J - < &
1A329A3RED T 31 mawvan Iasldras s wiman
AN IRON CRACK DETECTION EQUIPMENT

BY MAGNETIC PARTICLES

fiuial  dasaliy

CHAIWUT CHAT-UTHAI

a1l

£
31.a3. 1380 1gumlsdo
ADVISOR

BIRASAK VARASUNDHAROSOTH Ph.D.(Elec. Eng.)

MynimudemNinlIgginins sumdnimiiuna
d1miaminssalh
aazIfmIsumsnd

“ 4 v = » -
donfualulagmszspaundr menaminammis snsal

dnsfinn 2527



- P}
- ANZNT TN TIRMAFANIA

v

- ¢ e P 4 v - -
anzaMNT sUANdNT dnuu W\ﬁilﬂﬁmi SEULNGT NN l'ﬂﬂl?qqnman AIMNTZIN
4

¢ v
. LULWATHNNT IR ULUNA T 4RIV ENTIWLED

FMTIINANNT £ MM

»

t o 4 - o - -

Founfinyn .....‘.*?!'?!J'.".:..?'.‘??!‘E‘.............. La'nﬂt."nm ...‘29:???‘.’...,...
i A

oTaininiing ... \NTEINIIFABLIBNT IS manTnu‘lmqa'nunman

-------- s e eeoceos s LI LA B AR A

. . .An . Txon .Crack .Detection Equignent Xy Magnetiq Pacticle

| A v a4 A
F0R1MTIMLAINAT L antiindn  gam TdoY
. ]

sn.h.@vddu  Lnlnogny ™~z """ v

1807 Ar i rfunlsdo S 2l i
nr.umilta  udy &N\-—\i | CYOTU AP

UM d'::'nia;f i ""/// .

g T neE UM —— " oy
| J

e v

. d 4 -
Tuitou/d Naay ..., S, DUAORUY memc 0 ggq Lreeeo, Ly, donm. BB, Do ok

PULNTIUNATIAMNANEA

017498



d9iny

i
umMAALa 1
Abstract 11
o . )
v 1 umd 1
1.1 unen 1
Q Ju ‘4’
1.2 115 A5 HRUNNANNTY ‘ 2
1.2.1 dounuguszuuus il 2
1.2.2 AWMIWYNIAIMANI . 3
1.2.3 wiswladlihdwdwudnudn /dane L
< 4
1.2.4 dmnssulaanssudliirdumduunsadnnau b
1.2.5 1980#5 N 4
1 =4
1.2.6 WIEITWINAN I
4 v < v 1 <
1.3 D1sVAFaULATEIRS1RFaUsaS 1IN as ldned1suNman 5
d. ] <
MM 2 ®@15Wivan . 6
2.1 umin 6
- ° =3 1 <
2.2 N15INARUNUNMAN TR IES LIMaN 6
' d - .
2.2.1 Tumuvﬂtumanmgu(magnenc spin moment) 6
2.2.2 ansuzn153InNlaag 6
2.2.3 n1snsamMsmiunnwhdtag (exchange interaction) : 7

‘JI ° v ) 18 . . . .
2.3 uumnummamiumim'lﬁtﬁuuuman(axxs for simple magnetization) 9



2.4

2.5

2.6

2.7

2.8

Tawud (magnetic  domain)
v ] <

2.4.1 TasdsnTaudeaawaivan
2.4.2 Wil lawud (domain wall)

eV ] o
n1svaWNaa I uLIMan

f

1Bdva s 6

v (] <
f}mﬂuumaamsuuman
2.7.1 #@15lagzuuniudn (d iamagnetic)
2.7.2 §13W13IUNNLAN (paramagnetic)
2.7.3 #15wlaTsuuniuan (ferromagnetic)
2.7.4 d15upudalsunniudn (a ntiferromagnetic)

° 1 <
MIMUNINBRNNNIT

-‘ o v < ) v r &
uvm 3 YaNN1319AN1385 RV T8I NaImanlagldned s wiman

3.1

3.2

3.3

3.4

TR
° ] -1 v 1 a
n1smad1suimanWiduwiman
aq 1
3.2.1 o015 mnssud i
ad v
3.2.2 151151929870
v
° v s o -4
uraraan seud liidmsun1svaduan it iuudvan
3.3.1 guinganssudliid@msunisdun szuaivva
3.3.2 runranssudlihamsunislduaain
v ¢ o W .V 3
Fnwazaainsoud hamSunimatuauliniduwiman
3.4.1 TWnssudddy

3.4.2 TWdinssudnsa

10
10
10
10
12
12
12
12
13
13

13

14
14
14
15
15
16
16
17
18
18

18



LY} 1 <
3.5 N1 L9HIEITUNMAN

Y ] o
3.5.1 JUAYDINIETTUNIARN
o t d' !
3.5.2 PUINUAZAIAIINDNINUNILVBIHIETS WIman
4o v
3.5.3 d@rsaraemldlunisasnday
v 1 o
3.5.4 fnoalun1slimdrsuiman

3.5.5 n17ldndrsuaiman

3.6 N15AT1REAVITABS1)

L 4 4\1
3.6.1 n15miﬂuﬂuamwmqmsmnaau

-

4
3.6.2 HAaN1INATAUNHANRA

. < 4 . ) .
3.7 M5ANBIWNWIMANEDNINTUIN (d emagnetization)

a o [V
3.7.1 nmsanwimanTasldsunuidmananiins s ugasy
v (¥

3.7.2 1an155: 1 un1995 78D

ady o v . .
3.7.3 NSAUMADINNITRIDIUIRUNNGN

Qdy v o v ° Vo a
3.7.4 nsamlianin1s8 19 WIUNIHRN

v
3.7.5 N1SMIAINELAINTUITY

13

4 .
1M 4 1R83A533d8Y (Inspection Coil)

4.1 unui

°u v » a . .
11,1 mmiduanliduwivdn (magnetization)

v
° < . .
4.1.2 N1IRNDIURUWNMENEANIMNBUIN (d emagnetization)

4.2 NNV YNRINATIdAL

v edov .
4.2.1 ‘Zl'lﬂﬂ'ﬂﬂ\Iﬂ’lﬂﬂ’JU'WI'lﬁ'Vn?Jﬂﬂ'Jﬂﬂ‘i'.l‘lﬂﬂl)

4.2.2 NISHULRRINASIATDY

o ! 4 °
4.2.3 mimuimmmmﬁmw'1uua:ﬂ"lmmmumumaqmmﬂm’nﬁau

20
20
21
21
22
22
23
23
23
24
24
25
25
26

26

27
27
27
27
27
27
29

30



4.3 NISVATAVIARINATINEDU
4.3.1 vadaulasld v nssuaasy
4.3.2 nadaulasldlidnssudasa
° t |y 'v d‘l veo
k.4 nrsauamnausafulil wmasniusesinas 1aday
o VvV 1 <
k4.1 n1smabiuuivgn
v ° [] <
L.k.2 N1SANAIUIAUNMEN

) 1
4.5 NManadauAIFUINUNIMAN YD IYNR INANTIFDY

it 5 niawalmhdwidundnutn/dms (Zigzag/star)

«
umm 6

5.1 Unu1
5.2 n1susamiaw sl uwguwudnuen /dans
5.3 n1saanwuniawa @ wulduwudnugn/gand
5.3.1 BuIAniazamiawasli)
5.3.2 N1IAMIUVIIUTBUURLTUINYIBARIABE NI waa v
5.3.3 n1siuniipwlas i rdue
5.3.4 N13AANULYTUIARLITAFALNLMEN
5.4 nisvadaunia waiid@aduwudnugn /dand
5.4.1 N1INAFELIRTIA

5.4.2 NINARAUIRTIN

Naiﬂmqu(Comrol Circuit)
6.1 UMUY
6.2 NIINWANNIIHARB IR ITNIANI

6.2.1 MANNIINNIU

33
33
34

35

35

35

35

41
41
41
L5
47
L8
50
52
55
55

58

60
60
60

60



6.2.2 N1saany

6.3 Nasﬂmqun151J"5’1in1usqﬁu'lvlﬁ1

6.3.1 MAaNNISMINIU

6.3.2 MIaanuuy

: <
6.4 N3suanssudlidd@mdduund idhengu

6.4.1 MANNIIVII

6.4.2 N1S2BNUUY

- 4 ) v < . o
wmwm 7 ﬂ'lTﬂﬂﬁﬂlﬂﬂ’ﬂQﬂT'JQﬁﬂ'U’ﬂHT']'Jl“ﬂnTﬂﬂ.liﬂiﬂ'nlml"ﬂn

7.1 unun

7.2 mswﬂﬂaumsw’wwﬁanwsﬂmqumﬂnﬁﬁq

7.3 mMavadaum nglQTN‘Z’B\J')WSWJUQNLUQHU\IN’]

y ) 2 v o
7.4 msnnaaunnmﬂunu'lmflumiman

. < 4
7.5 NMISNAFBUNITANDWIRUNVMANDBNIM U

4
um 8 il

v =
LANH1ID A

nans nnlsnas

MARIIN

.1
R.2
H.3
H.b4
H.5
H.6
H.7
H.8

H.9

amanuaumuliiin ssugaduuas Iin ssusasa
nsnaviiauas irha s
nIHudnpudiAzaunuman

lauan

opto coupler

1nsuan

nnﬁwg‘numu'im‘an
MIMtuILIaA T day san 31T ludnNuEAN

[ ] ° o
#19871301 I INUATIATBMUIUUUTAIFUINWNVRD

61
65
65
71
76
76

78

80
80
80
81
82

85

87

91

92

93

94
95
98
100
101
103
105
115
116



gﬂw

1.1
2.1
2.2
2.3
2.4
2.5
2.6
3.1
3.2
3.3
3.4
L
4.2
k.3
4.4
4.5
4.6
.7
4.8
k.9
k.10

410

@iy ninm

v . 4 ] v (..
WHUAINIITMIIUERUATAIRTI3daL 588 T 1 avan Tanl dred sualvan
ugnin13dilnadaiuees 2 aznan
udgnInNuFuRug I INm Iy fudasadu -?

t .q V [] -4
UERIULUILNUATR 9 BBINYSMILRDUWIMEN
[V - d' ‘ [V
SnssnI SN SWasuW B i 98 Tatud
nImudminaudaiusees J uas H

- -
Nﬂﬁmmiﬁ
v < v ] <

N15A37daU 5885 Nraavan lasldadrswiman

(v ° [} o 4 - ‘4’
WERINBNT DA URUUTILNNANANATY

v v ] o J - :
UERISNHUL T ARULTIWHMRNALAATY
udmdyinzan szudnbhannasusdliusunn «
PARINATIFAU UL 1INAN
PUINVIDARIAATINEBY MUY LTUALNAS

4
1ARIAATINTALNE 30
1ARIANT NIV UNSTUITUWIUAR 9
v o 4
NI IANLDAL TR AN INAT AT
[ ] ad
ANIINAUIUUU LA URULT WUNVBN LU NNEN
4 - ' -
UEMIDARIANULEIUY MUY NBALNAS
< .
UERIYARINMUL LU UARIAAT I3dBY
o < . .
udnatnu Ui ma M 9 mutusasInasaday
- v ] -} d' - :
UEAIM AN T8 ULFAUL T IUNIMRNVINAYY

o ]
n) nsmudnininmuduzaduL s manluwuIunuAe 9

v
wuI

.1
1
12
14
15
16
20
29
29
30
31
31
32
36
36
37
38

38 1)



411

5.2
5.3
5.4
3.5
5.6
3.7
5.8
5.9
5.10
5.11

5.12

6.2
6.3

6.4

6.5

6.6

6.7

6.8

6.9

AULUUNA mﬂﬁaufhﬂumtuim%nﬂaWﬂmﬂmnaau
wdnan1snenite wa @i dnugn /dm §

udnLInLns Tus i I sa amdia wlas v d s dusu Snugn /dan s
wruiaugnsn e i uwindn
UAURUEAIN 13 E NE UM AND 2NN By

U&nIN1IAD BARIALLL Dnun
USRIN1IAB AR IAULLEA T TR M AN

ugnIn1InpEan I luuARsING

udnan1sraniia el gupivuudnugn

ugnan s Apviawac i Auydsnduusa
uﬁmm1y?mudum?m'luuvia:gummnum%n MY (PUALNNT
winuwadlthdaduuudnugn /a1 sHuuuy
nsmudnenadiiugsniunszudnasl S naniuus ofu v gupi
WHUAIN TN U EDINIAN IR

wiivsliadaensaeday sa831MEN

UAAINITMANIN

UFAINITATUANIARTAIANIN

4 4 % «
NITAWAUATUILATITNARY n) NInug 1) Fyonoussidlndues

) )
uasnssudlibinsanIvamiduninudumiu

[ 1 t [y 4 -1
anudaiiudssninm ¢y fu = DUIMNN P UMAN 9

d J x w
WITMUNUATUULLANT AR n) WIIWugL 1) Fyoruussiuliiuesn ssudnd

- v < “ v o
malwarmdunuiumi a) Fygruuseiulniuacn sudliihoesanmdudusioim

< p
NITNWANNE wuangnnsulaslflawanusslnsuan

wHuHILENIN1 I 1B IAILUMNTALlE opto coupler

40
b2
43
46
46
49
50
51
52
52
54
54
56
61
62
63

64

66

66

67
68

69



6.10

6.11

6.16
6.17
6.18
6.19
6.20

6.21

udnunuiiasdygiuan 9 liwsnwauld opto coupler
o 4
Nasmuqmﬂﬁuuummhqﬂaummﬂﬁ
‘J\JQ‘I?ﬂﬂU‘Ju'Iﬂ‘JllﬂﬂllUUﬂmf‘lulﬂi{Tﬂﬂ'lmﬂuﬂﬂ
ﬁuuuuNa‘:flmgmmﬁu‘lﬂﬁﬂﬂﬂ'lﬁhuaﬂ
udna 29378 S 1edquded
v 4
udnIesd TFgy sy
- -
(LRI BRI T TR
v dlu - -
udnI T FumfnamaaIn1 s Isuney
1 3
|
NIswan szudlwivhaaduwuaTdeasulag 1 flavan
usaiuldioieanuazusluinsanlalan R,
1
4
237Wan ssud Ihdudduuns1denay

) d 4 v
NIswaInssud s suun 318 nas AU

7.1 n) wdnsdyoausiiulmihniaalasuan

7.1 1) wdnsdoinusriulnsauneainasday

7.2
7.3

7.4

4' w 4 JV
LA TAIAULUUURS DUIIUNARINITAT B
udnIBUIATEIRUIIURIBUSAI 9

o > 4 - X
UEMIRNBULTAITDHTIMINAYY

70
71
72
73
74
74
75
75
76
77
78
79
81
82
82
84

85



f#130UAITN

4 v
A1 Wi
4 ] < . ] < .
2.1 duNwimanlun 1 IMIWLIMEN 0129 13
] 3 t o
3.1 Musunspuwimanluysauamf-3au e 18naInn3 196D 18
3.2 fhmmmutmamm:am#'lﬁ'lumsmnaaun’muﬂ‘[ﬂﬂ JIS 21
4.1 wanisvadavenalnnsndau Tasldlidin ssudday 33
4.2 wamsnﬂﬁammmﬂmnﬁauTﬂﬂ'lt'ﬂﬂﬁms:uﬁma 34
- - [ v 4‘ od‘ v L)
4.3 NI IHUIMBUAININATUNIUUAEAMNMTE WM 1A NN T A INUREN 1 SNAFEL 34
- o ] 1+ d J\.lv -
4.4 1T IHUmERIEUINLNMANY IAINN1TAUINUALN1INATDY 39
5.1 Aammadauussiu i uazn ssudlii i suniisas13 Tnan 55
5.2 wamsvadauussduliinw sundiuasyAupion:1 3 nen 56
5.3 HAN1INAFAU 2 Watamiaula Wl 18 e 57
] - Pl v
5.4 AR TAN 9 amiawadlwdid@ g nnismagauasa 58
5.5 Han1IMAdauNITTaramia s Iidd e 58
5.6 AWITIAAETAN 9 e wsy N middInnsadanasia 59+
' o V ] o
7.1 san1madaunuan’-saulunt sl wivan v raa 100 3988 83
o ¥ o o [
7.2 awanf-1aulunr s mduwimang mumar sosudouinae @ 8l
1 oen ¥V ] o . w - t
7.3 fuanf-saulunr s auwivangmiusuJamuiane @ 85
t v - ] <
7.4 wan1Imadaunuef-1aulun 198 WA UIUNMANTBIDARIAN T I3H AL 86

. d '] L
7.5  auem/-1auTun s e WRUIMANE M uIe 1 sosuduasdl I iuInn 9 86



ex

dydnpal

1
v -
HAUUANAHU TSI NBEABN
a N v d' v
AUNNTAVDINITUBNIURBUNTIIMN
Tumuvfnmmsm‘m
&
- v JB rd ! Ps
Usmmmuasasdrmuwainan vy anuIfinLuAs
[ ] - [}
frduLNvan vy tndan
t t Ql o’ ]
AFUINUNNENDNAT VUIY LINdRT
v ] 3 ]
ANNLANBAIFUINUNIMEN WUIE uaaf/Lung
wsalaaadn miy uaf/ums
v [] < dl eV A «. o (Y3 1 o 1
ANULBNTDIFUINUNINANIN T VN AN 1T D NAI TD A FUL TIUNINGN MUY unf/tuns
] (73 ] - t
ATIMUILUU DI TULIIWUVAN YUY (nda
] (Y3 ] o Y] t
AU NUUTDUFUUTIUNVAINANATY MUY NF]1
v t
AMANMM g Taviu
ATUANMIUR NS IBAR IANDIUA i Tavly/ iag
. 1
NUIUTAVUDIDARIN VYUY JBY
4 " ] o ] dl
AU NIUNNEN YUY LBUS
1 dove
HUVVUIAR YUIH AT NLNAS
1, L ] r'd
Wuusawiman il Lwa g

nszudlvvy mioe upnf

. d <
ANNTNTWWIMAN MUl AU T ain s



o 4 o )
usatuld iy wie Tl
o o '
Az lidinssuddsy mioy vy
WNIABUI WY BIFh
’ 1
drmninszud miy aarh

anhdmad midy Wase



v v A - Q' v < v ] [~
‘VIJ?JE]JVIH'I'UWUE( Lﬂiﬂ\iﬂiNﬁﬂl]iﬂﬂi'l'J'ZlEl\ImaﬂTﬂﬂ‘l?JN\lﬁ'lil.l.J»llMﬂﬂ

Tny foaal  Snsaiiy
am'stﬁ;ﬂ?nm ‘sﬂﬁsﬁ'sﬁnﬁ( ﬁqhmTﬁﬂn
seHUN1I AN s surda Tmiadam1a3dan s suluih
MY Jeanssulvi
Inasfinw 2527
unfingia

- ) .»4‘; < o v 4' v <
MUMURUBUTIERTUIINIIRAUIAUUDULATDINT 1FAVIAYT 1 AN 1ana fy
v o v ] 3 ‘ﬂl v ] v v : < v
VANN13INMVBIUNFULTIUNVAN  LATsRuuUUNG N Tznauvansmit aa wuawae Tl g e
Pd <' [ 4'
wudnugn/dad  1eswaanszud s uolduuni 1 genau IARIANTNREBY  RIUATINEDL
v v ] [ < kY] kY] v v a & a
saginlagldmid@isunmanisaaud  uar &m0 3U5ussauusu i Tag1dasa Bnvsatnd
5 [ < v o v ] 4I v
,tuammizdau'lmy a:imﬂumﬂiﬂryﬂumswmm miunﬂrymma 1 URTNIVAFaULATAIAULLIL
v v ] Ll
- s w . 4 o o
qﬂnimua:tﬁuﬂi:‘[ﬂﬂﬁmniu‘[imuqﬁmunsﬁmﬁﬂﬂudaumq 9 UBIATAIANTUBSHIUNIVUSYIN

v < <' : QI v d‘ v : v e a ¥ [} v
prsmanludssvdlvy ozl (ASaIRULUUVES 19T VlﬂvnmiﬁﬂmuazmﬁauagluTiwmum



II

Thesis Title An Iron Crack Detection Equipment by Magnetic Particles.

Name Chaiwut Chat-uthai.

Thesis Advisor Dr.Birasak. Varasundharosoth.

Level of study, Master of Engineering in Electrical Engineering.
Department Electrical Engineering.
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Abstract

This thesis concerns the development of an iron crack detector unit
and is based on the fundamental properties of magnetic flux and its path.
The model - consists of a three-phase Zigzag/star type transformer, a three-
phase half-wave rectifier, a detection coil and an adjustable voltage regulator
electronics circuit. Crack detection is achieved by using fluorescent particles.
The design philosophy,development and test results of the model are illustrated
in detail. This equipment would be beneficial to the local vehicle fabrication

industry. The prototype has already been installed in a spring factory.
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1) UM 7 x 23 MTNIUALUNS
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wiawadlidr  aaity o0.12 waad VA0 50 @vd Aarmuwinwimanmaty 1 waaa
o l| Vo v (Y ‘: Y] ‘J ¥
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5.4 n1swadaunaswlaaldddmdsuuunutn /dand

Tunismidimswiens (parameter) A1 9 uardsasanyatoamipwladlih

v v v t 4
dnsamrlalagnisnadaunia Llﬂﬂdvl?‘mﬂ'llﬂﬂﬁﬂltﬂﬂ a9 fg

5.4.1 N15WAEBVINRSWA (open circuit test)

wazAnszudansli Wan (exciting current)

(resistance)

[
uazansupnuaug X, (reactance)

[] [}
1 v ) « L]
uazamnssudzuzlsan MMM 5.1 uaz MM 5.2

4. 1 <
N1INAFBUNIT A Lﬂun15wﬂaautwammgnuuaﬂ'luunuman (core loss)

gm vl anaminiaua R,

o LY v v 2 1 v LY Y
winswadau Tag) Suaius siuliihuaziiumnaws il sugil mAsnd

nyzudlvd(uasnf) wsaru v gauni (Taav)

Al A2 A3 T4N S4N R4N
0.09 0.1 0.11 119 120 120
0.11 0.12 0.13 138 140 141
0.14 0.15 0.155 159 160 160
0.15 0.17 0.18 178 180 181
0.19 0.2 0.21 198 200 200
0.24 0.26 0.28 219 220 221

<
AT 5.1
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w3 9T gunn (Taa) usrlri wauna(Toavl)

T4N S4N R4N r3n rln sln .tln t3n
119 120 120 16.7 8.85 8.75 8.7 16.7
138 140 141 19.3 | 10.3 10.2 10.1 19.2
159 160 160 22.2 | 11.8 11.6 1.7 22.1
178 180 181 25.1 | 13.2 13.1 13.1 249
198 200 200 27.9 | 14.8 14.7 14.7 27.7
218 220 221 30 16.3 16.2 16.1 29.5

4
AT 5.2

220 - o«

= 200

<3

z

‘2, 180 A

=3

g’d

i 160

=

=

€ 140 4
120 -

1

U T 1 \ L

0.05 0.1 0.15 0.2 0.25

nszudls nan(uaw)

Y

UM 5.12 nIMudRInAdIi ST sIan ssudes1 Tnaniuws siu il supst

v
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£

4
qa o ) a
yiaussiulihangug 220 Toadf

<
AURIT NIV 5.3

Taan &l (Gae) |, nasudanzls nan

Wd Jae Ta wamf
315 221 0.28
S 30 220 0.26
24 219 0.24
4
1951 5.3

Id' v o o v
ﬂ’mvlm’lﬂﬂ’Ii‘VlﬂﬁE]Uﬁ’lu'l‘itluﬂlJﬂ’]u’Jle’JﬂiﬁNHﬂif 1 Wd amnawaslwdila

o <
ALEnIlunI51m 5.4

PO = VOI cos
VO .
R = Taviu
o I cos
(o]
\V/
X = =9 Taviu
fo) I sin
o]
P Al delloncliien min  dad
v : ws W mni e mig Taad
I amszudliane1s man wig uaf
L, Anssudlng mue:Bdmaidd (hysteresis and eddy -

current) miw  uamf

' [ « . '
Anseudiduuiin (magnetizing current) wity uam/f
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IWH cos sin § [w Ig RO Xo
0.57 0.82 0.159 0.23 1372 952
S 0.53 0.84 0.137 0.22 1598 995
0.46 0.88 0.11 0.21 1981 1042
o
A5 5.4

5.4.2 N19MAEAYINATUA (Short Circuit Test)

1 1
4 4
n15MA¥RV935UA Lf]umswﬂaamwamqu:ylgﬂ WBIINANINAUNIUBD
: 1 8 o Pl
UARIAVBIUAY (copper loss) ﬂammmmmaummwxfﬁua&aﬂ Z. (impedance)
e ‘: ) v v
suanuauds? Xol (leakage reactance) UATAIAINAMNIUTIN Ro1 It
° [ 1 v 1 ] ] v
winsvagauiagnisuiuaus wuliinsuml s s suslgugnmie

-~

v ] [Y) ° w [V dl
ud unnaws avu i, n s sudludr,n el ‘aaaﬁnuﬂﬁuqﬁ MASNM 5.5

R Gl Sad s uaanf
35 9.5 4.8 '
S 30 9.4 4.6
30 9.4 L.6
J
A5 5.5

[]
1« ° °
amlannisvadaudansanluamamnasduad 1 ol 289

LY, v o dl
wiswadlwila  Ma91m 5.6

‘ P = IR
sc ol
Zol = Vsc /1
2 2
Xo1 =VZgy - Ro1
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wa
Toavf
Tau
Taviy
Tau

P & W2 AgaU 29359 iy
I . amssudass e
SC
o aus i oummagau9asda iy
B | ¢ 4 a v a ]
Z,, Aaunuaudenyat Wiafam1eR I gundl mig
' v 4 « v a )
R_;: A1nnufinumudosd wanameA sl midy
L | ..: Q' < v - t
Xyt Asuaauauds) (afamianugunl Mg
il Zol Rol Xol
R 1.979 1.519 1.268
S 2.081 1.48 1.46
2.081 1.48 1.46

<
#1979 5.6
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6.3 NITAWANNIsUFUA LTI
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w X 4; 1 Vo o
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' <
awamf-sau lane 12,000 uamf-sav
L v ° 1 o 2 : o WV <' 1
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] < o 4 'Y ¥ . 4 -f
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v v L
nInuauusiulwinsudaduTasisniuaumd (AC phase control) 2933
v 1] 1
[ < | v 1 o « aq
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dn 1 a dn o T .
munbiny soo 1avd  waznszuavligain  axiualflasusn(Triac) dmimmariuogs  win
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1]
LY [ - ]
(half-wave controller)  us:darauseiuliiunssudindmasan
4 d ove < v T v
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4 o 4
I 6.7 uamawimuqmﬂmmumu?J'Nﬂau (full-wave controller)
3 v 4 v 4 o o . .
%emmsn‘lrzimuquTnaﬂwLfJummmumu w5a dufiam (inductive)

o v¥ ] < v v <
J,JJJQﬂ‘IJ'Ll’JU(@‘) Mﬂ’]v[ﬂﬂxll.l.ﬂ 0 N 180 aamnﬂwamf}ummmumu LUAsNM

]
o 1 =< v
Lian91 90 D1 180 s naadu sudan
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SCR
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. v ° 4
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fnaludan duanssiudnailuda dautﬂéﬂuﬁnﬂﬂwﬁw ac W dc

A
dudindygrudd (sync)

!

]
v 4
dwaindygraruass (sawtooth)

X

o < o
fuds1dnamaaIn1sw s mey -

< <t 4
dnnssumuusdnamasinig

] < v 4
o WasumsuiudygiuiuEsas

dlv < L) v o
gudsndnamaninisulsoumsudalulia

1

dyaantui ( wigger)

’

)
opto coupler .

L
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R.5

‘ MOTOROLA

MCC3020
MCC3021
MCC3022
MOCC3022

® Standard 6-Pin Plastic DIP

OPTICALLY ISOLATED TRIAC DRIVERS

These devices consist of gallium-arsenide infrared-emitting
diodes, optically coupled to silicon bilateral switches. They are
designed for applications requiring isolated triac triggering.

® UL Recognized File Number £54915
® Output Driver Designed for 220 Vac Line
® VigQ Isolation Voltage of 7500 V Peak

MAXIMUM RATINGS (T4 = 259C untess otherwise noted)

L Rating I Symbol [ Value l Unit j
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voitsge VR 3.0 Voits
Forward Current — Continuous ig 50 mA
Totat Powaer Dissipstion @ T = 25°C Pp 100 mw
Negligible Power in Triac Driver
Derate above 25°C 1.33 mw/°c
QUTPUT DRIVER MAXIMUM RATINGS
OftState Output Terminal Voltsge VoRM 400 Volts
OnState RMS Current Ta = 25°C IT{RMS) 100 mA
(Full Cycle, S0t0 60 Hz) Tp = 700C 50 mA
Peak Nonrepatitive Surge Current 1rsm 1.2 A G
{PW = 10 ms, DC » 10%}
Total Power Dissipation @ T = 25°C Pp 300 mw
Derats sbove 25°C 4.0 mw/°C
TOTAL DEVICE MAXIMUM RATINGS
Isofation Surge Voltage [1) Viso 7500 Vac
(Peak ac Voltegs, 60 Hz,
S Second Durstion)
Total Power Dissipation @ T 5 = 25°C Pp 30 mwW
Derate sbove 25°C 4.4 mw/°C
Junction Temperature Range T -40 to +100 °c
Ambient Operating Temperature Rangs Ta -40 t0 +70 °C
Storage Tempersture Range Tsig -40 10 +150 °c
Soidering Tempersture {10 s} — 260 oc

(1} tsolation Surge Voltage, V(S0 is an internal device dislectric breskdown rating.

Anode 1 [
Cathode 2 C}\

j 6 Main Terminal

3 S Trisc Oriver Substrate
0O NOT Connect

:] 4 Msin Terminael

OPTO
COUPLER/ISOLATOR

PHOTO TRIAC DRIVER
OUTPUT

400 VOLTS

—-Jcl-l—o l 4.

STYLE &

FIN 1. ANOOE
CATHOOE
NC
. MAIN TERMINAL
. SUBSTRATE
. MAIN TERMINAL

LY Y YT

NOTES:
1. DIMENSIONS A ANO B ARE DATUMS.
A 1S SEATING PLANE.
3, POSITIONAL TOLERANCES FOR LEADS:

& 2 0.13 (0.009G)| T ﬁ@M}]

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL

5. OIMENSIONING ANC TOLEAANCING PER
ANSI Y145, 1972,

[ miLiMeTERS]  INcHES
Joim] MiN-] MAX | MIN | MAX
A 8.13 [ 889 103200350
81 601 0.240 | 0.260
c 7] 508 ]0.115 | 0.200
D [ 041 0.51 |06
.07 | 1.8 [ 0,040 0,070
254 BSC 5,100 85
020 | 030 (00081 0.0
254 1 381 [0100] 0,150 |
[CT_ 7s285C 0.300 65C
M| ® 150 [0 [ 1%
N 038 | 25 |0.015] 0.100
P 1.27 | 203 [ 6.050 ] 0.080

¥ CASE 730A-01
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MCC3020, MCC3021, MOC3022, MOC3023

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Charactenstic [ Symbol l Min I Tyd 1 Max ] UniL]
LED CHARACTERISTICS
Reverse Leakage Current g 0.05 100 uA
(vg = 3.0V)
Forwarao Voltage Vg - 1.2 1.5 Voits
lig = 10 mA}
DETECTOR CHARACTERISTICS (g = 0 unless otherwise noted)
Pesk Blocking Current, Ether Qirection 'DRM - 10 100 nA
{Rated VpORM. Note 1)
Peak On-State Voltage, Either Drirection VTm 2.5 3.0 Votts
{ITag = 100 mA Peak)
Critical Rate ot Rise of Ctf-State Voltage, T = 85°C dvidt 12 - Vius
COUPLED CHARACTERISTICS
LED Trigger Current, Current Required 10 Lateh Qutput ET mA
{Main Terminal Voitage = 3.0 V, Note 2) MOC3020 - 15 30
MOC3021 - 8.0 15
MOC3022 - - 10
MOC3023 — - 5.0
Holding Current, Either Direction Iy - 100 - uA

Note 1. Test voltage must be applied within dv/dt rating.

2. All devices are guaranteed to trigger at an Ig value less than or equal to max IfT.

TYPICAL ELECTRICAL CHAR

ACTERISTICS

TA = 25°C
FIGURE 1 — ON-STATE CHARACTERISTICS FIGURE 2 ~ TRIGGER CURRENT versus TEMPERATURE
+800 4 1.4
Va § LIy
B ) g
= +400 12
= / g N
& // [ERR
3 = ™~
- I |
E ’ /1 § ’ ‘\"\J
;r 7 : 0.9 .
o e P—)
2 400 /Z S 0 S
/ 5 07
/ -
-g00_/] 0.6
=30 20 -10 10 20 30 -40 -20 0 20 40 60 80 100
VIm. ON-STATE VOLTAGE (VOLTS) Ts. AMBIERT TEMPERATURE (°C)
FIGURE 3 — TYPICAL APPLICATION CIRCUIT
Rin 1 6 360 470 Hot U e ve Lo N
vee - O——AAA AA o) Inthis circuitthe “"hot” side of the line is switched and the

mOoC

7

2 5
:Do-o_ 3020/ o 0054F R 339 5
3021/ vac

3
22/23
e O !
o 2= 0.01 uF

G
Additional information on the use of optically coupled triac
drivers is available in Application Note AN-780A.

load connected to the cold or ground side.

The 39 ohm resistor and 0.01 uF capacitor sre for snub-
bing of the triac. and the 470 ohm resistor and 0.05 uF

capacitor are for snubbing the coupler. These components
may or may not be necesaary depending upon the particular

triac and load used.
{ Load }—O

round
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R.6

mMr2 O

state devices are needed.

o Pressfit, Stud and Isolated Stud Packages

e Gate Triggering Guarantecd In Atl 3 Quadran‘s

BIDIRECTIONAL TRIODE THYRISTORS

® Aji Diftused and Glass Passivated Junctions tar Greater Staoility

.. . designed primanily for industrial and military applications for the
control of ac loads in applications such as light dimmers, power sup-
plies, heating controls, motor controls, welding equipment and power
switching systems; or wherever full-wave, silicon gate controlled sohd

TRIACS

25 AMPERES RMS
200--600 VOLTS

MAXIMUM RATINGS

S q

Taut Wt}

4
"IN a5t
ToraT Tl INS! ekl
Troaedeer T dadere ”
Cunjun T )

PR

CASE 20 0y

Rating Symbol Vslue Unnt
JReoetitive Pesr Oft-Stats Voltage VorM Vaolits
Tc = -40°C to +115°C
SC7608, SC268083, SC2618 200
SC2600, SC26003, SC2610 400
SC260E, SCTB0E3, SC261E 500
SC260M, SC260M3, SC261M 600
RMS On-State Currant ITIRMS) 25 Amp
Pusa Non-Regetitive Surge Current ITsm 250 Amp
{One Cycie, €0 H1)
Circunt Fuung Considerations i<t aZs
1= 1.0ms 150
t=83ms 260
Paak Gate Power (Pulss Width » 10 uy) PoMm 10 Watrs
Aversge Gate Power PrlAV) 0.5 Wartt
Peak Gate Curreat < IGM 2 Amp
Operating Junction Temperature Range T, *-40 10 *1 1§ v¢
Storage Temperaturs Rencge Totg -4010 +125 %¢
Stud Torque - 30 . ib,
THERMAL CHARACTERISTICS
Characterniric Symbol Maz Unit
Thermal Rewstance, Junction to Case Raeyc °cw
$C260, sC281 1.8
SC280( )3 198

SC260t 13

CASE 210V

This is savence 1nlcemation end weciications are subject 10 change without notice.
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SC260, SC260( )3, SC251

ELECTRICAL CHARACTERISTICS

{Tg = +259C unless otherwise noted. Values spply for sither polarity of Main Terminal 2 cheractarstics referanced 10 Maln Tarminat 1.}

Charscteristic Symbdol Min Typ Max Unit
Peex Off-State Currant 1ORM mA
Vp = Rated VDR = Pesk Otf-Stats Voitage,
Gate Open-Circuited Tc =~ +25°C - - 0.2
Te = +115°C - - 1
Pask On-State Voltage VM - - 1.69 Veity
Iram =I5 A Paak, Pulse Width = | ms, Outy Cycle < 2%,
Critical Rate of Rise of Off-Stats Vortags dav/dt 50 - - Volts/us
Rated VpRM, Gate Open-Circurted,
EXponential Wavetorm Te +115°C
Critical Rate-of Rise af Commutating Otf-State Voltage avidile) 8 . - - Volts/us
'TiRMS} = Rated RMS On State Current
VDAMm * Rated Pean O1t-State Voltage,
Gate Open-Circurted, Commutating di/dt - 13.5 Aims,
Tc = +80°C
OC Gate Trigger Current IGT mAde
Vp ¢ 12 Ve
MT2 (+), Cate 141 MT2 (), Gatn (-] Ry * 100 Onms - - 50
MT2 (+), Gare t-}, Ry + 50 Ohms - - S0
OC Gate Trigger Current IGT
Vp ¢+ 12 Ve, Tc * -40°C :
MT2 (*), Gata i=}; MT2 (-1, Gate (-}, Ay « 50 Ohmy - - 80
MT2 (=), Gate (-}, Ry » 25 Ohms - - 80
OC Gats Trigger Voltage vGT Vde
Vp s 12 Vde
MT2 0+, Gate (+}; MT21{-), Gate (-}, A » 100 Ohms - - 2.5
MT2 1) Gate i-}. R+ 50 Onmi - - 25 . —
DC Geate Trigger Voltage vgT vdo
Vp ¢ 12 Vde, T¢ - -40°C
MT2 11, Gate iv}, MT2 (-}, Gate 1-}; R_ = 50 Ohms - - 35
MT2te), Gate (=) R+ 25 Ohms - - s
OC Gate Mon-Trigger Voltage VGO 0.25 - - Vdo
Vp - Ratea Vpam, R * 1K Ohms, Te = 159C .
AN Trigger Moces
Hotding Cutrant 1 mAdc
Vp * 24 Vdc, Peak Initisting Current = 0.5A,
Pulse Width = 0 1 13 10 ms, Gate Triggar Source » 7 V, 20 Ohms
Te = 25%C - - 7%
Te = -40°C - - 100
Latching Current L mAge
: Vp * 24 Vdc, Gate Trigger Source = 15 V, 100 Ohms,
Pulse Wigth = 50 us, 5 us Maximum Ane and Fall Times
MT2 (¢}, Gate (¢) MT2i-), Gate (-) Tc = 25°C - - 100
MT2te), Gate t-) Te =~ 25°¢C - -~ 200
MTZ t+}, Gata [+}. MT2 (-}, Gate (-); Tc = -40°C - - 200
MT2i+), Gate (=) T = -40°C - - 400 .

FIGURE 1 - CURRENT OERATING
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. ' [ - -
n138 9 awitan (demagnetization)

< v ° & v, t < v . .

uumanmiia:gnmmnmuuman"lﬂTﬂﬂ'l'El'ﬁmuuumanﬁav (alternating magnetic
. 41 d' «t 3 oq V L] e ¥
field) v92® 9 anuuINRALIAY @ aumg‘iusf ﬂuﬂumiwﬂmqﬁamai%ﬂaquﬁmanuuaﬂﬂmﬂm
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SCL4066B

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals
80{2 Typical ON-Resiitance for 15-Volt oper-
ation
Switch ON-Resistanci Matched to wnhm 502
over 15-Volit Signal-ingut Range
ON-Resistarica Fiat ovsr Full Peak-to-Psak Sig-
nal Range
* High Dogree of Linearity: .
<.0.5% Distortion (tvp) @ fig » 1kHz,
Vis =5V 0 Vpp:V 38 > 10V, R = 10k§ °
¢ Extremely Low OFF switch Leakage Resuiting,
in very Low Offset Curnent and High Effective
OFF Resistance:
10pA (typ) @ Vpp-'Vsg= 10V, Ta=25°C
¢ Extremely High Contrul input Impedance (Con-
trol Circuit Isolated frum Signal Circuit):
10122 {typ)
4. Low Crosstaiik betwseen Switches:
-50dB (typ) © fig=11.9MHz, Ry = 1k§2
¢ Matched Control-Input 1 Signal-Output Capsc-
itance Reducts Output !lignal Transierits
¢ Frequency Response, Snitch ON = 40MHz (typ)

* & ¢ o

DESCRIPTION .

The SCL4066B is-a fluad. Bllatcral Switch
intended- for the transmis: on or multiplexing of
analog or digital signels. It is pin-for-pin compatible.
with the SCL4016B, but axhibits a much lower
ON-resistance. in addition, he ON-resistance is rei-
atively constant over the tull input signsl range.
The SCL4066 consists of four independent bilat-
eral switches. A single contrcl signal is required per
switch, Both the P and tha. N device in a given
switch ars biased ON or JI°F simultaneously by
the control signal. As shown bslow, the well of the
N-channe! device on each switch is aither tied to
the input when the switch is ON or to Vgg when
the switch is OFF. This vonfiguration minimizes
the variation of the switch-transistor thresho!d

-

SCHEMATIC DIAGRAM (one of four switches)

7

~ SwTen’
R ——— e
Qm

Vie
NORMAL OPTRATION
CONTROL -LINE BIASSNG]
sSwTCH Om Y« vpg

SWITCH OFF, W '0” ey E:_L_—l
conTROL "—_4_::}—0::
¢ S

SIGNALS LEVEL RANGE:
Vs 3 Vi3 Voo
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CMOS QUAD ANALOG SWITCH

- CONNECTION DIAGRAM
(all packages)

Switch
A Switch O  Switch C
-l M’-\w
Voo € - C IN OUTOUT IN

1l 1 | |
14 13 12 11 10 9 8
SCL40668 - ’

‘1 2 ¥ 4 5 6§ 71
1] i | I I | |
INOUTQUT IN _C C Vss

Switch'A  Switwch B* Swétch

Add suffix for package:
C 14-pin Cerdip F  14-pin Fiat
D -14-pin Ceramic H Chip
E+. 14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum relisbility:
Vpp-Vss 3to15 Ve

Operating Temperature Ta
C. D, F, H Devics
E Devics

DC Supply Voitage

55t +126 OC
401t0 +85 ©C

voltage with input-signal, and thus keeps the ON-
resistance low over the full operating renge.

The advantages over single~channel switches.in-
clude peak input-signal voltage swings equal to the
full supply voitage, and mora constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, howsver, the SCL4016 s
recommended.

LOGIC DIAGRAM

@é




STATIC CHARACTERISTICS +?

ELECTRICAL CHARACTERISTiCS
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Ves | V Tiow' 2%5°c " Tinan?
PARAMETER CONDITIONS (v:) w’;:, Low Mo | Unies
s Min, | Max. [ Min. { Typ. | Max. | Min. [ Max.
QUIESCENT DEVICE |
CURRENT loo [Vin"Vesor Voo | 0 5| - | 005 -~ [o.0008 005 - | 1.5( pAde
All valid input 0 10 - 0| — 1000t} 01| ~ 30
combinations 0 { 1] - | 02| - }0002] 02 - | 60
MINIMUM INPUT HIGH Vin N
VOLTAGE Vi = Veg 0 6| - | 40| - [275 ] 40] =+ | 40| Ve
{Control Input} Vos= Voo 0 f10| ~{ao|] -—|ss | 8o} ~] 8o
log = 104A 0 15] - 120} = {828 |120]| - {120
MAXIMUM INPUT LOW vie | . e | .
VOLTAGE . Vig = Ve () 5110 -] 10225 |7~ " 10} - | vde
{Control Input) Vos* Voo o} 1020 -] 20{e5-[ -~ 20] =
los = 10RA 0| 15|30| -]a3ofsrs| - | 30] -
SWITCH INPUT/OUTPUT loes
LEAKAGE Ve= Ve 75 {475 ~ |t100] — |:0.01f2100] - [ £200|nAde
Vig=17.5Vdc
ON-RESISTANCE Row _ '
C.0.F.H device Ve *Vgo 7.5, 15[ _ 200 - 20| 20| - aol a
Vas<Vis< Voo 0. | +t5 :
Ry =1k}
B8~ | s0f = | 120] a0} - ssoba
o |+o
2514251 - |200| — | 270 2800] - |3s00f @
0 |+5
E devica Aom Ve * Voo 76 | +7.5 _
ey o |wst — | 0| - 80| 280 30| o
ss [£ ] o0
R =10k 5 +5
o {+i0f — | 30| - | 120 400 - | 520
25 | +25 ; _ Q
o |+ | = {2100} — | 270| 2500 3200
ON-RESISTANCE MATCH BRop| -
- {Same package) Ve =Voo 16 | 415 _ - _ sl — _ -l a
Ves&Vis&Vgo | 0 | +15
Ry = 10k
5 +5 - - _ 1] -~ - n
0 |+0
25 |+25) _ | _ | _ w -1 - Q
0 |+

NOTES: ! Remaining Static Electrical Characteristics ara listed under “SCL40008

TLow = -55°C forC, D, F, H devics.

= -40°C for E devics.

Trign = +125°C for C, D, £, H devics.

= + 85°C for E device.

* This device has been designed for balanced output drive current specifications. Consult Family Specifications.

Series Family Specifications”.
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General charactaris
OT contactors

Control circuit
Auxiliary contacts

tics

LC1 contactors

oos | 12 | p16 | p2s | pao | Ds3

CP1 contactors

cs | os |

EB

Rated voltage at Vn
Minimum/maximum rated values

The contactor will function correctly at 85% of its nominal voitage and its coil will operate

indefinitely at 110% nominal voltage without damage.
9

® AC Vv 12 - 630 -
Frequency {1)] Hz 50/60 -
®» DC without econamy resistor \ - 12 - 600
o AC rectified/DC witn econamv resistor \i - -
Average coil consumption
* AC lnrush  50Hz [ VA 73-80 100 22 —
60 Hxl VA 73-80 100 220 —
Sealed S0Hz VA 8 9 22 —
G0Hz VA 8 9 22 —
¢ Heat dissipated Watts 1.8-2.7 25-35 6-10 —
® OC witnout economy Inrusn 14 23
resistor and seaied Watts -
e AC rectified Inrusn VA — —
Sealed Watts — -
® DC with economy inrusn i Watts — ) — ,
resistor Sealea | Warts — —
Cos 0 or sealed time constant (&)
* AC R Cos @ 1 0.3 I 0.4 T 03 —
® DC witnout economy resistor TR —me —— 50 T 30
® AC rectified/OC with economy resistor R - v — —

Average operating ttme at Vn
{lin mulliseconds!

s AC

¢ DC without economy resistor

e AC rectified/DC with economy
resistor

The operatingtime deoends on the type of electromagnet fitted to the contactor and+its method

of controi.

The closing time is measured from the moment the control supply is switched on to the time that

contact 1s just Mace by the main poles.,

Closing | ms | 15-22 ! 18-25 i 14-21 1 -—
Openingl___ms | 5-15 1 7-19 | 6-1 i —

. Closing |__ms i — 172102 | 40-55
Qoeningl  _ms 1 —- 124-33 | 30/45 — 35/50
Closing{ ms | — 1 —
Openingl ms | pumm T —

Note: The arcing time deoends upon the circuit controlled by the poles. For 3 phase current, in all

time of the contactor and the arcing time.

Mecnanical life (millions of operations)

e AC’ Miliigns | 20 —
® DC without economy resistor Millions | —_ 40 | 20
& 2C ractiiieg/DT atn econgmy resistor Miltions | — —

Auxiiiary contacts. instantaneous and time deiay

e AC (2} |__lvoe ) instantaneous LA1-D. Time celav LAZ, LASD for LC1 | Jnstantaneous 2C1.GR
IV | — 1 48 1O/1271 220 | 280 | — (500 i — | 48 1110/12Z

Rategd power 1 million operations | VA — 200 500 600 520 + — 1 430 — | 450 900

3 miilion ooerations | VA — 160 300 2230 300 | — 260 — 1140 300

10 muthon operations! VA | — 70 100 110 100 | — 80 — ] 55 100

Maximum maxinasbreaxinag capacitvl VA { _— 13000 7000 112000 ! 15000 1 —- {13000 | — 14000 8000

*» DC {31 TV 24 v 48 0 310 ¢+ TF0 v — 1 G680 1 — 24 148 AL
Ratea power 1 midlion operatigns | Wates | 120 + 90 i 75 | 68 | — | 81 I —— | 250 { 150 100

3 rmiilton gperanions | Warts | 7Q ! 50 38 | 33 | — i 28 — | 60 140 20

10 milion operations!|  Watts | 2% 1 18 14 | 12t — T 10 i e -
Maximum maxina/oreaking cacacttv | Warre | 1000 ! 700 200 | 60 | o | 220 — | 2000 I 220 350

{1] For frecuencies greater tnan tnose snown, ug 10 approxtmately 400 Hz, use the rectified AC controi.
12) Circuit sucn as the electromagnet of a contactor with: — inrusn cos @ = 0.7, sealea cos 9 = 0.4.

!t occasional oreaking of the 'nrusn current 1s necessary, ensure that the inrush power does not exceed the maximum making/break

(3} Circust sucn as electromagnet coils without an economy resistor; time constant varying from 20ms for 5W to 200ms for 100W or more.

ing capacity.



For information on LC1-8
contactors not given on
pages 2/30 to 2/32 please

‘consult your local sales office.

CN1 contactors

os | es | Fc | Gc | HC | e

CN2 contactors

CV3 contactors

me | P8

LL.C1-B contactors

| me

Fc | Gc | HC

s | sk | BL

Conforming to UTE NFC 6311 0 tnese contactors make a clean closure when the voltage build-up is stow. This ctean closure eliminates welding and

contact damage.

24-500 ! 24-550 ! 24-660 —
50/60 ! 50/60 50/60 50/60
- | - = 24-500 —
507340 | 22/600 | _ DC 12-600V — AC recuified 48-440| GC12-600V-AC rectified 48-340 OC 110-500 — AC rectiived 110-380
80 T 128 | 280 1 500 1 810 | 980 1 280 500 810 —
100 1 180 | 455 1 600 | ©96 't 1230 | 455 600 996 - -
2z | 125 1 385 a6 160 | 75 1 285 46 80 1 —
g ! 16.53 | 45 58 | 75 1001 a5 S8 75 | —
2.5 \ 4 I 13.5 16.5 24 RE) l 135 16.5 24 —
— | — [ — - |sot0s | -
— — {250/290 1280/370 1450/600 1440/610 1220/290 1280/370 1450/500 300 - 1100
— — 17 5/10.5! _05/151 13/23 | 15/20 { 7.5/10.5} 9.5/15 ' 1323 5 .40
85 730 1170/250 {220/250 [320/480 1440/700 1170250 |220/350 1320/480 | 250 - 950
=5 1 &7 (107251 10/30 | 11/231 16/24 110725 [ 10/30 | 11/22 | 5 .40
0 3.0.3% T 0.25 - 0.50 0.35 - 0.50 f — -
— | — — | e 180 |  —
<35 i <5 <8 | 10 10 ' 10
The opening time s measured from tne moment the coil supoly is switghed off to the separation of the main poles.
7735 1 15-.7314p.85 ] 30-20 [ 30-55 | 24-.401 40.8514 30-30 | 50-55 ¢ ] —
3-8 ' 5-18 10-20 I 5-12} 10 - 20 ! —
— ! — ] — i ] — 1 280 1 —
— I — : ! — ! i — 180/100 | _—
15-20 20-50 ! 40-60 ! 30-50 i ! 100/150
8-12 10- 20 ! 10- 20 ! | Breanina: AC 507100 DC/AC rectitied 20/4(

ases, arcing time is less than 10ms. The load is isolated from the supply atter a time equal to the sum of opening

29 ! 10 | 5 10 | | .
— ; — — | | 10 _
T2 ] 3 1 3 | ] 3 _
ang 2C3-GP ror C21, CNY1_CN2 ) Instantaneous 2C4-GMtor CV1,. CV3 | Time getav 2C2-GG tor CV1. CV3
220 1 230 — ¢ 300 — | 43 nionzyl 22 380 T — 1 500 ¢ —— 1 _ag 1107271 220 1380 1 — 1 200
1200 1200 T— | 12001 —— 1 900 1 2200} 4000_14000 | -~— 14000 i —— 500+ 1200 11300 {i200 | — 1300
300 200 — | 300 | — 800 ! 1200 ' 1500 | 1500 {. -— 11500 — 1450 'V 700 ' 780 ! 750 | — 750
310 110 —_— ! 110 | — 450 | 500 ' 500 1 500 | — 1500 | — 120 | 175 3 2001 200 | —— 200
3000 3080 — 3000« == | S00n 114000 122000 25000 | — 145000 ¢ -— 14000 112000 117000 !22000 ! — 25000
Pty — =40 — 26 a8 i 10 220+ — i 240 — ' 24 . 48 710 © 220 1 —— 1 44D | ——
70 1 — 7C — . 200 280 250 ¢ 250 1 _— | 230 : — 1150 ! 125 115 (100 | — 1 80 —
22 1 — 7% 7 — 1115 | 1051 953 90 { — | 85 1 — — 1 — e —_—
— — T, - 45 3 a0 1 =3 . ™t -— | 30 t — 45 1 27 32 ' 20 L — 19 -
225 — ~0c T — 135000 ! 6000 118600 ' 200 ¢ — | 200 1 —— 120G 230 | 200 '180 i — '180 1 —_
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P

o7 contactors

Power circuit: poles

LC1 contactors CP1 and CN1 contactors
pog | p12 | D16 | D25 | D40 | D63 cB oB | es
1. Current rating for open-type contactor '
used on AC3 duty
A 9 12 16 25 40 63 A 12 25 50
Working conditions or certain standards
may requce these values
2. Maximum rated supply frequency
e Normal use Hz 25-400 Hz . Hz 25 -400 H2z
e Restricted use Hz < 1,000 Hz Hz < 1,000 Hz
3. Rated voltage for 3 phase circuit such
as that of a motor stator
A contactor can oe relied upon to break a v 660 v 500
circuit if the voltage is not greater than 110%
of tne ratea voltage,

¢ Qur contactors can be used for higher voltages in certain cases, sucn as rotor circuits. (Please see relevant literature)

Various limiting factors gepending upon the application and, in same cases, the availability of spare parts are detailed in the selection guide and in spec

4. Rated insulation 1EC.158.1 1EC.158.1 .
voltage B8S.775 v - 660 BS.775 500
The rated insulation voltage 1s based UTE UTE
on tne insuiation aistance, measured NFC 20040 | v 500 NFC 20040 500
accoraing to stanoara specifications, Category C Category C
Since tnese specifications are not "
tne same far all standaras a comaczorvos'o”o \% 660 VDE.0110 500
mav nave several insulation votrages, 9F0U° C : group C
CSA
CSA
\ 600 2.2 600
C22.2 No.iy No. 14

5. Making capacity r.m.s. current '
The maxing canacity s independent of the A 250 450 1000 A 250 - 480 650
voltage. {1).
6. Breaking capacity r.m.s. current agpv A 250 ] 450 . l 1000 280V 250 i 480 650
This cepends upon tne effectiveness of :
tne arc sniela 1n requcing the contactor's 500V | A 175 I 450 I 1000 soov 150 l 480 6350
arcing current. It is exoressed 1n amps
o D g ge " ne voltage Increases gy | A 85 | 120 [180 | a0 |s30 | esov - I - |-
7. Overioad currents t1 = 3min| A 3s | 55 | 105 | 125 |u=3mnm| 33 55 110
Permissiole current through tne - .
potes 1or a ume ‘‘t’’, proviged no 12 = 1mun} A 56 ' 80 | 160 180 12=1mn 50 80 150
current was passing Up to the time i
oi overioagd for at least 4 x t1 t3=10s | A 105 156 I 320 350 t3=10s 80 150 280
QOccasionativ currents 20% 1n excess
of tnese vaiues tor (f tne current is t4 = 35 A 140 200 430 440 14 = Ss 110 200 370
not Zero prior to tne overicad) may
be carrieo without oamage (2). 15 = 2s 185 300 610 620 5 =2 152 280 S00

6= 1s 250 400 800 800 16 = 1s 200 360
8 . Impedance of the poles mQN 2.5 2 1.5 mQ 2.5 2 - 1.5

{1} Tne maxing and nreaking capacities are given for tne constant r.m.s.

current feft arter tne aecav of transients. The contacts can theretore
5USI3iN an asymmetric current with a peax twice as targe.

(2} tf, during ooeration, there is a risk of currents greater than the
making and breaking capactty flowsng througn the potes, the
contactors must be protected against SNOrt circults oy fuses or some
other safety gevice. The safety co-ordination *S* (Stancard UTE
63810} 1s assurea if, for voitages < 500V, tne contactor 1s associated
witn an overioad relay iwith entirely thermal action), € maximum
AC3 duty current rating, and used witn aM or gt fuses indicated

on the relay.
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For information on LC1-B
contactors not yiven on pages
2/30 to 2/32 ptease consuit
vour local sales office.

CN1 contactors CN2 contactors LC1-8 contactors CV3 contactors T
rc | oo | He | uc Fc | ac | HC B | Bk | BL | mMB | PB RB
A 80 125 200 260 80 125 200 A 1000 1500 2000
~
Hz 25 - 400 Hz 60 Hz Hz 60 Hz .
Hz < 1,000 Hz AC < 250 Hz Hz AC<250 Hz
v 500 660 v o 1000

brocnures cealing with lifting gear, induction heating etc.

IEC 158.1 IEC188.1

85 775 80 660 8s 775 1000

UTE UTE g

NFC 20020 750 . 750 &FC"UO“OC 1000

Catecorv C Y

VDE.0110 VOE 011d

group C 750 750 _ |groun € 1000

CSA CSA ,

crz.2 600 600 C€22.2 600

No. 14 No. 14 .

A 1200 1600 2200 2700 1400 l 1900 2500 A 12000 l 16000 | 20000
330 Vv 1400 I 1600 l 2000 i 3200 2000 ‘ 2600 l 3200 380V 12000 ! 16000 | 20000
500 V 300 | 1000 1400 3200 2000 ’ 2600 3200 500V 12000 | 16000 | 20000
660 V — | = — — s00 | s00 800 | s60V —_ — — | 10000 | 12000 | 16000
t=3min| 125 | 190 | 250 | 360 125 190 250 [11=15min 1500 | 2600 | 3s00
12 =1 min| 200 I 300 ' 400 580 200 300 400 |t2=5 min 2000 3200 l 4200
t3=10s 400 | 600 800 1000 400 600 800 |t3=2 min 2600 4300 I 5500
14 = 35 530 l 800 1050 1400 530 800 1050 |t4=30s 1 4800 8000 10000 .
15=2s 750 1100 1500 2000 750 1100 1500 |5 =10s 7200 12000 | 15000
t6 = 15 900 1350 1800 2300 900 1350 1800 |[t6 =55 9600 16000 {20000
ma o6 | os | osa | 03| o] os| osa| mn 018 | 013 | 009
GENERAL OPERATING CONDITIONS

® Ambient temperature ® Mounting ® Altitude

Ooperating cnaracteristics and conditions Normallv the contactors are mounted vertically. Our contactors can be used without

given in the foliowing pages are valid for They will function, however, at an angie of 220 derating up to a height of 2,000 mertres,
an ambient temoerature from —5° 1o +400C 30" from vertical in any direction (for comphiance ang up 10 5,000 metres with certain
witnout restrictions and —50° 10 +70°C with with offici;l marine requiations). restricuions.

certamn restrictions,
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I e Conforming to:
erm-D T nermal overicad reiavs. Contorming
= A1 AC and DC (AC only, for RA1-HA and RB1-HA relays) %E rggsgs:!sso
. LR,IIHAI — protection against overioad, pnase unbalance and phase failure. . Approva\s:@(GOOV)® @C
¢ LR3/RB1 — overload protection oniy: for lighting, heating, etc. NOTEI‘ g;:‘-:ﬂ‘-?‘:ﬂis‘:-:t.:x“uu:s
are n $0010vea a1 $1arara. For 1
e Ambient temperature compensation from —20°C to +60°C. use tne UL varson. Pream conwit your tot
wies othce,
® Signal contact incorporated as standard on LR1 relays, .
® Approvals pending:
ASE
g‘zg‘%‘:‘é f\sscc;:yed Power rating for AC3 Weich
- use rating | dyty 3-phase 50 or 60 Hz eight
D! Fr:RENTlAL cl";:::;“ namps Referance ATTACHMENTS
RELAYS ACorOC| °“Motor 220V lzaé/ 500V | 660V (kg)
T in ~ | -protection ddovPl ) i
amos. fuses kKW HPIkW HPIkW HPIkW HP|
DOS |0.1:0.16 | 2 LR1.D009301 T;";f’l;;;ggf'"g device
Seiect the relay
0.16-0.29 2 corresponding to LR1-D09202
tne motor full load
0.5-040f 2 current LR1-D09303
040-083| 2 ¢-37  |LR1-D09304
0.83-1 4 0'370 s °-751 LR1.009305
BET 075 |13
1-1.6 6 | o, .} .5 |LR1-D08306
0.37 .75 |11 1.5 0.12 | Electrical raset device
LR1-D12316 1625 | 10 | od 1| 1ol 2 |LR1-D08307 LA7-D08530
0.75 |1.5 2.2 3
2.5-4 15 l 1| 2 3 41LR1-D039308
l1.1 2.2 3 LR1.009310 Baseolate for indepenaent
4-6 15 |18 a3l sl s . mounting
1.8 13 5.5 LA7-D0854
5.5-8 20 l 2. Sl 4r 5_5; 7.5 LR1-D09312
'S S 7.5 . . .
7-10 . LR1-D09314 Lead sealing kit
28 ! 3r 55| 7.5 10 LA7-D0952
D12 | . 3 7.5 |10 ] i
1013 10 “ 7.5 1ol g 5|LR1-D12316 | 012
D16 |13_1 8 40° i“ ‘;7-5 d"o s ! 0.12 | Adsotor termmnals for mounun:
5.5 1 13.5 : on contactors D4Q and D&3
D25 _ _ 55 (1 N5 118.5
l18-2: 50° i 7.si sl 20 25|LR1-025322 0.12 | LA7-D4058
D40 - ’ 60° 7.5 s |18.5 22 }LR1-D40353 Remote trinoing gevice
2332 ' q0l 20 251 20 . LA7-D4003s
. 110 8.5 22 0.34 =
3040 l 8c i 128 28 a0i 4oll_Fn-mo:aa E:;fgizsrgs.et gevice
' D83 . in 22 Bo g7
‘- H 3 38-50 100 15t 301 40| so/LR1-D62357 Basepiate for inoepengent
2\ " s 7 e mounting
T -t ==L e 48-57 100 ] 3 F 50 ] 60|LR1-D63353 0.34 | LA7-D4054
B oy -2 v - H 3 1
ST - 125 118.5 .30 145 55 Leaa seaing kit
A 57-66 | 25 4ol so] 75|LR1-D63361 LA7-D4052
, on Iy irm 22 |27 |55 |55 Trip signal t
— T T LISEE . 150° | ! l . Trip signal contact
- o i P 7.%5—.—;!60 80 I 301 s0 5 [RA1-FAGOBO 116 | /O ZC1-RP1 NIC ZC1-RP2
— B} 5 1T i30 55 o]
R .UF"- L §GA 75-103 250°. 40 i 1009 125 |RA1-GA75105 1.16 Remote tripping device
SETIT N Lo, E ER1-FAle
2= Aa - . e ! [1io HASST
NOTE. FA ratavs are aiso 85125 20 ’ ’°°|~ 150 (AT HASSIZS Electrical reset gevice
avaiiaple in 14 otner sizes . a5 175 , 132 AAL.MA120160 135 ER1-FA2e
trom 1 1o 59.9A 120-160 | 350 127| 175(" A" : P—
Piease consuit your locat 5 132 160 z‘é:'n:;wn
saies offics. 150-200 250° 75r 1281 175 220 RA1.HA150200 )
. Leaa seaiing kit
m‘?e RA1-FZ01
NON-DIFFERENTIAL The sizes are similar to those rererence
quorea apove for the LR1 and LR1 becomes Connector for cable without tag
RELAYS RA1 overioaq relays LR3 and FA D22-FB
RA1 becomes GA DZ2-GA
RB1 HA DZ2-HA

When ordering:
© An overioag retay.

® An eiectrical attachment.

® A mecnanical attachment.

Please state tne exact reference as shown aoove.

NOTEZ: Set tne overioad relav to tne motor nameoiate full-loao current,

Comolers the rererence with the letter indicating the control
circuit voltage and frequency as snown in the taole:
Example: LA7-D0953F.

State the exacr reference.

Control circutt vottage (V)

50 Hz | 60 Hz Ret.

24V B i

42v 48V D 0

48V & :

110V 120V F !
208/220V L

220V 240V M 1

240V U

TAONS e ANNS Q
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Thermal overiocad reiays

SURRENT TRANSFORMER OPERATED THERMAL OVERLOAD RELAYS

LR1-D
RA1

jsed wnen the current is greater than 200 A and/or when:
- with FUSES-CONTACTORS-OVERULOAD assembly, the breaking of high overcurrents must be ensured by fuses only {not by relays with magnetic

ripoing).

- with PLUG-IN CONTROUL CENTRES and similar equipment, the CT's mounted on the fixed part are calibrated for each output current, while

ach tray has the same low-rated relay.

- with LONG STARTING TIMES (more than 7 seconds for an average current of 5 in) a retay would trin directly.
~T's with a low "“saturation index”" are used in order 1o increasa the time up to about 30 seconds. Beyond this, normal CT's are used, the secondary
yeing snortcircurted for a time equal to the starting time less the tripping time of the relays.
Ahen the sole function of the relay is to provide overioad protection for a motor {or batanced circuit) with 3-phase sunoiy without neutral, supply

na 2 CT's is normal and conserves all the relay characteristics, including tripoing in the event of phase tailure (differentiall.

Nhen LR1-D09305 (.63/1A) relays are used with CT's for PROTECTION, use 10% accuracy class {alternativeiy. 5% if a small ratio error is

equired) with 1 Amp secornaaries,

DIMENSIONS SCHEMES
LR1-009. 012, D16 & D25 LR1-040 & D63 RA1-FA to HA
Jasic unit H 1 A i 3 Phase vy
« 9 (™
111 == = B e b ¢
r ' — = ihelel's
=m T e j T,
* L : __,—/-=’| ===0 i
h— = —lf—— s = : T ™
vy _“ I t: el A
Mountea an contacior & stors for 6mm Giar” W—‘_H 3
LR1-009 & D12  LR1-D16 & D25 f12inQ SCTEWS
';;"‘: - o Bimanvon RATFA  FATHA Inoeoendently mounted
. Oeatn i e | Deotn Deoth reterence RAL.GA —_—
98 mm 108 mm 127 men A e =2 F——

i | Ny == e
] i Yooy ) 32 E 4 RlESS) uia
e SiEem LIPS / i 5 —-r N h '...!] SSSI=S R

R e T o — e — R
1 S | e = i &
A 00T 1} S
TN TATLC085) o pg 700303 D A
Saseoiate for inoecengent LAJ-00853 - —— 13 b A7-04003 "L.:_J}(. s ’a Single v
maunting — s LA7.04053 N " T ey 9 ,_11" SO
LA7.00954 LA7-D4054 AN Ein pnase B Rigr
-008: plbictecad Sy A ER1FAL |or DC. S i L
/e I = LR1-009314 % \@;':?;j""t‘j ‘——= TP
——— s+ FOF 110mm fixing  EmSIIms "7:":' . S '/"_ 1) g === ;!&'!
) 2 centres mount 3 | RAI.E i i ¥ —rae .
! |I 1 ¢ on oiate | 1 l B Fzo1 3% M‘- S vi "
el px1-aPs i L ¥ ER1.FA2 (M
LI Sowe .
hatiin — 5 ZC1-RP1or 2
ELECTRICAL CHARACTERISTICS
e Overioaa relay type l 009 l D12 l D16 I D25 D40. | D62 l FA | Ga | HA !
: . {95.125 1120-160 1150-200 |
® Rateag voltace 1Al stangarcs: 660V excent C3A:600Vicommon between N/O&N/CH B20V AC 30QV OC! S30V AC t
® Freguency | Up to 400 Hz 25 to 400 Hz ] 50 & 60 Hz i
® FOwer CONsuMotION Der cnase _ S 6to I6W 5 VA 9 VA 12 VA
a1 max. current setting. | 1.65 10 2.3 watts | 3.65t04 warss 73w I ° l
L Power ctrcuit waring c3opacity
wWIth SCrew  Czpacity  flexible R t1or?2 — | —
ana ctamo sotid 1or 2 x 6mm x 10mm*1x25mm*!1 221 6mm3 2x25mm?
witn Capacity riexiore ] — | 2&mm? s0mm* 1 O8mm-
connector souo 1] - asmm. | 70mm* 1 120mm2
® LSNIrot SIircuit wiring ¢aoacitv 2 x 2.5mm- {
®» AUXIary contacts Cccasional Making ana Dreax:ng csoacities
Tnermat rating 10A AC B 1 oc
- a8v__1 110V | =220V __ 1 380vV__ 1 _spov__ ' 1igy 1 220y 1 440V | 600V
LR1-009 ro D63 554 1 S5A | S5A 1 45A 1 _30A I i 1
RA1-~A 1o HA 1 4000VA | 3000VA | 14000 VAIi2000 VAI10000 VAl 3200w | 200w | i725W { 120w
® TripDing curves LR1-009 w0 D63 RA1-FA.& GA RA1-HA
maE —_ Colasute ,’:g,;{f-———-——-— Cora state jhw Cola wate
" I UEs Cturves T curves 9 cirves
All overioaas nave ampient ::;1. — 22 Yion and low ; Hian ana low s Hian and low
*gmperature cOMDENsaton o] lemint : it 3 limut
setween —209C ano ~300C Zard—————— ---= Hotate °77 Hotsute ER === Hot state
S pi curves curves 2 cutves
Storage remoerature N .average values average values | B averaos vaiues
—300C 0 +60°C ; - | n
300C to ~600¢ K — T 1] | ENIIEE
o= |
L : PR B! NI
' . . ‘" ] e
I, : - 1 St kit
Zu > 5w S T
§ e e T .5_, £ 5
2 & =L R 8 b1 . [
i . - | o RSN IAE N
t) B } e R L RN
TR LR R N N A R T PN TR TR LR Voo Ty Yy st Bt
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n NIr2 p NI sin3e
B _ (o} _ (o}
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2(r2 . x2)3/2 r

' ' o _7 o
o= AAMNTNTLWIMAN JAY 41 x 1077 18u3 /lms
N = UMIBUIANBARINATREDY ML 115 58U
I = nssudlwdwivaluznainnsnday ity 45 uamnf
X = s:ﬂ:vi'mmuumnug]utfnmwmmmﬂmnﬂau MY 0.05 LuAS

v [BEY)
ro=  IANYDNBARIANTIREBY N 0.165 LUAT

-7 2

B . 41 x 10" x 115 x 45 x (0.165)

2(0.1652 + 0.052)3/2

= 0.0172 mdan

x
Toan-
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