxceHue Ha cmopoHe HH

Monb3oBaTenb MOMeT BblbMpaTb cneaylolimMe AnanasoHbl HanpaxeHui: 380-
440, 650-700, 2400-2500, 2900-3100, 3200-3400, 4100-4200, 5900-6700 B.
Cnenyet BbIOUPaATb AManasoH, COOTBETCTBYIOLLMIA HanpAXeHuIo
npeobpasoBaTens 4acTtoTbl. [10 yMOAYaHMIO CTOUT «1060MY.

KoadppuumeHT TpaHchopmauum

B nporpamme DriveConstructor koapduumeHT TpaHchopmaumm onpegenaerca
BblOpaHHbIMM AMana3oHamM Hanps»KeHui Ha ctopoHe cetu (MaxHV-MinHV) n
Ha cTopoHe npeobpasosatena (MaxLV-MinlLV), a TakKe MOXKHO peryanpoBaTb
ero BpyyHylo (cm. nporpammy). OuanasoH KospouuMeHTOB TpaHcdhopmaLlmm
onpepenaeTca TaK:

¢  MMHUMANbHbIA KO3 PUUMEHT TpaHcPOopMaLUM PACCUUTLIBAETCA KaK
MaxHV/MinLV,

e MAKCMManbHbIN KO3OPULMEHT TPaHCPOPMALMM PACCUNTLIBAETCA KaK
MinHV/MaxLV.

Mocne 3toro KoadduumeHT TpaHCHOPMALMM MOKET 6biTb CKOPPEKTUPOBAH
BPYYHY!O B AMana3oHe OT MMHWMANbHOMO A0 MaKCMMaAbHOMO 3HaYeHMS.
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Types of transformers
Dry or liquid-filled

Basically, there are two distinct types of transformers: Liquid insulated and
cooled (liquid-filled type) and non-liquid insulated, air or air/gas cooled (dry
type) - see Fig. 1 and 2. Also, there are subcategories of each main type.

Liquid-filled transformers (also called oil-immersed) are normally more efficient
than dry-types, and they usually have a longer life expectancy. Also, liquid is a
more efficient cooling medium in reducing hot spot temperatures in the coils. In
addition, liquid-filled units have a better overload capability. There are some
drawbacks, however. For example, fire prevention is more important with
liquid-type units because of the use of a liquid cooling medium that may catch
fire. (Dry-type transformers can catch fire, too.) It’s even possible for an
improperly protected wet-type transformer to explode. And, depending on the
application, liquid-filled transformers may require a containment trough for
protection against possible leaks of the fluid.

Fig.1. Dry.
Puc. 1. Cyxoii mpancgopmamop.
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Tunbl TpaHchopmaTopoB
Cyxoi uan macnsaHbii TpaHcpopmatop

B npuHuMne pa3sinyaloT ABa OCHOBHbIX TUMNa TpaHchopMaTopa: C KUAKOCTHOM
nsonaumnen U oxnarkaeHmem (macnsHbie) U C 6e3XKMAKOCTHON M3oaALMEen U
BO3/YLUIHbIM WX BO3AYLIHO-Ta30BbIM OX/aAaeHuem (cyxme) — cm. puc. 1 u 2.
CyLLecTBYIOT TaKKe 1 NoABMAbI TPAaHCHOPMATOPOB.

TpaHcPopmaTopbl, 3aNONHEHHbIE }KUAKUM AUINEKTPUKOM (TaKKe HasblBaemble
MacnsiHbimM TpaHchopmatopamu) obbiuHO 6onee 3hDEKTUBHbLI, Yem cyxue
TpaHchopMaTOpPbl U UMEIOT DObLUNI CPOK CYXKObI. TaKkKe UAKOCTb ABAAETCA
b6onee 3pHEKTUBHBIM X/TafareHTOM, CHUXKaa TemnepaTypbl Hanbosiee HarpeTbix
yacTelh obMOTOK. Boo6aBOK, Mac/OHANO/IHEHHbIE YCTAHOBKU MMEIOT NyYLUyHO
neperpysoyHyto cnocobHocTb. OAHaKo, ecTb M HeAocTaTKU. Hanpumep,
NPOTUBOMNOXapHble Mepbl OKa3biBaloTcA 6osiee BaXKHbl AN Mac/OHaNOHEHHbIX
YCTaHOBOK, MOCKONbKY XWAKWUIA XNagareHT ABAAETCA noapoonacHbim. (Cyxue
TpaHchopMaTopbl TOXKE MOTYT ropeTb.) CyLecTByeT AaxKe BO3MOXKHOCTb B3pbiBa
macnaHoro TpaHcbopmaTopa. TakKe, B 3aBUCMMOCTM OT NPUMEHEHWN,
macnaHble TpaHchopmaTopbl MoryT notpebosaTb 06ycTpolcTBa 3alMTHOrO
»enoba ANnA 3aWmTbl OT BO3MOXHbIX NPOTEYEK.

Fig.2. Oil.
Puc.2. MacnaHsili mpaHcgopmamop.
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Arguably, when choosing transformers, the changeover point between dry-
types and wet-types is between 500 kVA to about 2.5 MVA, with dry-types used
for the lower ratings and wet-types for the higher ratings.

Important factors when choosing what type to use include where the
transformer will be installed, such as inside an office building or outside,
servicing an industrial load.

Dry-type transformers with ratings exceeding 5 MVA are available, but the vast
majority of the higher-capacity transformers are liquid-filled. For outdoor
applications, wet-type transformers are the predominate choice.
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Cuntaetca, 4to nNpu Bbibope TUNa TpaHchopmaTopa nepexond OT Cyxux K
MacnsAHbIM TpaHCchOpMaTOpam MPOUCXOANUT B AManasoHe MolHocTen ot 500
KBA go 2.5 MBA npu Tom, 4to cyxme TpaHchopmaTopbl MCNONb3YHOTCA MNpU
MaJiblX MOLLHOCTAX, @ Mac/sHble — NpK 6ONbLINX.

BarkHbiMn  daKTOpamu, BAMAKOWMMW Ha Bblbop Tuna TpaHchopmaTopa,
ABNAIOTCA MEeCTO ero npegnosaraeMoi YCTaHOBKM (BHYTpM 34aHuUA wUau
CHapyXXKW) U1 npegHasHayeHue (BCMomoraTenbHbIi WAWM  NPOMbILLIIEHHbIN
TpaHcpopmaTop).

CywiectBytoT M cyxume TpaHchoOpMaTopbl MOLLHOCTbIO CBbilwe 5 MBA, HoO
abcontoTHOEe BO/bLIMHCTBO MOLLHbIX TPAHCPOPMATOPOB ABAAETCA MACAAHbIMU.
Ons HapyKHOW YCTAaHOBKW MPAKTUYECKM BCerga MPUMEHAIOTCA MacasHble
TpaHchopmaTopbl.
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Windings

Ordinary transformers have two windings; one primary and one secondary.
However, there exist three- or four-winding transformers. ABB says%: “The
rectifiers used in low voltage VSDs are usually both 6-pulse or 12-pulse
rectifiers, and they may be diode bridges, thyristor bridges or power transistor
solutions. The 6-pulse rectifier is supplied by a two-winding transformer and the
12-pulse rectifier needs a three-winding transformer, having two separate
secondary windings with 30° phase shift.”

Special converters requiring multiple inputs call for multi-winding transformers
like the one in Fig.3.

In DriveConstructor there are the following options: «2-winding», «3-winding»,
«multi-winding».
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O6bMmoTKMU

OO6blyHble TpaHchOpMaTOpPbl MMEOT ABe OOMOTKM: OAHY MEPBUYHYIO U OAHY
BTOPUYHYIO. OfHaKO, CYyLECTBYIOT TaKKe Tpex- W 4YeTblpex-0bMOToYHbIe
TpaHchopmaTopbl. Mo ceeaeHnam ABB2 “Bbinpamuteni, npeaHasHadeHHble A1a
HM3KOBOJ/IbTHbIX PETYAMPYEMbIX MPUBOAOB, MCNONBL3YIOT 06bIMHO 6-TW MAK 12-T!
NyNAbCHblE CXEMbI M MOTYT ObITb NOCTPOEHbI HAa ANOAHbBIX MOCTAX, TUPUCTOPHbIX
MOCTax WU CWIOBbLIX TPAH3UCTOPAxX. 6-NMyAbCHbIA BbINPAMUTENb NOAYYaET
nUTaHWe OT  ABYXOOMOTOYHOro  TpaHchopmaTopa, a  12-nyabcHomy
BbINpAMUTENIO Tpebyetca TPexobMoToUHbIA TpaHchopmaTop, UMelwmin ase

on

OTAEe/IbHble BTOPUYHbIE 0OMOTKM, CMeLLLeHHble no ¢ase Ha 30°.

CneumanbHble npeobpasoBaTesiM C  HECKO/JbKMM  BXoZamu  TpebytoT
NPUMEHEHNA MHOFOOOMOTOYHBIX TPAaHCPOPMATOPOB BPOAE TOrO, YTO NOKA3aHa
Ha puc.3.

B nporpamme DriveConstructor moXHO BblOMpPaTb M3 CAeayloWmUX BapUaHTOB:
«2-06MOTOYHbINY, «3-0OMOTOYHbIN», K MHOTOOOMOTOUHbIN Y.

Fig.3. Transformer for SCHB converters.
Puc.3. TpaHcghopmamop 0519 MHO20yposHe20 rnpeobpazosamens rno cxeme SCHB.


https://driveconstructor.com/docs/TextBook/System_components/Trafo_types.html#fn_2
https://driveconstructor.com/docs/TextBook/System_components/Trafo_types.html#fn_2
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Cooling type

Where the dissipation of heat is an important factor, the possibility to cool the
electrical apparatus with water allows better management with the cooling
system.

Integrated or stand-alone

Transformer can be integrated with the frequency converter or be mechanically
separated, the latter variant called "stand-alone". Integrated designs are not
common. Integration means usually sharing cooling system (heat exchanger,

cooling ducts, water piping).

More information can be found here.

Fig.4. Water-cooled transformer.
Puc.4. TpaHcghopmamop ¢ 8005HbIM OXnaxcoeHuem.
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Cnocob oxnaxaeHus

B cnyvae, Korga OTBOA Tensa OKasblBAaeTCA BaKHbIM GaKTOPOM, BO3MOMHOCTb
Bbl6Opa YCTAaHOBOK C BOAAHbIM OX/JaXKAEHMEM YAydllaeT WCNo/b30BaHue
CUCTEMbI OXNaXKaEeHUA.

MHTerpupoBaHHbIi NN aBTOHOMHDbIA

TpaHcdopmaTop MOKeT BbiTb MHTErPUPOBaH B NpeobpasoBaTesib YacToTbl UK
6bITb BbINONHEH MEXaHWYECKM HE3aBMCMMO, NMOCAeAHMIA BapuMaHT HasblBaeTcs
aBTOHOMHbIM TpaHcHOPMaTOpPOM. MHTErpUpOoBaHHbIE BapuaHTbl MPUMEHAIOTCA
peako. O6bIMHO MHTErpauMa noapasymeBaeT COBMECTHOE WCMNo/b30BaHWe
cucTemsl oxnaxkaeHus (TennoobMeHHMK,  oxnaxkgatowme KaHanbl,
TpybonpoBoabl).

Bonblue MHPOPMALMM MOKHO HAlTU 34€eCh.
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Fig.5. Non-integrated transformer.
Puc.5. HeuHmezpuposaHHsili mpaHcghopmamop.


http://electrical-engineering-portal.com/right-choice-of-dry-type-or-liquid-filled-transformer
http://electrical-engineering-portal.com/right-choice-of-dry-type-or-liquid-filled-transformer
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Gearboxes

A gearbox uses combinations of cogwheels to provide speed and torque
conversions from a rotating power source to another device. Each gearbox is
characterized by gear ratio which is defined as the input speed relative to the
output speed. Gear ratio can be related to one stage in the gearbox or to the
whole gearbox if the latter consists of more than one stage. Overall gear ratio is
a product of ratios of all stages. Also overall efficiency is a product of
efficiencies of all stages.

In DriveConstructor gearbox can have maximum three stages. However, in the
real world some gearboxes may have more than three stages.

When choosing a gearbox the designer should remember service factors, take
account of the number of starts, impact loading and the like. Typical procedure
of gearbox selection includes the following steps:

1. Choose gear type

2. Choose transmission ratio («gear ratio»)

3. Determine the nominal power rating of the gear unit

4. Check for maximum torque, e.g. peak operating, starting or braking
torque

5. Check additional forces

6. Check thermal capacity (derating due to ambient temperature)

7. Check mounting (all parts to be lubricated should be lying in the oil or
be splash-lubricated)

In DriveConstructor this procedure is present in a simplified version.
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PeayKtopbl

Peayktop ucnonb3yet KombuHauuio 3ybuaTtbix Kosnec ans npeobpasoBaHua U
nepeaym CKOPOCTU U MOMEHTA OT BPALLAIOLLErOCA UCTOYHUKA MEXaHMYECKOM
MOLLHOCTM K Apyromy ycTpohctBy. Kaxkablh peayKTop Xapakrtepusyetcs
nepedamoyHbIM YUC/OM, KOTOPOE OMNpeaenAldT KaK OTHOLWEHME BXOAHOM
CKOPOCTU K BbIXOAHOM. [lepefaTovyHOE YMCNO MOMKET OTHOCUTbCA K OOHOM
CTYNeHu peayKkTopa Uam Ko BCemy peslyKTopy, eCau peyKTop MMeeT HECKOIbKO
cTyneHelt. ObLliee nepepaTtovyHOE YMUCAO pPenyKTopa PaBHO MPOM3BEAEHUIO
nepeaaToyHbIX Yncen ero cryneHen. Takxke obwuin KMA peayktopa asnasertca
npousseaeHnem KN/ otaenbHbIX CTyneHen.

B nporpamme DriveConstructor peayKktop MOMKET MMETb A0 TPex CTyMeHew.
OaHaKo Ha NpaKTUKe BCTPeYatoTCA PeayKTopbl U 60/IbLLIMM YUCIOM CTYMNEHEN.

Mpu BblbOpe peayKTOpa cAedyeT yuUTbiBaTb KOIPPULMEHT UCMONb30BaHMA,
YMCAO NYCKOB, HaNNYME YAAPHOM HarpysKu 1 T.4. TunMuHana npoueaypa Bbibopa
peayKTopa COAEPKUT CeaytoLme Waru:

BbibpaTb TMN peayKTopa.

BbibpaTb NepeaaToyHoe OTHOLIEHME («nepeaaTouyHoe YNCIo»).

OnpeaennTb HOMUHA/bHYIO MOLLHOCTbL pPeayKTopa.

MpoBepuUTb MAaKCUMabHbIA MOMEHT, T.€. HaUBOAbLININ MOMEHT NpU

paboTe, NycKe AN TOPMOXKEHUMN.

MpoBepuTb AONOAHUTENbHbIE YCUAMA.

6. [poBepuTb TemnepaTypHble YyCA0BUA (CHUKEHME MOLLHOCTH B
3aBMCMMOCTM OT TEMMEPATYPbl OKPYXKatoLen cpeabl).

7. TpoBepuTb YCNOBMA YCTAHOBKM (BCe YacTu, TPebyowme CMasKu,

[OOJIXKHbI pacnofiaratbCa B Mac/e AN UMETb CMasKy pa3bpbi3rnsaHnem)

PwnNPE

9,

B nporpamme DriveConstructor 3Ta npoueaypa npeAcTasieHa B ynpoweHHOM
BMAe.
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Fig.1. 1-stage helical gearbox.
Puc.1. 1-cmyneHyamelli Koco3ybeolli pedykmop.

Stage types

Stages may be of different types as is presented below. In one gearbox there
can be combined stages of different types.

Helical

Helical stage is presented in Fig.1. Gear ratios for helical gear stage can be in the
range of 1,5...10. In DriveConstructor we narrow the possibility to choose from
to 3...8. Efficiency of helical gear is high — usually between 97 and 98%. In
DriveConstructor we assume rated efficiency of 98%. This type of gear is cheap
to manufacture and has good torque and noise properties, though it is generally
expensive and requires many gear stages for large reductions.

Tunbl cTyneHen

CTyneHn peaykTopa 6blBalOT PasHbIX TUMNOB, OMUCAHHbLIX HUXKe. B Kaxaom
peayKkTope MoryT NPUMEHATLCA CTYNeHW PasHbIX TUMOB.

Koco3ybas nepegaua

Kocosybana nepegaya nokasaHa Ha puc.l. MNepepatoyHoe umcno Kocosybol
nepegaym MoOXeT JfexaTb B AmanasoHe oT 1,5 go 10. B nporpamme
DriveConstructor 3ToT AmanasoH cyxeH go 3...8. Kl Kocosybon nepepaun
BEAMK — 06bluHO OT 97 po 98%. B nporpamme DriveConstructor npuHATO
HOMMHanbHoe KM 98%. 3TOoT TMN nepefaym gewes B NPOM3BOACTBE, MMEET
XOpoLwne CBOMCTBA NO MOMEHTY WM LWymMam, HO B LE/SOM TaKOW peayKTop
Nnosly4yaeTcs A4OPOrMm K TpebyeT HECKOIbKUX CTyNeHeln ANA NoyYeHns 60nbLnx
nepegaToYHbIX Yncen.
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Fig.2. Worm gear.
Puc.2. YepsauHas nepedaua.

Fig.1. Helical stage.
Puc.1. Koco3ybas nepedaya.

Worm gear

Worm stage is presented in Fig.2. Gear ratios for worm stage can be from 5 and
up extremely high ratios (100!). In DriveConstructor we narrow the possible to
choose from to 10...40. Efficiency of worm gears goes down with the increase of
the ratio (Fig.3). The possibility to have very high transmission ratios translates
into greater cost-effectiveness. Also, worm gears typically ensure quiet,
vibration-free operation. They are inherently a right-angle drive. Their typically
low efficiency suggests their use for low or middle-to-low power demand
applications and/or those featuring intermittent duty. They can be ideal for
applications that need to resist reversing.

MaTBeesB
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Fig.3. Efficiency of worm gear for different ratios.
Puc.3. K/ yepsayHoli nepedayu 018 pasau4Hsix nepedamoyHsix yucesl.

YepBAuyHaa nepepava

YepBayHasa nepegaya nokasaHa Ha pwuc.2. epenaTtoyHoe YUCAO YepBAYHOM
nepegayn HauyMHaeTca € 5 U MOXKET AOCTUraTb OYeHb 60bLUIMX 3HaYeHuit (100!).
B nporpamme DriveConstructor 3T0T pgmana3oH cyxeH pgo 10...40. KNAg
YepBAYHON nNepefayn CHUMXKAETCA C YyBe/JIMYEeHMEM MNepefaTovyHoro 4ucna
(pnc.3). BO3MOXKHOCTb  MOAYyYeHMs  BO/bLIMX  MNEepesaTodHbIX  Yucen
obecneumBaeT 60/blIYIO0 3KOHOMMUYECKYIO 3PPEKTUBHOCTD TaKMM Nepenayam.
TaK)Ke yepBAYHasA nNepefayva CYMTAETCA TUXOM, He cospatoleit Bubpaumii. Mpu
3TOM BXOAHAA M BbIXOAHAA OCWU Mepefayn pacnonoXKeHbl MO MPAMbIM YI/IOM.
O6bluHO  Hebonblioik KMO 4epBAYHOW nepegaun  npeanonaraetr  ee
MCNONb30BaHME B MaJIOMOLLHbIX YCTAaHOBKAx MAM B CAyvyae MPepbIBUCTON
Harpysku. YepesauyHble nepesaym mMoryT 6biTb MaeasbHbIM PELIEHWEM B CYYasnX,
Korga TpebyeTca npefoTBpalLaTh PEBEPCMPOBAHME.
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Planetary gear

Planetary stage is presented in Fig.4. Gear ratios for planetary stage can be in
the range of 3...10. In DriveConstructor we narrow the possibility to choose
from to 4...8. Planetary gears can handle large reductions and give huge torque
capability. They have high efficiency and are very compact. At the same time
such gears are expensive to manufacture and can be noisy at high speeds.

Bevel gear

Bevel stage is presented in Fig.5. Gear ratios for bevel stage can be in the range
of 1,5...4. In DriveConstructor we limit the choice to 2...3.

Fig.4. Planetary stage.
Puc.4. NMnaHemapHasA nepeoaya.
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MnaHetapHasa nepegaya

MNnaHeTapHaa nepepaya npeacrasneHa Ha puc.d. [lNepepatoyHoe 4MCno
NAaHeTapHOM nepeaavym MOXKeT nexaTb B AnanasoHe oT 3 go 10. B nporpamme
DriveConstructor sTOT AnanasoH cyeH Ao 4...8. [naHeTapHble Nnepeaaym moryt
obecneunBaTb 60/bLLUME U3MEHEHWNA CKOPOCTM M NepeaaBaTb 6ONbLION MOMEHT.
OHM nmetoT BbicokmMit KM 1 o4eHb KOMNAKTHbI. B TO e Bpema niaaHeTapHble
nepegayv AOPOr1 B NPOM3BOACTBE U MOTYT ObiTb BECbMA LYMHbIMW HA BbICOKMX
CKOPOCTAX.

KoHunuyeckasa nepepgaua
KoHuyeckaa nepepava npeacrtasneHa Ha puc.5. [llepepatodyHoe yucao

KOHWYECKOM nepenayvym MOXKET fiexKaTb B gManasoHe ot 1,5 go 4. B nporpamme
DriveConstructor sTOT AMana3oH cy*KeH o 2...3.

Fig.5. Bevel stage.
Puc.5. KoHuyeckas nepedaya.
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Combinations of stages

The stages can be put together in various combinations. Some examples are
presented below.

Gearboxes comprising several helical stages (Fig.1) are used generally in heavy-
duty applications. They are quite efficient and can have many stages.

In the configuration presented in Fig.2 the input and output shafts are arranged
at right angles via a gear set with either intersecting (bevel helical) or non-
intersecting (hypoid) axes. The right-angle helical design ensures great space
efficiency in terms of width, and provides the primary alternative to worm
reducers in applications involving right angle drives. They are characterized by
high efficiency and can extend to extremely high reduction ratios (even to
1700:1).

Fig.1. 3 helical stages.
Puc.1. Koco3zybele cmyneHu.
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KombuHauum ctyneHeun

CTyneHu pegyktopa MoOryT 6biTb cObpaHbl B Pas/iMYHbIX KOMOMHALMAX.

HEKOTOprE NPMMepPbI MOKa3aHbl HNXKeE.

PeayKTopbl C HECKOJIbBKMMM KOCO3ybbiMKu cTyrneHamu (puc.l) ucnonbsytoTca
06bIYHO A1A TAXKENbIX PEXMMOB MpUMeHeHMA. OHM BecbMa 3GPEKTUBHbI U
MOTYT UMETb MHOTO CTyMeHeN.

B KoHoUrypaumm, npencraBAeHHOW Ha puC.2, BXOAHON W BbIXOLHOW Babl
pacnofioXeHbl NoA MPAMbIM  YIIOM W COEAMHEHbl Yepe3 HeCKONbKO
nepecekamowmxca ocer (KOHWYECKMe, KOco3ybble) MM HemnepeceKatowmxcs
ocelt (rmnongHble). KOHCTPYKUMS Koco3yboi nepegayun ¢ nepneHgmKyaspHbIMU
ocamu obecneumBaetr 3¢dpPEeKTUBHOE MCMOMb30BAHWE MNPOCTPAHCTBA C TOYKM
3pEHUNA WWPUHBI NPMBOAA W SBAAETCA MEPBOWM aNbTEepPHATUBOM YepBAYHbIM
nepegayam B NpMBOAAX C NEPNEHANKYNAPHbIMU OCAMU. OHU XapaKTepUsytTca
6onblwolt adpdekTMBHOCTBIO M MoryT obecneumMBaTb O4YeHb 6Hosnbline
nepeaaToyHble yncna (paxke go 1700:1).

Fig.2. 1 bevel and 2 helical stages.
Puc.2. 1 KoHuYeckas u 2 Kocodybbie cmyneHu.
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Other examples are presented at Fig. 3-5. Jpyrve npumepbl NoKasaHbl Ha puc. 3-5.

Fig.3. Helical and bevel stages. Fig.4. Helical, bevel and planetary stages. Fig.5. Helical "inline".
Puc.3. Koco3ybas u KoHu4eckas cmymneHu. Puc.4. Koco3ybas, KOHUYeCcKas u naaHemapHas cmyneHu. Puc.5. Kocosybas coocHas nepedaua.
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Efficiency of any combination is the product of efficiencies of the stages, KN4 ntoboit KombuHaumm cTyneHei paBHo npoussegeHuto KM atux ctyneHen,
therefore, efficiency of several stages is lower than single-stage solution. Fig.6 cnepoBatenbHo KM/ peayKkTopa ¢ HECKONbKMMMK CTYNEHAMWU BCEraa HUXKe, Yem
presents efficiencies of some combinations of stages. Note that lower rpm Yy peayktopa c ogHou ctyneHbto. Ha puc.6 npeactasneHbl KM HeKoTopbIxX

means higher gear ratio.

KOM6MHaLI,Ml\;I CTynEHeﬁ. 34eCcb MeHbllee 3HayeHue YacToTbl BpaweHunA
o3HauaeT bonbluee nepeaaro4yHoe 4ncno.

100 Hel HeFBev Beu?DoubIeJ
Tiple | _FPlanetary (Liouble

[ i —— r
23 ml Planetary (11iple] CUCOOa [amgie )
oE Cydoidal e

~]

Linl]
[>
g
c
o
£,

-
Mo
3
=3

Yiarm,
Douhle Enveloping

Efficiency
o o]
Vel o

=
T

I
N

o]
by

30
0o 10 20 30 40 50 &0 FO 80 20 100
Output RFPM

Fig.6. Efficiencies of various combinations.
Puc.6. KN/ paznuyHeix kombuHayuli cmyneHel.
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Power cables
Cable parameters

Voltage

In DriveConstructor voltage rating of a cable is being chosen automatically
according to the voltage at the electric machine terminals.

Length

We limit the possible cable length to 5 km, so the range to choose from is 0 to
5000 m.

Cable cross-section

Cables are produced with standard cross-sections of their phase conductors.
We can choose from the row: 0.5, 0.75, 1, 1.5, 2.5, 4, 6, 10, 16, 25, 35, 50, 70,
95, 120, 150, 185, 240, 300, 400, 500, 630, 800 and 1000 mm?.

Conductor material

In DriveConstructor, as well as in the real life, the choice should be made
between copper and aluminum cable. Some arguments are presented below.
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Cunosblie Kabenn
MapameTpbl Kabeneii

Hanpsax)ceHue

B nporpamme DriveConstructor HOMMHanbHOE Hanps)KeHuMe Kabenew
BblbMpaeTcs aBTOMATUMYECKM B COOTBETCTBUMM C HAMpsyKEHMEM Ha 3arKMmax
3/IEKTPUYECKON MaLLUNHbI.

AnuHa

BoamorKHas A/MHA Kabena orpaHMyeHa 5 Km, nostomy fAaHHOe 3HayeHue
MOXHO BblbUpaTb B AnanasoHe ot 0 ao 5000 m.

CeyeHue Kabena

Kabenn BbiNycKaloTCs CO CTaHAAPTHbIMU CedYeHUAMM ¢asHbIX MPOBOAHMKOB.
3HauyeHnss MOXKHO BblbMpaTtb M3 paga: 0.5, 0.75, 1, 1.5, 2.5, 4, 6, 10, 16, 25, 35,
50, 70, 95, 120, 150, 185, 240, 300, 400, 500, 630, 800 1 1000 mm?>.

Mamepuan nposodHUKa

B nporpamme DriveConstructor, Kak U B peanbHOM }KMU3HU, MOXKHO BblbGMpPaTb
MeXOy Megbto W antomumHuem. HeKoTopble coobpaxeHus Mo Bblibopy
MaTepuana Kabens npeacTaBaeHbl HUXKE.

Fig.1. Medium voltage cables.
Puc.1. Kabenu cpedHe20 HanpaxeHus.
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Considering weight and size

For the same conductivity the weight of an aluminum cable will be only 54% of
the weight of a copper cable, but the cross-section of the aluminum cable will
be higher than that of the copper cable by 56%. So the choice will be a greater
cable cross-section or a higher cable weight. Copper cable is thinner but
heavier.

Considering cost

Generally speaking, aluminum cable will be cheaper. However, copper cable is
more ductile and less susceptible to electrical contact problems. Due to its
smaller cross-section, the copper cable will also be easier to install as the
stiffness of the cable depends on the square of the cross-sectional area and
thus on the fourth power of the diameter. So one should take into account the
extra cost and effort involved in installing the less pliable aluminum cables.

Number of runs

The surface of the cable increases not proportionally (actually slower) with
increase of the cable’s cross-section, therefore, for a thicker cable heat
dissipation is less intensive and the current density should be decreased
compared to thinner ones. So, in some cases it may be more economical to
have two or more parallel thin cables (two or more “runs”) with higher current
densities than one big cable with lower current density. In DriveConstructor it is
possible to choose number of runs from the following options: «auto», 1, 2, 4.
When “auto” is chosen, DriveConstructor will calculate optimal number of runs
automatically.
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C TOUKM 3peHuns Beca M pasmepa

Mpw Toi e NPOBOANMOCTM BEC a/IIOMUHMEBOTO Kabena coctaBadeT Amwb 54%
OT Beca MegHOro Kabensa, Ho ero cedyeHwe byaeT 6osblue Ha 56%. Tak uTo
BbIOMpaTb HafZo M3 6osblUero cedyeHmMa unum bonbluero Beca Kabena. MeaHbin
Kabenb TOHbLUE, HO TAXKENee.

C TOUYKM 3peHUna CTOUMOCTU

Boobuie rosopsa, antommHueBble Kabenu gelwesne. OgHako, meaHbli Kabenb
6onee TMBKMI M MeHee nMoaBep)eH npobaemam C  31EKTPUYECKUMU
KOHTaKTamu. bnarogaps meHblueMy ceyeHUo medHbli  Kabenb nerye
yCTaHaBNMBaTb, MNOCKO/IbKY »ECTKOCTb Kabens 3aBUCUT OT KBagpaTa ero
ceyeHua, T.e. YeTBepTOW CTeneHW AuameTpa. TaK YTO HaAo MPUHMMATb BO
BHMMaHME A0MONHUTE/IbHbIE CTOMMOCTb M YCUANA MO YCTaHOBKE MeHee TMBKMX
aNloMUHMEBbIX Kabenei.

Yucno napannenbHbix NNHNIA

MoBepxHOCTb Kabena Bo3pacTaeT He MPONOPUMOHaANbLHO (MegneHHee)
yBE/IMYEHMIO ceyeHnna Kabena, cnefosaTtesibHO, B 6osee ToacToM Kabene oTBoA,
Tenna yxyAwaeTca M NAOTHOCTb TOKa A0/KHA BbITb CHUXEHa MO CPaBHEHMUIO C
6onee TOHKMM. TaK 4YTO, B HEKOTOPbIX C/ayd4aax MoOXKeT 6biTb 6onee
3KOHOMMYHbIM UCMNO/b30BaTh ABa MAM 6osee napanienbHblX TOHKUX Kabens
(nBe nnu 6onee napannenbHbiX NMHUK) C 6ONbLLEN NNOTHOCTLIO TOKA, YeM OAMH
60/blLION Kabenb ¢ MeHblUe NAOTHOCTbIO TOKa. B nporpamme DriveConstructor
MOHO BbI6MpPaTb UYNCNO MapannesfibHbiX JANHUN U3 CAeaylolWmnx BapUaHTOB:
«aBToY, 1, 2, 4. MNpwu Bbibope “aBT0” DriveConstructor paccuntaeT onTMmanbHoe
4YNCNO NapanienbHbIX IMHUIN aBTOMaTUYECKN.
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Grid

Grid parameters

Voltage

Grid voltage [V] can be chosen from the given options.
Frequency

In the current version of DriveConstructor only 50 Hz is possible.
Short-circuit power

Short-circuit power [MVA] can be chosen from the given range. It represents
“strength” of the grid. Short-circuit power is used in THD estimation.
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Cetb

MapameTpbl ceTn

HanpsaceHue

Hanps»keHne cetn [B] MoXXHO BbIGUpaTb U3 NpeasiaraeMblX BapUAHTOB.
Yacmoma

B TeKywen Bepcun nporpammbl DriveConstructor MOXKHO BbI6paTb TONbKO
yacroty 50 Iy,

MouwHocmb KOPOMKO20 3aMbIKAHUA

MOLLHOCTb KOPOTKOTo 3ambikaHusa [MBA] MOMKHO BblOpaTb M3 3a4aHHOrO
AnanasoHa. OHa XxapaKTepusyeT YCTOMYMBOCTb CeTU. MOLLHOCTb KOPOTKOro
3aMblKaHMA WCMONb3yeTcA nNpu  oueHKke KoadpduumeHTa TrapMOHUYECKUX
UCKaXeHUM.
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Altitude and derating

When equipment is expected to work at high altitudes de-rating factors should
be applied when choosing rating of the components. At high altitudes, where
there is a reduced atmospheric pressure, the cooling of electrical equipment is
degraded due to reduced ability of the air to remove the heat from the cooling
surfaces of the machine or transformer or heat-sink of the converter. Different
equipment providers give slightly different derating factors. One possible
collection of factors is presented in tables 1 and 2. In DriveConstructor derating
is done automatically when the user sets the right altitude for the components.

Power derating

The coefficient of power derating with altitude k, is defined as permissible
power output in % of rated power.
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BAuaAHMe BbICOTbl YCTAHOBKU Haj4 YPOBHEM MopA

B cnyyae yctaHOBKM 060pyAoOBaHMA HA OOAbWKMX BbICOTax HeobxoaMmo
YUMTbIBATb CHUMKEHME MOLLHOCTM MpKU BblibOpe ero KomMmmnoHeHToB. Ha 6osbwnx
BbICOTaX M3-3@ HU3KOTO aTMOCEpPHOro AaBNEHUA OX/TAXKAEHNE SNEKTPUYECKOTO
060pyA0BaHUA YXYALWAETCA 33 CYET CHUXKEHMA CMOCOOHOCTU pasperkeHHOro
BO34yXa OTBOAMTbL TEMAO OT OXJAXKAAMLWMX MOBEPXHOCTEN 3S/EKTPUYECKOM
MalUMHbI, TpaHchopmaTopa MAM OT pagmaTopa npeobpasoBaTens 4acToTbl.
PasnnyHble npoussoauTenn obopyaoBaHUA 4alOT HECKO/bKO pasnunyatowmecs
PEKOMEHAAUNN MO CHUMKEHUIO MOLLHOCTM 0b60opyaoBaHuA. Tabavupl 1 n 2
coaep:at Habop Takmx KoadpouumeHtoB. B nporpamme DriveConstructor
CHW)XEHME  MOLWLHOCTM  MNPOM3BOAMTCA  aBTOMATUYECKM MpWU  33aJaHuMU
nosib30BaTeIeM NPABUAbHOM BbICOTbI Hag, YPOBHEM MOPA.

CHMXEeHMne MOLLHOCTU

KoaddUUMEHT CHUMMKEHMA MOLWLHOCTU C BbICOTOM kn nNpeacTaBndaetr coboi
[0NYCTUMYIO BbIXOAHYIO MOLLHOCTb B % OT HOMWUHA/NIbHOM MOLLLHOCTH.

Table 1. Power derating kn as function of altitude.
Tabnuya 1. Koagpghuyuenm cnusicenus mowrocmu Kn 6 sasucumocmu om gblcomul HA0 YPOSHEM MOPSL.

Altitude Electric machine & Transformer Frequency converter Cable
Buicoma MouwHocmeb anekmpu4veckol MouwHocme MouwHocme
MAWUHbI U mpaHcgopmamopa npeobpaszosamensa 4acmomel Kabens
1000 m 100% 100% 100%
2000 m 92% 90% 99%
3000 m 84% 85% 96%
4000 m 76% 81% 90%
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When the component needs to be de-rated for both temperature and altitude,
the de-rating factors given in the respective tables should be multiplied
together. When a component, like liquid-cooled FC, has both air- and water-
cooled parts, derating should be calculated for both parts of the respective
ambient- and coolant temperatures. In addition derating for altitude (if needed)
should be implemented. Smallest of the products knxks and knxk, should be
taken as the overall overload.

Temperature of the coolant may help to solve the high-altitude problem for
liguid-cooled equipment - it is possible to compensate high altitude with lower
temperature of the coolant.

Voltage derating

The coefficient of voltage derating with altitude k, is defined as permissible
voltage in % of rated voltage.

As the cable between the machine and the converter can be long (in special
cases up to several km) the altitude can be quite different for the machine and
the converter.
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B cnyuae, Korga MOWHOCTb KOMMOHEHTOB CUCTEMbI AOJIKHA ObITb CHUMKEHA NO
NPUYMHE Kak TemnepaTypbl OKPyXKatoLWeln cpeabl, Tak U BbICOTbl HA A4, YPOBHEM
MopA, KOIPPUUMEHTbI CHUNKEHMSA MOLLHOCTM, B3ATble M3 COOTBETCTBYHOLLMX
Tabnuu, [O/KHbI MEepPeMHOXKaTbCA. B cinyyae, Korga KOMMOHEHT CUCTEMBI,
Hanpumep, npeobpasoBaTeslb C KUAKOCTHbIM OX/AXKAEHMEM MMEET 4YacTu C
BO3AYWHbIM M C KUAKOCTHbIM OXNaxKAEHUEM, KO3IPPULMEHTbI CHUMKEHUA
MOLLHOCTM AO/KHbI ObITb paccuMTaHbl AnA o6eux 4actelm Ha OCHOBaHUM
TEMNEepPaTypbl OKPYKAIOLWEN cpeabl U TeMMNepaTypbl OXNaXKAatoLWen KULKOCTH.
JononHutenbHo (Npu He0HXoAMMOCTM) HaA0 YYECTb CHUMKEHME MOLLHOCTM U3-
3@ BbiCOTbl. OKOHYaTENbHO MPUMEHAIOT HaMMEHbllee MpousBedeHue
K03 PULMEHTOB knxkq N Knxky.

TemnepaTypa OXnax4alowen KUAKOCTU MOMKET MOMOYb PelunTb npobnemy
60/1bWONM BbICOTbI Hag, YPOBHEM MoOpA A1A 060pyAOBaHMA C KUAKOCTHbIM
OXNaXAEeHNeM — BO3MOXHO KOMMEHCMPOBATb CHWUMEHMEe MOLLHOCTU M3-3a
BbICOTbI CHUMKEHMEM TEMMEPATYPbl OX1aXKAAOLWEN }KUAKOCTK.

CHUXKeHue HanpAaXeHuA

KoadpdUUMEHT CHUMKEHUA HaMpPsKEHUA M3-33 BbICOTbl Hag, ypoBHEM mMops ky
npeacraensetr coboil OonMycTMMOe Hanps)KeHue B % OT HOMWHAJIbHOIO
HanpsxXeHus.

MoCcKONbKY ANIMHA Kabena mexay MalrMHOW U npeobpasoBaTesiem MoXKeT bbiTb
BE/IMKA (B HEKOTOPbIX CAy4YasAx A0 HECKOJIbKMX KWJIOMETPOB), BbICOTa Hapg,
YPOBHEM MOPA MOXET OKasaTbCA pPasANMYHON ANA Pas3HbIX KOMMOHEHTOB
cucTemsl.
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Table 2. Voltage derating k, as function of altitude.
Tabauya 2. KoagppuyueHm cHuxceHUsA HanpaxceHUA k, B 3aBUCUMOCTM OT BbICOTbI HaZ, YPOBHEM MOPA.

Altitude Electric machine & Transformer Frequency converter
Boicoma Hao HanpsxeHue snekmpu4eckol MauwluHbsl u HanpsxceHue
yposHeM Mops mpaHcgopmamopa npeobpaszosamens Hacmomel
1000 m 100% 100%
2000 m 90% 100%
3000 m 80% 88%
4000 m 72% 76%
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Ambient and coolant temperatures

When the component is expected to work at high ambient temperatures de-
rating factors should be applied when choosing rating of the machine. Different
equipment providers give slightly different derating factors. Some variants are
presented in the tables 1 and 2. In DriveConstructor derating is done
automatically when the user sets the ambient- or the coolant temperature for
the components.

Ambient temperature

As the cable between the machine and the converter can be long (in special
cases up to several km!) the environment can be quite different for the machine
and the converter, as well as for other components of the system. The machine
for example can be at the open air while the converter in a dry electric room
with air conditioning or a container (Fig.1).
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BnuaHue TemnepaTyp OKpyKaloLen cpeabl U
oxnagurtens

EcnM KOMMOHEHT cuUcTeMbl AOMKEH paboTaTb MpW BbICOKMX TemnepaTtypax
OKpY’)Kalowen cpeabl, €ero MOLWHOCTb AO0MKHA OblTb CHWMXKeHa npu Bblbope
KOHKPETHOro KoMMoHeHTa. PasnunuyHblie npoussoamtenn obopypoBaHuA aatoT
HECKOJIbKO oT/Anvatowmeca pekomeHgaumn. Tabanubl 1 1 2 cogeprka Habop
Takux KoadpduumeHTos. B nporpamme DriveConstructor CHUMXEHWE MOLLHOCTU
NpPOMCXOAMUT aBTOMATUUYECKW, KOrga MnoNb30BaTeNb YKa3blBaeT peasibHble
TeMnepaTypbl OKPYKatoLen cpeapl U oX1aanTena AN KOMNOHEHTOB CUCTEMBI.

Temnepatypa OKpy»Karoweit cpeapbl

MocKonbKy  AAnHa  Kabena  mexay  S/1eKTPUYECKOM  MaluHOW U
npeobpasoBaTesieM 4acTOTbl MOXET ObiTb Be/MKa (B HEKOTOPbIX Cay4yanx Ao
HECKOJIbKUX KM), YC/IOBUA OKPYXKaIOLWLEN cpedbl MOTYT BECbMa pas/inyaTbca 48
MallMHbl M Npeobpas3oBaTesnia, a TaKXKe Aaa APYrMX KOMMOHEHTOB CUCTEMbI.
Hanpumep, MaluMHa MOeT pacrnonaratbCd Ha OTKPbITOM BO3A4yXe, a
npeobpasoBaTesib — B CyXOW 3/IEKTPOLLMTOBON C KOHAMLMOHMPOBAHMEM
BO34yXa UK B KOHTelHepe (puc.1).
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Fig.1. Container from Ingeteam.
Puc.1. KonmeliHep om Ingeteam.

The coefficient of power derating with ambient temperature ka is defined as KoaddpuumeHT cHUNKEHMA MOLLHOCTM B 3aBUCMMOCTM OT Temnepatypbl
permissible output in % of rated output as function of ambient temperature T,.  oKpyKatowewn cpeabl k, NpeacTasaset coboit 4ONYCTUMOE 3HaYeHNE BbIXOAHOM
MOLLHOCTM B % OT HOMMHA/NIbHON MOLLHOCTM B QYHKLMM OT TemnepaTtypbl
When the component needs to be de-rated for both temperature and altitude,  oKkpy:<atowel cpeapl T,.
the de-rating factors given in the table should be multiplied together.
B cnyyae Heob6XOAMMOCTM CHUMKEHUA MOLLHOCTM KOMMOHEHTA CUCTEMbI
OAQHOBPEMEHHO M3-3a TemnepaTypbl W BbICOTbl HaA YPOBHEM MOpS,
K03 PULMEHTbI, NONYYEHHbIE U3 TabAML, AONKHbI NEPEMHOMKATHLCA.

Table 1. Air-cooled components. Power derating k, as function of ambient temperature.
Tabauya 1. KomnoHeHMbI ¢ 8030y WHbIM oxaaxcdeHuem. KosgpguyueHm CHUXeHuUs MmouHocmu Kk, 8 3agucumocmu om memrepamypsl oKpyxarowjeli cpeosi.

T.0C Electric machine & Transformer Frequency converter
SnekmpuvecKkas MawuHa U mpaHcgopmamop Mpeobpazosamesns Yacmomel
30 108% 102%

35 104% 100%
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40 100% 98%
45 96% 92%
50 92% 84%

Coolant temperature

Temperature of the cooling water at the input of the component cooling circuit.
In DriveConstructor it can be varied in the range 20...50 °C for EM, FC and
transformers. The coefficient of power derating with coolant temperature ky, is
defined as permissible output in % of rated output as function of coolant

temperature Ty.

Temnepatypa oxnagutens

TemnepaTypa OX/aXKOaloOWen KUOKOCTU Ha BXOLE CUCTEMbI OXJIAXKAeHUA
KOMMNoHeHTa B nporpamme DriveConstructor moXeT U3MEeHATbCA B AMana3oHe
ot 20 go 50°C gna 3M, NY n TpaHcdopmaTopoB. KoapPUUMEHT CHUMKEHUA
MOLLHOCTM B 3aBUCMMOCTM OT TemnepaTypbl oxnagutens k, npeacrasnaaer
coboi JonycTUMy0 MOLLHOCTb B % OT HOMMWHANbHOW MOLLHOCTU B PYHKUMK

TemnepaTtypbl oxnagutena Ty.

Table 2. Water-cooled components. Power derating k., as function of coolant temperature.
Tabauya 2. KomnoHeHmMebI ¢ 800AHbIM oxnaxcoeHuem. KoaghguyueHm cHUxceHua mouwjHocmu k,, B 3aBUCMMOCTU OT TEMMNepaTypbl OX1aautens.

T.° Electric machine & Transformer Frequency converter
Transformer
C dnekmpuyeckas MawuHa u lMpeobpazosamers
TpaHcpopmamop
mpaHcgopmamop yacmomeol

20 110% 105% 105%

30 108% 104% 104%

35 104% 100% 100%

40 100% 92% 100%

45 96% 84% 96%

50 92% 76% 92%
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When a component, like liquid-cooled FC, has both air- and water-cooled parts,
derating should be calculated for both parts of the respective ambient- and
coolant temperatures. In addition derating for altitude (if needed) should be
implemented. Smallest of the products knxk, and knxk, should be taken as the
overall overload. For example if k,=90% and k,=80%, the product kpxk, is
0.9*0.8=0.72 or 72%.

Temperature of the coolant may help to solve the high-altitude problem. It is
possible to compensate high altitude with lower temperature of the coolant.

There is also PWM frequency derating, though this functionality is not included
in DriveConstructor.

Ctp. |85

Korga KOMMOHEHT cuUcTeMbl, Hanpumep, npeobpasosBaTesb YacToTbl C
KUIAKOCTHBIM OXNaXKAeHMeM WMMeeT 4YacTM Kak C BO34YLWHbIM, Tak U C
KUAKOCTHBIM OXNaXKaeHWeM, KO3OODULMEHT CHUMKEHUS MOLLHOCTU [OJXKEH
6bITb paccuMTaH ANA KaxKaoW M3 3TUX YacTel B 3aBMCMOCTM OT TemrepaTtypbl
OKpy:Kalowen cpeabl U TemnepaTypbl oxnaautens. LONOAHUTENbHO HYKHO
YY4ECTb CHUMKEHME MOLWHOCTM M3-3@ BbICOTbI Hag YpOBHEM Mopa (npu
HeobxoammocTn). HaumeHbluee npousBeaeHne KoaddUUNEHTOB knxky, U knxky,
OOMKHO ObITb BblIBpaHO ANA onpeaeneHMa Ob6LWero CHUMEHUS MOLLHOCTU.
Hanpumep, ecam k,=90% un k,=80%, npousseaeHune kpxky pasHo 0.9%0.8=0.72
nnn 72%.

TemnepaTypa OX/l1aguTens MOXeT MOMO4Yb pewuTb npobnembl ¢ 60blIOW
BbICOTOM Hag, ypoBHeM Mops. MOXHO KoMneHcMpoBaTb 60/bLIYI0 BbICOTY Hag,
YPOBHEM MOPA CHUKEHNEM TEMNEPATYPbI OXNaaUTENS.

CyLLecTBYeT TaKKe HeobxoAUMOCTb CHUXKeHMA YyacToTbl LLUMM, Ho B nporpamme
DriveConstructor 3To He NpeayCMOTPEHO.
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Protection 3awumra

Equipment can be installed in quite demanding environments (e.g. Fig 1). O6opyaoBaHMe MOXKET PAcnoNaraTbCA B 0O4EHb CI0XKHbIX YCNOBUAX (Hanpumep,
cm.puc.1).

The IP rating (International Protection) is used to determine the degree of

protection provided by an enclosure. It is a standard maintained by IEC 60529. Knacc 3awuTbl IP (International Protection) ucnonb3yioT ana onpeaeneHus

The IP rating is made up of 2 digits. CTeneHn 3aluTbl, obecneymBaemon Kopnycom ycTpoiictea. Knacc 3awutol
onpeaensierca craHgaptom M3K 60529. Knacc 3awuTbl obpasoBaH M3 ABYX

In DriveConstructor everything is simplified to only two protection variants: unop.

“low” and “high”.
B nporpamme DriveConstructor Bce ynpouL,eHO A0 TONbKO ABYX BAapPWAHTOB:
«HW3Kas CTeNeHb 3aLUTbI» U «BbICOKAA CTEMEHb 3aLUMUTbIM.

Fig.1. Motor at a conveyor.
Puc.1. Dnexmpoosucamensv na konseiiepe.
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Fig.2. IP classes.

Puc.2. UcnonHeHuA no Kaaccam 3auumel.
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Electric machine protection

e “low” is designated IP21/23, meaning protection against solid object
with a diameter >12.5 mm and against falling water, but not splashed
from all directions.

e “high” is designated IP54/55, meaning protection against dust and
against water, coming from any direction.

Totally enclosed air-cooled machines are larger than open-ventilated machines.

FC protection

e “low” is designated IP21/31, meaning protection against solid object
with a diameter >12.5 mm and against vertically dropping water.

e “high” is designated IP54/55, meaning protection against dust and
against water, coming from any direction.

Operational environment (dust, moist) defines requirements to the enclosure of
the FC. FC with higher protection class in more expensive.

Examples

e Machine with 1P23 — «drip proof» or «indoor». Predominately used in the
refrigeration and compressor industries for their reduced frame size
offerings. Are commonly found in environments where dirt and moisture
are minimal. They are used in plant rooms and buildings on pumps, fans,
blowers and compressors. Drip proof motors are the most cost effective
industrial motor because of their design. They maximize ventilation through
the motor providing the highest amount of heat dissipation. In turn more
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Knacc 3alumTbl 3n1eKTpU4eCKMX MallumH

e “HM3Kaa cTeneHb 3awWmTbl” COOTBETCTBYET Kaaccam 3awutbl IP21/23,
YTO O3HayaeT 3alMTy OT MNonagaHuAa BHYTPb OOBLEKTOB AMaMETPOM
>12.5 mm 1 OT NonagaHuA nagarouei Boabl, HO He OT BpbI3r € pa3HbIX
HanpasAeHUN.

e “BblCOKasA CTeneHb 3alMTbl” COOTBETCTBYET Kaaccam 3auiuTbl IP54/55,
YTO O3HayaeT 3aWMTy OT MblAM M BoAbl, Monagatwolen ¢ awboro
Hanpas/eHusA.

MONHOCTbIO 3aKPbITble MalUMHbI C BO3AYLWHbIM OXJaXKAEHUEM KPYMHEe, Yem
MALUNHbI C OTKPLITON BEHTUAALMEN.

Knacc 3awutbl npeobpasosarteneit 4acToTbl

e “HM3Kaa cTeneHb 3awWmTbl” COOTBETCTBYET Knaccam 3awutbl IP21/31,
YTO O3HayaeT 3alWMTy OT NonajaHus BHYTPb OBBEKTOB AMaAMETPOM
>12.5 Mm 1 OT NoNaaaHnA BEPTUKAAbHO Najatowel Boabl.

e “BbICOKasA cTeneHb 3aWmTbl” COOTBETCTBYET Kaaccam 3almTbl IP54/55,
YyTO O3HayaeT 3alMTy OT NblM M BOAbl, NMonajawoler ¢ nwboro
HanpaB/ieHUA.

TpeboBaHMA K UCNOSHEHWUIO KOpMyca NpeobpasoBaTens YacToTbl ONpesenatoTcs
€ro onepaunoHHoit cpegoit (Nbiib, Bnara). NpeobpasoBatenb ¢ 6onee BbICOKUM
Knaccom 3awwmTbl byaet 6o1ee gopormm.

Mpumepbl

e MawunHa ¢ Knaccom 3awmTtbl IP23 HasbiBaeTcA KanaesawulleHHON uaun
npefHasHauyeHHON AN BHYTPEHHEN YCTaHOBKU. B OCHOBHOM OHU
MCMONb3YeTCA B XO/IOAWIbHOW MAM KOMMPECCOPHON TexHuKe 6Gnarogaps
cBoMM HebosbliMm rabaputam. TakMe MallMHbI  BCTpeYaloTca B
NOMELLEHUAX C MMHMMANbHbIM 3arpA3HEHMEM W BAIAXKHOCTbIO. OHWU
MCNONb3YIOTCA B 3aBOACKMX NOMELLEHUAX U 34aHMAX ANA NPUBOAA HAaCOCOoB,
BEHTUNATOPOB, BO34YXOAYBOK W KOmMMpeccopoB. KannesalmuieHHble
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output power can be achieved in a smaller motor frame reducing cost.
Typically used for indoor applications in relatively clean, dry locations.

e Machine with IP 54 or IP 55 (sometimes called «weather protection» or
«weather proof») is suitable for outdoor installation with the airpath
designed to minimize the ingress of harmful substances. Prevents the free
exchange of air between the inside and outside of the frame, but does not
make the frame completely air tight.

IP21/23 machine would have better cooling so it may be ~20% lighter and more
compact than IP54/55 machine (aslo cheaper). Inspite of their higher cost totally
enclosed machines are being used increasingly in industry. If you are not sure
which protection to choose set it to «any».

Hot Air Out
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3NIEKTPOABUTATENN ABAAKOTCA CAMbIMU  3KOHOMMYECKM 3DEKTUBHbBIMM
6narogapa cBoel KOHCTPYKUMU. OHU MMEIOT HAWAYYLWYIO BEHTUAAUMIO,
obecneunBatowyto HambonblmMn OTBOA Tenna. B pesynbtate, 60nblyio
MOLLHOCTb MO)HO obecrneyntb B MeHblwem obbeme ABUraTens, uro
CHUMKAeT ero CToMMOoCTb. Takne gBuraTesiv ob6bIMHHO NPUMEHAIOTCA BHYTPU
NoMeLLEHWNIM, B OTHOCUTENIbHO YUCTbIX U CYXMX MeCTax.

e MawwnHbl ¢ Knaccom 3awmtbl IP 54 uam IP 55 (MHoraa HasbiBaemble
6pbI3ro3alnLEHHBIMWA UM MOFrOAOCTOMKMMKM)  NpefHa3HayeHbl  Ann
Hapy»KHOM ycTaHOBKM. Wx Hebonbwmne OTBEPCTUA  MWUHUMMU3UPYIOT
nonagaHve BHYTPb KOpMyca OMacHbiXx Bewects. Wx  Kopnyca
npeaoTepawaloT obMeH BO3AYXOM C OKpYKalolleh cpegoir, Ho He
ABNAOTCA NOJIHOCTbIO rePMETUUYHbBIMM.

MalumnHbl € Knaccom 3awwmtbl 1P21/23 nmetloT nydlimMe ycnoBUA OXNaKaeHUA,
NO3TOMY OHM OKa3biBatoTcA Ha ~20% nerdye M KOMNAKTHEE MaLUMH C KNaccom
3awmThbl IP54/55 (a TakKe gewesne). HoO HECMOTPA Ha BbICOKYHO CTOMMOCTb,
NONIHOCTLIO  3aKPbITble  MallMHbl  MPUMEHAIOTCA  O4YeHb  LWWMPOKO B
NPOMBILIIEHHOCTH.

Ecnn Bbl He yBepeHbl, KaKol Knacc 3awmTbl BbibpaTh, NOCTaBbTe B Nporpamme
«nobomn».

<=

Cool Air In

l

Fig.3. Open drip proof motor example.
Puc.3. Mpumep 0suzamesnsa c OMKPbIMbIM KArae3aujumHbsiM KOPyCoM.
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Duties and overloads

If load of the mechanism is intermittent and follows a certain pattern, this load
can be characterized by some standard duty and overload type. Some standard
pattern according to IEC34 are presented in the chart (Fig.1). S1, S2 and S3
patterns contain only loads up to the rated load, while S4 patterns contains also
overload, marked "D" (when the load is above the rated value it is called
overload).

Duty is the ratio of the time at full load to the total time. In DriveConstructor the
range to choose from is 50...100%. Duty cycle period is the time before the load
pattern repeats itself. In DriveConstructor the range to choose from is 0,1...100
min.

Both duties and overloads have similar thermal effect. When the equipment is
loaded (state "ON" in Fig.3) the temperature inside the component goes up.
When load is removed (state "OFF" in Fig.3) then the temperature decreases.
The rate of the temperature increase or decrease is defined by thermal constant
of this particular component.
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NMoBTOPHO-KPAaTKOBPEMEHHbIE peXXumbl U
neperpysKku

Ecnn Harpyska mexaHW3ma nepemeHHas U Nepuoamyeckn nosTopsaeTcs, To ee
MOHO XapaKTepu3oBaTb HEKOTOPbIM CTAaHAAPTHLIM Harpy3o4HbIM UUKAOM U
TMNOM neperpyskn. CTaHAapTHble HArpy3ouvHble UMKAbI B COOTBETCTBUU CO
cTaHgaptom IEC34 npeactasneHbl Ha puc.l. Uuknbl S1, S2 v S3 copepat
TOJIbKO NEPUOANYECKN BKNOYAIOLLYIOCA HArpysKy, HO UUKA S4 coaepKUT TaKkKe
neperpysky, o6o3HaueHHylo "D" (nepeepyskoli HasblBaeTcA Harpyska,
NpeBbILLAOLWAA HOMUHA/bHYIO).

Pabouuli yukn npeactaBnser coboi OTHOWEHWE ANUTENBHOCTU MOSHOM
Harpy3kn MmexaHu3ma K oblen [AAUTeNbHOCTM UMKna. B nporpamme
DriveConstructor mo»KHO BblbMpaTb paboume UMKAbI M3 AuanasoHa ot 50 go
100%. Mepuodom yuKaAQ Ha3bIBAETCA BpPeMsi A0 Hayasia NoBTOPEHMA UuuKna. B
nporpamme DriveConstructor mo»Ho BblbupaTb nepmog ot 0,1 4o 100 MuH.

Kak pabouue yuknasl, Tak U epe2py3ka UMelT O4MHAKOBbIN Ten1oBoM 3 deKT.
Korga obopyaoBaHMe HarpyxeHo (coctosHue "ON" Ha pwuc.3), TemnepaTtypa
BHYTPU €ro KOMMOHEHTOB MoBbiwaeTcA. Mpu CHATUM Harpysku (coctosHue
"OFF" Ha puc.3) TemnepaTypa cHuXkaeTca. CKOpoCTb HapacTaHua U cnagaHusa
TemnepaTtypbl onpeaenserca Tennopusmyeckum KoapGUUNEHTOM KOHKPETHOIO
KOMMOHEHTa.
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DUTY CYCLES ACCORDING TO IEC 34 STRNDARD

S1 ITINUOUS DUTY i
) f I ) (] ﬁ’
S2 R i
It t ﬁ‘
Sa [ RMIT PER i
he ing en |
¢ REGEE d
)XifT ¢ N R N g 55
S4 INTERMITT
Ré i
i DN _R T
T lowed ) M

Fig.1. Standard duty cycles.
Puc.1. CmaHdapmHsie pabo4ue YuKnbl.

To illustrate how overloads are defined in DriveConstructor Fig.4 presents
overload of 100%. The reference is rated load which is taken as 100%. The
overload of 100% means the overload amplitude is 200%.

Different components have different tolerance to overloads. Even different
electric machines have different overload tolerance; induction machines can
handle 200% overload amplitude, while PM machine usually will handle lower -
maybe 150% amplitude (=50% overload).

The limits in the components are not only thermal, but can be for example
saturation of magnetic cores in electric machines or maximum permissible

current of the switches in the FC.

Machine can thermally absorb long overloads, converter - only short ones.
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Duty cycle

100%
Load

Duty
25%

0%

50%

I:S%

Fig.2. Duties of 25, 50 and 75%.
Puc.2. Pabo4ue yuknsi 25, 50 u 75%.

Puc.4 nokasbiBaeT, Kak B nporpamme DriveConstructor onpeaensaetca
neperpyska 8 100%. 3a 6a3y NpUHMMaETCA HOMMUHA/IbHAsA Harpyska, KoTtopas
pasHa 100%. MNeperpy3ska 8 100% o3HavaeT amnantyay Harpysku 200%.

PasnnyHble KOMMNOHEHTbl CUCTEMbI MOFYT MO-pa3HOMY MPOTMBOCTOATL
neperpyskam. [la)ke pasHble 3NeKTPUYEeCKMe MaLMHbI UMEKT pasHyto
YCTOMYMBOCTb K MNeperpyskam; acMHXPOHHbIE MalMHbI MOTYT MNepeHOCUTb
amnautyay Harpyskm B 200%, B TO BpemA KaK MaLIMHbl C MOCTOAHHbIMU
MarHUTamm BblAepXMBaOT MEHbLUYIO Neperpysky — amnanTyay Harpysku 150%
nnu 50% neperpysky.

MNeperpy3oyHan CNocobHOCTb OoTAe/IbHbIX KOMMNOHEHTOB CBA3aHAa HE TOJZIbKO C
neperpesom, Hanpumep, HacblweHne MarHUTHOM uenn B 3N1EeKTPUYeCKuUx
MaWKnHaxX UaAn MakKCMMma/ZlbHO ,EI,OI'IyCTMMbIﬁ TOK K/tlo4yeln B npeo6pasoBaTenﬂx
YaCTOTbl MOTyT OrpaHM4YnBaTb UX HArpy3Ky.

JneKTpMyeckas MmallMHa cnocobHa MepeHoCUTb AJAUTENbHYIO Neperpysky,
npeobpasoBaTeb YacTOTbl — TO/IbKO KPAaTKOBPEMEHHY!O.
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OFF
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Fig.3. Duties and temperature inside the loaded component.
Puc.3. Pabo4ue YyuKsbsi u memnepamypd 8Hympu Haz2pyHeHHo20 KOMIOHEHMA.
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200%

100%

0%

Overload period

Overload

/
Rated load

Fig.4. Overload of 100%.
Puc.4. lNepeepy3ka 8 100%.



DriveConstructor YyuebHUK A.B. MatBees

What is a drive system?
Architecture
The drive train in Fig.1 includes all the components available in DriveContructor:

e driven mechanism (pump in this case),

e gearbox,
e electric machine,
e cable,

e frequency converter,
e circuit breaker,

e transformer, and

o the grid.

In real life there can be used e.g. softstarter or Y/D-starter instead of the
frequency converter. The gearbox, the transformer or both, can be omitted.
Also numerous topologies with parallel branches are used. However, in
DriveContructor we focus on the single branch topology like in Fig.1.
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Yt0 TaKkoe cuctema npusoga?

Apxutektypa

Cuctema npuBoga Ha puc.l copepXuMt BCe KOMMOHEHTHI,
nporpamme DriveContructor:

AOCTyMNHble B

e MPUBOAHOI MexaHU3M (B JaHHOM C/yyae Hacoc),

* penykrop,
e 3/IeKTpUYecKan malluHa,
e Kabenb,

e MpeobpasoBaTesb 4acTOThl,
e  BbIK/IlOYaTE b,

e TpaHchopmaTop u

e ceTb.

Ha npakTMKe cMCTEMA MOMKET TaK¥Ke CoAeprKaTb YCTPOMCTBO MAABHOrO Mycka
WA YCTPOMCTBO MEPEK/OYEHNA €O 3Be34bl Ha TPEYroJibHUK BMECTO
npeobpasosaTens 4YactoTbl. MOryT OTCYTCTBOBaTb pPeAyKTop, TpaHcdopmaTop
nnun oba cpasy. Takke ObIBAOT Pa3/INYHbIE CXEMbI C MapanienbHbIMU BETBAMMU.
OpHako, B nporpamme DriveContructor paccmaTpuMBaeTCs CXema C OZLHOWM
BETBbIO, KaK Ha puc.1.

=0 —{——@®-0

Fig.1. System with all available components.
Puc.1. Cucmema npusoda co 8cemu 803MOHCHbIMU KOMIOHEHMAMU.
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Characteristics

In general any drive system can be characterized by torque curves like for
example the ones shown in Fig. 2(a-c), where rated torque curve and overload
torque curve are shown. The plot area to the right of the speed n; is called
“field-weakening” area, which can be longer or shorter depending usually on
mechanical constraints. If machine with self-ventilation is used the torque
curves will be like in Fig. 2(b). One can see the rated torque curve goes down in
the area of low speeds (<ns) — this is due to reduced cooling capability of the
shaft mounted fan. Also note, that there can be more than one overload curve.
For example in Fig. 2(b) and Fig.2(c) there is 50% overload which can be
permitted longer and 100% overload, permitted shorter. Curves in Fig.2(c) are
for forced-ventilated or water-cooled machine as torque curves are horizontal in
the speed area below n.
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XapaKkTepucTukm

B uenom, nobaa cMctema NpMBOLAA MOMKET XapPaKTePM30BATLCA Harpy3oYHbIMM
XapaKTepPUCTMKaMM, KaK Hanpumep Ha puc. 2(a-c), rae noKasaHbl KpuBas
HOMWHANbHOrO MOMEHTA M KpPUBas MOMEHTA neperpysku. Ob6nactb cKopocTei
Bbille N1 Ha3blBaeTCcA 30HOM ocnabneHna noss, OHa MOMKET ObiTb bosblLe UK
MeHbLUE B 3aBUCMMOCTM OT MeXaHW4Yeckux TpeboBaHuit. Ecanm mawmnHa umeet
CAaMOBEHTUAALNIO, HAarpy3o4YHble XapaKTEPUCTUKN NOXOXM Ha KPUBbIE HA pUC.
2(b). Ha HMX BUAHO, YTO KPMBas MOMEHTA CHU}KAETCA B 30HE HU3KUX CKOPOCTEeN
(<n3), uTO 0BBACHAETCA NOHUMKEHHOW OTAAaYel BEHTUAATOPA, YCTAaHOBNEHHOro
Ha Ba/sy MaWwwuHbl. Kpome TOro, XapaKTepUCTUKM MOTYT MMETb HECKOJ/IbKO
KpMBbIX MOMEHTA neperpysku. Hanpumep, Ha puc. 2(b) un puc.2(c) npucyrcrayer
50% neperpy3ska, KOTOpasa MOXeT NPUCYTCTBOBaTb AnuTenbHoe Bpems, n 100%
KpPaTKOCPOYHasA neperpyska. XapaKTepuUCTMKM Ha puc.2(c) cooTeeTCTBYIOT
MalUMHE C NPUHYAUTENIbHON BEHTUAAUMEN UM KUAKOCTHBIM OXNAXKAEHMEM,
MOCKOJIbKY KPUBblE MOMEHTA OCTAtOTCA NMOCTOAHHbIMM B 30HE MasibIX CKOPOCTEW
HU¥XKe ni.

Torque 7 Torgue
Drive rated curve !
Drive overload curve

Drive rated curve

T
} Drive 50% overload curve
| Drive 100% overload

Torque
N Drive rated curve

Drive 50% overload curve
Drive 100% overload |

Tds

e Te

Tol

Taoz ~ |

Tdr?

Nz ns

ny ns n, n,

ny Rotational

speed (a)

Rotational

speed (C)

Roiational

speed (b)

Fig.2. Drive system curves.
Puc.2. Hazpy3ouHble xapakmepucmuKu cucmem npusooa.
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Sizing principles
Main principles of the component choice

Some parameters/features of the components, such as type or topology of the
component, its protection class, cooling methods, etc can be simply set by the
user. However, there are many parameters which cannot be set freely for many
of the components since the parameters are dependent on the parameters of
other components in the drive train.

Electric machine, being an electro-mechanical converter, must be selected
based on both mechanical parameters (torques and speeds) and electrical
parameters (voltages and currents) - see Fig.1.

For the system part between electric machine and the grid the components are
selected according to the electrical parameter - voltages and currents.

e For systems without transformers:
o electric machine’s voltage and current must match voltage of
the frequency converter
o frequency converter voltage must match voltage of the grid

torques and speeds <—|— voltages and currents
|
O/ — )
~o

Fig.1.
Puc.1.
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MpuHuMnbl Nog60pa KOMMNOHEHTOB
OCHOBHble npuHUunbI Bbl60pa KOMMNOHEHTOB CUCTEMDI

HekoTopble napameTpbl UAM 0COBEHHOCTU KOMMOHEHTOB CUCTEMbI TUMa CXEMbI
coeAMHEHMA, KNacca 3alluTbl, cnocoboB oxnaxaeHma U T.4. MOryT 6biTb NPOCTO
3adaHbl nonb3oBaTenem. OAHAKO, MHOrMe NapameTpbl KOMMNOHEHTOB 3aBUCAT
OT NapameTpoB APYrMX KOMMOHEHTOB CUCTeMbl MpMBOAA W He MOryT
BblIBUpPaTLCA NPOU3BO/LHO.

DNIEKTPUYECKYIO MalUMHY, KaK 3/IeKTPOMexXaHWYecKnin npeobpasosaTesib,
cneayet BblbUPaTb Kak MO MeXaHUYeCKMM napameTpam (MOMEHTbI U CKOPOCTH),
TaK M MO 3/1eKTPMUYECKUM NapameTpam (HanpsxKeHua 1 ToKKn) — cm. puc.l.

KOMMOHEHTbI CUCTEMBI, BK/IIOYEHHbIE MEXKAY MALUMHOM U CeTbio, BblIbMparoTcs
Ha OCHOBAHUM 3/1IEKTPUYECKMX NapaMeTPOB — HanpPsAXKeHU 1 TOKOB.

e [1na cuctem 6e3 TpaHchopmaTopa:
O HanpsKeHMe W TOK 3INEKTPUYECKON MALUMHbI  AO/KHbI
COOTBETCTBOBATb HAMPAXKEHUI0 NpeobpasosaTens YacToTbl;
o HanpsaxeHwue npeobpasosaTens YacToThl AOJIKHO
COOTBETCTBOBATb HAMPAXKEHUIO CETH.

O-—4——0

Fig. 2.
Puc.2.
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e For systems with transformer between the grid and the frequency
converter:
o electric machine’s voltage and current must match voltage and
current of the frequency converter
o frequency converter voltage and current must match LV-side
voltage and current of the transformer
o transformer HV-side voltage must match voltage of the grid

For the system part between the electric machine and the mechanism the
components are selected according to mechanical parameters - torques and
speeds.

e For systems without gearbox:
o electric machine’s torque and speed must match torque and
speed of the mechanism

e For systems with gearbox:
o gearbox torque and speed must match torque and speed of the
mechanism
o electric machine’s torque and speed must match torque and
speed of the gearbox

=D

Fig. 3.
Puc.3.

MaTBeesB

Fig. 4.
Puc.4.
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e [na cuctem c TpaHCHOPMATOPOM, BKOYEHHBIM MeEXKAY CETbIO M
npeobpasoBaTesiem 4acToTbl:

O HanpaxeHne U TOK 3}1€KTpVI‘-IECKOI7I MalWnHbl  AO0/1XKHbI
COOTBETCTBOBATb HAMNPAXEHUIO U TOKY npeoﬁpasoBaTenﬂ
4acCTOThbl;

O HanpsaxeHwWe M TOK Npeobpa3oBaTeia YacTOTbl AO/KHbI
COOTBETCTBOBATb HANPAXEHUIO N TOKY TpaHCHOpPMaTopa Ha
CcTOpoHe HH;

o HanpsxeHue TpaHchopmaTopa Ha cTopoHe BH gonkHO
COOTBETCTBOBATbL HANPAXKEHUIO CETW.

KOMMNOHEHTbI CUCTEMDI, BK/IHOYEHHbIE mexay 3!1€KTpM‘-IeCKOVI MaLUMHON U
NPMBOAHbIM MEXaHU3MOM, AO0/1KHbI BbI6VIpaTbCFI Ha OCHOBAaHUWN MeXaHUYeCKUX
napameTpoB -—MOMEHTOB U CKOpOCTEf/‘I.

e [1na cuctem be3 peaykTopa:
O MOMEHT U CKOPOCTb 3}'IeKTpVNECKOl7I MaLllWHbI AO0/KHbI
COOTBETCTBOBaTb MOMEHTY M CKOPOCTN MexaHU3Mma.

e [lna cuctem c peayKTOpPOM:
O MOMEHT M CKOPOCTb peAyKTOpa A0/KHbl COOTBETCTBOBATb
MOMEHTY U CKOPOCTU MeXaHNU3Ma;
o MOMEHT U CKOPOCTb 3}18KTpVNECKOl7I MaLlWHbI A0/1KHbI
COOTBETCTBOBATb MOMEHTY U CKOPOCTM peayKTopa.

=™

Fig. 5.
Puc.5.
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Matching the torques

All points of the drive system’s rated torque curve should be higher than those
of the driven mechanism as shown in Fig. 6 for the different mechanisms; pump
(Fig. 6,a), wind turbine (Fig. 6,b), conveyor (Fig. 6,c,d) and winch (Fig. 6,e,f).
Note than overload curves of the drive system should be above the overload
curves of the mechanisms.

When we consider the power-speed relationships the striking difference
between the constant-torque and fan-type load is underlined. If the motor is
rated for continuous operation at the full speed, it will be very lightly loaded
(typically around 20%) at half speed, whereas with the constant torque load the
power rating will be 50% at half speed.

Torque Torque

=== \Wind turbine extra torque
— Pump = Wind turbine rated torque
Drive rated curve

Drive overload curve

Drive rated curve
Drive overload curve

N3 N4 Rotational
speed

Ny Nz N3 Rotational
speed

(a) (b)
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CooTBeTcTBME MOMEHTOB

Bce TOYKM KpWMBOI HOMMHA/NILHOFO MOMEHTA CUCTEMbI [OJIXKHbI /ieXKaTb Bbllle
Harpy3o4YHOM XapaKTEPUCTUKN MPUBOAHOIO MEXaHM3Ma, KaK NOKa3aHo Ha puc.
6 NS pasAnYHbIX MExaHM3MOB: Hacoca (puc. 6,a), BeTpoBOW TypbUHbI (pwc.
6,b), koHBeliepa (puc. 6,c,d) u nebeakn (puc. 6,e,f). Mpn 3TOM KpuBbIE
neperpysoyHOro MOMEHTA CUCTEMbI [O/XKHbl ObiTb Bbile MNeperpy30YHbIX
XapaKTePUCTUK MEXaHM3MOB.

MpY pPacCMOTPEHMM COOTHOLUEHWMA MOLLHOCTM M CKOPOCTM Hago obpawaTb
BHMMAHWE Ha CYLLECTBEHHYIO Pa3HMLY HArpy3kuM C NOCTOAHHLIM MOMEHTOM U
BEHTUNATOPHOMN Harpyskun. Ecaum BbibpaTb HOMUHANALHYIO MOLLHOCTb ABUraTens
ONA MOCTOAHHOM pPaboTbl Ha MOJIHOM CKOPOCTM B C/Aydyae BEHTUIATOPHOM
Harpysku, TO NMpu MNOJSIOBUHHOW CKOPOCTM OH ByaeT oyeHb cnabo HarpyKeH
(06bluHO, OKONO 20%), B TO BPEMSA KaK MPW Harpyske ¢ MOCTOAHHbIM MOMEHTOM
HarpysKa gsuraTesia npu noaoBUHHOM CKopocTu byaeT paBHa 50%.

Torque — Conveyor rated curve Torque —— Conveyor rated curve
. ===+ Conveyor overload curve . ===- Conveyor overload curve
* Conveyor start curve - - = Conveyor start curve
Drive rated curve Drive rated curve
Tas Drive 50% overload curve Tas Drive 50% overload curve
Tes Drive 100% overload Tos “°0" Drive 100% overload
Tdo Tdo
Teo Teo 7 emmiiiiiliilii
[Tor L “ Ty
To [—— T
Nz |73
ny Nz Rotaticnal ny fiz Rotational
speed ( speed
c) (d)
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Torque = Winch constant tension
# ===+ Winch constant tension
(overloads)
Drive rated curve

Drive overload curve

Tor

) S—

Toiz S~
P

ny Ny Rotational
speed

(e)
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Winch constant tension
===- Winch constant tension
(overloads)

Drive rated curve
Drive overload curve

Torque

TDH

T, S

TDFZ it

T

y M2 Rotational

speed (f)

Fig. 6. System curves vs load curves for various mechanisms/application.
Puc.6. Kpusbie MomMeHmMa cucmemsl U Ha2py304YHble XapaKkmepucmuKu 005 Pasau4HbIX MexaHusmos/npumeHeHud.

Difference of the algorithms for motor mode and generator mode

In motor mode we start from the driven mechanism, e.g. pump or conveyor,
define its rated torque (which is load for the motor) and based on this data we
choose the motor. If there is a gearbox between the mechanism and the motor,
then the load torque at the motor shaft is calculated as [load torque]/[gear
ratio]. In generator mode we start from the grid side and go down to the
generator and gearboy, if any.

Pa3anuHble anropuTmbl CO38aHUA CUCTEMDI 41 ABUraTe/IbHOIO U
reHepaTopHOro peXXxMmoB paboTbl

B auratenbHOM pexunme paboTbl cO3gaHMe CUCTEMbl MPMBOAA HauMHaeTcA C
NPMBOAHOr0 MexaHM3ma, Hanpumep, Hacoca UK KoHBelepa, onpeaenaem ero
HOMMWHANbHLIA MOMEHT (KOTOpbId 6yAeT HarpyskoW Aans pgsuratensa) u Ha
OCHOBe 3TOM MHPopmauun BblbMpaem apuratenb. [pu  UMCNOAb30BaAHUK
peayKTopa Mexay MeXaHWM3MOM W ABUraTeseM Harpy3ouHbli MOMEHT Ha Bany
ABUraTeNa  paccuMTbiBaeTCA KaK  OTHOWIEHME MOMEHTa  Harpyskm K
nepefaToyHOMY OTHOLWIEHWIO. B reHepaTopHOM pexume paboTbl cregyer
HaYMHaATb CO CTOPOHbI CETU M BbIBUPATb KOMMNOHEHTbI CUCTEMBI B HaMNpaBAeHUn
reHepaTopa 1 peAyKTopa, ec/iv OH UCNONb3YeTCA.
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Variable speed in applications

A motor controlled by a frequency converter (FC) has become a commodity.
This is due to the number of advantages that provide the regulation of the
motor speed and, accordingly, the driven mechanism's speed. The range of
applications for variable speed drives (VSD) is very broad: general industry and
utilities, defense and aerospace, transport and power generation, household
appliances, etc. One of the possible classifications of the applications is
presented in Fig. 1.
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NepemeHHaA CKOPOCTb B MPUMEHEHUAX

dneKTpoaBuraTenb, NUTaemblii Yepes npeobpasosaTesib YacToOTbl, CTan ceivac
06blYHbIM ABNEHMEM. ITO CBA3AHO C oOnpegeNeHHbIMU MPenmMyLLEeCTBaMM,
KOTopble [OaeT BO3MOMHOCTb PEry/JIMpoBaHMSA CKOPOCTW  ABuratens W,
COOTBETCTBEHHO,  MPUBOAHOIO  MexXaHuM3Ma. [lManasoH  MPUMEHEHUMN
peryavpyemblx NpuUBOAOB OYEHb BEAMK: MPOMbIWIEHHOCTb U KOMMYHa/bHble
ycnyru, OB6OpOHHAA M a3POKOCMMYECKas MNPOMbIWAEHHOCTb, TPAHCMOPT M
3HepreTuKa, 6biToBble Npubopbl M T.4. OgHA U3 BO3MOMKHbIX KaaccubUKaLmi
noAobHbIX NPUMEHEHWUN NpeacTaBaeHa Ha puc. 1.

Applications
Changing material To control flow,
Power characteristics and shape pressure, position Propulsion/
generation l 1 transport
. . Material Moving, dosing
- wind turbines . i i TG g
- tidal turbines processing pressure change ) 1:;&;1;1116 sutipellens
- wave power / \ / | \
i dente e [ e spe
Precise Other Moving Fans and
. . Pumps
mechanisms mechanisms means COMPpressors

- cutting tools

- mixers

- crancs

- volume

- centrifuges
- extruders

- autoclaves
- crushers

- mills

- forming machines
- sawing machines

- paper machines
- rolling tables
- robots

- roller and
belt conveyors
- lifts

- excavators

(including
piston)

- dynamic
(including
centrifugal)

- fans
- COMPIEssors
- conditioners

Fig. 1. Classification of the applications where VSD are used.
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Puc.1. Knaccugukayua npumeHeHuli ¢ peayaupyemoim npusooom.

In many cases electric drive systems are designed for variable-speed operation.
For example, the drive of a paper machine where high-precision
synchronization and speed control of the multiple motors is required to
produce paper of a specified quality, or a "flying shears" drive in metallurgy
used to cut the moving sheet of metal. Also, in many cases, frequency
converters are installed on existing standard induction motors.

Usually, one or more of the following goals are pursued:

Bo MHOIMX cnyyasx cUCTema 3/1IeKTPONpMBOLa MNPOEKTUMPYeTCcA B pacyeTe Ha
paboTy C nepemeHHOI CKOpOCTbio. Hanpumep, npuBog 6ymarogenaTenbHbix
CTAQHKOB, B KOTOPbIX TPebyeTcA BbICOKOTOYHAA CUMHXPOHM3ALMA U yMpaB/ieHue
CKOPOCTbIO HECKONIbKMX ABUraTesiell Ans nojyyeHusa bymarv onpezeneHHoro
KayecTBa, AWM NPUBOS «/ETalOLWMX HOXHULY B METaANYpPrum, UCNoSb3yemMblx
ANA paspesaHus OBMXKYLLErocs /IMCTa MeTasla. TaKKe BO MHOIMX Cayyas
npeobpasoBaTesnM  4acToTbl CeMyac YCTaHABAMBAKOT Ha  AeincTeylowme
ACUMHXPOHHbIe ABUraTenu.

Ob6bIYHO YCTaHOBKa peryanpyemoro npMeoaa npecieayer ogHy U HECKObKO U3
cnepyowmx uenem:
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Energy saving

In many processes, significant energy savings can be achieved if at each instant
of time the speed is optimized for the given operating point. For example, a fan
operating at 50% of the nominal speed consumes less than 15% of its rated
power.

Process control, optimization, monitoring

Modern frequency converters have a wide range of functions that, along with
speed control of the electric motor, also allow the transfer to the top-level
automation system of all necessary information on the motor operation,
remote control and monitoring. This allows full control of the operation of the
regulated unit and, as a result, optimization of the production process as a
whole. The result can be improved quality, increased output, reduced
equipment downtime, etc.

Extended equipment lifetime

Smooth start-up and shutdown of the unit, provided by the FC, significantly
extends the service life of the electric motor and the driven mechanism and
increases the time between overhauls, thanks to the absence of current spikes
and mechanical shocks and jerks. In addition, the drive provides a set of motor
protections, such as protection against overheating, jamming, long overloads,
etc.

Ease of servicing the whole set of equipment

The frequency converter does not require much of maintenance. At the same
time, the installation of the FC allows in many cases to simplify the operation of
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JHeprocbepexkeHune

Bo mHOruMx npougeccax MOXKHO A0OUTbCA CYLWECTBEHHOW 3KOHOMWUW 3HEPTUU,
€CIM B KaXKAabll MOMEHT BPEMEHW CKOpPOCTb MexaHusma byaer
ONTMMM3NPOBAHA /1A COOTBETCTBYIOWEro pexnma paboTbl. Hanpumep,
BEHTUNATOP, paboTatowmii Ha 50% HOMMHaNbHOM CKOPOCTU, NOTPebAnAeT meHee
15% HOMUWHaNbHO MOLLHOCTH.

YI'IpaBHEHMe, onTmnMmusauuna, MOHUTOPUHT NpoLuecca

CoBpemeHHble npeobpasoBaTenM 4acToTbl 06aagatoT Honbwmm Habopom
bYHKUMA, KoTopble, Kpome ynpasneHus YyacToToMl BpaLLeHun
3NeKTpoaBuraTens, Mo3BOAOT MepejaBaTb  aBTOMATUUYECKOM  cUCTEME
BbICOKOTO YPOBHA BCHO Heobxoaumyo MHPopmaumio o paboTe asurartens,
OCYLWEeCTBAATb AUCTAHLMOHHOE YNpaBieHNe U MOHUTOPUHT. ITo obecneynsaer
NO/MIHOE YMNpaBJAEHUME MEXaHM3MOM M, KaK C/leacTBMe, ONTUMM3ALMIO €ero
pabounx npoueccoB B Lenom. B pesynbTaTe yAaeTca yAy4WWUTb KayecTBo
paboTbl, NOBbLICUTL BbIXOZ, MPOAYKTA, COKPATUTb MPOCTOM 060PYA0BaHUA U T. 4.

YBeninueHue cpoKa cnyx6bl 06opyaoBaHuA

MnaBHble NYCK W oOCTaHoBKa paboyero mexaHuW3ma, obecneuynmBaemble
npeobpasoBaTenem 4acTtoTbl, CyLLECTBEHHO MNPOANEBAOT CPOK  CAYXK6bI
3N1eKTpoABUraTeNs U NPMBOAHOMO MEXaHW3Ma, YBEJWUYMBAIOT MNPOMENKYTKM
Mexay pemoHTamu. Bce aTo gocturaetca 6narogapa oTCyTCTBMIO BPOCKOB TOKa
M MexaHMYeCcKMX yAapoB W pbiBKOB. Kpome Toro, npusBog obecneunsaer
OOMONHUTENbLHYIO  3aWMTy  ABuraTena OT  Neperpesa, 3aK/AWHMBAHWA,
ANUTeNbHbIX Neperpysok u T.4,.

YnpouweHue o6cnyXmMBaHuA BCero KOMNJaeKca yCTpomucTs

MpeobpasosaTtesb YacToTbl He TpebyeT ocobeHHOro obcayKuBaHMA. B To ke
BpPEMs, yCTaHOBKa NpeobpasoBaTenss 4acToTbl MO3BOAET BO MHOMMX C/AyYasx
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many components of the system. For example, in water supply systems, smooth
start-ups and shutdowns of pumping units, flow control with maintaining
constant pressure, allows to eliminate hydraulic shocks, as well as reduce
pressure in the pipeline. Due to this, the accident rate in the main line (pipe
breaks, etc.) is significantly reduced.

Improvement of working conditions for the personnel

In many cases, when introducing frequency converters on fans, conveyors and a
number of other mechanismes, it is possible to achieve noise reduction.

Ctp. | 102

ynpocTUTb PaboTy MHOTMMX KOMMOHEHTOB cucTeMbl. Hanpumep, B cuctemax
BOAOCHabKeHMA obecneynTb NNABHbIN MYCK M OCTaHOBKY HACOCHbIX 6/10KOB,
obecneunTb ynpaBieHWe MOTOKOM, MNOAAEPKMBATL MOCTOAHHOE [aB/EHME,
WCKIOYNTb BEPOATHOCTb MAPABANYECKOrO YAapa, a TAKKe CHU3UTb AaB/eHMe B
Tpybonposoge. bnarogaps 3TOMYy CHUXKAeTCA aBapUMIMHOCTb MArMCTpasbHOM
JNINHUK (pa3pbIBbl TPYO N T.4,).

YnyuweHue ycnoeuii pabotbl nepcoHana
Bo mHoOrmx ciyvasx ycTaHoBKka npeobpasoBaTesieit 4acToTbl Ha BEHTUATOPbI,

KOHBEMEPbl M MHOMECTBO APYrMX MEXaHU3IMOB NPUBOAUT K YMEHbLUEHUIO
Lwyma.
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Energy saving with the help of VSD

More than 80% of the world's population of electric motors drive the
mechanisms with a quadratic load characteristic - pumps, fans and
compressors. Centrifugal pumps, being probably the most popular pump type,
are used almost everywhere - nearly in all industries and utilities. Operation of
centrifugal pump at variable speed usually demonstrate impressive energy
savings compared to constant speed operation. The way of achieving the
savings can be demonstrated for a basic water supply system shown in Fig. 1.

Throttle

N
T

Pump with
electric motor ___

| ZaN ]
- AH, Hydraulic system

Water reservoir

Fig. 1. Water supply with throttle regulation.

The height of the pump axis above the level of the water reservoir ("lift height")
is called the static head H... When rotational speed of the impeller of the pump
is not regulated, a throttle (valve) is installed at the pump outlet, which can
change area (cross-section) of the water passage to regulate the volume of the
water supplied to the hydraulic network and the pressure in the network. The
characteristic of the pump is determined in the coordinates of the head-flow H-
Q. With the throttle fully open (Fig. 2a), the head and the flow are nominal
(100%) and the pump's operating point is at the intersection of its own
characteristic and the hydraulic network's (system's) characteristic. If it is
required to set the flow below Quom, the throttle partially closes and the
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JHeprocbepekeHne C NOMOLLbIO peryampyemoro
npueoaa

bonee 80% Bcex aneKTpoaBuratenelr B MUpEe BPALLAOT MeEXaHM3Mbl C
KBaZApaTUYHOM Harpy3o4YHON XapaKTEPUCTUKOW — HACOCbl, BEHTUAATOPbI W
Komnpeccopbl. LleHTpoberKHble HAcoCbl, Kak OAHW M3 CaMbIX MONYAAPHbIX,
NPUMEHSIOTCA NPaKTUYECKN Be3ge — NMoYTM BO BCEX BUAAX MPOMbILWIEHHOCTU U
KOMMYHa/ibHOM Xxo3salicTBe. PaboTa LeHTpobeXXHOro Hacoca € peryanpyemom
CKOPOCTbIO 0ObIYHO AEMOHCTPUPYET BMEYATAAIOLWLY0 SKOHOMWIO 3HEPTUM MO
CpaBHeHMIO C pPaboTol MNpM MOCTOAHHOM CKOpPOCTU. [pPoAEeMOHCTPMPOBATH
TAKYl0 3KOHOMMIO MOXKHO Ha NPUMepe OCHOBHOMN CUCTEMbl BOAOCHALXKeHWA
npeacTaBAeHHOM Ha puc. 1.

Hacoc ¢ npuBoaHbIM
JIBUTaTENIeM

3aBUKKa

L AH3J 'uapasingeckast

| ncrema
He, CHUCTE

PesepByap
Puc.1. BodocHabxeHue ¢ peaynuposKoli dpoccens.

BbicoTa ocu Hacoca Hafg ypoBHeM BOAHOro pesepsyapa («BbicoTa Nnoabeman)
Ha3blBaeTCA CTaTUYECKUM Hanopom Hg. Ecnn yactoTta BpalleHus nponennepa
Hacoca He peryaMpyetca, Ha BbIxoAe Hacoca YycTaHaBAMBAlOT Apoccesb
(knanaH), KoTOpbI MOXET U3MEHATb CeYeHMe BOAAHOro KaHana, peryampys
obbem BOAbl, NOCTyNalWMN B TMAPABANYECKYIO CETb, WU OaB/ieHUEe B CETW.
XapaKTepuCTMKa Hacoca CTPOWUTCA KaK 3aBUCMMOCTb Hamopa OT BeUYUHbI
pacxoga H-Q. Mpun NONHOCTbIO OTKPLITOM Apoccene (puc. 2a) Hamop U pacxon,
paBHbl HOMMHanbHbiM (100%), a pabodyas ToYKa Hacoca HaxoAMUTCA Ha
nepecevyeHMmn XxapakTePUCTUKIM HACOCa U XapaKTEPUCTUKUN TMAPaBAUYECKON ceTH
(cuctembl). Ecnv HeObXOAMMO YCTAaHOBUTb PAcxod, HUXKE HOMWMHANAbHOTO Qnom,
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characteristic of the hydraulic network shifts upwards (Fig. 2b). Accordingly, the
operating point moves from "1" to "2". The new flow rate (Q = 82%)
corresponds to a new head (H = 64%) in the network after the throttle, which is
defined as the head difference at point "2" and the head drop AH:

Hi=H,—-AHt=108.

The disadvantage of the flow and head regulation by the throttle (called
"throttling") is the energy loss at the throttle. The graphically useful energy and
the energy lost on the latch can be represented by rectangles in Fig. 2c. It can
be seen that even with not deep regulation of the pump flow (Q = 82% of the
nominal value), the throttle losses make up more than 40% of the power.

Another problem of throttling is reduced efficiency of the pump when the
pump's operating point is shifted from the rated due to the change in the
performance of the hydraulic network (the throttle is part of the network).
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Apoccesib YaCTMYHO 3aKPbIBAlOT, M XapaKTepuUCTUKa TMAPaBANYECKON CeTu

nsrmbaerca Bblwe (puc. 2b). CootBeTcTBeHHO, paboyas ToyKa Hacoca
nepemeltaetca u3 Todkm "1" B TOouky "2". HoBbit pacxog (Q = 82%)

COOTBETCTBYEeT HOoBOMYy Hanopy (H = 64%) B ceTn nocne Apoccens, KoTopbii
onpeaenseTcs Kak pa3HOCTb Hanopa B Touke "2" n nsmeHeHua Hanopa AH::

H=H,—-AH=108.

HepoctaTtok Takoro cnocoba perynamMpoBaHMA Hamopa M pacxoga C MOMOLLbHO
Apoccens (HasblBaeMoOro ApocceMpoBaHMEM) 3aK/lYaeTcs B TOM, 4YTO B
Apoccene TepaeTtca sHeprua. Mpadmyeckn yaobHO npencTaBUTb SHEPTUIO U ee
notepu B Apoccese € MNOMOLLbO MPAMOYFONbHUKOB Ha puc. 2c. MOXKHO
3aMeTUTb, YTO Jarke Mpu Hernybokom peryinmpoBaHMM pacxoda Hacoca (Q =
82% OT HOMWHANbLHOTO 3HaYeHus), NoTepun B Apoccene cocTasnatoT bonee 40%.

[Opyras npobnema ApoccenvMpoBaHUA 3aKntovaeTca B cHuKeHun KM Hacoca,
Korga ero paboyasa TOYKa CMELAeTcsi OT HOMWHAJIbHOTO 3HAyeHus U3-3a
M3MEHEHNUA NPOU3BOAUTENbHOCTU TMAPABANYECKON CeTU (ApoccenbHas 4acTb
cetun).
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Fig. 2. Throttle control.
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The power on the pump shaft is determined by the following expression:
P=(gxpxhx*q)/(3.6%106+n),

where Pisin kW, g is gravity ( g=9.81m/s?), p is density of the pumped fluid in
kg/m?, n is efficiency of the pump, h is head in m and q is flow in m3/h.

Thus, lower efficiency of the pump lead to increase power consumption. Fig. 3
shows the efficiency map of the pump (lines of equal efficiency).

120 . : .
T 79%)| / 80%
100 / T P
l:lef/d 60 1 equal efﬁmency ‘ 70% -
70 L lines P
40 = T
20
0

0 20 40 60 80 100 120
Flow Q.%

Fig. 3. Pump efficiency.
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MoLWHOCTb Ha Basly Hacoca onpeaensaeTca cAeayowmm BbiparKeHUEM:
P=(g*p*hxq)/(3.6%106xn),
roe P— MOLWHOCTb B KBT, g — yckopeHue cBoboaHoro nageHus ( g=9.81 m/c?), p

— NNOTHOCTb NepeKayYMBaemMom XnaKkoctu B k2/m3, n — KNJ Hacoca, h — Hanop B
M 1 g — pacxopg, 8 m*/yac.

Takum obpasom, HU3KkKi KMA Hacoca NPUBOAUT K NOBbILIEHHOMY pacxoay
3Heprun. Ha puc. 3 nokasaHa KapTa KMA Hacoca (nMHum paBHoro KMA).

120

1, _79%| / 80%
100 A P L

80

| “175%.

Harop 60 1 jypum paBHOFOL\ : 70% =
H.% KIIJL )8

40 e
— 509

—
20

0

0 20 40 60 80 100 120
IMonaua Q,%

Puc. 3. KN4 Hacoca.
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When adding the frequency converter to the motor driving the pump, the
throttle can be permanently set to the fully open position. Head and flow
control is performed by changing the rotational speed of the pump's impeller.
Typically, a system with pump speed control operates in a closed loop on the
feedback signal from the pressure sensor (Fig. 4).

When the pressure in the network drops below by a value set by the operator,
which indicates an insufficient flow, the inverter automatically increases the
pump speed, which increases the flow rate and the pressure. Likewise, when
the pressure rises above a preset value, the flow rate needs to be reduced - this
is done by reducing the pump's speed.

Pressure or flow
sensor

Fully open throttle

Feedback

fevar | o 3e

Frequency converter

Fig. 4. Water supply FC control.
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Mpn  MNOAKNIOYEHUW K 3EKTPOABMraTenio,  Bpallalollemy  Hacoc,
npeobpasoBatensa 4acToTbl Apoccesb MOXKET MOCTOSAHHO OcCTaBaTbCcA B
OTKPbITOM COCTOSIHUKW. PerynnpoBaHMe Hamopa M pacxoAa OcCyLlecTBaAeTcs
nyTem M3MeHeHMA 4acToTbl BpalleHUa nponennepa Hacoca. OBbIYHO cucTema
perynMpoBaHNA CKOPOCTM Hacoca paboTaeT NO 3aMKHYTOMY KOHTypy C
NMOMOLLbIO CUTHaNa 0bpaTHOM CBA3K OT AaTYMKa gasnaeHus (puc. 4).

Koroa pasneHve B CUCTEME CHUMMKAETCA HUMKE 3HauyeHus, YCTaHOBNEHHOro
onepaTopoM, YTO O3Ha4YaeT HeAOCTAaTOYHbIA pacxoh BOAbl, WHBEPTOP
aBTOMAaTUYECKM YBENMYMBAET CKOPOCTb HAacocCa, YTO MPUMBOAMUT K YBENYEHUIO
CKOPOCTM MOTOKa M AasneHusa. HaobopoT, Koraa AasneHue NosbIWaeTca Bbille
YCTaHOB/IEHHOIO YPOBHA, CKOPOCTb MOTOKAa [0/KHA 6biTb YMEHbLUEHa, YTo M
[OCTUraeTca yMmeHbLEHNEM CKOPOCTM Hacoca.

ITonHOCTBIO
OTKPBITast 32/[BHIKKA

JlaT4uk naBieHus
WM pacxoza

. Curnan oOpaTHOH CBsI3U

f=var N3~

Ipeobpa3zoBarens 4acTOThI

Puc. 4. BodocHabxeHue ¢ peaynuposkoli npeobpazosamess 4acmomeoi.
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Fig. 5. Impeller speed regulation.
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In contrast to the throttle control, when the displacement of the operating
point during regulation was effected by changing the characteristics of the
hydraulic network (the throttle is part of the network), in the event of a change
in the speed of rotation of the impeller, the pump characteristic H-Q is shifted.
Fig. 5a shows the displacement of the characteristics of the pump, and the
operating point of the process with a decrease in speed from n to 82% of n.
Since the valve is fully open, there is no loss on it and all the hydraulic energy
generated by the pump is useful (Fig. 5b). It is noteworthy that when the pump
speed is regulated and the corresponding displacement of its characteristic, the
operating point is constantly in the zone of maximum efficiency (Fig. 5c).
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B oT/iMuMe oT ApoccenbHOro peryimpoBaHus, Korga cMelleHne paboyein ToUuku

B npouecce  pPeryiMpoBaHMA  OCYWECTBAAAOCL  NyTEM  M3MEHeHuA
XapaKTEPUCTUKM rMAPaBAMYECKOM CeTu (a Apoccenb ABAAETCA YacCTblo CETH), MpK
M3MEHEHUN  CKOPOCTW  BpalleHMs nponennepa Hacoca  U3MeHseTca

XapaKTepuCTMKa Hacoca. Ha puc. 53 MnokasaHO CMeLeHWEe XapaKTepUCTUKU
Hacoca M paboyelt TOYKM NPU YMeHbLEeHWM CKopocTn Ao 82%. [MocKonbKy
Apoccenib NONHOCTbIO OTKPbIT, B HEM HET NOTEPb M BCA CO343aBaemMas HaCoOCOM
rMApaBAMYecKasa 3Heprusa ABAAETCS MNoJse3Hol 3Hepruel (puc. 5b). Heyero m
roBOpPUTb, YTO MPW  PEryIMPOBaHMN CKOPOCTM Hacoca M COOTBETCTBYOLLEM
N3MEHEHWN XapaKTEPUCTMKM Hacoca paboyas ToUKa BCeraa ocTaeTca B 30HE ero
MaKcumanbHow adpdeKkTMBHOCTM (punc. 5c).
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What is an optimal system

The system can be called optimal if it was benchmarked with alternative
systems on one or several criteria and showed the best score on the criteria.
The criteria can be cost (e.g. Capital Expenditures, CAPEX or Operational
Expenditures, OPEX), efficiency (e.g. at rated load or at partial loads), size and
weight, reliability, etc. The criteria should be relevant for the application. For
example, for a pump cost will be one of the most important criteria, while
weight will usually be much less important. For wind turbines both efficiency
and weight will be important, leaving cost less important.

In the proposed Exercises the systems should be usually designed for one
criterion. In Fig. 1 the list of criteria to choose from contains Cost, Efficiency and
Life Cycle Cost (LCC).

The process of selection of the variables (system structure and components
with concrete specification) to reach the best score on the chosen criterion can
be called system optimization.
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UTo onpeaenaer onTMManbHYIO CUCTEMY NPUBOAA

CucteMa NpuBOLA MOMKET Ha3blBATbCA ONMUMAsnbHOU, ecnn nocne CpaBHEHMA
ee C ApYyrMMW cucTemamu Mo OAHOMY WM HECKO/IbKMM KpUTEpPUAM OHa
MoKasana Hauayywunit pesynbtat. TakKUMKU KPUTEPUAMM MOTYT BbITb CTOMMOCTb
(Hanpumep, KanuTanbHblie pacxoabl — CAPEX uam onepauMoHHble pacxoabl —
OPEX), KN4 (Hanpumep, nNpM HOMWHANbHOW HArpyske WAM YacCTUYHbIX
Harpyskax), pasmepsbl U BeC, Ha4eXKHOCTb U T.4. BbIbpaHHbIe KpUTEPUUN AONKHDI
COOTBETCTBOBATb paccMaTpMBaemMomy MpumeHeHuto. Hanpumep, gna Hacoca
€ro CTOMMOCTb OyaeT OAHWUM U3 BarKHEWLIUX KPUTEPUEB, HO BEC OObIYHO He
CTO/b BaxkeH. Onsa BeTposon TypbuHbl KMNA n Bec byaeT oANHAKOBO BarKHbI, a
CTOMMOCTb MeHee BarkHa.

B npepgnaraembix YnpaxicHeHuUsX cCUCTeMbl NPMBOAA CO34al0TCA O0ObIYHO Ha
OCHOBaHMWU OAHOro Kputepua. Ha puc. 1 cnucok KpuTepues, AOCTYMNHbIX ANA
Bblbopa, cogepxuT LleHy, KNA n CtoumocTb *KusHeHHoro Lmkna (LCC).

Mpouecc BbiIGOpa 3HaAYeHWIW MepemMeHHbIX (cXxema Bcel cucTeMbl U ee
KOMMOHEHTbI A1 KOHKPETHOro MPUAOXKEHUA) ANA AOCTUMKEHWUA Hauaydlero
pesynbTaTa No BbI6BpaHHOMY KPUTEPUMIO HasblBaeTca onmumu3ayueli cucmemsi.

Task: design drive system for the pump

Parameters

+ Type, load curves

* Location/environment
* Short/long cable

+  Grid

* Coolingwater available

Variables Criteria/constraints

1) Choices on system topology 1) Cost
and voltage levels 2) Efficiency
2) Specifying components 3) LCC

Fig. 1. The task.
Puc.1. 3a0aHue.
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Benchmarking

As mentioned above, optimal system is selected in competition with alternative
solutions, therefore, some benchmarking (comparison) method in needed. The
benchmarking can be quantitative and qualitative, the latter being preferable.

Quantitative and qualitative comparisons

For example, motor technologies can be compared looking into loss
mechanisms, etc (Fig.2). However, numbers reflecting the components and
system behaviour in different operational aspects will provide a more credible
answer. One of such measures is off course efficiency (including partial loads!).
An example is shown in Fig.3.

IE4 SynRM motor

Traditional IE2 induction motor Losses

100%

R
Rotor
60%

Other Other

'R FR
Stator Stator

Fig. 2. Qualitative comparison of motor technology.
Puc.2. KauecmeeHHoe cpasHeHuUe mexHoso2ull.
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CpaBHUTENbHbIN aHaNU3

KaK y»Ke oTmeyanochb Bbille, ONTUMaNbHYIO CUCTEMY BbIOMPAOT B CPAaBHEHUU C
aNIbTEPHATMBHbLIMM  pPeELEeHUAMM, NO3TOMY TpebyeTca nNpUHATL  MeToj,
CPaBHUTENbHOIO aHanAM3a. CpaBHEHME MOMKET ObiTb KOIMYECTBEHHbIM U
KaQuyecTBEHHbIM, MpUYeMmM, NocaeaHee NpeanoYTuTenbHee.

KayecmeeHHoe u KonuyecmeeHHoe cpasHeHuUe

Hanpumep, anekTpoasBuratesim MOXKHO CPaBHMBATb MO MCTOYHMKAM MOTEPb U
T.4. (puc.2). OgHako, umdpbl, OTparkawolmMe MOBEAEHME CUCTEMbI U ee
KOMMNOHEHTOB B Pa3/IMdHbIX pabounx pexunmax, Aasyt 6osee HageKHbl OTBET.
OOHUM M3 TaKUX 3HauyeHWi, KoHeuyHo, saBnsetca KN4 (skntouvaa KN4 npu
YacTMYHbIX HarpysKkax!). Takoi npumep NoKasaH Ha puc.3.

Motor-drive package efficiency curves

15 kW, 1500 rpm, drive system in pump/fan duty

100% L 92%
20% L
80% + 80%
70% I 83%
0% I 88%

P/Pn 50% - 87% EMf
0% - 86%
30% T 85%
20% 84%
10% B3%
0% B2%

0 750 1000 1250 1500

rpm

w— PUTRNEN POWE CUNG = ABB IE4 SynAM & Drive 1E2 Insuction Motor & Drive

Fig. 3. Comparing efficiencies.
Puc.3. CpasHeHue KA.



DriveConstructor YyuebHUK A.B. MaTtBeesB

It is relatively easy to draw conclusions on which system is best (optimal) for the
application when there is only one criterion, e.g. cost. It is more challenging to
benchmark on several criteria. In such case Spider Diagram can be the right tool
to visualize the results (Fig.4).

Life Cycle Cost (LCC)

LCC is one of the popular criteria for benchmarking. Goodness of the EM for an
application can be defined by cost of ownership which comprises purchase cost,
cost of running (COR) and cost of not running (CONR). COR is cost of consumed
energy which is defined by efficiency. CONR is defined by MTBF (reliability)
which gives prediction of how often the machine will fail. CONR would include
cost of repair and cost of stopped production. CONR is not included in
DriveConstructor.

System variant 1
System

weight — System variant 2

Efficiency @ System
100% load volume
Efficiency @ System price

50% load

Fig. 4. Quantitative comparison.
Puc.4. KonuyecmeeHHoe cpagHeHUe.
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OTHOCUTENIbHO /IeTKO CcAenaTb BbIBOAbI O NpeuMmyllecTse (ONTUMaibHOCTH)
cucTemMbl AnAa MPUMEHEHUA, B KOTOPOM CYLLECTBYET /MWb OAMH KPUTEPUH,
Hanpumep, ueHa. [0pasAo C/AOXKHee MPOBOAWUTL CPABHUTE/bHbIN aHanM3 no
HECKO/IbKMM KpUTEpUAM. B TaKMX Cly4yanx nayTMHOODBpasHan Anarpamma MoxKeT
NOMOYb BU3YaIM3MPOBaTb Pe3y/ibTaTbl CpaBHeHUs (puc.4).

CTOMMOCTb }KU3HeHHOoro uukna (LCC)

LCC asnaetca ogHMM M3 NONYAAPHbIX KPUTEPUEB CPABHUTENbHOrO aHaau3a.
MPUrofHOCTb 3NEKTPUYECKOMW MaLUMHbI A1 HEKOTOPOro MPUMEHEHUSA MOMKET
6bITb ONpeseneHa CTOMMOCTbIO BlIafEeHUA, KOTOPaA BK/IOYAET B cebA CTOMMOCTb
NOKYyMKKn, ctoumocTb pabotbl (COR) mn ctommocTtb npoctoa (CONR). COR
npeacrtasnfeT coboit cToMMOCTb NOTPEBAEHHON SHEPrnKM, KOTopas 3aBUCUT OT
KNA. CONR onpeaenaetca MTBF (HageHOCTbIO), KOTOpas AaeT NPorHos Toro,
KaK Yacto mawmuHa b6yaet nomatbcAa. CONR bygert BratovaTh B ceba cTOMMOCTb
pemMoHTa M cToMmocCTb npoctoa npousBoactBa. CONR He BKAl4YeHa B
nporpammy DriveConstructor.

-©+0+@

Purchase Cost Cost
of not running

of running

Fig. 5. Cost of ownership.
Puc.5. Cmoumocmeo 81a0€HUSA.
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Frequency converter influence on the grid

Electromagnetic compatibility (EMC) means the ability of devices and technical
systems to function normally under the influence of electromagnetic fields and
conductivity interference on them and not to create unacceptable interference
to other objects. When it comes to frequency converters, there are basically
two types of negative influence of the converter on the surrounding equipment

(Fig.1):

e Conductivity emissions into the network

o harmonics

o megahertz (radio-frequency, RF) interference
e Emissions radiated through air:

o through the converter housing

o from power and control cables

Emission through
the cabinet walls

.

Harmonics

/

Emissions of \

MHz range \

Ctp. |113

BauaHue npeobpasoBaTens 4acToTbl Ha CeTb

dneKTpomarHuTHas coBmecTumocTb (EMC) o3HayaeT cnocobHOCTb YCTPOWCTB U
TEXHWYECKMUX CUCTEM HOPMasbHO (YHKLMOHMPOBATL MOJ4 BO34eNCTBUMEM
3N1eKTPOMArHUTHbIX Moaei (NPOTUBOCTOATb HABOAMMBIM B HWUX BUXPEBbLIM
TOKaM) W He c034aBaTb HeXKenaTesIbHOro BAUSAHUA Ha Apyrve ob6bekTbl. YTo
KacaeTca npeobpasoBaTteneil YacToTbl, MOMKHO BblAEANTb ABa TMMNA HEraTUBHbIX
BO34elcTBMIN NpeobpasoBaTena Ha OKpyrKatolee obopyaosaHue (puc.l):

e [lepegaya Nomex B ceTb:

o TAapMOHUKM

o MerarepuoBble (pagnoyYacToTHbIE) MOMEXU
e  UM3nyyeHue nomex Yyepes BO3AyX:

o u4epes Kopnyc npeobpasosaTens

O Yepes CUoBbIE U CUFHANbHbIE Kabenwn

Emissions from the
cable between the
FC and the EM

Fig. 1. Emissions from the drive system.
Puc.1. N3ny4yeHus cucmemol Nnpusooa.
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Harmonics created by the frequency converter

The frequency converter is a non-linear load for the supply network and the
current and the voltage at FC input are not sinusoidal. Fig. 2 shows typical forms
of current and voltage at the input of the 400 V, 75 kW FC with an uncontrolled
6-pulse rectifier. The current wave is usually distorted much more than the
voltage.

(a) Lol ‘ ~(b)
Fig. 2. Waveforms of current (a) and voltage (b).
Puc.2. ®opmbl moka (a) u HanpaxceHus (b).
Measures of current and voltage distortion

The common measure of the harmonic distortion of the current wave is "total
harmonic distortion (current)" - THD(i):

21
K, =% — -100%
)

A similar factor is used for voltage - THD(u):
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FapmoHuKun, cospgasaemble npeoGpasoBaTeneM 4acTtoTbl

MpeobpasoBaTtenb 4acToTbl NpeacTaBafeT cob0oM HeNMHENHY Harpysky ans
cetm n Gopmbl TOKOB M HaMpAXKeHUN Ha BxoAde npeobpasoBaTtens sABAAIOTCA
HEeCUHycoMAanbHbiMWU. Ha puc. 2 noKasaHbl TUNM4YHble (GOPMbI TOKa W
Hanpsa»keHus Ha Bxoge 400 B npeobpasoBaTtens 4acTOTbl MOLWHOCTbIO 75 KBT,
coaepKallero Heynpasnfaembl 6-MyaAbCHbIA BbinpaMUTENb. OBbIYHO KpuBas
TOKa MCKAXKaAeTCcA CUbHEe, YEM HaNpAXKeHMeE.

Yo %

100 I, 100 l
16 Ve Uy,
12

I}
sof @
8 Yes)
‘[(7) I 4 U{?)
'/Hl) . Uiy
A I__ I I [ R — - A _I___l_l___l_l___l_I___-_l___-_l___-_-___-_-__
(a) (b)

Fig. 3. Fourier transformation of current (a) and voltage (b).
Puc.3. lapmoHu4ecKuli aHanu3 moka (a) u HanpsaxceHus (b).

U3mepeHue cteneHn MCKaXKeHUii ToKa U Hanpa>XeHuAa

FapPMOHMYECKOE NCKaXKEHWNE KPMUBOI TOKA OLLEHMBAIOT 06bIYHO C MOMOLLLbIO
KoadduumneHTa rapmoHnYeckmx nckaskeHui (no Toky) — THD(i):

21
K, =4 25— -100%
@

AHaNOrMYHO OLEHMBAIOT UCKAXKEHUA KPUBOIM HanpsxeHusa — THD(u):
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2 U,
25— .100%
U(l)

k =

U

For example, for the waveform in Fig.2 the values of K, and Ky are 40.2% and
6.6%, respectively. Sometimes in the expressions for the sinusoidal distortion
coefficients in the denominator the non-effective value of the first harmonic (Ux
or 1), but r.m.s. value (U or /).

Negative effects of harmonics

e Equipment misoperation and failure
o e.g. failure due to overheating of transformers, motors and
cables, failure of capacitors because of resonance, failure due
to insulation deterioration.
e Inconsistent meter reading
e Need for oversizing neutrals, transformers, generators
e Extra losses/Inefficiencies/power factor penalties

What defines how strong the distortion is

Level of distortion is defined by the topology of the FC and the used filters (if
any) as well as stiffness of the grid. To define the «stiffness» of the supply grid,
the short-circuit current /. is calculated by hypothetically placing short-circuit at
the supply terminals. The stiffness of the supply must be calculated in relation
to the load current, therefore, the stiffness is defined by a ration called short-
circuit ratio (SCR): SCR=I./I,, where I, — fundamental frequency component of
the load current.

The stiffer the grid will be (the higher the SCR) the more harmonics the FC is
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PICH

ky, = ol .100%
U2
()
Hanpumep, A4nA KpuWBbIX TOKa W HanNpAXeHWA Ha puc.2 3Ha4veHwuA

KoaddpuumenToB K; m Ky pasHbl 40.2% n 6.6% cooTBeTcTBEHHO. MHoraa B
BbIPAXKEHUAX AN KOIPPULMEHTOB HEMHEMHbIX UCKAXKEHUI B 3HameHaTene
WCNONb3YIOT HEe amMnauTydbl NepBoi rapmoHuku (Ui nam ), a aelicTteylouime
3HayeHua (U nam ).

HeratusHble 3¢ P eKTbl BbICLUMX FAPMOHUK

HapyuweHue paboTbl 1 0TKa3 o6opya0BaHUA
o Hanpumep, oTKas no npuunHe neperpesa TpaHCcPOPMaTOPOB,
ABuratenein n Kabenei, npoboil KOHAEHCAaTOPOB MO MpUYMHE
pe30HaHca, 0TKa3 M3-3a YXYALWEHNA U30AALNN.
e HeBepHble NOKa3aHUA AATYNKOB
e HeobxoAuMOCTb yBeNUUYeHUA rabapuToB HEMTPaNK, TPaHCPOPMaTOpPOB,
reHepaTtopos
e [lononHutenbHble notepn / cHuxeHne KN/ / pacxoapl ns-3a
KoadPpuuMeHTa MOLHOCTH

YT10 onpeaenser cteneHb UCKAaXKeHUA

CTeneHb  WMCKaXXeHWW  onpepensetca  CXemMoW  npeobpasosatens u
ncrnosbsyembimm GUNLTPaMK (eCM ecTb), a TaKkKe YCTOMYMBOCTbIO ceTu. [na
onpeaeneHna «ycToMYMBOCTU» MUTAIOLWEN CETU PACCYMTLIBAIOT TOK KOPOTKOrO
3aMblKaHMA, TUNOTETUYECKM 3aKopaumBana 3aXKMMbl WUCTOYHUKA MUTAHWA.
YCTOMUYMBOCTb CETUM PACCYMTHIBAOT MO OTHOLIEHWIO K TOKY Harpysku, Takum
06pa3om, yCTOMUMBOCTb XapakTepmusytoT OTHOLEHMEM KOPOTKOTO 3amblKaHUA
(SCR): SCR=I./I,, roe I, — oCHOBHas rapMOHMKa TOKa HarpysKu.

Yem Bbile yCTOMYMBOCTb ceTH (Bbile 3HaYeHne SCR), Tem 6onblue rapMOHUK OT
npeobpasoBaTens 4YacToTbl MOMKET TMoCTynaTtb B CeTb 6e3 3ameTHbIX
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usually allowed to inject into the grid.

Influence of the topology and the filters is presented in a few diagrams below.
Standard uncontrolled 6-pulse rectifier with a choke as the input filter (Fig.4,a)
produced quite a lot of current distortion (Fig.4,b).
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nocnencTesui.

BnaunaHue cxembl npeobpasoBatens n GUAbTPOB NMOKa3aHbl HA PUCYHKaX HUXKe.
CTaHOapTHLIN HeynpaBAseMblt 6-Ny/bCHbIM BbINPAMUTENb C ApOCCenem B
KauyecTBe BxoaHOro ¢punbTpa (puc.4,a) NponsBoanUT oyeHb BonbLINE UCKAXKEHUA

ToKa (puc.4,b).

R aDE ISk

L

(a)

28 %

(b)

Fig. 4. 6-pulse rectifier with a choke; system topology (a) and current waveform with THD(i)=28% (b).
Puc.4. 6-nynecHbili 8binpamumens ¢ dpoccenem: cxema (a) u popma moka ¢ THD(i)=28% (b).

12-pulse scheme with 3-winding transformer (Fig.5,a) reduces harmonics
injected into the grid (Fig. 5,b) compared to 6-pulse scheme with 2-winding
transformer.

AFE converter provides lowest THD(i) (Fig. 6,b) but a bit higher THD(u) than 12-
pulse scheme.

-

12-nynbcHaa cxema C 3-06MOTOYHbIM TpaHchopmaTopom (puc.5,a) aaert
MeHbLUEe FrapMOHMK B ceTb (puc. 5,b) No cpaBHeHUIO C 6-NYAbCHON cxemMol ¢ 2-
06MOTOUYHbIM TPaHCHOPMATOPOM.

MpeobpasoBaTtesb C aKTUBHbIM BbINPAMUTENEM O3ET HAaMMEHbLUEe 3HayeHue
THD(i) (puc. 6,b), Ho 6bonblwee 3HayeHMe THD(u), yem 12-nynbcHana cxema.

(= E
& B+

i

O

(a)

15 %

10

(b)

Fig. 5. Topology of the 12-pulse system (a) and current waveform with THD(i)=15% (b).

Puc.5. Cxema 12-nynascHoli cucmemol (a) u Kpusas moka ¢ THD(i)=15% (b).
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Lo @@{?s_ '

E&d

EER

R Z iR

Filter Active rectifier Inverter

(@) (b)

Fig. 6. AFE converter with LCL filter (a) and the current waveform with THD(i)=5% (b).
Puc.6. Mpeobpazosamesnsb ¢ akmusHeIM soinpamumenem ¢ LCL gpunempom (a) u kpusasa mokxa ¢ THD(i)=5% (b).

Frequency converter influence on the electric
machine

High frequency effects

Voltage rise time of IGBT can be within 0.1-0.2 microseconds. When powering
the FC from the 400 V mains, the voltage in the DC link is about 540 V, so the
rate of voltage rise in the IGBT can be up to 5 kV/us. Influence of the sequence
of pulse fronts with du/dt of 5 kV/us on the system "FC-cable-machine-reducer-
driven mechanism" is in many ways similar to the action of a sinusoidal voltage
of the same amplitude, but with a frequency of the order of several megahertz.
That is why the negative effects caused by the high switching are often called
"high-frequency effects". The HF effects result in:

e Increased losses in windings and core of the machine due to non-
sinusoidal voltages and currents

e Ageing and degradation of insulation, shorter lifetime of the insulation

e Degradation of bearings

The effects affecting the insulation and the one affecting the bearings are

BnnaHue npeobpasoBaTtens 4acToTbl Ha
3N1IeKTPUUECKYIO MALLUUHY

BbicOKOYacTOTHbIE 3P PeKTbl

Bpema HapacTaHma HanpaxeHuAa TpaH3uctopa IGBT moxet coctasnatb 0.1-0.2
MUWKpoceKkyHa,. [Mpu nuTaHMM npeobpasosatena 4yactotbl oT cetn 400 B
HanpsaXXeHne Ha LWKMHe MNOCTOAHHOrO TOKa cocTasnaeT okono 540 B, nostomy
CKOPOCTb HapacTaHWa HanpaxeHua Ha IGBT moxeT cocTaBnaTb 4o 5 KB/mc.
BavaHMe nocnefoBaTeNbHOCTM MMMYALCOB, Yy KoTopbix du/dt coctaBnsert 5
KB/Mc, Ha cucTemy «npeobpasoBaTtesib-Kabenb-malmnHa-peayKTop-NpuBoAHON
MEXaHU3M» BO  MHOMMX  OTHOWEHMAX  AHANOTMYHO BO3/4ENCTBUIIO
CUHYCOMOANBbHOIO HAMPAXEHUA TOW Xe aMMNAWUTyAbl, HO YacTOTON HECKONbKO
merarepy, osToMy HeraTMBHOE BAMAHWE, BbI3bIBAEMOE YaCTOM KOMMYyTaL el
KNtoyen, 06blYHO Ha3bIBaAOT «BbICOKOYACTOTHbIMU 3ddekTammny». Takue apdeKkThbl
NPUBOAAT K:

. MNoBbIWEHHbIM NOTEPAM B 0bMOTKax 1 B cepaevyHuke QﬂeKTpVI‘-IeCKOﬁ
MalKnHblI BCheacTtene HeCMHYCONAa/IbHOCTU TOKOB U HaI'IpFl)KeHMl\/’I;

. CTapeHmo n pgerpagaunn mn3onAaumun, COKpaweHUo CpoKa CJ'IY)K6bI
n3onaunm;
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briefly presented below.

Travelling waves and overvoltage

In practice, the length of the cable between the FC and the machine can reach
hundreds of meters and even up to a few kilometers. Due to the difference in
impedance of the cable Z, and the machines winding Z,, voltage pulses get
reflected from both ends of the cable. As the result, there appear waves
travelling between the FC and the machine. At different instants of time, waves
can either compensate each other (when pulses have different polarity) or add
up (when polarity is the same). When the direct and reflected waves are
combined, as shown in Fig. 1, the total pulse at the terminals of the machine
can reach the value at which the insulation may break down.

Output pulse

Reflected

~
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e [lerpagaumm noALWNMNHUKOB.

Huke KpaTKo onMcaHo BAMAHUE «BbICOKOYACTOTHbIX 3PPEKTOB» HA U30AALMIO U
NOALWMNIMHUKN.

berywue BoNHbI U NepeHanpaXKeHue

Ha npaktuke anuHa kabena mexay npeobpasoBatesieM U MaLIMHOW MOXKeT
OO0CTUraTb COTEH METPOB M AaXKe HECKO/IbKMX KWMJOMETPOoB. B cuiy pasHuMubl
MeXAy MO/HbIM conpoTuBAeHMemM Kabensa Zp u conpoTusneHnem 06MOTOK
MaLWWUHbI Zy, UMMYAbCbl HAaNPSAXKeHMA OoTpaKatoTca oT obomx KOHLOB Kabenda. B
pesynbTaTe B Kabese BO3HWMKAIOT berywme BOJHbI, NepemeLlalowmeca Mmexay
npeobpasoBatesiem U MalIMHOM. B pa3Hble MOMEHTbI BPEMEHU BOJIHbI MOTYT
nmbo  KomneHcuposBaTb  Apyr  apyra  (Koraa UMMNYSIbCbl  MMELOT
NPOTUBOMOJIONKHYIO MONIAPHOCTb), MO0 CKAagblBaTbcA (KOrga nNoAApHOCTU
coBnagatot). Mpu cknagblBaHUM MPAMOI M OTPAXKEHHOM BOJIH, KaK NMOKa3aHO Ha
puc. 1, NOJIHbIN MMNOYNAbC Ha 3a*XMMaX MallMHbl MOXeT AO0CTUraTtb TaKuX
3HaAYeHMI, NPU KOTOPbIX NpomncxoguT npoboi nsonauum.

Total pulse

pulse

=

#

Fig. 1. Superposition of voltage pulses at the terminals of the machine.
Puc.1. Cynepno3uyusa umnynecoe HanpPAXeHUs Ha 3aHUMaX MAWUHbI.
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One way to estimate the peak voltage at the terminals of the machine with
allowance for wave superposition is U,=U4(1+Zn-ZoZm+Zo), Where Uy is the
amplitude of the voltage pulses at the converter output, equal to the voltage in
the DC link. When the cable gets longer, Z; decreases. In practice Up is within
(1.5...1.9)Uq.

Fig. 2,a shows the measured voltage at the output of the FC and at the
terminals of the machine (only part of the pulse is shown). For clarity, the
impulses are superimposed on each other. The effect of superposition of
forward and backward waves on the terminals of the machine resulting in
voltage oscillations is obvious.
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O4HUM M3 BapMaHTOB OLLEHKU MWKOBOIO HANPAMKEHWA HA 3a*KMMax MaLLUUHbI
npv cynepnosvummn BosH asnsaetca 3HadeHue Up=U4(1+Zm—ZoZm+20), Toe Uq —
aMMAUTYAa MMMY/AbCOB HaNpsAXKeHMA Ha BbIxoge npeobpasosaTensd, paBHasA
HanNpAXeHUto B LIMHE NOCToAHHOro Toka. Korga gnuHa Kabena Bospactaet, Zo
ymeHbluaeTcs. Ha npakTtuke U, HaxoauTtea B gnanasoHe (1.5...1.9)U..

Ha puc. 2,a noKasaHbl pe3y/ibTaTbl WU3MepPeHUs HanpaKeHua Ha BbIxode
npeobpasoBaTena YacToTbl M Ha 3a*KMMAX MalUMHbI (MOKa3aHa YacTb MMMYAbCa).
Mmnynbcbl HaknaabiBaoTca Apyr Ha gpyra. IdPeKkT cynepnosnumm npsmon u
06paTHOM BO/IH Ha 3aKMMaX MalUMHbI 3aK/to4aeTcA B KonebaHMAX HanpsarKeHus.

© At machine terminals

At FC output

(a)

(b)

Fig. 2. Voltage pulses: the leading edge of the pulse at the output of the FC and at the terminals of the machine (a), both edges of the pulse at the terminals of the
machine (b).
Puc.2. Umnynbcol HanpaxeHus: nepedHuli (ppoHmM UuMnyasLca Ha ebixooe npeobpazoeamess 4Yacmomel U HQ 3aGXUMAX MAWUHLI (a), nepedHuli u 3a0HuUli ppoHMebI
UMMYAbCA HA 3aHUMAX MAWuHsl (b).
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du/dt-effect

Sharp edges/fronts of the PWM pulses and capacitances in the winding lead to
uneven voltage distribution inside the winding and create inter-turn voltage
spikes as shown in Fig 3,a. This leads to partial discharges in the insulation
(Fig.3,b). Constant partial discharges lead to aging of insulation and subsequent
destruction (breakdown).

Voltage pulse

Winding

in the insulation

y

Inter-turn voltage

Changed wave shape of the
voltage in the machine

Partial discharges
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BansHue nepexoaHbIX NPoL,eccoB

B3saumogeiicteme peskux Kpaes / ¢poHTOB Mmnyabcos LWWM un emkoctu
OOMOTOK  MallWHbl  NPUBOAMUT K  HEepaBHOMEPHOMY pacnpefesneHuto
Hanps»XeHus BAONAb OOMOTKM UM MOSBJEHUIO MEMKBUTKOBLIX BPOCKOB
Hanps»XeHUs, KaK MOoKasaHo Ha puc.3,a. ITO NPMBOAUT K YaCTUYHbIM pa3pagam
B nsonaumm (puc.3,b). MocTosHHbIEe YacTUYHble pPa3psaabl ABAAIOTCA NPUYMHOM
CTApeHMA U301AUMUN U ee NocNeaytoLLemy paspyLleHmto (npoboto).

Partial discharge

)

Laminations

Slot
insulation

Conductor

(a) (b)

Fig. 3. du/dt-effect: origins (a) and consequences (b).
Puc.3. BnusiHue nepexo0HbIx NMPoyeccos: UCMOYHUKU (a) u nocaedcmeus (b).
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Bearing currents

The PWM modulation of the output voltage leads to a common-mode (CM)
voltage. In Fig. 4 switching pattern is shown, and it can be observed how the
common-mode (CM) voltage is generated. This voltage is obtained by adding
the three voltages resulting from the three inverter legs. Having the DC-link
mid-point as a reference, the voltages V., Vb and V. can either be +V4/2 or —
Vac/2, where Vq is the DC-link voltage. As a result, depending on the state of the
switches, the common mode voltage can take one of the values +V4/2 and
inc/6.
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MoAlWnNHUKOBbIE TOKK

LLMpOTHO-MMNYAbCHAs MOAYAAUMA BbIXOAHOTO HaNpsXeHuAa npuBoaAUT K
noAB/ieHNIO CcuHGA3HOro HanpsaxeHua. Ha puc. 4 npuseaeH rpaduk
KOMMYTaUMM HanpsxKeHui ¢as, NOKa3blBAOWMIN BO3HUKHOBEHME CUMH()A3HOTO
HanpaxeHusa. OHO NoAyYaeTcA NPU CKAaAbIBAaHUM Tpex $asHbIX HANPAMKEHWUN C
Tpex BeTBeW WHBepTOpa. EcnmM B3ATb B KAYecTBe OMOPHOrO HaMpAXKeHUA
CPeAHIo0 TOYKY LMHbI MOCTOAHHOIO TOKa, TO HanpaxeHus ¢as V,, Vi, n Ve byayT
NPUHUMaTL 3HadeHua nbo can +Ve/2, Mbo —Vue/2, rae Vi — HanpsxeHue
WMHbI NOCTOAHHOIO TOKA. B pesysnbTaTe B 3aBUCMMOCTU OT COCTOSIHUA KJtoyen
MHBepTOpa CUMHpa3Hoe HanpaxeHue byaeT NPUHUMATb 3HadveHua +Vqy/2 nam
+V4c/6 BMECTO HyNA.

Mu [Ude)

Vir [Ude]

Vi [Ude]

Veommon [Ude]

0.015 0.02

time [s]

Fig. 4. Common-mode voltage.
Puc.4. CuHgpasHoe HanpsaxeHue.
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CM voltages lead to appearance of CM high-frequency currents flow through
complex circuits/paths some of which are presented in Fig.5. The HF currents
circulating through the bearings of the machine (called “bearing currents”) can
lead to premature bearing failures. Another example of the negative impacts is
HF leakage currents through ground cables which can interfere with control
cables.
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CuHdasHoe HanpsXKeHne npuBoAUT K NoABNEHMUIO cMHPasHbIX
BbICOKOYACTOTHbIX TOKOB, 3aMbIKalOLWMXCA NO Pa3/IMYHBIM KOHTYpam, 4acTb U3
KOTOPbIX MOKa3aHa Ha puc.5. BbICOKOYACTOTHbIE TOKM, LMPKYAUpPYIOWME Yepes
NOAWMNHUKM (Ha3blBaeMble «MNOALIMMHMUKOBBIE TOKWU»), MOTYT MPUBOAUTL K
npexaeBpeMeHHbIM OTKasaM MOAWWNHWUKOB. [pyroit npumep HEraTMBHOMO
BNMAHMA BbICOKOYACTOTHbLIX TOKOB 3aK/OYAETCA B NOSABMEHMM TOKOB YTEUKM
Yyepes 3asemnsaoLme Kabenun, KOTopble MOryT B3aMMOAENCTBOBATb C Kabenamm
ynpasaeHus.

S

s iy

Csry T Ce

Coupling

3
/|

Rotor

Drive I

w1

\

T

capacitive current coupled to the rotor
capacitively coupled from the stator winding to the rotor

current flow between the stator winding and the frame

Fig. 5. The paths for HF currents.
Puc.5. llymu 3ambIKGHUA 8bICOKOYACMOMHBbIX MOKO8.
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Inertia

All moving (rotating) parts of a drive train are characterized with their own
inertia. There can be calculated a combined inertia of several mechanically
connected parts — for example “rotor + coupling + driven mechanism”. To
calculate combined inertia of the drive train without gearboxes inertias of the
drive train's parts are simply summed up. A gearbox changes the inertia in the
system and, from the operation point of view the gearbox may play both a
positive and a negative role. Possible system level considerations are presented
below with the help of the four cases related to operation of a tidal turbine and
a winch. The drive trains in the four cases include a gearbox, an electric machine
and a brake (Fig.1).

propeller
n gear
L) brake  — electric
_._G:%: machine
] ==
o= (@)
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MomeHT uHepuumn

Bce gBukywmecs (Bpaliatowmecs) 4acTu CUCTEMbI NPUBOAA XapaKTepUsyoTcs
CBOMMM MOMEHTAMM MHEPUMWU. N0 HUM MOMKHO PacCYMTaTb MOJHbLIA MOMEHT
MHEPLUN MEeXaHUYeCKM COeAMHEHHbIX YacTell NpuBoga, Hanpumep, “pomop +
mygma + npusodHoli mexaHusm”. Tpwn pacyeTe MOJHOFO MOMEHTa WUHepuuu
cuctembl npuBoga 6e3 pesyKTOpOB AOCTAaTOYHO MPOCTO MPOCYMMWMPOBAaTb
MOMEHTbl MHEpUMM COEAMHEHHbIX NocneaoBaTeNbHO uvacTeld. PegykTop
M3MEHAET MOMEHT MHEepLMM CUCTEMbI M C TOUKWM 3PEHMA ee 3KCnyaTauuu
PeAyKTOpP MOMKET UrpaTb KaK MONMOMKUTE/IbHYIO, TaK U OTPULLATE/IbHYIO POJib.
O6wwme coobparkeHWsa O NMONE3HOCTU PeyKTOPa C TOYKM 3PEHUSA BCEM CUCTEMDI
NnpeAcTaB/eHbl HUXKE Ha 4YeTbipex Nnpumepax, Kacatowmxca paboTbl NPUANBHOM
TYpbuHbl M nebeakun. Bo Bcex npumepax cMCTema NpMBOLA COAEPHKUT PEAYKTOP,
9N1EKTPUYECKYIO MaLIMHY U Topmo3 (puc.1).

winch

electric

aslll machine

(b)

Fig. 1. Mechanical drive trains for a tidal turbine (a) and a winch (b).
Puc.1. MexaHu4yeckas cucmema npueoda 0418 npunusHoli mypbuHsl (a) u nebedku (b).

Case 1. Critical acceleration of a tidal turbine at grid loss

In case of grid loss the turbine should be braked. Before the mechanical brake is
applied, the propeller will accelerate extremely fast if the system inertia is low.
When analyzing the inertia in a system with a gearbox one could divide the train
into two “parts” or “sides”: the “first” - where the force of the water stream is
applied, and the “second” — which is counteracting the force. The gearbox
usually belongs to the "second” side. Since in our case the action is performed
by the water acting on the propeller trying to accelerate it, therefore, it is useful

Cnyuaii 1. Kputnueckoe ycKopeHue NpuanBHOM TYpO6uHbI Npu BHE3aNHOM
OTK/IIOYEHUU OT CeTH

Mpy BHE3AMHOM OTKAKOUYEHMU CETU TypbuHa A0NKHA 6bITh 3aTOPMOKeHa. Ho Ao
cpabaTblBaHMA MexaHMYecKoro Topmos3a nponennep TypbUHbI  MOXKeT
YCKOPATbCA Yepecyyp 6bICTPO, €CAnm MOMEHT MHepuun cuctembl man. Mpu
aHa/IM3e MOMEHTA MHEepLMU CUCTEMBI, COAeprKallel peayKTop, Heobxogumo
pasaenunTb cMcTeEMy NPMBOZA Ha ABE YacTu UK LBe CTOPOHbI CUCTEMBI: NepBas
YacTb, K KOTOPOW MPUOXKEHa CW/a MOTOKa BOAbl, M BTOPas 4acTb, KOTOpas
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to look at the system “from the propeller side” as in Fig.2.
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NpPOTUBOAENCTBYET 3TOMN cune. PeayKTop 06blMHO OTHOCUTCA KO BTOPOW YacTu.
MocKonbKy B Hallem c/ayyae [AeNcTBME COBepLllaeTca MOTOKOM  BOApbl,
BO3AEMCTBYIOWMM Ha nponensiep TypOMHbI M MNbITalOWMMCA YCKOPUTb €ro
BpallleHue, cnedyeT B3rNAHYTb Ha CUCTEMY CO CTOPOHbI Nponennepa, Kak
NMoKasaHo Ha puc. 2.

- Tyng Ty g

I

L) N, 0,
- EH N
‘\_I\'_u—u | =={l==

|

1

bl Seen from
WEE

Fig. 2. Torques and inertia seen by the propeller.
Puc.2. Bpawarowue momeHmMsbl U MOMEHM UHepUyuU CoO CMOPOHbI rpornensepa.

When the electric machine (generator) is in “off”-state e.g. due to a failure and
cannot produce any torque outbalancing the force acting on the blades,
acceleration can be limited only by the dynamic torque, corresponding to the
system inertia “seen” by the propeller. The dynamic torque is defined by the
inertia:

T4=J(dw/dt).

The propeller “sees” the gearbox and the generator as a one whole with the
total inertia of J=J,+J;=J,+i*J;, where J, is moment of inertia of the propeller
itself and i is gear ratio.

It can be seen that the gearbox plays a positive role as it increases the inertia
“seen” by the propeller and as the consequence it increases the dynamic torque

resisting the propeller acceleration: Ty=(J,+i%);)(dw1/dt), where w1=n/9.55.

This positive effect is higher for higher gear ratio.

Echn  anekTpuyeckaa malwwuHa (reHepatop) HAxXoAMTCA B BbIKJAKOYEHHOM
COCTOSIHMM, HanNpumep, M3-3a aBapuM, U He MOXKET C034aBaTb MOMEHT,
NPOTUBOAENCTBYIOWMI CUle AAaBNEHMA MOTOKA BOAbl HA JIOMATKU TypOWHBI,
YCKOpPEeHNEe MOXKeT ObiTb OrpaHMYEeHO TONbKO AMHAMWYECKUM MOMEHTOM,
COOTBETCTBYIOLMM MOMEHTY MHEPLMM CUCTEMbI CO CTOPOHbI Nponennepa.
ONHAMUYECKMI MOMEHT ONpeaensieTcs MOMEHTOM MHEPLIMW Kak:

Te=J(dw/dt).

Mponennep BOCNPUHUMAET peayKTOpP U POTOpP reHepaTopa KaK OAHO uesoe C
06WMM MOMEHTOM UHepunUn J=Jptlg=Jp+i?);, A€ Jp — MOMEHT MHepuum
cobcTBEHHO nponennepa, a i — nepegaToyHoOe YMCI0 PeayKTopa.

MO’HO 3aMeTUTb, YTO B AAHHOM CAy4Yae PEeAyKTOP MrpaeT MONOMKUTENbHYIO
ponb, yBenuMumBas OOLWMIA MOMEHT WMHEPUMM CO CTOPOHbI nponensiepa u,
cnefoBaTtesibHO, yBEAMUMBaA AMHAMMYECKUA MOMEHT, MNPenATCTBYIOLLMIA
yckopeHuto nponennepa: Ty=(Jp+i*J;)(dw1/dt), roe wi=n/9.55.
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Case 2. Stream turbulence in normal operation of tidal turbine

Underwater waves hitting the blades create stresses on the elements of the
mechanical drive train. Low system inertia “seen by the propeller” will be an
advantage as it lets the generator “to give a slack” to absorb the “hit” by letting
the propeller to accelerate a bit and then bring it back to the right speed.
However, the torque that the accelerating blades will experience is the sum of
the electromagnetic torque applied by the generator and the mechanical
dynamic torque: T=T.+T4, where the dynamic torque is Ts=(Jp+i%,)(dw./dlt).

Dynamic torque gets higher when the gear ratio increases. It will increase
“stiffness” of the system and will lead to higher stresses on the mechanical
components. Therefore, a gearbox with a high gear ratio plays a negative role.

Case 3. Accelerating and braking the winch with the electric machine

Permanent acceleration and braking is typical for example in active heave
compensation winch deploying ROV, which is moving with the waves.

When accelerating or braking the system, the electric machine, being the
“actor” “sees” the winch and the gear as a whole (Fig.3,a). The machine should
provide the torque high enough to overcome the total system inertia. The
system inertia is made by the winch drum inertia “seen through the gearbox”

Ctp. | 125

3TOT NONOXKUTENbHbIN 3ODEKT pefyKTopa TeM Bbille, Yem 6onbLUE ero
nepenaTtoyHoe OTHOLLUEHME.

Cnyuaii 2. NMoToK TypbyneHTHOCTU NPU HOpManbHOI paboTe NPUANBHOM
TYp6UHbI

MoasoaHble BOMHbI TYPOYNEHTHOCTU yAapAIOT Mo AonacTam TypbuHbl, co3gasas
OOMNOJIHUTE/IbHbIE HAarPy3KM HA 3/1eMEHTbl MeXaHWYeCcKOoW CUMCTeMbl NpuBoAa.
Manbii MOMEHT UHEPLMU CUCTEMbI CO CTOPOHBI Nponessiepa 6yaeT B LaHHOM
C/lydae NPevMMyLLeCTBOM, MOCKOJIbKY OH MO3BOJIUT FEHEPATOPY «A4aTb CNAabUHY,
raca yaap, 4tobbl nponennep mMor HeCKO/IbKO YCKOPUTbCA M 3aTeM BEPHYTbCA K
HOpManbHOW cKopocT. OAHaKo, MOMEHT, AEWCTBYIOWMIA Ha nponennep B
npouecce TaKOro pasroHa, NpeAacTaBaseT coboit CymMy 371eKTPOMarHWTHOro
MOMEHTa reHepaTopa U MeXaHWYeCcKoro AMHaAMMUYECKOro MOMeHTa: T=T.+Ty, rae
AMHAMUYECKMI MOMEHT paBeH Ty=(Jp+i%);)(dw1/dt).

Mpn yBeANYEHUM NepefaTOMHOIO OTHOLWEHWA pPeayKTopa AMHAMWYECcKui
MOMEHT BO3pacTaeT. ITO MOBbIWAET }KECTKOCTb MEeXaHW4YeCKoW CUCTEMbI U
NPMBOAMT K NOBbILWEHHbIM Harpy3kaM MexXaHWYeCKUX KOMMOHEHTOB. TaK 4To,
peayKkTop ¢ 601blUMM NepesaToYHbIM OTHOWEHMEM BCErAa UrpaeT HeraTUBHYHO
posb.

Cnyuaii 3. YcKopeHue u TopMmorKeHue nebefKu ¢ NOMOLLbIO SNEKTPUYECKOIA
MaLUMHDI

NOCTOAHHOE YCKOpEeHMEe W TOPMOXEHMe ABAAETCA TUMUYHbIM AeVICTBMeM,
Hanpumep, ONnAa cayyaa aKTUBHOM KOMMNeHCauunnm T1Arun !'Ie6e,CI,KM, TpoC KOTOpOﬁ
ABUXETCA PbIBKaMM.

MpM YCKOPEHUM WUAN TOPMOMKEHWW CUCTEMbI 3NEKTPUUYECKAs MaliMHA, Kak
aKTUBHbIA 3/1EMEHT BO34ENCTBUA, BOCMPUHMMAeET nebedky M peayKTop Kak
ogHo uenoe (puc.3,a). MaluMHa AO/MKHA CO34aBaTb AOCTAaTOMHO 60/bLIOMN
MOMEHT, YyTobbl Npeogonesatb 06WMIA MOMEHT MHEPUUU. MOMEHT MHEPLUM
cuctembl 06pasoBaH MOMEHTOM MHepumn bapabaHa co CTOPOHbI peayKTopa M
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and own inertia of the electric machine (rotor inertia): J=Jg+J;.

The winch drum inertia “seen through the gearbox” is given by the winch
drum’s own inertia (defined by mass and radius of the drum) and the gear ratio
i (taken in power 2): J;=Ju/i%, where i=ny/n;.

We assume that i>1 and electric machine speed higher than winch speed.

So, the total inertia the machine is to overcome when accelerating is Jg=Ju/i*+Jr.
It means that when the gear ratio is high (order of 1:100) it is practically only
the machine’s own inertia that matters. For acceleration and deceleration it is
also beneficial to have low torque requirement for the machine, which is

provided by the gearbox: T,=T1/n.

So, the gearbox plays a positive role.

e e
L gt A BRA
IF

(a)
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COBCTBEHHBIM MOMEHTOM WMHEPUUN IEKTPUYECKON MallnHbl (ee poTopa):
J=Jg+l;.

MomeHT wuHepumn 6HapabaHa nebeaknm cO CTOPOHLI peayKTopa obpas3oBaH
COHCTBEHHbIM MOMEHTOM MHepuun bapabaHa (KoTopblli onpeaensaeTca Mmaccoi
1 paguycom bapabaHa) 1 nepeaToyHbIM OTHOLLIEHMEM peayKTopa i (Bo BTOpoW
creneHu): J;=Ju/i%, roe i=ny/n..

Mpednonoxcum, ymo i>1 U cKopocmb 3nekmpuyeckol MawuHsl 6oabuwe
ckopocmu niebedKu.

B atom cnyyae obwMii MOMEHT MHEPUWUKM, KOTOPbIA AO0/MKHA NpeoaonesBaTtb
3/1IEKTPMYECKan MalLMHa NPU YCKOPEHUN, paBeH Jg=Ju/i*+]..

3To 03HayYaerT, yTo Npu H60/bLIOM NepeaToyHoM OTHoWeHuM (nopsaka 1:100)
CYLLLECTBEHHbIM OKa3blBaeTCA JINLb COOCTBEHHbI MOMEHT UHEPLMM MALLUHbI.
Ona ycKopeHVMA U TOPMOXEHWA BbIFOAHO TaKXe MMETb HU3KMIA KpyTAwWMin
MOMEHT 3/71eKTPUYECKOM MaLLMHbI, YTO obecneunBaeTca peayktopom: T>=Ti/n.

TaK 4YTO, PeAYKTOP UrpaeT NOJAOKUTENbHYIO POsb.

T A
0 | A
|

(b)

Fig. 3. Torques and inertia seen by the motor (a) and the winch (b).
Puc.3. MomeHmMbl U MOMEHmM UHepuuu ¢ MoYKu 3peHusa dsueamens (a) u nebedku (b).
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Case 4. Winch braking when the electric machine fails

When the electric machine fails (e.g. short-circuit) the winch should be braked
with the mechanical brake. Analyzing the problem it is correct to “see” the
system from the winch side since the brake located at the winch drum is the
“actor” applying the braking force (Fig. 3,b). The brake “sees” the gearbox and
the machine as a whole with inertia equalto J = J  + J, =3, + i%- J,

“Dynamic” braking power is defined by the dynamic torque:

do n
L. o, where @, = ——.

P, =T, o =0, +i*-J3, )
d d 1 (w r) dt 955

The required braking power Py will be sizing the brake. So, the gearbox plays a
negative role, increasing the inertia.

Conclusions

Having gone through the four cases we can conclude that there is always a
trade-off between positive and negative sides and the system designer should
look for the optimal gear ratio.
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Cnyuait 4. TopmoxKeHue nebegKu Npu oTKase 3NeKTPUUECKON MaLLUHbI

Mpu OTKase 31eKTPUYECKON MaLlWMHbI (Hanpumep, U3-3a KOPOTKOrO 3aMblKaHMSA)
nebenka fonKHa BbiTb OCTAHOBEHA C MOMOLLbIO MEeXaHMYECKOro Topmosa. Jna
aHanu3a npobnembl cnegyeT paccMaTpuMBaTb CUMCTEMY MPUBOLA CO CTOPOHbI
nebenKkn, MOCKONIbKY MeXaHWMYeCcKMiA TOpMO3 pacrosiokeH Ha 6GapabaHe
nebefkn N ABNAETCA aKTUBHbLIM 3/1EMEHTOM, CO34alOWMM TOPMO3HOE ycuaune
(puc. 3,b). Topmo3s BocnpuMHMMaET peayKTop M MallMHY Kak OAHO Lefioe C
NO/IHbIM MOMEHTOM MHEpUMH, paBHbIM J =J +J, =], + i2- J,

[MHaMMuyeckas MOLHOCTb TOPMOXKEHMA Onpeaensetca  AMHaAMUYECKUM
MOMEHTOM:
2 do, n,
Py =Ty a)lz(‘]w+| ‘]r)' “@, 1A w, =
dt 9.55

Tpebyemasa AMHAMMYECKas MOLLHOCTb TOPMOMeHusa Py, byaeT onpeaenatb
HeobxoAMMbIl pa3mep TOPMO3a. 34eCb PeAyKTOP UIPaeT OTPULLATENIbHYIO POb,
YBEANUYMBAA MOMEHT UHEPLIUN.

BbiBoAbI

PaccmoTpes YeTbipe Cy4as, MOXHO CAenaTb BblBOA O TOM, YTO BCeraa cneayer
MCKaTb KOMMPOMUCC MENKAY NONOXKUTENbHLIMU U OTPULLATE/IbHBIMM CTOPOHaMM
BAUAHMA pedyKTopa Ha CUCTEMY WM UCKaTb ONTUManbHOe nepeaaToyHoe
OoTHOLIEeHMe.





