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EN 61800-3 :2004
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(EMC 2 1ILF: ATV 3V) Emission : Category C2 (~220kW), Category C3 (280kW~)

EN 61326-3-1 : 2008

EILZE EN 61800-5-1: 2007
EN 61508-1 to -7: 2010, EN 61800-5-2: 2007

e EN 62061: 2005
EN ISO 13849-1:2008, EN 60204~-1: 2006

=1 HaE =D ~LDOZAT (STO: IEC/ENG61800-5-2:2007)

- vT1 (SS1:IEC/EN61800-5-2:2007)
'-JU1sUZFT 1 FRE—F (SLS IEC/EN61800-5-2:2007)
-2 —F3Y F0—-)U (SBC: IEC/EN61800-5-2:2007)

LMY 26/ | STO 60 ms MR
([lHF ST1, ST2DNFNAZEZT LTHS STO TTHELRD)

SS1/SLS | 25ms MR
([lmF SL1, SL2 DWFNDAZEZD LTHS SST1 FIEIS SLS FTOEILRE)

SBC 20ms AT
(lmF ST1, ST2 DVIFNHZEZDT LTHS SBC ETOELERE)

BEAYTTUT 1 UNIL SIL 2 (IEC/EN61800-5-2:2007)

RIEFROIRED SC2 (EC/EN 61508-1 to -7: 2010)
SFF(Z2RlEER) SFF: 60%M L, Type B (IEC/EN61800-5-2: 2007)
PFH STO T8E-10 M~

(1 BSR40 —
oprasEg | SS1/SLS| 1.7E-9MF

) SBC 16E-9 T

TN—TFR 10 &

N=FEDTPIa—URL | HFTA

VR

A5 3 (acc. EN 1SO 13849-1:2008)

MTTFd STO 170 &L  (acc. EN ISO 13849-1:2008)
SS1/SLS| 70&BE  (acc. ENISO 13849-1:2008)
SBC Q0 EME  (acc. EN ISO 13849-1:2008)

IND A=Y ZUAIL PL-d (acc. EN ISO 13849-1:2008)

e aEa=1 0, 1 (IEC/EN 60204-1: 2006)
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1.3 BRACAIYN-HEBBRIYI—SY (PG)
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TP-VG1O-O - KOO14 M (+3) - -
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K14 HEIVI-SFHR

B8 IYI—~ikk =5
AU T — ATk IVTIUXIP I
TIYVI-YERPGP) +12Vdc£10%
+15Vdc£10%
ABDEEPA, PB HUANJIL min PGP - 3.0Vdc
L UL max:1.5Vdc
HHIER 100QIUTR
T5QME
BH/NIL 2 EREL 100kHz R
SPER(FIT) (+1) 1200FIT 2 MVK E—=5DIHSE

(x1) EHXMVKE—SYLBVECRADEBSE, &* 1.1 DIYI—SFDDC (BEE) KO, BEXROEEDTT,. REVRATALAERKTH
mLclrEEb,

B FRENIC-VG O—%
AR EN— FEBH U V/N—FIC3, Ti FRENIC-VG O—FMMERTEXT,
& 15 FRENIC-VG O—#%1t#k

ZRF iz O—9FN-=I3v
FRENIC-VG O—% WPS-VG1-0O0001) 0.1.0.0 UE2)

1) O, 1 TERIBHFHNADET,

*2) O, F1TERIBFANADET,
= 3 VIBHREERT T35, FRENIC-VG O—45 DEUREGBAZSZESR LTI IES0),



14 —HRE
x16 RE, WXEOEE

B B T &

RERE (£1) -25~+70C
BXHEE 5~95% (X2

RRREEEEIC K DIEEOKIEIE U B

EEtR, BHEYS, BRMAX, IMUENR, ZILIR b, &R, KE, REBDENCE, B
NHFDEINBNCE, (F-O0.01 mg/cm? U

o)
A

86~106 kPa (REH)

[UE

70~106 kPa (Hixx85)

(E1) RERERL, WEREOLRNESEERELULCEEZRLUET.
(2 EEMKEERTRLCNTE, BERENASLIBATIIEEOKBME LTI, ZOXDRBHAILETITIZS,

—HREDIEER

(1) HEELZEN— FERICBERE LENTLIIZS0),

(2 BEIN K16 OREREEBCLUCVVRNESIE, EZ-ILY—FRETBRHABEDDIZRELTIZS0,

Q) BRIV ETDIENDDDEE(E, REPICFIEEN (VI ATIEE) ZANTASEZ—ILY— FRETBRIE L TIES
(AN

1.5 RERE
AR, HMEZ2N-FERBBEALENESE, MTORETRELTIES,

(1) —BREDREZBRE L TIEE),

2) BREEDEABLEDOEDICEBREBEICUTI SN, BERICEER (Y UATIVRE) EHAL, SEREOBXI
MEZ T0%UTERDRDIICLTIIESN.

(3) HEEREN—REBH LA YN-IMEROERICSSSNDIRECHESNDIHEES BRIBPORBEECHEBS
Nd k&1 b Mg 2EICmROPIoNTNIREE) [d, WoRATYN-FZRDHI LT X 16 ICHIRETR
gLTlEs,

16 ERERE
HEERS N — RESOIE T YN-F], K 1.7 BREITEABEICEALI TS,

x17 [EAHERE

158 1%k

1B =)

BAERE —10~50TC

BETE 5~095% (LN E)

FER EElR, BHBYS, BEMAR, GREAR, ZILIRE, &R, KEHRNIE,

CB5%E 2 (EC60664-1)) (B

BODHFEDSFENTNRNC &,
(FR 001 mg/cm?IUF)

RHRBEERCICKDIEENE RN E,

(B RBORDREFUOLERBRE[/HT « YVOBBIDHE CDIREICEBANITRNTEE, CTOXIRIER
BTESBERBREDSASBNGIEERICEBAL T TIESU,

(S 1,000m MUK
[UE 86~106 kPa
b ] 200V 55kW UK, 400V 75kW U 200V 75kW M E, 400V 90kW MU E
3mm : 2~9Hz X% 3mm : 2~9Hz X
9.8m/s? . 9~20Hz K@ 2m/s? 1 9~55Hz K
2m/s?2:  20~55Hz X% 1m/s? . 55~200Hz K
1m/s2: 55~200Hz X
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CN m— )
N =21 NG=22 | N9=3 | NF=V4

3 A TIH )L 8bit 1 1 1 1

2 B TIH )L 8bit 1 1 0] 0

10 D TIH5 )L 16bit 1 0 0] 1

16 E HeELEN— R 0] 0 1 1

1 F HIEOBIRF 1 1 1 1
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BRENMBESNDCENDDFT, COBE, FEESKRICIOBOSEENNNSNDBRESHDFTI DT, O
EEBCHEESHOMNSNRDITERLUTIEE,

EHORENDD, BEOHBZENDHD

1YN=5, =5, BENS /A IDRELET.
B0 Y —OMEBEOREMEBLLICER U TIZEN,
EHOHBENDD

RFEIE, UTROEERSAN-TEHERUMOHNLELUTIEEN, B8, mFENEHRIT DEIRL, MUTNHEERY X
& CfEALIES0,

x21 HEESERYIX

HERSA/\— e . .
iR HBE/RY 1 X BRI, BT
p— CMB SB- BF2 BF 1 SB+ PIS
(06mmX3.5mm) 0.5mm? (AWG 20) ~ 1 5mm? (AWG16)
F2lE
BADA RI25— ) 24S ST ST2 CMS SL1 SL2 248 RE
FTEHES : 9008390000
SDI 0.6x3.5x100 0.14mm? (AWG 26) ~ 1.5mm? (AWG 16)

HFERIYA X M25, T ~ILD 0.4~05Nm

IRFEICERITDBREEIS T AL, UTOT XL TTEALIZESH,

K22 BERBEBERASTIX

BIRWEANEY A X
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x23 mFEHEOBTE
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W 26mm X H 3.0mm %__ﬂ47
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BRFEEATIHBEE, MTORAZEABLTILESN, (T4 2215 —HKASD

x24 HERIRT

WP S/ BT X 1 & UM 2 AZ LA
) 2% : 0409500000 S : 9037200000
0.50mm* (AWG20) HO, 5/12 OR HO, 5/14 ZH OR
5% : 0409600000 5% : 9037230000
(OVE] 0.76mm” (AWG18) HO, 75/12 W HO, 75/14 ZH W
(BF2) ) 2% 0409700000 | B : 9037260000
(er 1) 1.00mm™ (AWGT7) H1,0/12 GE H1,0/15 ZH GE
.
(PIS) P S : 0463100000 2% : 9037290000
£omm H1,5/14 R H1,5/16 ZHR
5% : 0463100000 5% : 9037290000
1.50mm? (AWG16) H1, 5/14 R H1,5/16 ZH R
2% : 9025870000 2% : 9037220000
0.50mm? (AWG20) HO, 5/16 OR HO, 5/18 ZH OR
(24S) 5% 1 9025910000 5% 1 9202820000
2 00Es - s -
Egg 0.75mm” (AWG18) HO, 75/18 W HO, 75/19S ZH W
[CMS) ) 2% : 9025930000 S : 9037270000
ESU% 1.00mm* (AWG17) H1,0/18 GE H1,0/19 ZH GE
SL2
(24S) | 1 o5 2% : 0635100000 S : 9037300000
(RE] : H1,5/16 R H1, 5/20 ZH R
5% : 0635100000 5% : 9037300000
1.50mm? (AWG16) H1,5/16 R H1, 5/20 ZH R
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p— SToo Ay | TIYIRIDBMFERIELET (2—D FILDAT  STO)
#F ST1, ST2 DADE— RRY—2BETYT, YYINDDBRIBTERFTEF A,
HFST1 FEEHFEST2 &, EBSH—HDANNOFF BEH) DIRSE. 5-FP5—
AERELUEYT, (PS5—ABEDEMIE 331281 5-FPS5—AldPS—ABRAN
2R L, HFREBIERUFRENIC-VGAANDRESETRIEIC KD ERNTRETY, (ERiE
fEDEMIE, 33.1.1 31
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32 HEgEI—R—8RX
BLEEEMEI—R (SFO—R)

x®31 HEEI-—RF—BX

E 2 W BRI i el e
SFOO | /\20— RIREEE=S 00w oo, 1 BED —
SFO1 SS1 UL 30 ~ 30000 [r/min] X X 150
SFO2 SS1 54~ 0.01 ~ 3600 [s] X X 10.00
SFO3 SS1/SLS EhREEE 001 ~ 3600 [s] X X 500
SFO4 SLS UL 30 ~ 30000 [r/min] X X 300
SFO5 SLSH1V 0.01 ~ 3600 [s] X X 10.00
SFO6 SS1/SLS EBRIE O ~ 30000 [r/min] X X 300
SFO7 E-Y9=ERE CE1) 50 ~ 30000 [r/min] X X 1500
SFO8 FIRRERFSRE 0.00 ~ 3600 I[s] X X 0.00
SFOO | PG MU mtE: 0 . 15w x| x ]
SF10 PG /NILZE CE2) 300 ~ 60000 [p/r] X X 1024
SF11 REEED 1 ILY 0.000 ~ 0.100 [s] X X 0010
SF12 | STO BHZHEM 00 ~10s) < | x | oo
SF20 SL1/SL2 ik FHEEEIR O : #gE’xL, 1:8S1, 2:38LS X X (0]
SF21 | SS1BILE—F 0 BEER, 1 BHER X | x ,
SF22 IVI-5ER CE3) G4 O:JFHE - TYD—F5L, 1 HEABY, 2 #HE12V X X (0]
SF23 T2V PO 38R O : STO (SBC B#8¥E SBC #fE), 1 : SS1 X X (0]
SFo4 | SBC mEEmR O FH. 1B T—T7 1L —@, 2 BN BEES x| x 0
SF25 | SS1 REBBFER 0 AN FUPOY SRR, 1 BREER x| x o
SF26 | SLS ARESEEfFRR 0 JANFUPIY SRR, 1 BHIEER x| x o
SF27 | SLS LRREEHFRR 0 AN FUPOYSURR, 1 BREER X | x o
SFo8 | memEmE - FA—Lt—T 0 RELAN. 1:2REEH0 &R X | x o
SF30 LZERE/N D — R A1 ZERIEMEE D — FEEBIRE/N DT —F 1 X X 0000
SF31 | ZesE/ 20— 2 e T — FEERE/ XD 2 % | = | oooo

(1) FRENIC-VG XFTREITDIE-HYDERSRELREBZSHETIES, BEEMEI—F 1 FO3, A0B, A106)
(£2) FRENIC-VG RETHREULZ PG /VLRABEREBESHETIZSL), (B&E#ED—F 1 P28, A30, A130)

(¥3) IYI—FDBRJBEKRV FRENIC-VG D PGP IR FEE (SW6) CHREBESHE TS,
SW6 DsEflld, FRENIC-VG 1—5—X¥ZaP)L 3 & 3339 &R vFDLH] ZSRILEEL),

(E4) SF22 OREBZE 1 FLEF2ICHELLHRSE, E—YDBICLD—BHNREIGEHIECHE LIPS —ADRELET,
E—YUBEGTOHEE, SF22 DFREBEZE O ICHRE L TIHEAES,

L 22X 2

FRENIC-VG KIKICEDSIIZ S v FINRIVD SR EESHEMEE D — FOREBELEE TEFIN, ZERBICBS LI E A,
ZERBICBE I DEHICIE, BRULEY v F/INRIVEGRAT —JILTHEZEN—FOIRTY (CNS) EFvFINRILE
BEmuc<iEsl, GHSERIIAR, 1.8EESRD

FRENIC-VGO—-5 KD LZERIEMEEI — FDOREBEZEEL, HEZEN—FICEHKELLCY Y FNRIVTEERPOREE
NELWCEEERUTHS, FRENIC-VGO—Y X 0ZEREEMEI— RFET—/IL-T U TS, (BEFIRIE H 3.1
2R

FRENIC-VG O—5N SR &I — PO —ILE—TERRUR\E, ZEEEMED — FISHERZEN— RICRES
NnFEL A, FRENIC-VG O—5 EDEFTIEOMEE T — RFEREDEIFFIRIL, FRENIC-VG O—SEERBEESRLTZ
=0,

ANFEFE

- NRD—RZEHEULZEBEE, 0000 I FFFF CEBESNE T, /YD — FEUTEE U TCREHROEEDTT, &
BLc<Es,.

- NRD—REBNEHEE}, FRENIC-VG O—5 XDieREN— REEME LTS, AL, NRDT—RR
UOZ2EEHED— FOREBZMRILLE I DT, HHET DRIIC, ZERIEHAED — FOREBZERFR L TIIES0,
FHBIZ, FRENIC-VG O—45 OIURERBAB ESRIITS),
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REMBEE-DA by T 1 FEEE-—TU+UIT+ RRE—- REERATDHBEIE, SF20(SL1/SL2 ifFHEE), SF21(SS1
BIEE—F), SF22 (ZYI—%&ER) DREBZUTOFIRICH >TEELTIES, BEERIL, F—IlE-T%&7>T
<rEEL.

(1) B=DRbvT 1 REER
T HRETENSDEEFIRIUTDROTY,

@ SF20 DOFREEBZE O—1 [CEEITD
@ SF22 DREEBZEO—1 FLIFX2ICEETD
@ SF21 DOHREEBEE 1-0CEEITD

2 B-DRbvT 1 BERR CRERRNE)
TIHBHEENSOEEFIRICHMIEH D FE A,

SF20 ME=EEZE O—1, SF22 OREEZE O0—1 FEF 2 ICEBLTIES,

@) B=—DJRbvT 1 BEGEROH
THREEENSDESFIBICHIKITHD O EE A,

SF20 MEEBEZE O—1 [CEBLTIES,

4) =2V USTs FRE-F
T HRETENSDESFIEIUTDROTY,
@ SF22 DEFEEZE O0—1 FLE2ICEETD
@ SF20 DHREBZE O—-2[CEEITD

SF20, SF21, SF22 (4, & 32 DHERICRETCES IR, REBEERIDHEL, FRUTIIESL, REBNES
RRIS, HELEN—RICERUICY vy FNARIVDSERTEET., JyFNARIVERICONT, FMlE 41 28RUTE
=0,

K32 LREBEEHEI—F - REATRRIESE

SF20 (SL1/SL2imF#ee) | SF21 (SS1{ELEE—F) SF22 (ZVI—%&ER)
1:8S1 O REETR O:JFtE - TVl
REE 2:8LS O REEER O: 3F%E - T3-S L
2:8Ls 1 BSRE%ER O:JFEE - TvI-—9iL
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FRENIC-VG KIED Y lmFICEET DIEEE D — R (1)
B E J— R : Extension Terminal Functions (ifF848E)

S ® B
. BIEP L2 = s Lol 5 [EE
St & Dir RETEAE (2 | o [ 5 L #E
485 | BTEIE t|ﬂ: Bl |pltlvs
2No 2 E
No S G|g|F[M
E15 [10Fh| 85h | Y1 #AEER 13| 80 A R—T L OBR (DECF) x| 1 |olo|ss
E16 [110n| 86h | Y2 #AEER 1| 81: #%F EN OFF (ENOFF]  |x| 2 |o|o| 88 |olojojo
E17 |111h| 87h | Y3#EBER 1| 82 ZEMBEENFD [SF-RUN] |X| 3 |O|O] 58 [O|0|OO
E18 |112h| 88h | Y4 #EBER 1 | 84:STO ki [SF-TST] X[ 4 |0O|0] 88 [0O|O[0|O
E19 |113h| 89h | Y5 H#EBER 1 X[ 14 |0O|O] &8 [O|O[0O|O
E20 [114h| 8Ah | Y11 HEBER 1 x| 26 |o|o| 58 [o[ojojo
E21 [115h| 8Bh | Y12 #EBER 1 x| 26 |o|o| 58 [o[ojojo
E22 [116h| 8Ch | Y13 #EBER 1 x| 26 |o|o| 58 [o[ojojo
E23 |117h| 8Dh | Y14 HHEER 1 x| 26 |0|0| 58 |0]0[0|O
E24 |118h| 8Eh | Y15 #HEER 1 x| 26 |0|0| 58 |0]0[0|O
E25 |119h| 8Fh | Y16 #EER 1 x| 26 |0|0| 58 |0]o[o]O
E26 [11Ah| 90N | Y17 #EBER 1 x| 26 |0|o| 88 |o|ojo]o
E27 [11Bn| 91h | Y18 #EBER 1 x| 26 |o|o] 88 |o|o[o]o
E28 [11Ch| h | Y 0 | 0000 to 0O1F x|0000|0[0| 86 [O]0[0]O
J=NNA=TV/D0-Z O J=NA-TY
11 J/=NILDUD-X
Y1~Y5 D — VIV ERE LT,

(1) YIRFOEDESH, ZEHHESEUTERTEEBA, IREZT I I ILHEITICHEAIES.

(x2)

HEEZ 2N — FOMEEICRIE T DMEED — FOHCE L THDET., ZOMDBREBICDONTIE, FRENIC-VG 1—F—-XVZ
APIVEA4E T42 10— F—8) ZSRIESL),

E15~E27

Y HERERIR

B 80. TR—7J)OBEE [DECF]

FRENIC-VG AADIHF EN1, EN2 ICLB1R—TIVOBOREERE UCIBE (ELF PS5 —ARER) , 23
BEREN—RD 5 FPS—LADREULZBEICONESEENLET,

FRENIC-VG AADiHF EN1, EN2 ZERA T 3551, MBICMUTEMOE—IF7« 12y FREDU Y FADIS,
DECF ESZEIDNIZA YN=ID S VIRIENBEET « — FNy IFDTET, wF EN1 RUEN2 & OFF
U, BOEMITDRDSEBRTERLTIESN, 5583, FRENIC-VG EURGRIAED 9.1 & MERELERIBICDONTY
ZaSRUTIESL,

B 81. IWFENOFF [ENOFF]
FRENIC-VG (HFENT, EN2) FZIIHEEZEN— RO E—D FILDZDIRBEOBEICONESELE D LE T, F#il(d,
RIIECSERIZS,

#& 3.3 DECF, ENOFF ESDEERIER

FSYYREHA LF 5F SF | BFEN1EN2 | i%F ST1.ST2 . .

o) T =S - oFF OFF SS1 %M STO | STO B#ith +3)
(DECF] ON #2) | ON (2 |OFF (x2) | OFF (x2) OFF (+2) OFF (+2) OFF (+2)
[ENOFF)  |OFF (+2) (+4) |OFF +2)(+4)| ON (+2) ON (+2) ON (+2) ON (2) ON (2)

(1) FHEREEERT DIBEE FRENIC-VG RAD#EE D — F%E, DECF/ENOFF=80/81 ICFRET DUEN DD T,

FSYIRIEND —RIVA—=TY/D0—FELFRENIC-VG RADHEE D — F E28 THREZEI D ENTER
9, LREMERIERIL, /—VILZ—TVICHRELLHBEDRERTT,

WREREN— FEEFLCNDES, (VYN-SYEREIFEFILPIC, STO EMOEEEBRNICIHLETD,
KEHECHEEEI DD, ([ENOFF] (& (DECF] £ ON 3 3HiIC#] 100ms B ON LT,

B 82, REWAEENFDP [SF-RUNI

HWEZEN— FOETOREHEDEELTNDIBEIC, ONBESELHULET, F/Z, WEREN— D5 F 5-FF
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Chapter 1 Before Use

1.1 Introduction

Thank you for purchasing our Functional Safety Card OPC-VG1-SAFE (option) designed for
high-performance, vector control FRENIC-VG series of inverters.

This manual provides information required for correct use of the functional safety card. Understand the
content of the manual correctly and operate the card. Improper handling might result in incorrect operation,
an accident, or a failure of the card.

For the functions of the FRENIC-VG, refer to the FRENIC-VG instruction manual or user's manual.

The functional safety card conforms to the EU standards listed in Table 1.1.

Table 1.1 Conformity to Standards

EN 61800-3 : 2004
EMC Directives Imrrl1ur.1|ty : Second environment (Industrial)
(EMC filter: option) Emission : Category C2 (220 kW or below)
Category C3 (280 kW or above)
EN 61326-3-1  : 2008
Electrical Safety EN 61800-5-1:2007
EN 61508-1 to -7:2010, EN 61800-5-2:2007
Functional Safety EN 62061:2005
EN ISO 13849-1:2008, EN 60204-1:2006
Stop function Safe Torque Off (STO) (IEC/EN61800-5-2:2007)
Safe Stop 1 (SS1) (IEC/EN61800-5-2:2007)
Safely Limited Speed (SLS) (IEC/EN61800-5-2:2007)
Safe Brake Control (SBC) (IEC/EN61800-5-2:2007)
Response time | STO 60 ms or less
(Delay time from when either one of terminals [ST1] and [ST2] comes
OFF to STO)
SS1/SLS | 25 ms or less
(Delay time from when either one of terminals [SL1] and [SL2] comes
OFF to SS1 or SLS)
SBC 20 ms of less
(Delay time from when either one of terminals [ST1] and [ST2] comes
OFF to SBC)
Safety integrity level SIL 2 (IEC/EN61800-5-2:2007)
Systematic capability SC2 (IEC/EN 61508-1 to -7:2010)
SFF (Safe failure fraction) SFF: 60% or above, Type B (IEC/EN61800-5-2:2007)
PFH STO 7.8E-10 or less
(Probability of a
dangerous SS1/SLS | 1.7E-9 or less
random hardware | g 1.6E-9 or less
failure per hour)
Proof test interval 10 years
Hardware fault tolerance HFT1
Category 3 (acc. EN ISO 13849-1:2008)
MTTFd STO Min. 170 years (acc. EN I1SO 13849-1:2008)
SS1/SLS | Min. 70 years (acc. EN ISO 13849-1:2008)
SBC Min. 90 years (acc. EN ISO 13849-1:2008)
Performance level PL-d (acc. EN ISO 13849-1:2008)
Stop category 0,1 (IEC/EN 60204-1:2006)
Diagnostic coverage (DC) of | 99%
recommended encoder




The functional safety card has the following functions.

STO (Safe Torque Off): This function turns the duplex STO dedicated Motor speed s

terminals OFF (open) to directly limit gate signals of the inverter output * Soastloastop

circuit by hardware and shut off the inverter output, causing the motor

to coast to a stop. (Input mode: Fixed at SOURCE) =
e

SS1 (Safe Stop 1): This function turns the duplex terminals used for Motor speed —————

SS1 (common to SLS) OFF (open) to decelerate the motor to the Ss1 lovel Yece'era'e

speed previously specified by the safety-related function code. After ~ -edeedl Goast to a stop

that, the STO operation follows. (Input mode: Fixed at SOURCE) -

The functional safety card integrates the speed detection circuit that I3} oN | oFf

takes in encoder signals (*1) via the FRENIC-VG unit to judge the speed

independently.

It is also possible to set the monitor timer with the safety-related
function code. If the motor fails to decelerate to a stop within the timer
setting after the start of SS1, an alarm operation occurs.

SLS (Safely Limited Speed): This function turns the duplex terminals  Motor speed —————
used for SLS (common to SLS) OFF (open) to decelerate the motor to SLS level \ Decelerate
the speed previously specified by the safety-related function code and =i

continue running. (Input mode: Fixed at SOURCE)
In the same way as the SS1, the SLS function detects the speed with {gt;} oN | oFF
encoder signals (*1) via the FRENIC-VG unit.

It is also possible to set the monitor timer with the safety-related

function code. If the motor fails to decelerate to the SLS speed within

the timer setting, an alarm operation occurs.

SBC (Safe Brake Control): It is possible to supply exciting current to  Motor speed
the electromagnetic power off brake via the functional safety card. The Brake to stop
SBC shuts down the current to the electromagnetic power off brake to
activate it if an STO function is activated or the inverter stops by an

alarm due to a functional safety card failure. g;} oN OFF

Terminals [EN1] and [EN2] on FRENIC-VG: Do not turn these terminals OFF (open) since it may cause an
alarm. Use the functional safety card with terminals [EN1], [EN2] and [PS] kept ON (short).

(*1) There are restrictions on available encoders. For details, refer to "Applicable Encoders" given in Section 1.3

AWARNING A

* The output shutdown function of this inverter uses the Safe Torque Off (STO) function prescribed in
IEC/EN61800-5-2 so that it does not completely shut off the power to the motor electrically. For the
safety of end-users, depending upon applications, implement the Safe Brake Control (SBC) to lock the
machinery or the protective measures such as protection of motor terminals to prevent possible
electrical hazard(s).

An electric shock could occur.

¢ The output shutdown function does not completely shut off the power to the motor electrically. Before
starting wiring or maintenance jobs, therefore, be sure to shut off the input power to the inverter and
wait at least five minutes for inverters of 22 kW or below, or at least ten minutes for inverters of 30 kW
or above, and make sure that the LED monitor and charging lamp are turned OFF. Further, make sure
using a multimeter or a similar instrument, that the DC link bus voltage between the main circuit
terminals P(+) and N(-) has dropped to the safe level (+25 VDC or below).

An electric shock could occur.
* In the case of a permanent magnet synchronous motor (PMSM), a voltage is generated on the motor

terminals even during "coast to a stop" caused by the output shutoff function. Before starting
maintenance, inspection or wiring jobs, make sure that the PMSM is completely stopped.

An electric shock could occur.




1.2 Acceptance Inspection

Unpack the package and check the following.
(1) A functional safety card (with jumper wires), keypad connection cable (3 m), three screws (M3x8), and
instruction manual (this book) are contained in the package.

(2) The functional safety card is not damaged during transportation--there should be no defective parts,
dents or warps on the card.

(3) The model name "OPC-VG1-SAFE" is printed on the functional safety card.

If you suspect the product is not working properly or if you have any questions about your product, contact
the shop where you bought the product or your local Fuji branch office.

Connector for keypad connection

127.6
H

§

=
Il

=1

Coooo0 J

O OO

S
|®J// Jumper wires

\
OOO| (- ONJ @

J%'[

63.5 30.71

Figure 1.1 External View of Functional Safety Card

AWARNING A

* Never disassemble or modify the functional safety card.
Doing so could cause an accident or injuries.




1.3 Applicable Inverters and Encoders (PG)

The functional safety card is applicable to the following inverter types, keypad types and their ROM

versions.

Table 1.2 Applicable Inverters

Inverter series Inverter and keypad type Inverter capacity ROM version

Product version(*4)

2nd digit 1st digit

FRENIC-VG | FRNOOOvVG1O-0O00 (*1) | All capacities H10020 or later

(*2) (*3)

Other Other
than "A" than "A"
and IIBII

TP-VG1O-O (*1)

-- K0014 or later
(*3)

(*1) The boxes O replace alphanumeric letters depending upon the nominal applied motor, enclosure, power

supply voltage, etc.
(*2) Except 280 kW or above.

(*3) To check the inverter's ROM version and the keypad’s ROM version, use Menu #5 "MAINTENANCE" in
Programming mode. For details, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.4.4.6
"Reading maintenance information." Mounting the functional safety card on the inverter or the keypad having
an inapplicable ROM version may prevent the inverter from running or displaying the safety-related function

codes normally.

Table 1.3 Checking Inverter ROM Version

Display item

Item Indication

5. MAINTENANCE | ROM version of main | MAIN=H 1 x x x x
control CPU (MAIN)

the lower 4 digits.

Shows the inverter's ROM version with

keypad

ROM version of KP=K x X X X
Shows the keypad's ROM version with

the lower 4 digits.

(*4) The product version is printed on the nameplate.

Chapter 1, Section 1.1 "Acceptance Inspection.”

Applicable encoders

For details, refer to the FRENIC-VG Instruction Manual,

To apply the speed monitoring Safe Stop 1 (SS1) or Safely Limited Speed (SLS), use Fuji-recommended
encoders listed in Table 1.4. Fuji MVK motors are equipped with an encoder satisfying the specifications

listed in Table 1.4.

To use encoders not satisfying those specifications, apply the safety functions except the speed monitoring

Safe Stop 1 (SS1) and Safely Limited Speed (SLS); otherwise, an alarm could occur.

Note that Fuji permanent magnet synchronous motors (PMSM) GNF2 cannot be used since they are not
equipped with a complementary encoder.

Table 1.4 Recommended Encoder Specifications

Item Encoder specifications Remarks
Interface specification Complementary
Encoder power (PGP) +12 Vdc £10%
+15 Vdc £10%
Input power requirements (PA, PB) | High level min.: PGP - 3.0 Vdc
Low level max. :1.5 Vdc
Output resistance 100Q or below
75Q or above
Output pulse frequency 100 kHz max.
Failure in Time (FIT)(*1) 1200 FIT In the case of Fuji MVG motors

(*1) When using motors except Fuji MVK motors, estimate the FIT for the whole safety system according to the
diagnostic coverage (DC) of the encoder given in Table 1.1 under the responsibility of the customer.




Applicable FRENIC-VG Loader
Inverters equipped with the functional safety card can use the following FRENIC-VG Loader.

Table 1.5 FRENIC-VG Loader Specifications

Loader name Loader type Loader version

FRENIC-VG Loader WPS-VG1-000 (*1) 0.1.0.0 or later (*2)

(*1) The boxes O replace alphanumeric letters depending upon the loader type.

(*2) The box O replaces a numeric letter depending upon the type. For the checking procedure of the version,
refer to the FRENIC-VG Loader Instruction Manual.

1.4 Temporary Storage

Table 1.6 Storage and Transport Environments

ltem Specifications

Storage temperature -25 to +70°C i
*1 Places not subjected to abrupt temperature changes or

condensation or freezing

Relative humidity 5t095% *2

Atmosphere The functional safety card must not be exposed to dust, direct sunlight, corrosive or
flammable gases, oil mist, vapor, water drops or vibration. The atmosphere must
contain only a low level of salt. (0.01 mg/cm?Z or less per year)

Atmospheric 86 to 106 kPa (during storage)

pressure 70 to 106 kPa (during transportation)

*1 Assuming comparatively short time storage, e.g., during transportation or the like.

*2 Even if the humidity is within the specified requirements, avoid such places where the functional safety card
will be subjected to sudden changes in temperature that will cause condensation or freezing.

Precautions for temporary storage

(1) Do not leave the functional safety card directly on the floor.

(2) If the environment does not satisfy the specified requirements listed in Table 1.6, wrap the functional
safety card in an airtight vinyl sheet or the like for storage.

(3) If the functional safety card is to be stored in a high-humidity environment, put a drying agent (such as
silica gel) in the airtight package described in (2) above.

1.5 Long-term Storage

If the functional safety card will not be used for a long time after purchase, store it under the following
conditions.

(1) The storage site must satisfy the requirements specified for temporary storage.

(2) The package must be airtight to protect the functional safety card from moisture. Add a drying agent
inside the package to maintain the relative humidity inside the package within 70%.

(3) If the inverter incorporating the functional safety card is to be installed to the equipment or panel at
construction sites where it may be subjected to humidity, dust or dirt, then temporarily remove the
inverter and store it in the environment specified in Table 1.6.




1.6 Operating Environment

Install the inverter incorporating the functional safety card in an environment that satisfies the requirements
listed in Table 1.7.
Table 1.7 Environmental Requirements

ltem Specifications
Site location Indoors
Surrounding temperature |-10 to +50°C
Relative humidity 5 to 95% (No condensation)
Atmosphere The inverter must not be exposed to dust, direct sunlight, corrosive gases, flammable

gases, oil mist, vapor or water drops.

Pollution degree 2 (IEC60664-1) (Note)

The atmosphere can contain a small amount of salt. (0.01 mg/cm2 or less per year)
The inverter must not be subjected to sudden changes in temperature that will cause
condensation to form.

(Note) Do not install the inverter in an environment where it may be exposed to lint, cotton
waste or moist dust or dirt which will clog the heat sink of the inverter. If the inverter is to be
used in such an environment, install it in a dustproof panel of your system.

Altitude 1, 000 m max.
Atmospheric pressure 86 to 106 kPa
Vibration 55 kW or below (200 V class series) 75 kW or above (200 V class series)
75 kW or below (400 V class series) 90 kW or above (400 V class series)
mm mm
?Max. amplitude) 2 to less than 9 Hz ?Max. amplitude) 2 toless than 9 Hz
9.8 m/s2 9 to less than 20 Hz 2 m/s2 9 to less than 55 Hz
2 m/s2 20 to less than 55 Hz |1 m/s2 55 to less than 200 Hz
1 m/s2 55 to less than 200 Hz




1.7 Mounting and Removing the Functional Safety Card

Mount or remove the functional safety card as shown below.
Be sure to shut down the inverter power and make sure that the charging lamp is off beforehand.

AWARNING A

¢ Be sure to shut off the input power to the inverter and wait at least five minutes for inverters of 22 kW or
below, or at least ten minutes for inverters of 30 kW or above, and make sure that the LED monitor and
charging lamp are turned OFF. Further, make sure using a multimeter or a similar instrument, that the
DC link bus voltage between the main circuit terminals P(+) and N(-) has dropped to the safe level (+25
VDC or below).

An electric shock could occur.

Functional safety card
mounting screws
Screw size: M3
Tightening torque: 0.7 Nem

Figure 1.2 Mounting the Functional Safety Card

As listed in Table 1.8, there are restrictions on mounting control options. Be careful with them.

Table 1.8 Restrictions on Mounting the Control Options

Max. number of options that can be mounted

CN Port Class

Pattern 1 Pattern 2 Pattern 3 Pattern 4

3 A Digital 8 bits 1 1 1 1
2 B Digital 8 bits 1 1 0 0
10 D Digital 16 bits 1 0 0 1
16 E Functional safety card 0 0 1 1
1 F Control circuit terminals 1 1 1 1




1.8 Connecting the Keypad to the Functional Safety Card

To make the functional safety card compliant with the safety standards when modifying the settings of the
safety-related function codes, it is necessary to check the modified settings with the keypad connected to
the functional safety card while configuring them with FRENIC-VG Loader.

This section provides the keypad connection procedure. Remove the keypad from the FRENIC-VG unit and
connect it to the functional safety card using the keypad connection cable that comes with the functional
safety card, referring to Figures 1.3 and 1.4.

The keypad connected to the functional safety card cannot be mounted on the FRENIC-VG unit, so hold it in
hand and operate it.

AWARNING A

* Be sure to shut off the input power to the inverter and wait at least five minutes for inverters of 22 kW or
below, or at least ten minutes for inverters of 30 kW or above, and make sure that the LED monitor and
charging lamp are turned OFF. Further, make sure using a multimeter or a similar instrument, that the
DC link bus voltage between the main circuit terminals P(+) and N(-) has dropped to the safe level (+25
VDC or below.

An electric shock could occur.

» After completion of configuration of safety-related function codes, be sure to disconnect the keypad
connection cable from connector CN5 on the functional safety card before running the inverter.

An accident could occur.

* Do not use the keypad connection cable for connecting the inverter or the functional safety card to a PC
LAN port, Ethernet hub or telephone line. Doing so may break the inverter or the connection devices.

Fire or an accident could occur.

MW Inverters of 22 kW or below

(1) Remove the TP-VG1 (2) Remove the front cover, (3) Close the front cover and
keypad. connect the keypad connect the other end of the
connection cable to connector keypad connection cable to the
CN5 on the functional safety TP-VG1 keypad.

card, and make wiring as
shown below.

Keypad connection
Front cover cable

s/ Functional
A%, safety card

Figure 1.3 Connecting the Keypad (for Inverters of 22 kW or below)
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W Inverters of 30 kW or above

(1) Remove the TP-VG1 (2) Open the keypad enclosure, connect (3) Close the keypad enclosure
keypad. the keypad connection cable to and connect the other end of
connector CN5 on the functional safety the keypad connection cable
card, and make wiring as shown below. to the TP-VG1 keypad.

Keypad enclosure

TP-VG1 keypad

Keypad connection
cable

/ ,Functional

/ safety card f

Figure 1.4 Connecting the Keypad (for Inverters of 30 kW or above)

1.9 Terminal Blocks on the Functional Safety Card

Figure 1.5 shows the arrangement of terminals on the terminal blocks, viewed from the front.

SISISISISIS

).

SEEEeE

|CMB| SB- | BF2 | BF1 |SB+ | FIS |

| 248 | ST1 | ST2 |[CMS| SL1 | S1L2 | 248 | RE |

Figure 1.5 Terminal Blocks on the Functional Safety Card

AWARNING

e Terminals [ST1)/[ST2] and [24S] are short-circuited with jumper wires. When using the STO function,
be sure to remove the jumper wires and make wiring. Otherwise, the STO function may not work
correctly.

An accident could occur.

1




Chapter 2 Wiring

2.1

Wiring Diagrams

J\ FRENIC-VG
% L2/S 2§ % J@
% EN1,EN2(s) Si?)

(*3)

N
Py
c
—O—

s <

y
A

"I shutdown
circuit | PGP, PA,
PS 2 PB, PGML
CPU @)

~~n

E port (CN16) ZaN , Power

. || ) -
OPC-VG1-SAFE < ooy,

[ 245 ¢1), ¢7) PIS (*6)(

il —

S l

)-‘(\ SB+ (o)
L (ST1 (*1), (7) 5] -

\ ry

(*2)

(*4)

(2) R ST2 (1), (7 BF1 ¢
\

¢5)| (4
Functional 4 / '_,.5( )
safety block ’

(2) SL1 ¢7) BF2 (*G)C

M\

(*2) | ASL2 ¢7)

\ SB- () |

|
. J —
2) | OREn) /l I

(*1)

(*2)

(*3)

(*4)

(*3)

\/ ] CMB 9 o
—l GND

Figure 2.1 Wiring Diagram (when SF24 = 1)

Terminals [ST1}/[ST2] and [24S] are short-circuited with jumper wires at the time of shipment. To use the Safe
Torque Off (STO) function, remove those jumper wires.

To use the Safe Torque Off (STO), Safe Stop 1 (SS1) or Safely Limited Speed (SLS) function, insert safety
relays, safety switches or other safety components conforming to PL-d or higher of EN ISO13849-1 or SIL2
or higher of EN61508 for turning the circuit between terminals [ST1])/[ST2] (terminals [SL1]/[SL2]) and [24S]
ON and OFF.

To conform to the Low Voltage Directive EN61800-5-1 in the EU, be sure to insert the specified fuses in the
supply side (primary side) of the inverter. For details, refer to the FRENIC-VG Instruction Manual.

Use safety relays conforming to PL-d or higher of EN 1SO13849-1 or SIL2 or higher of EN61508. The
specifications are: Exciting voltage; 24 VDC, Main contact; "Normally open," and Auxiliary contact; "Normally
closed."

Surge voltage generated by turning off a safety relay may break switching elements inside the functional
safety card. To suppress surge voltages, connect a diode or varistor as near the safety relay as possible.
When SF24 = 1, make wiring as shown in Figure 2.1.

When switching the control circuit (SINK) on the FRENIC-VG unit and the digital input terminals (SOURCE)
on the functional safety card ON and OFF with the programmable logic controller (PLC), making wiring as
shown in Figure 2.3 may not switch off digital inputs on the functional safety card. Connect a backflow
prevention diode as shown in Figure 2.4 or make wiring without using an external power supply as shown in
Figure 2.5.

Terminals [EN1]/[EN2] and [PS] are connected with jumper bars at the time of shipment. To use the functional
safety card, keep those jumper bars connected.
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(*1)

(*2)

“3) L FRENIC-VG J\
L1/R U~
I L2/S ZS J— Jﬁ} Y I
O —l— i
I L3/T W
{} &
EN1,EN2 (*8) STO
o ot " PGP, A, .
PB, PG
CPU ' a
E port (CN16) £ »
{ | | }
, OPC-VG1-SAFE ~ 7
PIS (6
| H)24S 1. (7) e
)
‘ (2) N ST e en
v Y4
'.‘ |
(2) o dsT2 ¢ BF1 (6)
r——— =) O
Functional
“2) safety block
) OSL1 *7) BF2 (*6):)
|
(2) | AsL2 ¢
| S— “ \/
‘ SB- (6)
\ | . /
2) | ARE¢7) | I
W Y @,
\ | CMB (') - +
“—I" / Power (*4)
L supply

Figure 2.2 Wiring Diagram (when SF24 = 2)

Terminals [ST1)/[ST2] and [24S] are short-circuited with jumper wires at the time of shipment. To use the Safe
Torque Off (STO) function, remove those jumper wires.

To use the Safe Torque Off (STO), Safe Stop 1 (SS1) or Safely Limited Speed (SLS) function, insert safety
relays, safety switches or other safety components conforming to PL-d or higher of EN ISO13849-1 or SIL2
or higher of EN61508 for turning the circuit between terminals [ST1]/[ST2] (terminals [SL1)/[SL2]) and [24S]
ON and OFF.

To conform to the Low Voltage Directive EN61800-5-1 in the EU, be sure to insert the specified fuses in the
supply side (primary side) of the inverter. For details, refer to the FRENIC-VG Instruction Manual.

Use a 24 VDC power supply. (max. 30 VDC)

Surge voltage generated by turning off a safety relay may break switching elements inside the functional
safety card. To suppress surge voltages, connect a diode or varistor as near the safety relay as possible.
When SF24 = 2, make wiring as shown in Figure 2.2.

When switching the control circuit (SINK) on the FRENIC-VG unit and the digital input terminals (SOURCE)
on the functional safety card ON and OFF with the programmable logic controller (PLC), making wiring as
shown in Figure 2.3 may not switch off digital inputs on the functional safety card. Connect a backflow
prevention diode as shown in Figure 2.4 or make wiring without using an external power supply as shown in
Figure 2.5.

Terminals [EN1]/[EN2] and [PS] are connected with jumper bars at the time of shipment. To use the functional
safety card, keep those jumper bars connected.
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< Control circuit >
Power supply +,L JPLc o
SINK
L [X1]to [X9], |[ o
Output Output 1 [FWD], [REV],[° | 8
transistor 1 Ite) 4>
Constant I§5URCE %{ §
R ON current
toage =] ouu> - L—&
CcM Photocoupler
) Ou_tptut ) External
ransistor
Power | Power — —+ ;
supply - SuPPly FRENIC-VG (Input mode: SINK)
o 5

Programmable logic controller :H<__|_ 8

248 z

N

+

ON current ST1, 872,
— SL1, SL2, RE
T Photocoupler

OPC-VG1-SAFE (Functional safety card)
Figure 2.3 Problem Circuit Example

ACAUTION

If the voltage level of the external power supply is lower than +24 VDC in the functional safety card, even
turning off the output transistor 2 in the programmable logic controller (PLC) continues flowing the ON
current so that the digital input of the functional safety card cannot be turned OFF. Accordingly, the safety
function may not work normally.

An accident could occur.

Backflow prevention diode < Control circuit >
Power supply + PLC L
>—|< ) SINK
| [X1]to [X9], || s 0 o
Ou.tput Output 1 [FWD], [REV] | °, a
transistor 1 q 1o -z
Constant- 56 3
e SOURCE { *
circuit Output 2 CM Phot |
otocoupler
Ouvtput _ 1 External (r
transistor 2 P ——  power
ower .
Supply - supply FRENIC-VG (Input mode: SINK)
Q i

Programmable logic controller
24S

ST1, ST2,
SL1, L2, RE _+{
T Photocoupler

OPC-VG1-SAFE (Functional safety card)
Figure 2.4 Recommended Circuit Example 1

p M
+24 VDC

< Control circuit >
Power supply +J> . PLC L
SINK
, [X1]1to [X9], [[.>» !
Output Output 1 [FWD], [REV]; [ °| 8
transistor 1 Tolo ____z
Constant I§5URCE S
-volt
oot Output 2 —CH
Output CM Photocoupler
transistor 2 T
Power -
supply - FRENIC-VG (Input mode: SINK)
7 i
Programmable logic controller :'_H__L 8
245 Z
N
+
ST1, ST2,
SL1,SL2, RE _+{
T Photocoupler

OPC-VG1-SAFE (Functional safety card)
Figure 2.5 Recommended Circuit Example 2
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2.2 Wiring on Terminal Blocks

AWARNING

In general, sheaths of the control signal wires are not specifically designed to withstand a high voltage
(i.e., reinforced insulation is not applied). Therefore, if a control signal wire comes into direct contact with a
live conductor of the main circuit, the insulation of the sheath might break down, which would expose the
signal wire to a high voltage of the main circuit. Make sure that the control signal wires will not come into
contact with live conductors of the main circuit.

An accident or an electric shock could occur.

ACAUTION

The inverter, motor and wiring generate electric noise. Be careful about malfunction of the nearby sensors
and devices. To prevent them from malfunctioning, implement noise control measures

An accident could occur.

As specified below, use the recommended sizes of wires and connect or disconnect them to/from the
terminal blocks using the recommended screwdriver.

Table 2.1 Recommended Wire Size

Recommended screwdriver

(shape of the tip) Recommended Wire Size (stranded wires, single-core wires)

Flat screwdriver CMB SB- BF2 BF1 SB+ PIS
(0.6 x 3.5 mm)
or 0.5 mm2 (AWG20) to 1.5 mm2 (AWG16)
Screwdriver 248 ST1 ST2 CMS SL1 SL2 248 RE
SDI 0.6 x3.5x 100
Weidmuller Japan 14 2 (AWG 26)to 1.5 2 (AWG16
(Order #9008390000) 014 mm= (AWG 26)to 1.5 mm= ( )

Screw size on terminal blocks: M2.5, Tightening torque: 0.4 to 0.5 Nm

Treat the ends of wires to be connected to the terminal blocks, referring to the wire strip size specified below.
Table 2.2 Wire Strip Size

Wire strip size

_ zzza
LA
CMB \ SB- | BF2 \ BF1 \ SB+ ‘ PIS
6 mm
245 | sT1 | st2 | oms | su1 | sL2 24S RE

13 mm

Noti; Stranded wires can be easily inserted by twisting the stripped ends. After twisting, the wire strip size
specified above should be assured. If the wire strip size is out of the specified range, wires may not
be secured or they may be short-circuited with other wires.

Table 2.3 Dimension of Openings in the Terminal Blocks

Dimension of openings
CMB ‘ SB- | BF2 ‘ BF1 ‘ SB+ ‘ PIS

W 2.6 x H 3.0 mm ——

248 ‘ ST | ST2 ‘ cMS ‘ SL1 ‘ sL2 | 24s | RE
W 2.5 x H 2.6 mm
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When using ferrule terminals, use the following types of Weidmuller terminals.

Table 2.4 Recommended Ferrule Terminals

Terminal Wire size For single wire ferrules For twin wire ferrules
name
Parts No.: 0409500000 Parts No.: 9037200000
2
0.50 mm2 (AWG20) HO, 5/12 OR HO, 5/14 ZH OR
Parts No.: 0409600000 Parts No.: 9037230000
2
[[CSI\SB]] 0.75 mm2 (AWG18) HO, 75/12 W HO, 75/14 ZH W
[BF2] 2 Parts No.: 0409700000 Parts No.: 9037260000
{ggq 1.00 mm2 (AWG17) H1, 0/12 GE H1, 0/15 ZH GE
+
[PIS] 125 mm?2 Parts No.: 0463100000 Parts No.: 9037290000
: H1,5/14 R H1, 5/16 ZH R
Parts No.: 0463100000 Parts No.: 9037290000
2
1.50 mm2 (AWG16) H1,5/14 R H1,5/16 ZH R
Parts No.: 9025870000 Parts No.: 9037220000
2
0.50 mm? (AWG20) HO, 5/16 OR HO, 5/18 ZH OR
[249] ) Parts No.: 9025910000 Parts No.: 9202820000
Egg} 0.75 mm2 (AWG18) HO, 75/18 W HO, 75/19S ZH W
[CMS] ) Parts No.: 9025930000 Parts No.: 9037270000
[2L1] 1.00 mm? (AWG17) H1, 0/18 GE H1, 0/19 ZH GE
[SL2]
[24S] 125 mm2 Parts No.: 0635100000 Parts No.: 9037300000
[RE] : H1, 5/16 R H1, 5/20 ZH R
Parts No.: 0635100000 Parts No.: 9037300000
2
1.50 mm? (AWG16) H1,5/16 R H1, 5/20 ZH R
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2.3 Terminal Functions

Table 2.5 Functions of Safety Circuit Terminals

ST1 STO-1 input | When the circuit between terminals [ST1] and [24S] and the one between
: terminals [ST2] and [24S] are turned OFF (open) at the same time, the
ST2 STO-2input | output transistor in the inverter stops its operation (Safe Torque Off, STO).
The input mode of terminals [ST1] and [ST2] are fixed at SOURCE and
cannot be switched to SINK.

When either one of terminals [ST1] and [ST2] is OFF (open), an alarm 5/~
occurs. (For details about the alarm operation, refer to Section 3.3.3.2.) It is
possible to recover from the 5~/ alarm by removing the alarm factor,
operating terminal [RE] on the functional safety card and performing RESET
operation of the FRENIC-VG unit. (For details about the recovery operation,
refer to Section 3.3.3.1.)

SL1 SS1/SLS-1 When the circuit between terminals [SL1] and [24S] and the one between
inputs terminals [SL2] and [24S] are turned OFF (open) at the same time, the Safe
Stop 1 (SS1) or Safely Limited Speed (SLS) previously selected with the
SL2 SS1/SLS-2 | safety-related function code will be activated.

inputs The input mode of terminals [SL1] and [SL2] are fixed at SOURCE and
cannot be switched to SINK.

When either one of terminals [SL1] and [SL2] is OFF (open), an alarm 5/~
occurs. It is possible to recover from the =~/ alarm by removing the alarm
factor, operating terminal [RE] on the functional safety card and performing
RESET operation of the FRENIC-VG unit. (For details about the recovery
operation, refer to Section 3.3.4.1.)

RE RE input Terminal to be operated for recovery from the activated state of the safety
function(s) triggered by terminal input or the 5~/ alarm state.

Even if terminals [ST1] and [ST2] are turned back to ON (close) after the
inverter stop caused by the Safe Torque Off (STO) function, the inverter
cannot restart without turning the terminal [RE] OFF (open) — ON (close) —
OFF (open). The ON duration of terminal [RE] should be at least 20 ms.

5 The same [RE] terminal operation is required when terminals [SL1] and [SL2]

2 are turned back to ON (close) after the inverter enters the limited speed

= operation with the Safety Limited Speed (SLS) function. (For details about

z the recovery operation, refer to Section 3.3.)

Q1 24s Power This supplies 24 VDC to the external equipment. There are two equipotent
supply for points. To use each of signals on terminals [ST1], [ST2], [SL1], [SL2] and
digital [RE], turn the circuit between this terminal and [24S] ON (close) and OFF
inputs (open).

Current: 25 mA
Voltage: 22 to 27 VDC

CMS Digital input | 0V level against the 24S power supply. Usually not used.

oV This terminal is not electrically isolated from terminal [CM] on the
FRENIC-VG unit.

< Digital input circuit specifications >

<Control circuit> Item Min. Max.
P24S +24 VDC Operating ON level 2V | 27V
D) N I voltage
Photocoupler (SOURCE) OFF level oV 2V
ST1, ST2 fm e -
: ; Operating current at ON } 4.5 mA
6.3 kQ | i (Input voltage is at 27 V)
! \ Allowable leakage current
| \ at OFF - 0.5 mA
,,,,,,, |
SL1,SL2,RE | ______ ital i - .
’ ' r ﬁ} Digital input wiring length: Max. 20 m
|
6.3 kQ ! |
Y<
S [ |
cmMs |  TTTTTTT
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= | BF1 Brake signal | Feedback signals of brake signals. Connect the PIS potential with "normally
g feedback 1 closed" contact of the safety relay triggered by brake signals SB+ and SB-.
I . If these signal states are discrepant with the SB+ and SB- operation, an
k=) BF2 Erake signal alarm 5 ,~ occurs and the SB+ and SB- become opened, activating brake
a eedback 2 :
operation.
SB+ Brake start Brake signals to operate the electromagnetic power off
signal + brake.
SB- Brake start These s.ignals.are duplex, so make wiring as specified
signal - in the wiring diagram.
When the Safe Brake Control (SBC) is enabled with Power voltage:
5 the safety-related function code, the internal circuit is Max. 30 VDC
% opened during "coast to a stop" triggered by STO, Min. 20 VDC
o shutting down the exciting current to the Output current:
I electromagnetic power off brake to activate it. Max. 2 A
2 ’
O | PIS Brake signal | Brake signal power. Max. wiring length:
power input | Use this in combination of SB+. 30 m
Connect the external power supply.
CMB Brake signal | Common for brake signal power.
power Use this in combination with SB-.
common

18




FRENIC-VG unit. Be careful with the priority orders since the safety functions may not work. For details,

There are priority orders between the safety functions of the functional safety card and the functions of the
refer to Sections 3.1.1 and 3.1.2.

Chapter 3 Control and Operation
3.1 Control Block Diagrams

3.1.1 Run command
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3.1.2 Acceleration/deceleration calculation, speed limitation, and positioning control input
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3.2 List of Function Codes

W Safety-related function codes (SF codes)

Table 3.1 List of Function Codes

Change|

Function Name Data setting range h Data | Default
code 9 9 when copying| setting
running
SFO0 | Password Status Monitor 0: Password locked, 1: Password released - - -
SF01 | SS1 Level 30 to 30000 r/min N N 150
SF02 | SS1 Timer 0.01 to 3600 s N N 10.00
SF03 | SS1/SLS Deceleration Time 0.01t0 3600 s N N 5.00
SF04 | SLS Level 30 to 30000 r/min N N 300
SF05 | SLS Timer 0.01 to 3600 s N N 10.00
SF06 | SS1/SLS Upper Limit Width 0 to 30000 r/min N N 300
SF07 | Motor Maximum Speed (Note 1) | 50 to 30000 r/min N N 1500
SF08 | Upper Limit Speed Wait Time 0.00 to 3600 s N N 0.00
SF09 | PG Failure Detection Oor1 N N 1
0: Disable
1: Enable
SF10 | PG Pulse Resolution (Note 2) 300 to 60000 p/r N N 1024
SF11 | Speed Detection Filter 0.000t0 0.100 s N N 0.010
SF12 | STO Diagnostic Forecast Time 0.0to1.0s N N 0.0
SF20 | Terminal [SL1)/[SL2] Function Oto2 N N 0
0: No function
1: SS1 function
2: SLS function
SF21 | SS1 Stop Mode Oor1 N N 1
0: Speed monitor
1: Time monitor
SF22 | Encoder Selection Oto2 N N 0
(Note 3) (Note 4) 0: No encoder, not recommended
1: 15V encoder, recommended
2: 12V encoder, recommended
SF23 | Fault Reaction Selection Oor1 N N 0
0: STO (SBC if enabled)
1: SS1
SF24 | SBC Function Selection Oto2 N N 0
0: Disable
1: Enable, Via safety relay
2: Enable, Direct connection
SF25 | SS1 Error Processing Oor1 N N 0
0: Select fault reaction
1: Select light alarm
SF26 | SLS Deceleration Error Oor1 N N 0
Processing 0: Select fault reaction
1: Select light alarm
SF27 | SLS Upper Limit Error Oor1 N N 0
Processing 0: Select fault reaction
1: Select light alarm
SF28 | Save All of Safety-related Oor1 N N 0
Function Codes 0: No save
1: Save all (Automatically reverts to 0)
SF30 | Safety-related Password 1 Safety-related function code protection password 1 N 0000
SF31 | Safety-related Password 2 Safety-related function code protection password 2 N 0000

(Note 1) Match the setting with the maximum speed of the motor driven by the FRENIC-VG unit. (Related function
codes: F03, A06, A106)

(Note 2) Match the setting with the PG pulse resolution specified in the FRENIC-VG unit. (Related function codes:
P28, A30, A130)
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(Note 3) Match the setting with the encoder power voltage and PGP terminal voltage (SW6) of the FRENIC-VG.
For details about SW6, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.9 "Setting the slide
switches."

(Note 4) When SF22 = 1 or 2, a temporary wire break by motor switching will be judged as a failure so that an
alarm occurs. To use motor switching, set the SF22 data to "0."

Notes

Settings of the safety-related function codes can be modified from the keypad mounted on the FRENIC-VG
unit; however, such modification brings the functional safety card out of compliance.

To make the functional safety card compliant with the safety standards when modifying the settings of the
safety-related function codes, it is necessary to check the modified settings with the keypad connected with
the functional safety card while configuring them with FRENIC-VG Loader. (For the keypad connection
procedure, refer to Section 1.8.)

After checking the modified settings, fully save new settings of safety-related function codes with
FRENIC-VG Loader. (For the modification procedure, see Figure 3.1.)

Without performing the Save All operation with FRENIC-VG Loader, the settings of safety-related function
codes will not be saved into the functional safety card. For the connection with FRENIC-VG Loader and the
operating procedure of function code modification, refer to the FRENIC-VG Loader Instruction Manual.

ACAUTION

* If a password is read out with SF30/SF31, it will be fixed at 0000 or FFFF. Be sure to change the
password and manage it under the responsibility of the customer.

» If you forget your password, initialize the functional safety card with FRENIC-VG Loader. Before
initialization, make a note of settings of the safety-related function codes since not only the password
but also those settings will be initialized. For details, refer to the FRENIC-VG Loader Instruction
Manual.
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When using the Safe Stop 1 (SS1) or Safely Limited Speed (SLS) function, modify the settings of SF20
(Terminal [SL1)/[SL2] Function), SF21 (SS1 Stop Mode), and SF22 (Encoder Selection) using the procedure
given below. After modification, perform the Save All function.

(1) Safe Stop 1 speed monitoring

The modification procedure from factory defaults is as follows.
1) Change the setting of SF20 from 0 to 1.

2) Change the setting of SF22 from 0 to 1 or 2.

3) Change the setting of SF21 from 1 to 0.

(2) Safe Stop 1 time monitoring (with speed monitoring)
There is no restriction on the modification procedure from factory defaults.
Change the setting of SF20 from 0 to 1 and that of SF22 from 0 to 1 or 2.

(3) Safe Stop 1 time monitoring only
There is no restriction on the modification procedure from factory defaults.
Change the setting of SF20 from 0 to 1.

(4) Safely Limited Speed

The modification procedure from factory defaults is as follows.
1) Change the setting of SF22 from 0 to 1 or 2.

2) Change the setting of SF20 from 0 to 2.

Table 3.2 lists unavailable combinations of SF20, SF21 and SF22 settings. Take care when modifying the
settings. The current modification state can be checked with the keypad connected to the functional safety
card. For details about the keypad display, refer to Section 4.1.

Table 3.2 Unavailable Combinations of SF20/SF21/SF22 Settings

SF20 SF21 SF22
(Terminal [SL1)/[SL2] Function) (SS1 Stop Mode) (Encoder Selection)
1: SS1 0: Speed monitor 0: No encoder, not recommended
Unavailable 2:SLS 0:S : .
combinations : : Speed monitor 0: No encoder, not recommended
2: SLS 1: Time monitor 0: No encoder, not recommended
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Function codes related to Y terminals on the FRENIC-VG unit are given below. (*1)
B E codes: Extension Terminal Functions

(o]
c
[ i £
g Communl S| 218¢<|g| Drive
8 cations c | %32 | control | £
§ | address Name Dir. Data setting range (*2) Eg’ % 8|8l & g
g : o | 81855 ::
T |485] Link S =N =l el G S
No. | No. 5 alY>|n
E15 [10Fh| 85h | Terminal [Y1] Function 13| 80: EN terminal detection circuit failure N 1 |Y|Y|58
R . DECF
E16 |110h| 86h | Terminal [Y2] Function 1 81 EN terminal OFF ENOFF N | 2 [Y[Y|58]Y|Y|Y|Y
E17 |111h| 87h Terminal [Y3] Function 1 82: Safety function in progress SF-RUN N 3 |Y|Y[58[Y|Y|Y|Y
E18 |112h| 88h | Terminal [Y4] Function 1 | 84: STO under testing SF-TST | N | 4 [Y|Y|58]Y|Y|Y|Y
E19 |113h| 89h | Terminal [Y5] Function 1 N |14 |Y|Y|58|Y|Y|Y|Y
E20 |114h| 8Ah | Terminal [Y11] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E21 |115h| 8Bh | Terminal [Y12] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E22 |116h| 8Ch | Terminal [Y13] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E23 |117h| 8Dh | Terminal [Y14] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E24 |118h| 8Eh | Terminal [Y15] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E25 |119h| 8Fh | Terminal [Y16] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E26 |11Ah| 90h | Terminal [Y17] Function 1 N |26 |Y|Y|58|Y|Y|Y|Y
E27 |11Bh| 91h | Terminal [Y18] Function 1 N | 26 |Y|Y|58]Y|Y|Y|Y
E28 [11Ch| h Y Terminal Function 0 | 0000 to 001F N [0000|Y|Y|36|Y|Y|Y|Y
(Normally open/closed) 0: Normally open
1: Normally closed
E28 configures the normal state of Y1 to
Y5.

(*1) Output signals from Y terminals cannot be used as safety output signals. Use those signals only for
monitoring the status.

(*2) This lists only function code settings related to the functional safety card functions. For other settings, refer to
the FRENIC-VG User's Manual, Chapter 4, Section 4.2 "Function Code Tables."

E15to E27 Y Terminal Function

B EN terminal detection circuit failure -- DECF (Function code data = 80)
This signal comes ON when an Enable circuit failure is detected with terminals [EN1] and [EN2] on the

FRENIC-VG unit (when an alarm =/~ occurs) or an alarm 5 ,/~ on the functional safety card occurs.

When using terminals [EN1] and [EN2] on the FRENIC-VG unit, feed back a DECF-assigned inverter
transistor output to a reset input sent from the upper safety unit in wiring, if needed, in order to turn
[EN1] and [EN2] OFF and shut down the output. For details, refer to the FRENIC-VG Instruction
Manual, Chapter 9, Section 9.1 "Compliance with UL Standards and Canadian Standards (cUL
certification).”

B EN terminal OFF -- ENOFF (Function code data = 81)

This signal comes ON when the FRENIC-VG (terminals [EN1] and [EN2]) or the functional safety card
is in the Safe Torque Off state. For details, refer to Table 3.3.

Table 3.3 Operational Logic Table of DECF and ENOFF Signals

Transistor ELF 5F 5-F [EN1], [EN2] | [ST1], [ST2] STO diagnosis
output (*1) alarm alarm alarm OFF OFF STO after SSf in progress (*3)
DECF ON (*2) ON (*2) | OFF (*2) OFF (*2) OFF (*2) OFF (*2) OFF (*2)

ENOFF OFF (*2)(*4) | OFF (*2)(*4)| ON (*2) ON (*2) ON (*2) ON (*2) ON (*2)

(*1) To use this function, it is necessary to assign DECF and ENOFF to Y terminals using the function codes
(data = 80, 81) of the FRENIC-VG unit beforehand.

(*2) "Normally open/closed" of the transistor output can be switched with the function code E28 of the
FRENIC-VG unit. The table above shows the logic to be applied when "Normally open" is selected.
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(*3) If the functional safety card is mounted, it diagnoses the STO shutdown circuit regularly when the
inverter power is turned ON and it is stopped.

(*4) Since determining errors requires time, ENOFF is ON for approx. 100 ms before DECF comes ON.

B Safety function in progress -- SF-RUN (Function code data = 82)

This signal comes ON when all safety functions of the functional safety card are activated. It also
comes ON when the Safe Torque Off or Safe Stop 1 function is activated after an alarm 5 /~ or 5-F
occurs on the functional safety card or the STO shutdown circuit is being diagnosed. For details, refer
to the timing charts given in Section 3.3.

B STO under testing -- SF-TST (Function code data = 84)

The functional safety card diagnoses the STO shutdown circuit when the inverter power is turned ON
and the total of the stop time exceeds 50 minutes. During diagnosis of the STO shutdown circuit, the
inverter cannot start running until the completion of diagnosis even if a run command is entered.

If a start delay becomes a systematic problem, connect output signals issued by this function to the
upper equipment so as not to allow entry of a run command during diagnosis of the STO. For detailed
operation, refer to the description of SF12 in Section 3.4 "Details of Safety-related Function Codes (SF
codes)."
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To make the functional safety card compliant with the safety standards when modifying the settings of the
safety-related function codes, follow the flowchart given below.

Power OFF the
FRENIC-VG unit.
v \

Remove the keypad from the <

FRENIC-VG unit and connect it to
the functional safety card. (*1)

Power ON the
FRENIC-VG unit.

‘ ‘ Run FRENIC-VG Loader. (2)

v

In FRENIC-VG Loader, open
a list of function codes.

-~

In FRENIC-VG Loader, enter
password(s) (to switch to
Write mode).

Power OFF the (*1) Refer to Section 1.8 "Connection between the
FRENIC-VG unit. Functional Safety Card and Keypad."

(*2) For details about the operating procedure,
‘ ‘ refer to the FRENIC-VG Instruction Manual.

In FRENIC-VG Loader,

password match or
mismatch? Password mismatch

* Password match

In FRENIC-VG Loader,
change the settings of safety- -
related function codes.

In FRENIC-VG Loader,
write the settings of safety-
related function codes.

Display the changed settings
on the keypad.

v

Final check of the settings by
user (*3)

* Settings match

(*3) Compare the settings in FRENIC-VG Loader
Settings mismatch with those on the keypad.

In FRENIC-VG Loader, fix the
written settings of the safety-related
function codes?

Do not fix the settings.

Fix the settings. (Perform Full

195 (*4) After fixing, the password will be locked.
v Save operation in Loader.) (*4)

Diagnosis of the settings
of the safety-related
function codes in the

functional safety card.

Refer to Section 5.2
"Troubleshooting."

Writing error
(SrF subcode 0012)

‘ Normal writing
Power OFF the
FRENIC-VG unit.

Remove the keypad from the
functional safety card and connect
it to the FRENIC-VG unit. (*1)

Power ON the
FRENIC-VG unit.

Figure 3.1 Safety-related Function Code Modification Procedure

(*1) Refer to Section 1.8 "Connection between the
Functional Safety Card and Keypad."

ACAUTION

* After the FRENIC-VG is turned ON, the safety-related passwords of the functional safety card are
always locked. To change the settings of the safety-related function codes, release the passwords.

* |f FRENIC-VG Loader restarts when the safety-related passwords are released, the functional safety
card retains the password release state so that no password re-entry is required for changing the
settings of the safety-related function codes.
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3.3 Relationship between Safety Functions and Safety-related Function Codes
3.3.1 Safe Torque Off (STO) operation
3.3.1.1 STO normal operation

The timing chart below shows the STO normal operation triggered by turning terminals [ST1] and [ST2] OFF
when the FRENIC-VG is driving the motor.

Motor speed .
"“\ Coast to a stop
“ >
Max. 50 ms Max. 50 ms
Terminal [ST1] oN | i° OFF > 1 ON
Terminal [ST2] ON OFF ON
Terminal [RE] OFF ON OFF
Min. 20 I
Inverter run comm?*rllc)i ON OFF in. 20 ms ON
_ — STO reaction time
Inverter status — / Wait for a run :
(*2) Running >< STO > command < Running
SFRUN o ON OFF
on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

Figure 3.2 Timing Chart of STO Normal Operation

Normal operation
Turning both terminals [ST1] and [ST2] OFF (open) shuts down the inverter output after a maximum of 60
ms of the STO reaction time so that the motor enters into the Safe Torque Off (STO) state.

A delay between the ON timings of terminals [ST1] ad [ST2] and that between the OFF timings should be
less than 50 ms. Delay exceeding 50 ms causes an alarm operation. For details, refer to Section 3.3.1.2.

Recovery operation

To recover the inverter from the STO state, turn both terminals [ST1] and [ST2] ON (close) and then turn
terminal [RE] OFF (open) = ON (close) for at least 20 ms = OFF (open). This makes the inverter ready for
running.

The STO operation turns OFF a self-hold run command in keypad operation; therefore, turning an inverter
run command ON from the keypad after the inverter becomes ready for running causes the inverter to run. If
an inverter run command is entered from the external equipment, the inverter starts running after the STO is
released.

ACAUTION

¢ The OFF time of terminals [ST1] and [ST2] should be 60 ms or more. Otherwise, the Self Torque Off
(STO) function may not work normally.

* When entering test pulses from the safety programmable logic controller to terminals [ST1] and [ST2],
be sure to keep the OFF time of the test pulses less than 1 ms. Otherwise, the Self Torque Off (STO)
function may be activated.
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3.3.1.2 STO alarm operation

The functional safety card always monitors whether the ON and OFF timings of terminals [ST1] and [ST2]
are matched. If they are not matched, an alarm operation as shown below will be performed. Follow the
specified recovery operation.

Motor speed
Coast to a stop
. >
Max. 50 ms
Terminal [ST1] ON —™ <—i OFF ON
Terminal [ST2] ON
Terminal [RE] OFF ON OFF
Reset alarm RST OFF Min. 20 ms ON |
Inverter run comm?*r;(; ON OFF ON
_ i— STO reaction time
Inverter status : . Wait for a run .
. Running STO Wait for reset _ Running
2 X X X eommmang X
No alarm SrF No alarm
Alarm
SF-RUN OFF ON OFF
onY terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of a "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

Figure 3.3 Timing Chart of STO Alarm Operation

Alarm operation

Turning only terminal [ST1] OFF (open) so that a delay between the ON or OFF timing of terminals [ST1]
and [ST2] exceeds 50 ms shuts down the inverter output after a maximum of 60 ms of the STO reaction time.
Accordingly, the motor enters into the Safe Torque Off (STO) state and an alarm 5~ occurs.

Recovery operation

To recover the inverter from the STO state, during the STO operation and at the time of an alarm 5-F, turn
both terminals [ST1] and [ST2] ON (close), remove the alarm factor, and then turn terminal [RE] OFF (open)
= ON (close) for at least 20 ms = OFF (open). Further, to reset the alarm 5, turn the alarm reset signal
RST on the FRENIC-VG unit OFF and ON. (Instead of the RST signal, the RESET button on the keypad
mounted on the FRENIC-VG unit can be used.)

To restore to the running state, perform the same operation as specified in Section 3.3.1.1.
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3.3.2 Safe Stop 1 (SS1) speed monitoring operation
3.3.2.1 SS1 normal operation by speed monitoring

The timing chart below shows the SS1 normal operation by speed monitoring, which is triggered by turning
terminals [SL1] and [SL2] OFF when the FRENIC-VG is driving the motor.

SFO (Upper limit monitor wait time)

" Deceleration time (*3)
N __ SF02 (SST timer)

SF06 (SS1/  ~ 777" o
SLS upper limit width) ’
Motor speed

SF01 (SS1 level) y
...... _Coast to a stop
[y >
Max. 50 ms! Max. 50 ms
Terminal [SL1] ON - OFF —>—7* ON
Terminal [SL2] ON OFF ON
Terminal [RE] OFF ON OFF
Inverter run command ON OFF Min. 20 ms | ON
1
SS1 reaction time
Inverter status Running >< ssi >< sSTO > ait fora ru Runni
(2) Q command >< unning

SF-RUN
on 'Y terminal

OFF ON OFF

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

(*3) For details about the deceleration time, refer to the description of SFO3 (SS1/SLS deceleration time) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Figure 3.4 Timing Chart of SS1 Operation by Speed Monitoring

Normal operation

Turning both terminals [SL1] and [SL2] OFF (open) decelerates the motor speed in accordance with the
deceleration time (*3) specified by SF03 (SS1/SLS deceleration time) after a maximum of 25 ms of the SS1
reaction time.

The functional safety card monitors whether the motor speed exceeds the upper limit speed (*4) calculated
from related function code settings. If the motor speed decelerates to the speed specified by SF01 (SS1
level), the Safe Torque Off (STO) operation starts and the inverter shuts down its output, causing the motor
to coast to a stop.

(*4) For details about the upper limit speed, refer to the description of SF06 (SS1/SLS upper limit width) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Recovery operation

If the inverter enters into the STO state, it can be recovered. Turn both terminals [SL1] and [SL2] ON (close)
and then turn terminal [RE] OFF (open) = ON (close) for at least 20 ms = OFF (open). This makes the
inverter ready for running.

To restore to the running state, perform the same operation as specified in Section 3.3.1.1.
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AWARNING A

* Due to the torque limiter or other functions in the FRENIC-VG unit, the motor may not decelerate in
accordance with the deceleration time specified with the functional safety card. For the FRENIC-VG
functions that affect deceleration caused by the Safe Stop 1 (SS1) function, refer to the control block
diagrams given in Section 3.1.2. The risk assessment should be made under the responsibility of the
customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.

¢ When the FRENIC-VG unit is under vector control, the Safe Stop 1 (SS1) by speed monitoring applies.
If the SS1 function is activated under any control other than vector one, the motor may not decelerate in
accordance with the deceleration time specified by the functional safety card. To use the SS1 function,
check that the FRENIC-VG unit is under vector control (Related function codes: P01, A01, A101). For
details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2 "Function Code Tables."

Injuries or a machine breakdown could occur.

Related function codes

The table below lists safety-related function codes related to the Safe Stop 1 (SS1) by speed monitoring. For
details about SF codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

. Change|
Function Name Data setting range when Dat.a Def?u"
code ~ ' |copying| setting
running

SF01 | SS1 Level 30 to 30000 r/min N N 150
SF02 | SS1 Timer 0.01t0 3600 s N N 10.00
SF03 | SS1/SLS Deceleration Time 0.01t0 3600 s N N 5.00
SF06 | SS1/SLS Upper Limit Width 0 to 30000 r/min N N 300
SF07 | Motor Maximum Speed (Note 1) | 50 to 30000 r/min N N 1500
SF08 | Upper Limit Speed Wait Time 0.00 to 3600 s N N 0.00
SF09 | PG Failure Detection Oor1 N N 1

0: Disable

1: Enable
SF10 | PG Pulse Resolution (Note 2) 300 to 60000 p/r N N 1024
SF11 | Speed Detection Filter 0.000t0 0.100 s 0.010
SF20 | Terminal [SL1)/[SL2] Function Oto2 0

0: No function

1: SS1 function

2: SLS function
SF21 | SS1 Stop Mode Oor1 N N 1

0: Speed monitor

1: Time monitor
SF22 | Encoder Selection Oto2 N N 0

(Note 3) (Note 4) 0: No encoder, not recommended
1: 15V encoder, recommended
2: 12V encoder, recommended

(Note 1) Match the setting with the maximum speed of the motor driven by the FRENIC-VG unit. (Related function
codes: F03, A06, A106)

(Note 2) Match the setting with the PG pulse resolution specified in the FRENIC-VG unit. (Related function codes:
P28, A30, A130)

(Note 3) Match the setting with the encoder power voltage and PGP terminal voltage (SW6) of the FRENIC-VG.
For details about SW6, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.9 "Setting the slide
switches."

(Note 4) When SF22 = 1 or 2, a temporary wire break by motor switching will be judged as a failure so that an
alarm occurs. To use motor switching, set the SF22 data to "0."
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3.3.2.2 SS1 alarm operation by speed monitoring

The functional safety card monitors whether the motor speed exceeds the upper limit speed during SS1
operation by speed monitoring. If the motor speed exceeds it, an alarm operation as shown below will be
performed. Follow the specified recovery operation.

SF08 (Upper limit monitor wait time) —

/ SF02 (SS1 timer)

SF06 (SS1/ ~ T T ‘~.\_ /“
Motor speed SLS upper limit wid’(h)+ /\‘\ \‘
%, Coast to a stop
SFO1 (SS1 level) |
X * >
Max. 50 ms! Max. 50 ms
Terminal [SL1] on 1 OFF >—1*— ON
Terminal [SL2] ON OFF ON
Terminal [RE] OFF ON OFF
Min. 20 ms )
Reset alarm RST OFF ON |
Inverter run comm?*r;c; ON OFF ON
SS1 reaction time™ — Fault reaction time
et X e Xm0 XX X
Wait for reset Wait for a run
command
Alarm No alarm SrF No alarm
SF-RUN OFF ON OFF
on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

Figure 3.5 Timing Chart of SS1 Alarm Operation by Speed Monitoring

Alarm operation

Turning both terminals [SL1] and [SL2] OFF (open) decelerates the motor speed in accordance with the
deceleration time (*3) specified by SF03 (SS1/SLS deceleration time) after a maximum of 25 ms of the SS1
reaction time.

However, if the motor speed exceeds the upper limit speed (*4) due to the torque limiter or abrupt change of
the motor load, the error processing specified by SF25 (SS1 error processing) starts.

In the timing chart above, SF25 = 0 so that the inverter enters into the Safe Torque Off (STO) state after a
maximum of 80 ms.

(*3) For details about the deceleration time, refer to the description of SFO3 (SS1/SLS deceleration time) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

(*4) For details about the upper limit speed, refer to the description of SF06 (SS1/SLS upper limit width) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."
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Recovery operation

If the inverter enters into the STO state, it can be recovered. Turn both terminals [SL1] and [SL2] ON (close)
and then turn terminal [RE] OFF (open) = ON (close) for at least 20 ms = OFF (open). Turn the alarm reset
signal RST on the FRENIC-VG unit OFF and ON. This makes the inverter ready for running. (Instead of the
RST signal, the RESET button on the keypad mounted on the FRENIC-VG unit can be used.)

To restore to the running state, perform the same operation as specified in Section 3.3.1.1.

ACAUTION

* Speed monitoring by SF06 (SS1/SLS upper limit width) is valid only during SS1 operation.

Related function codes

The table below lists safety-related function codes related to SS1 alarm operation by speed monitoring. For
details about SF codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Change|

Function . Data | Default
Name Data setting range when . .
code " |copying| setting
running
Oor1 N N 0

SF25 | SS1 Error Processing

0: Select fault reaction
1: Select light alarm
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3.3.3 Safe Stop 1 (SS1) time monitoring operation
3.3.3.1 SS1 normal operation by time monitoring

The timing chart below shows the SS1 normal operation by time monitoring, which is triggered by turning
terminals [SL1] and [SL2] OFF when the FRENIC-VG is driving the motor.

SFO (Upper limit monitor wait time)

_ < Deceleration time (*3)
g ——— SF02 (SS1 timer)
SF06 (8S1/  ~ [~ 77 .
SLS upper limit width) N
Motor speed * S
\_~~ Coast to a stop
..... >
Max. 50 ms Max. 50 ms
Terminal [ST1] oNn o ™ OFF ——*— On
Terminal [ST2] ON OFF ON
Terminal [RE] OFF ON OFF
Inverter run command ON OFF Min. 20 ms | oN
(1)
SS1 reaction time
Inverter Stiﬁuzj Running X sst X sTO ><:>< Running
Wait for a run
command
SF-RUN OFF ON OFF
on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

(*3) For details about the deceleration time, refer to the description of SF03 (SS1/SLS deceleration time) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Figure 3.6 Timing Chart of SS1 Operation by Time Monitoring

Normal operation

Turning both terminals [SL1] and [SL2] OFF (open) decelerates the motor speed in accordance with the
deceleration time (*3) specified by SF03 (SS1/SLS deceleration time) after a maximum of 25 ms of the SS1
reaction time.

After the start of SS1 operation, if the time specified by SF02 (SS1 timer) elapses, the Safe Torque Off
(STO) operation starts and the inverter shuts down its output, causing the motor to coast to a stop.

When SF22 = 1 or 2, the functional safety card monitors also whether the motor speed exceeds the upper
limit speed (*4) during the SS1 operation.

(*4) For details about the upper limit speed, refer to the description of SF06 (SS1/SLS upper limit width) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Recovery operation

If the inverter enters into the STO state, it can be recovered. Turn both terminals [SL1] and [SL2] ON (close)
and then turn terminal [RE] OFF (open) = ON (close) for at least 20 ms = OFF (open). This makes the
inverter ready for running.

To restore to the running state, perform the same operation as specified in Section 3.3.1.1.
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AWARNING A

* Due to the torque limiter or other functions in the FRENIC-VG unit, the motor may not decelerate in
accordance with the deceleration time specified with the functional safety card. For the FRENIC-VG
functions that affect deceleration caused by the Safe Stop 1 (SS1) function, refer to the control block
diagrams given in Section 3.1.2. The risk assessment should be made under the responsibility of the
customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.

* When the FRENIC-VG unit is under vector control, the Safe Stop 1 (SS1) by speed monitoring applies.
If the SS1 function is activated under any control other than vector one, the motor may not decelerate in
accordance with the deceleration time specified by the functional safety card. To use the SS1 function,
check that the FRENIC-VG unit is under vector control (Related function codes: P01, A01, A101). For
details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2 "Function Code Tables."

Injuries or a machine breakdown could occur.

Related function codes

The table below lists safety-related function codes related to the Safe Stop 1 (SS1) by time monitoring. For
details about SF codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Function . Change Data | Default
Name Data setting range when . .
code " |copying| setting
running
SF02 | SS1 Timer 0.01t0 3600 s N N 10.00
SF03 | SS1/SLS Deceleration Time 0.01t0 3600 s N N 5.00
SF06 | SS1/SLS Upper Limit Width 0 to 30000 r/min N N 300
SFO7 | Motor Maximum Speed (Note 1) 50 to 30000 r/min N N 1500
SF08 | Upper Limit Speed Wait Time 0.00 to 3600 s N N 0.00
SF09 | PG Failure Detection Oor1 N N 1
0: Disable
1: Enable
SF10 | PG Pulse Resolution (Note 2) 300 to 60000 p/r N N 1024
SF11 | Speed Detection Filter 0.000t0 0.100 s N N 0.010
SF20 | Terminal [SL1)/[SL2] Function Oto2 N N 0
0: No function
1: SS1 function
2: SLS function
SF21 | SS1 Stop Mode Oor1 N N 1
0: Speed monitor
1: Time monitor
SF22 | Encoder Selection Oto2 N N 0
(Note 3) (Note 4) 0: No encoder, not recommended
1: 15V encoder, recommended
2: 12V encoder, recommended

(Note 1) Match the setting with the maximum speed of the motor driven by the FRENIC-VG unit. (Related function
codes: F03, A06, A106)

(Note 2) Match the setting with the PG pulse resolution specified in the FRENIC-VG unit. (Related function codes:
P28, A30, A130)

(Note 3) Match the setting with the encoder power voltage and PGP terminal voltage (SW6) of the FRENIC-VG.
For details about SW6, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.9 "Setting the slide
switches."

(Note 4) When SF22 = 1 or 2, a temporary wire break by motor switching will be judged as a failure so that an
alarm occurs. To use motor switching, set the SF22 data to "0."
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3.3.4 Safely Limited Speed (SLS) operation
3.3.4.1 SLS normal operation

The timing chart below shows the SLS normal operation triggered by turning terminals [SL1] and [SL2] OFF
when the FRENIC-VG is driving the motor.

SFO08 (Upper limit monitor wait time)

_ D Deceleration time (*3)
> - __—— SFO05 (SLS timer)
SFO8(SS1/  ~ [T SFO06 (SS1/SLS upper limit width
Motor speed SLS upper limit width)T N T( PP )
SFO04 (SLS level) *
A >
Max. 50 ms Max. 50 ms
Terminal [ST1] ON B OFF > ON
Terminal [ST2] ON OFF ON
Terminal [RE] OFF ON OFF
Min. 20 ms
Inverter run command
1) ON
SLS reaction time
Inverter status . / -
*2) Running >< SLS >< Running
SF'RUN OFF | ON OFF
on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

(*3) For details about the deceleration time, refer to the description of SFO3 (SS1/SLS deceleration time) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Figure 3.7 Timing Chart of SLS Operation

Normal operation

Turning both terminals [SL1] and [SL2] OFF (open) decelerates the motor speed in accordance with the
deceleration time (*3) specified by SF03 (SS1/SLS deceleration time) after a maximum of 25 ms of the SLS
reaction time.

The functional safety card monitors whether the motor speed exceeds the upper limit speed (*4) calculated
from related function code settings. Note that the motor accelerates in accordance with the acceleration time
specified in the FRENIC-VG unit (FO7, C35, C46, C56, C66 (*5)).

(*4) For details about the upper limit speed, refer to the description of SF06 (SS1/SLS upper limit width) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

(*5) For details about the acceleration time, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.3
"Details of Function Codes."

Recovery operation

During SLS operation, the inverter can be recovered anytime. Turn both terminals [SL1] and [SL2] ON
(close) and then turn terminal [RE] OFF (open) = ON (close) for at least 20 ms = OFF (open). The inverter
restores to the running state.

After restoration, the motor speed specified in the FRENIC-VG unit applies. For the configuration of the
motor speed, refer to the FRENIC-VG User's Manual.
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AWARNING A

* Due to the torque limiter or other functions in the FRENIC-VG unit, the motor may not decelerate in
accordance with the deceleration time specified with the functional safety card. For the FRENIC-VG
functions that affect deceleration caused by the Safe Stop 1 (SS1) function, refer to the control block
diagrams given in Section 3.1.2. The risk assessment should be made under the responsibility of the
customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.

e Turning a run command OFF during SLS operation decelerates the motor to a stop in accordance with
the deceleration time specified by SF03 (SS1/SLS deceleration time). The risk assessment should be
made under the responsibility of the customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.

Related function codes

The table below lists safety-related function codes related to the Safely Limited Speed (SLS). For details
about SF codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Function . Change Data | Default
Name Data setting range when . .
code ' |copying| setting
running
SF03 | SS1/SLS Deceleration Time 0.01t0 3600 s N N 5.00
SF04 | SLS Level 30 to 30000 r/min N N 300
SF05 | SLS Timer 0.01t0 3600 s N N 10.00
SF06 | SS1/SLS Upper Limit Width 0 to 30000 r/min N N 300
SF07 | Motor Maximum Speed (Note 1) 50 to 30000 r/min N N 1500
SF08 | Upper Limit Speed Wait Time 0.00 to 3600 s N N 0.00
SF09 | PG Failure Detection Oor1 N N 1
0: Disable
1: Enable
SF10 | PG Pulse Resolution (Note 2) 300 to 60000 p/r N N 1024
SF11 | Speed Detection Filter 0.000 t0 0.100 s N N 0.010
SF20 | Terminal [SL1)/[SL2] Function Oto2 N N 0
0: No function
1: SS1 function
2: SLS function
SF21 | SS1 Stop Mode Oor1 N N 1
0: Speed monitor
1: Time monitor
SF22 | Encoder Selection Oto2 N N 0
(Note 3) (Note 4) 0: No encoder, not recommended
1: 15V encoder, recommended
2: 12V encoder, recommended

(Note 1) Match the setting with the maximum speed of the motor driven by the FRENIC-VG unit. (Related function
codes: F03, A06, A106)

(Note 2) Match the setting with the PG pulse resolution specified in the FRENIC-VG unit. (Related function codes:
P28, A30, A130)

(Note 3) Match the setting with the encoder power voltage and PGP terminal voltage (SW6) of the FRENIC-VG.
For details about SW6, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.9 "Setting the slide
switches."

(Note 4) When SF22 = 1 or 2, a temporary wire break by motor switching will be judged as a failure so that an
alarm occurs. To use motor switching, set the SF22 data to "0."
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3.3.4.2 SLS alarm operation

The functional safety card performs time monitoring on the motor speed during the SLS operation for
protection.

If the motor speed stays above the level specified by SF04 (SLS level) and less than the upper limit
specified by SF06 (SS1/SLS upper limit width) for the duration exceeding the time specified by SF05 (SLS
timer), an alarm operation as shown below will be performed. Follow the specified recovery operation.

SF08 (Upper limit monitor wait time)

- " Deceleration time (*3)
g - —— SF05 (SLS timer)
SF06 (SS1/ ~"[ 77T .
SLS upper limit width) ~
Motor speed S
S N
A —
SF04 (SLS level) ‘\‘Coast to a stof
Y : >
Max. 50 ms! Max. 50 ms
Terminal [ST1] oNn T ™ OFF > - ON
Terminal [ST2] ON OFF ON
Terminal [RE] OFF ON OFF
Min. 20 ms I
Reset alarm RST OFF ON |

Inverter run command |
*1) ON OFF ON
— SLS reaction time

- -t
— <

|nvertersta(t*tés), Running >< SLS >< sTO >g><( >< Running

Wait for reset Wait for a run
command

Alarm No alarm SrF No alarm

SF-RUN

; OFF ON OFF
on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

(*3) For details about the deceleration time, refer to the description of SF03 (SS1/SLS deceleration time) in
Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Figure 3.8 Timing Chart of SLS Alarm Operation

Alarm operation

Turning both terminals [SL1] and [SL2] OFF (open) decelerates the motor speed in accordance with the
deceleration time (*3) specified by SF03 (SS1/SLS deceleration time) after a maximum of 25 ms of the SLS
reaction time, and then limits the motor speed less than the level specified by SF04 (SLS level).

However, if the time specified by SF05 (SLS timer (*4)) elapses before the motor speed drops below the
level specified by SF04 due to the torque limiter or abrupt change of the motor load, then the error
processing specified by SF26 (SLS deceleration error processing) starts.

In the timing chart above, SF26 (SLS deceleration error processing) = 0 and SF23 (Fault reaction selection)
= 0 so that the inverter enters into the Safe Torque Off (STO) state after a maximum of 80 ms if an SLS
deceleration error occurs.

(*4) For details about the SLS timer, refer to the description of SF05 (SLS timer) in Section 3.4 "Details of
Safety-related Function Codes (SF codes).”
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Recovery operation

Turn both terminals [SL1] and [SL2] ON (close) and then turn terminal [RE] OFF (open) = ON (close) for at
least 20 ms = OFF (open), then turn the alarm reset signal RST on the FRENIC-VG unit OFF and ON. This
makes the inverter ready for running. (Instead of the RST signal, the RESET button on the keypad mounted
on the FRENIC-VG unit can be used.)

To restore to the running state, perform the same operation as specified in Section 3.3.1.1.

Related function codes

The table below lists safety-related function codes related to SLS alarm operation. For details about SF
codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Function . Change Data | Default
Name Data setting range when . .
code ' |copying| setting
running
SF23 | Fault Reaction Selection Oor1 N N 0
0: STO (SBC if enabled)
1: SS1
SF24 | SBC Function Selection 0Oto2 N N 0
0: Disable
1: Enable, Via safety relay
2: Enable, Direct connection
SF26 | SLS Deceleration Error Oor1 N N 0
Processing 0: Select fault reaction
1: Select light alarm
SF27 | SLS Upper Limit Error Oor1 N N 0
Processing 0: Select fault reaction
1: Select light alarm
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3.3.5 Safe Brake Control (SBC) operation
3.3.5.1 SBC normal operation

The timing chart below shows the SBC normal operation triggered by turning terminals [ST1] and [ST2] OFF
when the FRENIC-VG is driving the motor.

Motorspeed = "s.._
Brake to a stop
-
Max. 50 ms Max. 50 ms

Terminal [ST1] oNn T OFF »—J— N

Terminal [ST2] ON OFF ON
Terminals

ON OFF ON
[SB+], [SB-]
Terminal [RE] OFF ON OFF
Inverter run command Min. 20 -
1) ON OFf m-ems ON
o i— SBC reaction time
Inverter status — / -
: Wait for a run .
(*2) Running >< STO+SBC > command < Running
». g Brakedelaytime _, i i Brake delaytime
Brake Release Apply Release
SF-RUN OFF ON OFF

on Y terminal

(*1) The inverter run command refers to the ON/OFF state of a run forward or run reverse command of function
code M14 (Running status). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section 4.2
"Function Code Tables."

(*2) The inverter status refers to the ON/OFF state of the "Inverter running" or "Inverter ready to run" signal of
function code M52 (Control output 1). For details, refer to the FRENIC-VG User's Manual, Chapter 4, Section
4.2 "Function Code Tables."

Figure 3.9 Timing Chart of SBC Operation

Normal operation

When SF24 (SBC function selection) = 1 or 2, turning both terminals [ST1] and [ST2] OFF (open) turns
terminals [SB+] and [SB-] OFF after a maximum of 20 ms of the SBC reaction time so that after the brake
delay time, the electromagnetic power off brake connected to the motor is activated.

When SF24 = 1 (Enable, via safety relay), the functional safety card monitors feedback signals sent from the
auxiliary contact of the safety relay to terminals [BF1] and [BF2], so use a "normally closed" contact for the
auxiliary contact. (For details, refer to Section 2.1 "Wiring Diagrams."

Recovery operation

Turn both terminals [ST1] and [ST2] ON (close) and turn terminal [RE] OFF (open) = ON (close) for at least
20 ms = OFF (open). This makes the inverter ready for running. After the brake delay time elapses, the
electromagnetic power off brake connected to the motor is released.

After checking that the brake is released, turn an inverter run command ON.

ANEE

= B

» For electromagnetic power off brakes or safety relays to be introduced, the risk assessment should be
made under the responsibility of the customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.
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Related function codes

The table below lists safety-related function codes related to the reaction after SBC alarm operation. For
details about SF codes, refer to Section 3.4 "Details of Safety-related Function Codes (SF codes)."

Change|

Function Name Data setting range when Dat.a Def?u"
code ~ ' |copying| setting
running
SF24 | SBC Function Selection 0Oto2 N N 0
0: Disable

1: Enable, Via safety relay
2: Enable, Direct connection
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3.4 Details of Safety-related Function Codes (SF codes)

This section provides the details of the safety-related function codes (SF codes). For details of function
codes of the FRENIC-VG unit, refer to the FRENIC-VG User's Manual.

SF00 Password Status Monitor
SF28 Save All of Safety-related Function Codes
SF30, SF31 Safety-related Password 1, 2

B SFO00: Password Status Monitor
0: Passwords locked, 1: Passwords released

SF00 monitors whether the passwords for the SF codes are locked or released.

* When SFO0 = 0, the safety-related passwords are locked so that it is not possible to change the
settings of the safety-related function codes. To change the settings, release the passwords in
FRENIC-VG Loader or from the keypad connected to the FRENIC-VG.

* When SF00 = 1, the safety-related passwords are released so that it is possible to change the
settings of the safety-related function codes. Change them in FRENIC-VG Loader or from the keypad
connected to the FRENIC-VG.

B SF28: Save All of Safety-related Function Codes
0: No save, 1: Save all (Automatically reverts to 0)

Changing the data of SF28 to "1" performs Save All to save the changed settings of the safety-related
function codes into the EEPROM (non-volatile memory) on the functional safety card. After Save All,
the safety-related passwords are locked, so changing the settings of the safety-related function codes
again requires entering the safety-related passwords to release the lock.

B SF30, SF31: Safety-related Password 1, 2
0000 to FFFF

Entering the safety-related passwords to SF30 and SF31 releases the password lock. Before the entry
of the passwords, the display shows "0000" or "FFFF."

ACAUTION

* The settings of SF28, SF30 and SF31 cannot be changed directly from the FRENIC-VG Loader's
function codes list screen. For detailed operating procedures, refer to the FRENIC-VG Loader
Instrunction Manual.

* Enter passwords first into SF30 and then into SF31. Wrong entry order cannot release the password
lock even if entered passwords are correct.

* There is no limit on the number of wrong trails for passwords.

* Modifying the settings of the safety-related function codes from the keypad mounted on the
FRENIC-VG unit brings the functional safety card out of compliance with the safety standards. If it is
required to make the functional safety card compliant with the safety standards, be sure to configure the
safety-related function codes with FRENIC-VG Loader and check the modified settings in progress with
the keypad connected with the functional safety card. For details, refer to Figure 3.1 Safety-related
Function Code Modification Procedure."

SFO01, SF02 SS1 Level, SS1 Timer
SFO03, SF06 SS1/SLS Deceleration Time, SS1/SLS Upper Limit Width
SF04, SF05 SLS Level, SLS Timer

SF07 Motor Maximum Speed

SFO08 Upper Limit Speed Wait Time
SF09 PG Failure Detection

SF20 Terminal [SL1]/[SL2] Function
SF21 SS1 Stop Mode

SF22 Encoder Selection

W SFO1: SS1 Level
30 to 30000 (r/min)

SFO01 specifies the motor speed at which the Safe Stop 1 (SS1) speed monitoring operation switches to
the Safe Torque Off (STO) operation. SF01 takes effect when SF21 (SS1 stop mode) = 0 (Speed
monitor).
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B SFO02: SS1 Timer
0.00 to 3600 (s)

SF02 specifies the elapse time to switch from the Safe Stop 1 (SS1) operation to the Safe Torque Off
(STO) operation. SF02 takes effect regardless of the setting of SF21 (SS1 stop mode).

B SF03: SS1/SLS Deceleration Time
0.00 to 3600 (s)

SFO03 specifies the deceleration time from the motor maximum speed (SF07) down to O r/min.

The deceleration time from the start of the Safe Stop 1 (SS1) operation down to the SS1 level (SF01)
can be calculated using the following expression.

SF03 (SS1deceleration time) X(

Deceleration time = - Motor speed at the start of SS1-SS1level (SF01 ))
SFO07 (Motor maximum speed)

The deceleration time of the Safely Limited Speed (SLS) operation can be calculated by replacing the
SS1 level (SF01) with the SLS level (SF04).

B SF06: SS1/SLS Upper Limit Width
0 to 30000 (r/min)

SFO06 specifies the upper limit speed to be applied in the Safe Stop 1 (SS1) or Safely Limited Speed
(SLS) operation. The functional safety card calculates the upper limit speed using the following
expression when the safety functions are in progress.

SF08 (Upper limit W ty: Star of SS1 or SLS operation
spfed wait tinle)

/ Upper limit speed

W t1: SF08 (Upper limit speed wait time)
Y..

SF06 (SS1/SLS
upper limit width)

W t>: Deceleration time elapsed

For SS1 operation
SF03

Motor speed y

Deceleration time = x (Motor speed at t, (SF06)— SF01)

SFO7
SFO06 (SS1/SLS .
upper limit width) For SLS operation
}
Deceleration time = :Egg x (Motor speed at t, (SF06) — SF04)

-1 (s)

to t b Nt ts
SFO1 (SST level)

or
SF04 (SLS level)

Figure 3.10

W t3: Until the start of STO (in the case of SS1)

Upper limit speed in the area of to to t1
Motor speed at t (r/min) + SS1/SLS upper limit width (SF06) (r/min)

Upper limit speed in the area of t1 to t2

Upper limit speed at time t (r/min) = Upper limit speed at t, x [1 _t tt1 J t, =t=t,
2" Y
Upper limit speed in the area of to to t3

For Safe Stop 1 (SS1) operation
SS1/SLS upper limit width (SF06) (r/min) + SS1 level (SF01) (r/min)

For Safely Limited Speed (SLS) operation
SS1/SLS upper limit width (SF06) (r/min)+ SLS level (SF04) (r/min)

AWARNING A

* For the SS1/SLS upper limit width, the risk assessment should be made under the responsibility of the
customer for analyzing the risks as allowable in system designing.

Injuries or a machine breakdown could occur.
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B SFO04: SLS Level
30 to 30000 (r/min)

The Safely Limited Speed (SLS) function limits the motor speed under the setting specified by SF04.

W SFO5: SLS Timer
0.00 to 3600 (s)

SF05 specifies the time limit within which the motor speed should drop below the SLS level specified by
SFO04 after the Safely Limited Speed (SLS) function is activated. If the motor speed does not drop within
the time limit, an alarm 5~F occurs. For the operation that should follow the occurrence of an alarm,
refer to Section 3.3.4.2.

B SFO7: Motor Maximum Speed
50 to 30000 (r/min)

SFO07 specifies the motor maximum speed to be used for calculating the deceleration time in the Safe
Stop 1 (SS1) or Safely Limited Speed (SLS) operation. Match this setting with the maximum speed of
the motor driven by the FRENIC-VG unit. (Related function codes: F03, A06, A106)

B SF08: Upper Limit Speed Wait Time
0.00 to 3600 (s)

SFO08 specifies the wait time from the start of the Safe Stop 1 (SS1) or Safely Limited Speed (SLS)
operation until the upper limit speed starts deceleration. Specify this setting to deal with the S-curve
deceleration of the FRENIC-VG function, if needed. For details, refer to Figure 3.10.

B SF09: PG Failure Detection
0: Disable, 1: Enable

The functional safety card has the encoder failure detection function for detecting no output of PA and
PB pulses from the encoder. The factory default is "1" (Enable). If this function is unacceptable in the
mechanical system (e.g., Hit and stop), make a risk assessment and then set the data of SF09 to "0"
(Disable).

B SF20: Terminal [SL1]/[SL2] Function
0: No function, 1: SS1 function, 2: SLS function
SF20 specifies the terminal functions of [SL1] and [SL2]. Since the Safe Stop 1 (SS1) and Safely

Limited Speed (SLS) functions share these digital input terminals, it is not possible to enable both SS1
and SLS. When SF20 = 1 or 2, both [SL1] and [SL2] are selected.

B SF21: SS1 Stop Mode

0: Speed monitor, 1: Time monitor
The Safe Stop 1 (SS1) supports the speed monitor for the motor speed and the time monitor for the
elapsed time in deceleration of the motor, which can be selected with SF21. To select the speed
monitor, recommended encoders should be used. For details about applicable encoders, refer to
Section 1.3.

B SF22: Encoder Selection
0: No encoder, not recommended, 1: 15V encoder, recommended,
2: 12V encoder, recommended

SF22 specifies an encoder to be applied.

When no encoder is used under vector control without speed sensor or under V/f control or when an
unrecommended encoder is used, set the data of SF22 to "0."

Under vector control with speed sensor or when an applicable encoder (given in Section 1.3) is used,
set the data of SF22 to "1" or "2" to match the encoder power voltage. Further, match this setting with
the setting of the output voltage switch (SW6) of terminal [PGP] on the FRENIC-VG unit.
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SF23 Fault Reaction Selection

SF25 SS1 Error Processing
SF26 SLS Deceleration Error Processing
SF27 SLS Upper Limit Error Processing

B SF23: Fault Reaction Selection
0: STO (STO followed by SBC when SBC is enabled), 1: SS1

SF23 specifies the error processing to be performed if an error occurs in the functional safety card.

 Setting the data of SF23 to "0" activates the Safe Torque Off (STO) function if an error occurs in the
functional safety card. When SF24 (SBC function selection) = 0, the Safe Brake Control (SBC)
function is also activated.

» Setting the data of SF23 to "1" activates the Safe Stop 1 (SS1) function if an error occurs in the
functional safety card.

B SF25: SS1 Error Processing
0: Select fault reaction, 1: Select light alarm

SF25 specifies the error processing to be performed if the motor speed exceeds the upper limit (see the
description of SF06) or the deceleration time exceeds the time specified by SF02 (SS1 timer) during the
Safe Stop 1 (SS1) operation.

Setting the data of SF25 to "0" activates the Safe Torque Off (STO) function even if SF23 = 0 or 1.
= O°

Setting the data to "1" causes a light alarm 5~ but the inverter keeps running. For details, see Table
5.1.

B SF26: SLS Deceleration Error Processing
0: Select fault reaction, 1: Select light alarm

SF26 specifies the error processing to be performed if the time specified by SF05 (SLS timer) elapses
before the motor speed drops below the SLS level specified by SF04 during deceleration caused by the
Safely Limited Speed (SLS) operation.

Setting the data of SF26 to "0" performs the fault reaction specified by SF23. Setting the data to "1"
causes a light alarm 5~ but the inverter keeps running. For details, see Table 5.1.

B SF27: SLS Upper Limit Error Processing
0: Select fault reaction, 1: Select light alarm

SF26 specifies the error processing to be performed if the motor speed exceeds the upper limit (see the
description of SF06) in the Safely Limited Speed (SLS) operation.

Setting the data of SF27 to "0" performs the fault reaction specified by SF23. Setting the data to "1"
-

causes a light alarm 5~ but the inverter keeps running. For details, see Table 5.1.

AWARNING A

* When a light alarm occurs, the inverter does not stop immediately. The customer should consider
that an occurrence of a light alarm does not affect the system and machinery.

Injuries or a machine breakdown could occur.

SF10, SF11 PG Pulse Resolution, Speed Detection Filter

B SF10: PG Pulse Resolution
300 to 60000 (p/r)

SF10 specifies the number of pulses per rotation of the encoder to be applied. Match this setting with
the encoder pulse resolution specified in the FRENIC-VG. (Related function codes: P28, A30, A130)

B SF11: Speed Detection Filter
0.000 to 0.100 (s)

SF11 specifies the time constant of the first order delay filter for the detected speed in the functional
safety card. If the detected speed is not stable, increase the setting.
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SF12 STO Diagnostic Forecast Time

B SF12: STO diagnostic forecast time
0.0t0 1.0 (s)

SF12 specifies the forecast time preceding the diagnosis start of the STO shutdown circuit.

During diagnosis of the STO shutdown circuit, even an entry of a run command cannot run the inverter,
resulting in a start delay.

If a start delay becomes a systematic problem, connect the FRENIC-VG Y terminal to which an SF-TST
signal ("STO under testing") is assigned, to the upper equipment so as not to allow entry of a run
command during diagnosis.

Note that the RDY ("Inverter ready to run") goes OFF 100 ms earlier than the diagnosis start of the STO
shutdown circuit. To turn the SF-TST ("STO under testing") ON before the RDY goes OFF, set the
SF12 data to a value greater than 0.1 s.

Functional safety card  Stopped During diagnosis of STO Stopped
shutdown_circuit >

—_— 100 ms
Inverter ready to run o
RDY ON ) | OFF | ON R

SF12 (STO diagnostic
forecast time)

N, <

STO under testing OFF ON | OFF
SF-TST >
SF24 SBC Function Selection

B SF24: SBC Function Selection
0: Disable, 1: Enable, Via safety relay, 2: Enable, Direct connection

To use the Safe Brake Control (SBC) function, set the data of F24 to "1" or "2."
When SF24 = 1, the functional safety card monitors SBC feedback signals via terminals [BF1] and

[BF2]. If there is a mismatch between these feedback signals and brake signals, an alarm 5 /= occurs.
For wiring, see Figure 2.1.

For wiring when SF24 = 2, see Figure 2.2.

When SF24 = 1 or 2, terminal [SB+] or [SB-] is turned ON and OFF immediately following the
power-ON to activate the fault diagnostic function for miswiring and digital output circuits.

Changing the data of SF24 from "0" to "1" or "2" and performing Save All immediately makes the
settings go into effect.
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Chapter 4 Display Indication on the Keypad
4.1 On the Keypad Connected to the Functional Safety Card

4.1.1 Displaying the safety-related function codes

Connect the keypad to the functional safety card and check the settings of the safety-related function codes.
This is to separate the way of checking from that of configuring for making the functional safety card
compliant with the safety standards.

When the power is turned ON, the data confirmation screen shown below appears. The currently selected
SF code flashes.

To display other SF codes, move the cursor with the /&) keys. Simultaneous keying of + O keys or
+ Q) keys moves the cursor to the first or last row of the SF codes, respectively.

Settings modified from factory defaults are marked with an asterisk (*) shown at the left of the set values.

Function codes of the FRENIC-VG unit can neither be displayed nor modified. To display or modify those
function codes, connect the keypad to the FRENIC-VG unit.

No operation guide is displayed, except arrows
indicating that the page is continued from the previous
page or continues to the next page.

With the screen above displayed, simultaneous keying of + keys switches to the SF code name
screen shown below. Simultaneous keying of those keys again switches back to the SF code configuration
screen shown above.

w0 ==

g i B P

When changing the settings of the SF codes is in progress, the current data is highlighted before Save All as
shown below. Performing Save All cancels highlight.

012345678 9101112
_1_5_0_r_/_m_i n

"sk" indicates data change from the factory default.
"Highlight" indicates that data change is in progress.

"sk" indicates data change from the factory default.

A W N -~ O

4.1.2 Alarm display

When the keypad is connected to the functional safety card, the LED monitor displays an alarm code and
alarm sub-code (in decimal) alternately. Note that alarm sub-code 10 of 5 /~ is not displayed. If multiple
alarms of the functional safety card occur, an alarm with smaller sub-code is preferentially displayed.

Alarm code flashing Alarm sub-code lit

5 Fl=_ 05
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4.2 On the Keypad Mounted on the FRENIC-VG Unit

4.2.1 Displaying the safety-related function codes

The safety-related function codes can be displayed on the keypad mounted on the FRENIC-VG unit. For
details about the data configuration screens, refer to the FRENIC-VG User's Manual, Chapter 3, Section
3.4.4.2 "Configuring function codes--Menu #1 DATA SET."

4.2.2 Alarm display

If an alarm occurs in the functional safety card, it appears on the LED monitor of the keypad mounted on the
FRENIC-VG unit. If alarms with the same alarm code and different sub-codes occur, the alarm that occurred
first is preferentially displayed. For the checking procedure of multiple alarms, refer to the FRENIC-VG
User's Manual, Chapter 3, Section 3.4.4.8 "Reading alarm information--Menu #7 ALM INF."

Alarm sub-codes are displayed in hexadecimal.

Multiple alarms example on the functional safety card

SLS upper limit overspeed (5~ [iJ /5) = Safe Stop 1 operation after occurrence of the error =

SS1 upper limit overspeed (5~F 00 17)
177 1

In the example above, the alarm that occurred first, S-F 0015 0s displayed on the LED monitor.

4.2.3 Display of I/O signal status

The I/0O check function of the keypad mounted on the FRENIC-VG unit displays the 1/O states of terminals
on the functional safety card.

Terminals except [BF1] and [BF2]
H: ON (closed), OI: OFF (open)
Terminals [BF1] and [BF2]

m: OFF (open), O: ON (closed)

For details about the display procedure of the I/O check screen, refer to the FRENIC-VG User's Manual,
Chapter 3, Section 3.4.4.5 "Checking I/O signal status--Menu #4 /O CHECK."

1 T 2
1. siL2
+ B: -
1 F:2
G E S H I

4.3 Software Version (when the keypad is mounted on the FRENIC-VG unit)

Using Menu #5 "MAINTENANCE" shows the ROM version of the functional safety card. For details, refer to
the FRENIC-VG User's Manual, Chapter 3, Section 3.4.4.6 "Reading maintenance information--Menu #5
"MAINTENANCE."

012 3456 7 8 9101112
SAFE=0Q4xxxx |
Q5 xixix X

A O N =~ O
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Chapter 5 Alarm Protection Function

5.1 Alarm Code List
The table below lists the alarm codes for the functional safety card.

Table 5.1 Alarm Code List

" Fault reaction
Alarm |  Alarm Alarm name g?:ﬁ%’*’ allg?m rggg{”t; (following occurrence of Refer to
code | sub-code objects Objf:I‘CtS restart (*yz alarms) page:
1) SF23=0 | SF23=1
L Internal power )
(500 1) | supply failure v ) N/A STO (*3) 50
I/
(/z_’_%%_?) Encoder failure \ - N/A STO (*3) 50
(&G0
T Encoder
(’,:7'2'721‘7’,_/ ﬁ) detected speed J - N/A STO (*3) 51
- error
ciitz | SBC N - N/A STO (3) 51
(&GS overvoltage
G005 SBC .
(5005) | overcurrent v ) N/A STO (*3) 51
o P It Option card
5 (t-ii-’,-i-i) temperature J - N/A STO (*3) 52
S error
I/}
G | o . *
Wy PU error - N/A STO (*3) SS1 52
(G005
P o FRENIC-VG
Frmoy | communications |V - N/A - (*4) - (*4) 52
(&) error
Liiis | SBC output \ ; NA | STO (3) SS1 52
(Giili signal error
I/
diicic | STO shutdown N ; NA | STO (3) SS1 53
(& circuit error
I H
Lzl | SBC input \ ; NA | STO(3) SS1 53
(&) signal error
oooe | [ST1],[ST2) ] ]
(GL0E) | input mismatch v A STO ¢3) 53
Iy
ciiti” | ISL1], [SL2] J - A STO (3) Ss1 54
(&) input mismatch
QL_? 321_7, Functional safety STO (*3)
(& i) card J i A 52
i communications .
Eoih | eror STO (3) SS1
Coio
- a9 2 Memory error v - A STO (*3) SS1 54
1S SS1 upper limit
(E/’# ﬁ:—ﬁ) overspeed or S - A STO (*3) 54
e timer overlimit
Iy e :
citf 4 | SLS timer N - A STO (3) Ss1 55
(& ) overlimit
Lo /5 | SLS upperlimit | ; A STO (*3) Ss1 55
(L/L/ i OVerSpeed
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e SS1 upper limit

(ﬁ3”,—4 ﬁg’) Overspeed or - S - Continue to run (*5) 54
e timer overlimit
o U 1T :
S Lild SLS timer . .
@77 | overlimit \ Continue to run (*6) 55
I/ H H
ci i | SLS upper limit - \ - Continue to run (*7) 55
Gl i overspeed

(*1) For details about light alarms, refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.4.3.5
"Monitoring light alarms."

(*2) If "Alarm reset by restart" is "N/A," remove the alarm factor and restart the FRENIC-VG to reset the
alarm.

If it is "A," remove the alarm factor, operate terminal [RE] on the functional safety card and perform
RESET operation of the FRENIC-VG unit to reset the alarm. For troubleshooting of each alarm
sub-code, refer to Section 5.2 "Troubleshooting."

(*3) When SF24 = 1 or 2, the Safe Brake Control (SBC) function also works.

(*4) No safety functions (e.g., Safe Torque Off) work. The functional safety card causes the motor to coast
to a stop, just as an alarm operation of the FRENIC-VG unit.

(*5) Operates when SF25 =1.
(*6) Operates when SF26 = 1.
(*7) Operates when SF27 = 1.

49



5.2 Troubleshooting

If the following troubleshooting does not fix problems, the functional safety card may be defective. Ask your
Fuji Electric representative to inspect or repair the card.

[1] 5/ Alarm subcode 007 /(G005 1) Internal power supply failure

Problem The internal power supply voltage in the functional safety card is abnormal.

Possible Causes What to Check and Suggested Measures

(1) Internal power supply failure = Check whether foreign materials accumulate on the printed circuit
board.

(2) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

[2] 5/ Alarm subcode G007 1 GOOF (G002 1 BO0F)  Encoder failure

Problem The encoder wires are broken or short-circuited.

Possible Causes What to Check and Suggested Measures
(1) Encoder wires broken or Check whether the encoder is correctly connected and there is no wire
short-circuited. break or short-circuit.

=>» Check that the encoder is correctly connected. Or tighten the screws.
=>» Check that covering does not get involved in joint sections.
=> Replace the wires with the ones having no break or short.

(2) Use of encoder other than => To use the SS1 speed monitoring or SLS, replace the encoder with

recommended ones. the recommended one given in Section 1.3.
= Change the setting of safety-related function code to "SS1 time
monitoring."

(3) Mismatch between SF22 = Check the setting of SF22 matches with the configuration of SW6 on
(Encoder power voltage) and the FRENIC-VG unit.
voltage configuration on Refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.9
terminal [PGP]. "Setting the slide switches."

(4) Encoder not mounted on the =>» Check that the encoder is secured to the motor.
motor. = Reposition the encoder.

(5) Thin wiring from encoder. = Check whether the wiring from the encoder satisfies the

recommended wire size.
=>» Change the wiring to the recommended one.

Refer to the FRENIC-VG User's Manual, Chapter 3, Section 3.3.3.2
"Screw specifications and recommended wire sizes."

(6) Poor contact of the control Check whether the control circuit terminal block is secured to the
circuit terminal block. FRENIC-VG unit.

(7) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

(8) Encoder failure. => Replace the encoder.

(9) Wrong setting of safety-related The functional safety card is used under "hit and stop" control or in such
function codes. applications that do not run the motor during operation.

=>» Change the setting of SF09 (PG failure detection) to "0" (Disable).
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[3] 54 Alarm subcode L0 (B00H) Encoder detected speed error

Problem The detected motor speed is abnormal.

Possible Causes What to Check and Suggested Measures

(1) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.
=> Increase the setting of SF11 (Speed detection filter).

=> Separate the signal wires from the main power wires as far as
possible.

[4] 5/ Alarm subcode 005 (B005) SBC overvoltage

Problem The supply voltage on terminals [PIS] - [CMS] has exceeded the overvoltage detection level or
no power is applied to those terminals.

Possible Causes What to Check and Suggested Measures
(1) The supply voltage exceeds 30 | Check whether the maximum supply voltage is 30 VDC.
VDC. => Keep the supply voltage within the range of 20 to 30 VDC and match
it with the safety relay specification range.
(2) No power is applied. Check whether the power is applied.

= Supply power.

(3) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

[51 5/ Alarm subcode 005 (BO05) SBC overcurrent

Problem The output current on terminals [SB+] and [SB-] has exceeded the overcurrent detection level.

Possible Causes What to Check and Suggested Measures

(1) Safety relay coil or brake coil Check whether the safety relay and brake are correctly connected.
short-circuited. = Correct the wiring.

Check for short-circuits between adjacent terminals.

=> Correct the wiring.

Check whether the safety relay coil or brake coil is short-circuited.

=>» Replace the safety relay or brake coil.

=> If an alarm persists, replace the functional safety card.

(2) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.
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[6] 5./ Alarmsubcode 07 7(5007) Option card temperature error

Problem The option card temperature has exceeded the allowable value.

Possible Causes

What to Check and Suggested Measures

(1) The temperature around the
inverter has exceeded the
inverter specification.

Measure the temperature around the inverter.
= Keep the ambient temperature within the inverter specification.

(2) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

= Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

(3) Temperature detector circuit
failure

=>» Restart the inverter. If the alarm persists, replace the option card.

[71 5./ Alarm subcode O00E 1 G008 (GOGE 1 8005) CPU error

Problem  Any error has occurred in the CPU.

Possible Causes

What to Check and Suggested Measures

(1) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.
=> Separate the signal wires from the main power wires as far as

possible.
[8] 5/ Alarm subcode G005 (B00R) FRENIC-VG communications error
S-F Alarm subcode 7 0100 11@E0 1018017

Functional safety card communications error

Problem A communications error has occurred in the FRENIC-VG unit or functional safety card.

Possible Causes

What to Check and Suggested Measures

(1) Connection failure of functional
safety card.

Check whether the functional safety card is correctly connected.
=>» Reposition the functional safety card.

(2) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=> Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

[9]

5 /F Alarm subcode 005 (BU0E)  SBC output signal error

Problem The output signals on terminals [SB+] and [SB-] are abnormal.

Possible Causes

What to Check and Suggested Measures

(1) [SB+] and [SB-] do not come
ON.

Check that [SB+] and [SB-] are turned ON using the I/O Check.

(2) Supply voltage level too low.

Check whether the supply voltage is within the range of 20 to 30 VDC.
=>» Keep the supply voltage within the range of 20 to 30 VDC.

(3) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.
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[10] 5/ Alarm subcode GO0 (BO0C)  STO shutdown circuit error

Problem The STO shutdown circuit is abnormal.

Possible Causes

What to Check and Suggested Measures

(1) Connection failure of functional
safety card.

Check whether the functional safety card is correctly connected.
=> Reposition the functional safety card.

(2) Terminals [EN1] and [ENZ2] are
OFF.

Check that [EN1] and [EN2] are turned ON using the I/O Check.
= Turn [EN1] and [EN2] ON.

(6) Poor contact of the control
circuit terminal block.

Check whether the control circuit terminal block is secured to the
FRENIC-VG unit.

(4) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

[11]

5/~ Alarm subcode O (G00S)  SBC input signal error

Problem The input signals on terminals [BF1] and [BF2] are abnormal.

Possible Causes

What to Check and Suggested Measures

(1) Wrong wiring.

Check whether the wiring is in accordance with Figure 2.1 or 2.2.
=> Correct the wiring.
=>» Match the wiring with the setting of SF24 (SBC function selection).

(2) Use of safety relay out of
specifications.

Check whether the coil voltage is 24 VDC and the auxiliary contact uses
a "normally closed" contact.

=>» Replace the safety relay with the specified on.

(3) Safety relay failure.

Check whether the safety relay is not melted or short-circuited.
= Replace the safety relay.

(4) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

=>» Implement noise control measures.

= Separate the signal wires from the main power wires as far as
possible.

[12] 5-F

Alarm subcode 005 (BO0E)

[ST1], [ST2] input mismatch

Problem The ON/OFF states of terminals [ST1] and [ST2] are mismatched.

Possible Causes

What to Check and Suggested Measures

(1) Wrong wiring.

Check whether the wiring is in accordance with Figure 2.1 or 2.2.
=> Correct the wiring.

(2) Mismatch of ON/OFF states on
terminals [ST1] and [ST2].

Check the ON/OFF states of [ST1] and [ST2] using the 1/O Check.
=> Operate the relay so that the ON/OFF states are matched.
=>» Check whether the relay is melted. If melted, replace the relay.

= Check the ON/OFF timing. The timing delay should not exceed 50
ms.

(3) Functional safety card affected
by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires)

= Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.
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[13] 5~F Alarm subcode OG0 (BO0F)  [SL1], [SL2] input mismatch

Problem The ON/OFF states of terminals [SL1] and [SL2] are mismatched.

Possible Causes What to Check and Suggested Measures

(1) Wrong wiring. Check whether the wiring is in accordance with Figure 2.1 or 2.2.
=> Correct the wiring.

(2) Mismatch of ON/OFF states on | Check the ON/OFF states of [SL1] and [SL2] using the 1/0 Check.
terminals [SL1] and [SL2]. = Operate the relay so that the ON/OFF states are matched.
=>» Check whether the relay is melted. If melted, replace the relay.

= Check the ON/OFF timing. The timing delay should not exceed 50
ms.

(3) Functional safety card affected Check if appropriate noise control measures have been implemented
by strong electrical noise. (e.g., correct grounding and routing of signal wires, communication

cables, and main circuit wires)

=>» Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

[14] 5~F Alarm subcode [ i Memory error

Problem Failed to read or write from/to the memory.

Possible Causes What to Check and Suggested Measures

(1) During writing of SF code data Initialize the settings of the SF codes with the data initialization function
(particularly, during initialization), | (possible only in Loader). After initialization, press the key to check
the power was shut down so that | whether to remove the alarm.
the control voltage has dropped. | 3 Restore the initialized function code data to the previous one (*1) and

then restart running.

(2) During writing of SF code data Check if appropriate noise control measures have been implemented
(particularly, during (e.g., correct grounding and routing of control circuit wires and main
initialization), functional safety circuit wires). Also make the same check as in step (1) above.

card affected by strong = Implement noise control measures, restore the initialized function
electrical noise. code data to the previous one, and then restart running.

(*1) Before initialization, make a note of the settings of the safety-related function codes. Refer to the FRENIC-VG
Loader Instruction Manual.

[15] 5-F Alarm subcode b7 /780 /F) SS1 upper limit Overspeed or timer overlimit

S~F  Alarm subcode 7 45 (807 #5) Same as above

Problem During the SS1 speed monitoring operation, the motor speed has exceeded the SS1 upper limit
or the SS1 time has elapsed before the motor speed drops below the SS1 level.

Possible Causes What to Check and Suggested Measures
(1) The inverter runs the motor with | Check the data of function codes F67 to F70 (S-curve acceleration/
S-curve acceleration/ deceleration) of the FRENIC-VG unit.
deceleration. = Select the linear pattern (F67 through F70 = 0).
(2) Overload. Measure the output current.
= Reduce the load.
(3) Motor torque generated is Check whether data of torque limiter related function codes (F40 through
limited by the torque limiter. F45 of the FRENIC-VG unit) is correctly configured and the TL2/TL1

terminal command ("Select torque limiter level 2/1") is correct.

= Correct the data of F40 through F45 or reset them to the factory
defaults.

= Set the TL2/TL1 correctly.
Check and adjust the data of the SF codes specified in step (1).

(4) Wrong Settings of safety_re|ated Check the data of SF01 (881 Ievel), SF02 (SS1 timer), SF03 (SS1/SLS
function codes. deceleration time), SF06 (SS1/SLS upper limit width), SFO7 (Motor
maximum speed), SF08 (Upper limit speed wait time), SF10 (PG pulse
resolution), SF20 (Terminal [SL1)/[SL2] function) and SF21 (SS1 stop

mode).

= Review the settings of the safety-related function codes.
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[16] 5~F Alarm subcode &7 (&7 /<) SLS timer overlimit

5~F Alarm subcode I /7(50 /7 Same as above

Problem During SLS operation, the SLS time has elapsed before the motor speed drops below the SLS

level.
Possible Causes What to Check and Suggested Measures
(1) The inverter runs the motor with | Check the data of function codes F67 to F70 (S-curve acceleration/
S-curve acceleration/ deceleration) of the FRENIC-VG unit.
deceleration. = Select the linear pattern (F67 through F70 = 0).
(2) Overload. Measure the output current.

=> Reduce the load.
Check and adjust the data of the SF codes specified in step (1).

(3) Motor torque generated is Check whether data of torque limiter related function codes (F40 through
limited by the torque limiter. F45 of the FRENIC-VG unit) is correctly configured and the TL2/TL1
terminal command ("Select torque limiter level 2/1") is correct.

= Correct the data of F40 through F45 or reset them to the factory
defaults.

=> Set the TL2/TL1 correctly.
Check and adjust the data of the SF codes specified in step (1).

(4) Wrong settings of safety-related | Check the data of SFO3 (SS1/SLS deceleration time), SF04 (SLS level),
function codes. SFO05 (SLS timer), SF06 (SS1/SLS upper limit width), SFO7 (Motor
maximum speed), SF08 (Upper limit speed wait time), SF10 (PG pulse

resolution) and SF20 (Terminal [SL1]/[SL2] function).

= Review the settings of the safety-related function codes.

[17]1 5-F Alarm subcode &4 /5 (50 /5) SLS upper limit overspeed
S~F  Alarm subcode 7 #5507 #5) Same as above

Problem During SLS operation, the motor speed has exceeded the SLS upper limit.

Possible Causes What to Check and Suggested Measures
(1) The inverter runs the motor with | Check the data of function codes F67 to F70 (S-curve acceleration/
S-curve acceleration/ deceleration) of the FRENIC-VG unit.
deceleration. > Select the linear pattern (F67 through F70 = 0).

Check the data of SF05 (SLS timer), SF03 (SS1/SLS deceleration time),
SF06 (SS1/SLS upper limit width) and SF08 (Upper limit speed wait
time).

=> Increase the SS1/SLS deceleration time (SF03).
=> Increase the SLS timer (SF05).

=> Increase the SS1/SLS upper limit width (SF06).

=> Increase the upper limit speed wait time (SF08).

(2) Overload. Measure the output current.
=> Reduce the load.
Check and adjust the data of the SF codes specified in step (1).

(3) Motor torque generated is Check whether data of torque limiter related function codes (F40 through
limited by the torque limiter. F45 of the FRENIC-VG unit) is correctly configured and the TL2/TL1
terminal command ("Select torque limiter level 2/1") is correct.
= Correct the data of F40 through F45 or reset them to the factory
defaults.

= Set the TL2/TL1 correctly.
Check and adjust the data of the SF codes specified in step (1).

(4) Wrong settings of safety-related Check the data of SFO1 (SS1 level), SF02 (SS1 timer), SF03 (SS1/SLS
function codes. deceleration time), SF06 (SS1/SLS upper limit width), SFO7 (Motor
maximum speed), SF08 (Upper limit speed wait time), SF10 (PG pulse
resolution), SF20 (Terminal [SL1)/[SL2] function) and SF21 (SS1 stop

mode).

=>» Review the settings of the safety-related function codes.

55



Chapter 6 Compliance with Standards

6.1 Notes for Compliance to Functional Safety Standard

1) Wiring for terminals [ST1], [ST2], [SL1], [SL2] and [24S]

* Stopping the current flowing through terminal [ST1], [ST2], [SL1] or [SL2] activates the safety stop
function. For opening and closing the hardware circuit between each terminal and [24S], use safety
approved components such as safety relays that comply with EN 1SO13849-1 PL=d Cat. 3 or higher or
IEC/EN61508 SIL2 or higher to ensure a complete shutoff.

* It is the responsibility of the machinery manufacturer to guarantee that a short-circuiting or other fault
does not occur in wiring of external safety components between terminals [ST1)/[ST2]/[SL1)/[SL2] and
[24S].

Fault examples:
- Terminals [ST1)/[ST2)/[SL1)/[SL2] and [24S] are short-circuited due to the wiring being caught in the

door of the panel so that a current continues to flow in terminals although the safety component is OFF
and therefore the safety function may NOT operate.

- The wiring is in contact with any other wire so that a current continues to flow in terminal
[ST1V/[ST2J/[SL1)/[SL2] and therefore the safety function may NOT operate.

* Be sure to keep terminals [ST1], [ST2], [SL1] and [SL2] OFF for at least 60 ms.

2) Wiring for terminals [SB+], [SB—], [SF1], [SF2], [PIS], and [CMB]
* The Safe Brake Control (SBC) function assumes the use of an electromagnetic power off brake. If wiring
to terminals [SB+], [SB-], [SF1], [SF2], [PIS] and [CMB] is wrong or short-circuited, therefore, the brake
will not be power-off state so that no brake applies.

* It is the responsibility of the machinery manufacturer to guarantee that a short-circuit or other fault does
not occur in wiring to terminals [SB+], [SB-], [SF1], [SF2], [PIS] and [CMB].

3) Notes for safety functions (STO, SS1, SLS)

* When configuring the product safety system with the Safe Torque Off (STO), Safe Stop 1 (SS1), or Safely
Limited Speed (SLS) function, make a risk assessment of not only the external equipment and wiring
connected to terminals [ST1], [ST2], [SL1] and [SL2] but also the whole system including other equipment,
devices and wiring against the product safety system required by the machinery manufacturer under the
manufacturer's responsibility in order to confirm that the whole system conforms to the product safety
system.

In addition, as preventive maintenance, the machinery manufacturer must perform periodical inspections
to check that the product safety system properly functions.

* To bring the inverter into compliance with the safety standards, it is necessary to install the inverter on a
panel with the enclosure rating of IP54 or above.

* To bring the inverter into compliance with the safety standards, it is necessary to bring it into compliance
with European Standards EN61800-5-1 and EN61800-3.

* The Safe Torque Off (STO) function coasts the motor to a stop. When a mechanical brake is used to stop
or hold the motor for the sake of the product safety system of whole system, use the Safe Brake Control
(SBC) function of the functional safety card.

* The safety shutdown circuit from terminals [ST1] and [ST2] to the inverter's output shutdown section is
dual-configured (redundant circuit) so that even an occurrence of a single fault does not impair the STO
function. If a single fault is detected in the safety shutdown circuit, the inverter coasts the motor to a stop
even with the [ST1]-[24S] and [ST2]-[24S] states being ON, as well as outputting an alarm to external
equipment. (Note that the alarm output function is not guaranteed to all of single faults. It is compliant with
EN 1SO13849-1 PL=d Cat. 3).

* The Safe Torque Off (STO) function does not completely shut off the power supply to the motor
electrically. Before starting wiring or maintenance jobs, be sure to disconnect the input power to the
inverter and wait for at least five minutes.

AWARNING A

* When using the functional safety card in a multiplex system, be sure to first configure the function
codes of the FRENIC-VG and make a trial run in the multiplex system before mounting the functional
safety card on the FRENIC-VG. Mounting the functional safety card with wrong connection or wrong
configuration before configuring the multiplex system may break the inverter.

Injuries or a machine breakdown could occur.
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4) Checking wiring
If wiring is changed in the initial start-up or maintenance, be sure to perform the following test with the
inverter stopped.

e Turn each of [ST1], [ST2], [SL1] and [SL2] OFF (open) and ON (close) and check on the I/O check screen
of the keypad that the relevant indicator goes OFF or ON.

* Turn either one of [ST1] and [ST2] OFF (open) and check an alarm 5~ (sub-code J7E or GO0E )

occurs.

* Turn either one of [SL1] and [SL2] ON (close) and check an alarm 5~F (sub-code S0F or S00F )

occurs.

5) Checking the safety functions
* In applications where no regular activation of each of the Safe Torque Off (STO), Safe Stop 1 (SS1),
Safely Limited Speed (SLS), and Safe Brake Control (SBC) functions is guaranteed, check at least once
a year that each function works correctly

6) Note for using the safety functions
* This option diagnoses the STO shutdown circuit when the inverter power is turned ON and the total of the
stop time exceeds 50 minutes. During diagnosis of the STO shutdown circuit, even an entry of a run
command cannot run the inverter, resulting in a start delay.

If a start delay becomes a systematic problem, connect a FRENIC-VG Y terminal to which an SF-TST
signal ("STO under testing") is assigned, to the upper equipment so as not to allow entry of a run
command during diagnosis. For details about SF-TST, refer to the Y terminal details in Section 3.2 and
the description of SF12 in Section 3.4.
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