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BEhEN 72 < 720, REEEFRE LTOB®ERE R 2D, Z0d), Figd OPF—R7L 2T
X, A= A7) a—lh DT a—FOEnc, 254 FBOBRHINTEERY =7 a—4
ERETDHIEETD, 0B, A7 MBREOSOT a— 2T ET 2Bzl
WHEITEER T D,

A.5.3 ZZeRREHREDFE

Y AT HTRERICEDE, P—RTVAD Y 27 KBIC LB R R 2 EEENRE T 5, =21,
[SO 12100 THENLNTWD XL, VAR, £F, AEWLERHFEICL T, KROT,
[EE M — FEOREAT— FOREIC & o TERSNARTIUER 520, B AT AT Sh A Re
BERERREIC U R 7 KRR R D O, b OFEOBEMAREE L MM S804 Th 5,

AR L7z £ 50, P—R7VAOEMAENL Y, [TERKBICEEE DFERAN LN TNSIC %D
LF, ATA FOATRUCERE UCRAET AEEEORFRIF] 12T, Cat. 4 HL<IE SIL 3 »
FORFIHZ R LI Z BB OBARMIEL 05, 7L, 2R — 0% iisse i,
oD, TOLD PRIV LV ADO A OEAT— FCRET D AEESH DL THY, &
T2, A2 BICHRAIREROBIE T L A & O EOZERAERTIUL, YUY X 7SR b A%
EEEWREO 2 LY, TN DITHIE LB OZ2BEAE L BER SN DD Th B, U R Z
HDNT, [FESNICLEHRER R 3 ICE LD ORY, J2T, ANER LTSS h5
BV ROHEERED MY T L7203 K= MEARL, HAOBER LIS TR ED RS L 72 5
ayR—xr MetEtd, Z05bh, RHCEBEZSREIC DWW T FICHB 22 5.,

Inverter switch off monitoring : &—% DLEEILL, A L/ 3—FEREPIZERT Sz IGBT BERO
A ZBEGREWTH S A (LR, Safe pulse blocking & FES) IC Lo CTHEBEND., £ OIEMIAE
FRAZ DWW T 573, Inverter switch off monitoring 1, TTREAL&#17= Safe pulse blocking
DA—BEBAT DMRETH D, S 51T, Cat. 4 DEERIFIETIE Safe pulse blocking DML
i, RIS T A b &g iudle b7e0, Inverter switch off monitoring 1, & D7 0T
MNEMEESREEZ 2 A TR Y, —ERHHELE Safe pulse blocking AMHH SR AT 1 BhEY
(27 A M & FEMT 5,

Encoder arrangement monitoring : JURALEN T a—F DEWE LB L, R—H03H B0,
YR TV ADHEREZIEE D, A7 VA INT L a—2 DR, @, BRS A LA
(242 (A, BHEOENOLDORIHER) DEESSA LN, $f, 7TV Y o by a—g ot
BRENUEDHDEETA iday ba—FC it S ILE, ZOkh, oL a—&% 1 DORIE
L, TNHEDTA SR SNDEBELETIUE, 1555 1 o OBHEcMEREH, PSR
[BIBR OMERERE IR WTRECH B, LS, B a— Gl o o— F R O BB
SORE (r—4F )=z a— BN THEEEEEO BRI 5 OB b BHRE & 72 5) Ay
TERVY, £oT, = a—SBEOTEILBSETHD, 728, ERibEnizo a— g0k
FERROLEEIE, Mx a—FnBBELCWE L& DR (Thbh, EERNE LTV & 1)
), T aA—FOEEHHERTFER L LTS THD, 0k, EEICERE BENEA SN
IORRECEIE L7256 (B20E, 138 (XA —8 7 L 2 0Ein s 51 SHHRY
DHRLRETDUERD D (2O L) IR CIIETFEAIE 7 v v 2 ofifl IS B,
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Braking performance check : {ESRDBEHE T LA L B2 Y, /) —< T a— AR T L—X OHEIRE
INHEBICHER SR, Z07), =R 7L AT, &Y1 7 VEBIEEIZHIBEEH %25 2 ~
THREDNLETH D, T, T —F 2B SR B T, T—2 0K M2 52FNL

(K hvo OFINE, Safe motor torque check #4EE TRESET %), EILREESHEGESh WS &

CEHERTHDFIENEHATE D, 2L, JOFHETHRTE 5037 L—% OEEE ) MR
INDZORT, BITHLELRBEENTIT A bIn2vn, — RIS, 7 V— o BEEE )15
BHOK T5~B0%RREIT /0D, £Z°C, B—FDER MY BEILTXIHE MY 2 BT
L—&% 2 DL, TN bOBEBENE EROFECKEILT A M AFERRET S, AF
B LT, FEREIC TR RBREEINA /LN D Z L RHEETE A, ZOBMDEHIZ, Fig3
TiL/ —w Iy B —RBEER T L — X R lAR— VA7 Y o Z3HT 5 2 L R4 L, B,
AFETEHT L —F OBERRNITF = v 7 SRpWT2w, BRI OV TE, BERERICES
WTRCRIEH] (BBE) 2UE L, ZABEREORRGHI SR SRR SR B vy,

P, #& 3 OLEEBEREEE, HETHLAPFRTHEE L —R 7L RIZK L, By —R RS
ANIBRET A EEZ ONIHEREIZCEA LTE L O LD THY, lHa DY —RFLADTTHY 2
DB HNN—FT BHEO TN L EHRLTEL,

A.5.4 ZAMRERHD

WNT, BERSNDBLZEREERRICT L, ZhbDE) U CONEZeMiEEE L T\A T L,
A AFICIHATEMRY - EEBARBDRFEICR S LEDEGHET 5, oty 23t B rHliEs 25
L TERASNHZEMEMAEORILIY, ~— U =TI 5, ¥ 7 by =7 IcB 530, Rk
AU B3 A Rl 3 oz kBl & s,

TIT, YT R aT ERSRICE T DRI, AT AORE - ER - EAOKBEM TS
DREEITEK LRSS T LRV VoDl AT AMTHLA E NI FE 2 ORI E DT Y %
BEET 2 & L bI, MIAEN FENENREL T3 2 L HEa OF 2 Mo L O HERT BIELTH
Do Y7 MU= TOREMWTHETIHE, —RIZ V 707 a— A0, REBRBEEICBOLCEA - E
F SN HIERP T ROBYE L ZEIE T L IHGEL, 35T, BN AT ARE SN ETER
L7 EEERRE S ER SN TND Z L 2R T D, KRB TIRATAXHEL, ZolfkiemEk
SNDHEEMRRIE U TR Y, FOREMEIOWTILIEC 615083 OfEE AB,C 25 L CHi;
T, M7, AR &L, Bl A ARRBEE L &\ o T BRBEBEN R AR, 72 SN,
ZAERRERE DRI EHERIE TO AN I A SRR DMEEREED - L ThY, bl EoRETE
& BHFIRZZEE LIRQVRYRET 2 Z ENTERNI LIRS 5, RSB % 58T
KEL 320 b,

1) FEIMEEOPH] : A2 T A T A MO LK, BB S b
2) CRETHUHEORLEE : Mk SN2 RAIDER, FHEOHD a L R—FR NofER Y,
3) RIEHBIEOIRAML : #4887 A 1, Black Box 52 I, White Box 732 F2 &,

SRR BT D RHIME, T b DGRBS AT AMIEA - RSN TN 2 L 2T 5
HOT, TOFAMEOHEITIL IEC61508-2 DFFEE B <° TEC62061 55 8.3 #is- 28R L LIl 2,

LAEOD 2 SOFHBASTEMERY 2 ZEA WD & TSN R T A% VTSRS A MKIE L O
DKL, N—FU=TIBT OB TIE, »~— FY = 7HRICER L EMEHME (~— Ry =7
Bk DHRBT, MHSITND TR —R Y NOEHENET — 7 1B\ e i B 2 3 A it
TEMTHLERH D, LITTIE, Inverter switch off monitoring &4, #OFUBEFIEE T 5,

A.5.4.1 Inverter switch off monitoring #AED EMER - EBAVEE

Inverter switch off monitoring (ZBHET 2 22T ADOERIT, TRREZEAL L, Cat. 4 OERSE
HZHDEEFRE 1 ZWMET2b0ETD, TOMMEE Figd (RS, £, ALvaL 20 20
Wik IEC 60204 DIEHLT (MEREDERFIHIRT 5 H O T, AMBETITRHINE 2, A 23— Z[A|
oReEIkld, JTTR{LSHIZ Safe pulse blocking 12 &5/ UV AFAEDWIE L TEL SN T 0
YDV Ty MMEZ L > THRRENL LT3,
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PR —F BEWREIT D 720121, BEREROAERSSETH D, U, 1) A v —Z[EK
LB REHIPMRINDZ L, 2 BEEEHIET AT a2y PRBRESNZT7+ NI TS50 ON/
OFF NRZ—2 BN ARTH I L, 3) 74 b7 IT RGBT HBFMBAN SN T — Nt~ T
FH# L C ONOFF 8h{Ed 52 &, O 3 DOGMENHRNT 2 MENH D, Fig. 4 ORERLTIE, otk 2)
& DEHUET D T & CRERERDOEREAIET D, T—FEHEHFIZAA v ar X7 & OERiERES =
TT5 LA —FRHET 28N H Y, REEEHE LTar 7 7 ZEAFIIT5 2 LT
TRV, AArarZ 7 ZRHAL, A" —ZERRICEIPHE SN OO BIRIBIZIWY T, iz IGBT
FCEEHIERA U e LTH, RBICEECTEX 5 L0110, BH—0HT0EK CIIEERR T34 L
v, 2L, FIA SN TWDE— 2 BSKAATFEIT—7 ThABE, B THRICEROZETF IR
LG E CCRIEDNAIDR M FAET H &, 1 oy v — & B8 Elsd 5 aEeIH 5, BT,
8 FRDFHIE—F B3Y—R TV AR SN THWD AL 27,78 = 0.785lrad]l (=45ldegl) [Elizd
BT LN, ZDTh, ZOX D IR @&utﬁbtz74%%¢1)x&m%ﬁﬁé%A vzl
BRERNE L ONDMERDH D (L, — RO, 20O E U5 THREWEISNCH D, iz
T, BE LY —ART LV RTRNT, A I 70 OIS 105, A=A Y a—nY—F
#2mm EFARETHE, 0.785radl DEIECR - ¥V 25 FHREWEILS 4 0.05mm TH ),

Inverter switch off monitoring #FEIIL L FTOFIECEIT SN L LT 5,

1. A 7 BT, MFRMERZ VPR ESNZZ 2 NI FIZLT, 2 207 atyPig s
%1945 Safe pulse blocking DYEKA A v Fu & —L A 7T 3, HEL, 22T, Ia—7g
YOFEESNTEL T, WEOHEREELRE LT, YA 7 TREE CliFERIER & o 3Ris s
el T 5 &5,

2. 1 DOYEEAL v FOUEIW T e v T 4= RNy 7 &hb, W72y IR ERERLL
WIZZ = T 7P TN L ERETDHE L HIZ, BWCTF—2 523, F—ENpnr &%
BET 5,

3. BEIENST —FIA—EN G -T2 5B, DBOY A 2D EITEREIET S,
4. ZOTANL, BYIAINTEOERTHDOT, i &b 2080 1 BElixEEsns,

5. MFHRIER T - Oflil & EAUIRETES e Catd DY L—FVa— Ul k- TEFIRL L L, 7
By Lo THHLHE IV &35,

Inverter switch off monitoring #EE 2 FITT D7 b DN~ F U = 7 OME 7 v v 7 % Fig 555
o T CRAEMREHAOZODOMIE L LT, 2 207 1k v i UGt A 2N R4 2l <
F—rTHEASNTERY, ZORORR-127a 7T A0MEAENS 2 &0vh, RESER L BE3
ET %, M7 Ry HIELITELTTA MEFERL, ORI O T a1 v c k> TRE S
Do SblT, M7ty i U EEFERICE DEMGE ST AL L, ﬁu,i%EﬁIBi7
ayY B L E ORI L C oL A é:hé ET D, BxOEBHEOHSIEEL, BIFEE
MIC L7 utyPic ki ZHEICERSNAS,

ZOBERET vy 7123 L, Catd RO SIL3 OBEREIEINMGE SN TWBDRIET 57, Fig.5(h)
WCRTE DI 4 DDV T VAT MIHENT 5, 7220, MO0, ZONETIE, Afrars
7 ZDERE=Z Y T ROT 0k v Y OBFERMESY Ghiceemiem LiaxEsys+55) mE 1
TEZTCND, UTTE, &7 VAT AT LICEELED D,

A5.4.2 YTV AFAIL

LRREMRR T AT 5 VAT A (22T, 37 VATA LD ek, £ FTA X' FMEA %
Fehi LT, M0 GHHE LR OBNE (L BRI LR AR ) | &6Uu,%h%&hﬁ%
Ibtﬁiﬁt BEICE X DB ERAT 5, IRUVT, TORENDL, ZOMMIESR, M TR
MRS, Wi s ERIER A FE L, Shdv, &W&:MJ@@%&ETéozzfm
@ﬂ#%@~%kbr YTVAT AL ORRIITRALT 1Ry IOV TERE L FTA O3k Fig,

6 1T~Y, Catd & SIL3 OESRPFHAHETHMHEE LT, 22T, 4725510 DC & SFF %
£ 2DC=99%, SFF=99.5% & IRET 5,
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N R = 7 OGBSO TR, FTA RO'FMEA (2 & ST R b BB Th b, K
12, Catd OBERFEIHIZIE, TXTOHRE « FEERLERNEEAED TR N LRSI R Xh
HIENERENTEY, TRERE L TN D Z &R RSIEAT ORE R D LHIETE 2V,

BT, FTA/FMEA 12 & 2W%E R 2Tl 5728, #$iERH O OITHIA E - K2 Widts<e
B A BIEFT 2 72D DOFEND, TEC 61508-2 fEE A ICERBOREBR LT, DC 2 RiEL 5, #H
ELT, BWTVAT L ACBEASNLIDEHELEL, ThbhEMERE A 28R LU CEME LR
F AT, Z2TO DC OFHhiE FTA/FMEA TEHONWIRERE kT 52 &G, FTA/
FMEA OREHEROZLMAMBTCE 5, F£72, SFF (2oWTL, X COMEER ARl L B LT,
KD &Y DCE=SFFELE X5 L bHHETIEH B,

thy, ZeABhEMEEE LT 5 AT MIEA SN EBRNHIEA T <& IC L, TEC 61508-6
MHBEED Z22BLT, [MBED OXD.ICHHEEINAFEEEZSEKRL, BEMHI L O/F A2 T
bEDA EESTRT7 7 7 FEWET D, Bl LT, YT VAT ALDLT 77 ZuiMALEiERS R
BITRT, 22T, XMEE YEL &%, BASNETROBEHEE~DE R L BHHIMRERL 1~
FERERL TS, BFART LY, YT VATALIDBT 77 X% L=0.02 LIRET B,

PLED/RT A—=2%HWT, BEFEEERREZETTHVATA (22T, V7 VAT A 1) OfEE
PEETNEREEL, vz VRN (10 B2 92) OFERAIBIESR PFH: 2HET 5, (SiEE
EF NN T IEC 61508, TEC 62061 2\ D0MFPRENTWAR, =2 Tlidwa 7{EEte
TNERNT, 37V AT 51 OPFH ZH#HET D, 20D, 9, 7 A7 41 % Fig. 6 155
TEICA EBD2 0070y s ilHET5H, £LT, Yayvy AT ay s B OfaliilEs
Aup & App BHK BT D, ZOBROBIERT 211, Dle< & BIEHEKIE 70%8 Lo FrR#EHE
52 B DT OB E SN 7= 2 2 ORI B2y, FIZE, EmiiEs 1,
%107 (Wl &350, T A Mr—223 100 LAk, {82 OB 1 4R FOSRMEC, HARIERERTA
P77 & 1.2x10° [hl LA L OB P a8 AL L 22 o e 7 & Bk F— A BB T h 5,
T ITH, WEEENRMEEL LT, at vt A ROEIIHF OGRS LTS (MTTR) %
50lyl, 7wt vy B ROVENEHETD MTTFa % 70lyl, b7 A %0 MTTF % 900lyl, 7+ 4>
50O MTTFa % 1200lyl &£ &, A, =2505 FIT, Ay, =1852 FIT * &7 5,

RNT, fERAUBIEDZZRRE LoD, wAa ZEAEEF VST S, flE LT, 2T,
Twuyy Ar7ay s BOBBIERALT, FigTORTETAEME L, )P, v 3267 2
NEEE, rRep FHEERRIOMETHY, =2 TlIE 2 rna=180[1/h] (20 FHZ 1 [E), rRep=0.125[1/h]
(8 FEH) &5, ZOETMIBNT, ML WRABS2137 1 v 7 A IZfEMARIEN A Ui ikiE T
BHY, ZNBBET A ML VRIS & Sh L, BEHERRTE S6 12, 2T A FOFITRIC
7ay s BACHERIMIENFAT 5 & S8 IDRIEDSHERS 752 L 2R L TWA, S8 Bilirm v 7z
FERRARRSREN A U T fERRIE T 2, 703, BWIT A N LEEICEHET 2 IRREHES Y, — RS R
THEOANAEDIRNZD, HEIIT a7 ETMCEH D T EETERNE, H ETREETL
LT, Fig. 7 TlEINLZFZOTEZTND, FREROWBHEREL C LX, S1 75 S2 ~if
Bt Crp (= Aap — P Asp), S1 235 S8 ~DOHESHESEA Ci3 (= App - fApp ) EFRT L, S1~S8 Dk
REFEZR P, (1) ~ K () IR THEZ b5,

8
A4 =20 Gy o Gy

dt k=2 o R®
d B(1) Co  ~2Cu  Cun ||BO

dr |= k=1 : @

: k2 '

d B(0) ' ;7 \BO

dt Cis Cas T Zcxk

k=

— i, RQOWL TR E TN DIXRHETH D, 22T, K5 A—ZITHRR LI~ E%
HaRAL, HEI v a VI 10 FTORREL] 1 TOWRIERER B () ~ Fy(1) OB A BimisEc
FoTRDDLETDHE, YTUAT A 1D PFHass1 1XSSICEAMER L L TR TEL 2 LN TX 5,
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T
1 M
PFHdwl:ﬁr-jMﬂmﬂyo+@m(gunfum+Aﬁﬂgaplymﬂﬁ (3
M o
KK VQ) ZBAEFEI K> TROTER, T2 CRELIZ Ay, Agp, DC, fOSMETIE, PFHa ssi
=4.07X108[1/h] & 72 o7, 7236, DC RUBOfEE PRHa ss & DBURICOWTIL, 6.5.4.6 &R
BHHTEET 5,

A5.4.3 YTVATALL
FRROFIET, Y7 AT A 2a & 2b OWALEITH, HHT, V7 RAF A %2 & 2h OGS
Fig.8 (T3 d MOMENEL Y, 7, VYT VAT A 22 [ZOWTERT S, =2 CEEERITEA
IC (BLF, VM) TEfgEiciTonsd & L, ZOBWADIET DCs=99% &35 (IEC61508-2 *®
A9), Fiz, EBNCET ey AL DBEBEREIT> TV EDT Catd ORSERE 1 OFRE
HIHR SN 523, PRHa OHEE CIHMBIEME T VOB R B RICT 5 BTN 28R L, VM B
DORWHEL—INTONZNB DL LTEZ D, VM ESOFE T2 1 207 ay s (LT, PS) &L
THERLIZY T VAT b 2a O a7 EEEETVE Fig. 91077, 20,0 FEOFIET, e
Ty a L (10 ) NOBKZ] + TOWRBHER P (1) ~ Py (1) DHEBEIIEFREIC Y > TRk, &
HIZ, fERRREAINER PPHa 20 % S4 ICE AR Y L TR TRD 5,
Ty
PFH 4 24 =ﬁ J{Q=DCpg +DCps - B Apsp P (1) + Aynp Po (1) + Apsp Py (1)} dit (@
0
Aymp =500 FIT, Apgp =500 FIT, B=2%, rrep=0.125[1/h] &I\ = 5ER PFHq 2a=2.51 X 10¢
[Ih]& 7oty T VAT A 20 IDWTHRL A UEMEREET 2, BRI E 22 2BREaED 3247
BV, 2a 22 2b D EHL—FNERE ThHIUL, VAT AFLLACBITTXS, 721L, 2a
& 20 FHWICER LS > TRL T, &6, TSR 0EEEICE S boThs, “h
LEBEL, ZITE, YTVATLA2LEIRBT 77 2% % LT B 2a b 2b DWFH|L AT ATHX
noeTs, ZO%E, V7 VAT A 24RO PRHass HKRETRD B g,

PFH;gq0 =1 - ,8)2 x Tyy x PFHy 4, x PFH;, + £x0.5 (PFH,,, + PFH, 4,)
=1.3X 109 [1/h] (5

A5.4.4 Y TLUATFTAS

FIFHRIER & > DR ON,/OFF OfERi Cat.d OEREEAHR LY L—FVa—nic kY E
Bland & Lk, EBRICE Catd OFHifi» HEHIC PFHa 2155 2 L3 69, L3 L O RIE A
NG R B ERERT DUIENRHDLD, VYT VAT A 3 DL, HEVEMT = NG N SV N
&Y, EN/TEC 62061 0 6.7.9 FiCil Ha TV 5 RFAIMIE D [EREHC B9 2 SR EIE AT 2 LT
S, FIREOR 7 ISR SN E% PFHy O#EEEE LCHATE S, 2o, ULt Ua —
NVINEERFAL 1T Catd OEAFEMR LTS L L, |7 LV, PFHisss=3X108[1/h] &35,

A.5.4.5 AT ARIKROFHL
bz 3 DDV T VAT LD PFHa/ b, REUIZL Y, Inverter switch off monitoring #4REIZ RS
5 ZREEE 2RO PFHs 23R 5,
PFHd = PFHdSSl + PFHd SS9 + PFHd 883
=4.07X108+0.13X10%+3.00X 108=7.2X 108 [1/h] -+ (B)

SIL3 D&tk 15T 5 PFHa <1077 [1h] 4R LTV 5,
PLEORHMFEREZ R 6 12 E L O TRT, 708, #ise 4o DO (DCavg) 1L 1V KT,
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DCgg; . DCss . DCsss

MTTE, g5y MTTE g5 MTTE, g,
avg =] 1 1 @

+
MTTF, g5,  MTTE g5  MTTE seq

%6 &Y, Inverter switch off monitoring ##EIk Cat.4 & SIL3 DZ2AMEEA M LT\ 5 & Hli<
&%,

VLR, ZEBERHEON— D = 7B 2/ TFIETH B, 2L, PFHa & MTTFa (B33
RGN, RSO R SRR RFET 5 ETOMAR L —AIFICB X 72\ & L ICEEANET
»d, T7a0H, FMEA/FTAIZL 2 DC ROSFF O, V7 v =7 ORSMRGE L HEET 2 K,
72 B ONS SRR L TR DR &\ o T LB E MR &\ 2 B 5HIEREOIE 5 28 (2 b
RO TCiHIE 52 UL, MR E T LR MTEMEBIC B KR AR SRR L R 5 720) L0 B
b2,

DC

A5.4.6 JTURALT vl v YOS X7 A—4 & PFHa & OB%

Fig, 7 D~ a ZEREET/UTINT, UE LIS S5 A — 2 225 8472 & & 0 PFHy O
Winb, JRAE=FY ‘/7‘7‘)3‘%]\85“7’:%5’“370‘3‘{?“/*}<‘:\/\5 JN— ]‘\‘7177‘_‘*‘?73:'\70233H
DEETMNT A— 5 OB BT D,

A5.4 2BTIUELIAT A—5D5b, DCAK, f 77 2 8 ROBET A MEE v 225084
TAD), @bEH L PFHaORERER TITRT, £, R 7 &0, oS5 2—2RALTHI
i, BT A N OBREDS LIRS 1 EAS 1 HIC 1T EICET LCb PRHACIIE & A YRR b h,
IRNZEDID D, THUE, VRRAE=F Y I PEASKETRIE S 0t v O, kOBET 2 -
RETSNDET, YhbhiFMELTHIE, BAMIERINL LR b Chs, BET 2 R
PRATIERVEL, MIEEE LIS, VAT AH—RICHHE L COBIIAES 725 (2T
E%ﬁﬁ@fé@ﬁ%ﬁ366iﬂ% Lfﬁ?i LWZ & ey \)0 L L, 6.5.4. Z%T&i—‘ﬁ&bél‘]fi’fﬁ&ttﬁ
LT B IR R UE LIS, TO XD 570t v P OMISETYH, DI A MRS 1 B
b1 BHICER SR Gl PFHa IZIE & A BB U,

—%5, DCEINEL, &ie, f 777 FBRELRBHITON, PFHUZEL AT B2, = 0fF
MIZIWNT, DCAERREWVNGES 7 7 7 Z OHEROFABN L D BEEIHFN TR Y, B2 DC=99%0
SHETIES 7 7 7 ZIZIHTLHI L C PFHa 28R LT B D505, S, DC R kX< A5 0r
O, DTy ZITHIEHAE L THIRE A EDRE S CRIE ST (CEIRT 50T, o/ <Rk
ATHFIIED A (KB CIHIBRDTEDSE 1 1) 2340 B 57Tk 5, ERoRE R
i+, Cat.d TERSNDIFFIHN DCEEMET 5V AT LT, SBFERMIERS I 7 50 3752
Hrkog A PFHa @&%K}Fﬁ({lig@l@é T AR LTy B, ;@@ﬁ@&gﬁ%fwiﬁ_é i
NESNTNDERTRER 8ITRT, Z05bH, B, EMC RO EM & BRSSO L
ROPRDBENL SN, 22T LT 5 & 5 7 Cat, 4./SIL 8 VAT MUIRA R Th 5,

A6 VP —RTVAMBE KT A T VAT ©AOEBRET IV OREE & BIVEREEER

AL TSI DE, P I TAFITEE R Cat.3 DR IMSAERIIE XA v o
=k (BoschRexroth #8) &, AHFOMIEIEHE ThH S Neudorfer B+ 2SBZE Tl B P
VAT LOBEE= = | (BBH 4 SP100) 26 LT, Y—R7 L R A fhE s
RRTATUAT hAORRET VAL LTz, EREFVOWES Fig. 9 1077, RIENCHE L%
DERLL, BRI Y 2= =RV ZADHERE LI L DT, B R Y 0D |
WIBEEIL S A L2 79V MR N LCIThh g, 254 FICRSICiFy | HOBBEIIRT
VA ARV BIRIS NG, M7, BEERS =y M, Catd OBEREEARETS &5 WX EHBA
FESNIZBDT, 2 DOZA—=FATHR— FNHL, 2250 AN SIS HRE BETE L S~
HEy P TRETLHZET, PR AT ARTORE LIH BRSO BIRAEB L 2EE, 3250
SHE DB ES RIS DBWERAT o 145 AITIE, S A2 I 2HkER £ o, = T, o
WA NG oy NORSEIBEEICANT S, 727501, Cat.3 OBLfE -k 2V
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Cat.4 OERFHZRWERZD, ZOFMLAHEFIHLT, 1) Ao —Fazy hDOA x—TIUE
BT SR, 2) AL Ay ZOUERINA Fig2 BR) #EMFEE LTHITE, £, AhR—
ML, V=T /=%, AT VAN TTIY a— bW oltluORp bm a— 7 )3 iEs
WRETH Y, ARSI a—FDEEEZHRTHZ L1280, M/ AEEROIEFEESHERS
N5, L, RERETNTHE, BOBERIESR COLBEZRIFITTHEHNT, B—ZA 7Y 00—
i FICERE I A 7 Y Ay Mlou—4 Yz a— O IMER SR — MISELTAD LT
W5,

AWFEOEH ISR LT ERE T L OT X TORLEREMIEA ST A - L IXE#cH 5, L
WoTC, TbDHh, ZITRE, =ra—FEE0R—ElREWERE (FTRO Encoder arrangement
monitoring #8E) Z RS, BEUFHMEFIER OBIERIEER HET 2 1) 2EMEL, ZFoksR
B EAMRE % T LT,

FERETNTIE 1 2O a—FDEEEHEELTODN, &2 THEBROY—R 7L 2~DiEH
ZEBL, 2 DOLYa—ZREHRSNTWD SO L R L CTREHTT 5, Encoder arrangement
monitoring #EEIZLA FOFIHTIITIN D,

1. Tra—FoWHMERE, ety Y A BIZRAKENS, £ ntyvdid, = a—&R8Hht
LAEERELEL, A—8biuE, 1 \—Fa=y hDHEERER LT, T—X%
b SED, ZOA—BREIE 26 ImslEIc S TSN 5,

2. AEFROLBGERT, vyt A, BIXHHOERER L SHEMER LR, AVICEEOEY
MEER LD, ZOFECIIE Tatyd A B OWPhrh—AREETHBERY, =0
a—ZDOHFEI 100% R FTHETH 5,

3. Tra—=FEAr Y AENRE L, AR BEERRIN S R RIC L LT AVAR B1EH
EEDAODDEEFNRHNEND LT3,

4. FFAME BT S A DO EH MRS Inverter switch off monitoring #EE TR INB LD L L, #
R T OB 2w Yool GERsREREE) & LTZ 25,

5. BEEIHlo = MI 1 RRNC 1 MO TR 7T A N ETTS, TORLTT R M, M
O ety LD HIE - BRI,

6. 2 o07vEyYEBITHIELIZREE, RO, 2 DO a—FW 8 bICHE U-RRESR, BT
ERVERMEIEIRIE & BT D, B, T aky o a— A OMEE— RIS L
FCTE2RWOT, BEIRE SN, VAT ARZERIEICBITT AR L H B, = = o
fiEhr OBH LA BN Z DEBRZEMAT 5,

7. v e oRETYIZ10ET 5,

Y, BRELCHEFEZEAT 5700, BIEEHa =y N ONEHERICES X Encoder
arrangement monitoring HAEICHEY D v— N = 7 OBEET 1 v A ER L (Fig.10), &5
2, ZhE, Figlo R dois, D) zra—4 A BA), 2 Fakyt A LFFAERNE S A
TR END A R7atyy (PA), 3) PA oEEFE (PSA), 4 =>a—4 B (EB), 5 7u
EyY B RUHFEZEE A2 B T &S B 270k vY (PB), 6) PB OEETH
(PSB) ® 6 DTy 7iZHET D (A v~ —F o=y MIZABTEMAEICIIENG LV, BTRK
fE4 &V, PA L PB OEEEET ML, Bx 0B —3 NREFICEESE S EFIEF L TR S
N5, EBER PSA PSB THE IS Y7V A7 5 SP @ PFHa i3, #ifio> Inverter switch off
monitoring HEAEIZR 95 Rl CHEE L7 20 FFIHTE A& L, PFHase =1.3X 109 [1/h] & L
7

EA, EB, PA, PB ® 4 >O7'a v 7 OfsAIBIGEE, DCE, g 77 7 ¥ 2UTFISRYT, 727710, &)
TR = > FOTRTORBERP A I N THINRWDOT, DFOMICIE, SiFEEo = k2
Cat.4 OERFIBAMIRE L TND 2 EIZHESOEHEINES & ATV 5,

EA,EB : Agy =1142FIT, Aps =1142FIT, DCe=100 %, fg =5 %,
PA, PB : Ap, =2505 FIT, A5 =1852FIT, DC=99 %, fp=2 %
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T a—FERO ISR  re=14400 [1/h],
AT T A MBEE  rr=1[1/h],
{E1ERERIRIRE © rrRep=0.125 [1/h]

UL EOAED FTHE Lz~ a 7EEEET VR Fig. 11 12, RPOREE S1~S18 OEZES3: 9
AR,

EHELEFR ORI 503, ATEi & FROTIET, I v s VI 10 B TORML) « TR
P () D P £ COHBEFERERIZ L > TR, Zh b2 HOTRENT X 70\ BRI RS
(22 5 e SR PFHaEnpe 2 REG HEH Lz,

TM

PFH,; o = L j[(ﬂE Ag + Pp App) A0+ (Agp + Pe App )Py 00+ (Aga + Bp App) s 0
Tv 0 +(Apa +ApB)(Ps 0+ P+ Py + Py) + (App + P Agp)h 0
+(Aps + Pr AgB) P11 0+ (App + Aga + Agp) B0+ (Apa +Apa + A )PIS 0
+Apg R+ App Ry w]dt :

A8 &Y, PFHa mnp:=9.77X 108[1/h) & 72 o7z, ZHUZEBRD PFHa sp #7025 &, Encoder
arrangement monitoring BAEAIAD PFHa iX PFHa = 9.9X 108 [1/h] & 721, SIL3 OBLRIEIEA M Z
SNTNDZ L EHERRTE N, b, LRROME HEREH UFER, MTTR =304yl Ch -7z,

J:.:E@ PFHa Enpr DEHIZIBWNT, = a—4 EA, EB OfERAlESEG (MTTEL) BT H

E 212456 O PRHame: OZALER 1007 T, B 77 7 ZDV/NEL 2251298, PFHa e 12351 5
:1:/:1»—5 O MTTFa DFEED/NE K IRDONH5D%, BT, f 77 7 2D 0%DHA1E, PFHA npy
(CERERZEDRND DI, EA, EB O MTTFa S 1 B &G 7o ThbThD GBYE, ~oJd:
972 MTTFa DEIHR D /R, ZORERIE, @y DC BEHSNW WA Rio, S SIcRETE(
EDIIKZ L - T 2 DOx Y a—F OILEFRRSRERERIHR Sz o AT MERO TR, 2
7 L0 PFHa 137" v & » B ORISR O I L - THE SN, = a—F BEROKBITEETx 5 -
EHRRELTWS, 72720, MTTFa OEHIZBWTIZZ kT A DA CHAEF IR B DTS A =)
BREINRND, 2ra—80 MTTFa M8 220UE, BSRIEEZHE TE R RD 2 LTSN NE
ThHb,

—77, Encoder arrangement monitoring #$REDHHRET 2 b & LT, 200xr a—ZAHD 5 BHo
— DI U TORRE AR AR L, = a— ZEBOR =B L, BB a2 £ o0
B = FOISEZWET DIEERAT 2 b E1T o7, BERBEOHE LT, 2 »Oxy a—g
AND ATRER & BIMESRCBERR = MOFFREEH A% Fig 12 1077, ZORETHE, <
Y a—REEREABERNECTRL (Rh a /f0b) FESEZERT5FT (F b AET) &
2Tms ZE LTV 5, BEER~ =y M CIIA—BURAO DDA 25ms BRIOV-A 27 L C34T &
NTCND, 1 RBIOYA 7 NVTAR—Ba RGBT L, 3FaEBlRr R S5 DIk OYA 2 L Th 5
Mo, B AL UTUREBNIZIE 2 YA I VRIS B0ERH S, FREOERE 10 @47 - 755
R, IEERRNE 22ms 2>6 38ms ORITAT DX, WHIE 29.47ms, FFAEUERE 4.7Tms Th -7z,
INLY, RREEEFEME+3XNREERZEL L CHET S &40 4dms THY, Bkl 2 B

(50ms) EHBRIRNT L BPHERTX -,
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#z1

INETIGEHRESNEY =B R I7A TV AT DROWHAA /8 —5

g4

B K

FRSh e iwke

s olea: 3

ORI

ALSTOM

ALSPAMYV 1000-s

Safe torque off

Cat.3

BGIA

ALSPAMD 2000

Safe torque off

Cat.3

BGIA

Baumueller

BUM 6

Safe torque off

Cat.3

BGIA

BUS 6

Safe torque off

Cat.3

BGIA

BKH®6

Safe torque off

Cat.3

BGIA

Bma BN44

Safe torque off

Cat.4

BGIA

Berger Lahr

SAW for Twin Line

Safe torque off,
Safe operating stop,
Safety-limited speed

Cat.3

BGIA

Bosch Rexroth

IST System 200

Safe torque off,

Safe standstill,

Safe operating stop,
Safety interlock,

Safe stop monitor,
Safety-limited speed,
Safe speed reduction,
Safe deceleration monitor,
Safety-limited increment,
Safe direction,
Safety-limited position,
Safe-related homing,
Safe diagnostic outputs,
Safe brake control

Cat.3

BGIA

Control Tech.

PDS Unidrive SP

Safe torque off

Cat.3

BGIA

Danaher

ServoSter SR 300

Safe torque off

Cat.3

BGIA

Danfoss

VLT P400

Safe torque off,
Safe standstill,
Safe speed reduction

Cat.3

BGIA

Furotherm SSD

Servomrichter 637f

Safe torque off

Cat.3

FAMFS

ELAU

PacDrive MC-4

Safe torque off,
Safe standstill

Cat.3

FAMG

Dr.J Heidenhain

TNC 410M

Safe torque off,

Safe standstill,

Safe operating stop,
Safety interlock,
Safety-limited speed,
Safety-limited position

Cat.3

BGIA

TNC 426M

Safe torque off,

Safe standstill,

Safe operating stop,
Safety interlock,
Safety-limited speed,
Safety-limited position

Cat.3

BGIA

Lenze

Antriebsregelbaureihe
9300 & Ferquenzum-

richter 8220

Safe torque off

Cat.3

FAMFS

Parker Hannifin

Compax3

Safe torque off

Cat.3

BGIA

SEW-Euro drive

MM C-503-00

Safe torque off,
Safe standstill

Cat.3

MHHM

MDX 6 B0O

Safe torque off,
Safe standstill

Cat.3

MHHM

Siemens

SIMODRIVE 611U

Safe torque off

Cat.3

FAMFS

SIMOVERT Ver.1.1

Safe torque off

Cat.3

FAMFS

SINUMERIK 840K &
SIMODRIVE 611D

Safe torque off,

Safe standstill,

Safe operating stop,
Safety interlock,

Safe stop monitor,
Safety-limited speed,
Safe speed reduction,
Safe dleceleration monitor,
Safety-limited increment,
Safe direction,
Safety-limited position,
Safe-related homing,
Safe diagnostic outputs,
Safe braie control

Cat.3,
SIL2

BGIA
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#% 2 EN/ISO BT 2 B AR O ZLR M ERE

EN 12417(2001) | EN 12415(2001) | EN 13218(2002) | ISO 11161(1994) | ISO 10218-1(2005)
Machining Small NC turning Stationary Industrial Robots for
centers machines and grinding automation industrial
turning centers machines systems environments
Enabling . Cat.3 or Cat.1
device Cat3 only if Hardware Cat.3 Cat3
Cat.3 or Cat.B . Cat3 or Cat.B Cat.3 or Cat.B
Deceler- . Spindle : Cat.3, ; !
Ation & Enqblmg Shafi - Cat.2 & Ena.blmg & Enqblmg Cat3
device device device
Interlock Cat.3, Cat.3, Cat.3,
Guard Guard: Cat.1 Cat3 Guard: Cat.1 Guard: Cat.1 Cat3
Position . _ .
limiting Cat3 Cat3
E-stop Cat.3 or Cat.1 According to
function Cat3 only if Hardware Cat1 IEC60204 Cat3
Power supply
Two hand
| controller
' State indication
< > Standard servo Inverter
Designated Controller CIFCUIt
motion trajectory
Fig.1 BEHFOZREY L—a=y MRV —R7 v;«ﬁauﬁn AT NOREREH
s Cat.4 Power
: S n ! M supply
E I onhventional | | ain
ESPE/AOPD Safety i contactor
] ‘ Two hand controller — .--QQQtFQ{Ier -X-
i Lo | ]
------------------------------------------ ) A s
Safety -rejated Plese s E Safe pulse coooobooesoooeeeeeeee o
parameter /T " blocking ;| Inverter |,
{e.g. TDC BDC) il circ Uit |
O N _*_ ________ ",'.:::'_l LpITIILIIIToIIzzIIICY
l Interface Standard servo Cat.B
Designated controller at.
motion
trajectory ‘_ﬁie cdback
SR () ©
Fig.2  Cat.3 OA 1 /3—=2% & Cat.4 O Safety PLC % Ao —R 7 L 2§ 2 T A oKERR 5
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#3 PR F L Rar ho—FCER SN B R AE

LB HEBEOFERR NS5 HER
to monitor the E-STOP with monitored Switching off of Inverter,

E-stop control

reset.

E-stop button

Activation of N.C. brake,
Prevention of restart

Two hand to utilize the two-hand controller with Two-hand Switching off of Inverter,

control automatic reset controller Activation of N.C. brake
to initiate redundant switch off and to —_ )

ESPE /AOPD count the number of the interventions ESPE /AOPD Sw1'tch1.ng off of Inverter,

control Activation of N.C. brake,
for PSDI

Inverter to activate cyclically the redundant Switching off of Inverter,

. . o Feedback loop o
switch off switch off paths of Inverter circuit to Activation of N.C. brake,
S ; from Inverter .

monitoring check their normalcy Prevention of restart

Encoder | to monitor the discrepancy among the Rotary SWl.mhl.ng off of Inverter,

arrangement encoders encoder, Activation of N.C. brake,

monitoring Linear encoder Prevention of restart,

SPM (Broken

shear pin) This function should be included in the above

monitoring

Positi ¢ to confirm the slide position returns a Rotary Switching off of Inverter,
os1i(())n.rese programmed position (e.g., TDC) by encoder, Activation of N.C. brake,
momitoring Inching for restart Linear encoder (Prevention of restart
to' mgmtor tha!t the shdg motlon' stops Rotary Switching off of Inverter,
Overrun within the designated time or distance L
o . encoder, Activation of N.C. brake,
monitormg after a stop command (Regenerative . P . "
breaking) Linear encoder |Prevention of restart
. Logic solver, oy an
Braking to check the performance of normal Rotary Sw1_tch1.ng O_ff of Inverter,
performance : . Activation of N.C. brake,
closed type of mechanical brakes encoder, .
check . Prevention of restart
Linear encoder
Saf " to check the motor torque output by Logic solver Switching off of Inverter,
© moLor using current sensor to detect the 5 DO Activation of N.C. brake,
torque check Current sensor co
.| secondary current Prevention of restart
Stan.dsm']l to monitor thg gtandstﬂl of thg drlve at | Rotary Switching off of Tnverter,
monitoring a current position or reset position encoder, N
; . . Activation of N.C. brake,
(Safe (If zerospeed is achieved by external Linear encoder, Prevention of restart
operation stop) | mechanical brakes, it is not needed) Current sensor ol restar
Safety-related | toinput safety-related parameters such | Interface unit,
parameterizati | as TDC, Max speed, Braking distance, | Motion Prevention of startup
on ete. controller
Sinele evele to enable only one cycle and to stop the | Rotary Switching off of Inverter,
% tiny slide movement at a programmed encoder, Activation of N.C. brake,
operatimg position (TDC) Linear encoder [Prevention of restart
Limited to monitor that the slide motion is Rotary Switching off of Inverter,
movement limited within 6 mm or 10 mm/s G.e., encoder, Activation of N.C. brake,
control Inching) Linear encoder |Prevention of restart
] . Switching off of Inverter,
h' s R . 3
Operating to detect more than one inputs as a Selector switch [Activation of N.C. brake,
mode selector | fault )
Prevention of restart
Motion Rotary Switching off of Inverter,
direction to monitor the direction of slide motion | encoder, Activation of N.C. brake,
monitoring Linear encoder |Prevention of restart
Mutin to suspend temporally the protective Rotary Switching off of Inverter,
fuzc tiogn devices at the upward movement of the | encoder, Activation of N.C. brake,

slide

Linear encoder

Prevention of restart
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Pulley )

Rotary encoder "
. ® _
Normally closed Timing-belt %" User lqtg;fgce
type of Brake Servomotor =
o
[¥]
(7]
Pulley I jﬁohor s:haft angle =
i} Motor Power | @
ESREJ/ACPD e 5
. = Slide = MK 3
s osition = =
g = 3
= . - Drive controller g
- el & Inverter part E
, | 8
, < Moni- ¢ | Enabling o.
: R Ball screw toring‘ signal [
; “ @w Linear
encoder Safety-related
T Safety-related signals 'Slgnal
Two hand ‘I afety 9 monitoring part
controller
Fig. 3 HBETHV—RT VAV AT LD
Power
supply
Linear encoder
. Rotary encoder AN Main contacior
Motion l l Switch-off path R j\jj with a positively
prograim T %2-\- guided feedback
2 »{ Processor A
S I for  Safe pulse
Inter-face . B 3-phase
unit - drive control | ] 4 blocking to IGBTs Ui
T 1 Ry o e M £
== Data P N
(e | interchange [ _E=
Motion l J‘E‘D
... control
Two-hand |—4-|-+] ProcessorB |, J, —-Eg‘]
controller for ]\ EE] 4
| monitoring [ Safe pulse E‘ﬂl
ESPEs/ blocking Inverter circuit
AOPDs Rotary encoder otartloal e
Linear encoder Feedback footback ' g
Slide position E§ 083’
Gloodback 1 g%

Figd METLH—RTVADHIEY AT hDLERTEER O
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