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EM-1. Voltage level and insulation

= -—=——00O

Investigate influence of the rated voltage level on size and cost of the electric motors
by working with the system consisting of a motor and a frequency converter. Take
PUMP as the application and design the drive systems for the four sets of pump
parameters:

1. head 200 m, flow 85 |/s, efficiency 85%, rated speed 2950 rpm;
2. head 200 m, flow 145 |/s, efficiency 85%, rated speed 2950 rpm;
3. head 200 m, flow 200 |/s, efficiency 85%, rated speed 2950 rpm.

Set motor type to SCIM, cooling to IC411, efficiency class to /E3, protection to /P21.
Design the drive system so that machine and converter voltage is around 400 V, then
690V, then 3300 V and, finally, 6000 V.

e [!] Make sure you keep machine type, efficiency class, cooling, protection class
and other parameters except voltage and power the same for all the cases
above. Include these parameters in your report.

Record power, weight and cost of motors for the three pumps above and for the four
voltages. Present the results as a chart or a table, draw conclusions.

Can you explain the results/conclusions as the electric machines designer, in terms of
winding design (insulation, cooling)?
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9M-1. YpoBeHb HanpAaxXeHuAa n nsonauma
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Nccneposatbh BAUAHME YPOBHA HOMUHA/IbHOIO HanpsAXeHWUsa Ha pa3smep M CTOMMOCTb
3NEKTPUYECKUX AaBurateneil, pabotalowmx B OAHOMW cucTeme npuBoda C
npeobpasoBatenem 4actoTbl. B KayecTse npumeHeHua BbibpaTb Hacoc n paspaboTatb
yeTbipe CMCTEMbI MPMBOAA CO CAEAYLMMM NapaMeTpaMm Hacoca:

1. Hanop 200 m, pacxod 85 n/c, KI/] 85%, HomnHanbHaa ckopoctb 2950 06/muH;

2. Hamop 200 m, pacxod 145 nfc, KM/ 85%, HoMuHanbHaA cKkopocTb 2950
06/MUH;

3. Hamop 200 m, pacxod 200 n/c, KM/ 85%, HOMWHanbHaa ckopocTb 2950
06/MWH.

A KauyectBe paBuratens Bbibpate AM ¢ TMNOM oxnaxaeHusa [C411, knaccom
adpdeKTMBHOCTM /E3, Knaccom 3awmTbl IP21. CNpPoeKTMPOBaTb CUCTEMY NPMBOLA TAKUM
o6pasom, 4Tobbl Hanps)KeHWne MallMHbl U KoHBepTopa Oblio 400 B, 3atem 690 B,
3atem 3300 B n, HaKkoHew, 6000 B.

e [!] Ans Bcex cnyyaes cnemyeT COXPaHATb TUM MalUMHbI, Knacc 3GGeKTUBHOCTH,
TUN OXNAXKAEHUA, KNACC 3aLMUTbI M NPOUYME NapaMEeTPbl, KPOME HaNPAXKEHUA U
MOLLHOCTM. YKa3aTb 3TV NapameTpbl B OTYETE.

3anncaTb MOLLHOCTb, BEC ¥ CTOMMOCTb ABUraTesieit AN BCex TPEX HACOCOB U YeTbipex
BAapMaHTOB HanpsKeHuA. MNpeacTaBuTb pesyabTaTtbl B BUAE rpaduka uau Tabauubl,
HanucaTb 3aK/lo4YeHue.

Kak 06bACHWTb MOyYEeHHbIe Pe3y/bTaTbl/BbIBOAbI C TOUKU 3PEHUA MPOEKTUPOBLLMKA
3NEKTPUYECKMX MALLWH, C TOYKM 3peHuA BbiIbopa 06MOTKM (M301ALMA, OXNaxKaeHne)?
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EM-2. Rated speed vs weight, size, inertia

You are chief engineer responsible for powering a new conveyor. You have three
helical gearboxes available at the plant’s stock: two 1-stage gears with ratios 1:4 and
1:6, and one 2-stage gear (ratio 1:12). Your can buy a motor to match the gearbox or a
motor that fits speed of the conveyor without any gearbox.

Consider two system architectures; with gearbox and without one (direct drive).

System 1:

o= =40

System 2:

O—=QF&@— 4} 0O

For the systems 1 and 2 above investigate influence of the gear ratio on size, cost and
inertia of electric motor.

e Take system 1.
o Set conveyor drum max speed to 230 rpm and min speed to 80 rpm.
o Torque =9 kNm.
o Take the machine with synchronous speed to 300 rpm @ 50 Hz.
o Record weight, cost and inertia of the chosen motor.

o Take system 2.
o Set conveyor drum speed to 230 rpm and min speed to 80 rpm.
o Torque =9 kNm.
o Record speed, weight, cost and inertia of motors for the following
gearbox ratios: 4, 6 and 12.

Summarize in results in a table. Explain what you see, draw conclusions. Can you
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9M-2. BAnaHne HOMUHA/NIbHOM CKOPOCTU Ha BeC, pasmep
M MOMEHT UHEpPLUUN MALLUUHDI

Bam, Kak rnaBHOMY MHKeHepy, npeacTouT obecneunTb paboTy HOBOro KoHselepa. Y
BAaC Ha CKNafe ecTb TPU Koco3ybbix peayKTopa: AgBa 1-CTyneH4YaTbix peaykTopa ¢
nepeaaToyHbIMM  OTHOWeEHuAMKU 1:4 wn 1:6 U OAWH 2-CTyneH4yaTblit peayKTop
(nepepatoyHoe oTHoweHWe 1:12). Bbl MOXeTe KynuTb ABUraTesb, KOTOPbI
COOTBETCTBYET pPeAyKTOpYy, WAW ABWUraTeNb, KOTOPbIA COOTBETCTBYET CKOPOCTU
KOHBelepa 6e3 Ncnonb30oBaHMA peayKkTopa.

PaccmoTpeTb ABe CXeM CUCTEMbI NPUBOAA: C PeayKTOPoM U 6e3 Hero (npamol
npueoa).

Cucmema 1:

=0 —14—0

Cucmema 2:

O=QFOr=4——0

Ana cuctem 1 n 2 u3yuntb BAMAHME MepenaTOYHOro OTHOLIEHMA peaykTopa Ha
pasmep, CTOMMOCTb U MOMEHT MHEepLUK ABUraTens.

e [lna cucmemeol 1.
o MakcmMmanbHas ckopocTb bapabaHa KoHBeiepa 230 06/MuH,
MWHUMabHasA ckopocTb 80 06/MUH.
MomeHT — 9 KHm.
BbiBpaTb MaLlUMHY C CUHXPOHHOM ckopocTbto 300 06/MUH Npu yactoTe
cetn 50 Iy,
o 3anucaTb BeC, CTOMMOCTb U MOMEHT UHEPLIMW BbIGPAaHHOIO ABUraTens.

e [lna cucmemel 2.
o MakcmMmanbHas ckopocTb bapabaHa KoHBeiepa 230 06/MuH,
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explain the results/conclusions as the electric machine designer?

Use PM machines only!

MaTBeesB
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MWHUMaNbHasA ckopocTb 80 06/MUH.

o MomeHT —9 KHm.
3anuncaTtb CKOPOCTb, BEC, CTOMMOCTb M1 MOMEHT MHEPLMWN ABUTATENEM
NP UCNoab30BaHNM PeAYKTOPOB C NepeaaTo4HbIMN OTHOLEHUAMM:
4,6un12.

npe,ﬂ,CTaBMTb pe3ynbTaThbl B Ta6nmu,e. O6bACHUTL nony4yeHHble pe3yaibTaTbl, 3anNnNCaTb
caenatb BbiBOAbI. KaK 06BACHUTD nony4yeHHble pe3yabTaTbl / BbIlBOAbl C TOYKUN 3pEHNUA
NMPOEKTUPOBLLNKA INNEKTPUHECKUX MaLUMH?

Ucrnons308amb mosibKO MAWUHbI € MOCMOAHHbIMU MazHuUmamu!
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EM-3. Efficiency class, lifecycle analysis

o= —T——0

You are a chief engineer at a plant. Consider replacement of old induction motor
(cooling IC411, protection IP21) on a centrifugal pump with either IE3 motor or IE4
motor. The old motor has efficiency corresponding to IE2. Available grid — 400 V. The
existing motor is driven by an FC.

Pump parameters: head 50 m, flow 50 |/s, efficiency 82%, speed 1450 rpm.

Operational mode of the pump:

e operation at 25% load 70% of time and at rated load - 30% of time

LOAD, %

100%

70%

Find LCC (cost of ownership) for all the alternatives

e Energy price - 0,07 Euro/kWh (another variant 0,2 Euro/kWh)
e Operational time — 8000 hours/year
e Service life — 5 years (another variant 10 years)
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9M-3. Knacc apPpeKTMBHOCTU, aHANN3 X KU3HEHHOTO LUKAA
MaLUUHbI

O~@———0

B KauecTBe r/1aBHOro MHXeHepa 3aBoJa Bam cneflyeT pacCMOTPETb BAPUAHTbI 3aMeHbI
CTaporo aCUMHXpPOHHOro Asuratens (Tun oxnaxkaenus 1C411, knacc 3awmTthbl IP21) Ha
LeHTPOobeXKHOM Hacoce HOBbIM ABuratenem ¢ Knaccom sdpdektusHoctu IE3 nan IE4.
Knacc apdeKkTuBHOCTU cTaporo asuratens coorsetcTayeT IE2. JocTtynHas cetb — 400 B.
CyuiecTBytowWnin aBUraTeNb NOAYYaET NUTAHUE Yepe3 NpeobpasoBaTesib YacToThbl.

MapameTpbl Hacoca: Harmop 50 m, pacxod 50 n/c, KN4 82%, ckopocms 1450 06/MuH.

Pexkum paboTbl Hacoca:

e B TeueHne 70% BpemeHun — paboTa Ha 25% HOMMHaNbHOM Harpy3ku n 30%
BPEMEHW — HA NOJIHOM HOMMHA/IbHOM HarpyskKe.

TIME, %
30%

Haitu LCC (cToMmocTb BnaaeHun) ana Bcex BapMaHTOB

e CroumocTb 3n1ekTposHeprum — 0,07 Espo/KeTu (apyroit BapmaHT — 0,2
EBpo/KBTY)

e Pabouee spemsa — 8000 vac/rog,

e  CpokK cnyxbbl —5 net (gpyrom BapmaHT — 10 nerT)
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So, there are all together eight variants to consider:

PN EWNE

IE3 motor, Energy price - 0,07 Euro/kWh, Service life — 5 years
IE3 motor, Energy price - 0,07 Euro/kWh, Service life — 10 years
IE3 motor, Energy price - 0,2 Euro/kWh, Service life — 5 years
IE3 motor, Energy price - 0,2 Euro/kWh, Service life — 10 years
IE4 motor, Energy price - 0,07 Euro/kWh, Service life — 5 years
IE4 motor, Energy price - 0,07 Euro/kWh, Service life — 10 years
IE4 motor, Energy price - 0,2 Euro/kWh, Service life — 5 years
IE4 motor, Energy price - 0,2 Euro/kWh, Service life — 10 years

What motor (IE3 or IE4) would you choose for each of the four scenarios?

PwNPE

Energy price - 0,07 Euro/kWh, Service life — 5 years
Energy price - 0,07 Euro/kWh, Service life — 10 years
Energy price - 0,2 Euro/kWh, Service life — 5 years
Energy price - 0,2 Euro/kWh, Service life — 10 years

What general conclusion can you draw on dominating cost components?
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NToro, nonyyaetca 8 BapMaHTOB:

1. [Oswuratens IE3, croumocTb sHeprun — 0,07 EBpo/KBTY, CpoK cnybbl — 5 net

2. [Osuratens IE3, ctoumoctb aHeprum — 0,07 EBpo/KBTY, cpok cay»6bl — 10 net

3. [Osuratens IE3, ctoumoctb aHeprumn — 0,2 EBpo/KBTY, cpoK cay»kbbl — 5 net

4. [Osurartensb IE3, ctoumocTb sHeprum — 0,2 EBpo/KBTY, cpok cnybbl — 10 net

5. [Osuratens IE4, ctoumocts aHeprumn — 0,07 EBpo/KBTY, cpok cny»bbl — 5 net

6. [suratens IE4, cronmocts aHeprum — 0,07 EBpo/KBTY, cpok cay»K6bl — 10 net

7. [Osuratens IE4, ctoumocts aHeprumn — 0,2 EBpo/KBTY, cpoK cny»kbbl — 5 et

8. [Osuratens IE4, ctoumoctb aHeprumn — 0,2 EBpo/KkBTY, cpok cay»k6bl — 10 net
Kakoit asuraTtens (knacca adpdektusHoctu IE3 nnu IE4) BbibepeTe Ana Kaxkaoro us 4
CLeHapues:

1. CroumocTb aHeprum — 0,07 EBpo/KBTY, cpoK cny»kbbl — 5 net

2. CroumocTb sHeprun — 0,07 EBpo/KBTY, cpok cnybbl — 10 net

3. CroumocTb aHeprun — 0,2 EBpo/KBTY, CPOK cNyxbbl — 5 net

4. CroumocTb aHeprumn — 0,2 EBpo/KBTY, cpoK cnyx6bl — 10 net

Kako O6U.J,Ml71 BbIBOA MOXHO CAeNaTb NO CTOMMOCTU KOMMNOHEHTOB CUCTEMbI?
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EM-4. Comparison of technologies

=0 -———0

Design drive train for a pump (head 50 m, flow 50 |/s, efficiency 82%, speed 1450 rpm).

Operational mode of the pump: operation at 25% load 70% of time and at rated load -
30% of time

Try SCIM (IE2), SyRM, PMSM as the motor type. Calculate Life Cycle Cost (LCC) for
each motor variant. Compare the variants on spider diagram. Consider strong and
weak sides of the technologies.

e Energy price - 0,2 Euro/kWh
e Operational time — 8000 hours/year
e Service life — 10 years

LOAD, %
Iy

100%

70%
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9M-4. CpaBHeHMe TUNOB MALUUH
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Bbibpatb cuctemy npusoga ans Hacoca (Hamop 50 m, pacxod 50 n/c, KMa 82%,
ckopocmb 1450 06/muH).

Pexkum paboTbl Hacoca: B TeueHne 70% BpemeHun paboTtaeT npu 25% OT HOMMHANbLHOM
Harpysku n 30% BpeMeHU — NPU NOAHON HOMMWHANbHOW HarpyskKe.

B KauecTBe TMnma [ABuratens paccmoTpeTb BapuaHTel AM (/E2), CPM, CMMM.
Paccuntatb CTOMMOCTb KM3HEHHoro umkna (LCC) ana Kaxkporo Tuna AsuraTens.
CpaBHMTb BapuaHTbl Ha AuMarpamme MayTUMHHOrO Tuna. PaccmoTpeTb Cu/bHble M
cnabble CTOPOHbI Kaxg0ro Tmna gsuratens.

e CroumocTb anektTpoaHeprmum — 0,2 EBpo/KBTY

e Bpemsa paboTbl — 8000 yac/ropa,
e CpoK cnyxbbl —10 net

TIME, %

30%
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EM-5. Protection (IP class) vs size and cost 9M-5. BansaHue Knacca 3awurbl (IP) Ha pasmep m

Design drive trains for the four different applications below. Note different CTOMMOCTb MALUUHDbI
environmental conditions where the electric machines will be operating and choose

) Co3pmaTb cuctembl MpuMBOAA ANA 4YeTbipex pasHbiX MNPUMEHEeHWUI. YyecTb pasHble
correct IP class for the machines.

ycnoBus paboTbl 3N1EKTPUYECKUX MALUNH W BbIOPaTb COOTBETCTBYIOLMNI K/1acC 3aLLnUTbI
Set the same rated speed (300 rpm) and the same voltage (690 V) in all applications. (IP) mawwmH.

Set PMSM as the motor type. 3a4aTb 04MHAKOBYIO HOMUHa/IbHYIO cKopocTb (300 06/MUH) U oauHaKoBoe

e Case 1. Pump: dairy (for different trains) Hanps»eHue (690 B) ans Bcex npumeHeHnn. Tun asuratena — CMIIM.

o H=50m, Q=50 /s, n=79 %, speed 300

Cnyuyait 1. Hacoc: mono4YHOEe Npon3BOACTBO

e (Case 2. Conveyor: cement plant o H=50m, Q=50 n/c, n=79%, ckopocTtb 300 06/MmunH
o min speed - 100 rpm, max speed - 300 rpm, Torque - 0,9 kNm e Cnyuait 2. KoHBeMep: LLEMEHTHbIN 3aBOA,
e Case 3. Wind turbine: air-conditioned compartment(nacelle) o MuH.ckopocTb — 100 06/MUH, maKc.ckopocTb — 300 06/MUH, MOMEHT

o Rated speed - 200 rpm, overspeed - 1,2, Torque - 1 kNm —0,9 kHm

e Cnyyait 3. BeTpoBas TypbuHa: OTCEK C KOHAMLMOHNPOBAHHbBIM BO34YXOM

e Case 4. Winder: Clean paper winding room
(roHpona)

o Drum diameter (empty) - 0,3 m, Drum diameter (full) - 0,5 m, Force - 4
kN, Speed of the line (rated) - 3 m/s o HomwuHanbHaa ckopoctb — 200 06/MWH, NpeBbilleHne ckopocty — 1,2,

MOMEHT — 1 KHm
Record: mechanism rated power, motor designation, IP class, weight and cost of the

electric machines you have chosen for the four applications above. Make sure you

keep cooling and other «influential» parameters the same. Include these parameters

in your report. Comment on the differences between the motors chosen. o [Ouametp nyctoro 6apabaHa — 0,3 m, AMameTp nosHoro 6apabaHa —
0,5 m, ycunne — 4 KH, ckopocTb HAMOTKM (HOMUHabHas) — 3 m/c

e Cnyyait 4. HaMOTO4YHOE YCTPOMCTBO: YACTaA KOMHaTa BymaKHOro
npo13BoACTBa

3anucatb: HOMWHAJ/IbHYIO MOLWUHOCTb M€EXaHWM3Ma, Ha3HadeHune pagBuratena, Kacc
3awnTbl, BEC U CTOMMOCTb Bbl6paHHOl7I BI'IEKTpI/I‘-IECKOﬁ MalWKnHbl ONA Kaxgoro ums
YyeTblipex I'IpVIMeHeHVIﬁ. y6e,CI,VITbC‘r'I B TOM, 4YTO cnocob oXnaxaeHna n apyrume BakHbole
napameTpbl Bbl6paHbI OAMHAKOBbIMU. BKAOUMTL 3TN napamMmeTpbl B OTHET. O6bACHUTD
pasHnuy mexay Bbl6paHHbIMM Asurarenamu.



DriveConstructor 3afgavyHUK A.B. MaTtBees Ctp. |11

EM-6. Cooling vs size and cost 9M-6. BanaHue cnocoba oxnaxkaeHna Ha pasmep u

CTOMMOCTb MalWUHDbI
Imagine you are chief engineer at a paper mill. Design drive train for the winder with

given characteristics: . o
B KauecTBe r1aBHOro MHXKeHepa bymarkHon GabpuKn CnpoeKTUpynTe cMcTeMy NpUBOAa

. A9 HAMOTOUYHOM MaLLUMHbI C 3aaHHbIMM XapaKTEPUCTUKaMM:
e Drum diameter (empty) - 0,3 m,

e Drum diameter (full) - 0,6 m,

e Force - 16 kN,

e Speed of the line (rated) - 5 m/s,

e 400V,

o flange&foot mounting of the motor,
e cooling water 30 deg.C is available.

e [nameTtp nyctoro 6apabaHa — 0,3 m,

e [lnameTp nosiHoro 6apabaHa — 0,6 m,

e Ycunue —16 kH,

e CKopoCTb Nogaun (HomuHanbHasa) — 5 m/c,

e HanpaxeHue cetn —400 B,

e Cnocob KpenneHua asuratens — ¢ GAaAHLEM M HA Nanax
e lmeeTca oxnaxpgatowan soga c tTemnepatypon 30°C.

Make sure you keep machine type and efficiency class the same when comparing Mpwu cpaBHEHMM Pa3HbIX BAPMAHTOB NO CNOCObY OXNaxAEHNA M KNaccy 3aLmTbl

cooling and protection class variants. Include these parameters in your report. npeaycMoTPeTb OANHAKOBbIM TN MaLUMHbI U Knacc 3G PeKTUBHOCTU. BKAOUUTDL 3TU
napameTpbl B OTYET.

Solve the problem using power components with (1) air cooling, (2) water cooling.

Compare the air-cooled and water-cooled variants. Present the results in the table. Ons pelieHns npobaembl pacCMOTPETb BapMaHTbl C BO3AYLHbIM oxnaxaeHmem (1) n
KUAKOCTHbIM oxnaxaeHuem (2). CpaBHUTb MeKay coboi 3TU BapuaHTbl. PesynbTatobl
npeacTaBuTb B Tabanue.
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3agavyHUK

A.B. MatBees

Cooling || Protection || Weight oD Length Cost
Case 1l IC411 IP54/55
Case 2 IC416 IP54/55
Case 3 1C411 IP21/23
Case 4 IC71W
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Cnocob Knacc Hapy»KHbiA
N Bec Py AnuHa || CtoumocTb

OXNAXAEeHUA || 3aWwuTbl Anametp
Bapmant1l |[IC411 IP54/55
BapuaHt 2 ||IC416 IP54/55
BapuanTt3 ||IC411 IP21/23
Bapuant4 |[IC71W
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EM-7. Derating for altitude and temperature

=0

Sales manager of a big electric motor provider have received three very similar
requests from Madrid, Mexico and El Alto. In each of the requests they need
induction motor to drive a centrifugal pump with head 60 m, flow 50 |/s, efficiency
83% and rated speed of 950 rpm. The motor is to be operated from existing
frequency converter which rated voltage of 400 V and power of 45 kVA. Distance
between the pump and the FCis 30 m. Other conditions, e.g. cooling, are specified as
well. Help the sales manager to make offers for Madrid/Mexico/El Alto. Propose
more than one alternative if needed. Include only motors into the offers.

Madrid, Spain, 667 m above sea level
Madpuo, UcnaHus, 667 m Had yposHem MOps
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9M-7. CHU>KeHMne MOLLHOCTU B 3aBUCUMMOCTU OT BbICOTbI U
TemnepaTypbl

=4O

MeHezKep MO MNpoga)kamM KPYMHON 3MEKTPOTEXHUYECKON KOMMAHUM MOAYYMA TpU
NOXOXMX 3aKkasa u3 ropogos Maapua, Mexuvko n Inb-AnbTo. B Kaxaom 3akase
TpebyeTcas aCUHXPOHHbIN ABUraTeNb A8 NPMBOLA LLEHTPODOEKHOrO Hacoca C HaMopom
60 m, pacxodom 50 n/c, KIM/J 83% n HomuHasnbHol ckopocmeto 950 06/muH. suratenb
OOMKEH MUTATbCA OT CyLLEecTBytloLWero npeobpasoBaTtena 4acToTbl C HOMWHANbHbIM
HanpaxeHuem 400 V n mowHoctbio 45 KBA. PacctoAaHue mexay Hacocom U
npeobpasoBatesem 4yactoTbl coctasniser 30 m. YKasaHbl M Apyrue yciosusi, Tuna
cnocoba oxnaxkaeHuua. MoproToBUTb MNPeAsOKEHUA MO 3TMM TPem 3aKasam Ana
Magpuga, Mexuvko un dab-AnbTo. [pM HeobXoAMMOCTU, MNPEASIOKUTb HECKO/IbKO
BapuaHTOB. [lpeanaratb TONIbKO 3/IEKTPOABUTATENN.

Mexico, Mexico, 2240 m above sea level El Alto, Bolivia, 4150 m above sea level
Mexuko, Mekcuka, 2240 m Hao yposHem mopad Anb-Anemo, bonusus, 4150 m Had yposHem mopA
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EM-8. Frame material vs size and cost

Choose frame material suitable for the given environment.
Case 1
Application - food & beverages (wet, acids, etc.)

Take CONVEYOR with drive system with just frequency converter.

O=0="V—0

Available information:
e Onedrum to be driven
e No overloads, duty cycle — 100%
e Dusty environment, abundant heat removal capability, wet floor
e Grid400V

e Distance between the driven drum of the conveyor and the FC (cable length) —
30m

e Rated torque 500 Nm
e Speeds: min — 300, max - 400 rpm
Case 2
Application - mining (dusty, mechanical shocks)
Take WINCH with drive system with just frequency converter.
Available information:
e empty drum diameter 0.2 m
e full drum diameter 0.3 m
e linear speed at which the cable is to be reeled on the drum - 1 m/s
e force/tension on the cable 2 kN

e grid voltage 400 V
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9M-8. BanaHue matepuana Kopnyca Ha pasmep u
CTOMMOCTb MaALLUUHDbI

BbibpaTbh MaTepmnan Kopnyca B COOTBETCTBUM C 3a[,aHHOM OKpYXKatoLien cpegon.
Bapuarm 1

O6nacTb NPUMEHEHMA — NULLLEBOE NPOU3BOACTBO (BN1a*KHOCTb, KUCIOTHOCTb U T.4.)

TpebyeTca KOHBeMep ¢ cMCTeMOoM NPMBOAA, CoOAep Kallel TobKo npeobpasoBaTtesb
YacCTOTbl.

O=0="71—0

3agaHo:
e TpebyeTcA BpawaTtb oanH bapabaH KoHBelepa
e Pabounit umkn —100% 6e3 neperpysokK
e [binbHasA cpena, XopoLure BO3MOXKHOCTU A1 0TBOAA TENa, BNAXKHbIN MO/
o CeTb c HanpAaxkeHnem 400 B

e PaccrtoaHune mexay 6apabaHom KoHBelepa 1 NnpeobpasoBaTesem 4acToTbl
(anAvHa Kabena) —30 m

e HomwuHanbHbIN MOMeHT 500 Hm
e CKopocTu: MMHUManbHaa — 300, makcumanbHas - 400 06/MmuH
BapuaHm 2

Obnactb NpuvmeHeHWsa — ropHOAO6bLIBAKOWAA NPOMBILIEHHOCTb (rpAsb, yAapHble
MeXaHWYeCcKme HarpysKku)

TpebyeTca nebenka c cMCTEMOM NPUBOAA, COAEPIKALLLEN TONbKO NpeobpasosaTesb
4acToTbl.

3apaHo:
e [lnameTp nyctoro 6apabaHa 0.2 m
e [lMameTp nonHoro 6apabaHa 0.3 m

e JlnHeliHaA CKOPOCTb HamaTblBaHWA Tpoca Ha HbapabaH — 1 m/c
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e no overloads e Ycunue/HaTaxeHue Tpoca 2 kKH
Case 3 o CeTb c HanpAaxkeHnem 400 B
Application — marine deck machinery (salty environment) e HuKaKux neperpysok
Case 4 BapuaHm 3
Application — light/portable winch for a palette truck operating in a clean storage hall.  O6nacTb npumeHeHNs — MopcKana nanybHaa TexHuKa (coieHaa oKpy»atowasa cpeaa)
Draw conclusions. BapuaHm 4

O6nacTb NpMMeHeHus — fierkas/nopTaTneHan febeaKka Ana Tenexku, paboratowen Ha
YUCTOM CKage.

MNpeacrtaBuTb BbIBOAbI.
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EM-9. Shaft height and mounting

There is an oil pump with Q=55 |/s, H=50 m, efficiency 82%, speed 1400 rpm.
Conditions:

e Clean dry room with abundant heat removal capability.
e Grid400V.
e Cable length - 200 m.

The plan is to replace old SCIM driving the pump with IE4 motor. Shaft height of the
old motor is 180 mm and the pump is fixed to the frame together with the motor. Is
the replacement possible? Consider several variants. Compare them. First consider
SCIM only. Then solve the problem using other motor types.

Note that density of oil is not the same as density of water.
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9M-9. BbicoTa ocu BpaLleHUA U cnocob MmoHTa)Ka

MmeeTca macnsaHbI Hacoc ¢ 3a4aHHbIMKM napametpamm: Q=55 n/c, H=50 m, K/ 82%,
ckopocmb 1400 06/muH. Ycnosus paboTbi:

e Yucroe cyxoe nomeLyeHme ¢ XOpoLUMMU YCIOBUAMKU OTBOAA TeMa.
e Cetb c HanpaxeHnem 400 B.
e [nuHa kabena — 200 m.

MnaHupyeTcA 3ameHa CTaporo MNPMBOAHOIO aCUMHXPOHHOTO ABWraTenA Hacoca Ha
ABuratenb Knacca appektmsHoctu IE4. BbicOTa OCM BpalLeHUA cTaporo asuratena 180
MM, HacoC YCTaHOBJ/IEH Ha TOM e pame BMecTe C gBuratesiem. Bo3MOXKHO v HanTm
3ameHy? PaccmoTpeTb HECKOJ/IbKO BapMaHTOB, CPaBHUTb MX. BHayane paccmatpuBaTb
ToNbKo AM, 3aTem Apyrue TUMbl MaLLvH.

BHMMaHMe, NNOTHOCTb Macna OT/INYaeTcA OT MNJAOTHOCTU BOAbI.
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EM-10. Thermal capacity & insulation class
Design drive trains for the two identical conveyors with parameters:
e Speed 200...230 rpm
e Rated torque - 9 kNm
One conveyor has duty of 100%, another one - 80%. Grid is 690 V.
Explain the difference in chosen electric machines for the two cases.
Question-1

Could we have used even smaller machine on the second conveyor? If yes, what
insulation class should it have had (assume all motors in DriveConstructor have

insulstion class "B")? If we use smaller machine with the same class "B" as before then
what would be insulation lifetime (assume in normal load lifetime of 10000 hours)?

Question-2

Is replacing the motor with insulation class "H" with another motor with insulation
class "F" possible? What lifetime should be expected? What if insulation class "H" but

temperature rise as for class "F'"?
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93M-10. TennoemMKOCTb U Knacc U3onauum

CrlpOEI-(TMpOBaTb cncremy npusoda anAa gsyx oanHaKoBbIX KOHBEﬁepOB co
cneayrowmmMmm napamMmeTpamm:

e CkopocTb 200...230 06/MuH

e HomMHanbHbI MOMEHT — 9 KHm
OauH KoHBenep nmeeT pabounit uykn 100%, apyron — 80%. HanpsaxkeHue cetn 690 B.
O6DBACHUTL pa3HULY B BbIGOPE 3NEKTPUYECKUX MALUWH ANA 3TUX ABYX Cy4aes.
Bonpoc 1

Henb3a N1 ncnonb3oBaTb Ha BTOPOM KOHBEWEPE MalLMHY elle meHble? Ecan ga, To
KaKoM Knacc M3018UMN OHa O0/KHA UMETb (B NpeanonoXKeHun, YTo Bce AOCTYMNHble
asuratenu B nporpamme DriveConstructor nmeloT kKnacc wusonsumm "B")? Ecam
MCMOJ1Ib30BaTb MEHbLUYIO MALUMHY C TEM Ke K/laccom msonsumm "B", Kak nameHuTca
CPOK CAybbl m30AAUMM (B NpPeanoNOXMKeHUM, UYTO HOPMa/bHbIA CPOK CAY»Kbbl
cocrasnseT 10000 yacos)?

Bonpoc 2

MOHO /1M 3aMeHUTb ABUratenb C Kaaccom msonauum "H" Ha gpyron gsuratens C
Knaccom msonaumm "F"? Kakos Byget cpoKk cnyxbbl? Y1o BygpeT, ecnm y msonauuu
Knacca "H" bygeT npeBblweHne TemnepaTypbl, Kak y knacca "F"?



DriveConstructor 3agavyHUK A.B. MaTtBees

FC-1. 2Q vs 4Q solutions

Design and compare drive trains for the two applications; a pump and a wind turbine.
Pump

Drive train with just FC.

O=-—"7——1-0O

Set parameters:
e Rated flow 60 I/s, head 200 m, efficiency 81%, speed 600 rpm
e Grid voltage — 6000 V
e Clean electric room for the FC with abundant heat removal capabilities
e Distance from the electric room to the pump - 30 m
Wind turbine

Drive train with gearbox, FC and transformer.

oo =@

Set parameters:

e Blades rated speed 20 rpm, overspeed 1,2, torque 60 kNm, 2-stage gearbox
with ratio 1:30

e Grid voltage — 6000 V

e Clean nacelle where the FCis installed with abundant heat removal
capabilities
Use the same machine type (SCIM) in both cases and keep the same: air cooling,
electric machine voltage around 690 V

Compare: size, weight, cost, efficiency of the FC and THD of the two cases. Draw
conclusions.
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MY-1. 2-KBaapaHTHbIEe K 4-KBagpPaHTHbIe CXeMbl
ynpasneHua

CnpoeKTMpoBaTb M CPABHUTL CUCTEMbI NPUBOAA ANA ABYX NPUMEHEHUIN: HACcOC U
BeTpoBasn TypbuHa.

Hacoc

Cuctema npuBoAa TObKO C NpeobpasoBaTenem YacToTbl.

= —4——@-0O

MNapameTpsbl:
e HomuHanbHbIN pacxog 60 n/c, Hanop 200 m, KM/ 81%, ckopoctb 600 06/mMuH
e HanpaxkeHune cetn — 6000 B
e Yucrasa anektpowmTosasa ana MY c xopowmmm ycnosmamm otTeoaa Tenna
e PaccTosaHMe OT 3/1eKTPOLLUTOBOM 40 Hacoca —30 m
Bemposas mypbuHa

CvcTema NpuBoAa C peayKTOpoM, Nnpeobpa3oBaTeNem YacToTbl M TPAHCHOPMaTOPOM.

oo =m0

MNapameTpsbl:

e HomMHanbHaA CKOpPOCTb BpalleHna nonacTteit 20 06/MuH, NpeBbllLeHKe
cKopocTh 1,2, momeHT 60 KHm, 2-cTyneH4aTbI peayKTop ¢ nepeaaToyHbim
oTHoweHuem 1:30

e HanpsaxeHue cetn — 6000 B
e YucradA roHgona gns yctaHoBkM MY ¢ xopowmnmm ycnosuamm oTeoza Tenna

[na Bcex BapuvaHTOB MCMO/b30BaTb MalUMHbI ogHoro Tmna (AM) u npegycmoTpeTb
0AMHAKOBOE BO34YLIHOE OXNAXKAEHME M HaNpAKeHWe NUTaHUA MalunHbl 690 B

CpaBHUTb pa3mep, Bec, cToMmocTtb, KM npeobpasosatens yacToTbl U KoadOUUMEHT
He/IMHENHbIX UCKaXKeHUI. CaenaTtb BbiBOAbI.
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FC-2. Topology and voltage level

Imagine you are chief engineer at a large plant. You need to upgrade throttle
regulated pumps driven by direct online started motors to speed-controlled systems
with FC and without any throttles. You have available some motors on stock (imagine
you have any motor you may need) but need to buy the FCs.

The pumps in question have different power: 0.5, 1, 2 and 5 MW,
1. head 210 m, flow 200 I/s, efficiency 85%, rated speed 1450 rpm;
2. head 210 m, flow 400 I/s, efficiency 85%, rated speed 1450 rpm;
3. head 420 m, flow 400 I/s, efficiency 85%, rated speed 1450 rpm;
4. head 800 m, flow 500 I/s, efficiency 85%, rated speed 1450 rpm.

Rated speed is the same — 1500 rpm. Grid — 6 kV. Distance between the pump and FC
is 100 m.

Use the system topology with a transformer:

You have constrained budget so design the system for lowest possible cost. Present

the results in a table.

Reflect on how power level affects the choice of voltage level. Is the choice
determined by feasible cable cross-section?

Find overall system efficiencies at partial load (50%) for each of the three systems.

Extra question: you've got MV motor with accessible terminal box which can be

connected either Y or D. When connected "Y" it can be fed 6000 V, when "D" - 3400 V.

How this reconnection possibility may affect FC choice/opportunities?
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MY-2. Cxema n ypoBeHb HanpsaXeHua npeobpasosatens

B KayecTBe rnaBHOroO MH)KeHepa 60/bLIOrO 3aBoAa BaM Hago OBHOBWUTb Hacochl C
ApoccenbHbIM peryanposaHMemM M NPUBOAHLIMKU ABUraTeNAMM C NPAMbIM NYCKOM Ha
CUCTEMbl C peryaMpoBaHMeM CKOpOCTM C npeobpasosBaTesnem 4YactoTbl U 6He3
apocceneii. Ha cknage MmeeTcs HECKONbKO gABurateneit (MOMKHO HanTu ntobol
Tpebyembili gBUraTeNb), HO Npeobpa3oBaTe b YacTOThbl HYXKHO MOKYNaTh.

Hacocbl metoT pasanyHyto mowHocte: 0.5, 1, 2 n 5 MBT.
1. Hanop 210 m, pacxoa 200 n/c, KN 85%, Hom. ckopocTb 1450 06/MuH;
2. Hanop 210 m, pacxoa 400 n/c, KN4 85%, Hom. ckopocTb 1450 06/muH;
3. Hanop 420 m, pacxoa 400 n/c, KN4 85%, Hom. ckopocTb 1450 06/muH;
4. Hanop 800 m, pacxog 500 n/c, KMNA 85%, Hom. ckopocTb 1450 06/MUH.

HomuHanbHas ckopocTb oanHakosas — 1500 06/muH. CeTb — 6 KB. PaccTosiHme mexay
Hacocom u MY pasHo 100 m.

Mcnonb3oBaTtb CXemMy NpuBoAa € TpaHCHOPMaTOPOM:

=O———@0

BloaKeT NpoeKTa orpaHuyeH, cieayeT BbibpaTb CUCTEMY C HAMMEHbLUEN CTOMMOCTbIO.
MpeacTaBuTb pesyabTaTsl B Tabauue.

lNMoKa3aTb, Kak MOLLLHOCTb BAMAET Ha Bbl60p YPOBHA HanpaxeHua. BamaeTt nm Ha Bbl60p
BEpoATHOE ceYyeHune Kabens?

Haittn obwwmin KN cuctembl nNpu YacTMUHOW Harpyske (50%) ans Kaxkaow m3 Tpex
cucTem.

[JononHUTeNbHbIM BONPOC: B BAleM PacCMNOPAXKEHUW eCcTb ABWUraTeNb CpegHero
Hanpsa)XeHWa ¢ AOCTYMHOMW KOpoOKOW BbIBOAOB, B KOTOPOW Bbl MOXKETE COeAUHATb
O0OMOTKM B 3BE34Y MW TPEYronbHUK. MNpu coeguHeHWn B 3Be34Yy MOXKHO MOAaBaTb
HanpaxkeHne 6000 B, npu TpeyronbHuMke — 3400 B. Kak TakaA BO3MOKHOCTb
nepektoYeHUA MnoBAUAET Ha Bblbop nNpeobpa3oBaTens 4acToTbl U BO3MOXKHOCTU
cUCTEMbI?
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FC-3. Cooling vs weight and size

Imagine you are the sales manager at a factory producing frequency converters (FC).
Answer the questions in the two requests (solve the two problems).

Request 1. FC for a pump
Pump parameters:
e Rated flow 50 I/s, head 200 m, efficiency 81%, speed 1450 rpm

There is available a cubicle where the FC can be potentially placed. At the moment
there is old motor starter in this cubicle to start this particular pump, so the idea is to
replace the motor started with the new FC. Cubicle dimensions (Depth x Height x
Width): 0,5 x 1,2 x 0,4 m. Cooling water is available. Will the new FC fit the cubicle?

Request 2. FC for a wind turbine

There is a plan to upgrade of the WT product line from 1 to 1,5 MW. This will require
changing the blades design.

The new wind turbine: rated speed of the blades 20 rpm, overspeed 1,2, torque 750
kNm, 2-stage gearbox with ratio 1:30. Grid 6000 V.

The plan to reuse the same nacelle. Place available for the new FC (footprint 6 m2,
volume 4 m3) remains the same as in the 1 MW nacelle. Former 1 MW drive train was
air-cooled. It is decided to arrange water cooling, so air-to-water heat exchanger will
be available (installed in the tower). Will the new 1,5 MW FC fit the available place?
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NY-3. BanaHue cnocoba oxnaxkaeHna Ha Bec U pasmep
npeobpasoBarens

MeHegasKepy Mo npogaxam 3aBoga No MPoOM3BOACTBY NpeobpasoBaTenei YacToTbl
TpebyeTcs OTBETUTL Ha ABe 3aABKK (peluunTb ABe 3a/a4n).

3aseka 1. 14 0na Hacoca
MapameTpbl Hacoca:
e HomuHanbHbIN pacxosd 50 n/c, Hanop 200 m, KM/ 81%, ckopocTtb 1450 06/MuH

NmeeTca anekTpuyeckmin WwKad Ana noTeHUManbHoro pasmeweHus MNY. B HacToAwwmii
MOMEHT OH 3aHAT CTapblM MYCKOBbIM YCTPOMCTBOM A5 NPUBOAHOIO ABUraTe s Hacoca
W NpeanonaraeTca UCNo/b30BaThb 3TOT WKad AnA pasmelleHma MY BmecTo NyckoBoro
ycTpoiictea. Pasmepbl wkada (MnybuHa x Bbicota x LWupwuHa): 0,5 x 1,2 x 0,4 m.
NmeeTca oxnaxkpatowan Xuakoctb. Momectutca Hosbln MY B 3TOT WKad?

3aaeka 2. 14 d1s semposoli mypbuHbI

Mpeanonaraetca NpoBecT OBHOBAEHME MNPOAYKTOBOM /IMHEMKU BETPOBbIX TYPOUH
MoLHOCTbIo 0T 1 Ao 1,5 MBT. 310 noTpebyeT USMeHEHUA KOHCTPYKLMK onacTen.

HoBasa BeTpoBas TypbMHa MMeeT napameTpbl: HOMWHaNAbHAA CKOPOCTb nonacten 20
06/MWH, npeBblleHne CKopocTu 1,2, mMomeHT 750 KHM, 2-CTyneH4aTbll peayKTop C
nepegatoyHoim oTHoweHmem 1:30. HanpaxxeHune cetn 6000 B.

’KenatenbHO MCNOb30BaTb NPEXKHIOK roHA0Ny. MecTo gna pasmelieHusa Hosoro MY
(nnowaab 6 Mm%, ob6bem 4 m3) ocTaeTca TO e, U4TO U B roHA0Ne TypbuHbI Ha 1 MBT.
Crapas cuctema npusoga Ha 1 MBT ucnonb3osana Bo3gylWwHoe oxnaxaeHue. PeweHo
NPUMEHUTb BOAAHOE OXNa)KAeHwe, pns Yero B OawHe Oyger pacrnonoXKeH
TennoobmMeHHUK Bo3ayx-Boga. MNMomectnutca aAm Hosbid MY Ha 1,5 MBT B TOl e
roHgone?
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FC-4. Derating for altitude and temperature

You have three requests which look identical from Madrid, Mexico and El Alto. In each
of the request they need frequency converter to drive 45 kW induction motor driving
a pump (centrifugal pump with head 60 m, flow 50 I/s, efficiency 83% and rated speed
of 950 rpm). The motor is drawing current of 40 A at a voltage of 400 V. Distance
between the pump and the FCis 30 m. Other conditions are specified as well. Make
offers for Madrid/Mexico/El Alto. Propose more than one alternative if needed.
Include only FC into the offers.

Madrid, Spain, 667 m above sea level
Madpuo, UcnaHusd, 667 m Had yposHem MopsA

Additional question: Can we compensate high altitude with lower temperature of the
coolant?

Mexico, Mexico, 2240 m above sea level
Mexuko, Mekcuka, 2240 m Hao yposHem mopad
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NY-4. CHu>keHne mowHocTtu MY B 3aBUCMMOCTHU OT
BbICOTbl U TeMNepaTypbl

Y Bac ecTb Tpu oAnHaKoBble 3aaBKN n3 Magpuaa, Mexuko n dnb-Anbto. B Kaxkgom
cnyyae Tpebyetca MY gna nutaHua 45 KBT acMHXPOHHOrO ABuratesns Hacoca
(ueHTpobeskHbIN Hacoc ¢ Hanopom 60 m, pacxogom 50 n/c, KN 83% v HOMUHaNbHOM
ckopoctbio 950 06/muH). suratens notpebnser Tok 40 A npu HanpsakeHun 400 B.
PacctoaHne mexgy Hacocom u MY coctasnaetr 30 m. OcTanbHble YCNOBUA TaKKe
3agaHbl. MoarotosbTe npeasioxeHnsa ana Magpuga / Mexuko / dnb-Anbto. Mpu
BAapUAHTOB.

HeobxoaMMOCTH, MNpeanoXuTe
npeobpasoBaTenn 4acToThbl.

HECKO/IbKO Mpeanarainte  TO/bKO

El Alto, Bolivia, 4150 m above sea level
3nb-Anemo, bonusus, 4150 m Had yposHem mops

[ononHWUTENbHbIM BOMPOC: MOXKHO /I KOMMEHCMPOBATb HO/IbLLYIO BBICOTY HAZ,
ypoBHeM mops 6os1ee HA3KON TeEMNEPaTypPOoi OXNaXKAAOLEN HKUOKOCTUN?
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FC-5. Overloads

Design drive trains for the six different conveyors. Each conveyor is to be driven by
one motor. System topology is the same for all the conveyors: gearbox 1:5 (type:
helical). Grid voltage is 400 V.

=00 —4—0

Parameters (the same for all the conveyors):
e torque 10 kNm, speeds: min - 100 rpm, max - 200 rpm.

The difference between the conveyors is in the overload patterns according to the
table below. Conveyors 1-4 have overload due to technological processes. Conveyors
5 and 6 have overload due to heavy start. Reflect on motor thermal cycling.

Overloads 1 2 3 4 5 6

Amplitude||10% 10% 50% 50% 100% ||100%
1 min 1 min 1 min 1 min 2s 10s

Duration |leach each each each each each
10 min ||2 min 10 min 2 min 60s 60 s

FC type

FC price

EM type

EM price

Ctp. |22

MN4Y-5. Neperpysku

CnpoeKTMpoBaTb CUCTEMbI NPMBOAA AN 6 PasHbiX KOHBenepoB. Kaxablii KoHBelep
NpMBOANTCA B AeNCTBME OAHMM aBuratesiem. Cxema cucTeMbl NPUBOAA OAMHAKOBA
ONs BCeX BapuaHToB: peayKTop 1:5 (tTun: Kocosy6blin). HanpaxkeHue cetn 400 B.

=00 —=——0

MapameTpbl (0AMHAKOBbIE ANA BCEX KOHBEEpOoB):

e momeHT — 10 KHm, ckopocTu: mmHMmanbHas — 100 06/mMunH, MakcumasbHas —
200 06/MuUH.

PasHuua mexay KOHBEMEepamMM 3aKN04AETCA B XapaKTepe neperpyskn, Kak NoKasaHo B
Tabanue HuKe. KoHselepbl 1-4 uMelOT neperpyskn No  TEXHOJAOTMYECKMM
coobpaxkeHnam. KoHsenepbl 5 1 6 UMetoT neperpysKy 1s-3a TAXKebIX YCI0BUIA NyCKa.
3TO OTparkaeTcA Ha LMKNe Harpesa Asuratens.

MNeperpys3ka 1 2 3 4 5 6
amnantyaa 10% 10% 50% 50% 100% 100%
I1muH |[IMuH |1 muH  |[ITMUH |2 ¢C 10c

ONINTENbHOCTb||KaXKable|[KaxKable ||[KaxKable |[KaxKable |[Karkable |[Karkable
10 muH |2 MmuH  ||10 mnH |12 muH |60 C 60c

Tun MY

Lena Ny

Tun M

Llena 3M
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FC-6. Mounting and protection

Imagine you are the sales manager of frequency converter (FC) manufacturer

company. Make four offers to the customers requesting FC for the four applications.

Request 1: Pump to a dairy
e Parameters:

o Rated flow 50 1/s, head 200 m, pump efficiency 81%, speed 1450
rpm

o Grid voltage — 400 V, distance from the electric room to the pump -
30m

e Environment: moist, wet floor
Request 2: Oil pump (inflammable oil)
e Parameters:

o Rated flow 55 I/s, head 200 m, pump efficiency 81%, speed 1450
rpm

o Grid voltage — 400 V, distance from the electric room to the pump -
30m

e Environment: clean
Request 3: Conveyor at a cement plant
e Parameters:

Speeds: min — 150, max - 200 rpm

Rated torque - 5 kNm

Grid voltage — 400 V

Gearbox 1:5

Distance from the electric room to the conveyor - 30 m

O O O O O

. Environment: cement dust
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MNY-6. CNnocob ycTaHOBKMU U KNacC 3aLuUThl

Bam KaK meHezyKepy Mo nNpoJaskam KOMMNaHWW, NpousBogAlleir npeobpasoBatenu
YacToTbl, NPEeACTOUT caenatb 4 Npeg/ioXKeHus 3aKkasunkam B OTBET Ha 3anpoc MY gna 4
NPUMEHEHNN.

3asexka 1: Moso4HbIli Hacoc
o [apameTpsbl:

o HomwuHanbHbIN pacxoa 50 n/c, Hanop 200 m, KNA Hacoca 81%, ckopocTb
1450 06/MuH

o HanpsaxeHue cetn — 400 B, pacCToAHME MeKAY SNEKTPOLLUTOBON U
Hacocom —30 m

e  OKpyKatoLwwan cpesa: BNAXKHOCTb, MOKPbIN MON
3asaeka 2: MacnsaHsili Hacoc (ne2kosocrnaamMeHsouw,eecs Macso)
o [lapameTpsbl:

o HomuHanbHbIN pacxog 55 n/c, Hanop 200 m, KM/ Hacoca 81%, ckopocTb
1450 06/MuH

o HanpsaxeHue cetn — 400 B, paccToAHNE MeEXKAY 3/1EKTPOLLUTOBOM U
Hacocom —30 m

e OkpyXatolwana cpena: ymcras
3anpoc 3: KoHseliep 0715 uemeHmMHo20 3a800a
o [apameTpsbl:

CKopoCTH: MUHMMabHasa — 150, makcumanbHas — 200 06/muH
HomMMHanbHbIN MOMEHT — 5 KHm

HanpsaxeHune cetn —400 B

PenykTop ¢ nepegatoyHbim yncaom 1:5

PaccTosiHMe merKay aNeKTPOLNTOBOMN N KoHBeepom — 30 m

o O O O O

. Opr)KaPOUJ,aFI cpeaa: uemeHTHaA nblb
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Request 4: Conveyor at a clean factory

e Parameters:

o O O O O

Speeds: min — 150, max - 200 rpm
Rated torque - 5 kNm

Grid voltage — 400 V

Gearbox 1:5

.B. MaTtBees

Distance from the electric room to the conveyor - 30 m

e Environment: clean, dry

Reflect on how degree of protection (IP) affects size and cost of the equipment.
Present the results and the table:

Case 1 2 3 4

L water pump, || . conveyor, conveyor, clean
application . oil pump

dairy cement room

IP 2x or 5x 2x or 5x 2x or 5x 2x or 5x
mounting |lwall or floor |jwall or floor |{|wall or floor wall or floor
FC type ? ? ? ?
FC cost ? ? ? ?
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3asaeka 4: KoHseliep Ha Yucmom rpoussodcmee

o [apameTpsbl:

o O O O O

CKopocCTh: MUHMUMasbHasa — 150, makcumanbHas — 200 06/muH
HomMHanbHbIN MOMEHT — 5 KHm

HanpsaxeHune cetn —400 B

PenykTop ¢ nepegatoyHbim yncaom 1:5

PaccTosiHMe mexKay 3NeKTPOoLNTOBOMN U KoHBeepom — 30 m

e OkKkpyXatowaa cpea: YNCTo, Cyxo

MoKaKnTe, Kak Knacc 3awuThbl (IP) BanAeT Ha pasmep U CTOMMOCTb 060pyA0BaHNA.
MpeactaBbTe pesynbTaThbl B TabauLe:

BapuaHTt 1 2 3 4
BoaaHow . .
. ||KoHBewnep, KoHsenep,
Hacoc, MacnaHbin
MpumeHeHne LemeHTHoe yucroe
MOJIOYHOEe Hacoc
Npon3BOACTBO |[MOMeLLEeHNE
Npon3BOACTBO
IP 2X unu 5x 2X Unm 5x 2X unu 5x 2X Unm 5x
Cnocob CteHa unu CreHa nnm
CreHa nau non||CteHa nam non
MOHTarKa non non
Tun NY ? ? ? ?
Crommoctb MY ? ? ? ?
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SYS-1. Rated speed vs weight, size & cost

For the system driving a pump and consisting of a motor and a frequency converter

investigate how chosen rated speed of the machine affects it’s weight, size and cost.

O=0—TI7——0

Design the system with the following parameters:

e Pump: rated flow 100 I/s, head 110 m, pump efficiency 86%, speed 1100
rom,

e Motor type SCIM, cooling IC411,

e Grid voltage 400 V.

First choose machine with the synchronous speed of 1000 rpm. Record weight and
cost of motor and of frequency converter.

As the alternative variant choose machine with synchronous speed of 1500 rpm.
Record weight and cost of motor and of frequency converter.

Compare weights and costs of the two motors (1000 and 1500 rpm), then compare
costs of the two systems. Draw conclusions and explain. Can you explain the
results/conclusions as electric machine designer?

e [!] Make sure you keep machine type, efficiency class, cooling, protection
class and other «influential» parameters constant (the same). Include these
parameters in your report.
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Cucrema-1. BanaHue ckopocTu Ha Bec, pasmep u
CTOMMOCTb

[ns cuctembl NpMBOAa HAcOCa, cogepKallen ABuratenb M npeobpasosaTesib YacToOThbI
M3YYUTb BAWAHME BbIOPAHHOW YacTOTbl BpALLEHWS MallMHbI Ha ee Bec, pasmep U
CTOMMOCTb.

=0 —{4——0

PaspaboTaTb cuCTEMY CO CAEeAYIOLLMMM NapaMeTpamu:

e Hacoc: HomuHanbHbIN pacxog 100 n/c, Hanop 110 m, KM/ Hacoca 86%,
ckopocTb 1100 06/MuH,

e Tun auratena — AM, cnocob oxnaskaeHus 1C411,
e HanpaxeHue cetn 400 B.

BHauane BbibepuTe MalIMHY C CUHXPOHHOMN cKopocTbio 1000 06/MuH. 3anuwinTe Bec U
CTOMMOCTb MaLLMHbI U NpeobpasoBaTeia YacToTbl.

B KauyecTBe anbTepHAaTMBHOIO BapWaHTa BblbepuTe MALIMHY C CUHXPOHHOW CKOPOCTbHO
1500 06/MuH. 3anuiumnTe BEC M CTOMMOCTb MaLlUUHbI M Npeobpa3oBaTens YacToThl.

CpaBHMTE BEC M CTOMMOCTb ABYX ABurateneit (Ha 1000 n 1500 06/muH, 3aTem cpaBHUTE
CTOMMOCTU ABYX CUCTEM. 3anULLIMTE BbIBOAbI U NOACHEHUA. KaK 06BACHUTb pe3ynbTaTbl €
TOYKW 3pEHMA NPOEKTUPOBLLMKA SNEKTPUYECKON MALLMHbI?

e [!] ObsasatenbHO BbIGUPAKTE B PasHbIX BapMaHTax OAWMHAKOBbLIA TUM MaLUMHbI,
Knacc a¢pPeKTUBHOCTM, CNOCO6 OXNaXKAEHUA, KNAcC 3alMTbl U ApYyrMe BaKHble
napameTpbl. BKiounTe 3T napameTpbl B OTHET.
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SYS-2. Design for short and wide speed ranges

The chief engineer is to design drive system for the three similar conveyors with
different operational speed ranges. Available information (common for the three
conveyors):

e Onedrum to be driven

e Gearbox: helical 1-stage, ratio 1:5

e No overloads, duty cycle — 100%

e Air-conditioned clean power house, abundant heat removal capability

e Distance between the driven drum of the conveyor and the FC (cable length)

-30m
e Grid400V
e Rated torque 5 kNm

e Cooling: cooling water is not available. Consider the two air-cooling variants:

(a) 1C411, (b) IC416
Difference between the conveyors: speeds (min-max)

e 1 case:40-200 rpm (wide speed range)
e 2 case: 180 -200 rpm (narrow speed range)
e 3 case: 180 -206 rpm (overspeed)

Help the chief engineer to design the three systems. Record weight and cost of

motor and of frequency converter for each case. Draw conclusions and explain. Can

you explain the results/conclusions as electric machine designer? Converter
designer? System designer?
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Cucrema-2. BapmaHTbl gns maneHbKoro n 6osbLioro
ANanasoHa CKopocTen

[NaBHbIA WMHMKEHep AO0J/KeH pa3paboTaTb cucTeMy NpuMBOAA A8 TPeX OOUHAKOBbIX
KOHBENEPOB, OT/IMYAIOLLMXCA AMAana3zoHOM paboumnx ckopocTelt. [locTynHa cnefytollas
MHbopMaums (0bLLas oas BCcex TPEX KOHBeNepoB):

e OauH npuBoaHoi bapabaH

e PeayKTop: KOCo3ybbii 1-CTyNeHYaTbl ¢ NepeaaToyHbiM oTHoWweHMem 1:5

e Pabouuii umkn — 100%, 6e3 neperpysku

e Yucrada cMnosadA CTaHLMA C KOHANULMOHUPOBAHHbBIM BO34YXOM, XopoLuune
ycnoBus oTBoAa Tenna

e PaccTtonHuMe mexay npuMBoaHbIM bapabaHom KOHBelepa 1 npeobpasoBaTtesiem
yacToTbl (anrHa kabensa) —30 m

e HanpaxeHue cetn 400 B

e  HOMWHanbHbLIN MOMEHT 5 KHMm

e OxnaxaeHue: oxnaxaaoLllas XuaAKocTb HeOCTyNHa, PacCMOTPETL ABa cnocoba
BO3AYyLIHOro oxnaxaeHus: (a) 1IC411, (b) IC416

Pasnunumne mexxkay KOHBeVIepaMM B CKOPOCTAX:

e 1 BapuaHT: 40 — 200 06/MMH (LIMPOKKIA AMaNa3oH CKOPOCTEN)
e 2 BapuaHT: 180 — 200 06/MUH (y3KKIA AManasoH CKopocTeit)
e 3 BapuaHT: 180 — 206 06/MMH (NpeBblIeHNE CKOPOCTH)

MomoruTte rnaBHOMY MH»KeHepy paspaboTtaTb TPU CUCTEMbI NPUMBOAA. 3anMLLUTE BEC U
CTOMMOCTb ABuraTens M npeobpasoBaTesna YacToTbl AN KaXK40ro cayyas. 3anuwure
BbIBOAbI M MNOACHEHUA. Kak 06bACHUTL pe3ynbTaTbl/BbIBOAbI C TOYKM 3peHus
NPOEKTUPOBLUMKA 3/NIEKTPUYECKUX MAWUH? A C TOYKM 3PEHUS NPOEKTUPOBLUMKA
npeobpasoBaTteneii YacToTbl? A C TOUKM 3pEeHNA NPOEKTUPOBLLMKA CUCTEMBI?
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SYS-3. Harmonics distortion

Design drive trains for the three identical pumps for the three application areas:
airport, office building and factory. Choose solution with lowest cost. Note that
THD(u)

limits in the three above mentioned areas are according to IEEE519 (see table
below). Short-circuit power (the same in all three cases): 1000 MVA.

Pump parameters:
e Rated flow 50 I/s, head 200 m, efficiency 81%, speed 1450 rpm
e Grid voltage — 6000 V

IEEE 519 standards for total harmonic voltage distortion

Application Class THD (%)
Sensitive Applications 3%

+ Airports/Hospitals

+ Telecommunication Facilities
General Applications 5%

+ Office Buildings/Schools

Dedicated Systems 10%

+ Factories
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Cucrema-3. F”apmMmoOHMYECKME UCKAXKEeHUA

PaspaboTtatb cucTemy npuBoda ANA TPEX WMAEHTUYHbIX HACOCOB, PACMOJ/IOMKEHHbIX B
pa3HblIX MecTax: asponopTt, oducHoe 3aaHMe, 3aBoA. BblibpaTb peweHune c
MWHMMANbHOM CTOMMOCTbIO. YyecTb orpaHmyeHns no THD(u) B cootsBeTtcTBum ¢ IEEE519
(cm. Tabnuuy Huke). MOLWHOCTb KOPOTKOro 3amMblkaHuAa (ogMHaKoBaA Ans BCex
cny4yaes): 1000 MBA.

MapameTpbl Hacoca:
e HomuHanbHbIN pacxon 50 n/c, Hanop 200 m, KMA 81%, ckopocTtb 1450 06/MuH
e HanpaxeHue cetn — 6000 B

Cranpapt IEEE 519 nns xosddunrenta rapMOHUYECKUX UCKAKEHUH TI0
HaTPSDKSHUTO

Knacc npumeHeHuns THD (u)? %
YyBCTBUTENbHbIE NPUMEHEHUA
)
e AsponopTbl, rocnutanu 3%
o TeneKoMMyHMKaLUMOHHbIE 06BEKTDI
Ob6wme npumeHeHus
5%
e  OducHble 34aHUA / WKONbI
BblaesieHHble cUcTeMbI
10%
e 3aBoapl
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SYS-4. System design Cuctema-4. NpoeKkTupoBaHue cMcTembl
Choose optimal drive train (mechanical and electrical system) for a pump in water BblbpaTb ONTUMAIbHYO CUCTEMY MPUBOAA (MEXAHMUECKYIO N SNEKTPUYECKYIOD CUCTEMBI)
supply system. [AN19 Hacoca B cucTeme BOLOCHabKeHus.
Parameters: MapameTpsbl:
e Rated flow 50 I/s, head 200 m, pump efficiency 81% e HomuHanbHbINM pacxoa 50 n/c, Hanop 200 m, KMNA Hacoca 81%
e Grid voltage 690 V e HanpsaxeHue cetn 690 B
e Conditions in the electric room — dry, no dust e YCN0BMA B 3/IEKTPOLLUTOBOW — HET BAArU, HET NblU
e Cable50m e [InnHa Kabens 50 m
e Heat removal capabilities — very good e YcnoBuA 0TBOAA TEMN/a — OYEHb XOpoLluune
e Distance from the electric room to the pump (cable length) - 50 m e PaccTosHMe OT 3N1EKTPOLLUTOBOM A0 Hacoca (ganHa Kabens) — 50 m
e Conditions at the place of the pump installation - wet e Yc/i0BMA B MECTe YCTaHOBKM Hacoca — CbIpoCTb, KOHAEHcaT
e Pump's mechanical configuration (horizontal shaft) e MexaHuyecKas KoHdUrypaums Hacoca (ropnsoHTabHbIN Ban)
Make and present three design variants: CaoenaTb TpU NpoeKTa:
e 1stvariant: design for lowest cost. e 1 BapuaHT: MMHMMANbHAA CTOMMOCTb.
e 2nd variant: design for highest efficiency (lowest energy consumption). e 2 BapwaHT: Hanbonblwmin KN, (HaumeHbluee noTpebneHne sHeprum).
e 3rd variant: design for highest efficiency with budget constraints on the e 3 BapuaHT: Hanbonbwuit KNI npu orpaHnyeHnmn 6roaxketa Ha MHBECTULMN B
investment in the new drive system of 31000 Euro. HoBbI Hacoc 31000 Espo.
Present benchmarking results as a spider diagram. Compare the system on the MpeacTaBuUTb pesyabTaTbl CPAaBHEHMA B BUAE NAYTUHHOW anarpammbl. CpaBHUTb
primary and the secondary criteria. CUCTEMBI NO NEPBUYHOMY U BTOPUUYHOMY KPUTEPUSM.

System variant 1
System

weight s System variant 2
Efficiency @ -
100% load Tiinie

Efficiency @ System price
50% load
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SYS-5. Influence of gearbox types

Analyze efficiency (at several loads), weight and cost of electromechanical part of
drive train (gearbox + electric machine) for the two applications:

Wind turbine
Parameters: Torque 10 kNm, Speed 30 rpm, overspeed 1,2, grid 6000 V.

Compare the following three variants of gearbox stages and electric machines: (1)
Pl+Pl+Hel+SCIM vs (2) Pl+Pl+Hel+PMSM vs (3) Pl+PI+PMSM, where "PI" means
planetary gear stage, "Hel" means helical gear stage.
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Cucrema-5. BanaHue tuna peaykropa

MpoaHanusmposaTb KMNQ (Npy  pasnMuHbIX  Harpyskax), Bec W  CTOMMOCTb
3NEKTPOMEXAHMYECKOM YacTU CUCTEMBI NPUBOAA (PesyKTOp + 3/1eKTPUYECKas MaLIMHA)
ANA ABYX MPUMEHEHMWIA:

BetpoBas TypbuHa

MapameTpbl: MmomeHT 10 KHm, ckopocTb 30 06/MuH, npesbileHuMe ckopocTn 1,2,
HanpAaxkeHue cetn 6000 B.

CpaBHUTb cneayowme TPy BapuaHTa nepesad peayKkropa U 31eKTpPUYEeCcKnX mawuH: (1)
Pl+Pl+Hel+AM; (2) Pl+Pl+Hel+CMIIM,; (3) PI+PI+CMIIM, rae "Pl" o3HauyaeT nnaHeTapHyo
CTyneHb peaykTopa, "Hel" — Koco3ybyto cTyneHs.

Fig.1. Gearbox with 2 planetary stages and one helical stage - "Pl+Pl+Hel" (Source: Romax).

Puc.1. Pedykmop ¢ 2 naaHemapHsIMU cmyrneHamu u o0Hol Koco3yboli cmyneHoto — "Pl+Pl+Hel" (ucmoyHuk: Romax).

Conveyor
Parameters: Torque 10 kNm, Speed 200-300 rpm, grid 400 V.

Compare the following three variants of gearbox stages and electric machines: (1)
Worm+SCIM vs (2) Hel+Hel+SCIM vs (3) Hel+Bevel+SCIM, where "Worm" means
worm gearbox.

KoHBeitep
MapameTpbl: MOMeHT 10 KHm, ckopocTtb 200-300 06/muH, HanpaxeHune ceTu 400 B.

CpaBHUTb cneayowme TPy BapuaHTa nepesay peayKkropa U 31eKTpUYecKnx mawmH: (1)
Worm+AM; (2) Hel+Hel+AM; (3) Hel+Bevel+AM, rpe"Worm" o3HauyaeT 4yepBAYHYHO
CTyneHb peaykTopa, “Bevel” — KOHMYECKYO CTyNeHb.
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Fig.2. Gearbox with 1 worm stage - "Worm".
Puc.2. Pedykmop c 1 yepeauHoli nepedayelii — "Worm".

Reflect on efficiency if operation is at partial load most of the time. Collect resultsin  MNMoka3saTb, Kak nameHsietca KM cuctembl npu pabote 601bLLYIO YaCTb BPEMEHU MpU
the tables (separate table for each application). YaCTMYHbIX HarpysKax. MpeacTaBuTb pesyabTaTbl B Tabanuax (otaenbHas Tabanua gns
Ka*K4oro npumeHeHus).

Gear efficiency Overall efficiency Gearbox Electric machine

- AneKTpuyecKan
Case Kn
[, peayKtopa Oo6wwmii KN, PepykTop MalMHa
BapuaHT - -
100%|| 75% || 50% || 25% || 100% | 75% || 50% | 25% Vi8N cost |weight) ~ cost
BEC ||CTOMMOCTb|| BeC ||[CTOMMOCTb
1
2
3




DriveConstructor 3agavyHUK A.B. MaTtBees

SYS-6. Filters, cable length and losses

Design drive trains for four pumps (all have identical parameters: flow 250 I/s, head
280 m, efficiency 87%, rated speed 1450 rpm). Distance to the respective pumps
from the electric room (with 6 kV voltage source) where the system driving the
pumps are installed: 40 m, 250 m, 400 m, 1000 m.

Try systems with LV and MV FC.
First, set cable on «automatic selection». Then try higher and lower cross-sections.

Compare the results. Change cable material from Copper to Aluminum. Compare the
results. Summarize your findings in a table.
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Cucrema-6. Punbtpsbl, gAnHa Kabeneit n notepu

Pa3paboTtaTtb cucTembl NPMBOAA A1 HAacocoB (y BCEX OAMHAKOBbIE NapaMeTpbl: pacxoz,
250 n/c, Hanop 280 m, KM/ 87%, HoMMHaNbHasA ckopocTb 1450 06/muH). PaccTtoaHue ot
3NEKTPOLLUTOBON (C MCTOYHMKOM HanpaKeHuMa 6 KB) A0 cOOTBETCTBYIOLWMX HACOCOB
coctasnaet: 40 m, 250 m, 400 m, 1000 m.

PaccmoTpeTb cucTeMmbl ¢ NpeobpasoBaTenem YacToTbl HU3KOTO U CPeAHEro HanpaKeHus.
BHavyane ycTaHOBMTb aBTOMAaTUYeCKMIM BbIGOp Kabens. 3aTem NpoBepuTb BapUaHTbl C

60/MbWNM U MEHBLINM CEYEHNEM. CpaBHMTb pe3ynbTaThbl. CMeHUTb maTtepunan Kabena c
meaun Ha ANOMUHUIA. CpaBHMTb pesynbrathl. [logsectn ntor B TabMYHOM Buae.
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P-1. Design for different pump types Hacoc-1. Cuctembl ¢ pa3/IMMHbIMU TUMAMU HACOCOB
Design drive system for the four pumps of the same power but of different types PaspaboTtatb cucTembl NpuBOAA A0S 4YeTblpex HAcoCOB OAMHAKOBOM MOLLHOCTM, HO
and with different starting conditions Pa3HOro TMNa 1 ¢ pasHbIMK YCA0BUAMM MYCKA
e  Pump 1- centrifugal e Hacoc 1— ueHTpobexHbIn
e Pump 2 — positive displacement (breakaway torque (“BT”) = 100%) e Hacoc 2 — BbITeCHUTE/IbHbIN (MyckoBo momeHT (“BT”) = 100%)
e Pump 3 —centrifugal (BT = 100%) e Hacoc 3 — ueHTpobexHbii (BT = 100%)
e Pump 4 - positive displacement (BT = 200%) e Hacoc 4 - BbiTecHUTeNbHbIN (BT = 200%)
Given parameters: 3agaHHble napameTpbl:
e Rated flow 50 I/s, head 50 m, efficiency 81%, speed 950 rpm e HomuHanbHbIN pacxod 50 n/c, Hanop 50 m, KNA 81%, ckopoctb 950 06/MuH
e Grid voltage — 400V e HanpsaxeHue cetn —400 B
e Clean electric room for FC with abundant heat removal capabilities e Yycrada anekTpolwmToBan ANA npeobpasoBaTena HanpsaXKeHUA C XOPOLIMMU
e Distance from the electric room to the pump -30 m yC/IOBUAMM OTBOAA Tenna
e Conditions at the place of the pump installation - wet e PaccTosHMe OT 3N1EeKTPOLUTOBOM A0 Hacoca — 30 m
e Pump's mechanical configuration — horizontal e Ycn0BMA B MeCTe YCTaHOBKM Hacoca — BIaXKHOCTb

e Pump's mechanical configuration — horizontal
Design for lowest cost. 1st try only SCIM, then other types. Make conclusion how
CT/QT and BT value affects the choice. CnpoeKkTnpoBaTb Hambonee aelweBbli NpuBoA. BHavane ucnonb3oBaTb ToNbKO AM,
3aTemM Apyrue Tnbl MalWH. CAENaTb BbIBOZ O BAUAHMM NOCTOAHHON MAM KBagpaTUYHOM
Harpy3o4yHOM XapaKTEPUCTUKM M MYCKOBOTO MOMEHTA Ha Ball BbI6Op.

O=0—=T1——0
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P-2. Design for lowest system cost

Choose cheapest drive system for variable speed operation of the centrifugal pump
in water supply system.

Given parameters:

e Rated flow 50 I/s, head 200 m, pump efficiency 81%

e Speedrange 0- 1450 rpm

e Grid voltage — 400V

e The pump works in its rated point

e Clean electric room for FC with abundant heat removal capabilities
e Distance from the electric room to the pump -30 m

e Conditions at the place of the pump installation - wet

e Pump's mechanical configuration — horizontal

Sub-task: How would you design the system if we knew that normal working range
of the pump is 30-80%?

Sub-task for this and other exercises: Try to find real motors and FC in catalogues of
provider from your region. e.g. Weg (for Brazil), ABB/Siemens/Danfoss (Europe).
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Hacoc-2. Cuctema ¢ HaMMeHblUe¥ CTOMMOCTbIO

BoibpaTb camyio AelleByt0 CUCTEMY MPUBOAA ANA PEryIMPYyeMoro LLEeHTPOOEeXKHOro
Hacoca B cMcteme BOAOCHabKeHus.

3agaHHble napameTpbl:

e HomuHanbHbIM pacxoa 50 n/c, Hanop 200 m, KMA Hacoca 81%

e [nanasoH ckopocteit 0 — 1450 06/muH

e HanpaxeHue cetn —400 B

e Hacoc paboTtaeT B HOMMHaIbHOM peXKMme

e Yucrana anekTpolwmToBas AnA npeobpasoBaTena YacToTbl C XOPOLIMMM
ycnosmamm otTBoga tenna

e PaccTosiHMe OT 3/1EKTPOLLUTOBOM A0 Hacoca — 30 m

e YCnoBus B MecTe YCTAaHOBKM Hacoca — B/IAXKHOCTb

e MexaHn4yecKkoe pacnosioxXeHne Hacoca - ropuU3oHTasibHOe

Moasagaya: Kak M3MEHWUTCA NPOEKT CUCTeMbl MPUBOAA, €C/IM HOPMAasbHbIN pabouunii
AmManasoH coctasnnet 30-80%7?

Moa3afaya Ana 3TOro M NOCNeAyloWwmMX YNpPaXKHEHUN: HalTU peanbHble ABUraTenu u
npeobpasoBaTenn 4acToTbl M3 KaTa/loros MOCTaBLIMKOB Ballero pernoHa, Hanpumep,
Weg (ansa bpasunuu), ABB/Siemens/Danfoss (ana Esponbi).
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P-3. Design for highest energy efficiency

Design drive system for variable speed operation of the centrifugal pump in water
supply system so that the system consumes minimum energy.

Given parameters:

e Rated flow 50 I/s, head 200 m, pump efficiency 81%

e Speedrange 0-1450 rpm

e Grid voltage —400 V

e Clean electric room for FC with abundant heat removal capabilities
e Distance from the electric room to the pump -30 m

e Conditions at the place of the pump installation - wet

e Pump's mechanical configuration — horizontal

Load profile is given (table below). What is system efficiency at each load? How
much energy consumed per day/year?
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Hacoc-3. Cuctema c HanbonbLuen sHepreTUHeCcKom
3P PeKTUBHOCTbIO

PaspaboTaTtb cucTemy NpMBoAa 414 PEryIMpyemoro LeHTpobekHOro Hacoca B cucteme
BOAOCHAbKeHMA, NOTPEONAIOLYI0 MUHUMYM SHEPTUN.

3agaHHble napameTpbl:

e HomwuHanbHbIN pacxon 50 n/c, Hanop 200 m, KNJ Hacoca 81%

e [lnanasoH ckopocrtei 0 — 1450 06/muH

e HanpaxeHune cetn —400 B

e Yucrada anekTpolwmToBas ANnA npeobpasoBaTena YacToTbl C XOPOLUIMMM
ycnosmamm otTBoga tenna

e PaccTtoaHMe OT 3N1EKTPOLLUTOBOM A0 Hacoca — 30 m

e YcnoBMA B MeCTe YCTaHOBKM Hacoca - BIaXKHOCTb

e MexaHM4ecKoe pacnofoKeHMe HAcoca - FOpPU3oHTa/IbHoe

B Tabnuue HuxKe 3agaH npodunb Harpysku. Load profile is given (table below). Kakos
KM/ cuctembl npu Kaxaon Harpyske? CKo/iIbKO 3Heprumn notpebaser cuctema B AeHb / B
roa?

= —14——0

Time, % Bpems, %

10 30 30 30

Load, % Harpyska, %

25 50 75 100
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P-4. Design for lowest life cycle cost

Design drive system for variable speed operation of the centrifugal pump in water

supply system so that the system has lowest life cycle cost (LCC).
Given parameters:
e Rated flow 50 I/s, head 200 m, pump efficiency 81%

e Speedrange 0-1450 rpm
e Grid voltage—400V

e Clean electric room for FC with abundant heat removal capabilities

e Distance from the electric room to the pump -30 m

e Conditions at the place of the pump installation - wet
e Pump's mechanical configuration — horizontal

e Load profile is given (table)

Assume the pump works 24 hours a day. Energy price - 0,2 Euro/kWh. Design for 3

different lifetimes: 1, 5 and 10 years.
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Hacoc-4. Cuctema ¢ HaMMeHblUe CTOMMOCTbIO
*XU3HEHHOro UuKna

PaspaboTaTtb cucTemy NpMBoAa 414 PEryIMpyemoro LeHTpobekHOro Hacoca B cucteme
BOAOCHABKEHMA, UMEeoLLYH HaMEHbLYIO CTOMMOCTb KU3HEHHOro umkna (LCC).

3agaHHble napameTpbl:

HomuHanbHbIN pacxog 50 n/c, Hanop 200 m, KNJ Hacoca 81%
NunanasoH ckopocrtei 0 — 1450 06/muH

HanpsaxeHune cetn —400 B

Yucrana anekTpowmToBasa Ana npeobpasosartesns YacToTbl C XOPOLIMMU
ycnosmamm otTBoga tenna

PaccTosiHWe OT aneKTpoLWwmnTOBOMN A0 Hacoca —30 m

YcnoBus B MecTe YCTaHOBKMW HAcoca - BAaXKHOCTb

MexaHn4YecKkoe pacnonoxeHme Hacoca - Fropu3oHTasbHoe

Mpodunb Harpysku 3agaH B Tabaunue

Myctb Hacoc pa6oTaer 24 uyaca B cyTku. CtommocTtb 3Heprum — 0,2 EBpo/KBTu.
PaccmoTpeTb Tpu BapmaHTa CpoKa cnyxbbl: 1, 51 10 nert.

Time, %

Bpems, %

10

30 (| 30 30

Load, %

Harpyska, %

25

50 75 100
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P-5. Design for constrained space

Design the container (put equipment into container of a given size). Design the drive
system and place its parts so that the configuration fits the heat removal capacity of
the containers. The centrifugal pump should be in a separate compartment
connected with the shaft to the motor which is in the compartment next to the
pump (shaft goes through the wall).

Given container size: Hx Lx W = 3 x 7 x 2 m. Note that the pump will occupy 1 m of
the container length.

Try several variants with heat dissipation/removal capacity (in kW) (ventilation/air-
conditioning):

e 30 kW (cost 5000 Euro),
e 50 kW (cost 10000 Euro),
e 70 kW (cost 15000 Euro).

Consider using heat exchanger (air-to-water) to arrange water cooling of the
equipment inside the container.

Size of the heat exchanger: 0.6 x 1 m (footprint). Height is 2 m. Cost 20000 Euro.

Size of the switchgear, which should be placed in the containeris 0.6 x 1 m
(footprint). Height is 2 m. Cost 10000 Euro.

Given parameters:

e Rated flow 250 I/s, head 200 m, pump efficiency 81%, speed 1450 rpm
e Voltage supplied to the container — 6000 V
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Hacoc-5. Cucrtema B orpaHM4YeHHOM NPOCTPAHCTBE

PaspaboTaTb cucTeMy npuBoAa, pasMecTMB Bce 06OpyLOBaHWE B KOHTelHepe
3aflaHHOro pasmepa. PasmecTUTb YacTM CUCTEMbI TaK, 4YTOBbl WX KOHOUrypaums
COOTBETCTBOBA/Ia BO3MOXHOCTAM KOHTeHepa no otTeoAy Tenna. LleHTpobekHbIi Hacoc
OOJIKEH pacnonaraTbCs B OTAE/NbHOM OTCEKe U ObiTb COeAMHEH C Ba/JioM ABWUraTtens,
KOTOPbIN PAacnosioXKeH B cocegHeM OTCeKe (Ban NPOXOAMT Yepes CTEHKY).

3agaHHble pa3mepbl KoHTelHepa: BbicoTa x AnmHa x WupuHa = 3 x 7 x 2 m. Mpu atom
Hacoc 3aHMMaeT 1 M B A/IMHY KOHTelHepa.

PaccmoTpeTb pasHble BapuaHTbl cucTem oTBoga Tenna (B KBT) (cucmrema

BEHTUNINPOBAHUA / KOHAUUNOHUPOBAHUA Bosp,yxa):

e 30 KBT (cTommocTb 5000 EBpoO),
e 50 KBT (cTommocTb 10000 EBpo),
e 70 KBT (cTommocTb 15000 EBpoO).

PaccmoTpeTb BO3MOMKHOCTb WCMONb30BaHWUA TennoobMeHHMKa (Bo3ayx-Boaa) Ans
obecneyeHns BOASHOrO OXNaxKAeHNA 060PYyA0BaAHNA B KOHTENHEpPE.

Pasmep TennoobmeHHMKa: 0.6 x 1 m (3aHMMaeman naowagp). Boicota 2 m. CToumocTb
20000 Espo.

Pasmep pacnpefennTenbHOro yCTPOMCTBa, KOTOPOe AOJIKHO pacnosaraTbea B
KoHTelHepe: 0.6 x 1 m (3aHMmaemas naowaap). Boicota 2 m. Ctoumoctb 10000 Espo.

3agaHHble napameTpbl:

e HomuHanbHbIN pacxoa 250 n/c, Hanop 200 m, KNA Hacoca 81%, ckopocTb 1450
06/Mu1H
e HanpsaxeHue, nogaBaemoe K KoHTeltHepy — 6000 B
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Fig.1. Example of a container.

Puc.1. Mpumep KoHMeliHepa.

[¢]

[e]

[e]

[=]

Fig.2. Variants of placing the equipment.

Puc.2. BapuaHme! pazmeuwieHus o6opydosaHus.
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P-6. Design for special environmental conditions

Design drive system for pump installed on a 2 km high mountain. At the bottom at
the altitude of 400 m there is substation available with 10 kV supply. There are
opportunities to install available container at the slope at heights 800 m and 1200
m. Also near the pump at 2 km.

Propose two designs, lowest cost and highest efficiency. Compare solutions on
spider diagram.

Note: cost of 1 km 10 kV 100 A cable is 1000 euro.
Given pump parameters:

e Rated flow 50 I/s, head 200 m, efficiency 81%, speed 1450 rpm

400m 10kV
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Hacoc-6. Cuctema, otBevalow,aa cneuuanbHbiM YC/I0BUAM
OKpYy’Katowen cpeabl

PaspaboTtatb cuctemy npmMBOAa HAcoca, YCTaHOB/JEHHOFO Ha rope BbICOTOM 2 Km. Y
noAHoOXMA ropbl Ha BbicoTe 400 m Hag ypOBHEM MOpPA PacrnoNoXKeHa NOoACTaHuMA C
nutTalowmm HanpakeHmem 10 KB. EcTb BO3MOMHOCTb YCTAaHOBKM MNOAXOAALLErO
KOHTelHepa Ha CK/AoHe ropbl Ha BbicoTe 800 1 1200 M.\, a Tak)Ke BO3/e Hacoca Ha
BbICOTE 2 KM.

Mpeanoxkute 2 BapuaHTa CUCTEMbI C HaMMeEHbLUEA UeHoM M Haubonbwwmm KA.
CpaBHuWTe BapuaHTbl HA NAYTUHHOW AMarpamme.

CroumocTb 1 Km 10 KB Kabens 100 A coctasnseT 1000 Espo.
3agaHHble napameTpbl Hacoca:

e HomuHanbHbIN pacxon 50 n/c, Hanop 200 m, KMA 81%, ckopocTtb 1450 06/MuH

800m
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C-1. Design for constrained space

Design drive system for the conveyor situated in a narrow passage. L = 120 cm (see
the sketch).

Available information:

e Onedrum to be driven

e No overloads, duty cycle — 100%

e Dusty environment, abundant heat removal capability, wet floor

e Grid400V

e Distance between the driven drum of the conveyor and the FC (cable length)
-30m

e Rated torque 10 kNm

e Speeds: min —200 rpm, max - 250 rpm

e Cooling water available

Design for: (A) Design system for lowest cost. (B) Design system for highest
efficiency

Side view

o |
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KoHBeliep-1. Cucrema npmsopga B orpaHM4EHHOM
NPOCTPaAHCTBE

PaspaboTtaTb cucTemMy NpuBOAA KOHBENEpa, PACNONOKEHHOTO B Y3KOM NPOMeXKyTKe. L =
120 cm (cm. pUCYHOK).

JocTynHasa nHpopmauma:

e KoHBeWep npusoanTCcA B AencTBME OAHMM bapabaHom

e Pabouuii umkn 100% 6e3 neperpysok

e OKpyKatowana cpega nblsibHan, XopoLliune yca0BUsA 0TBOAA Tena, MOKPbIN Mo

e HanpaxeHue cetn —400 B

e PaccTtonHuMe mexay npuMBoaHbIM bapabaHom KOHBelepa 1 npeobpasoBaTtesiem
yacToTbl (anrHa kabensa) —30 m

e HomwuHanbHbIM MOMeHT — 10 KHm

e CKopocTu: MMHUManbHaa — 200 06/1H, makcumanbHas — 250 06/muH

e JlocTynHa oxnaxaatouiasa Boaa

PaspaboTatb cuctemy: (A) c HaumeHbLel ctoumocTbto; (B) ¢ Hanbonbwmnm KNA.

Frontview

L

-

Fig.1. Explanation for the task.
Puc.1. lMoAacHeHUA K 300aHUIO.
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Fig.2. Example of a conveyor with limited space for the gearbox and the motor.
Puc.2. Mpumep KoHeeliepa ¢ 02paHU4YeHHbIM MPOCMPAHCMBOM 018 pasmew,eHus pedykmopa u dgueamerns.
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C-2. Design for applications with different duties KoHBeliep-2. Cucrema npmsopga aNA NpUMEHEHUM ¢
pa3HbiM pabounm LuKaom

Design drive system for the three conveyors with different duties (a) duty 100%, (b)  PaspaboTtaTb cucTtemy npuBoga ANA TPEX KOHBEMEPOB C pasHbIMM paboummu LMKnamm

70%, (c) 50%. Duty cycle period — 1 min. (a) 100%, (b) 70%, (c) 50%. OnnTtenbHocTb paboyero umkna — 1 MUH.
Available information: JoctynHas nHpopmaums:
e Onedrum to be driven e KoHBeWep npuBogmMTCca B gencrene ogHMm 6apabaHom
e Rated torque 50 kNm e  HomuHanbHbIN MOMEHT 50 KHm
e Speeds: min —75 rpm, max -150 rpm e  CKOpOCTU: MUHUMa/IbHaA — 75 06/MunH, makcumanbHasa —150 06/MuH
¢ No overloads e [leperpysku OTCyTCTBYIOT
e Air-conditioned clean power house, abundant heat removal capability e YuycTbIV MaWWHHbIN 321 C KOHANLUMOHUPOBAHNMEM BO34yXa M XOPOLIMMU
e Grid400V YCNOBMAMM OTBOAA Tena
e Distance of conveyor from FC (cable length) —40 m e HanpsaxeHue cetn —400 B
e Cooling water not available e PaccTonHMe OT KOHBelepa Ao npeobpasoBaTtens YacToThbl (4nMHa Kabens) — 40
M
Use helical gearbox with ratio 1:5. e Oxnaxparowas XMAKOCTb HeAOCTYMNHA
Summarize the data in a table like the one below. Explain the results. Mcnonb3oBaTb KOCO3ybblli pegyKTop ¢ nepesaTtovyHbiM OTHoWweHMem 1:5.

CobpaTb pe3ynbTaTbl B TabaunLe, NOKazaHHOM HMxKe. O6bACHUTL pe3ybTaThbl.

Case Duty |(|Motor type|| FC type || Cost motor Cost FC || Cost total BapuaHT Pabounii Tun S— CroumocTb ||CtoumocTb O6uwan
UMK asurarens asuratena ny CTOMMOCTb
1 100%
1 100%
2 70%
2 70%
3 50%
3 50%
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C-3. Design for applications with different overloads

You are chief engineer at a plant. Design drive system for the five conveyors. Design
for the following overload variants:

(a) No overloads (0%),

(b) 100% 2 sec each 1 min,
(c) 100% 1 min each 10 min,
(d) 100% 2 min each 20 min.
(e) 50% 1 min each 10 min.

Available information:

One drum to be driven

Rated torque 10 kNm

Speeds: min —400 rpm, max - 630 rpm

Duty 100%

Air-conditioned clear power house, abundant heat removal capability
Grid 400 V

Distance pump from FC (cable length) —40 m

Cooling water not available

Explain the results.
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KoHBeliep-3. Cuctema npmusopga ana NnpUMeHeHUM ¢
Pa3NIMYHbIMM HArpy3Kamm

B KauecTBe rnaBHOro MHKeHepa 3aBo4a Bam Ha4o pa3paboTaTb cucTemy npusoga ana 5
KOHBENEpPOB CO C/lefyoWMMM BapMaHTaMmM NeperpysKku:

e (a) 6es neperpyskun(0%),
e (b) 100% neperpyska B Te4eHMe 2 ¢ Kaxayto 1 MuH,

e (c) 100% neperpyska B TedeHne 1 MUH Kaxaple 10 MUH,
e (d) 100% neperpy3ka B Te4eHUe 2 MUH Kaxapble 20 MUH.
e (e) 50% neperpyska B TedeHne 1 MUH Kaxgple 10 MUH.

JoctynHasa nHpopmaumsa:

e KoHBeWep npusoanTCA B AencTBME OAHMM bapabaHom

HomuHanbHbIM MOMeHT — 10 KHm

CropocTu: MMHUManbHaa — 400 06/MnH, MakcumasnbHasa — 630 06/mMuH
Pabouunin umkn 100%

YUCTbIM MaLUMHHBIM 331 C KOHAULMOHMPOBAHNEM BO34YXa WU XOPOLLIMMM
yCNoBMAMM 0TBOAA TENNA

HanpsaxeHune cetn —400 B

PaccTtoaHue mexay Hacocom m MY (anvHa kabensa) — 40 m
OxnarkaaroLLas *KUAKOCTb HeAOCTYMNHa

OB6bACHUTbL pe3y/bTaThl.

each 10 min

Case Overload Motor type || FC type || Cost motor || Cost FC || Cost total
1 No
2 100% 2 sec
each 1 min
3 100% 1 min

Tun CroumocTb |[CtoumocTb|| O6uwasn
BapuaHT|| Meperpyska Tun N4
Asurartens asurartens ny CTOMMOCTb
1 Het
100%
2 2 C Kaxaple
1 muH
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4 100% 5 min 100%
each 20 min 1 MUH Kaxkable

5 |[50% 1 min 10 muH

each 10 min 100%
5 MUH Kaxable

20 muH

50%
1 MUH Kaxkable
10 muH
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C-4. Design for lowest system cost

Design drive system for the four conveyors with different speeds (the same power).

Given parameters:

e No overloads

e Duty - 100% (uninterruptable operation)

e Location/environment — clean room

e Grid-690V

e Cooling water not available

e Speeds and torques according to the table

MaTBeesB
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KoHBeitep-4. Cucrema c HaMmeHbLUEW CTOMMOCTbIO

Pa3paboTaTtb cucTEMY NPUBOAA YETbIPEX KOHBEMEPOB C Pa3/IMUYHbIMU CKOPOCTAMM (Npwn

OAVHaKOBOW MOLLHOCTH).

3agaHHble napameTpbl:

Design for: lowest investment cost (CAPEX). Assume energy efficiency is not

important. Present total system efficiency at 100% load, 50% load

MNeperpy3ok HeT

Pabounit upkn — 100% (HenpepbiBHas paborTa)
PacnosnoxeHune/oKpyrKatollan cpefa — YnCcToe nomelleHme
HanpsaxeHune cetn — 690 B

Oxnakparowan KUAKOCTb He AOCTYMNHa

CKOpOCTU M MOMEHTbI KOHBEMEPOB YKa3aHbl B Tabauue

PaspaboTaTb cuUCTEMY C HaMMeHblUel CTOMMOCTblO WHBecTuumid  (CAPEX). KNA
npeanonaraerca HecywectBeHHbIM. Hantn obwuin KNA cuctemnbl npu 100% Harpyske,
npn 50% Harpyske.

Case speed, rpm torque, kNm
BapuaHTt CKopocTtb, 06/muH MomeHT, KHm
1 100...500 10
2 300...500 10
3 20...100 50
4 70...100 50
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C-5. Design for long and short cables

Design drive system for the conveyor with two drums to be driven. Load sharing
50/50%. You are free to choose where the drive and the transformer (if any) will be
located. Also free to choose voltage level.

Note: only one possible variant is shown on the sketch in Fig.1.

o0y
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KoHBeitep-5. Cucrema ¢ 4/IMHHBIMU U KOPOTKUMM
Kabenamm

PaspaboTatb cucTemy nNpuBofa 418 KOHBelepa C ABYMA NpuBoAHbIMKM BapabaHamu.
Harpyska mexay HUMKM pacnpepensetca Kak 50/50%. MoxkeTe BbibupaTb noboe
pacrnosioxeHuwe npueoaa M TpaHchopmaTtopa (ecnn HyxKeH). TakKe MorxeTe BblIOMpaTb
YPOBEHb HanpAXeHNA.

Ha purc. 1 noKasaH TONbKO OAMH U3 BO3MOXKHbIX BapunaHTOB.

250m S@ 6000V

-

7

30m

7 ulf

No cooling water available, clean power house

Cooling water available

Fig.1. Explanation of the task.
Puc.1. lNosAcHeHue K 3a00HUIO.

Available information:

e Rated torque 60 kNm (for the total conveyor)

e Operational speeds 40 - 200 rpm

e 20% overloads

e Duty cycle - 100%

e Choose between two power houses with 6000 V and 690 V voltage sources
e Power houses: constrained space (try to minimize footprint)

Design the system for lowest cost.

JocTynHasa nHpopmauma:

e HomMHanbHbIN momeHT 60 KHm (15 BCcero KoHBeiepa)

e Paboune ckopoctu 40 — 200 06/MUH

e [leperpy3ka 20%

e Pabounii umkn — 100%

e PaccmoTpeTtb 2 BapmaHTa MaLMHHBIX 3a/1a C UCTOYHMKaMM HanpsaxkeHma 6000 B
1 690 B

e MaLWMWHHBIM 331 € OrpaHUYEHHbIM NPOCTPAHCTBOM (MMHUMM3MPOBATb NOWAAb,
33aHMMAEMYIO KOMMOHEHTaMM)

Pa3pa60TaTb cncremy C MWHMMaNbHO CTOMMOCTbIO.
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Fig.2. Example
Puc.2. lpumep.
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WT-1. Top head mass reduction for floating wind
turbines

Two imaginary companies, OffshoreWinds Ltd and WindFloaters Inc develop
offshore floating wind turbines of 1 and 2 MW size, respectively. Help them to
design power drive trains for their turbines. You are free to place converter and
transformer in the tower if you like. Available tower diameter is 4 m for the 1 MW
turbine and 7 m for the 2 MW turbine (remember space for the elevator!).

Parameters of the turbines:

e Turbine by OffshoreWinds Ltd: Power 1 MW, rated speed 17 rpm.
e Turbine by WindFloaters Inc: Power 2 MW, rated speed 15 rpm.

Inter-park voltage is 11 kV.

What cables will you use? How about cable connection terminals? Bending of the
cable? Do you get some advantage if tower and nacelle are air-conditioned (no salty
air penetration)? What if clean cooling water is made available in the nacelle/tower?
What are other/additional design steps which cannot be tried in DriveConstructor
would you try? Input from the company: “we need lowest possible top head mass as
it would simplify design of the floating tower”

Note: We did not include direct drive option here as it is known to be the heaviest.
Hints:

e Low-voltage electric machines in DriveConstructor are available up to 2000
kW, medium-voltage — up to 5 MW
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BeTpaHan Typ6buHa-1. CHU}KeHue macCbl YCTAaHOB/IEHHOTIO
HaBepXxy o6opyaoBaHUA B NaaBaloLen BeTPAHOU TypbuHe

[Be Boobparkaemble komnanuu, OffshoreWinds Ltd v WindFloaters Inc paspabaTtbiBatoT
odLIOpHbIE NnaBatowme BeTpoBble TypbuHbl 1 1 2 MBT cooTBeTcTBEHHO. [NMomorute nm
paspaboTaTtb cuctemy npusoda aAna ux TypobuH. MNpeobpasoBaTenb M TpaHchopmaTop
MOKeTe pacnonaratb B HawHe B Atobom mecte. mameTp H6awHn gna 1 MBT Typ6uHbI
coctasnaeT 4 m, ana 2 MBT TypbuHbl — 7 M (ocTaBbTe mecTo v ansa angral).

MapameTpbl TYPOUH:

e TypbuHa ot OffshoreWinds Ltd: mowHocTb 1 MBT, HOMWHanbHaA ckopocTb 17
06/MUH.

e TypbuHa ot WindFloaters Inc: mouwHocTb 2 MBT, HOMWHaNbHaAA ckopocTb 15
06/MUH.

HanpsaxeHune BeTponapka 11 kB.

Kakue Kabenu 6yaete ncnonb3oBaTb? Kakune coeaAnHUTENbHbIE 3aXKMMbl gNA Kabenein?
Kak 6ypeTe usrmbatb Kabenu? [lloaBaTca AW y Bac npeumyluecTBa, ecaun 6awHA U
roHgona 6yayT MMeTb KOHOMUMOHWPOBAHHbIA BO34yX (3aWWUTy OT MPOHUKHOBEHMSA
conn)? MOMOKET NN HAaAMuYME UYMCTOM OXNaxKAalolWen KUAKOCTU B roHgone/6awHe?
Kakue 6bl elle BapuaHTbl, He NpeaycMoTpeHHble B nporpamme DriveConstructor, Bbl 6bl
npumeHnAn? MNoacKkaska OT KOMMAAHMM: “Mbl XOTUM NOYYUTb HAMMEHbLLYIO BO3MOKHYIO
Maccy BepxHen 4yactu, YTobbl yNpPoCTUTb KOHCTPYKLMIO NaaBatoLei 6awHm”.

MpumeyaHue: BapMaHT NPAMOro NpMBOLa 34€eCb HE PAacCMaTPMBAETCA, MOCKO/IbKY OH
M3BECTEH, KaK CaMblii TAXKeNbIN.

CoseTbl:

e D/IeKTpUYecKne MallMHbl HU3KOrO HaNpsAXKeHusa B nporpamme DriveConstructor
cywiectsytoT Ao mowHoctn 2000 KBT, cpegHero HanpaxeHuna — oo 5 MBT.
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WT-2. Drive train optimization for on-land wind turbine

Design drive train for the series of WT;

e 500 kW (20 rpm, 238 kNm),
e 1MW (17 rpm, 562 kNm),
e 3 MW (15 rpm, 1910 kNm).

Overspeed is the same for all the turbines — 1,2. Grid voltage — 10000 V.
Design for lowest cost.

Try different electric machines and different gear ratios. Try different variants with
placement of the drive train components.

Assume enough space inside the tower to place e.g. FC and transformer. Include
variant with FC and transformer in a container on the ground next to the WT (see
the sketch below). Summarize and present all key characteristics in a table.
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BeTpaHaa TypbuHa-2. OnTummnsayua cuctembl NpuBoAa
ANA Ha3eMHOMW BeTPOBOU TYPOUHDI
PaspaboTaTtb cucteMbl NPUBOAA AN1A CEPUM BETPOBLIX TYPOUH:

e 500 KBT (20 06/MuH, 238 KHm),
e 1MBT(17 06/MWH, 562 KHM),
e 3 MBT (15 06/MunH, 1910 KHm).

MpeBbilleHME CKOPOCTM OAMHaKoBOoe A Bcex TYpbuH — 1,2. HanpsxkeHune cetn — 10000
B.

Pa3paboTaTb cMCTEMbI C HAMMEHbLLEN CTOMMOCTbIO.

Ncnonb3oBatb pPa3/zinyHble 3SNEKTPUYECKME MaAWlMUHbI W pa3Hble NepeaatodvHble
OTHOWEHNA peayKTopa. Ucnonb3osaTb pa3/inyHble MecCTa pa3meleHnA KOMMNOHEHTOB
cncremol npmeoda.

Myctb B 6awHe 6yaeT [OCTaTOMHO MeCTa AN PasMELLEHMs,  Hanpumep,
npeobpasoBatens 4actoTbl M TpaHchopmaTopa. PaccmoTtperb BapuaHT ¢ MY u
TpaHcHOPMaTOPOM, YCTAaHOB/IEHHbIMM B KOHTEMHEPE Ha 3eMe PALOM C TYPOUHOM (Ccm.
PUCYHOK HuKe). [pencTaBUTb BCE OCHOBHbIE XapaKTEPUCTUKU  PACCMOTPEHHbIX
BapuaHTOB B Tabauue.

(88 > =CE.
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WT-3. Inertia of the drive train as protection against
tidal turbine runaway

Consider the following situation: 1 MW TT tidal turbine (TT) is running at its rated
speed of 11 rpm (868 kNm).

There occurs grid loss, generator torque drops to zero, propeller begins to
accelerate. Brake will be applied in 0,1 sec (Case 1) or in 0,2 sec (Case 2).

Question: to what speed would the TT accelerate in Cases 1 and 2 if it had the
following drive trains configurations:

e without gear (DD),

e with 1-stage gearbox,
e with 2-stage gearbox,
e with 3-stage gearbox?

For all cases there is used PM machine as the generator.

Note: it is known that inertia of rotor of DD electric machine would be 17 ton*m?

Ctp. | 49

BeTpsaHaa Typ6uHa-3. Ucnonb3oBaHUE MOMEHTA MHEPLUN
CUCTeMbI NPUBOAA ANA 3aWUTbI OT YCKOPEHUA NPUINBHOMU
TYp6UHbI

Myctb npunauBHaa TypbuHa (TT) mowHocTbto 1 MBT paboTaeT ¢ HOMMHaNbHOM
ckopocTbio 11 06/MnUH (MOMEHT 868 KHMm).

Mpyu BHE3AMHOM OTK/IOYEHUWN CETU FreHepaToOPHbIM MOMEHT NasgaeT 4o Hyna U TypbuHa
HauMHaeT yckopsaTbcA. Topmo3s cpaboTaet yepes 0,1 ¢ (BapmaHT 1) unm 0,2 c (BapunaHT 2).

Bonpoc: [0 KaKkoW CKOPOCTM ycneeT pa3orHaTbea TypbuHa B BapuaHTe 1 1 BapuaHTe 2
npu caeayowmx KOHGUrypaLmax CMCTeMbI NPUBOAA:

e 6e3 peayktopa (npsamoli npusoa),
e Cl-cTyneH4YaTbiM peZlyKTOpOM,

e C2- CTyNeHYaTbiM PeayKTOPOM,

e C 3- cTyneH4YaTbiM peyKTopom?

Bo Bcex cny4yaax B KayecTse reHepatopa ncnoabsyetca CMIMM.

MprMmeyaHne: MOMEHT MHEPLMM POTOPa 3/1EKTPUMUECKON MallMHbI NPAMOro NpuMBoAa
coctasaseT 17 m*m?
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WT-4. Cost of Energy (COE) analysis for ocean and river
1T

Propose optimal drive train designs for one ocean and one river water stream
turbines of 1 MW power targeting lowest COE for each of the turbines.

Given for both turbines:

e Rated speed-11rpm

e Rated torque - 870 kNm

e Overspeed-1.2

e Grid voltage on-shore — 10 kV

e Capital expenditures (CAPEX), except of the drive train cost - 7 million Euro.

e Operational expenditures (OPEX) — 0.4 million Euro per annum for drive
train with 3-stage gearbox, 0.39 million Euro per annum for drive train with
2-stage gearbox

e Lifetime of the turbine - 20 years

e Cost of 10 kV subsea cable is 10000 Euro per km

Loads of the ocean turbine:
e Close to 100% load 10% of time
e Close to 75% load 35% of time
e Close to 50% load 30% of time
e Close to 25% load 25% of time

Load of the river turbine is assumed 100% all the time.

Try the two system solutions:
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Typ6buHa-4. CpasHeHune ctommocTtu 3Heprum (CI)
OKEaHCKOM U peyHoi NPUANBHOMUN TYPOUHDI

MpeanoxunTe oNTUMaNbHOE CUCTEMHOE PELIEHWNE A/1F CUCTEMbI NPeobpas3oBaHuA
3Heprun (aneKkTponpmeoaa) AN OKEAHCKOM U PeUYHON NPUANBHBIX TYPOUH C
HOMMWHaNbHOW MOLLHOCTbIO 1 MBT Kaxk4as, umes Le/iblo HAMMEHbLLYH CTOMMOCTb
3Heprun (gns Kaxgoh us TypbuH).

[aHo ana obenx TypbuH:

e HomwuHanbHas ckopocTb - 11 06/mMuH

e MomeHT - 870 KHm

e [lpeBblweHune ckopoctn —1,2

e HanpsaxeHune beperosol ceTm — 6 KB

e KanutanbHble 3atpaTbl (CAPEX), UCKNtOYAsA CTOMMOCTb CUCTEMBI
npeobpasoBaHuUs sHeprumn - 7 mmanmoHos Euro.

e OnepaumoHHble 3aTpatbl (OPEX) — 0.4 munnunoHa Euro B rog gns cuctemsi ¢ 3-
cTyneH4aTbiMm peayktopom, 0.39 munnmnoHa Euro B rog, gna cuctemol C 2-
CTyneH4yaTbiM peayKTOpOMm

e [lpoeKkTHOE Bpems KMU3HU TypbuHbI - 20 net

e CrommocTb 10 KB nogsogHoro Kabensa - 10000 Euro/km

Harpy3ku okeaHcKow TypbuHbI:
e OKono 100% Harpy3ku 10% BpemeHun
e OKono 75% Harpy3sku 35% spemeHun
e Okono 50% Harpy3ku 30% BpemeHun
e OKon0 25% Harpysku 25% spemeHun

PeyHasa TypbumHa nmeet Bcerga 100% HarpysKy

MonpobyiiTe ABa CUCTEMHbIX PELLeHUSA:
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Solution 1. Frequency converter and transformer — on the shore.
PeweHue 1. NMpeobpasoBaTenb 4acToTbl U TpaHchopmaTop Ha bepery.

690 V or 3300 V or 6 kV cable

10 kV grid

@ Gearbox
@ Generator
@ Converter

@ Transformer

Solution 2. Frequency converter and transformer in the nacelle.
PeweHune 2. NpeobpaszoBaTtenb 4acToTbl U TpaHCcHOPMaATOP B rOHAONE.

10 kV cable

/. 10 kV grid

@ Gearbox
@ Generator
@ Converter
@ Transformer

Length of the cable between the river turbine and the on-shore grid is 0,5 km.

Length of the cable between the ocean turbine and the on-shore grid is 1 km (case
1) and 3 km (case 2).

Present the COE values for all the cases you have analyzed. Compare the ocean and
the river turbines, draw conclusions.

OnvHa Kabens mexay peyHon TypbuHon n beperosoii noactaHumen - 0,5 Km.

[nvHa kabena mexKay oKeaHCKOM TypbuHol n beperosoit noactaHumen - 1 Km (BapuaHT
1) and 3 Km (BapwuaHT 2).

MpeactasbTe 3HaYeHMA CI AN BCEX PaCCMOTPEHHbIX ciyvaeB. CpaBHUTb OKEaHCKYHO U
peyHyto TypbuHbI, caenaiTe BbiBOAbI.
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WT-5. Small high-speed WT BeTpoBas TypbuHa-5. He6onbLuaa BbICOKOCKOPOCTHaA
TYypbuHa
Given: JaHo:
e rated propeller speed - 200 rpm e HOMMHa/bHaA ckopocTb nponennepa — 200 06/MuH
e torque—1kNm e MOMEHT—1KHm
e WT height—30m, e BbicoTa TypbuHbI —30 M
e Distance from the tower to the power house —50 m e PaccrtoaHuMe oT 6aWwHM 40 MALLIMHHOrO 3a1a— 50 m
e Transformer with 400 V is available the power house — 50 m e B mawmnHHOM 3as1e umeeTca TpaHchopmaTop Ha 400 B
The task: design optimal systems for the following drive trains configurations: 3afaya: CNPOEKTMPOBATbL ONTUMA/IbHbIE CUCTEMbI NPUBOAA ANA CeAyoLWmMX
e without gear (DD), KOHurypaunit:
e with 1-stage gearbox, e 6e3 peayktopa (npsmoli npusoa),
e with 2-stage gearbox, e C1-cTyneH4yaTbiM peayKTopom,
e with 3-stage gearbox. e C2-CTyneH4yaTbiM PeayKToOpoMm,

Draw conclusions on efficiency vs cost. First take only induction machine and try *  C3-CTyNeHuaTbiM PefyKTOpOM.

different efficiency classes. Design for highest efficiency. Limit CAPEX (capital Cpenatb BbiBOAbI O COOTHOWeEHUU K[ 1 cToMmocTn cuctembl. BHayane paccmoTtpeTb
expenditures) to 30000 Euro. TO/IbKO ACUHXPOHHYIO MALUMHY M Pa3iMUHble Knaccbl adpdeKTMBHOCTU. CNpoeKTUpoBaThb

cuctemy ¢ Hamsbiclwmm KMNA. OrpaHnunTb KanuTanbHble 3aTpaTtbl (CAPEX) cymmolti 30000

Espo.

H
L
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W-1. Drive train for the winder Nlebepka-1. Cucrema npuBoaa ANA HAMOTOUYHOTO
YCTPOUCTBA
Design drive train for the winder with the following data: PaspaboTaTtb cucTemy Nnpneoaa HAMOTOYHOIO YCTPOMCTBA CO CAeAyOWUMMN AAaHHbIMU:
e empty drum diameter 0.2 m e auameTp nyctoro 6apabaHa 0.2 m
e full drum diameter 0.3 m e auameTp nosiHoro 6apabaHa 0.3 m
e linear speed at which the cable is to be reeled on the drum -5 m/s e  /IMHElHaA CKOPOCTb HamaTblBaeMoro Tpoca — 5 m/c
e force/tension on the cable 10 kN e cuna/ycunue Ha Tpoce — 10 KH
e grid voltage 400 V e  HanpsaxeHue cetn 400 B
e no overloads e neperpyskun oTCyTCTBYIOT

Design the drive system for lowest cost. Consider topologies with gearbox and direct PaspaboTtaTb cucTemy npuBoga C HaMMEHbLUEN CTOMMOCTbIO. PaccmoTpeTb cxembl C
drive. peayKTopoM U NPSMbIM NPUBOLOM.

Rewind drive
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W-2. Designing the winch drum and drive train for low JNlebepKa-2. Pa3pabotka 6apabaHa nebegku u cucremol

cost npusoAa C HaMmeHbLlU e CTOMMOCTbIO
Design the winch drum and drive train for the following system specification: PaspaboTaTtb 6bapabaH nebegKkn u cuctemy NnpuBoaa AN Cneaytowmx yCaoBuii:
e linear speed at which the cable is to be reeled on the drum 2 m/s e /IMHelHaA CKOPOCTb HamaTblBaHWA Tpoca Ha 6apabaH 2 m/c
e force/tension on the cable 10 kN e cuna/ycunue Ha Tpoce 10 kKH
e overloads-20% e neperpy3ka—20%
e grid voltage 690 V e HanpsaxeHue cetn 690 B
e capacity of the winch - 1 m3 e eMKocTb nebegkm —1 m3
Design drum by varying: Pa3paboTaTtb bapabaH, usmeHnAA cieayrolme Be/IMUYMHbI:
e empty drum diameter (D1) e auameTp nyctoro 6apabaHa (D1)
e full drum diameter (D2) e aMameTp noJsiHoro bapabana (D2)
e drum length (L) e AnVHy bapabaHa (L)
Optimize for lowest drive train cost. Assume cost of the drum negligible. OnTMMM3MpPOBATL CUCTEMY NpPMBOAA MO HaMMeHbllelh CcToMMOCTU. CTOMMOCTbIO

6apabaHa npeHebpeyb.
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W-3. Inertia in the winch drive train

The trawler is going forward dragging a fish net behind. The net is connected by a
wire to the winch. The winch drum is being held at zero speed by torque control.
Rated torque is applied. Sometimes the net may get stuck and the wire collapse.

Given data (normal operation):

e Empty drum diameter 1 m

Full drum diameter—1,5m

Linear speed at which the cable is to be reeled on the drum —2 m/s
Force/tension on the cable — 100 kN

Overloads - 50 %

Vessel grid voltage — 690 V

Typical situation is given:

Speed of the vessel — 5 m/s

Wire elasticity - 1% (how much it can extend in % before collapsing)
Wire length — 1 km

Inertia of the drum — 100 kgm?2

Force on the wire (and torque) increases by 20% right after the net stuck
and them increases by 10% for every 0,1% of extension of the wire.

Design drive train so that the wire does not collapse. To find the answer try to
dimension the drive train using several gearbox and machine combinations. Check if
the wire would collapse in each design variant.

Torque is removed by control system 1 second after the net stuck detection.
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Nle6epKa-3. MOMeHT nHepuumn B cucteme NpmMBoaa
nebepku

Tpaynep asuxKetcs Bnepes, Tawa 3a coboi pbibonoBHy0 ceTb. CeTb coegmHeHa TPOCOM
c nebepKkon. bapabaH nebenKku yaepKUBaeTCs Ha HYNeBOM CKOPOCTM C NOMOLLbIO
ynpaBneHus MOMeHTOM. K Tpocy NpuaoXeH HOMMHA/NbHbIN MOMEHT. UHorga ceTb
MOXEeT 3aCTPATb M TOrAa TPOC NopBeTCS.

NcxoaHble AaHHble (NpY HoOpManbHOW paboTe):

e [IuameTp nyctoro 6apabaHa —1 m

e [unameTp nonHoro 6apabaHa—1,5m

e JIMHelHasA CKOpPOCTb HaMaTbiBaHMA Tpoca Ha bapabaH — 2 m/c
e Cuna/ycunme Ha Tpoce — 100 kH

e [leperpy3ka—>50%

e HanpaxeHue ceTn Ha cyaHe — 690 B

TunuyHas CUTyaumA:

e CropocTb cyaHa — 5 m/c

e JnacTYHOCTb Tpoca — 1% (Ha CKOMIbKO % TPOC MOKET PaCTAHYTLCA NPeXAe, Yem
nopseTtcsa)

e [nunHa Tpoca—1Km

e MomeHT nHepumm 6apabara — 100 Krm?

e Cuctema ynpaBneHUa MOXKET CHATb MOMEHT Yepe3 1 c nocne obHapyKeHuA
3acTpeBaHus

e Ycunume Ha Tpoce (M MOMEHT) Bo3pacTatoT Ha 20% cpasy nocsie 3acTpeBaHus u
3aTem BO3pacTatoT Ha 10% npu KaxKaom yanmHeHuu Tpoca Ha 0,1%.

PaspaboTtaTtb cucTemy NpuBoAa TakMm 06pasom, 4Tobbl Tpoc He obopeanca. Ans aToro
paccMoTpeTb pas/inyHble KoMBWMHaUMK peayKkTopa U aAuratens. Mposeputb, byaeT v
06pbIB TPOCA B KaXKA0M M3 BapUaHTOB.
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