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POPIS OZNAKA
Oznaka Jedinica Opis

n okretaja/min  Brzina vrtnje

f Hz Frekvencija

p - Broj pari polova elektricnog motora
M N Okretni moment

F N Sila
l m Udaljenost od referentne osi
I kgm? Moment inercije tijela

a 572 Kutno ubrzanje

m kg Masa
T m Udaljenost od osi rotacije svake Cestice koja Cini tijelo
P W Snaga

w st Kutna brzina

Poc w Shaga otvorenog kruga

Prapajanje W Snaga napajanja
W st Brzina vrtnje u otvorenom krugu
Tox Nm Moment u otvorenom krugu
Pgubici w Snaga gubitaka

I, A Procijenjena struja kratkog spoja

Voc \Y% Napon otvorenog kruga

X Q Sinkrona reaktancija

Zyanj. Q Vanjska impedancija

I A Elektri¢na struja

U \ Razlika potencijala (napon)

R Q Otpor
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SAZETAK

Tema ovoga zavrsnog rada je opisati osmisSljavanje 1 konstruiranje ispitne stanice za ispitivanje
elektricnog motora koji se razvija u sklopu projekta FSB Racing Team-a. Motor na kojem ¢e
se vrsiti ispitivanja pomoc¢u ove ispitne stanice koristi ¢e se za sudjelovanje u Formula Student
natjecanju. Napravljen je kratki pregled rjeSenja sustava elektri¢ne propulzije cestovnih vozila,
konstrukcija ispitne stanice, izbor i spajanje pripadajuc¢ih senzora elektricnih i mehanickih

veli¢ina, koncipiranje sustava za prikupljanje podataka te plan provedbe testova.

Kljucne rijeci:

Elektri¢ni motor, ispitna stanica, senzori, testovi, Formula Student
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SUMMARY

The topic of this final paper is to describe the conceptualization, design and construction of a
test station for testing an electric motor that is being developed as a part of the FSB Racing
Team project. The motor to be tested using this test station will be used to participate in the
Formula Student competition. A brief overview of solutions of electric propulsion systems for
road vehicles has been made, along with the construction of the test rig, the selection and
connection of the corresponding sensors of electrical and mechanical quantities, the design of

the data collection system and the test implementation plan.

Key words:

Electric motor, test rig, sensors, tests, Formula Student
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1. Uvod

1.1. Formula Student natjecanje

Formula Student je natjecanje studenata tehnickih fakulteta u projektiranju, konstruiranju i
proizvodnji trka¢eg bolida jednosjeda prema pravilniku Formula Student natjecanja. Ovo
svijetu. Osmisljeno je kako bi se potakle inovacije i upotreba teorijskih znanja koje su studenti
stekli na fakultetu u prakti¢énu upotrebu. Prvo natjecanje odrzano je 1980-tih u Sjedinjenim
Americkim DrZavama, a kasnije se proSirilo na cijeli svijet. Danas viSe od 20 drzava odrzava
ovo natjecanje ukljuéujuéi Veliku Britaniju, Njemacku, Italiju, Svicarsku, Austriju, Madarsku
i Spanjolsku. Sudjeluju timovi iz cijelog svijeta. Bodovanje je podijeljeno na staticki i
dinamicki dio. Stati¢ki dio u fokus stavlja logistiku, organizaciju te marketinski, proizvodni,
ekonomski i poslovni aspekt cijelog projekta, a sastoji se od: Engineering Design, Cost &
Manufacturing i Business Plan Presentation. Dinamicki dio u fokus stavlja performanse,
konstrukeijski i cjelokupni tehni¢ki dio projekta, a sastoji se od Skipad-a, Autocross-a, utrke
ubrzanja i utrke izdrzljivosti (endurance). Bolidi moraju zadovoljiti tehnicki pregled kako bi
bili sigurni za nastupanje na dinamickom dijelu. Taj tehnicki pregled provode strucnjaci koji
imaju veliko iskustvo u auto sportovima. Glavni fokus natjecanja nije na utrkivanju i vremenu
kruga nego na inovacijama 1 primjeni teorijskih znanja u prakti¢ne svrhe. Mozda i najvazniji
dio natjecanja je financiranje, buduc¢i da se cijeli projekt financija od strane sponzora i donatora.
Ovdje ¢lanovi tima pokazuju svoje menadZerske i marketinske sposobnosti. Kako bi se odobrio
pristup natjecanju svaki tim rjeSava kvizove koji se sastoje od znanja pravilnika natjecanja,
op¢ih znanja o konstrukciji bolida te op¢ih tehnickih znanja. Ovisno o natjecanju samo najbolji

timovi po rezultatu na kvizu imaju pravo pristupiti fizickom natjecanju.

Fakultet strojarstva i brodogradnje 1
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CV & EV DV
Static Events:
Business Plan Presentation 75 points 75 points
Cost and Manufacturing 100 points 100 points

Engineering Design

150 points

300 points

Dynamic Events:

Skid Pad 75 points 75 points
Acceleration 75 points 75 points
Autocross 100 points 100 points
Endurance 325 points -
Efficiency 100 points 75 points
Trackdrive - 200 points
Overall 1000 points 1000 points

Slika 1. Bodovanje na FS natjecanju [2]

1.2. FSB Racing Team

,»FSB Racing Team* je prvi i najuspjeSniji hrvatski tim koji se natje¢e u Formula Student

natjecanju. Projekt je osnovan 2003. godine, a od tada je izrastao u veliki interdisciplinarni tim

sa studentima s razli¢itih fakulteta u sklopu Sveucilista u Zagrebu. Studenti dolaze s Fakulteta

strojarstva 1 brodogradnje, Fakulteta elektrotehnike i1 raCunarstva, Ekonomskog fakulteta,

Prirodoslovno matematickog fakulteta, Arhitektonskog fakulteta i drugih. FSB Racing Team

danas broji preko 90 aktivnih ¢lanova uz koje redovito savjetima pripomazu i alumni ¢lanovi.

Upravljanje timom organizirano je poput automobilske tvrtke. Cijelim timom upravlja Team

manager u suradnji s Project manager-om te Chief Engineer-ima. Tim je strukturiran od 12 pod-

timova kojima upravljaju pod-voditelji i sastoji se od iskusnih (senior) i mladih (junior) ¢lanova

pod-tima.

-

AERODYNAMICS

LK

POWERTRAIN

ELECTRIC MOTOR

= o

CHASSIS DRIVETRAIN

o all

CONTROL SYSTEMS

&

MANUFACTURING

e

VEHICLE DYNAMICS

Slika 2. Struktura FSBRT [1]
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Za konstrukciju elektri¢énih motora zaduzen je pod-tim Elektri¢éni motor. Rad u pod-timu
Elektricni motor moze se podijeliti na dvije glavne aktivnosti: elektrotehnicki dizajn i
konstrukcijski dizajn. Projektiranje pocinje postavljanjem ogranicenja i1 definiranjem
performansi koje stroj mora zadovoljiti. Nakon toga se dizajnira elektromagnetski dio motora,
odabire se konfiguracija i tip motora te se definira geometrija statora i rotora te uzorak
namatanja kako bi se zadovoljilo ranije postavljene uvjete. Slijedi konstrukcijski dio koji se
sastoji od konstruiranja vratila i kuciSta te odabir leZajeva, senzora i ostalih komponenata.
Konstrukcija motora je iterativna jer su sve nabrojane faze meduovisne. Nakon proizvodnje
motora potrebno ga je testirati, mapirati, ugraditi na bolid i pripremiti za natjecanja.

Prvi projekt tima koji je realiziran 2003. godine bio je bolid Kuna. Bolid je pogonio motor s
unutarnjim izgaranjem, imao je sekvencijalnu transmisiju sa Sest stupnjeva prijenosa,

maksimalnu brzinu od oko 160 km/h te masu od 317 Kkg.

Kuna

Engine — Yamaha R6

ECU - Autronic SMC

Gearbox — 6 Gears, Sequential
Chassis — Tubular Steel Construction

Body panels — Glass fibre

317k8 52 160km/h 1500mm

Mass of the Car Acceleration (0-100) Top Speed Wheelbase

Slika 3. FSB-RT01 Kuna [1]

Zatim se u godinama koje slijede realiziraju i ostali bolidi: Ris, Likos, ArctosR, Strix, StrixR,
Vulpes. Vulpes je prvi hrvatski potpuno elektri¢ni bolid sa Sasijom od monokok karbonskih
vlakana $to je rezultiralo masom od samo 229 kilograma. Opremljen je dvama elektriénim
motorima snage 40kW koji nisu konstruirani unutar tima nego su naruceni od vanjskog
dobavljaca. S tako malom masom i snaznim motorima bolid ubrzava od 0 do 100 km/h za samo
3,5 sekunde. Bolid koji se trenutno razvija u timu ima oznaku RT-07 i ime Taurus o kojemu ¢e
biti vise re¢eno u odlomku 1.3. Tim takoder razvija svoj prvi samovozni (engl. driver-less) bolid

koji ima oznaku RT-06D.

Fakultet strojarstva i brodogradnje 3
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Vulpes

Croatia’s first and only fully electric race car with a carbon fibre monocoque chassis.

E Motor — 2 x 40kW

Wheel torque — 2 x 580 Nm

Motor Configuration — Independently driven rear wheels — 2 motors
Battery - 7.5 kWh

BMS — In-house design, over 200 measuring points

Gearbox — Single speed, two stage

Chassis — CFRP Monocoque, Pushrod actuated suspension

229ke 3.58 110km/h 1530mm

Mass of the Car Acceleration (0-100) Top Speed Wheelbase

Slika 4. FSB-RTO6E Vulpes [1]

1.3. FSB-RTO07 Taurus

Bolid kojeg tim trenutno razvija i konstruira (sezona 2020./2021.) ima oznaku FSB-RTO07. To
¢e biti prvi elektri¢ni bolid koji ima motore razvijene i konstruirane od strane samih studenata.
Bolid ¢e imati dva elektricna motora koja se nalaze u neposrednoj blizini straznjih kotaca. Svaki
motor ¢e razvijati maksimalnih 60Nm okretnog momenta. Pravila natjecanja ogranicavaju
maksimalnu snagu iz izlaznog baterijskog paketa na 80 kW ¢ime se navodi studente
(natjecatelje) na postizanje Sto je moguce veceg stupnja iskoristenja, odnosno na minimiziranje
gubitaka. Budu¢i da je u vrijeme pisanja ovog zavrSnog rada vecina konstrukcije bolida
osmisljena i dobrim dijelom potkrijepljena CAD modelima ovdje ¢e biti navedena takva
konstrukcija bolida. Motori su hladeni vodom kroz kanale po obodu vanjskog kuéista motora,
a sama pumpa vode za hladenje smjeStena je u Sasiji iza vozaca. Izmedu motora i glav¢ine
kotaca nalazi se disk kocnica i planetarni reduktor koji ima zada¢u multiplicirati okretni
moment motora te tako osigurati veliki okretni moment pri pokretanju i naglom ubrzavanju
bolida. Elektricni motor i planetarni reduktor zajedno su spojeni na ,,upright™ koji je povezan s
vilicama ovjesa. To oslobada prilaz bateriji sa straznje strane Sasije i uvodi moguénost
konstrukcije pogona bez poluvratila ¢ime se Stedi na masi, ali se povecava neovjeSena masa
bolida. Ovjes je zbog toga razdvojen (engl. decoupled) Sto omogucuje zasebno podesavanje
karakteristika ljuljanja i nagiba. Amortizeri su aktuirani preko spone pushrod-a i hidraulickog
sustava §to rezultira smjeStanjem ovjesa neSto niZe u usporedbi s prijaSnjim bolidima te tako
spustanja teZista bolida. Sto se ti¢e dinamike Taurusa cilj je pomaknuti teZi$te prema straznjoj

strani bolida kako bi se bolje iskoristilo prijanjanje straznjih kotaca koji su pogonski kotaci. Uz
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to, izabrao se najkra¢i moguéi meduosovinski razmak (prema pravilniku Formula Student
natjecanja) kako bi se dodatno ustedilo na masi. Takav meduosovinski razmak rezultira boljim
kocenjem jer se pri ko¢enju dogada veliki prijenos tezine prema naprijed. Baterijski paket koji
je osmisljen za upotrebu u Taurusu ima u potpunosti novi dizajn. KoriStenjem novog tipa
baterije 21700 dobivaju se bolje performanse po celiji. Uz to, baterijski paket je volumenski
manji za 30%. Konfiguracijom spajanja ,,96s5p* dobiva se nominalna snaga od 77,75 kW i

energija od 7200 Wh §to je sukladno pravilniku Formula Student natjecanja.

Slika 5. Radni model sklopa FSB-RT07
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2. Elektri¢na propulzija cestovnih vozila zasnovanih na pogonu

na dva kotaca

2.1. Povijest elektri¢nih vozila

Transport (promet) je jedna od esencijalnih ljudskih aktivnosti. Kroz povijest ljudi su prvo
koristili vlastite noge, zatim Zzivotinje, splavi i primitivne brodove. Cestovni promet se
intenzivnije poceo razvijati izumom kotaca te su nakon njegovog izuma teglece zivotinje mogle
vucéi kola na kotac¢ima s teSkim teretima, a na ko¢ijama su mogli prevoziti ljude. U 19. stolje¢u
dolazi do razvoja cestovnih vozila koja kao izvor energije rabe fosilna goriva i elektricnu
energiju Sto uvelike ubrzava promet, pove¢ava moguci domet u jedinici vremena 1 dovodi do
vece sigurnosti, udobnosti i pouzdanosti.

Elektri¢ni automobili postaju popularni krajem 19. stoljeca jer su bili udobniji i jednostavniji
za koriStenje od automobila pokretanih fosilnim gorivima. Naime, automobili pokretani
fosilnim gorivima bili su buc¢ni, komplicirani za pokretanje (do pojave elektropokretaca),
proizvodili su znatne vibracije, a zbog najcesée otvorenog putnickog prostora vozaci i putnici
su direktno udisali neugodne i Stetne ispusne plinove iz motora s unutarnjim izgaranjem. Razvoj
prvog elektricnog motora s osnovnim dijelovima (rotor, stator i komutator) 1828. godine

rezultirao je nedugo nakon toga izumom prvog elektri¢nog automobila.
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Konstrukciju prvog elektricnog automobila pripisuje se Skotskom izumitelju Robertu
Andersonu izmedu 1832. i 1839. godine, dvadeset godina prije konstrukcije prvog motora s

unutarnjim izgaranjem.

Slika 6. Robert Anderson i njegov elektri¢ni automobil [3]

U narednim desetlje¢ima dolazi do velikog napretka u razvoju elektricnog automobila i njihove
komercijalne primjene. Iako prvih godina 20. stoljeéa elektri¢ni automobili ¢ine veéinu svih
automobila u SAD, u razdoblju od 1935. do 1960. dolazi do zastoja u razvoju elektri¢nih vozila.
Naime, nakon otkri¢a nafte u Texasu cijena nafte pada i glavna prednost automobila s motorima
na unutarnje izgaranje jo$ viSe dolazi do izrazaja. Autonomija (udaljenost koju vozilo
samostalno moze prijeéi bez punjenja baterije ili spremnika goriva) automobila s unutarnjim
izgaranjem bila je bitno ve¢a nego kod automobila s elektricnim pogonom §to je vazno kod
voznje u medugradskim relacijama. Razvoj tehnologije elektri¢nih vozila bio je ogranicen
razvojem akumulatorskih baterija. Tijekom vecine 20. stoljeca, elektri¢ni automobili su u
potpunosti zasjenjeni vozilima pogonjenima motorom s unutarnjim izgaranjem, no u zadnje
vrijeme se ponovno javlja interes za elektricnim automobilima. Sve ve¢i naglasak na ekoloskoj
osvijestenosti, problematici zagadivanja zraka, ali i zbog Cinjenice da su naftne rezerve
ogranicene, ponovno se u fokus tehnickih rjeSenja cestovnog prometa stavljaju elektricna
vozila. Elektri¢na vozila, nerijetko imaju znatno bolje performanse, upravljanje i kontrolu te su
opremljeni modernim sigurnosnim rjeSenjima pa su tako na danaSnjem trZiStu cesto najsigurniji
automobili upravo oni pogonjeni elektriénim pogonom. Europska neovisna strucna skupina za

Cis¢i transport (Transport & Enviroment) objavila je analizu u kojoj tvrde kako se prodaja
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elektricnih cestovnih vozila utrostrucila u 2020. godinu u odnosu na 2019. godinu unato¢

Covid-19 pandemiji. [4]

Slika 7. Rimac Concept 2 elektri¢ni superautomobil [5]

2.2. Propulzija (pogon) elektri¢nih cestovnih vozila

lako postoji vise vrsta elektromotornih pogona cestovnih vozila u ovom radu opisana je
propulzija cestovnih elektri¢nih vozila zasnovana na pogonu na dva kotac¢a. Osnovni elementi
za pogon takvog elektricnog vozila su jedan ili dva elektricna motora, elektricne pogonske

baterije te upravljac (engl. controller) elektri¢nog motora.

2.2.1. Elektri¢ni motor

Najveca razlika izmedu konvencionalnih vozila s unutarnjim izgaranjem i vozila na elektri¢ni
pogon upravo je motor. Elektriéni motori su nesto jednostavnije konstrukcije od motora s
unutarnjim izgaranjem prvenstveno zato Sto oni direktno proizvode rotacijsko gibanje, dok
motori s unutarnjim izgaranjem moraju pretvoriti linearno gibanje od klipa u cilindru u
rotacijsko gibanje te uz to osigurati miran i jednolik rad. Upravo zbog toga se elektri¢ni motor
sastoji od samo nekoliko desetina komponenti (od kojih je samo nekoliko pokretno), dok se
motor s unutarnjim izgaranjem sastoji od tisuc¢a sitnih komponenti koje moraju sinkronizirano
raditi i biti pravilno odrzavane. Jedna od bitnih prednosti elektri¢nih motora je $to proizvode
koristan i konzistentan okretni moment u velikim rasponima brzine vrtnje motora, dok motori
S unutarnjim izgaranjem imaju visoke iznose okretnog momenta samo u uskim podrucjima

brzine vrtnje. Zbog toga su automobili s motorom na unutarnje izgaranje opremljeni
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viSestupanjskom transmisijom kako bi se dobile Zeljene brzine i okretni momenti na kotac¢ima.
Mjenjacka kutija, u vecini slu¢ajeva, nije potrebna kod elektricnih automobila §to doprinosi
smanjenju mase 1 kompleksnosti vozila. Bitno je takoder napomenuti da elektriéni motori
gotovo stalno rade s korisnosti od 90% i vise, dok moderni motori s unutarnjim izgaranjem
postizu korisnost od 30% samo u to¢no odredenim to¢kama brzine vrtnje motora.
Budu¢i da je elektricni motor elektri¢ni stroj koji elektri¢nu energiju pretvara u mehanicku
koriste¢i princip medudjelovanja magnetskih polja, postoji niz izvedbi rotacijskih elektricnih
motora, ali svi su konstruirani tako da imaju stator i rotor. Elektri¢ni motori koji pogone
elektri¢na vozila moraju zadovoljavati sljedece znacajke:

e Visoka ucinkovitost

e Veliki trenutni moment

e Brzi odziv okrethog momenta

e Veliki raspon brzine okretaja motora

e Velika gustoca snage

¢ Niska cijena

e Velika akceleracija

e Robusnost

Osnovne vrste elektricnih motora mogu se podijeliti prema izvoru napajanja na istosmjerne
motore (DC od engl. direct current) i izmjeni¢ne motore (AC od engl. alternating current). DC
motori su robusni, omogucuju jednostavno upravljanje i omogucuju veliki okretni moment na
malim brzinama vrtnje, ali nemaju Siroku primjenu u elektricnim vozilima jer su veliki, imaju
nizu u¢inkovitost u odnosu na odgovaraju¢e AC motore 1 zahtijevaju ¢eS¢e odrZzavanje zbog
strukture Cetkica i kolektora. Stoga su, u usporedbi s DC motorima, glavne prednosti AC motora
visoka ucinkovitost, Smanjene potrebe odrzavanja i ve¢a pouzdanost.

U sljede¢im odlomcima biti ¢e ukratko opisana svaki od 3 vrste elektri¢cnih motora koji se

najcesc¢e koriste u pogonu elektri¢nih vozila.

2.2.1.1.  Asinkroni motor (engl. induction motor - IM)

Ova vrsta motora ima rotor na koji se elektricna energija prenosi beskontaktno (indukcijom)
djelovanjem okretnog magnetskog polja kojeg stvara sustav viSefaznih struja u statoru. Ovi
elektriéni motori nemaju permanentne magnete. Cesto se koriste u elektriénim vozilima zbog

svoje jednostavne konstrukcije, pouzdanosti, robusnosti, jednostavnog odrzavanja i male
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cijene. Nedostaci asinkronih motora su neSto manja ucinkovitost (u usporedbi s motorima s
permanentnim magnetima), vec¢i gubitci snage zbog gubitaka u kavezu i relativno mali faktor

snage. Americka kompanija Tesla u svojem Modelu S koristi ovakvu vrstu motora za pogon.

2.2.1.2.  Sinkroni motor s permanentnim magnetima (PMSM)

Ovi motori imaju permanentne magnete ugradene u ¢eli¢ni rotor kako bi stvarali konstantno
magnetsko polje. Stator ima namote koji se spajaju na AC napajanje kako bi stvarali rotirajuce
magnetsko polje. Naziva se sinkroni motor jer se brzina vrtnje rotorskih magnetskih polova
sinkronizira s brzinom vrtnje rotiraju¢eg magnetskog polja. Imaju jednostavnu konstrukciju,
veliku ucinkovitost 1 veliku gustocu snage pa se zbog toga Cesto koriste u elektricnim vozilima.
Nedostaci ovih motora su velika cijena, gubici uslijed vrtloznih struja u permanentnim
magnetima na velikim brzinama i nepouzdanost zbog mogucnosti pucanja magneta.

Dvije su glavne vrste PMSM motora: motori s povrSinskim magnetima (SPM iz engl. surface-
mounted permanent magnet) i motori s unutarnjim magnetima (IPM iz engl. interior permanent
magnet). IPM motori imaju bolje karakteristike od SPM motora, ali su i konstrukcijski
kompleksniji. Naime, iako SPM motori imaju ve¢i okretni moment, nisu pogodni za velike
brzine. IPM motori imaju dovoljno dobre karakteristike okretnog momenta, a puno su pogodniji
za velike brzine vrtnje i duboko slabljenje magnetskog polja. Ovakve motore koriste mnogi
proizvodaci elektri¢nih i hibridnih automobila kao naprimjer BMW u svojem i3, Nissan u Leaf-

u i Toyota u Prius-u.

2.2.1.3.  Reluktantni motor (SRM)

SRM je motor koji radi na principu reluktantnog momenta. Reluktantni moment je moment koji
nastaje zbog djelovanja magnetskog polja koje nastoji osigurati tok linijom najmanjeg
magnetskog otpora. Suprotno DC motorima sa ¢etkicama, ovdje se snaga isporucuje na namote
u statoru, a ne u rotoru $to znacajno pojednostavljuje mehanicki dizajn jer se snaga ne mora
isporucivati na rotiraju¢i dio (rotor) $to jako komplicira konstrukciju. Prednosti ove vrste
motora su u njihovoj robusnosti, jednostavnom upravljanju, velikoj ucinkovitosti i otpornosti
na kvarove. Budu¢i da nemaju Cetkice, kolektore ili magnete, njihovo odrzavanje je jako
jednostavno, a cijena im je vrlo kompetitivna. Nedostaci ovih motora su nizak faktor snage,
manja gustoca struje, pojacane vibracije i buka, a uz to mogu se pojaviti periodicke fluktuacije

okretnog momenta, tzv. torque ripple (od engleskih rije¢i za moment i mreSkanje).
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2.2.2. Baterijski sustav

Elektri¢ni motor ne moze obavljati svoju ulogu ukoliko nije napajan elektricnom energijom. Za
to nam je potrebna akumulatorska baterija. Povijesno gledano, baterijski sustavi su bili jedni od
najvecih ,krivaca® za spor razvoj elektri¢nih vozila. Baterije najviSe doprinose visokoj cijeni
elektri¢nih vozila, te njihovim problemima s dometom i dugotrajnos¢u. Vecina cestovnih
elektri¢nih vozila danas koristi litij-ionske baterije koje su punjive (engl. rechargeable), ali se
koriste i baterije na bazi nikla, rastaljenih soli (takozvane ZEBRA baterije) i ostale.

Litij-ionske baterije imaju veéu gustocu energije, dulji Zivotni vijek i veéu gustocu od ostalih
prakti¢nih baterija. Nije ih potrebno odrzavati, mogu imati veliki broj ciklusa punjenja i
praznjenja i dugi vijek skladiStenja, te ih je moguce relativno lako i brzo puniti. Jedan od glavnih
problema litij-ionskih baterija je Sto zahtijevaju dodatni zastitni strujni krug kako bi sprijecili
termalni slom (toplinski ,,pobjeg®). Uz to, osjetljive su na pogresno rukovanje i eksploataciju,
pa im se tako moze znatno skratiti Zivotni vijek ukoliko se ne koriste i ne pune ispravno.
Sigurnosni problemi koji se javljaju zbog velikog napona i moguénosti kratkog spoja i poZara
sve se uspjesnije rjeSavaju modernim nac¢inima upravljanja i primjenom sigurnosnih protokola.
Sve vrste litij-ionskih baterija rade sli¢no. Baterija se sastoji od pozitivne elektrode (katode) i
negativne elektrode (anode) te elektrolita kao provodnika. Kada se baterija puni anoda od litij-
kobaltovog oksida predaje svoje ione koji kroz elektrolit prelaze na grafitnu katodu. U tom
procesu baterija prima i pohranjuje energiju. Prilikom praZnjenja ioni litija prelaze s negativne
elektrode na pozitivnu 1 predaju energiju troSilu. Izmedu dviju elektroda nalazi se separator
(pregrada), a sve zajedno je uronjeno u elektrolit koji omogucuje kretanje iona. Prilikom

praznjenja baterija predaje istosmjernu struju strujnom krugu.

)
;{Dischargedj Charge \ A
2
9. L
%
o0

Cathode Anode
(Li Metal Oxide) (Carbon)

Slika 8. Kretanje iona u litij-ionskoj bateriji [8]
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2.2.3. Inverter
Inverter je sklop koji pretvara istosmjernu struju (DC) u izmjeni¢nu struju (AC) primjenom
odgovarajuc¢ih tehnika modulacije DC napona. Preciznije bi se moglo re¢i da inverteri prenose
energiju iz istosmjernog izvora na izmjeni¢no troSilo. Kod elektricnih vozila potrebno je
pretvoriti istosmjernu napajanje baterije u naizmjeni¢no jednofazno ili trofazno napajanje koje
je potrebno elektricnom motoru. Inverteri u elektri¢nim vozilima imaju i funkciju kontrole
frekvencije izmjeni¢ne struje, a time i brzinu vrtnje motora po jednadzbi 1 za sinkrone

elektri¢ne motore.

nzﬂ (1)
p

pri ¢emu je n brzina vrtnje u okretajima u minuti, f frekvencija izmjeni¢ne struje u Hz, a p broj
pari magnetskih polova motora.

Mijenjanjem amplitude osnovnog harmonika napona inverteri kontroliraju izlaznu snagu
elektriénog motora. Iz toga mozemo zakljuciti kako je inverter ,,mozak* pogona elektri¢nog
vozila.

Rad invertera najjednostavnije se moze objasniti jednofaznim izmjenjivacem sa sklopkama
(ovakva izvedba se ne koristi u modernim elektri¢nim vozilima, ali moze posluziti kao dobar
primjer). Slika 9 prikazuje strukturu izmjenjivaca koja se sastoji od 4 sklopke: T1, T2, T3 i T4.
Sklopke T1 i T4 tvore jednu granu izmjenjivaca, a sklopke T3 i T2 tvore drugu granu
izmjenjivaca. TroSilo je spojeno izmedu te dvije grane. Zatvaranjem sklopki T1 1 T2, pa zatim
T3 i T4 te pomocu pulsno-sirinske modulacije (engl. Pulse-Width Modulation, PWM) stvara se
priblizno sinusni signal struje (AC). Moderni inverteri umjesto mehanickih sklopki imaju

poluvodicke sklopke koje imaju znatno vece brzine zatvaranja/otvaranja.

]

@)

U TroSila

e

L

T2

Slika 9. Shema trofaznog invertera [9]
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2.2.4. Elektri¢no vozilo kao cjelina

Slika 10. Struktura elektri¢nog vozila [10]

Kao sto slika 10 pokazuje, struktura elektri¢nog vozila najéesce je izvedena tako da je baterijski
paket smjesten u podnozju automobila kako bi se §to je moguce vise spustilo teziste i tako
osiguralo manje naginjanje u zavoju pa samim time i bolje performanse i ugodnost voznje.
Smjestaj elektriénog motora (ili viSe njih) ovisi o vrsti vozila, zeljenim karakteristikama vozila
1 veli¢ini samih elektri¢nih motora. U sportskim automobilima i bolidima elektri¢ni motori se
smjestaju nisko kako bi se dodatno snizilo teziSte automobila. Inverter se smjesta u neposrednoj
blizini motora kako bi se smanjili gubici u vodi¢ima prilikom vodenja elektri¢ne struje. Ukoliko
inverter 1/ili baterija imaju sustav hladenja njega je moguce izvesti tako da se tekucina hladi u
izmjenjivacu topline koji je postavljen s prednje strane vozila i na koji nastrujava zrak prilikom

voznje 1 tako zadovoljavajuce hladi tekucinu.
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3. Konstrukcija i senzori ispitne stanice

Elektri¢ni motori pretvaraju elektriénu energiju u mehanic¢ku energiju. Kako bi to bilo
uinkovito potrebno je implementirati odgovarajuce upravljanje elektriénim motorom. Cesto se
motor upravlja tako da stroj radi u najucinkovitijoj tocki za trazenu snagu. Kako bi to bilo
moguce potrebno je odrediti karakteristike motora. Karakteristike motora mozemo saznati na
vise nacina. Jedan nacin je teorijskim putem i1 kroz racunalne simulacije koje nam mogu
posluziti za okvirni prikaz karakteristika elektriénih motora, ali da bi dobili kompletnu sliku
ucéinkovitosti elektri¢cne motore treba fizicki testirati. To podrazumijeva upravljanje strojem
kroz sve moguce tocke okretnog momenta i brzine vrtnje za koje je taj motor namijenjen. Uz
to, potrebno je odrediti stanje motora nakon proizvodnje kako bi se provjerila njegova
ispravnost. Budu¢i da ¢e se elektricnim bolidom natjecati u razli¢itim natjecateljskim
dogadajima elektri¢ni motor se mora testirati u razli¢itim uvjetima. Takozvani ,,skipad* test
traje svega nekoliko desetaka sekundi i potrebno je voziti po stazi nalik broju 8 te imati
kvalitetno upravljanje motorom. Test akceleracije sastoji se od pravocrtne 75 metara duge utrke
ubrzanja gdje je potrebno osigurati $to vece ubrzanje odnosno okretni moment elektri¢nog
motora. Autocross dogadaj sastoji se od mnogih zavoja, slaloma i ravnih predjela, ali duljina
staze je kraca od 1,5 kilometara te je potrebno izvuc¢i maksimum iz elektricnog motora i ¢ak ga
u nekim rezimima Kkratkotrajno preopteretiti (to je odredeno dozvoljenim zagrijavanjem).
slican autocrossu samo $to se sastoji od puno krugova te ukupno 22 km duge voznje u kojemu
je potrebno osigurati najbolje moguce performanse motora kroz dugi period vremena i osigurati
da bolid 1 elektri¢ni motori izdrZe cijeli dogadaj.

Kako bi se moglo simulirati te dogadaje i testirati elektricne motore na takva opterecenja
potrebno je osmisliti i konstruirati ispitnu stanicu za ispitivanje motora te izabrati i spojiti
pripadajuce senzore elektrickih i mehanickih veli¢ina. Elektri¢ni motor koji se testira biti ¢e
opisan u sljede¢em poglavlju, te ¢e potom biti opisana konstrukcija same ispitne stanice uz

izbor 1 spajanje pripadajucih senzora.
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3.1. Elektri¢ni motor FSB-RTO07

Elektricni motor koji je predmet testiranja i1 koji ¢e se koristiti u elektricnom bolidu je sinkroni
motor s unutarnjim permanentnim magnetima (IPM), a napaja se trofaznom izmjeni¢cnom
elektricnom strujom iz invertera. Tablica 1 prikazuje osnovne karakteristike i gabaritne

dimenzije motora.

Tablica 1. Karakteristike Elektri¢énog motora FSB-RT07

Maksimalna snaga motora 40 kW
Maksimalni okretni moment 60 Nm
Masa ~5 kg
Gabaritna duzina motora 122,25 mm
Aksijalna duzina rotora 52,5 mm
Vanjski promjer koSuljice motora J134 mm
Promjer vratila na stupnjevima za lezajeve 020 mm
Unutarnji promjer rotorskog paketa ?24 mm
Debljina stijenke ku¢ista 3 mm
Promjer laminata statora ?120 mm
Promjer rupe statora 0 85 mm
Broj utora statora 12

Broj polova magneta 10

Zraéni prostor (engl. airgap) 0,57 mm
Debljina lima rotora 0,2 mm

Motor je konstruiran kako bi bio $to laksi, te s ciljem postizanja maksimalne snage propisane
pravilnikom Formula Student natjecanja kako je ve¢ spomenuto u odlomku 1.3. Simulacijama
u MotorCAD softveru za simuliranje performansi elektricnih motora zaklju¢eno je kako ¢e
temperature dosezati ¢ak 160°C i zbog toga su odabrani posebni SKF lezajevi 6004 2RSL koji
podnose vece temperaturno opterecenje i1 zasti¢eni su od mogucée kontaminacije prljavstinom.
Takoder je odabrana i veca kvaliteta izolacijskog materijala kako ne bi doslo do kratkog spoja
zbog otapanja izolacije uslijed tako visoke temperature. Slika 11 prikazuje aksijalni poprecni
presjek motora koji je modeliran u Solidworks softveru za 3D modeliranje. 1z slike je vidljivo

kako je rotorski paket aksijalno osiguran zvjezdastom sigurnosnom ploc¢icom i maticom te
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radijalnim ploc¢ama koje pomazu pri lak§em centriranju i osiguravanju rotorskog paketa od
aksijalnih pomaka. Rotorski paket sastoji se od mnostvo tankih limova (~0,2 mm debljine) u
koje su umetnuti segmentirani magneti od N46EH materijala. Na ne-pogonskoj strani (engl.
non-driven end (NDE)) vratila nalazi se rezolver o kojemu je viSe reCeno u narednim
poglavljima. Tri faze iz statorskog namota izlaze iz kucista motora na NDE strani te je
zamiSljeno da se spajaju s fazama iz invertera pomocu drzaca faza i stopica za spajanje. Takoder
na slici 11 je vidljiv poklopac na NDE strani koji $titi taj spoj i spojeve rezolvera i termalne
sonde od vlage i okolisnih utjecaja. Budu¢i da bi povisena temperatura mogla ostetiti dijelove
motora, posebice magnete, vazno je hladiti motor. Stoga se po obodu kuc¢ista motora nalazi
kosuljica sa prostorom za rashladne kanale kako bi se motor aktivno hladio i drzao na zadanoj
temperaturi. Prihvat motora na planetarni reduktor osmisljen je s takozvanim spline prihvatom
pri ¢emu se na vratilo motora pric¢vrS¢uje suncanik planetarnog reduktora. Kuciste motora je
pri¢vri¢eno na kuciste planetarnog reduktora s 4 vijka kroz usice po obodu pogonske strane
(engl. driven end, DE) motora. Sve potrebne brtve i O-prstenovi su dodani modelu motora kako
bi zadovoljio predvidene radne uvjete, odnosno standard IP67. Naime, IP certifikatom se
dokazuje da ispunjava odredene standardne uvjete ne-prodiranja vode i prasine. Ovo je posebno
vazno za elektricni motor FSB-RT jer je po pravilniku Formula Student natjecanja potrebno

zadovoljiti takozvani test kiSe (engl. Rain test) kojim se simulira voznja po kisi.

Slika 11. Popreéni presjek FSB-RTO07 motora
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3.2. Konstrukcija ispitne stanice

Buduc¢i da je elektri¢ni bolid koncipiran kako bi imao pogon na oba straznja kotaca s motorima
u neposrednoj blizini kotaca potrebno je proizvesti dva motora. Oba motora ¢e se koristiti u
testiranju i to na nacin da jedan motor radi u motorskom rezimu rada i on je predmet testiranja
(engl. Motor under Test), a drugi motor radi kao generator i teret je prvom motoru. Generator
uz to vraca inducirani napon (proizvedenu struju) preko invertera i DC medukruga motoru na
kojem se vrsi testiranje (engl. back-to-back test) ¢ime se smanjuje ukupna potro$nja energije na
postavu, te ¢e izvor napajanja samo nadomjeStati energiju gubitaka u oba stroja. Izmedu
testiranog motora potrebno je postaviti senzor okrethog momenta, a dva senzora pozicije (kuta

zakreta) i brzine vrtnje ¢e biti rezolveri koji su sastavni dio koncipiranih motora.

Inverter

Generator

Postolje

Slika 12. Shema ispitne stanice

Kako bi se elektricni motor mogao pravovaljano i sigurno testirati potrebno je izraditi postolje
ispitne stanice, drzace oba elektri¢na stroja i senzora momenta te odgovarajuce prirubnice.
Sklop koji prikazuje idejni izgled konstrukcije ispitne stanice prikazan je na slici 13 i modeliran

je u Solidworks softverskom paketu.
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Slika 13. Konstrukcijska izvedba ispitne stanice

Svaki od pojedinih konstrukcijskih dijelova ispitne stanice opisan je u narednim odlomcima.

3.2.1. Postolje ispitne stanice

Slika 14. Postolje ispitne stanice

Postolje ispitne stanice je dio na kojeg se postavljaju svi ostali elementi ispitne stanice. Bitno
je da je Sto stabilnije i pristupac¢nije kako bi rukovanje prilikom postavljanja motora i senzora

bilo Sto lakSe, ali 1 Sto sigurnije kako ne bi doslo do ozljeda prilikom izvodenja ispitivanja.
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Gabaritne dimenzije modela postolja su 505x180x60 mm, a debljina stijenke je 5 mm.. Na
gornjoj strani postolja nalaze se provrti za vijke kojima se pri¢vrs¢uju L drzaéi u i ploica za
senzor momenta. Provrti za pri¢vr§¢enje L drzaca zamis$ljeni su tako da postoji mogucénost
pomaka po uzduznoj osi za lakSe podesavanje aksijalnog pomaka odredenog motora. Ukoliko

motor treba namjestati po visini pozeljno je stavljati tanke limove ispod L drzaca.

3.2.2. L driaci motora

Slika 15. L drZa¢ motora

Ovi drza¢i namijenjeni su za montiranje na postolje ispitne stanice. U konstrukciji ispitne
stanice potrebna su dva ovakva drzaca. Montiraju se uz pomo¢ cetiri M10 vijka. Na njih se
montiraju elektri¢ni motori na kojima se vrsi ispitivanje i to preko Cetiri M6 vijaka po obodu
na sli¢an nacin kako se motori montiraju na ,,upright bolida. Popre¢no u¢vrséenje zamisljeno
je kako bi se smanjile aksijalne i radijalne vibracije te savijanje drzaca. Gabaritne dimenzije
modela su 155,5x180x284,5 mm.
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3.2.3. Plocica za pricvr§¢enje senzora momenta

Slika 16. Ploéica senzora momenta

Plocica koji povezuje na postolje ispitne stanice i senzor momenta M8 vijcima krajnje je
jednostavan model gabaritnih dimenzija 95x180x3 mm. Senzor momenta povezuje se sa dva

M3 vijka po uputama proizvodaca.

3.2.4. Roba-DS Gr. 16 spojka

Osi rotacije ispitivanih motora i generatora te 0s rotacije senzora momenta moraju biti
uskladene kako ne bi doslo do oste¢ivanja dijelova, Sto se kod danog postava postize torzijskom

krutom spojkom Roba-DS Gr. 16 proizvodaca Mayr.

Slika 17. Model Roba-DS spojke [11]
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3.2.5. Prirubnica

Slika 18. Prirubnica na spojku

Jednostavan model prirubnice kojim se povezuju spojka Robo-DS Gr. 16 spojka i jedan od
elektri¢énih motora prikazan je na slici 18. Prirubnica ima ,,zenski* spline za prihvat na vratilo
elektricnog motora na jednoj strani 1 6 rupa za M8 vijke na drugoj strani pomocu kojih se
pri¢vrséuje na spojku. Dimenzije modela su @101x40 mm. Zamisljeno je da se identi¢na
prirubnica koristi i u povezivanju drugog elektricnog motora i senzora momenta kako je

prikazano na slici 13.
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3.3. Izborispajanje pripadajucih senzora

Kao §to je prikazano na slici 12 zamiSljeno je da se ispitna stanica sastoji od nekoliko senzora
kako bi se mogle mjeriti sve potrebne fizikalne veli¢ine. Izmedu testiranog motora i motora koji
radi u generatorskom nacinu rada nalazi se senzor okretnog momenta koji ima zadatak mjeriti
okretni moment elektriénog motora. Rezolveri su ve¢ sadrzani u motorima, kao i senzori
temperature u statorskom namotu. Senzor struje je dodatan uredaj koji obuhvaca vodi¢

napajanja, a senzor momenta implementiran je u sustavu prikupljanja podataka.

3.3.1. Senzor momenta

Pojednostavljeno re€eno okretni moment je izvedena mehanicka veli¢ina koja predstavlja
produkt sile F i njezine udaljenosti [ od referentne osi ili umnozak momenta inercije I i kutnog
ubrzanja a.

M=F-l=1]«a (2)

I=Zm-r2 3)

Mjerenje momenta je posebno znacajno u radu sa elektricnim strojevima. Mehanicka snaga P

gdje je:

koju motor s kutnom brzinom w i okretnim momentom M pomocu vratila prenosi na teret
1Znosi:
P=M-w 4)

Senzor momenta, moment metar ili osjetnik momenta je uredaj koji se rabi za mjerenje
momenta rotirajuéeg sistema kao Sto je elektriéni motor, motor s unutarnjim izgaranjem,
reduktor itd. Moment se moze podijeliti na dvije glavne kategorije: staticki i dinamicki moment.
Kako bi promatrani moment bio kvalitetno i pravilo izmjeren bitno je znati o kojoj vrsti
momenta se radi. Staticki moment djeluje na komponenti koja nema kutno ubrzanje i relativno
ga je lako izmjeriti. Dinamic¢ki moment, s druge strane, nije jednostavno mjeriti. Za njegovo
mjerenje potrebno je transferirati neki efekt koji vrtnja vratila proizvodi (elektri¢ni, hidrauli¢ni
ili magneti¢ni) i mjeriti ga na stati¢cnom sistemu.

Za mjerenje momenta elektri¢nog motora moramo koristiti senzor koji je namijenjen mjerenju

dinami¢kog momenta.
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Opseg mjerenja i karakteristike koji senzor momenta mora sadrzavati odreden je o¢ekivanim

karakteristikama elektriénog motora i dan je u tablici 2. Pri tome je bitno napomenuti da senzor

momenta mora imati mogucénost mjerenja znacajno veéeg momenta nego onog koji se ocekuje

kako se ne bi ostetio.

Tablica 2. Potrebne karakteristike senzora momenta

Okretni moment 0 do 60 NM i vise
Maksimalna brzina 15000 okretaja/min

Odabran je T12HP senzor momenta njemackog proizvoda¢a HBM. Odabran je iz razloga Sto
zadovoljava potrebne opsege mjerenja dane u tablici 2, precizno i brzo mjeri okretni moment,

a dostupan je za koriStenje na Sveucilis§tu u Zagrebu, to¢nije na Fakultetu elektrotehnike i

raCunarstva.
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Slika 19. HBM T12HP [13]
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3.3.2. Senzor brzine vrtnje i pozicije

Rezolver je vrsta elektri¢nog senzora koji se koristi za mjerenje kuta zakreta, odnosno posredno
za mjerenje brzine vrtnje. l1zlazni signal rezolvera pokazuje samo apsolutnu poziciju rotora
odnosno kut zakreta iz Cega se estimira brzina. Rezolveri pripadaju skupini induktivnih mjernih
pretvaraca. Omogucuju zadovoljavajuce precizno mjerenje polozaja rotora jer daju analogni
mjerni signal. Rezolveri na statoru imaju dvije zavojnice postavljene okomito. Rotorski namot
se napaja izmjeni¢nim naponom, a u statorskim namotima se inducira napon ¢ija amplituda
ovisi o kutu zakreta (polozaju) rotora. Rezolveri nemaju elektronicke komponente, kao
enkoderi, i stoga su robusni te otporni na prljavstinu i vibracije $to ih ¢ini pouzdanim senzorima.

Na izlazu daju dva signala, sin[p(t)] i cos[p(t)], gdje je p(t) trenutni polozaj rotora.

mjerni namot 1 uzbudni namot %, (1) =U sin(@1)
nepomican

u, (t)=kUsin(wt)-sin g
rotirajuci
namot ~ — 1 i
ome u, (t)=kUsin(wt)-cos¢@
mjerni namot 2 zakretni
nepomican transformator

Slika 20. Principna shema rezolvera [15]

Elektriéni motor koji je predmet ispitivanja 1 elektri€éni motor koji je za vrijeme ispitivanja
namijenjen radu u generatorskom nacinu rada imaju ugradene rezolvere u svojoj konstrukciji.
Izbor ovih rezolvera paZzljivo je proveden u skladu sa zahtjevima za maksimalnom brzinom
vrtnje, Zeljenom rezolucijom i to¢no§¢u pomaka. Odabrani su rezolveri japanskog proizvodaca

Tamagawa Seiki.
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Uzbudni namot

Stator

Singlsyn

Slika 21. Tamagawa S-15 rezolver [16]

To¢na oznaka rezolvera koji je namijenjen ugradnji u elektri¢cne motore FSB-RTO7 je
Tamagawa Singlsyn S-15. To je VR rezolver (engl. variable reluctance). Singlsyn se sastoji od
rotora i jezgre statora. Rotor je sastavljen samo od laminiranog magnetskog ¢eli¢nog lima i
namijenjen je upreSavanju u rotor elektricnog motora. Zubi magnetskog pola statora imaju
jednofaznu uzbudnu zavojnicu ulaznih namotaja i dvofazni izlazni namot zavojnice. Kad se
uzbudni namoti napajaju izmjeni¢nim naponom, izmjeni¢ni napon induciran je u izlaznim
zavojnicama. Izlaz napona varira u skladu s oblikom rotora jer je predvidena praznina
(magnetska permabilnost) koja se mijenja proporcionalno s kutom zakreta rotora. Stoga kut
rotacije moZe biti obratno detektiran o¢itavanjem izlaznog napona. Dvofazni naponi sin[p(t)]
i cos[p(t)] inducirani u svakom izlaznom namotu pretvaraju se u digitalne kutne podatke
pomocu takozvanog R/D pretvaraca (engle. Resolver to digital converter) ili pomocu DAQ

sustava koji taj pretvara¢ ima implementiran.

3.3.3. Termalna sonda

Poznato je da prevelika temperatura uzrokuje velike probleme elektricnom motoru. Naime,
uslijed velike temperature izolacija u statorskim namotima moZe izgorjeti te moze do¢i do
kratkog spoja, a uz to, pove¢anjem temperature znacajno se povecavaju i gubici elektri¢nog
motora. Upravo zbog toga elektri¢ni motor FSB-RT07 ima zamisljeno aktivno hladenje fluidom
(vodom). Uslijed pojave previsoke temperature zamisljeno je da se reducira snaga te se tako
sacuva statorska izolacija i1 elektricni motor od pregrijavanja. Postoji moguénost i automatskog

povecavanja protoka rashladnog fluida. Kako bi mogli mjeriti temperaturu u statoru potrebno
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je ugraditi senzor temperature. Senzori koji se naj¢esc¢e ugraduju u elektricne motore su
termoclanci (engl. termocouple) ili RTD (engl. resistance temperature detectors) senzori.

Termoclanak, nazivan jo§ i termoelement, je naj¢eS¢e upotrebljavani temperaturni senzor
namijenjen pretezito mjerenju visih temperatura (do 1500°C) . Termoclanak se sastoji od dvije
zice od razliCitih metala ili legura, spojene na jednom kraju. Princip rada termoclanka zasniva
se na Seebeckovu efektu. To fizikalna pojava da dva elektri¢na vodica od razli¢itih materijala,
kojima su krajevi spojeni, nastaje elektrini napon, odnosno teCe elektricna struja, ako su

spojevi na razli¢itim temperaturama.

Slika 22. Termo¢lanak

RTD senzori se najéeiée sastoje od tanke Zice omotane oko keramicke ili staklene jezgre. Zica
senzora je Cisti metal, naj¢eS¢e platina, nikal ili bakar. Materijal Zice ima preciznu ovisnost
otpora o temperaturi koja se onda koristi za indikaciju temperature. PoSto su elementi senzora
poprili¢no krhki Cesto se stavljaju u zastitna kucista. Ovi senzori imaju veéu preciznost i
tocnost, ali 1 jednostavnost instalacije, pa polako zamjenjuju termoclanke u industrijskim
primjenama ispod 600 °C. Upravo zbog toga je i RTD senzor odabran kao senzor temperature
u namotu statora.

Zaugradnju u elektri¢ne motore odabran je Pt100 RTD senzor. Pt oznacava da se radi o senzoru
kojem je zica od platine, a 100 oznacava da takav senzor na 0°C ima otpor od 100 Q. Promjenom
temperature mijenja se 1 otpor po njihovoj specificnoj krivulji. Uz to, Pt100 senzori su
kompatibilni za mjerenje razli¢itim instrumentima i sustavima $to znatno olaksava njihovu

implementaciju u sklopu bolida i povezivanje sa sredi$njim ra¢unalom.
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3.3.4. Mjerenje struje

Mijerenje struje sastavni je dio bilo koje primjene invertera. Najvazniji razlog mjerenja struje
motora je izvodenje upravljackog algoritma.

Elektri¢na struja je tok elektricnog naboja i jedna je od osnovnih veli¢ina koje je potrebno
mjeriti u strujnom krugu. SI jedinica elektri¢ne struje je amper (A), Sto je jednako protoku
jednog kulona (C) naboja u sekundi. Izmjenic¢na struja (AC) je elektri¢na struja koja periodi¢no
mijenja smjer 1 kontinuirano mijenja svoju veli¢inu za razliku od istosmjerne struje (DC) koja
teCe samo u jednom smjeru. Najces¢i valni oblik izmjeni¢ne struje u strujnim krugovima je
sinusni val. Posto su elektricni motori napajani izmjeni¢énom trofaznom strujom iz invertera
potrebno je mjeriti upravo izmjeni¢nu struju. lako postoji nekoliko metoda mjerenja struje,
najcesca i najjednostavnija metoda je izvodenje neizravnog mjerenja. Mjeri se napon na
preciznom otporu i koriStenjem Ohmovog zakona za mjerenje struje na otporu.

Ampermetar je mjerni instrument namijenjen mjerenju jakosti elektricne struje u elektri¢nim
krugovima. Cesto su dio visefunkcionalnog instrumenta zvanog multimetar. Po Ohmovom
zakonu, struja | koja prolazi kroz vodi¢ izmedu dviju to¢aka je izravno proporcionalna razlici

potencijala U (padu napona) izmedu tih dviju to¢aka i obrnuto proporcionalna otporu R izmedu

njih.
Matematicka jednadZba koja opisuje ovaj odnos glasi:
=2 5)
"R

Danasnji ampermetri imaju unutarnji otpor za mjerenje napona na odredenom signalu iz kojega
uz pomo¢ Ohmovog zakona izraCunavaju 1 prikazuju struju koja tece krugom.

Kako bi bilo mogucée mjeriti vece struje, paralelno s mjeracem potrebno je postaviti precizni
otpornik nazvan Sant (engl. shunt), ¢ime se omogucuje mjerenje vecih iznosa struje.
Ampermetri nisu pogodni za primjenu u ovdje opisanoj ispitnoj stanici jer nemaju moguénost
jednostavnog prijenosa podataka na racunalo i nisu namijenjeni mjerenju u visokonaponskom
krugu kakav napaja motore. Zbog toga je potrebno izabrati posebne instrumente Koji
obuhvacaju vodi€ 1 mjere struju posredno koriste¢i magnetski tok koji oko sebe stvara vodic.
Takvi senzori nazivaju se Hallovi poluvodicki senzori struje preko efekata magnetskog polja i
fluxgate strujni pretvaraci koji su nadalje opisani. I1znimka je mjerenje otpora armature gdje

zadovoljavajuce rezultate daju i multimetri.
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Slika 23. Multimetar

Hallov magnetski senzor je uredaj koji reagira na pojavu magnetskog polja i daje informaciju
na izlazu u obliku elektri¢nih signala. Razlicite vrste Hallovih senzora koriste se za mjerenje
pozicije (i brzine), udaljenosti i jacine magnetskog polja, te struje. Hallov uc¢inak je pojava u
kojoj se u tankoj poluvodickoj ploc¢ici kojom teée elektri¢na struja pod djelovanjem magnetskog
polja stvara napon. Naziv je dobio po ameri¢kom fizicaru Edwinu Herbertu Hallu.

Osnovni element senzora je poluvodicka plocica kroz koju tece struja. Kada se ploc€ica priblizi
magnetskom polju ono skre¢e nosioce naboja, elektrone i Supljine na suprotne strane
poluvodicke plocice. To za rezultat stvara razliku potencijala na krajevima plocice odnosno
napon koji je proporcionalan ja¢ini magnetskog polja, a magnetsko polje je posljedica gibanja
elektricnog naboja odnosno struje po Amperovom zakonu te se zatim pomocu toga odredi

jakost struje.

Il Silnice magnetskog
i polja

Konstantan
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Slika 24. Princip Hallovog uéinka [20]
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Fluxgate strujni pretvara¢ je senzor za mjerenje struje s znatno boljom osjetljivoséu od
Hallovog senzora. Izveden je pomoc¢u dva namotaja, pobudnog i mjernog, koji su namotani na
magnetsku jezgru koja ima oblik torusa. Kroz pobudni namotaj protjece izmjeni¢na struja koja
periodicki dovodi magnetsku jezgru u stanju zasi¢enja, a kroz mjerni namot Koji prolazi kroz
centar torusa dovodi se izmjeni¢na struja koja dovodi do asimetri¢nog zasi¢enja, odnosno
pojave parnih harmonika. Najcesce se koriste senzori sa detekcijom drugog harmonika, a visoka

linearnost postize se zatvaranjem povratne veze po mjerenoj struji.

Glavna
magnetna jezgra

Pobudni

Fluxgate jezgra
gate jezg namot

H-most [

cormp " 'comp

Np 1p =N,

Mjerni namot

Obrada

—) signala —) Pojacalo struje

Slika 25. Shema fluxgate senzora [21]

Senzor koji je odabran za mjerenje struje je fluxgate strujni pretvara¢ 1T 205-2 ULTRASTAB
Svicarskog proizvodaca LEM. Odlike ovog senzora su velika rezolucija, linearnost, to¢nost u

velikim rasponima temperature i brzo vrijeme odziva.

rgT LD

Slika 26. IT 205-2 ULTRASTAB senzor [22]
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3.3.5. Mijerenje napona

Napon je razlika elektriénih potencijala dviju toCaka elektriénog polja ili strujnog kruga.
Izrazava se u voltima (V). Naj¢es¢i nacin mjerenja napona je uz pomo¢ voltmetra (odnosno
multimetra). Voltmetar je mjerni instrument kojim se mjeri elektri¢ni napon. Veéina voltmetara
u stvari mjeri elektri¢nu struju koja ovisi o mjernom naponu i unutarnjem otporu instrumenta.
Kako bi se smanjio utjecaj na mjereni krug, nastoji se da taj otpor bude $to veci. Navodi se kao
stalna vrijednost otpora, npr. 1 MQ ili kao vrijednost koja ovisi o mjerenom podrucju, npr. 20
kQ/V. Gotovo svaki sustav prikupljanja podataka moze direktno mjeriti niske i srednje napone.
Vece napone potrebno je sigurno prihvatiti i interno ih smanjiti kako bi se mogli digitalizirati,
prikazati i pohraniti. To se radi pomocu naponskog transformatora za spustanje visokog napona
(engl. step-down transformer) i izoliranja korisnika od moguénosti kontakta sa opasnim
naponima i strujama. Mjerenje napona u ispitivanju elektricnog motora FSB-RT-a biti ¢e

realizirano pomocu takvog sustava koji ¢e biti opisan u sljedecem odlomku.
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4. Sustav za prikupljanje i obradu podataka

Senzori koji su opisani u odlomku 3.3 na svojem izlazu daju elektri¢ne signale koje je potrebno
prikupiti, pretvoriti i obraditi u podatke koji su pogodni za daljnje koristenje na racunalu I
interpretaciju rezultata. Sustav prikupljanja podataka (engl. Data aquisition system ili DAQ) je
sustav koji uzrokuje signale koje mjere stvarne fizicke pojave i pretvara ih u digitalni oblik
kojim rac¢unalo i softver mogu upravljati. Ovaj sustav opéenito se dosta razlikuje od ranijih
oblika snimanja signala na magnetofonske vrpce ili papirnate karte. Za razliku od tih metoda,
signali se pretvaraju iz analognih u digitalne i zatim snimaju na digitalni medij poput RAM
(engl. random access memory) i EEPROM-a (engl. electrically erasable and programmable
read-only memory), razne oblike ,,flash“ memorije ili na tvrde diskove. Primarna svrha ovog
sustava je prikupljanje i pohrana podataka. Oni su takoder namijenjeni vizualizaciji i analizi
podataka u stvarnom vremenu i naknadnoj obradi nakon snimanja. Nadalje, ve¢ina DAQ
sustava ima ugradenu mogucnost analitike i1 generiranja izvjeS¢a. DAQ uredaji kljucni su za
ispitivanje proizvoda, od automobila do medicinskih uredaja, to jest u osnovi bilo kojeg
elektromehani¢kog uredaja koji ljudi koriste. Prije prikupljanja podataka, proizvodi su se
testirali na nestrukturiran, vrlo subjektivan na¢in. Na primjer, prilikom testiranja ovjesa u
automobilu, inZenjeri su se ¢esto oslanjali na misljenja testnih vozaca o tome kakav im je ovjes
,»po osje¢aju“. Razvojem DAQ sustava koji mogu prikupljati podatke iz Sirokog spektra
senzora, ove vrste subjektivnih misljenja zamijenjene su objektivnim mjerenjima. Ta mjerenja
se lako mogu ponoviti, usporediti, matematicki analizirati 1 vizualizirati na mnogo nacina.
Hardverski dio sustava za prikupljanje i obradu podataka je poveznica izmedu senzora i
raCunala, tj. dio za obradu signala, dok softverski dio na ra¢unalu ima zada¢u prikupljene

podatke pohraniti i omoguciti prikaz u ljudima razumljivom obliku.

Senzor DAQ hardver Racunalo

A/D pretvornik DAQ softver
Obrada signala

Slika 27. Princip rada sustava za prikupljanje i obradu podataka [23]
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4.1. lzbor i opis hardvera

Hardverski dio sustava za prikupljanje i obradu podataka djeluje kao sucelje izmedu racunala i
okoline koja se testira §to je u ovome slucaju elektri¢ni motor. Ovisno o vrsti senzora, njihov
elektri¢ni izlaz moze biti naponski, strujni, otpor ili neka druga elektri¢na pojava koja se mijenja
u vremenu. Izlaz analognih senzora obi¢no je povezan s ulazom hardverskog dijela DAQ
sustava. Zatim ti uredaji prihvacaju analogni signal i prilagodavaju ga, pri ¢emu pasivne senzore
treba spojiti na elektri¢ki izvor, a aktivne senzore treba spojiti na odgovarajuce trosilo (na ulaz
pojacala). Kompenzacija je sljedeci korak u kojem se od izlazne veli¢ine senzora trebaju mjeriti
i oduzeti smetnje pomocu filtriranja odnosno potiskivanja smetnji. Nakon toga signal treba
pojacati kako bi bio prilagoden Zeljenom izlaznom opsegu. Slijedi uzorkovanje i pretvaranje
analognog u digitalni signal. Potrebno je Kkoristiti sustav koji ima gore nabrojane odluke kako
bi prikupljeni podaci bili $to je moguce to¢niji, prikladniji za upotrebu i §to opsezniji.
Senzori koji su namijenjeni spajanju na hardver sustava su:

a) Senzor momenta

b) Rezolver

¢) RTD senzor

d) Senzor struje
Za hardver je izabran SIRIUS-DAQ sustav slovenskog proizvoda¢a Dewesoft. Ovaj sustav ima
mnostvo ulaznih i izlaznih kanala na koje se mogu prikljuciti:

e USB/ETHERNET izlaz za spajanje na racunalo

e Sirok raspon senzora koje podrzava, a $to uklju¢uje potrebne izlaze senzora momenta,

rezolvera, RTD i senzora struje

Sustav ima mogucnost mjerenja napona te visoku razinu izolacije koja $titi od ostecenja sustava
i ostale opreme uslijed prevelikog napona. Takoder je mogucée programabilno napajanje senzora

neovisno o kanalu.
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Slika 28. SIRIUS suéelje [23]

4.2. lzbor i opis softvera

Softverski dio sustava za prikupljanje i obradu podataka sluzi za pohranu i vizualizaciju.
Danasnji sustavi obi¢no spremaju podatke u vremenu dok se ispitivanje provodi. Podaci mogu
biti spremljeni u mnostvo formata kao $to je CSV (engl. comma separated values) format ili
UNV (engl. universal file format). Ono $to je potrebno u testiranju elektriénih motora FSB-RT
je vizualizacija podatka u stvarnom vremenu tijekom pohrane podataka. Zamisljeno je kako ¢e
podaci biti prikazani na zaslonu rac¢unala na kojeg je instaliran Dewesoft sofver koji dolazi u
paketu sa hardverskim dijelom DAQ sustava. Podaci valnog oblika mogu se prikazati na
grafikonu ili mreZi i u numeri¢kom obliku. Postoje i ostali razni vizualni instrumenti koje ovaj

softver nudi poput: snimaca, osciloskopa, video snimaca i grafikona

Slika 29. Prikaz sudelja Dewesoft softvera [23]
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5. Postupci provedbe testova (engl. test procedure)

Kako bi se testiranjem dobio uvid u sve traZzene karakteristike i kako bi se motor podvrgao
razli¢itim optere¢enjima potrebno je provesti niz razlicitih ispitnih procedura. Ispitne procedure
u ispitivanju elektri¢cnog motora mogu se podijeliti u sljedeée kategorije:

e Testovi opéeg stanja (engl. condition tests)

e Testovi stacionarnog stanja (engl. steady—state tests)

e Testovi simulacije kruga
O svakoj kategoriji ispitnih procedura te testovima koje je potrebno provesti te 0 samim
testovima vise je napisano u sljede¢im odlomcima. Ove ispitne procedure opisane su isklju¢ivo

za IPM elektri¢éne motore koji su predmet ispitivanja.
5.1. Testovi opéeg stanja (engl. condition tests)

Pomocu testova opceg stanja cilj nam je prikupiti opéenite informacije o stanju motora nakon
proizvodnje i informacije koje se kasnije mogu upotrijebiti kako bi se procijenila promjena

karakteristika motora s vremenom.

5.1.1. Mijerenje otpora armature

Otpor armature je zapravo otpor vodica kojim te¢e AC struja napajanja i zelimo da taj otpor
bude $to manji kako bi imali §to manje gubitke snage. Takoder ovim ispitivanjem provjeravamo
izradu samog namota i ispravnost spajanja. Mjerenje se moze izvrSiti na tri na¢ina: mjerenje s
2 Zice, 3 zice ili 4 zice. Od instrumenata potrebno je koristiti 2 multimetra (za mjerenje s 4 zice)
i izvor napajanja.

Mjerenje s dvije zice je najjednostavnije, ali i najnepreciznije. Rezultat gresaka je otpor samih
zica koji moze biti znacajan kada se mjere mali otpori.

Mjerenje s tri zice daje dobre rezultate ukoliko zice imaju to¢no jednake otpore, ali ukoliko je
otpor jedne od Zica bitno drugaciji postoji greSka u mjerenju.

Zbog toga se otpor armature najtoc¢nije mjeri uz pomo¢ Cetiri zice. Ova metoda osigurava da
otpor zica ima zanemarivi uc¢inak jer su razdvojene stezaljke za izvor struje i multimetra koji
mjeri pad napona kao na slici 30. To osigurava vrlo male struje koje putuju kroz otpore zica za
mjerenje napona i tako eliminira pad napona na Zicama. Otpor se jednostavno moze dobiti
izratunom iz ve¢ opisanog Ohmovog zakona. Ovo je najpreciznija od tri navedene metode i

ona je odabrana u ispitivanju armature elektricnog motora FSB-RT.
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Slika 30. Mjerenje otpora s 4 Zice

5.1.2. Mijerenje otpora izolacije

Kako bi se produZio Zivotni vijek motora i kako bi se motorom upravljalo na ispravan nacin da

potrebno je ispitati izolaciju namota u statoru. Nakon ciklusa rada u kojima je elektri¢ni motor

izlozen ¢imbenicima neéistoce, temperature, naprezanja i vibracije nije rijetkost da ti uvjeti

dovedu do kvara izolacije ako nije kvalitetno proizvedena i realizirana na elektri¢nom motoru

Sto rezultira njegovim kvarom ili ¢ak pozarom. Upravo zbog toga moramo ispitati stanje

izolacije prije ostalih ispitivanj kako bi znali da je u valjanom stanju nakon proizvodnje.

Ucinkoviti sustav otpora izolacije motora ima visoki otpor, obi¢no (na apsolutnom minimumu)

nekoliko megaohma (M€). Neko opée i neprecizno pravilo kaZe da izolacija motora mora imati

otpor ve¢i od 10 MQ kako bi bila u zadovoljavaju¢em stanju. Vecina podataka s kojim se

usporeduje otpor izolacije su empirijski. Takvi podaci proizvodaca elektri¢énih motora Grundfos

su navedeni u tablici 3.
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Tablica 3. Empirijske vrijednosti razine izolacije [18]

Razina otpora o .
izolaciie Razina izolacije
2 MQ ili manje Losa
2-5 MQ Kriti¢na
5-10 MQ Abnormalna
10-50 MQ Dobra
50-100 MQ Jako dobra
100 MQ i vise Odli¢na

Mjerenje otpora izolacije elektricnog motora izvodi se pomocu megaommetra, odnosno
ommetra za visoke otpore. Za mjerenje otpora izolacije primjeni se DC napon iznosa izmedu
500V i 1000V izmedu namota i uzemljenja motora, te se mjeri posljedi¢na struja ¢iji iznos mora
biti manji od desetinke miliampera da se zadovolje prethodno navedeni zahtjevi na kvalitetu
izolacije. Mjerni uredaj sam pretvara odnos narinutog napona i izmjerene struje u informaciju

o otporu izolacije i izraCunava otpor o megaomima.

Slika 31. Mjerenje otpora izolacije motora [18]
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5.2. Testovi stacionarnog stanja (engl. steady-state tests)

Ispitivanja u stacionarnom stanju ukljucuju sva ona ispitivanja kod kojih se mjerne veli¢ine
odrzavaju dovoljno dugo na stacionarnim vrijednostima tako da instrumenti pokazuju
konstantno oc€itanje. Zbog toga su cijeli postupak i oprema relativno jednostavni. Budu¢i da su
signali koji se mjere konstantni, ne treba brinuti o kasnjenju signala ili pomaku signala u fazi
(u vremenu) jer ¢e se svi podaci ¢itati sekvencijalno i spremati se kako pristizu. Ovi testovi su
vrlo uobicajeni u testiranju elektri¢nih motora. Promatraju se elektricke, mehanicke i termalne
karakteristike ispitivanog motora. Sama svrha ovih testova je kako bi se predvidjele
performanse motora podvrgnutog razli¢itim optere¢enjima, kako bi se u ranoj fazi dijagnozirali

problemi 1 greske te kako bi se kvalitetno izveo sustav upravljanja elektriénim motorom.

5.2.1. Test otvorenog kruga (engl. open-circuit test)

Ispitivanja otvorenog kruga provode se s ,,otvorenim‘ strujnim krugom armaturnog terminala,
a samim time i bez struje koja tece u namotima armature. Cilj ovog ispitivanja je saznati napon
otvorenog kruga Vo za modeliranje i dijagnosticke potrebe. Na primjer, rezultati se mogu
koristiti za provjeru veliine generiranog napona ili za mjerenje njegove ravnoteze i
harmonickog sadrzaja. Uz to, na temelju spoznaje kako magnetni materijali od kojih su gradeni
permanentni magneti znatno ovise o temperaturi, mjerenjem napona otvorenog kruga moze se
indirektno mjeriti temperatura magneta $to je inaCe problem jer se magneti vrte na rotoru i ne
postoji jednostavan (i jeftin) nacin za mjerenje njihove temperature. Naime, tok magnetskog
polja u rotoru proizvode permanentni magneti, a njihove karakteristike kao S§to je
zaostala/remanentna indukcija i koercitivnost zna¢ajno ovise o temperaturi, 0dnosno opadaju s
povecavanjem temperature kod neodimij-zeljezo-bor magneta.
Ispitivanje napona otvorenog kruga moze se provesti iz vise pocetnih stanja ukljucujuci:

a) Stroj radi u otvorenom krugu

b) Stroj radi kao generator

¢) Stroj radi kao motor
Ovdje je vazno napomenuti kako zbog nejednakih uvjeta testiranja treba pripaziti na
interpretaciju rezultata. Naime, zbog velike ovisnosti karakteristika magneta o temperaturi treba
imati na umu da ¢e se zbog promjene okoliSnih uvjeta mijenjati i iznos napona otvorenog kruga.
Zbog toga se za analizu i modeliranje napona otvorenog kruga treba snimiti i okolisne uvjete

kako bi rezultati bili usporedivi.
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U svim slu¢ajevima treba mjeriti:

e Napon naizvodima (priklju¢cima) faznih namota. Napon treba mjeriti na najmanje dvije
linije kako bi se odmah provjerila i ravnoteza napona medu fazama te se tako na vrijeme
otkrije mogu¢i problem s namotima. Instrumenti za mjerenje napona mogu biti
jednostavni poput digitalnog 1 analognog multimetra, ali i sofisticirani uredaji poput
,data aquisition system* ili osciloskopa kako bi se dobili detaljniji podaci o valnim
oblicima napona. Ovdje ¢e se koristiti ve¢ opisani DAQ sustav.

e Brzina vrtnje stroja. Napon otvorenog kruga je proporcionalan brzini vrtnje motora i
zbog toga se brzina mora mjeriti usporedno s naponom. Brzina vrtnje se na navedenom
postavu mjeri pomocu rezolvera.

e Temperatura. Napon otvorenog kruga je funkcija temperature magneta. Buduci da je
zahtjevno direktno mjeriti temperaturu magneta potrebno je izmjeriti unutarnju
temperaturu stroja koja priblizno odgovara temperaturi statorskih namota. Na

navedenom postavu se temperatura mjeri RTD senzorom.

a) Stroj radi u otvorenom krugu, odnosno u praznom hodu
Kako bi se elektriéni motor s permanentnim magnetima ispitao u stacionarnom stanju uz
otvoreni krug statora, potrebno ga je pogoniti na konstantnom brzinom pomoc¢u drugog motora.
Uz to, potrebno je mjeriti temperaturu statorskog namota kako bi se potvrdilo je li postignuto
stacionarno stanje temperature. Kada se to stanje postigne, izmjeri se napon na otvorenog kruga
I snime se pripadajuce brzine vrtnje te temperature.

b) Stroj radi kao generator
Ovaj test se izvodi tako da stroj radi kao generator pri konstantnom opterecenju i brzini vrtnje.
Kada se postigne konstantna temperatura (koja se mjeri u namotima statora) iskljuci se sklopka
koja povezuje generator s njegovim opterecenjem i tako se otvori strujni krug. Zatim se napon
otvorenog strujnog kruga brzo izmjeri dok je temperatura magneta blizu stacionarnog iznosa
stanja. Budu¢i da ¢e brzina vrtnje pri promjeni opterecenja jako varirati, test je najbolje izvesti
uz pomo¢ DAQ sustava kako bi ispitivanje dalo to¢ne podatke za sve iznose brzina i napona te
kako bi ih se pravovaljano moglo usporediti i dobiti njihovu meduovisnost.

¢) Stroj radi kao motor
Ovaj test se izvodi tako da stroj radi kao motor pri konstantnom optereé¢enju i brzini vrtnje.
Kada se postigne konstantna temperatura (koja se mjeri u namotima statora) iskljuci se sklopka

koja povezuje motor s njegovim napajanjem i tako se otvori strujni krug. Zatim se napon
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otvorenog strujnog kruga brzo izmjeri dok su temperatura magneta i brzina vrtnje blizu
stabilnog stanja. I u ovom slucaju se preferira koristenje DAQ sustava kako bi ispitivanje dalo
to¢ne podatke za sve iznose brzina i napona U uvjetima varijabilne brzine vrtnje.

Gubici otvorenog kruga elektricnog motora s permanentnim magnetima su funkcija brzine
vrtnje stroja i radne temperature. Brzina utjeCe na trenje i gubitke u namotima, a temperatura
na indukciju magneta i gubitke u leZajevima. Direktnim mjerenjem okretnog momenta (pomocu

senzora okretnog momenta) i brzine dobije se snaga otvorenog kruga.

Poc = wmTok (5)
gdje je Tox moment Koji se generira u otvorenom krugu.
Kako bi se odredili gubitci otvorenog kruga oduzme se snaga otvorenog kruga od snage

napajanja.

Pgubici ok. = Pnapajanje — Poc (6)
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5.2.2. Mijerenje parazitske pulzacije momenta (engl. cogging torque measurement)

Pulzacija momenta elektri¢cnog motora je moment koji nastaje zbog interakcije permanentnih
magneta u rotoru i statorskih utora. Taj moment ovisi 0 poziciji rotora u odnosu na stator i broju
polova magneta te broju zubi (i polnih nastavaka) statora. Pulzacija momenta nepozeljan je
efekt u radu elektricnog motora. Posebno je izrazen na malim brzinama vrtnje pri ¢emu se
manifestira kao trzanje motora. Na ve¢im brzinama pulzacije momenta manje utje¢u zbog
efekta inercije motora jer su pulzacije pri ve¢im brzinama viSe frekvencije. Pulzacije momenta
mogu se karakterizirati kao razlika izmedu maksimalnog vrha i minimalnog dijela momenta
mjerenog u jednom okretu kada je stroj u otvorenom krugu ili bez uzbude i rotiranog na vrlo

maloj konstantnoj brzini od 3 okretaja u minuti.
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Slika 32. Tipi¢ni valni signal pulzacija momenta [25]

Mjerenje pulzacija okretnog momenta moze se provesti kao staticki test ili kao dinamicki test.
Dinamicki test izvodi se tako da se motor vrti za mali mehanicki kut zakreta u diskretnim
koracima. Nakon svakog diskretnog koraka (tj. rotacije) mjeri se reaktivni okretni moment i
nakon dovoljnog broja diskretnih koraka to daje pulziraju¢i moment. Ovaj postupak se ponavlja
dok se vratilo elektriécnog motora ne okrene za jedan okret odnosno 360°. 1z podataka okretnog
momenta i ostalih dobije se iznos pulzacije momenta. Staticki test izvodi se tako da se
primjenjuje sve veci okretni moment na stacionarni rotor te se snima okretni moment na kojem
se rotor po¢ne okretati. Vazno je napomenuti da motor kojeg se ispituje treba biti otvorenog
strujnog kruga.
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5.2.3. lIspitivanje u kratkom spoju (engl. short-circuit test)

U kombinaciji s mjerenjem napona otvorenog kruga o kojem je ve¢ pisano u odlomku 5.2.1
mjeri se i struja armature kratkog spoja u stabilnom stanju kako bi se odredile temperaturne
karakteristike stroja s permanentnim magnetima i njegovog sustava hladenja. Takoder se moze
ispitivati induktivitet namota. Ispitivanje u kratkom spoju izvodi se sa priklju¢cima armature
kratko spojenima kao §to je to prikazano na slici 33. Stroj s permanentnim magnetima pokrece
se drugim motorom. Buduci da ¢e struja otvorenog kruga znacajno premasiti struju za koju je
stroj namijenjen to ¢e dovesti do rapidnog zagrijavanja motora i rasta temperature. Zbog toga
je potrebno dodati vanjsku impedanciju kako bi se ograni¢io porast temperature, ali i struje
kratkog spoja koja moze demagnetizirati permanentne magnete statora. Impedancija treba biti
reaktivna jer bi znacajnija radna (otporni¢ka) komponentna povecala gubitke kratkog spoja

uslijed porasta radnog otpora statorskog kruga motora.

Preliddacéi
| 1—

-—D_fl__ trofazni

Pogonski —1—
motor Stroj s permaneninim Vanjska

magnetima impedancija

Slika 33. Konfiguracija kratko spojenog kruga za test

Prilikom pripreme za test dobro je procijeniti mogucu struju kratkog spoja po jednadzbi 7.

= (7)

Gdje je V,. izmjeren napon otvorenog kruga, a X, sinkrona reaktancija.

Ukoliko je dodana vanjska impedancija izraz postaje:
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Vo
Ise = 5= (8)
© V(X + Zuans )

gdje je Zyanj. = Ryanj. + jXvanj. Vanjska impedancija, te je ukupni iznos impedancije tada:

Zoan). = JRsanj, (X + Xoany)? 9)

Ispitivanje se izvodi tako da pogonski motor zaleti stroj koji se ispituje na zeljenu brzinu vrtnje,
nakon toga se prekida¢i zatvore i dobije se kratki spoj. Slijedi paZljivo promatranje
temperaturnih dogadanja u motoru (statoru). Mjere¢i porast temperature moze se dobiti
mnos$tvo bitnih podataka koji se koriste za analizu termalnih karakteristika stroja i sistema
hladenja. Senzorom momenta mjeri se moment stroja $to ¢e posluziti za odredivanje snage
disipacije kratkog spoja. Ovo ispitivanje treba vrsiti sve dok se ne postigne stacionarno stanje
kada temperatura vise ne raste i onda se dodatno prikupljaju podaci o temperaturama, brzinama
vrtnje 1 momentima. Vazno je pripaziti da temperatura ne naraste vise od one koju materijali
izolacije, leZajeva i magneta mogu podnijeti. Stoga se preporucuje da se ovakav test provodi

pri sniZenim brzinama vrtnje kod kojih je inducirani napon u namotima razmjerno mali.

5.2.4. Test konstantnog opterecenja

Kao 1 sve druge elektri¢ne strojeve, elektricne motore s permanentnim magnetima treba ispitati
pod optereCenjem kako bi se provjerila njihova funkcionalnost i kako bi se okarakterizirale
performanse koje motor moze ponuditi u odredenim radnim uvjetima. Cilj ovog testa je odrediti
ucinkovitost, faktor snage 1 temperature stroja u funkciji opterecenja i1 napona napajanja. Ova
ispitivanja takoder mogu pokazati informacije o ravnotezi napona i struje te harmonijskim
izoblicenjima kao i pulzacijama okretnog momenta, vibracijama i akusti¢noj buci. Potrebno je
mjeriti napon napajanja i struju, elektricnu snagu, brzinu vrtnje motora, okretni moment i
temperaturu.

Ispitivanje se provodi tako da se elektricni motor optereti drugim strojem koji radi kao
generator. Ispituje se ponasanje motora na razli¢itim iznosima ulazne snage. Ovdje do izrazaja
dolazi konstrukcija ispitne stanice kako je opisana na slici 12 jer je zapravo rije¢ o ,,back-to-
back* testu gdje nam vanjsko napajanje mora samo pokriti ukupne gubitke oba stroja i njihovih

pripadajucih upravljackih jedinica.
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Ispitivanje se provodi tako da se prvo motor zavrti na Zeljenu testnu brzinu, primijenjeni napon
1 opterecenje. Zatim se prati temperatura u statoru i ¢eka se postizanje stabilnog stanja. Kada se
stabilno stanje postigne obavljaju se sva potrebna mjerenja napona, struja, snage, okretnog

momenta, brzine vrtnje i temperature uz pomo¢ DAQ sustava.
5.3. Testovi simulacije kruga

Testovi simulacije kruga imaju zada¢u simulirati okretne momente i brzine vrtnje na kojima ¢e
motor raditi pri utrkama izdrzljivosti (engl. endurance) u Formula Student natjecanjima. Pri
tome je jako bitno pazljivo pratiti temperaturne promjene koje se dogadaju u motoru.
Utrka izdrzljivosti se po pravilniku Formula Student natjecanja [2] sastoji od zatvorenog kruga
kojem je duzina otprilike 1 kilometar i gdje ukupno treba savladati 22 kilometra odnosno 22
kruga. Sama staza na kojoj se odvija utrka ima sljedece karakteristike:

e Ravni predijeli: ne duzi od 80 m

e Konstantni zavoji: do 50 m u promjeru

e Nagli zavoji: najmanje 9 m vanjskog promjera zavoja

e Slalomi: ¢unjevi poredani u liniju sa razmakom izmedu svakog od 9 do 15 m

e Razno: Izmjenjivi zavoji, zavoji sa smanjuju¢im radijusom itd.

e Najmanja Sirina staze je 3 m
Kako bi motor uspjesno savladao navedenu utrku potrebno je Sto bolje simulirati dano
opterecenje Sto se radi uz pomo¢ CarSim softvera. Jedan elektri¢ni motor podvrgava se
predvidenim uvjetima optereenja uz pomo¢ drugog elektricnog motora koji radi u
generatorskom nacinu rada. Sama izvedba ispitivanja sastoji se od toga da se elektri¢ni motor
napaja potrebnom snagom koja je simulirana za utrku i da se prate temperaturne promjene u
elektricnom motoru. Informacije o tim promjenama nam daju uvid kako je potrebno upravljati

elektricnim motorom za najbolje moguce performanse i uz ocuvanje samog motora.
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Enginc Power (kW)

EED0DEEEE

Slika 34. Staza za utrku izdrZljivosti i koriStena snaga [27]
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6. Zakljucak

Kroz ovaj rad pokazano je idejno rjeSenje konstrukcije ispitne stanice pri ¢emu je posebna
pozornost dana na jednostavnosti izrade i montaze. 1zabrani senzori su lako nabavljivi, relativno
jeftini 1 jednim dijelom ve¢ dostupni za koriStenje. Uz to, posebna je pozornost posveéena
sigurnosti jer je ovo ispitivanje namijenjeno provedbi od strane studenata ¢ija prakti¢na iskustva
su ograni¢enog dosega, naro¢ito za ovakvu vrstu zadatka. Sustav prikupljanja i obrade podataka
odabran je kako bi pohrana podataka i vizualizacija bili Sto jednostavniji i pristupacniji za
daljnje koristenje i upravljanje elektri¢nih motora. Definirani su ispitni postupci koji imaju za
cilj prikupiti $to viSe korisnih podataka o elektricnom motoru, kako ga upravljati 1 koje
performanse moze ponuditi.

Daljnji rad na ovoj problematici moze ukljucivati osmisljavanje upravljackih algoritama
elektricnih motora za potrebe natjecanja i implementacija takvih algoritama u samovoznim

bolidima koje ¢e se kroz godine koje dolaze sve vise razvijati.
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Specifications

Type T12HP
Accuracy class 0.02
Torque measuring system
Nominal (rated) " Nm | 100 | 200 | 500
ominal (rated) torque Myom N y | 5 | 3 5 | 10
Nominal (rated) rotational speed npom
Option 3, code L 1) rpm 15 000 12 000 10 000
Option 3, code H 1) rpm 18 000 16 000 14 000 | 12 000
Linearity deviation including hysteresis, related to
nominal sensitivity
Fieldbuses, frequency output 10 kHz/60 kHz
For a max. torque in range:
between 0% of Mpom and 20% of Mpom % <+0.005 (optional <+0.003)
> 20% of Mpom and 60% of Mpom % <+0.010 (optional <+0.005)
> 60% of Mom and 100% of Mpom % <+0.015 (optional <+0.007)
Voltage output
For a max. torque in range:
between 0% of Mpom and 20% of Mpom % <+0.015
> 20% of Mpom and 60% of Mpom % <+0.035
> 60% of Mom and 100% of Mpom % <+0.05
Rel. standard deviation of repeatability per DIN 1319,
related to the variation of the output signal
Fieldbuses/frequency output % +0.005
Voltage output % +0.03
Temperature effect per 10 K in the nominal (rated)
temperature range
on the output signal, related to the actual value of the
signal span
Fieldbuses/frequency output % +0.02
Voltage output % +0.05
on the zero signal, related to the nominal sensitivity
Fieldbuses/frequency output % +0.01 (optional +0.005)
Voltage output % +0.04
Nominal sensitivity (spread between torque = zero and
nominal (rated) torque)
Frequency output 10 kHz/60 kHz kHz 5/30
Voltage output \'% 10
Sensitivity tolerance (deviation of the actual output
quantity at My,om from the nominal sensitivity)
Frequency output % +0.05
Voltage output % +0.1
Output signal at torque = zero
Frequency output 10 kHz/60 kHz kHz 10/60
Voltage output \ 0
Nominal (rated) output signal
Frequency output
with positive nominal (rated) torque 10 kHz/60 kHz kHz 15/90 (5 V symmetrical) 2))
with negative nominal (rated) torque 10 kHz/60 kHz kHz 5/30 (5 V symmetrical 2))
Voltage output
at positive nominal (rated) torque \% +10
at negative nominal (rated) torque \% -10
Scaling range
Frequency output/voltage output % 10 ... 1000 (of Mnom)
Resolution
Frequency output 10 kHz/60 kHz Hz 0.03/0.25
Voltage output mV 0.33
Residual ripple
Voltage output mV 3

1) See page 15.
2) RS-422 complementary signals, note termination resistance.
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Specifications (continued)

_ N-m 100 | 200 | 500
Nominal (rated) torque Myom N y | 5 ‘ 3 ‘ 5 ‘ 10
Maximum modulation range 3)
Frequency output 10 kHz/60 kHz kHz 4..16/24 ... 96
Voltage output \% -10.2 ... #10.2
Load resistance
Frequency output kQ >2
Voltage output kQ > 10
Long-term drift over 48 h
Voltage output mV +3
Measurement frequency range
Frequency output/voltage output -1 dB Hz 0 ... 4000
Frequency output/voltage output -3 dB Hz 0 ... 6000
Low-pass filter LP1 Hz 0.05 ... 4000 (fourth-order Bessel, -1 dB); factory setting 1000 Hz
Low-pass filter LP2 Hz 0.05 ... 100 (fourth-order Bessel, -1 dB); factory setting 1 Hz
Group delay (low pass LP1: 4 kHz)
Frequency output 10 kHz/60 kHz us 320/250
Voltage output us 500
Energy supply
Nominal (rated) supply voltage (DC)
(safety extra-low voltage) \Y 18 ...30
Current consumption in measuring mode A <1 (typ. 0.5)
Current consumption in startup mode A <4
Nominal (rated) power consumption w <18
Maximum cable length m 50
Shunt signal 50 % of Mnom or 10 % of Mhom
Tolerance of the shunt signal, related to M;,om % +0.05
Speed/angle of rotation measuring system Optical, using infrared light and a metallic slotted disc
Mechanical increments Number 360 720
Positional tolerance of the increments mm +0.05
Tolerance of the slot width mm +0.05
Pulses per revolution (adjustable) Number 360; 180; 90; 60; 45; 30 720; 360; 180;
120; 90; 60
Pulse frequency at nominal (rated) rotational speed
Npnom
Option 3, code L 4) kHz 90 72 120
Option 3, code H 4) kHz 108 96 168
Minimum rotational speed for sufficient pulse stability rpm 2
Group delay us <5 (typ. 2.2)
Hysteresis of direction of rotation reversal
in the case of relative vibrations between rotor and stator
Torsional vibration of the rotor degrees < approx. 2
Radial vibrations of the stator mm < approx. 2
Permitted degree of contamination, in the optical path
of the sensor pickup (lenses, slotted disc) % <50
Effect of turbulence on the zero point,
related to the nominal (rated) torque
Option 3, code L 4) % <0.05 | <0.03 | <0.03 <0.02 <0.01
Option 3, code H 4) % <0.08 | <0.04 | <0.03 <0.02 <0.01
Output signal for frequency/pulse output \% 5 5) symmetrical; 2 square-wave signals, approx. 90° out-of-phase
Load resistance kQ >2

3)  Output signal range in which there is a repeatable correlation between torque and output signal.
4) See page 15.
5) RS-422 complementary signals, note line terminations.
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Specifications (continued)

_ N-m 100 | 200 | 500

Nominal (rated) torque M,om Nm y | 5 | 3 | 0
Rotational speed
Fieldbuses
Resolution rpm 0.1
System accuracy (with torsional vibrations of max.
3% of the current rotational speed at 2x rotational
frequency) ppm 150
Max. rotational speed deviation at nominal (rated)
rotational speed (100 Hz filter) rpm 1.5
Voltage output
Measurement range \% +10
Resolution mV 0.33
Scaling range % 10 to 1000
Overload limits \% +10.2
Load resistance kQ >10
Non-linearity % <0.03
Nominal (rated) power consumption w <18
Maximum cable length m 50
Temperature effect per 10 K in the nominal (rated)
temperature range

on the output signal, related to the actual value of the

signal span % <0.03

on the zero signal % <0.03
Residual ripple mV <3
Angle of rotation
Accuracy degrees 1 (typ. 0.1)
Resolution degrees 0.01
Correction of runtime deviation between torque LP1
and the angle of rotation for filter frequencies Hz 4000; 2000; 1000; 500; 200; 100
Measurement range degrees 0 ... 360 (single-turn) to + 1440 (multi-turn)
Power
Measurement frequency range Hz 80 (-1 dB)
Resolution w 1
Full scale value W Pmax = Mnom * Nnom * % [Mnom] in N-m

30 [Nhom] in rpm
Temperature effect per 10 K in the nominal (rated)
temperature range on the power signal, related to the
full scale value % +0.05 - n/npom
Linearity deviation including hysteresis, related to
the full scale value % +0.02 - n/npom
Sensitivity tolerance (deviation of the actual measure-
ment signal span of the power signal related to the full
scale value) % +0.05
Temperature signal of the rotor
Accuracy K 1
Measurement frequency range Hz 5(-1dB)
Resolution K 0.1
Physical unit - °C
Sample rate '\Czlausgsrzd 40
HBM B4582-1.0 en HBM: public




Specifications (continued)

TEDS 1 (torque)
TEDS 2 (speed/angle of rotation)

Fieldbuses
CAN bus
Protocol - CAN 2.0B, CAL/CANopen-compatible
Sample rate Measured max. 4800 (PDO)
Hardware bus link as per ISO 11898
Baud rate kBit/s 1000 500 250 125 100
Maximum line length m 25 100 250 500 600
Connection - 5-pin, M12x1, A-coding per CANopen DR-303-1 V1.3, electrically isolated from
power supply and measurement ground
PROFIBUS DP
Protocol - PROFIBUS DP Slave, per DIN 19245-3
Baud rate MBaud max. 12
PROFIBUS Ident Number - 096C (hex)
Input data, max. bytes 152
Output data, max. bytes 40
Diagnostic data bytes 18 (2- 4 byte module diagnosis)
Connection - 5-pin, M12x1, B-coding, electrically isolated from power supply and measurement
ground
Update rate )
Configuration entries <2 4800
< 4 2400
=8 Measured 1200
<12 values/s 600
< 16 300
> 16 150
Limit value switches (on fieldbuses only)
Number - 4 for torque, 4 for rotational speed
Reference level - Torque low pass 1 or low pass 2
Rotational speed low pass 1 or low pass 2
Hysteresis % 0...100
Adjustment accuracy digits 1
Response time (LP1 = 4000 Hz) ms typ. 3
TEDS (Transducer Electronic Data Sheet)
Number - 2

A choice of voltage sensor or frequency sensor
Frequency/pulse sensor

6) When CAN PDOs are activated simultaneously, the update rate on the PROFIBUS is reduced.

B4582-1.0 en HBM: public
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Specifications (continued)

_ Nm | 100 [ 200 [ 500

Nominal (rated) torque M,om N y | 5 | 3 5 0
General information
EMC
Emission (EME) (per FCC 47, Part 15, Section C)
Emission (per EN61326-1, Table 3)

RFI voltage - Class A

RFI power - Class A

RFI field strength - Class A
Immunity from interference (EN61326-1, Table A.1)

Electromagnetic field (AM) V/m 10

Magnetic field A/m 30

Electrostatic discharge (ESD)

Contact discharge kV 4
Air discharge kV 8

Fast transients (burst) kV 1

Impulse voltages (surge) kV 1

Conducted interference (AM) \Y 3
Degree of protection per EN 60529 IP 54
Reference temperature °C 23
Nominal (rated) temperature range °c +10...+70
Operating temperature range °c -10...+70
Storage temperature range °c -20...+75
Mechanical shock and impact testing per
EN 60068-2-27

number n 1000

Duration ms 3

Acceleration (half sine) m/s2 650
Vibration testing per EN 60068-2-6

Frequency range Hz 5...2000

Duration h 25

Acceleration (amplitude) m/s2 100
Load limits 7)
Limit torque, (static) = 1o of 200 160

nom
Breaking torque, (static) + Ao//;’ of > 400 > 320
nom

Axial limit force (static) + kN 5 10 16 19 39 42 80 120
Axial limit force (dynamic) amplitude kN 25 5 8 8.5 19.5 21 40 60
Lateral limit force (static) + kN 1 2 4 5 9 10 12 18
Lateral limit force (dynamic) amplitude kN 0.5 1 2 25 4.5 5 6 9
Bending limit moment (static) + N-m 50 100 200 220 560 600 800 1200
Bending limit moment (dynamic) amplitude N-m 25 50 100 110 280 300 400 600
Oscillation width per DIN 50100 (peak-to-peak) 8 N-m 200 400 1000 2000 4000 4800 8000 | 16000

7) Each type of irregular stress (bending moment, lateral or axial force, exceeding nominal (rated) torque) can only be permitted up to its speci-
fied limit, provided none of the others can occur at the same time. If this condition is not met, the limit values must be reduced. If 30% of the
bending limit moment and lateral limit force occur at the same time, only 40% of the axial limit force is permissible and the nominal (rated)
torque must not be exceeded. The effects of 10% of the permissible bending moments, axial and lateral forces on the measurement result

are < + 0.02% of the nominal (rated) torque.
8) The nominal (rated) torque must not be exceeded.

HBM
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Specifications (continued)

anomalies on the vibrational measurements needs to be taken into account and isolated from the actual undulation.

B4582-1.0 en HBM: public

_ N-m 100 | 200 | 500
Nominal (rated) torque Myom N y ‘ 5 3 5 ‘ 10
Mechanical values
Torsional stiffness ct kN-m/rad 230 270 540 900 2300 2600 | 4600 7900
Torsion angle at Mpom degrees | 0.048 | 0.043 | 0.055 | 0.066 | 0.049 | 0.066 0.06 0.07
Stiffness in the axial direction c, kN/mm 420 800 740 760 950 1000 950 1600
Stiffness in the radial direction c, kN/mm 130 290 550 810 1300 1500 1650 | 2450
Stiffness during the bending moment round a
radial axis cy, kN-m/deg. 3.8 7 11.5 12 21.7 224 43 74
Maximum deflection at axial limit force mm <0.02 <0.03 <0.05 <0.1
Additional max. radial deviation at lateral limit force mm <0.02
Additional deviation from plane parallelism at
bending limit moment (at & dg) mm <0.03 <0.05 <0.07
Balance quality level per DIN ISO 1940 G25
Normal operation (continuous operation) Sp-p) = 90/&
Max. limits for relative shaft vibration n
(peak-to-peak) 9) m
IUSrgl;IS’;lg??)s in the connection flange area, based on : Start and stop operation/resonance ranges s = &POO
(temporary) vn
(nin rpm)
Mass moment of inertia of the rotor
ly (around rotary axis) kg-m?2 0.0023 | 0.0033 0.0059 0.0192 0.037 | 0.097
ly with optical rotational speed measuring system kg-m?2 0.0025 | 0.0035 0.0062 0.0196 0.038 | 0.0995
Proportional mass moment of inertia for the trans-
mitter side
without rotational speed measuring system % 58 56 54 53
with optical rotational speed measuring system % 56 54 53 52
Max. permissible static eccentricity of the rotor
(radially) to the center point of the stator
without rotational speed measuring system mm +2
with rotational speed measuring system mm +1
Max. permissible axial displacement of the rotor to
the stator mm +2
Weight, approx. Rotor kg 11 ] 18 | 24 49 8.3 14.6
Stator kg 2.3 24 2.5 2.6
9)

The influence of radial deviations, impact, defects of form, notches, marks, local residual magnetism, structural inhomogeneity or material

HBM




Complete measurement flange, T12HP/100 Nm to 200 Nm, with rotational speed

measuring system

Dimensions in mm
(1 mm = 0.03937 inches)

C smaﬁﬁ@ﬁ(%]u@'g D)

( smarttorque* Q)= )

HBM
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Complete measurement flange, T12HP/500 Nm to 1 kNm, with rotational speed

measuring system

Dimensions in mm
(1 mm = 0.03937 inches)
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Complete measurement flange, T12HP/5 kNm, with rotational speed measuring system

Dimensions in mm

ca. 100 ,
i
tecker

(1 mm = 0.03937 inches)
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Complete measurement flange, T12HP/2 to 3 kNm, with rotational speed measuring system

Dimensions in mm
(1 mm = 0.03937 inches)

Eg243

( smm@m@n‘c%]tm@g] s )

inschraubtiefe 10 "
|
UNF 174" "oar
maximale Einschraubtiefe 047 "

C sm@m@n'q;]u@‘g] e )
|
[
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Complete measurement flange, T12HP/10 kNm, with rotational speed measuring system

Dimensions in mm
(1 mm = 0.03937 inches)
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HBM
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Plates for protection against contact 100 N-m ... 200 N-m (in mm)

M3 screw head

M4 screw head
[Locking screw]

External @ =7
\ Height = 2
N
5
External @ =9
Height = 2.5

Plates for protection against contact 500 N-m ... 10 kN-m (in mm)

and 10 kN -m only

(X
<7

Screw head :

External @ =7 b
Height = 2
\‘ Screw head /
y (locking screw)
External & =9

Height = 2.5

Spacing bolts for 5 kN-m

B4582-1.0 en HBM: public 13
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Bolted rotor connection

Rotor

Fastening bolt

7{
]

B =

o

—

I
1
v/‘u

projection)

Hexagon socket screw DIN EN 1SO 4762;
black/oiled/uot = 0.125 (turned into the plane of

Bolt distribution view A

IR

)\

[
.

l
(6x60° for

}/@j 100 N'm ... 200 N'm)
4

Bolt distribution view B

ﬁ(&’\%\
<

\
| j\/
/ (6x60° for
100 N'm ... 200 Nm)

%

Nominal (rated) torque Fastening bolts Fastening bolt Prescribed
(N'm) property class tightening torque (N-m)
100 M8 34
200 M8
500 M10 10.9 67
1k
2k M12 115
3k 135
5k M14 12.9 220
10k M16 340
Mounting dimensions
Rotor mid-point i‘(—'i Stator mid—point Mounting dimensions
| Measurement Mounting dimension (mm)
range
a b c
100 N-m 4 0 ’
200 N'm
500 N-m
‘ 2 2 0
1 kN-m
2 KkN-m
5 3 1
3 kN-m
5 KkN-m 25 3 11
10 KN-m 33 3 15

(Tolerance +1 mm)

T~ Reserved add. space for fieldbus connection cables:
approx. 140 mm, from plug connection tag

HBM
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Radial and axial run-out tolerances

| # | Axial run-out | AB—2>]

' # | Radial run-out AB}j\

Internal centering

Hardness 46 ... 54 HRC

Surface quality of the axial and
radial run—out tolerances (A, B

i

and AB)
Measurement range (N-m) Axial run-out tolerance (mm) Radial run-out tolerance (mm)
100 0.01 0.01
200 0.01 0.01
500 0.01 0.01
1k 0.01 0.01
2k 0.02 0.02
3k 0.02 0.02
5k 0.025 0.025
10k 0.025 0.025
Ordering number
Code | Measurement range Code | Electrical configuration
$100Q | 100 Nm DF1 | Output 60 kHz +30 kHz
$200Q | 200 Nm 5 DU2 | Output 60 kHz +£30 kHz and £+10 V
$500Q | 500 Nm SF1 | Output 10 kHz +5 kHz
1 S001R | 1 kNm SU2 | Output 10 kHz £5 kHz and 10 V
S002R | 2 kNm Code | Bus connection
S003R | 3 kNm 6 c CANopen
S005R | 5 kNm P | CANopen and Profibus DPV1
SO010R | 10 kNm Code | Rotational speed measuring system
Code | Components N No rotational speed measuring system
MF Complete 7 1 Optical
2
RO RO A Optical and reference pulse
ST ST Code | Protection against contact
Code | Accuracy 8 N No
3 S Lin. £+0.015 %; TCO < +0.010 %/10 K Y Yes
i < 0o/ - < )
U Lin. £+0.007 %; TCO < +0.005 %/10 K Code | Customized modification
Code | Nominal (rated) rotational speed 9 U None
4 L 10,000-15,000 rpm, rel. to meas. range
H 12,000-18,000 rpm, rel. to meas. range
wrrewe -(s] [ - ]-[J-(J-C11J-0-00-0-

| 1
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Accessories, to be ordered separately

Article

Ordering number

Connection cable, set

Torque

Torque connection cable, Binder 423 7-pin - D-Sub 15-pin, 6 m 1-KAB149-6
Torque connection cable, Binder 423 - free ends, 6 m 1-KAB153-6
Rotational speed

Rotational speed connection cable, Binder 423 8-pin - D-Sub 15-pin, 6 m 1-KAB150-6
Rotational speed connection cable, Binder 423 8-pin, free ends, 6 m 1-KAB154-6
Rotational speed connection cable, reference pulse, Binder 423 8-pin - D-Sub 15-pin, 6 m 1-KAB163-6
Rotational speed connection cable, reference pulse, Binder 423 8-pin - free ends, 6 m 1-KAB164-6
CAN bus

CAN bus M12 connection cable, A-coded - D-Sub 9-pin, switchable termination resistor, 6 m 1-KAB161-6
Plugs/sockets

Torque

423G-78S, 7-pin cable socket, straight cable entry, for torque output (plug 1, plug 3) 3-3101.0247
423W-78, 7-pin cable socket, 90° cable entry, for torque output (plug 1, plug 3) 3-3312.0281
Rotational speed

423G-88S, 8-pin cable socket, straight cable entry, for rotational speed output (plug 2) 3-3312.0120
423W-88S, 8-pin cable socket, 90° cable entry, for rotational speed output (plug 2) 3-3312.0282

CAN bus

TERMINATOR M12/termination resistor, M12, A-coded, 5-pin, plug

1-CANHEAD-TERM

Termination resistor, CAN bus M12, A-coded, 5-pin, socket

1-CAN-AB-M12

T-SPLITTER M12/T-piece M12, A-coded, 5-pin

1-CANHEAD-M12-T

Cable plug/socket/CAN bus M12, cable socket 5-pin M12, A-coded, cable plug 5-pin M12, A-coded

1-CANHEAD-M12

PROFIBUS

Connection cable, Y-splitter, M12 socket, B-coded; M12 plug, B-coded; M12 socket, B-coded, 2 m

1-KAB167-2

Cable plug/socket/PROFIBUS M12, cable socket 5-pin M12, B-coded, cable plug 5-pin M12, B-coded

1-PROFI-M12

Termination resistor PROFIBUS M12, B-coded, 5-pin

1-PROFI-AB-M12

T-piece PROFIBUS M12, B-coded, 5-pin

1-PROFI-VT-M12

Connection cable, by the meter

Kab8/00-2/2/2 4-3301.0071
Kab8/00-2/2/2/1/1 4-3301.0183
DeviceNet cable 4-3301.0180

Other

Setup toolkit for T12 (System-CD T12, PCAN-USB adapter, CAN bus connection cable, 6 m)

1-T12-SETUP-USB

Subject to modifications. Hottinger Baldwin Messtechnik GmbH

All product descriptions are for general information Im Tiefen See 45 - 64293 Darmstadt - Germany
only. They are not to be understood as a guarantee Tel. +49 6151 803-0 - Fax +49 6151 803-9100
of quality or durability. E-mail: info@hbm.com - www.hbm.com

measure and predict with confidence

HBM
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Stable technology for harsh environment
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Application to turning control of hybrid hydraulic shovels  Application to feeding sensors of weaving machines
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| Singlsyn

An excellent supporting actor which plays an important role in various scenes.

Incessant vibration and repeated shock at a construction site or in a factory.
The more your car runs, the more severe the environment in the engine room becomes.
Even under such circumstances, it is a sensor that guarantees unfailing safety and security.

Application examples of Brushless Resolvers

4l

4 ‘l.]\ | i M Wheel speed sensor ( each wheel ),/Singlsyn
= : - B Sensor for EPS motor.~Singlsyn
- B Electrical Power Steering ECU,/Smartcoder
- { B Hybrid ECU.“Smartcoder
] Bl Angle Sensor for the Drive Motor and Generator
/Singlsyn
B Angle Sensor for Rear-Wheel Drive,/Singlsyn

KIESEEIORY FOE—IRHEYADILHA

Application to Sensors for Horizontal Articulated Robot Motors

Jayaug, 2



“ / “SIDQlSSI’I : b

The VR type resolver Smglssn (sw;%e th

E s
The Slnglssh'has higher rehabl and can' be produced =
at lower cost as it does not have a‘coil on'its rotor. =

“ Forming the rotor core into a special shape and#
= changing the width of the gap between the rotor
= and the stator core generates changes in.the ampllt de
~_ of the output voltage. The Singlsyn canjoe-lnsta led,iln a
minimal amount of space due to the ultra-thin's
of the bu1lt m ‘mode .l,/ﬁ? :

IR M) - &2

High temperature Resistance Vibration Resistance / Shock Resistance
SRE#EHE —40~+150TC &S : 196m/sec2(20G) Vibration : 196 m/sec2 (20G)
Wide Temperature Range —40~+150°C B% : 980m/sec2(100G) Shock : 980 m/sec2 (100G)

FEE L AEXPRE90%LA L Humidity : 90% RH over

RO R [] ‘KX b

High velocity revolution ¥ Low cost
30,000min-1 (KOS A Z1312,000min-111 k) g TERDLVILINEERTERRED1/10&1,
(Large diameter type : 12,000min-1) Min. EIXMEZRIRULE UL,

Especially low cost is realized by reducing the number
of parts to 1/10 compared with conventional resolvers.

iEh LS

Super-thin shape

EIL MV IA T DEERUEE DI

52 H AR—ZDFR/IMENTT BE,

Singlsyn has achieved smallest mounting space because
ofits extremely thin thickness as a built-in structure.

3 Zamyaus,



VATLBEAAR—D System Configuration Image

R/DZ#a28 Smartcoder #1459 32 &(CkV, Singlsyn O7 307 HAHESETIIIME (BE) E=
BROREEESERTDCENHEEFT I, IBESIF. ERNIYAIILOEERNZBNMIE (7 7Y
Ua—h) CHALET,

By connecting to an R/D converter Smartcoder, it is capable of converting analog output signals of Singlsyn to
digital position (angle) signals. The position signals are transmitted as the absolute position within a range of
electrical one cycle.

TFravES
(RMEE)
Analog signals

(AC voltage)
XERIFM A= TT,
*The photograph is an image.

Singisyn (L VIL/Y) Smartcoder (R/D Z# I1C)
Resolver (R/D converter IC)

!

Zayaug, 4



SingISBn S4F w7 Lineup

200mm

150mm

100mm

50mm

Omm (@) @ @ @
®11mm ®25mm ®37mm ®52mm ®64mm
(S-047Y) (S-102Y) (S-158Y) (S-217) (S-253)

TS 2210 Series TS 2223 Series TS 2224 Series TS 2225 Series TS 2216 Series

KEAEA2~10X. AE@290mmaTI#RE CHISIERIRE T, sFHllldBBUVEbE L EEL,
*We can accommodate from 2X to 10X and approximate diameter ¢ 290 mm. Please contact us for details.

U—RRI A 7 Lead type

AT— 28
Stator core 1 — Kig
210 Lead wire

Coil ™

O—&§%8

[ _~~ Rotor core

S amygaus,



| Singlsyn

SCALE 1/2

®10Tmm ®132mm @ 160mm
(S-402Y) (S-53%Y) (S-637)
TS 2255 Series TS 2763 Series TS 2296 Series

i FE>/9 4 7 Terminal pin type

AT

Input/Output terminal \I ;

@ 27— 5§55
a4 H“H” Stator core
Coil

1—- 11 o—sss —

L~ Rotor core

T |

Zayaug, 6



U—RIEIAL T Lead type

OBETOHA

Please contact our sales divisions for mass production.

T Specifications

ARSIV E<B G EEROFTEBVEHhELIEEL,

1I;’EUNCTION e 2X-VRX 3X-VRX 4X-VRX

I?rame S‘irze = ®25mm(S10) | p37mm (S15) | p52mm (S21) | $25mm (S10) | p37mm (S15) | $52mm (S21) | $p25mm (S10) | p37mm (S15) | p52mm (S21)
;\fﬂgoda Number S TS2223N1112E102| TS2224N1112E102|TS2225N1112E102|TS2223N1113E102|TS2224N1113E102|TS2225N1113E102|TS2223N1114E102(TS2224N1114E102|TS2225N1114E102
Excitation In-put " AC 7Vrms 10kHz AC 7Vrms 10kHz AC 7Vrms 10kHz

é’krimaryjsjide # R1-R2 R1-R2 R1-R2

Transform{;tion Ratio 0.286+10% 0.286+10% 0.286%10%

Ezcuraoy = +60'MAX +45'MAX +30'MAX

AN E=E > R:Zr0
Input Impedance: Zro

120 Q+20%

120 Q+20%

120 Q£20%

AP 7205 | 4100NOM | 3500NOM | 270QNOM | 4400NOM | 380QNOM | 300ONOM | 6300:20% | 5300:+20% | 4360:20%
B T 420TYP | H10TYP | H1TYP | H15TYP | 4287°TYP | OTYP | +108°TYP | —358°TYP | —7.9°%5°
L 8| 0.023kgTYP | 0.050kgTYP | 0.090kgTYP | 0.023kgTYP | 0.050kgTYP | 0.090kgTYP | 0.023kgTYP | 0.050kgTYP | 0.090kgTYP

ﬂﬁ? Outline

¥MTG.DIM @ O—% & X7 —2O#ARERf~TE
The axial direction of the mounting dimentions of the rotor and the stator.

¥NOM : AFRME Nomina value
XTYP: KXKRfE Typical

~FiEimm

dimension : mm

s8R L=300 MIN
NAME PLATE |~ ETFE AWG28
5MAX 7+03 4MAX
%
®| o
I ) < <
gl 2 [l S
oS <§f 8+03 L&\ z i
Ll o T T S|E g°
Al 2= ©
el e ORI & S
HM \HH \ 0
+4
0.5+0.25H 13 5x 27905
MTG.DIM 3
1+002 Rotor (2X) 11002 Rotor (3X) 1+0.00 Rotor (4X)
Yol A So| A So A
© ‘ 0 0 ‘
o o o
$6'993 $6'303 $6'393

$25mm (S10) // TS2223N111[_JE102 Series

B EETEAEIIE05
Unless otherwise specified tolerance is =0.5mm.

2X 1 TS2223N1112E102
3X 1 TS2223N1113E102
4X : TS2223N1114E102

7 s,



| Singlsyn

$37mm (S15) // TS2224N111[_JE102 Series

BEESTEAREIRE0.5

Unless otherwise specified tolerance is =0.5mm.

2X 1 TS2224N1112E102
3X © TS2224N1113E102
4X © TS2224N1114E102

~Fi&imm
: . L=300 MIN
dimension : mm 5MAX Jto'f AMAX ETFE AWG26
S8R
NAME PLATE
%
S
o
=
© ;o a "k o
o3| < 8+03 ~|= o
N~ = — I 8 g ! go
S @ &= -
© % o+ o X
0
+4
0.5+0.25W ik ‘ 5X2.5 %005
MTG.DIM 3¢ ‘
2 +8.04 2 +8.04 2 +8.04
Rotor (2X) Rotor (3X) Rotor (4X)
$9.62"5% § $9.52'3% § $9.52'9%
(o) o o (o] (e}
$52mm (S21) // TS2225N111[_JE102 Series oX : TS2225N1112E102
o A 4 3X : TS2225N1113E102
RERETAREEL05 4X : TS2225N1114E102
Unless otherwise specified tolerance is =0.5mm.

- L=300 MIN
JiAmm ETFE AWG26
dimension : mm pors

5MAX 7io'3; AMAX NAME PLATE
T
- 0|3
Clz
il
2 o |
o9 803 a
g 2 g
¢ 3 R CE
< =
< @ do
([l h
X
)il 5
0.5+0.25Wm ik ‘
MTG.DIM 3 !
1+002 1=0.02

Rotor (2X)

—

Rotor (3X)

0.8%32

Zayaus, 8



iRFE>IAL T Terminal pin Type

OBECOHRAZIREFIVE<HEGE BEREROFTTHBVGHELEE L,

Please contact our sales divisions for mass production.

T Specifications

&b

1l;-*UN(.‘.TION 2X-VRX 3X-VRX 4X-VRX

game SiZL 2 ¢37mm (S15) $52mm (S21) ¢37mm (S15) $52mm (S21) ¢37mm (S15) ¢52mm (S21)
?\fllgodel Nurrser ] TS2224N1012E199 | TS2225N1012E199 | TS2224N1013E199 | TS2225N1013E199 | TS2224N1014E199 | TS2225N1014E199
é(cnagg,n InEt = AC 4Vrms 10kHz AC 4Vrms 10kHz AC 4Vrms 10kHz

l{}rimary S?gie o R1-R2 R1-R2 R1-R2
T%ansform%tion Ratji:E 0.2+10% 0.2+10% 0.2+10%

Aﬁ20uracy = +60'MAX +45'MAX +30'MAX

It moedanes: 2 500:£20% 500:+20% 500:£20%
%jgjtfrfp;di;cﬁggg 74Q:+£20% 70Q:+20% 780+20% 710:+£20% 110Q+20% 990+20%
{F%\ase*ghift K iU +11.0°TYP +8.6°TYP +7.2°TYP +3.6°TYP +1.4°TYP 0°TYP
ﬁass & 0.050kgTYP 0.076kgTYP 0.050kgTYP 0.076kgTYP 0.050kgTYP 0.076kgTYP

ﬂﬁ? Outline

XTYP: fKRME Typical

¥MTG.DIM @ O—% & X7 —2D#ARBFTE
The axial direction of the mounting dimentions of the rotor and the stator.

$®37mm (S15) // TS2224N101[_IE199 Series 2X : TS2224N1012E199
EEJ/ETIEAZEIREO0S 3X 1 TS2224N1013E199
Unless otherwise specified tolerance is =0.5mm. 4X : TS2224N1014E199
5MAX 26 ~HiEmm
— 5x4 dimension : mm
MICRO ARC WELDING 4.5
(TIG WELDING) i
6X2.5
TERMINAL PINS
\
s FITTTS
< | O hQ o o o4
o |
il < 1= o 16 SAg o 8
o§ é 8+03 L f — a h °rn’ E
N~ L Qg ] _
F Y i ] n o o
i | /
7+03 goi +4
0.5=0.25BftH% in .
MTG.DIM 3% AMAX X | 5X25%
1)
4AMAX
2+8,04 2+8.04 2+8.04
Rotor (2X) Rotor (3X) Rotor (4X)
%O y AN %O y AN %o s
10 0 0
— | — | — -
¢9_52+8.03 9.52 +8.03 T 9.52 +8.03
o o o o o o

9 angaug,



| Singlsyn

¢52mm (S21) // TS2225N101[_JE199 Series

EEEETERAZERT0.5

Unless otherwise specified tolerance is =0.5mm.

S5MAX

MICRO ARC WELDING

4.5

(TIG WELDING)
TERMINAL PINS
o
. OIS
A 2
i |
Q é 8+03 N E
y s Ak
3 @ S|z
< ~l»n
[T
T
7+03
0.5+0.25Wmft ik ‘
MTGDIM % | 4.5MAX
4. 5MAX
1+0.02 1+0.02
Rotor (2X) /1
%o %o i
3] 3 / i

$12.7°3%

|
N EE R

2X 1 TS2225N1012E199
3X 1 TS2225N1013E199
4X 1 TS2225N1014E199

26

STiA mm
dimension : mm

5X4

6X%2.5

33

5x1.5%%2

Rotor (3X)

(26)
34

1+005

—

Rotor (4X)

08 +8.2

A\

$12.7°§%

aiagaug, 1 0



AORBIAL T Large aperture type

OBECOHRAZREFIVE<HEGE BEROFTTHBVGHELEE L,

Please contact our sales divisions for mass production.

T Specifications

%UNCTION e 2X-VRX
-Erame Size ¥ . $132mm (S-53)
ﬁodel Number TS2763N202 / EU2932N19
éxcitatiojrz Inputg " AC7Vrms 10kHz
érimaw Sidgj # R1-R2
%:ransformation Ratio H: 0.23+£10%
*Eccuracy = +72'"MAX
Tt (adance. 216 - 1050:10%
Hoiztjpﬁtﬁmtr:e_dgnte;:(z:sgss 240Q+20%
1i-‘;.zhase S*Eift 7 f 0°£7°
ﬁass = 0.25kg NOM

11@@

¥NOM : AFKME Nomina value



ﬂﬁ? Outline

| Singlsyn

¥MTG.DIM : A—% & X7 — 2 O#AEEA &
The axial direction of the mounting dimentions of the rotor and the stator.

EEEETEAZEIRE0.5

Unless otherwise specified tolerance is £0.5mm.

AT —3 _Stator

TS2763N202

TXRR F5

7 X Equally spaced
3.85+03 7x3¢
6MAX
5MAX
1 B
g
© Akl %
22 |9 1 T2
B AR =
312 M|
s |x i
< 2z
2 ¥ =Sz
o =
P |
o
[%}
™
=] 16MAX(15)
Zz
> ERNEME
o i
o Electrical”0
™
L
BMAX 1 6MAX
—. C1.5MIN C1.5MIN
N
© < %
g z =
& 2 S
= s
<
DR CEBF#AAX BEBEFAEE
Detail D Detail C Detail B

+0.048
052 {5018

580 2y
OXR0.3 %0-
I
- {
S OXR1
©
ASREEAAX
Detail A

~TiEimm

dimension : mm

O—4 Rotor

EU2932N19

(78.6)

aiagaug, 1 2



LYIVIN/TIFIWERIC Resolver-to-digital Converter 1C

A¥—bh3-%

Smartcoder’
AUG805

FIIIWNSYFVITHR (V7 IV 1 LiEHERREIR) |
(Kffifg-/8 SiE12EY MR D(LYVIVIN/ FI I V) ERIC

Digital-Tracking System (Real Time Absolute Angle Conversion)
Low cost/Small size High-speed 12Bit Resolver-to-Digital Converter IC

Smartcoder (R<¥—hI—9) (FLVILINESETIY)ViE

KEREFA A=V TT,
*The photograph is an image.

Smartcoder® is an R/D (Resolver to Digital) conversion

WUBAEESICERIZLYVILN/ TIIIVERICTT,
Smartsyn (A~—h~>2). Singlsyn (> 7 )L ) 1dED
LYV ILNERBHEDE T BEIEZFUHOMRY ~ TR

[CEZETBLVABH COBERBICTEAVZZELIE

WTEFET,

IC, which converts resolver signals into digital absolute
position angle signals. It is usable in a wide range of
applications, including vehicle/robot/machine-tool related
applications, in combination with brushless resolvers
such as our Smartsyn® and Singlsyn®.

WEBEDHET ORI LTvF T ARXDR/DEHERA
W%/ R -8
BTV Fy7HEENTE

OE B HERE

LYIWINMESRE LYIVNMESHHR. R/DEBREE ICEE

SRDOREH AIEE
@B 2 HTHEEE (Built-In Self Test) & &,
R/DZ# BERHEBEEESF VY
WAL T EBICE DI VAT L-OXNDEREER
OFh#& 7> 7 AR (B HEF:10mAms.. 20mArms.)
@EE7Ov T NER
BEET7 V=23 i IS U-EBED T E
O EESDOUERBERE GrAsEE+45°LIA)

@#HEEERE(few) R ENZE (B EE7iEc BEiiAR L )REIR)
@UZTHR—IVICIESDTIRIERRX LY ILNIIT BR/D

DA 5l HE#eH BT BE
@OMUE/EHRHDUSSLIL ISV SYTILO=ZETE)

M Adopts R/D conversion based on a proven digital-tracking system
MLow cost, small size and light weight
B Enhancement of fail check functions
(DAbnormality detection
Capable of detecting abnormal resolver signals, breaking of resolver
signals, abnormal R/D conversion and abnormally high temperature of an IC
@Built-in self test
Conducts a self-test on R/D conversion and abnormality detection
M Realization of system/cost reduction based on all-in-one concepts
(Dintegrated with an excitation amplifier (Output current: 10mA rms / 20mA rms)
(@Integrated with an operation clock
B Enhancement of functions corresponding to various applications
(DRequires no phase adjustment to excitation signals (Allowable range: Within45°)
(@Variable setting of controlling bandwidth (few) (Selectable from
7 types of fixed values or automatic adjustment)
(®Capable of digital conversion of linear hall IC signals and R/D
parallel connections to resolvers
®Output redundancy (Triple redundancy - Parallel/Pulse/Serial output)

T Specifications

o BB

Resolution 4,096(=2%)
B i R E 240,000rpm (few[E & i)
Tracking rate (When faw is fixed.)
XN
Conversion aﬁccuyFacy +41SB
R K M OE E 3,000,000 rad/sec?(fewB By ZEAF)

Max. angular acceleration

(When fBw is automatically adjusted.)

b T 52 A L4
Settling time

1.5ms(180° A H ATy 7 fewE BEREERS)

(When input step is 180°, and fsw is automatically adjusted.)

H s & M

Output response

+0.2°./10,000rpm

B WO

12Eyh2ET—R  IEERIB/NSLIL +AB,Z +2)TIVI/F

Output form 12bit binary code Positive logic parallel + A,B,Z + Serial I/F
Fh B8 &8 R +5V+10% (45mA : Bh#E77>710mAms. ;X E i)
Power requirement (45mA : When the excitation amplifier is set at 10mA rms.)
E R EERFIE ST > 7 AE (10mA rms. / 20mA rms.)
Excitation power supply Integrated with a constant current control method excitation amplifier
S Wt & 48ELQFP (7X7), EX-fERE:0.5mm
Outline 48 pin LQFP (7x7) Pin to pin: 0.5mm

R &

i 1 B
Operating temperature

—40C ~ +125C

1 3 sangaus,



Smartcoder

ﬂﬁ? Outline

902

27 +0.1

36 25

ARARRAAARAAE

w
~

AORRAARAARAE

IN
[e0]

1.7Max

@)

iEGEEEGLEEGL

24

13

17104

LEGEELGLERLL
1 12

0.5NOM.

L byz0.1

A

902

0.125%%

%3 N
0.22+0.05

STiAmm

dimension

2 LUV RNIBEER L,
Remaining resin is not included.

0

0.1z0.1

5=+0.15

SAIN=FRNEEFL,

mm

Remaining tie bar is not included.

DETAIL A

WEREE  Functional Block Diagram

vce VDD
Fo— O O —— —
: |
I D11
D10
B8
* COS ROM — 5o
0
#ID/A FIa) B3
Multiplying DAC ) — . PROCESSING §éw
€ e hs cSB
PHA. CONT.
_ W o P comp. [=PLcolTTER P INHB(RD)
J SYN. RECT. 18-71-% A
170 z
HID/A
%%73_ Y INTERFACE EXMDB
Multiplying DAC DF?UNFL%B
‘ SIN ROM _ # |
VRR O emeemmssssssny SUT I F ::8 sscs
I ' ESGK SEE ek mas SERIAL I/F Ssor
Rt prsl, o RESR . ACRH G msgu mEor| (68 55
R2 mﬁ SINE W. osc.] ! SELFDIAG ! ERR DETE. ! SET. REGIS. DATA
: : GEN ............... o |
RGND Q ................... < .
(P o I o FEPRY o P - 00N —.. 0--0 -0
AGND RLV CLKIN BISTVLD ERRSTB ERR ERRHLD DGND TEST1 TEST2

Zamugaus, 1 4



AFHIHES—E  Pin Description

N, EEEH W & i Z N, EEEH B & o NO. ES%H 7@ M i % N, EEEH W & %
Class Remarks Symbol  Class Remarks Symbol  Class Remarks Symbol  Class Remarks
1| ExmpB | D/ gﬁfﬁfif;;d: 13| Rz |As00) Excgﬁfgjgiw 25| D11 [D/O(BUS)| ERRCD3 91 |[37| VDD | — %ﬁ;ﬁf
2| DcmDB | D/ D%Cr‘;;o’lt’e:ﬁ;;e 14| VRR | — Ex@gtz:fﬁs 26| D10 [D/O(BUS)| ERRCD2¢2 ||38|INHB(RD)| D/I ‘;\'hﬁ‘;lt/*
3| R | b EXCZ%%E%*S’;W 15| Rt |A/00) Excgﬁgﬁm «|[27| D9 |p/O@BUS)| ERRCD1. 93 |[39] ERRHLD |D/O() Ejojfiﬁ?)
4| vee | — Anaﬁ)’;‘;ﬁi’fmpw 16|BISTVLD | D/I B‘Sﬁ'gxzﬁj:ﬁgﬂm 28| D8 [D/O(BUS)| ERRHLD. ‘¢4 ||40| ERRSTB | D/I | T7-Ueh
5 | SINMNT | A/0 Sﬁ'&‘ﬁ;ﬁﬂ; 17| CLKIN | D/ gEo/k/].n)\pﬁ 29| D7 |D/O(BUS)| ERR-¢5 |[41| ERR |D/O() Eﬁ;;j’fgjn
6 |COSMNT| A/0 | COSE=5- 18| ssDT | D/ S/e':;’:e%f:;;a 30| D6 |D/OBUS)| — 06 a2 A D/0 Phg:f;‘;t;‘e“izt’pm
8| s3 A/l 83335:& 20| DATA |D/oBUs) /S'Z;”ja:: 32| D4 |D/O(BUS) Pha‘/s*fﬁg 44|z |psog th:f’z"’;tgfoﬁpm
9| st A/l Sﬁ‘ﬁp’at 21| scsB | b/ ggr’l_;’lbggg 33| D3 |D/O(BUS) Phaus’fgw 45| csB | D/I ié.ZfJZCT
10| s2 A/l 83223;@ 22| PRTY |D/0ORUS) ’F‘,;iy‘ 34| p2 |p/O(BUS) Ph?fe/z #10  lag| puPD | D/ ;,;fogﬁfjﬁff
11| s4 A/l 83443:@ 23| sck | D/ | FUTA7947 135 D1 |D/OBUS) thzﬁe/B o1 1147 TEST1 | D/I #;fn:fd—ezfﬁg
i nono | — | 5770 o oo | — | 7omare kel oo fposus) s o2 [laaf resrz [ o [ meime
GE) Note :

1. “No.” i, 35 F (E2) No.(ZxH s .
2. (EETEEIE LITICLS,

*A/| 7HOTAA

*A/0 7FOJHA

*A/0() 707 BAGIEREF A AT AL HEHE)
*D/| FURIVAS

*D/0 FIRIVEHA

*D/0(l) TTRIVEA(RERICTAAN)
*D/0(BUS) 7Y &L 11(3-state 1)

. No.47DTESTI{EE KR U'No.48NTEST2(E S EAICIHEEESLAVMEST
HV)BE . TEST1IZTY2ILER (VDD) & TEST213 7 2/LGND(DGND)&
BIELTH
AHERLEVSEBRBTINETNT VT v TSI TILEY SN B,

15 gamegaus,

1. “No.” corresponds to the pin number of terminal.
2. “Class” means the following:

*A/l: Analog input

*A/0: Analog output

*A/0 (1): Analog output (170 is switched by control terminal input.)
*D/I: Digital input

*D/0: Digital output

*D/0 (I): Digital output (Input is added internally.)

*D/0 (BUS): Digital output (3-state output)

. No.47 TEST1 signal and No. 48 TEST2 signal are signals that do not
directly participate in operations, and normally, TEST1 is bypassed with
the digital power supply (VDD) and TEST2 with digital GND (DGND).
When they are not connected to anything, they are internally pulled up or
pulled down respectively.



A¥-NI-5AU6805
AUA21 2 :J U —Z“ Series

TN ERD TERWEIE BRI,
LYWIN/FIRIVERICI AT —bO—4 ]
AUBBOSMRERFTHEA DA —REZHELT
VWET,

For customers using Singlsyn for the first time,
we have prepared an evaluation test board for

the resolver / digital converter IC "SmartCoder"
AU6805.

Smartcoder

Hlh—K SMARTCODER EVALUATION BOARD

& DC+5V +10%
Power

)

ﬂﬁ? Outline

~ti&imm

dimension : mm

80 max. 7 max.
70 1.6
4—¢3.5 4 52 3 max.
D-sub A% 7%
connector
(9> pin. ™
X2 female connector)
g 5| F :
L TIyNr—=7Na%I4
Flat cable connector ‘
(40 E> pin. ;
< *?5 *)i}: 4 male connector) L J
TOP & SIDE &

14/E& Accessories

D-sub3%%7% connector 118

(9E> pin. #X male connector)
7ZyNMr—7Iv3a%U4 Flat cable connector 118l
(40E> pin. *X female connector)

ﬂﬁﬂgﬁ External Connection

!
| s

ToSES—R S O A s BEERT.
Monitor signal list | Factory settingsS [ B’ ! ° [essraa ./‘ Factory settings
BTN E=4152 R, . | 3-10kQ e |TOWTD) |
mfINO. —X1&% TFILALJILN ! e 1 ‘
Terminal Monitor signal Brushless resolver 04‘” ‘ ng
TP1 L+JJLIN Resolver S1 1 TR ALY g (N
TP2 LYJL/N Resolver S2 3 3] exvoe ()
TP3 LYJJLIN Resolver S3 2 % gss W S
TP4 L*JJLIN Resolver S4 S4 18 {SUm Ipuise ottput
TP5 | LYJLIX Resolver R1 GND Lo ERR e (N
3 ry R1 11| ERRHLD (OUT)
TP6 L)L\ Resolver R2 HZ1INHB (N
TP7 | SINMNT D-sub3%%% connector R ﬁ gii g
(15l ¢
TP8 COSMNT (9E> pin, *Z female connector) el e u
TP9 GND AFAaRT2(HE) (18] o7 |as W INC
TP10 | GND Mating connector (Accessories) ?ﬁf{ (ouT) e (ou)
TP11 | GND 17JE-23090-02(D8B)-CG (DDK) Eap ERrcDt
TP12 | EiR Power %&K EWB) ERRCD3
[26]PRTY  (OUT)
[27]SCSB (N}
[ 28] DATA (ouT)
[29]SSCS  (IN)
[30] SSDT (N
[31] CLKIN _(IN)
{32] BISTVLD (IN)
[37] 4 % DC+5V+10%
138] Power
% J GND
T N_Z3yhr—=F L3254 Flat cable connector
(40E> pin, #X male connector)
HFRIIRT 2 (fHE) Mating connector (Accessories)
XG4M-4030-T (+L408> Omron)
N = ST AL . = N
E) ARG FHARERE OO ERILIEL THEUEE A,

ML YNy I IR RN BBV EHEL/ZE,  TEL(0265)56-5433
Note) Operation is not guaranteed as this product is for the evaluation test.
For details, please contact the Sensortronics Laboratory.

FAX(0265)56-5434

aiagaus, 1 ©



Iﬁ I8 Principle

Singlsyn (VRE!L YV UIN)

Singlsynld, A—2&EXTF— 2 THERINTHY), O—-%1E
BRBRDOAH SV, X7 —2 A7 1BORELD AL
E2HDEAAIPEIPNTOET, (K1) BHEEAIELR
EXMEETHE TS E. O— 24K (H4) (Z&V). B
FICEE T X v+ v 7 (BRER) P EEAICH U TRRIC
T2 TOEXREFHAMBDZEICL)AEERET
BIENTEET,

B CIVICREEEZHMT 3 &, FHEAIAILICIEsIin
OlcosO D2HEEF REELET, (K2, 3)
ZOHEAEEIE. LIIWIN/FT 2L (R/D) Bz {E N
TUAINDAET - BBRTEET,

mhEa 1 L
HAaq

Exciting coil
Output coil

1. Singlsyn #&&

Fig.1 Singlsyn structure

m Singlsyn (VR type Resolver)

Singlsyn consists of a rotor and a stator core. The rotor is
composed of only a laminated magnetic steel sheet. The
stator’s magnetic-pole teeth have one-phase exciting coil
windings and two-phase output coil windings. (Fig. 1)
When the excitation coils are energized by AC voltage, AC
output voltage is induced in the output coils. The output
voltage varies corresponding to the shape of the rotor (Fig.
4) because the gap (magnetic permeability) provided in
the magnetic path changes in a cycle in proportion to the
rotation angle of the rotor. Therefore, a rotation angle can
be conversely detected by reading the output voltage.
The two-phase sin 8and cos 6 voltages induced in each
output winding (Fig. 2 and 3) are converted to digital
angle data by using a Resolver to Digital (R/D) Converter.

(FB) (F7)
Red/White Red
R1e S1
ERri1-R2 Es1-s3
R2e S3
(#A8) (8)
Yellow/White I Es2-s4 s Black
" S2 S4
B # R (%) ()
Exciting Windings Yellow Blue
s Al

Output windings

2. E#RE

Fig. 2 Wiring diagram

|
AR AR
B ped
lllll”l\”\l”ll”l\”l@RLRZ}j)_: l”l\”\l”l\ll\l”ll”lﬁ(ﬁRLRZ,)E
SV VANV VLUV YU NY exciting vottage g ULV VALYV WUV VAU VU VWY UMV LYYV xciting volage
5 " g Zah
s ETUH A A RATATI T NAVAN VI s B ENUA VAT AT /TN VA AT A [ £ i e
& T USAATY S5, SRRV NI 152, ..,
s [cosB]! ] =
I\ \ " 1 1
AR AR LAY AT ANINAR Foyay=ctza MITA LN LU ST A 1] AN ensE
LAV VALY TRV SRV VRV RV LY (52-54) A SN TP ITUTA (S2-54
v ] i Qutput voltage 1] ] Output voltage
?sin@
0 90 180 270 360 0 90 180 270 360
E#EFo [ ] E#EE6 [ ]
Rotation angle Rotation angle
1 XDHABEDZEAL 4 X DHABEDE]L

1X output voltage change

X 3. HAOBEZEL

4X output voltage change

Fig. 3 Output voltage change

(b)3X
X4, #EAREO— 2K

Fig. 4 Rotor shapes with number of multiple

17 zaagaus,



| Singlsyn

I BIELLE  Structural Comparison

BOSYLALYIVIN Smartssn

Brashless Resolver

( EILN 24T
Built in type

Y — Fi§

Lead wire
AT—2hFLX
Stator transformer

7 a4

7 Coil
— i O—% b5 2
Rotor transformer
2

O—28k5/ NP
Rotor core w Hollow shaft

BVREL YL\ Singlsyn
VR Type Resolver

( J— Rz 7 ) ( BFEL a4/ T )

Lead type Terminal pin type

U — FiR
Lead wire

O—28ki%
Rotor core

bo%s!

batet

RS
ZERITIDN
g
S

KK
ZRRR%S
SRS

Rotor core oo

&

......

aingaus, 1 8



H{373;% Mounting Methods

A—2RUORT—2DE /21375 —IADEAIE., AT7PEPEVEDIICFE 2B T LRI TIL—XITITL,
NR—ZICIBZFEEIGRLUTIMALVWTL T,

Insert the rotor and stator into the shaft or case smoothly with your hand or press so that the core does not tilt,
and do not apply an impact to it using a hammer or similar.

O— 2R FHE AT —ZHEREFE
Recommended rotor mounting methods Recommended stator mounting methods

IV RERE Fixing bolt
Y mik
Fixing plate

AT —74 Stator

+v RGNV MEE
/ Fix with a nut or a bolt.

O—4
/ Rotor L

= Loose fitting
i ORFTNA (FL—rERURILFTOERE)
E @Loose fitting (Fixing with a bolt and a plate)

» MRR#ER& Loose fitting ART—=2 RNV SEE

Motor Shaft PR 0 Stator Fixing bolt
Loose fitting \

Q@RFT/\A
@Loose fitting

O—#%
Rotor ORFT/N\A (BEEFDR LRIV EBIICEZEE)
/ @Loose fitting (Fixing with a stator screw bolt with a through hole)
AT —74 Stator
Motor Shaft EAXFIEBREERD
Press fitting or Shrink fitting
| PRV —
Tight fitti EA
®Tignt fitting press fittingNG
@) /\HA
@Tight fitting
FE :
HUI$BE  Mounting Accuracy
WIEED T 751546, SinglsynDFDMENS +RICRETE LW EPHET,
When mounting accuracy is rough, performance of Singlsyn may not be fully shown.
@R OFIsiE
&8 (HHEIEH) OIRNIZ0.Imm(TIR)LT LY IWNEFNZICH T 2 E— 280 (fRt&HEh)
(S-21LTF30.05mmlLT) DEIEE 0. 1mm(TIR)LT
@Shaft runout _ (S- 21 LITFIx0.05mmELTF)
The runout of a motor shaft (driven output shaft) should be 0.1mm @Coaxiality
(TIR) or less.(0.05mm or less for size 21 or smaller) The coaxiality of a motor shaft (detected shaft) to a resolver mounting
#&h/2 Shaft runout spring should be 0.1mm (TIR) or less.(0.05mm or less for size 21 or
smaller) F#E Coaxielity

25— #&stator
00— % Rotor

0 — & BAEMAALE

Ideal rotor mounting position 0 — S #iR TS

Rotor shaft runout position
27— 2 IAMAIE
Ideal stator mounting position

27— aMfHLE
Stator mounting position

O—&duly 27— gdul
Center of a rotor Center of a stator 27—l O— &
LY Center of a stator Center of a rotor
LYILNA—ZIZHT 5L VLN T — 2 DIRA I +0.05[deg] LI T
@Angle of deviation
The angle of deviation of a resolver stator to a resolver rotor should be #0.05 [deg] or less. 1

1
|

Angle of deviatio
Angle of deviation

i —
N — !
[ E= i
[ | ]
1 E i E
2F—4 o— 2F—4 ’ _ =
Stator Roté', Stator E%otgr

1 O zaiagaus,



| Singlsyn

WBAFITEFOES  Cautions for handling Singlsyn

O DT E
BRI NELASHBICEED» RODPERBLTTEL,
=T EFESTLYIWNERE B BT RUEBILAEZYL
BWTTE,
(LYW EEI T BRI EE->TTE0,)
BT AR, ETHFICLDIEEEMALWVKRICLTTS

W HERE - MEEN BB ICEETE L L BFIREMI H ) &
o
@EAFTITFDER

AR E E DEFHEE IR P19 BT AHRICLTT &L,

CBEMHIRUVK, MEFPEBLTVWBFHTIHERALEW
TLEEL,

c TEHREDH BIBERCIMERLEWVWT TS,

AR LYINICEBESZRWTTEL,

CBIRICESTIRTT Ry RTAY AL PRHEHLDEZAT
PHIET,
WA TELEDRVOBRICIEAIILPEDIHIPEVESFS
BEEESEOELET,

OiR EDEE
- BhBEAR (R1-R2) & HHFI#R (S1-S3, S2-S4) 2R LT T &
Lo

Q@ELHAIDEE
BN ELLEMTVWSD BEERTI,
BT ESENPMEINTOEWDIER T IV,

QOEHZ FNEE
- BEEBE - BEBUIERELATERLTTI VL,
c[EEELTWAEISE DWW R LEVWTTEWL,
cEEPHHLDIGEIFEZHEBRT I, (KIFEEIE)
R EEBADIRE) - BESEMINZBEACOERE
LEWVWTTEL,

ORELNDEE
CRERHIBAEERCTEEELBATRELTTEL,

OTHIARDEE
c TSI TEF Iy 7 EBBLLET,
NER . LYILNELRDICEEREFEM P EVD?

NGO TIZELWEREPERIEIRVS,?
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@Cautions for un-packaging

- After opening the package, check the appearance of
Singlsyn for any abnormality.

- Do not carry or shake Singlsyn by the leads. (Carry
Singlsyn by holding its core.)

+ In carrying Singlsyn, be careful not to give a shock to
it by dropping/hitting it, etc. Such a shock can
damage the quality of Singlsyn.

@ Cautions for mounting Singlsyn

- Mount Singlsyn in accordance with the mounting
accuracy specified on page 19.

- Do not use in places containing corrosive gas, water,
sulfur.

- Do not use Singlsyn in the presence of radiation.

+ In mounting Singlsyn, do not give forcible impact to it.

+ There are some types of Singlsyn with bare magnet
wire coils. Handle them with care so that they may not
be damaged when assembling them.

@Cautions for wiring
- Confirm the exciting wire (R1 - R2) and the output
wires (S1 - S3 and S2 - S4)

@ Cautions for pre-operation
- Reconfirm that Singlsyn is correctly installed.
- Confirm that jigs and tools are not left around.

@ Cautions for operation

- Be sure to use Singlsyn under the specified ambient
temperature and rotation speed.

- Stay away from the rotating shaft, and do not touch it.

- In case chemicals might be dropped or splashed onto
Singlsyn, please seek some advice separately.

- Do not use Singlsyn in a place where vibration/shock
exceeding specified values is applied to.

@ Cautions for storage
- Store Singlsyn at room temperature and in a dry place.

@ Cautions for periodic inspection
+ Check the following at a periodic inspection.
Appearance: Check for abnormal abrasion powder
around the resolver.
Check for any damage or corrosion on
the housing.
Rotation: Check for abnormal damage or corrosion on
the shaft. Check for abnormal machine noise.
Conductance: Check the conductance between
S1 -S3,S2 - S4 and R1 - R2.
Insulation: Check if the insulation resistance between
S1 - case, S2 - case, R1 - case, and S1 -
S2is 100 MQ or more by using a 500V
DC megger.
Note that excessive voltage application
may cause insulation deterioration.

@®Maintenance equipment
+ Conduction check: DC resistance meter (Do not apply
voltage to each phase with an insulation tester.)
+ Insulation resistance: Insulation tester (megger)
+ Oscilloscope

aagaug, 20



| Singlsyn

Descriptions of terms

i BA

Description

L] & A

Shaft angle
multiplication

HOAEESOERILEZRT,

Singlsyn® O#AA 1 B#x L 7z8F(C 1 BESOHAESHIFEDZHEEE [1X]. 2 BESOEHDESH

H356% [2X]. 4 BESOHAESH TEIHEE [4X] £V, L DHE. BfEAEISKEL
BE. AEREBEPRIFERYET,

This shows a ratio of electrical angle signals output when a shaft makes one revolution (mechanical angle

is 360 degrees).

For example, if electrical signals for 1 revolution are output, when a shaft of Singlsyn® makes one

revolution, it is shown as “1 X” , if those for 2 revolutions are output, it is shown as  “2X” , and shown

as “4X” if those for 4 revolutions are output. In general, the bigger the ratio is, the better the accuracy
of angle detection is.

1X

2X

N BN

0° 180° 360°
% 71 b} _ O—420OEEAE. BHAE.
Mechanical angle Rotation angle of a rotor/Shaft angle
B = A WA CEEAs D&

Electrical angle

Product of mechanical angle and shaft angle multiplication

2 af x
Size

KEEDODARERL. T—XDHE (1 2F) X10 D2HOHEFTERY .
A standard size shown in double figures by multiplying an outside diameter of a case (inch) by 10.

Bh 171 fy
Exciting windings

BIRZEINT 548
A phase to which power supply is applied

A h B E BRI ~NEDIN S 5 BIE
Vrms. Hz : . -
Input voltage Voltage applied to exciting windings
A Hh B R BhEERINRN B ER
mA . _— .
Input current An electric current sent to excitation coils
= E L _ RAHABEEHEEE DL
Transformation ratio A ratio between maximum output voltage and excitation voltage
ABAE—EF2 R a BRERIOR/N > E—4 2 X T, Zro DEES TR,
Input impedance Minimum impedance of excitation coils shown as Zro
HAhME—42 X a HARDRKA > E—F 2 X T, Zss DEE TR .
Output impedance Maximum impedance of output windings; shown as Zss
E &® £ #mn o AR & HARIDEFRIER
DC resistance DC resistance of exciting and output windings
£ # 3 h o FYREERE & HABE & OB L AIHHZE
Phase shift Temporal phase difference between excitation voltage and output voltage
% B B =& mVrms HAOBEBEIPR/MEBMBICEVWTEEBET S 3HANEEE

Residual voltage

Residual output voltage at the position where output voltage is reduced to a minimum value

2 daagaus,



FAX FAX : 0265-56-5426

smabens DL A

To : Tamagawa Trading Co., Ltd.
Inquiry Form

e 3< 5
N TS y—

T&D PRICDLBERIEEIGEAVLEEZ BEEHh B, A =
Singlsyn can be manufactured in accordance with your requirements. N =
Please fill in the following [ ] to contact us. P R ———
@ HfEA : X(2~10DH D5 ZHELZEWY)
Shaft Angle Multiplication ( Select from 2 to 10 )
@ T—TILRIRICORZEDIFTLZEL N
Circle the required cable configuration.
( Y—KEERA4T Leadtype - WEFEL KA Terminal type )
O E: &l &/ R)
Quantity units units / month
® I
Application
HEIR FEN
Cross-Section Plan
| mm (£3)
Length
AT BRI ‘ . SQ(#1)
Stator core —RiR Size
Lead wire
M
Coil g
— S
Pt 7,%(: :
” wm e 3
AR -
O | Ox | O 3
o%| K| gl
SR O ca %
Sl s I/
SN | O . | I _
Xl €
E| _E O— &8t é
‘/ Rotor core A Sé
mm
Message:
=4
Company Name
5 s 7UHF
Section - Title Name
FRTEH
Address
TEL ( ) FAX ( )
xiE SREmE
Industory Sector Mfg. ltems
E-mail 7FL A

SLINYAEAT T12-1570N16
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== A — - —_
AREICEYT S EE
o=k = = A N N e
g’@”l*ﬁ*ﬁﬁ&ﬁﬁfﬁﬁﬁ! O LU < LRI Il 75 7200 THIFIORINC [44
BE # LoZigE] &L BRAL EE N,
T395-0063 REFERATPISE1 TEIE1S TEL(0265)56-5421 FAX(0265)56-5426 Safety W .
WSS R SR SRR A I 56 /\ Safety Warning
T144-0054 FRHABXFHEITE19%9S TEL(03)3731-2131 FAX(03)3738-3134 @To ensure proper and safe use of our products, please read the
WHLBERE R (AR E R ERE %) "SAFETY PRECAUTIONS" carefully before using them.
T330-0071 #HEREVAEMAME LAK1-11-1 SHEOTSHEILIF TEL(048)833-0733 FAX(048)833-0766
WERRE T (ENEEE R E %) B DREE
T252-0233 #E/SBEEMPRXEARE1THIE15570IT135DNEILSF TEL(042)707-8026 FAX(042)707-8027 B O MERHREE IR A e E L LEF. 722U, bRk
WEHEEE (ENEEM FFREER D v OEEER) OWGEF7AGBRIZ KD MEDIK T EBREEY, &b, WHE
T486-0916 FHEHEAHH/\KATSTH10%H TEL(0568)35-3533 FAX(0568)35-3534 {RFED 728 DX IS RGEHIBR % TH > T Werhidak
BRI T (B ER) HEEoTuLE g, BB, BnfpcPllarish
T444.0837 FHRMEHETE2-1 HAKELSF-B TEL(0564)71-2550 FAX(0564)71-2551 ’3¥?M5$Hﬁ% (MTBF) ‘i@bfﬁ“é@?@biiﬁ
_ - "\‘| 1o 3 g 3 <3
- - N X - ) ) i = k
_1—512-0?11 ﬂ&szl\lZﬁ*%STEﬁ&Zh; KBGEEEEIL4012 TEL(06)6307-5570 FAX(06)6307-3670 O A D - ST LA e LD 25 1% Fo0k (5
WAER R  (EP ) FU) BWEIHIAAE NG ZE A EROELET,
T812-0011 EFEREMTIESXIESRI4THIE3S BSN\TALI6F TEL(092)437-5566 FAX(092)437-5533 WARRANTY
WAEBRE RN (B=RMN) Tamagawa Seiki warrants that this product is free from
T395-8520 REFRMHANER1020 TEL(0265)21-1814 FAX(0265)56-4108 defects in material or workmanship under normal use
BEREED ERFELFLR) and service for a period of one year from the date of
T395-0063 EHFERAMIUFE1 TEIE1S TEL(0265)56-5424 FAX(0265)56-5427 shipment from its factory. This warranty, however,
WG5S (BREa A N) excludes incidental and consequential damages caused
¥395-0063 RENSEREHTIRE 1 THIE1S TEL(0265)56-5423 FAX(0265)56-5427 by careless use of the product by the user. Even after
. the warranty period, Tamagawa Seiki offers repair
services, with in order to maintain the qualitiy of the
Y E )l B B8 & X &« product. The MTBF (mean time between failures) of our
WA - E—EEFR T395-8515 KEFEMRAmMAKIST9 TEL(0265)21-1800 FAX(0265)21-1861 product is quite long, the predicted failure rate is not
WE = F ¥ B 73958520 RHRHEHER1020 TEL(0265)56-5411 FAX(0265)56-5412 zero. The user is advised, therefore, that multiple safety
BREMEHELAE 73958520 EFRRAHER020 TEL(0265)21-1814 FAX(0265)56-4108 measures be incorporated into yogrlsysterln or D'O?%m
WE = ¥ % FF T399-3303 SR THEIEIIETASS1 745122 TEL(0265)34-7811 FAX(0265)34-7812 $0 as to prevent any consequential troubles resulting
_ _ . 7 = from the failure of our product.
WAFEER\FE—1H T039-2245 HHRP NS 2—TEHM1 THIE47S TEL(0178)21-2611 FAX(0178)21-2615
B\FEEFRAFE-TH T039-2245 ERENFHAL1 42— TEE#M1-147 TEL(0178)38-5581 FAX(0178)38-5583 A B LI E 258 b K ORI S 0 B W AT R S R%Y
W\FEEFERE—TF T039-0811 HFHE=FEHmBEAFEMBFHARPIL1 TEL(0178)60-1050 FAX(0178)60-1155 L9, Wil d 2548, RS SHlaase®Ze 20 £,
BN\FEEFERSE-T1H T039-0811 HRR=FHMBAATEMEF AIIILG-23 TEL(0178)60-1560 FAX(0178)60-1566 BAHAOTOEEVAE DY FREASEOLET,
W\FEEM=RIH 7033-0134 HFHRE=RmAR2TH100-1 TEL(0176)50-7161 FAX(0176)50-7162 CEROSENIIE NS E - E BE OEEFRE THEL
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LEM

Current Transducer IT 205-S ULTRASTAB

I,,=200A

For ultra-high precision measurement of current: DC, AC, pulsed..., with galvanic separation
between primary and secondary.

C€ A RaHS

Features

Wide operating temperature range of —40 °C to 85 °C

Closed loop (compensated) current transducer using an
extremely accurate zero flux detector

Electrostatic shield between primary and secondary circuit
9-pin D-Sub male secondary connector

Optically insulated output (photocoupler type) indicates
transducer state

LED indicator confirms normal operation.

Advantages

Very high accuracy

Excellent linearity

Extremely low temperature drift

Wide frequency bandwidth

High immunity to external fields

No insertion losses

Low noise on output signal

Low noise feedback to primary conductor.

N° 88.K7.44.000.0

IT 205-S
Ultrastab

ated
e rrent: 200

Ratio: 1:1000

Op. temp.  “40°C +85°C
Made in Swizeriand

LEM : 90.K7.44.0000

Applications

Feed back element in high performance gradient amplifiers
for MRI

Feedback element in high-precision, high-stability power
supplies

Calibration unit
Energy measurement
Medical equipment.

Standards

EN 61000-6-2: 2005
EN 61000-6-3: 2007
EN 61010-1: 2010.

Application Domains

Industrial
Laboratory
Medical.
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IT 205-S ULTRASTAB

Insulation coordination

Parameter

IEC 61010-1 conditions
Rated insulation rms voltage, basic insulation U, \Y, 2000 - over voltage cat Ill
- pollution degree 2

IEC 61010-1 conditions
Vv 600 - over voltage cat Ill
- pollution degree 2

EN 50178 conditions
Rated insulation rms voltage, basic insulation U, \Y, 1000 - over voltage cat Ill
- pollution degree 2

Rated insulation rms voltage, reinforced insulation U,

EN 50178 conditions

Rated insulation rms voltage, reinforced insulation U, Vv 600 - over voltage cat lll

- pollution degree 2
Rms voltage for AC insulation test, 50/60 Hz, 1 min U kV 5.4 Between pnmary and

d secondary + shield

Insulation voltage between secondary and shield V DC 200 SBt:aitg:/;en secondary and
Insulation voltage between secondary status output VvV DC 300 Between secondary and

status output
Impulse withstand voltage 1.2/50 us UW kV 9.9
Clearance (pri. - sec.) d,, mm 11 :irrmrtest distance through

. . Shortest path along device

Creepage distance (pri. - sec.) de, mm 11 body
Comparative tracking index CTI 600

If insulated cable is used for the primary circuit, the voltage category could be improved with the following table (for single
insulation) (IEC 61010-1 standard):

Cable insulated (primary) Category

HARO03 2150 V CAT I
HARO05 2250 V CAT I
HARO7 2350 V CAT llI

Environmental and mechanical characteristics

Parameter Symbol Unit Min Typ Max Comment
Ambient operating temperature T, °C -40 85
Ambient storage temperature T °C [ -40 85
Relative humidity RH % 20 80 | Non-condensing
Dimensions See drawing page 7
Mass m kg 0.35
Page 2/7
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:’//n\\: LEM IT 205-S ULTRASTAB

Electrical data

At T,= 25 °C, £U, = £15 V, unless otherwise noted.
Lines with a * in the comment column apply over the —40 ... 85 °C ambient temperature range.

Parameter Symbol Unit Min Typ Max Comment
Primary continuous direct current I oc A -200 200 *
Primary nominal rms current I, A 200 *
Primary current, measuring range L, A -283 283 * | Peak limit
lr\gizseuring resistance over supply voltage R, 0 0 20 See graph page 5
Secondary current I mA -283 283 * | Peak limit
Secondary nominal rms current I, mA 200 *
Conversion ratio K, 1:1000 *
Resistance of secondary winding Ry Q 20
Overload capability fP A -1000 1000 @ pulse of 100 ms
Supply voltage DC U, V +14.25| +15 | ¥1575 | *
65 71 Add I for
Current consumption I, mA total current
70 78 * | consumption
Output rms noise current 0 ... 10 Hz ? 0.1
Output rms noise current 0 ... 100 Hz ? 0.5
Output rms noise current 0 ... 1 kHz 2 I, ppm 1.5
Output rms noise current 0 ... 10 kHz ? 6
Output rms noise current 0 ... 50 kHz 2 15
Re-injected rms noise on primary bus bar "\% 5 0...50 kHz
Electrical offset current + self magnetization I opm +45 +100
+ effect of earth magnetic field 2 OE +100 +190 | *
Offset stability 2 ppm/month 1
+1 13
Linearity error ? & ppm ") oy — @ %I, range
Step response time to 90 % of I, . t ps 1 di/dt of 100 A/us
di/dt accurately followed dildt Alus 100
Small-signal
Frequency bandwidth (1 dB) BW kHz 400 bandwidth,
0.5 % of I, .
Small-signal
Frequency bandwidth (+3 dB) BW kHz 1000 bandwidth,
0.5 % of I, .
Notes: " Single pulse only, not AC. The transducer may require a few seconds to return to

normal operation when autoreset system is running
2 All ppm figures refer to full-scale which corresponds to a secondary nominal rms current (I, ) of 200 mA.
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Overload protection - Electrical specification - Status

The overload occurs when the primary current I, exceeds a trip level such that the fluxgate detector becomes completely saturated
and, consequently, the transducer will switch from normal operation to overload mode.
This trip level is guaranteed to be greater than 110 % of I, and its actual value depends on operating conditions such as

temperature and measuring resistance.
When this happens, the transducer will automatically begin to sweep in order to lock on the primary current again.

The overload conditions will be:

e The secondary current I generated is a low frequency signal between -283 mA and 283 mA.
e The signal V_, (operation status between pin 3 and 8 of the D-sub connector) switches to V+ or GND depending on how it is
wired. In other words, the output transistor is switched off (i.e., no current from collector to emitter). See the status port wiring

below.
e The green LED indicator (normal operation status) turns off.

The measuring can resume when the primary current returns in the measuring range between -1, and +I,, . Then the signal V_,
switches to V+ or GND and the green LED indicator (normal operation status) is again lit.

TO ENSURE A SAFE RECOVERY FROM SATURATION, THE MAXIMUM BURDEN RESISTOR ALLOWED IS 15 Q.

Status/Interlock port wiring

. . )
Diagram A: Active Low Output | V4 4. 445V
I DC
Power
l Supply
Ice max : 30 mA I D-Sub9
Icemin © 2MA Pin
Vour
The photocoupler is driven as follows: Collector
ON : Transducer is OK (Normal Operation) I
OFF : Transducer is not OK _ V+(V)-04V
Rmin (KQ) = 30 mA
_ V+(V)-04V
| Ruex (KQ) = —— 5 o=
+———TRANSDUCER l USER SDE————
]
- J
(s . .
Diagram B: Active High Output | Vi 4.5V
I DC
D-Sub9 Power
Pin Supply
The photocoupler is driven as follows:
ON : Transducer is OK (Normal Operation) I
OFF : Transducer is not OK
Vour
Ice max : 30 mA
Icg min : 2mMA V+(V)-04V
: | R )= L2004V
V+(V)-04V
| Ruse (kQ) = —C1 04T
«———TRANSDUCER ; USER SIDE—————>
]
- J
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The following table shows how the output signal V_ acts depending on how it is wired:

IT 205-S ULTRASTAB

Case Vo Description
< 0.2V |The transducer is OK (Normal operation)
Diagram A
V+ The transducer is not OK (Overload mode or supply fault)
< 0.2V |The transducer is not OK (Overload mode or supply fault)
Diagram B
V+ The transducer is OK (Normal operation)

Some recommended standard values of R:

Power supply voltage V+ R_.. (kQ) R... (kQ) R standard values *5 %
5V 0.153 2.3 180 Q, 1 kQ or 2.2 kQ
12V 0.386 5.8 470 Q, 2.2 kQ or 4.7 kQ
24V 0.786 11.8 1kQ, 2.2 kQ or 10 kQ

Electrical data - status port

Parameter Symbol Unit Min Typ Max Comment
Collector-Emitter voltage, off-state Ve o \Y 4 45
Collector-Emitter current, on-state I mA 2 30
Reverse Collector-Emitter voltage, off-state ViR of \% 5
Collector-Emitter voltage, on-state oE on \ 0.2

Maximum measuring resistor versus primary current and temperature

-0
k E N : E N N — 25°C
_.-1|:| --------- 5‘-_&- ------ R E— ------ 1:. ------------------ EEEEE 85‘:‘0 H

R
R

Maximum R, (Q)

15 '
180 155 1E0 165 170 175 180 185 190 195 200

Primary current I, (A rms)
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Safety

This transducer must be used in limited-energy secondary circuits according to IEC 61010-1.

A\

This transducer must be used in electric/electronic equipment with respect to applicable standards and safety requirements in
accordance with the manufacturer’s operating instructions.

When operating the transducer, certain parts of the module can carry hazardous voltage (eg. primary connection, power supply).
Ignoring this warning can lead to injury and/or cause serious damage.

This transducer is a build-in device, whose conducting parts must be inaccessible after installation.

A protective housing or additional shield could be used.

Main supply must be able to be disconnected.

Caution, risk of electrical shock
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Dimensions (in mm)

IT 205-S ULTRASTAB

4x @45 MOUNTING HOLES

H®

76.6

67

D-|SUB MALE

®
o ® '(D\%

34
[>]

34

(o

ﬂ%_
A

67
93

2x_@5.5 MOUNTING HOLES

T T T IT
NS
ML &2
pa
<

—

80

47
38
£
T

43

CONNECTION

D-SUB-9

“Ue

| S -ue
oUTPUT
L m
NI £
-
- 4 Ground

s

Normal operation status

N
} 4)[;_,74_3}40 Normal operation status

=-2)—1——ONC
=7 —+——ONC

Connection

e Normal operation status (Pins 3 and 8)
Normal operation means: -+15V (zU,) present
- zero detector is working
- primary current <110 %
of I,
- green LED indicator is lit.

Remarks

L is positive when I, flows in the direction of the arrow.

We recommend that a shielded output cable and plug are used
to ensure the maximum immunity against electrostatic fields.
Pin 4 should be connected to cable and connector shield to
maintain lowest output noise.

Temperature of the primary conductor should not exceed
100 °C.

Mechanical characteristics

e General tolerance
e Transducer fastening
- Straight mounting

Recommended fastening torque

- Flat mounting

Recommended fastening torque

e Connection of secondary

+0.3 mm

2 holes 2 5.5 mm

2 x M5 steel screws
3.7 N'm

4 holes @ 4.5 mm

4 x M4 steel screws
2.8 N'm

on D-SUB-9,
connector UNC 4-40

e All mounting recommendations are given for a standard
mounting. Screws with flat and spring washers.

e Primary through hole

e |[nstallation of the transducer
otherwise specified on the datasheet, according to LEM

Transducer Generic Mounting Rules.

@ <26 mm
must be done unless

Please refer to

LEM document N°’ANE120504 available on our Web site:
Products/Product Documentation.
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection
Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)

Please read these Operational Instructions carefully and follow them accordingly!
Ignoring these Instructions may lead to malfunctions or to coupling failure, resulting in damage to other parts.

Contents: Safety and Guideline Signs
Page 1. - Contents CAUTION
- Safety and Guideline Signs
- Safety Regulations Danger of injury to personnel and damage to
machines.

Page 2: - Coupling lllustrations Type 9110._ _ 00
Page 3: - Coupling lllustrations Type 9110._ _0_0
Page 4: - Coupling lllustrations Type 9110._ _ 330

Page 5: - Coupling lllustrations Type 9210._ _ _00
Page 6: - Parts List Please Observe!

Page 7: - Technical Data Guidelines on important points.

Page 8: - Overview of Screws and Tightening Torques
Page 9: - Transmittable Torques of the Shrink Disk Hubs

Page 10: - Function - Application
- Design
- State of Delivery
- Coupling Application Field
- Storage
- General Installation Guidelines
- Max. Screw-in Depths for Customer-side Screws

Page 11: - Hub Installation

Page 12: - Assignment of the Torque Transducers
- Installation of the Coupling in the Drive Line
- Type 9110._ _ _00
-Type 9110.__00
Page 13: - Installation of the Coupling in the Drive Line
- Type 9110._ _ 330
- Type 9210._ _ _00
- Disk Pack Installation
Page 14: - Coupling Alignment
- Permitted Shaft Misalignments
- Maintenance
- Disposal

Page 15: - Malfunctions / Breakdowns

Safety Regulations

These Installation and Operational Instructions (I + O) are part of the coupling delivery.
Please keep them handy and near to the coupling at all times.

It is forbidden to start initial operation of the product until you have ensured that all applicable EU directives and directives
for the machine or system, into which the product has been installed, have been fulfilled.

At the time these Installation and Operational Instructions go to print, the ROBA®-DS couplings accord with the known
technical specifications and are operationally safe at the time of delivery.

Without a conformity evaluation, this product is not suitable for use in areas where there is a high risk of explosion. This
statement is based on the ATEX directive.

CAUTION 1 |t the ROBA®-DS couplings are modified.
O If the relevant standards for safety and / or installation conditions are ignored.

User-implemented Protective Measures

O Cover all moving parts to protect against seizure, dust or foreign body impact.

To prevent injury or damage, only specialist personnel are allowed to work on the components. They must be
familiar with the dimensioning, transport, installation, initial operation, maintenance and disposal according to
the relevant standards and regulations.

Please read the Installation and Operational Instructions carefully prior to installation and initial operation of the
device.

These Safety Regulations are user hints only and must not be complete!

13/02/2019 TK/IGH/WT/SU Chr. Mayr GmbH + Co. KG

EichenstralRe 1, D-87665 Mauerstetten, Germany ‘ ’ mayr

Tel.: +49 8341 804-0, Fax: +49 8341 804-421 .
Page 1 of 15 www.mayr.com, E-Mail: info@mayr.com your reliable partner
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Type 9110.__ _00 The shrink disk hub (side 1) with module 1 is supplied as a finished assembly.
Side 1 Side 2

Module 1, sleeve
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Type 9110.__00 The module 2 with shrink disk hub (side 2) is supplied as a finished assembly.
Side 1 Module 2, sleeve Side 2
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection
Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)

Type 9110._ _330 The shrink disk hub (side 1) with module 1 as well as module 2 with the shrink disk
hub (side 2) are supplied as finished assemblies respectively.

Side 1 Side 2
Measurement flange
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Installation and Operational Instructions for

ROBA®-DS Coupl

ing for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Type 9210.__ _00 The shrink disk hub (side 1) with module 1 is supplied as a finished assembly.
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10 6 16 6 10
ﬁé: Measurement flange
g
Nz N
I' |!| Il 16F to 300
r || S
; i | I h | .
Wlthhout S i \\! !Vf! 1\‘ ~3 Without
ub | i ii=.’"?£i~ i hub
o pa==—tl i
| ! !
i | |
! | 11 16 5 16 12 !
1.2 11 1 IL rrrrr : Module 1, connection plate :~ 1.1 1.2
i : 6 16 6 9 :
| | |
——r— | | o el | ¢ =3z
N %i |[|E\ | G
P NI | X
— | | 500/ 850 |
i L_._. H “ ________ _ :
] - : —
: % S ;
e, 24 S
- ':| |
13 13

Shrink disk hub,

Shrink disk hub,

clamping external 16 9 5 clamping external
Fig. 4
13/02/2019 TKIGH/WT/SU Chr. Mayr GmbH + Co. KG

Page 5 of 15

Eichenstrae 1, D-87665 Mauerstetten, Germany
Tel.: +49 8341 804-0, Fax: +49 8341 804-421

www.mayr.com, E-Mail: info@mayr.com

O mayr’

your reliable partner


http://www.mayr.com/
mailto:info@mayr.com

Installation and Operational Instructions for

ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Parts List (Only use mayr® original parts)
Item | Name
1 Shrink disk hub / external clamping
11 Shrink disk
1.2 Hexagon head screw
2 Shrink disk hub / internal clamping
21 Shrink disk
2.2 Cap screw
3 Disk pack
4 Sleeve
5 Connection plate
6 Flange MF
7 Flange
8 Adaptor flange MF
9 Cap screw
10 Hexagon head screw (only on Sizes 16F, 16, 64 and 300)
11 Cap screw (only on Sizes 16F, 16, 64 and 300)
12 Hexagon nut (only on Sizes 16F, 16, 64 and 300)
13 Cap screw
14 Cap screw
15 Cap screw
16 Washer
13/02/2019 TK/GH/WT/SU Chr. Mayr GmbH + Co. KG
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Table 1: Technical Data for Type 9110._ 0
ROBA®-DS Size 16F 16 64 300 500 850
Sensor measuring range [Nm]| 50/100 200 500 /1000 |2000 /3000 5000 10000
Minimum hub bore (Items 1 and 2) d min [mm] 25 H6 25 H6 45 H6 50 H6 60 H6 70 H6
Maximum hub bore (Items 1 and 2) d max [mm] 45 H6 45 H6 70 H6 85 H6 100 H6 120 H6
Coupling nominal torque Tkn [Nm] 190 300 1100 3500 5800 9500
Valid for changing load direction as well as
for max. permitted shaft misalignment
Coupling peak torque Tks [Nm] 285 450 1650 5250 8700 14250
Valid for unchanging load direction,
max. load cycle < 10°
Max. speed Y Nmax | [rpm] 18000 18000 15000 12000 10000 8000
Distance dimension S [mm]| 7.1+0.1 4.6 0.1 6.8+0.15 | 11.2+0.15 | 12+0.15 14 £0.15
Axial displacement AK, | [mm] +1.1 +0.8 +1.1 +1.2 +1.4 +1.6
Only permitted as a static or
virtually static value.
Max. permitted radial misalignment AK, | [mm] 0.30 0.20 0.25 0.25 0.35 0.40
With connection plate
Max. permitted radial misalignment AK: [ [mm] 1.0 0.7 1.0 1.25 1.35 1.7
With sleeve
Max. permitted angular misalignment AKy [°] 1.0 0.7 0.6 0.5 0.5 0.5
(per disk pack)
Y For speeds of more than 5000 rpm, a limitation of the misalignment to max. 30 % is necessary.
The values then correspond to the permitted misalignment values on Type 9210._ _ _00 acc. Table 2.
Table 2: Technical Data for Type 9210._ _ 00
ROBA®-DS Size 16F 16 64 300 500 850
Sensor measuring range [Nm]| 50/100 200 500/ 1000 | 2000 / 3000 5000 10000
Minimum hub bore (Items 1 and 2) dmin | [mm] 25 H5 25 H5 45 H5 50 H5 60 H5 70 H5
Maximum hub bore (Items 1 and 2) dmax | [mm] 45 H5 45 H5 70 H5 85 H5 100 H5 120 H5
Coupling nominal torque Tkn [Nm] 190 300 1100 3500 5800 9500
Valid for changing load direction as well as
for max. permitted shaft misalignment
Coupling peak torque Tks [Nm] 285 450 1650 5250 8700 14250
Valid for unchanging load direction,
max. load cycle < 10°
Max. speed Nmax | [rpm] 30000 30000 25000 20000 16000 13000
Distance dimension S| [mm]| 7.1+0.1 4.6 10.1 6.8+0.15 | 11.2+0.15 | 12+0.15 14 +0.15
Max. permitted axial displacement AK; | [mm] +0.2 +0.2 +0.3 +0.4 +0.4 +0.5
Only permitted as a static or
virtually static value.
Max. permitted radial misalignment AK: | [mm] 0.06 0.06 0.08 0.08 0.11 0.13
Max. permitted angular misalignment AKy [°] 0.3 0.2 0.2 0.16 0.16 0.16
(per disk pack)
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Installation and Operational Instructions for

ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850 (B.9110.EN)
Table 3: Overview of Screws and Respective Tightening Torques
ROBA®-DS Size 16F 16 64 300 500 850
Hexagon head screws Item 1.2 M5 x 30 M5 x 30 M8 x 55 M8 x 60 M10 x 70 M12 x 80
Tightening torque 6 Nm 6 Nm 24 Nm 35Nm 56 Nm 93 Nm
Cap screws Item 2.2 M5 x 18 M5 x 18 M8 x 30 M8 x 30 M10 x 40 M12 x 40
Tightening torque 6 Nm 6 Nm 24 Nm 35 Nm 56 Nm 93 Nm
Cap screws Item 9 ? M5 x 18 M5 x 16 M8 x 25 M12 x 35 M16 x 40 M20 x 45
Tightening torque 8.5 Nm 8.5 Nm 35Nm 120 Nm 240 Nm 450 Nm
Hexagon head screws Item 10 ? M5 x 18 M5 x 16 M8 x 25 M12 x 35 - -
Tightening torque 8.5 Nm 8.5 Nm 35 Nm 120 Nm -
Cap screws Item 11/ M5 x 35 M5 x 32 M8 x 45 M12 x 65 - -
Hexagon nut Item 12 M5 M5 M8 M12
Tightening torque 8.5 Nm 8.5 Nm 35 Nm 120 Nm
Cap screws ltem 13 29 M8 x 14 M8 x 14 M10 x 20 M12 x 30 M14 x 30 M16 x 40
Tightening torque 34 Nm 34 Nm 67 Nm 135 Nm 220 Nm 340 Nm
Cap screws ltem 14 29 M8 x 25 M8 x 25 M10 x 20 M12 x 30 M14 x 35 M16 x 35
Tightening torque 34 Nm 34 Nm 67 Nm 135 Nm 220 Nm 340 Nm
Cap screws Item 15 2 M8 x 16 M8 x 16 M8 x 25 M12 x 40 M12 x 50 M14 x 50
Tightening torque 34 Nm 34 Nm 37 Nm 127 Nm 127 Nm 174 Nm

2 The screws (Items 9, 10, 13, 14 and 15) must be protected using a screw-securing product, e.g. Loctite 243.
3 For this, please also observe the guidelines in the Installation Instructions of the measurement flange manufacturer.
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Installation and Operational Instructions for

ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Table 4:

Transmittable Torques of the Shrink Disk Hubs (Items 1 and 2) - Dependent on Bore -

The values refer to the max. speed on Type 9110.- and are valid for the tolerance constellation H6 / h6.
At max. speed on Type 9210.- , the transmittable torque reduces by approx. 30 % and is valid for the
tolerance constellation H5 / h5.

Sizes
Bore 16F 16 64 300 500 850
@25 320 320 ] ] ] -
@28 368 368 - - - -
@30 403 403 ] ] ] -
@32 442 442 - i ] -
@35 506 506 - - - -
238 579 579 ] ] ] -
@40 632 632 - - - -
@42 689 689 ] ] ] -
@45 782 782 1935 - - -
@50 - - 2041 3101 - -
@55 ] - 2501 3472 - -
@60 - ] 2088 3883 4679 -
265 ] - 3436 4340 5136 -
268 - ] 3730 4637 5430 -
@70 - - 3038 4845 5635 7726
@75 - - - 5402 6177 8354
@80 - - ] 6016 6768 9088
@85 - - - 6687 7411 9850
@90 - - - 8107 10670
@100 I . : ' B 9674 12500
armo || Arenton pe i o pemisdcontes | -
@120 L | | I . - 17008
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Function — Application

The ROBA®-DS coupling is a shaft connection for torsionally
rigid, backlash-free torque transmission while at the same time
compensating for shaft misalignments, for the connection to
measurement flanges.

The coupling compensates for axial, radial and angular shaft
misalignments, whereby the total sum of misalignments must not
exceed 100%.

Type 9110._ _ _ O (standard design / Figs. 1 to 3):
O Balance quality G 2.5 at n = 3000 rpm

Type 9210._ _ _00 (design for high speeds / Fig. 4):
O Individual parts are manufactured to a higher level of

accuracy (Quality IT5).
O Balance quality G 2.5 at n = 5000 rpm

Design

ROBA®-DS disk pack couplings of the Type series 9110.- and
9210.- are especially designed for the attachment of HBM torque
transducers or similar measurement flanges. Different types of
construction and flexible combination possibilities allow the
integration of measurement flanges in almost every test stand
and drive constellation.

State of Delivery

The ROBA®-DS couplings are manufacturer-assembled in units
ready for installation (see pages 2 to 5).

The disks are made of stainless steel.

All other parts are blank and conserved.

All screw connections must be checked or pre-
tensioned during the final installation to a
torque value according to Table 3.

Coupling Application Field
+10 °C to +80 °C.

For this, please observe the guidelines in the
Installation Instructions
of the measurement flange manufacturer.

Storage

To avoid corrosion, the coupling must be stored in dry rooms
protected from the weather.

Preservative oil can be used for protecting (treating) the
coupling.

General Installation Guidelines

O The maximum bore diameters according to Tables 1 and 2
must not be exceeded.

O Shaft tolerance requirement:
h6é on Type 9110._ __ 0,
h5 on Type 9210._ _ _00

O The shaft surfaces should be finely turned or ground
(Ra=0.8 pm).

O The required yield point for the shafts used is at least
350 N/mm2 (St60, St70, C45, C60).

O For better joining, the hub (Items 1/ 2) can be heated
up to max. 60 °C.

O Please take the axial space requirements for the extracting
screws into account in order to de-install the hubs (1/2).
See guideline stated in section Hub Installation / De-
installation.

Q All screw connections to be mounted by the operator, with
the exception of the tensioning screws (Iltems 1.2 and 2.2),
must be protected using a screw-securing product, e.g.
Loctite 243.

O The operator is responsible for providing the screws for one
side of the measurement flange connection.
The required tightening torques can be seen in the
Installation Instructions of the measurement flange
manufacturer.
Please observe the maximum screw-in depths for the screw
connection to the hub (2) or flange MF (6) acc. Table 5.

Table 5:  Maximum Screw-in Depths
for Customer-side Screws

ROBA®-DS Hub Flange MF
Sizes (Item 2) (Item 6)
16F 12 mm 9 mm
16 12 mm 9 mm
64 15 mm 15 mm
300 20 mm 21 mm
500 24 mm 24 mm
850 29 mm 28 mm
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10. 0 Sizes 16F/16/64 /300 /500 /850

(B.9110.EN)

Hub Installation

The force transmission of the shrink disk hubs
takes place via frictional locking. The contact
surfaces between the shrink disk (Items 1.1/
2.1) and the hub (Items 1/ 2) are greased
manufacturer-side.

The hub bores and the shaft ends must be
completely grease-free during installation.
Greasy or oily bores or shafts do not transmit
the maximum coupling torque. The
transmittable torques dependent on the bore
are listed in Table 4.

The shafts must not have a keyway.

For joining the hub (ltems 1/ 2), the shrink disk
(Items 1.1/ 2.1) must be completely relaxed; if

necessary, loosen the screws (ltems 1.2 / 2.2)

by several thread turns.

No appreciable forces must be transferred via
the disk packs (3) while mounting the hub (1).

1. Mount the hubs (Items 1/ 2) onto the shafts using a suitable
device and bring them into the correct position.

2. Tighten the tensioning screws (ltems 1.2 / 2.2) using a
torque wrench evenly and one after the other in 3 to max.
6 tightening sequences to the torque stated in Table 3.

3. Check the tightening torque produced after 5 to 10 operating

hours.

For de-installation:
1. Loosen all tensioning screws (1.2/2.2) in several sequences
by several thread turns.

2. Additional threads are provided in the hub (1/2) or in the
shrink disk (1.1/2.1) in order to extract the shrink disk

(1.1/2.2).

Please take the axial space requirements for
the screws to be screwed into the tapped
extracting holes into account. If necessary,
suitable set screws can be screwed in before
installation. However, it is essential that these
screws are secured against loosening.

3. Tighten the tensioning screws (1.2/2.2) evenly and step-wise
so that the shrink disk (1.1/2.1) is loosened from the hub

112).
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Table 6:

Assignment of the Torque Transducers

company HBM

Measurement flange

ROBA®-DS Size

Installation of the Coupling in the Drive Line
Type 9110. 00 (Fig. 1)

1. Mount the hub (1) including the completely mounted module
1 onto the shaft using a suitable device, bring it into the
correct position and secure it following the instructions in the

500 Nm 64 section 'Hub Installation'.
2. Produce a screw connection between the flange MF (6) and
1000 Nm 64 the measurement flange.
2000 Nm 300 Please observe the specifications of the measurement flange
TB2 manufacturer regarding the screws and the tightening
3000 Nm 300 torques required for the connection.
3. Mount the single hub (1) onto the shaft and do not clamp it
5000 Nm 500 yet. Loosen the cap screws (1.2) and pull the shrink disk
10000 Nm 850 (1.1) back, so that the cap screws (13) and the measurement
flange can be screwed together.
100 Nm 16F 4. Produce a screw connection with the measurement flange,
200 Nm 16 observing the tightening torque for cap screws (13) acc.
Table 3. The cap screws (13) must be protected using a
500 Nm 64 screw-securing product, e.g. Loctite 243.
1000 Nm 64 5. Secure the exactly positioned hub (1) using the shrink disk
T10FS (1.1) and the cap screws (1.2) according to section 'Hub
2000 Nm 300 Installation'.
3000 Nm 300 6. Check_the tightening torques produced after 5 to 10
operating hours.
5000 Nm 500 7. Before initial operation:
10000 Nm 850 Align the input and the output precisely.
100 Nm 16F ,
Type 9110._ _0_0 (Fig. 2)
200 Nm 16 »
The angular position of the adaptor flange MF
500 Nm 64 (8) to the flange (7) is marked manufacturer-
side due to the balance quality; it must be
T12 1000 Nm 64 observed during re-installation.
2000 Nm 300 1. Mount the hub (2) onto the shaft, bring it into the correct
3000 Nm 300 position and secure it according to section 'Hub Installation'.
2. Produce a screw connection between the measurement
5000 Nm 500 flange and the hub (2).
Please observe the specifications of the measurement flange
LERDD NI — manufacturer regarding the screws and the tightening
200 Nm 16 torques required for the connection.
500 Nm 64 3. Remove adaptor flange MF (8) from module 2.
4. Screw the adaptor flange MF (8) and the measurement
T40 4 1000 Nm 64 flange together using cap screws (14) and a tightening
torque according to Table 3.
2000 Nm 300 The cap screws (14) must be protected using a screw-
3000 Nm 300 securing product, e.g. Loctite 243.
5. Mount the hub (1) including the rest of module 2 onto the
50 Nm 16F shaft using a suitable device, bring it into the correct position
100 Nm 16F and secure it according to section 'Hub Installation'.
6. Screw module 2 and the adaptor flange MF (8) together
200 Nm 16 using cap screws (15) and a tightening torque according to
500 Nm 64 Table 3, ket?plng t.o the marked angular position.
7. Check the tightening torques produced after 5 to 10
T40B 1000 Nm 64 operating hours.
2000 Nm 300 8. Before initial operation:
Align the input and the output precisely.
3000 Nm 300
5000 Nm 500
10000 Nm 850
4 Measurement flanges Size T40 cannot be
combined with module 2.
13/02/2019 TKIGH/WT/SU Chr. Mayr GmbH + Co. KG
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Installation of the Coupling in the Drive Line
Type 9110._ _330 (Fig. 3)

The angular position of the adaptor flange MF
(8) to the flange (7) is marked manufacturer-
side due to the balance quality; it must be
observed during re-installation.

1. Mount the hub (1) incl. single-jointed module 1 onto the shaft
using a suitable device, bring it into the correct position and
secure it according to section 'Hub Installation'.

2. Produce a screw connection between the measurement
flange and the single-jointed module 1.
Please observe the specifications of the measurement flange
manufacturer regarding the screws and the tightening
torques required for the connection.

3. Remove adaptor flange MF (8) from single-jointed module 2.

4. Screw the adaptor flange MF (8) and the measurement
flange together using cap screws (14) and a tightening
torque according to Table 3.

The cap screws (14) must be protected using a screw-
securing product, e.g. Loctite 243.

5. Mount the hub (1) incl. rest of single-jointed module 2 onto
the shaft using a suitable device, bring it into the correct
position and secure it acc. section 'Hub Installation'.

6. Screw the single-jointed module 2 and the adaptor flange MF
(8) together using cap screws (15) and a tightening torque
according to Table 3, keeping to the marked angular
position.

7. Check the tightening torques produced after 5 to 10
operating hours.

8. Before initial operation:
Align the input and output precisely.

Type 9210._ _ _00 (Fig. 4)

1. Mount the hub (1) including the completely mounted module
1 onto the shaft using a suitable device, bring it into the
correct position and secure it following the instructions in the
section 'Hub Installation'.

2. Produce a screw connection between the measurement
flange and the flange MF (6).
Please observe the specifications of the measurement flange
manufacturer regarding the screws and the tightening
torques required for the connection.

3. Mount the single hub (1) onto the shaft and do not clamp it
yet. Loosen the cap screws (1.2) and pull the shrink disk
(1.1) back, so that the cap screws (13) can be screwed
together.

4. Produce a screw connection with the measurement flange,
observing the tightening torque for cap screws (13) acc.
Table 3. The cap screws (13) must be protected using a
screw-securing product, e.g. Loctite 243.

For this, please observe the guidelines in the Installation
Instructions of the measurement flange manufacturer.

5. Secure the exactly positioned hub (1) using the shrink disk
(2.1) and the cap screws (1.2) according to section 'Hub
Installation'.

6. Check the tightening torques produced after 5 to 10
operating hours.

7. Before initial operation:
Align the input and output precisely.

Disk Pack Installation (Figs. 1 to 5)

The ROBA® -DS disk packs are manufacturer-assembled ready
for installation. Should installation or de-installation become
necessary, please observe the following:

The disk packs (3) are screwed together alternately with the
sleeve (4) or the connection plate (5) and the flanges (Items 6 /
7) using lightly oiled screws (Items 9, 10 and 11), washers (16)
and hexagon nuts (12) if necessary.

Here, the tightening torque acc. Table 3 must be produced in
several sequences. Please see Table 7 for the respective
tightening torques for each step.

On Sizes 300, 500 and 850, screws (ltems 9,
10 und 11) and, if necessary the hexagon nuts
(12) on each connection side, must be
tightened cross-wise.

Table 7
Tightening Torque of the Cap Screws (ltems 9,
Step 10 and 11) and the Hexagon Nuts (12)
1 30 % of the nominal tightening torque
2 60 % of the nominal tightening torque
3 100 % of the nominal tightening torque

The disk pack (3) must not under any circumstances be distorted
when applying the pre-tension force.

The disk pack (3) is always to be inserted so
that the collar bushing radius

(Item 3a, Fig. 5) lies in the grooves of the
flanges (Items 6 / 7), the sleeves (4) or the
connection plate (5).

S

4/5 —

617

Fig. 5

After de-installation of a ROBA®-DS coupling,
re-balancing with a balance quality of G 2.5 at
3000 rpm or 5000 rpm on Type 9210._ _ _00 is
absolutely necessary.
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Coupling Alignment

Exact coupling alignment reduces the reaction forces and
therefore increases the lifetime of the coupling and the shaft
bearing.

We recommend alignment of the coupling (of the shaft ends)
using a dial gauge or laser.

In order to prevent axial distortion of the disk packs, the
dimension "S" (Fig. 5, acc. Tables 1 and 2) must be maintained
with aligned angular and radial shaft misalignments.

Permitted Shaft Misalignments

The ROBA®-DS coupling compensates for angular, axial and
radial shaft misalignments (Fig. 7) without losing its backlash-
free function. However, the permitted shaft misalignments
indicated in the Technical Data must not simultaneously reach
their maximum value. If more than one kind of misalignment
takes place simultaneously, they influence each other. This
means that the permitted misalignment values are dependent on
one another, see Fig. 6. The sum total of the actual
misalignments in percent of the maximum value must not exceed
100 % (see Fig. 6 and the following example).

N

o

(=]
|

@
=1
|

A Kw [%]
Angular misalignment

A K: [%] Radial misalignment
(o]
o
|

NS
S 2 S
L 1 1

|
60 80 100

A Ka [%)] Axial displacement
Fig. 6

Example:
ROBA®-DS Size 300, Type 9210.11100

Axial displacement occurrence AK, = 0.16 mm equals 40 % of
the permitted maximum value AK, = 0.4 mm

Angular misalignment occurrence in the disk pack AK,, = 0.048°
equals 30 % of the permitted maximum value AK,, = 0.16°.

=> permitted radial misalignment AK; = 30 % of the maximum
value AK; = 0.08 mm => AK, = 0.024 mm

Axial Radial Angular
displacement misalignment misalignment

Fig. 7

On standard design Type 9110._ _ _ _0 and for
speeds > 5000 rpm, a limitation of the
misalignment to max. 30 % is necessary.

This will ensure that the machine runs far more
smoothly.

The permitted misalignment values for Type
9210. 00 stated in Table 2 are already the

reduced values.

Maintenance
ROBA®-DS couplings are mainly maintenance-free.

The following maintenance and inspection intervals are to be
maintained:

1.) Visual inspection, inspection of the installation
parameters (misalignment and tightening torques) and
the coupling running behaviour before initial operation.

2.) Visual inspection, torsional backlash, inspection of the
misalignment and the tightening torques, coupling
running behaviour after 1000 h, at the latest after 3
months.

3.) If noirregularities or wear are found during the second
maintenance and inspection interval, further inspection
intervals can, with unchanged operating parameters,
take place after 4000 operating hours or after
maximum 12 months.

In extreme coupling ambient or operating conditions, the
maintenance and inspection intervals should be shortened.

Disposal

All steel components:

Steel scrap (Code No. 160117)
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Installation and Operational Instructions for
ROBA®-DS Coupling for Measurement Flange Connection

Type 9 10.

_0 Sizes 16F/16/64/300/500 /850

(B.9110.EN)

Malfunctions / Breakdowns

Malfunction Possible Causes Solutions
) ] 1)  Setthe system out of operation.
Incorrect _al|gnme_nt, Incorrect 2)  Find/ resolve the cause of incorrect alignment.
installation
3)  Check the coupling for wear.
L . 1)  Setthe system out of operation.
oose connecting screws,
) . minor fretting corrosion 2)  Check the coupling parts and replace if damaged.
Changes in running under the screw head 3)  Tighten the connecting screws to the specified torque.
noise and / or vibration and on the disk pack i )
occurrence 4)  Check the alignment and correct if necessary.
1)  Setthe system out of operation.
. . 2)  Check the coupling alignment.
Tensioning screws for axial ) e .
securement of the hubs are loose | 3) Tlght_e_n the tensioning screws for axial securement of the hubs to the
specified torque.
4)  Check the coupling for wear.
1)  Setthe system out of operation.
Disk pacﬁifﬁﬁagitgbje tohigh | 2y pismantle the coupling and remove the remainders of the disk packs.
overlzad 3) Check the coupling parts and replace if damaged.
4)  Find the cause of overload and remove it.
1)  Setthe system out of operation.
Disk K Operating parameters are not 2)  Check the operating parameters and select a suitable coupling
b:zalf:gce appropriate for the coupling (observe installation space).
performance 3) Install a new coupling.
4)  Check the alignment.
1)  Setthe system out of operation.
Incorrect operation 2)  Dismantle the coupling and remove the remainders of the disk packs.
of the system unit 3)  Check the coupling parts and replace if damaged.
4)  Train and advise operating personnel.
1)  Set the system out of operation.
Disk packs / 2)  Dismantle the coupling and remove the remainders of the disk packs.
connecting screws Drive vibrations 3)  Check the coupling parts and replace if damaged.
cracks or breakage 4)  Check the alignment and correct if necessary.
5)  Find the cause of vibration and remove it.

mayr ® will take no responsibility or guarantee for replacement parts and accessories which have not been delivered by
mayr ®, or for damage resulting from the use of these products.

13/02/2019 TK/IGH/WT/SU

Page 15 of 15

Chr. Mayr GmbH + Co. KG

EichenstraRe 1, D-87665 Mauerstetten, Germany
Tel.: +49 8341 804-0, Fax: +49 8341 804-421
www.mayr.com, E-Mail: info@mayr.com

O mayr’

your reliable partner


http://www.mayr.com/
mailto:info@mayr.com

	SINGLSYN-1101_ 1
	SINGLSYN-1101_ 2
	SINGLSYN-1101_ 3
	SINGLSYN-1101_ 4
	SINGLSYN-1101_ 5
	SINGLSYN-1101_ 6
	SINGLSYN-1101_ 7
	SINGLSYN-1101_ 8
	SINGLSYN-1101_ 9
	SINGLSYN-1101_10
	SINGLSYN-1101_11
	SINGLSYN-1101_12
	SINGLSYN-1101_13
	SINGLSYN-1101_14
	SINGLSYN-1101_15
	SINGLSYN-1101_16
	SINGLSYN-1101_17
	SINGLSYN-1101_18
	SINGLSYN-1101_19
	SINGLSYN-1101_20
	SINGLSYN-1101_21
	SINGLSYN-1101_22
	SINGLSYN-1101_23
	SINGLSYN-1101_24
	Contents:
	Safety and Guideline Signs
	Type 9110._ _ _00
	Type 9110. _ _0_0
	Type 9110._ _330
	Type 9210._ _ _00
	Parts List (Only use mayr ® original parts)
	Table 1: Technical Data for Type 9110._ _ _ _0
	Table 2: Technical Data for Type 9210._ _ _00
	Table 3: Overview of Screws and Respective Tightening Torques
	Table 4: Transmittable Torques of the Shrink Disk Hubs (Items 1 and 2) - Dependent on Bore -
	Function – Application
	Design
	State of Delivery
	Coupling Application Field
	Storage
	General Installation Guidelines
	Table 5: Maximum Screw-in Depths   for Customer-side Screws
	Hub Installation
	For de-installation:

	Table 6:  Assignment of the Torque Transducers
	Installation of the Coupling in the Drive Line
	Type 9110._ _ _00 (Fig. 1)
	Type 9110._ _0_0 (Fig. 2)

	Installation of the Coupling in the Drive Line
	Type 9110._ _330 (Fig. 3)
	Type 9210._ _ _00 (Fig. 4)

	Disk Pack Installation (Figs. 1 to 5)
	Table 7
	Coupling Alignment
	Permitted Shaft Misalignments
	Maintenance
	Disposal
	Malfunctions / Breakdowns

