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ABSTRACT

HIGHT FREQUENCY SUPPLY FOR INDUCTION HEATING USING POWER
MOSFETS ARE SWITCHING FOR CURRENT SOURCE INVERTER WHICH IS OPERATED
AT A LEADDING POWER FACTCR BY PARALLFI-RESONANT CIRCUIT.

INDUCTION HEATING IS USED FOR- HIGT" FREQUENCY SUFFY TQ CREAT
FEUX IN° WORK. COIL_ FDDY CURRENT IS INDUCED [N [RON WHICH GENERATES:
HEATING. IN THIS PROIECT TWO FREQUENCIES ARE CXEATED WHICKE FRIST
FREQUENCY IS BULT IC TO DRIVE POWER MOSFEIS INVERTER. SECOND
FREQUECY IS CREATED BY TANK CIRCUIT, THEREFORE THESE TWO FREQUENCIED
ARE OPTIMAL. THIS PRETECT HAS TWO STAGES TRANSFORMER BY FRIST STAGE IS
A VOLTAGE TRANSFORMER AND SECOND STAGE .IS CURRENT TRANSFORMERS.
THE INVERTER AND A WORK COIL OPERATE RESONANT FREQUENCY.
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ABSTRACT

HIGHT FREQUENCY SUPPLY FOR INDUCTION HEATING USING POWER
MOSFETS ARE SWITCHING FOR CURRENT SOURCE INVERTER WHICH IS OPERATED
AT A LEADDING POWER FACTOR BY PARALLEL-RESONANT CIRCUIT.

INDUCTION HEATING IS USED FOR HIGT FREQUENCY SUPFY TO CREAT
LUX. IN WORK_ COIL. EDDY CURRENT IS INDUCED I¥ IRON WHICH ~GENERATES:
{EATING. IN' THIS PROJECT TWO FREQUENCIES ARE CREATED WHICH FRIST
REQUENCY IS BUILT IC TO DRIVE POWER MOSFETS INVERTER. SECOND
REQUECY IS CREATED BY TANK CIRCUIT. THEREFORE THESE TWO FREQUENCIED
\RE OPTIMAL. THIS PREJECT HAS TWO STAGES TRANSFORMER BY FRIST STAGE IS
\ VOLTAGE TRANSFORMER AND SECOND STAGE IS CURRENT TRANSFORMERS.
HE INVERTER AND A WORK COIL OPERATE RESONANT FREQUENCY.
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S W 3 v a, . ) a '
Depth of penetranon iy s uainldulildninennuh  fAszgzwinnmanu
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and1 selutiomuuimdneg  Tessziulden Rezeniu 2 mwesamudnia ¢y = 2/0)
] o< & v 2 .-‘ (N :t' 4

vwaveamnuuimdnezdandu ¢ H 0135 H,) Futlumideenn Tasaunsauas

v v £ ' - “
AnuduRuiTen i H/ Hy uaz y /51Adegy 2.2

1 2.2 uasnunfdsuinlasvesddnguiimanuazanudnda

M0 o = peze 9211y
5= | (2.5)

Py u=p p
g a_a vt - » - o ¥
wirtun amudnAntludadiulaoasady  dudssdnianudiuniu (Resisdvity)
waziludadurnAuiy  AANUFUPIUYOILUINAN (Permeability) LATATIUD (Frequency)
o 5 y d ' & = v d w1 ]
91091 23 smMun aina A B .C uaaslinumanudniivesaan lulymsuy
’ - ‘-‘ + 1 ﬂ.d - 3 J
(AN (Non - ferromagnedc) (¥4 lanzi lulmmdn uazimdnilgungiginigags

v 1 a g ’ o ' {
( Curie point) dmfumanfigunniddiniigand « Cure point ) A1 . aunInldsy
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Lo 7 1, e .
5] : / {-oo 3 :
e 5 < Sviof
1 8 ‘ ‘-_-5@ i ~';£ $
2 ot o éxo 1032+ 10°
) 20 A Tl | -5 §
— - 0.48% ¢ 20410
1 e iy & P31, ) PR, o % carbon steel
E /// E 10 P11 s 10
b — > *0‘}
- 3 5 b
o5y o= £3* 100 T Jio*
1 .f/ k L !OO*r
& F10' o2 z10*
. 3 2
¥ ".;" ‘ R2a lU‘EO 1 Note: H, onfs applies to stecl -Ig.((\‘lo
021 rl £0%s 5007
014 E -5-10‘}00, 12000
b - 0.5 N ROA 10003
005 1 R 1%
1 7 ) Lo lo-‘E°-°°-‘ 00 <00
r0.002
(1.024 Q.1 “l"”toml :200
1 - b 1044
. 00s it & T
A B C D E
. @ = ¥
U 23 mymanudndalaelensv
' v ' 3
2.2.2 ANUHUMUUYBINT LU (J) , ﬂ'J'HJ‘Hu'llluuﬂ3415’111134{1111”11!1 (B) , uag

aw I B
¥y ¥y . 4 = F-{ v
MNAUNT 2.4 18z B = uH Teodmua iduusauiimanimansznoudnuas
wudu Aat
B.(y)= Bomexp (—ay)cos (wt —ay). (26

p 4 o
mnﬁunnm)quunq?naa iMaxwell Equadon) NAINNUOAT ﬂz'lﬁ' J=curl H

. ) o -
Tao 5 dumanuruudusaanssianszozla 4 v8s¥unu
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1

k
VxH = 0
0

0]

H
X
218 }

F) p
J. = —kéﬁ—‘ = k{ —exp (/'wt){—- exp (—a)'\’(;[))] IHO"'
) ay ay
= k[a/(2]) exp (~ay V(2)+ jw!)|Hom

(TIUDTI)

1IN J2j)=1+j=~2exp (j=/4) 9¢'l& N

J. =kiav2 exp [=ay (1 + )+ fwt +jm/3]:Hom

= kav2Homlexp (—ay) cos (wt —ay + =/4)]. :

. !-J
~1

~

< y a i 2 » .
FawaaeIdiun 5 vinuiy H ey 45°
4
U y= O,
:l,o= J2Homa exp [jlot +7/4)] = J2H,sa exp (j7/3),

-

Ay 3
7.(5)= Jomexp (juwt —ayV(2))) = Jom exp (—ay) cos (wf—ay). (2.8)
+ d o -] ' ] a [ < v w fa
waeen I, tdnvurmslasundasausui@ediy H uas B Taolianudunuiiu
] A - - Q" ﬂ'
MNUTIUAIIAY
1z B = pJ 9zldm
E, =pJ, = pJom exp (~ay) cos (wl ~ ay). (29
mazasiu UTnamaimdninih (| B 5, uaz B) sdesdudadiinnudn
A7 (Skin depth) M4Au  Teold H WusuSudy  wastlumniSsuifsudiuamnusinugs
4 & v v / - 3 3 £ - 5
FIuANuduNUINRYuATvelTIua q uananduesnld Ay vingd 2219
awsafnseulasson s ud Wil B /ed | /10 wae & mdl 18

223 UTUmUNTSUanavuA (Total current)
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nrzue / anundn L m =L J. d)'(x1)=J Jom €xp (—ay)cos (wl —ay)dy
b

= Jom Real part ofL exp [jwl = (1 +/)ay]dy

xp [jwt = (1 +j)ay]]"™
=-J(,,,,l‘lcalpartot'{c p lje L } .
y-

~(1+))ex
exp (/wt) Jom _€%p (jwt)
(1+))a  a V2 cxp(;-r/d-)

= Jom Real part of

7, (2.10)
=2 cos (wt — 7/4).
\2(1
muu ﬂsmmns,uﬁmnuﬂﬂa 1 wurea N TidgamundinIanuuuEY

NTIUABY 45° uazvINTUMT 2.8 1AM

Jom = V2Homa exp j(wt + =/4)

AQUU
: exp (=/=/4)
NS L = (2Homa expflut+ w45
= Hom exp (jwt), (2.01)

1'4 0 \ ! e " 4] - a :

MITasiy Mnszue 7ANunde 1 m sslisumiudr H fusiwdl  nSenive:
- a a w =a ‘ : 3 [ et a
AnsansinmIsunindadadu 1Hd vesnssuanenua sty H lulinmsnssneluna

N7 7 .

NNUAU ¥ ERRA L (HxD) = @ ﬁﬂﬂ| I lel FaTurariserastinansaiu
(m phase)
2.3 ME I mesidunsscindnlvivauuvgauah

2.3.1 MAIgdy (Loss)

v =] ¢ 4’ da “ .= 2 o 5 - b 4
AdagdessAuiiAL () musamidnnmsdufinga pf MislTnaInela 1

ATUUBIAUIAN
-]
9°=L pd? dy(x1x1)
=pJém L exp (—2ay)c052 (wt—ay)dy dt

é U : - e 13 1 < J kg cﬂ' .
YA cos ﬁ"llnim)umﬂiﬁﬂf)ﬂiﬂlﬂuﬂHQSENPN sm UAUNIAU 0.5 uasna y

wq W ooy uaastamsifdoundaiyuida  ualulinademduminga  Audu Adids
gadoiieglugy Tad / msuns alAidy

P= Eﬂ“’- exp (~2ay)dy
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=‘p~]gm_pjgmls . .
da 4 . (2.12)

Al Homl = V2| Honla = ValH,. |75 T8N

Hom pH&
- 9’:%"— =33_°, (2.13)

Taw H, 11us ms v83/1 H ASud,
y 1 4
ssuh MdagaudossnIsnumaseanuanuesduain Ay aunsamaiiidy
- < L} (Y] & ] o : L Y
gudelupllefyinldTavAammdsgydonises y eddsgaudoninun 1éaad
_Lossuptoadepthy [exp(-2ay)]} _exp(=2ay)-1_

= = == =1-exp(-2ay). (2.14)
0 z

Zy
? Total loss [exp (=2ay)] 0-1

d #
NTYCy=la=9.

P[P =1-exp(—2)=1-0.135=0.865.

N9s0ry = 2a =25,
P,/P=1-exp(~4)=1-0.018=0.982.

4 v d 1 U 2 o -~ 1 o - 4' 4 & a
Fumasliinuh  adhdsqudeTesdmngdninadunssosanudnga ) uaz

»
] L d ~ » ) -~
woudntsamiummialussosndinn 2 mMuesanuinia (25)

o
oo
T

L4
L4

o
o
T

Totat losg

Lans up ta deprth v/74

b
~
I

0.2

)/

Jq‘ -~ ﬁ e 4 o at v <
7UN 2.4 uanshagudsnanuana 9
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naums 214 awnsouansléigl 24 FEMRuh mhdqdudaulng

- 4’ o st o P n’ b d LK P 4 A' [

NAYUNTTUTANUBNHT Tatms:n:ua:qﬂ'lnmwfau’fﬂuvm' HATIUMA ANYBITUIIUGY
= oy = o ; v o 9 ?

A lfuTUARIAY ﬂwu’lumiaammumﬂuﬂ‘nu%’ﬂuuuumummmmmm'l'ﬂﬁumi
daa N a ' w P v ;
1Wamuaitnaily Sveadn nasanunumiveeshdgadomniigamitontull1d
2 3.2 USnaduusuaimanianuauazarilssnauda( Power factor)

- ] o A' 1 . .
Pradunsamminluduon  deanmnthe Lwes  einsamldnnms

Juflinga B (y)dy Aasaiiiaduay Suiunnaums 2.6

@ = uHom | exp Lot =(1+ Play](dyx 1)

0
V'HOm
=-\7:cos (wt—==/4). (2.15)
' - v Lo ' v H v )
UAAI N 1.]7Inﬂlﬂ_ﬂn‘lﬁ'NﬁUﬂﬂﬂlUﬂilﬁuﬁﬂﬁquTﬂﬂﬂiiﬂU Hom llﬁ:ﬂqun‘ﬁﬂ'\u :

ey 45° UAVINAUMST 2.11 MU VSuanssuaisnualyudassady H, Al

' -3 a' < - = s [T & .{: a
Bunsuiminivinedesiyueasedy H  uadTnaddneianuaesiyuamy
W 1 4 4 = - [
A UURULUIM AN UTIUAIDY 45°

iemf amsamlglamsavinesudoa eudunm

- N HomNi T
E=NEZ S TRT0m T G (wt — w/d) = Eopm cos (w:+—). (2.16)

@ V2a 3

f1 Power factor ¥8iFuNUTATIIANA IR AEITEH I E uaz T dagl
2.5(2) ﬁﬂﬁni:uaﬁqmﬂamw54(1ag) e.m.f. BY 45° Fofu ssl@awidszneudda 4
AyuAIIMAY 0.707 S5 anwgimu sty Jusaunud 'ﬁwsmﬂm.sfu
aq'luﬁnn.maaauﬂm tmlumqﬂgunuﬁwﬁmﬂmuaﬂuﬂumuaqmnﬂnmﬁﬂna ndu

‘!fJﬁﬂﬂﬂ1ﬂ’)ﬂﬂ‘izﬂﬂUﬂmdﬂ']ﬂl uas :mﬂuimuﬂﬂﬂsaummmumwawama A

|4 .
£y Hoaea ! . %\e He 1, and

l teakage flue @

/

| 450 Voltage drop ™\ ‘! 9:
-4 S evsukiated with

14 teakage of lun { ®

from con Valtage drop associated
with ressytance of coil

wamalugy 250

tay 1]
4 Is - ﬁ'
Zﬂﬂ 2.51¢a) llﬁﬁ@lﬂﬂl’ﬂﬂiTﬂﬂzuﬂsuﬂ’liﬂ.ﬁuﬂﬂﬂﬂ‘l'ﬁuf]u

¢ d y a ¢ a4 v fyv a
(b) llﬁﬂ@lﬂﬂl‘ﬁﬂﬁ1ﬂﬂ:llﬂiﬂ'ﬂi1ﬁﬂﬁﬂ'ﬂllﬂ'l'u‘ﬂ’]ullﬁ:illﬂﬂllﬂﬂ%lﬂﬂiﬂ’mﬂﬁﬂ‘ﬂi']‘ﬁu
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Figure 12.6 Equivalent circuit for slab.

4 N
3UN 2.6 WeTTUYAYEIFUIY

9.4 M inldonTndufaanines ( Poynting Vector )
g i andineive sy ded / assiuan aunsem1dlaeld
InSuAanisnd (Poyating Vector) i
P =Re (Ex H*). (2.17)
NNANMT 2.8,

Eo=plo=v2pHoma exp|j(wt +/4)],

=y
P= Re(JZpH&ma-(—ji]—y)

A IR umA L ineeamdy INf Power density )Iusaizla q ud 21t

- : ' M ; l ] [ d
USumaidlumanoy satumanunuudusssdas i Taomas snitlu

-

P =pHom/26

4 o - v = pH:l&' =
Fatumidsuduaums 2.13

Tuviueatdeadu mdeIdfuaiion (Reactive power) Tunuan daa / mauas

aunsom1dan
2=Im(ExH"),

ba 1+
=Im(\"2pH5ma /)

i
~2

= pHgmav
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3 19sun AfdeInehese uasdds Idfuadisu Tanmidu Wssnndalsznsy

o a ' ' a E
A& I (Power Facton) fifuilu 0.707 Trodmualdmnnuduaiinan ) dmeed

2.5 MITWmMANNION
:, b4 . o d’ -~ =‘ 9 o 3
fadeanuuuazs manudsunuumiisnh Jipamngatesiumsdinaams tna
@ : < ¥ a - ar < ¢ dﬂ'
¥94A 30U (Hear Flow) AatiudeAsauioutandnms , qasadlamans sanguinugu
' 4 vy ¥ » ' 0 d o
AN 9 et lonsihau lugmumssomanudeuveumanudsunuumiionh 14

as 4
AUIYNU

v o ¢ 1 o W -~ ¢;
2.6 AnuduusTznhamdsivdy | gamglindanaznm
1 e v dlA ' ; y
SuruTansun 4 slaby  enldamudeuidinesdussnminauslaol A
' - o [ -2 0 Ve
Awuiuenafae I shasit ondaefe wam”) wazlufinnugadela q winTanzSufy
anudauldnanun
ndun Y = ndrnuniduasan
waaun I = 2Pt (RUARY)
a 4 4 -~
nasumnuaze = 6_(USmAneC 1)
4 '
18 b = ANUMUIBUAY aNS (1uAT) -
1] A - - £
C = masnanudau gaMTaniu - 1w

y = amtmnuiiu @lanfugoundniuny)

y

P =6 aFiancn =9 hC)
2(NUNAT) 24 ( 2.18)
b 4 4 A U 4'1; ) & 4' :.1‘&
YOAUNA AD ATUYUBYNUNUNKT
- -t w -
usadgdu futlunsanszuen
waeun e = prenRry
" < o2
NAUNALAU = 8_(MR (C )

P a v A
14D R ABTANYBINTINTSUBN

AU P =0 _R(C 1

2t ( 2.19)
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A Q4 «
149 R ABTANYBINTINTSUDN

AU P = R(CY)
2t (2.19)

L 4

Jodaunm fin nnaumsi 2.2 uasiiuh A1 p Tufufuamnueveansanszuen i1 0,

ﬁéai‘x’um@anfi‘:qmnqﬁmﬁ'u ( Mean Temperature ) Tu lumunsaue NN LY

vosganniieT( 14

2.7 m‘:m.,mnqmmgu‘lmmﬂnmmqm.,uan(Bﬂlct)
i‘]mmvmminimuamﬂnu‘luummms-uan Fii5ed R uasdidmdanunidud

AR Surface power input ) (P,) Aeft (M2 Wim ) uu'lé’ﬂiﬂnuﬁﬂmmﬂmu

_QOR . f: l b _‘ 2 j ' R
6— k [2,‘*ﬁ_.__2 Z e B.r 0[5"(’/ )]]

4 W B+ o(Bn) (2.20)
e 6 = awmn'nmuﬁu $atl r AN ¢ (K)
T = a1 luan1aznfi(normalized time) [(KiYCR ] (1uUnu1g) (221)

a1 .t

K = a.1.a) mahanudeu (Wm K )

t =1781 (s)

aumyteainase iiuhiian1aza 9 Steady - sme) A1 28, - 6) . AWMU
uRNFITBIgUAN TN TIAfUPRuUdnaTs ansadouniluanudunus i Inunnaums
220 1&iilu i
2 }=2[:‘+ P e-az_fo(g.(r/R)l]_
L ZR- 4 n=] ﬁnjo(ﬁn)
( 2.22)

2 = A o a < a 7 a, d:

mouNayly T i MIAuEuUUINTIWTEY 39 J(x) AR HINTU PUAN

< . . —— ¢ 4 4
YU ( Bessel function of the first kind )lﬂ'ﬂﬁ’lﬂﬂ’ﬂﬂ'ﬂﬂ llﬁ:Bn wuauanaie 11({3) =

naMsInT 046, -0) AU fR uazm T AN =§quﬂﬂﬂﬁlﬁu1u'jﬂ 2.7 ¥

ooy .

nwsey M3 vanssanudeussiidgumgind 1uanmuwlumnmﬂquunaumrm
T 2025 meunilumasiy (%) wlaumAu 0 uazmInge muemnnumuuu'uu
wisrTufn vazidie T Sewnndr 0.25 5ﬂnswﬂmmmuaumu mﬂnmumunmwnumn

d ¥ . -
Julugasunuay
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e \ i E
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06X\ ~1 //r-0.0S

0.4

« = 0.025

1.0 078 930 025 0 025 020 075 .0
R

d - ke v
U 2.7 urmemaiasuutasvesgungUineuiuIAIvenTINTEeN

(hdantleulrnayy funarluanmizlng (D

{9 T >0.25 9154

PoR ol
0=———(2-+—=-—)
k 2R 4 {223

s <

44
NNURIAB R = 1

k 4 (2.24)
~=‘ * » ;
nQﬂquUﬂﬁ'N r =0 a3UY
¢ 1
9c=-"‘?°R (Zf"ﬁ
( 2.25)
Asdunz 1R
(6.~ _?OR
s~ Yelr 0.25—-—_
: 2k (2.26)

lunugauadns lilnrgadodaminmaudfiduaramufaumnso iy,
1R amus uazANBUANA 1Y 04aunA iz nIAUAT nazgaquinalie qunginannTay
senansulanznur R2 FelamununniuveaMdan IMUANUAIC Surtace power density

] 4 > '
impun (P_) 71 T > 025 Fathaums 223 waguiniTaeldaums 224 uaz 225 ald
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r 6—-6. r’
8=9<+ et_ec " ===,
( )R T8 R (227)
8e _7(‘7-._.1.) .
soa AT (2.28)
: _(4 —1)4— o (2.2
f-9. VT 3)TRE (2.29)

mrimssriusiseh s nuanmvesgumg i ldgndsaiy
f ' o - H ¥ ¢ " e t oy P
Snaauvesuiansanszusniigengifiuduludandumiiu uamnhidunu
; ' 1 @ - é
Houliiudeu q fuyn q Yinas Fesadulumuaums
waseun A US uIAT Y IYUIIU (element volume) = P dt dv
wasunezan uUSuIRs194¥UI N element volume)= (CYdv)dd
@ = P,
a Y (230
P A o @ 0 ) [ - 3 v Q’l o i d a v
F1 p, AetidssenianitoSinas (Wim) feu &1 do/ds Hlusneit Tao p, UM
) W : - T k4 » " - 4 » » o4
hfuRaeat TR TIazT AR TILve s da A IMsAeUT AT TN Aeerduiuidy
AMUMUINLUVBIFEL (Power densiy)ATAL 1A 9
@
=B W/m (231)
3 ‘g . ' 3 o K ] v o ad @ a' ' ¥ '
ssiu g A mniuyasiids snudadiutudaiigadidatiesgnaiulay

msihanudau

W
o - ' A
Jaduns NBUUTAYBITTLMS 2.13 (2TP,R/K) aunsodsaguinuily 2pyyoR 39h
a_ 4 3 44 4 < 4 a T
fnd1 6 Tuauns 2.19 Fadumoufinudusdnsdonauiuiu uas (2R - 14) uaag
Samrnszewgumgindhuuuwn TudnuazagamniindsMean Temperaure) 31 14T

w ad ,ay 4 ad s a 4
Frtigavi I sauilurud Ash r = R/ 2 = 0.070 R

2.8 THSTHUVUNTINTZUONHAZHADINNITHNTIT
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ta 3 @ 5 = { [] 1 P kd : |
maun T idtuumsgydoanudaunflediaie gees Waamdsnuatlouiid

4 4 a: 9/ ' (% “ v

i lumamqupiuld P, unuanumnnivveimidsgnindanndamsusadudunusn
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= e - /48 //0.5 //025 E
%\E L / e
O 04— /]
= 71—
0.2 / A
/ /
| [T PR
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ar

' . ' . - & .
Ui 2.8 A ly(Correction factor) HTHFUNTNTZNUUNATLDINNMITUATIA

v

HasFUNUTAUATIUANAI(Current deptn) A TUNTINTEUBA

2.8 MIUNTIT

< T a ) -2 : a -~
msgadeTasmsusTadonizodin wm™) Twldnguesadriu-Turinu Sefan -

Boltzmann)
EY
P, = 361 SG, ( 7.32)
b1
10
J ’ ‘s -ﬁ:!'dl tat 1
BN Y = a.u.a. MIANIIaNA? ('11111?111'10)

aAda ~ b 4

AUMAUNHI lAgTUYIN (K)

e‘
P, = MIUALYBIMIUHTIE (W/m )

4 S a 3 2 4
¥ 1NNy AnIY (Stefan’s constant) = 5.67*10 Wm K

> a ) { o e\' o @ '4
SIMTNAMIUATIANAINBITUNN U QuuniduyTY

037046
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P, = 5.67 56,8, 0’ ( 2.33)

u q; 4 ': w :: ] aa a P "o
dmugungiida p, duansedaield wu idnuaungi 200 K dewised

i

a a Lo . oo a i
uds quuglanaande 300 K Fezldmanummminitgoyde U os deusity ) Uszuimy

24 a vy 4 a v da v ' -2
L Kwm  esuimivesuin Waiguiumves p, 0 asu ivwm )
duiinminnuuansavesgumgivesnsuned rnheiafudwaadouimun 191
v < e ’ ada - o o ' a
aunsasa 6, feld wu o, = 1,000 K (Quugditaa ) wnamsuad lgaamad 300

4 4 12 _a 34 y ) 10 v A
K a(1,000) =10 uaz (300) =81*10 49180 10 (51 usadanld

2.10. ATUUANANYBIGUNYT

diodldndedu  lunslgungiigeiu ANULANARYasguNn T n e fuih

@ q: o a 9 P 2 a U Y =‘ v k4
wasad  AnulumsAanienhdulssdnimaumanudoudunioter  Tagld
: a d 4 a
ﬂ'nmmnmwﬂdqmnqumau‘luiﬂaanmiﬁ'u ( logarithmic mean temperature difference )
J - { L] - { L}
Ao O, -6.m®, -9, Taeh o uaze, ABATUIANAY BB RIS BnazaAn
1 ) cn.a’a £ : W aa - e 3 v 3
9INE FITUUANUGNARININ uatmTULNATAT U T A uLAn o Ta 19 196

é = 1 e
®, - 8.2 14 Hazlifmnugndes 10 & dinsu 8,9,<3

2.11 YTwnanhily -

T 4
. 1

fgumgifiuiudu 6 ¢ wazldfvaninilu o @’ udh
amudeufitiuosn (wam = (C)Q (234
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Anudounemenn (KW) =4180°095 1. §
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Induced currents
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Figure 2.9 Principic of the induction b}lm heater.
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2. 16 mIATadanudeunasmaiiATudew( heat radiation and convection)
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AL v ADTM f (KHz)
Wﬂ@ﬂ\iﬂ%‘:\i“ﬂ" 1 'ﬂﬂﬂﬂiﬂ%\i‘d’ ‘ﬂﬁlﬂﬁ\iﬂﬁ:‘:ﬁﬁ. Lﬂgﬂ 3 F!;’\'o
0.0 43170 49102 49 064 46112
05 49,171 49.102 49 066 49 113
1.0 49.172 49.103 49.069 49 114
15 49.353 49.303 49.231 49.295
20 52323 51.835 51.993 52.050
25 56.042 56 083 " 56,141 56 089
3.0 55 965 55 586 59,675 39722
35 63978 £3.742 63.901 63678
40 63 260 87645 58,041 67.582
L5 72.468 72,341 72.238 72,249
50 76.879 76.064 76.613 76.485
55 50,546 80.946 30.556 80.948
80 85 151 64.063 34 390 84 535
85 59,169 89.153 69.178 8% 167
70 92 849 02 525 92,650 92 £75
75 o7 183 97.233 97.164 97 193
30 101,236 100.499 101,108 100 647
35 10456 104.459 104.433 40547
50 109374 107 539 108.585 108 499
S5 113 174 112.885 112,978 113012
0.0 17582 116,901 116,925 116,829
10.5 121,540 121325 121278 121,381
110, 125,752 129.301 125.645 125.238
115 129,552 128,663 125 433 129.237
12.0 132.926 131.843 132 760 132 528
125 137 553 136.745 137,532 137.278
13.0 141 748 130826 141 385 140 956
135 123083 143079 143,151 143,092
140 143,438 143232 143.336 143 335
45 143,640 143,531 143,871 1436827
150 143 676 143,650 143 520 143 649




52

maﬁq_ﬂ:t;ﬂm;w@gmDQBDhPZ\ (4 4 _._.w
Id n o 2 >

2 2 ¥
ma%:w 9a—xrUs *
s s
n A &
¥D q q
q ']
vn% Nn»
- XA |_I §1 kA
o]
ma% g%
La % Sa p
N\
€25 q T0=F g
,ﬁ £1 H L




53

cawmzeungnneusese v ik

A

A

et ——

7/
_yl.

Lt ]|

ANSONOOXD °d

1w .s
so ~—
v
. cher NI
.
:
£YLr N % cHb NI ] oow fuxn
Ul Ul i :I y .
. B
go it crey NI
U
9o AW .
ue
9o AW -y
v
Ut 1 N«N« HA
14t
1 z>
so —u
% crir NI M”M 4
£¥LF N w HF Nt _“ orLr N m un
Ui U Aste
L
90 - crLr NI
v
fo - ¢
uUw
%0 - Wy 4
v
Ut 1 ﬁ«« NA

RUMLYLLE,

U ot
’ [ l||.mf
b e I L
ot Ni
L x
9y0p % 1
]
R w._ 6 |———mm
e I L ' 4] gl b——o
TN OF = A Gt




« d‘ \ a a ¥ al aj
LATNTUANIA U TN Tearag Ay Ruireslaulssacuige ludiun2eaasas

Tusy 4.2

o GJ | o 4
21| 4.4 WAASUNIAULATNESUAR I VTIA T TTLLT

s o P - da o " o o >
lun1snaaesasyianIslfumnuAumuinn 9 wenaslvimanivesdygyiadlddeg
T e b ¢ - ‘ - Sl -y "

4.4 Tednwizreedyruavalutes Touuudlaendygrutiiiaouiaglutecszuin 60
H 3 pes i a a . ) {
Khzlpe?t CH 1 douuuidluussdunnasanTvasniduraaamiienty way CH 2 dauataiu

' o 4 ¢ 4 1 1 . =Y o= ' ' .
nevugluanulvaantecH 1 =10Taaviaes g1uld 20 TaavinasCH 2 = 20 Hadlaayi/aee 81u30
e &) v I SR g o ‘a o lal 100 »
Sadlay grudlunszuald 20 wend FeATeutiarlifansanaraulanacuiindfusieslda

dasiuandieTiuuuilasdaunaainusefuuasnssuaiavimmivintdu



¢
4.1.2 nnmnanammﬂ“l'nu

S RS, S

330 ohm
330 pF =

+

5k ohm

1U4.5 295190 Ing
¢ o [ 4’ o o @ A @ @ - 4 4
sea Iniidunssviadiswadvesdgygouiisflessumsdanesvesdunesines u
a a4 o 4 Yo 3 [ J c‘ Y <
nuAeItTug s lumsnaas I Sudyyranssdumsu-gasalugds ingeanasB T igacilu

<4 o
nsnaFunuldnegas

CH 1

CH 2

U7 4.6 LAAIUNAL Vg ARNIDIBUNESIRRS



Fagtl 4.6 azlfannnnsulfumnnudaunilugls sieazlddnyanasdusds silidinnedaeasluis
Feamilasd CH 1 wazCH 2 YUl 50 Tamiees il 150 Taaf wilun1snAseasiusefuin
me"f\ﬁmoi'ﬁqﬁ’lﬁLWﬂ:ﬁmnﬂ?ﬂi‘umLmﬂ'lvlﬁﬂ"umua: situudetfumanudumuiuau
s Iiagueaeninm sznos q uﬂua«wﬂzqnﬁﬁﬁ'mfmf;uaﬂn'h] diedfuanudumiung
fimanils udnhmadsuanudezilimweuselnd Tinlasuulas lugaeivhmsnaaeses
dennudnfaonly

Taodndsaueangd @ 60 KH, wwianmlg 333 us ﬁdqnmsm'lﬂﬂudwﬁ‘:ﬁ:qn
Ysudaeanudumulfus ldimensumivenlumnifugduyepugdss  Yszneudauie
WiRamsdanaes lunadeaiu

4.1.3 MINAAINIVY

1t

< o 14
7UN 4.7 295U nesuema

d e o v 4
Tt siinududdundeu/asnnudiqaceuise Transformeryiuuny-walfiily
e L & W
A laTasncsolate)vaansastuinn  Mndggnunimniniea Induudnessues Muasenuilu

< 4 o d
JUN4.8 Fedan G-s lugl 4.7



!
< It

d ed e Ll S
JUT 4.8 namdyaIUTUINBTNEMNAL A1 TINY

& “ - 1 L )
NAaMINAABILUTUCH 1 uay CH 2 0 5TaanAes uay slulasiwases o1uldi2lan

< P
AnNud 60KHzuARIFUN4.8

4.2 HANNITVNARKDITDINATINY
NIRRT IDIUNAUTNANAFRNNT DS AN ALASATTLE AL LN Fa AN A
[ o P ' 'Q, { - § )
Vo lp)inlddagda.oqsduiifan s nuuTaoiimsdeanudiumusynsudriinaed
uoea yaziimInaasaiuezAsnsqUiunsaiu IMaswdiqussduv,, funssuar, lums
o4 £ 1A ' v o = @ g
aseaToneidszdns lufumddamgyideludaiu  TaecH solaavimeacv,,) uazcH2 0.5

A 4 o ' 9 '
I’Jﬂﬂ/‘ﬁﬂ\l (Ix)FIAATDUANIUATUNIUY 0.16 Tount



658

3114.9 VU |, reaniadnasing

s v A W I = 1 b A
1ngl49  uammsfunsedu Ikesands idumddsgadevesmine fus e

L ¥
lilHueamauaslumsnaassudnzasazfesdudyuindag



89

P> |
UNN 5
unaguaiangal
-4 - & < a of . [} =
(ATt Ud LT taauaningardnisiuilantiirainssuslnaaulunviawan
° v & w 1& nnq af ° v & w 11v6-¥ -1»
nsvildiuansauuasuadlamungriianisnasi liinandaunazuadlaiiiu viala
. 1 . & . - ar - 1 e -l -]
Tamfinntgsranisdidiifiaduussiidasliuagnuansnsinsizaianuagnn 4
& aj . & al [
nszusnazlnaimiFiuaiaduilulsingnisial skin effect) nanfifinuaanazunadla
Fnhmnainn
- o & sand . v al L7
qqﬂﬂ'l‘f“ﬂﬂﬂ\’lu‘a'ﬂ'1ﬂ'1?ﬁ\’ﬁ']'lufﬂ'}ﬂﬂﬁlﬁtﬁuuu‘ﬁQ'\ﬂﬂ’l‘l‘“ﬁﬂﬂ‘flﬂﬂﬂﬂ4uﬂ')
' o P -
Lifinasandfudniasf azanlinindaunasusinssuaiiainniazanasdaiasn
«d " e e . «f o o ad
n1sulagundasrasAdauligauglasingsAas pulfsulduazdainldanune
o - - . Sang o e a e ' P ]
'i-nuuwitﬂaz:u‘lﬂtuamwnxsT'nuumﬂﬂﬁq:mluwmqunuq'\ﬂmm‘lﬂﬁq‘lﬁlugqqnw
ol oy - ‘o bt of °
arsndwsslilaislouuud  SaldlaislouuudssdaBusnanvguilafiazyiliin
wafuamAaiiladilunisnasaiasAatgdun uusAlAsu-Tadd 1L nesuALATY
o~ v ar [ ¢ ' (%) ¢ - ' w U
UastAIANTIUE U uslAutaiNnanlatslauuudvsalsi auuluntsneasag
ar a t -d ° &
nlaldmsdfuanuarindaaiialnlasaslsuuufingsizasilinaanalinauasdla
Y o d Y » o e v e o ] t 4 -3
18 ig alANI UURgRasildunAlad TmsianisUfuanuamulivussiiu
- - ag v e [ af ad PR
nszuasanvsatinty  alfulilaaanislauuudlaanamslauuudiunssusss
P vad at -y ar b - al o & v o [y
luamignatnqaiAgy  WelfuanunarsmFaanuaiinTiuusi linssusansaas
MlimqaislaunuilanTalinayuinasswinanszuan nugeanudalaminfszdula
- Y ¢ 1w <l [ o a Ty vad ™ - 5 3 P
\auvinn uynguduaaginssuanlfuanungelaigas quainszuatiniunnqan
] o -l P -
nezualuagedausaliuanungaualnssuaanalazatannsnat el inssua
- - -t & cBem [ -l e ' 4
FeuauIIqaniinssugasasstuunAalfuaunAandn sl guuudg
N o} al - (%3 o~ ‘ ' af
lunisnaaas@snil Tamunigan Aausatdaunsrzaiuliladianai
[ [V ¢ v al (X ' . v & [ %
AEINITUR AN NTandatlainisalinuaasaslignsnsainldinanumela
] ol a ' & & (Y] oy ] alal
IWgzAAiuiigadn  Adanuldssquasusiautlaasiinafaniseasiiananuniu
ar -l -~
U ABIHaAAREIN AN AT 2404685190 UsN



MANUIN

&z d' ¥ o o v = = & 1 2 o v L83 v
nasiluenansnanulidmsumsldmuienisnwvintu leygslmilldussleviaunis

Ldnsdilansdu dnviwvnuiilvinaudadiion wagdosdddiadiveaenarsynasaninisiluly



W
(@]
T TR TR I TR TR

TENTERTENTAN TR N VOO UNH WN -

EL16/5,
E20/6,
E25/7,
E32/9,
E30/7,
E42/15,
E42/20,
ES5/21,

x107-6 M.

26
42
79.2
121
130
123.6
140.4
0
C
7L
106
141
211
l 280

20.4

oT

EFL26
EF1é
EF20
EF25
EF32
E30
E£4215
£4220
ES521

:= 10
1= 30

= 31

= 32
= 34

:= 35
1= 36
= 37

n := 10
x10T-3 M
1 33,17
2 38.4
3 51.2
4 56.4
5 62
6 71
) Wk
8 78.7
9 0]
10 0]
11 53
12 62
13 74
14 97
15 96 8
16 120
1) 140
18 158
19 210
20 14.7
21 20
22 25
23 30
24 30
25 35.6
26 42
27 52
28 31.4
29 71.5
30 34
31 41.2
32 52
I3 64.4
34 44
35 87
36 100
37 113
38 60.5
39 69
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41 86
42 é8
43 &5.6
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(@]
| SO

-

| o | lso o

-7 -8
o := 4-1w- Lo Henry/M go1= 1.2°1.724-10 Q-m
1.2 for parallel
500000000000000000C0000000000000000000000000000000000000C000008C000000Q0000

SWGO := 54.186'u SWG9 := 10.716-'u
SWGl := 46.45L-u SWG10 := 8.398-u
SWG2 := 39.874'u SWGLL := &.914-u
SWG3 := 32.768-u SWG12 := 5.584-u
SWG4 := 27.753u SWGL3 := 4.364-u
SWG5 := 23.155-u SWGl4 := 3.296°u
SWG6 := 18.251l'u SWG15 := 2.673u
swe% := 15.913-u SWG16 := 2.112-u
SWG8 := 13.026°u
re size ; SWG17 := [.589-u )
SWG18 := L.167'u
SWG19 := .8107'u
SWG20 := .6576-u
SWG21 := .5189-u
SWG22 := .3973'u
SWG23 := .2919 u
SWG24 := .2452 u
) SWGE25 := .2027 u
swgza.;:,_zé«an L5 70x
SWGZ7 := .1363: u SWG40 = LL.67-m il
| SWG28 := .1110'u . SWe4l := F.8l0-n -
| SWG29 = 93.72'n SWG42 == 8.107'n

r'r'r'r“r“r‘r'r'rr‘r‘r‘r‘r‘r‘r‘rrrrrrrrrrrrrrrrr*r'r'rrr'r'r‘rr’rrrrr‘r‘r‘r'rr‘r'r'r‘rrr'r'r'r'r-r‘r‘r'r*rr‘r‘r"'r'r'r*rr

:
| KKKKKKKK > Transformer specifications;  <KXXRXFRERX

.ak voltage of coil no. 1; ‘ vi := 12 v
.ak voltage of coil no. 2; v2 = 12 A2
ak voltage of coil no. 3; VI3 := 12 A
S current in coil no. 1 : Irmsl = L A
'S current in coil no. 2 Irms2 := 1 A
i8S current in coii no. 3 Irms3 := 1 A

ndow utilization ratio of coil no. 1; 1= 0.314

a
ndow utilization ratio of coil no. 2; B := 0.314



dow Utilization ratio of coil no. J4; r := (1L - a - B) Ir = 0.372
verter type factor Aoz 4
rating frequency : 3

fs := 10010 Hz
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqgqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqc

RKACKOKRK > Designed specifications; CREKKKK KK
imum flux density ;3 Bmax := 0.3 Tesla
dow utilization factor ; k := .3
per 1oss; Pcu := 2 Watts
2 21 3 2
2 Irmsl 2 Irms2 b 2 Irms3
Vi + V2 - + V3
1|l a AT roo
2 2 2
M k-Bmax - fs -Pcu
FrErrrrrr R P rrrrr PP r N r P r e e N RN rrrrrrrrrrrrrrrrrerrrrr
-15
uired Kgr for the given specifications is; Kgr = 3.123-10 M75

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqc

SKKKKEKKKK D Core selection; CRERERAIRKK

' EIl9 core size; TYPE EIL9® ;

1= EE30 <kXXX%X%X  Core selection HHOKHKKAKKK KKK

= CSS - 1

= U OW ,  S\{°u ps£ 6)[d £ henatEr

| CsS CS Cs, 1L

| 2 g -

; S. —4. -4

i N W = L.07%-10 S = 1.10%-10 £ = 0.06&

Fccccccccccccccccccccccccccccccccccccccccccccgcccccccccccccccccccuccccccuc
-11

parameter for the selected EI core is; Kg = L.975-10 M™S

CHRRKKREKRE
50000000000 C00000000003C0000G0000000Q00000000000C000000000000000000Q00000a0

KKK KKK > Calculated results CREAKIKK KK

acted wire gauge ;’ SWGs := SWG25
V1

oer of turns ; N1l := N1 = 0.907 . Turns

» - Bmax-S- fs .
serr of turns selected ; : Nis := 50 <SSSSSSSSSSSSSSSSS - Turt
K-a W -7
2l wire area ; Awl = Awl = 2.021-10 MT2. ;
Nls

Awl

rer of wires ; Nlwire := Nlwire = 0.997 Wires
ShGs AR KKK

>er of wires selected; Nlwires := 1 <SS8SSSSSSSSSSSSSS Wire:



ted wire area Awls := Nlwires- SWGs
wire length ; Wllength := t Nls Wilength = 3.3 Meters
CRKKKKKKK
Vi
Bmax ; Bmaxc := Bmaxc = 0.005 Tesla
‘N1s'S- fs CRRKKKKKK
t
wire resistance ; Rwil := j Nls- Rwil = 0.337 Chms
Awls CERKEKKKKKXK
2
r loss ; Pouwil := Irmsl -Rwil Pcuwil = 0.337 Watts
KK KKKKK

2222222222222222222222222222222222222222222222222222222222222222222222222

ted wire gauge for NZ; SWGs := SWG25
%%
r of turns ; N2 := N2 = 0.907 Turns
» - Bmax-S: fs
r off turns selected; N2s := 50 <SSSSSSSSSSSSSSSSS Turns
K B W -7
wire area ; AW2 o= Aw2 = 2.021-10 M~2 ;
N2s
\ AW2
r of wires ; N2wire := N2wire = 0.997 Wires
' SWGs -
CEREKKKK KKK
r of wires selected; N2wires := 1 <SSSSSSSSSSSSSSSSS Wires
ted wire area ; AWw2s := N2wires: SWGs
wife length ; W2length := t-N2s W2length = 3.3 Meters ;
' CRKKKKKKXK
| v2
Bmax ; Bmaxc := Bmaxc = 0.005 Tesla
ength
“ N2s S fs CKEKKKKKKXK
= 0.337 C "
w2s
t
wire resistance ; Rwi2 := - N2s- Rwi2 = 0.337 Ohms
AWZ2sS KKK KKK KK
2
r loss ; Pcuwiz := Irms2 -RwiZ2 Pcuwi2 = 0.337 Watts

CRKCKIRK KKK

33333333333333333333333333333333333333333333333333333333333333333333333333

ted wire gauge for N3 SWGs := SWG25
v3
-r ofF turns ; NI :=
W Bmax- S fs
.+ of turns selected ; N3s := SO

N3 0.907

<SS8S8SS3SSS8SS8SSSSS Turns



wire area ; AW3 := Aw3 = 2.394-10 M2
MN3s
AWI
r ofgwires ; N3wire := N3wire = 1.181 Wires
-7
SWGs CRKKKKKKK
SWGs = 2.027 10
r offt wires selected; N3wires := 1 <{S5S58S55558S585SS8SS Wires
ted wire area ; ‘ Aw3s := N3wires: SWGs
wire length ; W3length := t-MN3s W3length = 3.3 Meters ;
CHKKKKKKK
V3 .
Bmax ; Bmaxc =z ————————— Bmaxc = 0.005 Tesla
N3s t = 3.3
W N3s+-S: fs CRKKKK KKK
t
wire resistance ; Rwi3 := - N3s- Rwi3 = 0.337 Ohms
Aw3s & KA HKKKKK
2
r loss ; Pcuwi3 := Irms3 - Rwi3 Pcuwil3 = 0.337 Watts
< KKK RKEKKK
copper loss Pcut := Pcuwil + Pcuwi2 + Pcuwid
‘ -
Pcut = 1.01 Bmaxc := 0.15

:CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

. -6 2.22 1.192
loss per weight ; PWw := 9.5623:10 -Bmaxc - fs
| Pw = 0.129
Watts per gm
weight 3 We = DWC Wec = 50 gm
) CS
loss by weight ; Pcorew := Pw-Wc Pcorew = 6.463 Watts

KKK K KKK

:
***********************************X****************X********************
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CMUS PHASE-LOCKED LUDP

'i:‘u

J

C/?.

FEATURES

& Very low power consumption — 70 uW (typ)
@ fo = 10kHz. 5Vdc:
¥ Operating frequancy range {no offset) —
Up to 3MHz (typ) @ 10Vdc {SCL4A046B)
Up ta 4MHz {typ) @ 10Vdc {SCL44468)
#- Low frequency drift — 0.04%/°C {typ) @ 10Vde
& Choice of two phase comparators:
1. Exclusive-0f networx
2. Edge-controiled memory network with
phase-pulse output for lock indication
4 VCO Inhibit caontrol for ON-OFF keying and
uftra-low standby power consumption
$® High VCO linearity 1% {typ)
¢ Sourca-fallower autput of VCO control input
(Demodulator Output)
- Zaner Diode to assist Supply Requiation
¢ Balanced Output Drive Cucrent Specifications

APPLICATIONS

& FM demodutator and modulatoe

& Frequency synthesis and multiplication
4 Frequency discriminator

$ Data synchronization

# Voltage-to-frequency conversion

* Toone decoding

4 FSX-Modems

¢ Signal conditioning

DESCRIPTION

The SCL40468 and SCL4446B phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator (VCOQ), source. follower, and.
zener dicde.. The- comparators have two common
inputs. The. Signal input camr bes used. directly
coupled: to larger voltage- signals, or indirectly
coupled {with a series capacitor} to small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear ragion of the amgplifier, Phase
comparator I {an exclusive-O8 gate} provides a
digital error signal PCIo ,, and maintains 30° phase
shift at' the center freQuency between Signal and
Comparator inputs (bath at 50% duty cycle). Phase
comparator IL (with leading edge sensing logic) pro-
vides digital error signals PCII,,; and Phase Pulses,
and maintains a 0% phase shift between input
signals {duty cycle is immaterial). The linear'VCO
produces an output signal VCOgy¢ whose frequency
is determined by the voltage of input VCO;, and
the capacitor and resistors connected to pinsC1pa,
Cig. R1, and R2. The source follower output,
Demod Qut, with an external resistor is used where
the VCO;, signal-is needed but no loading can be-
tolerated. The inhibit input Inh, when high, disables
the VCO and source {oMower to minimize standby-
power. consumption. The zzner diode can-be used
10 assist in power supply regulation,

iy

CONNECTION DIAGRAM

{all packages)
ZENER ODEMOO OUT
Si1G P . vCo
Voo N S5 A2 A1 IN
A || | | ! |
1 15 14 13 12 11 1o 9
SCL40468B SCtr44468
1 2 3 & 5 6 7 8
1 | AR ] ]
PCL VCO INH C1  C1 Vgg
ouT ouT {A)} (8}
PHASE COMP
PULSES N

Add sutfix for package:

C 16-pin Cerdip
D  16pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED QPERATING CONDITIONS

For maximum reliability:

OC Supply Voltager Vpp-Vgs 315 Vi
QOperating Temperature: TA.
C. 0. F. H Device- -55 ta +125. °C
E Device 40 t0.+85 °C

BLOCK DIAGRAM-

m? @\m
3

Prast COme 1 oUT

%_.l_l
ws@® @umen ';‘

Fig- 1 ) -



ELECTRICAL CHARACTERISTICS {Continued)

N

SCL40468, SCL44468B

+25°C
PARAMETER CONDITIONS Voo e T Tro ] Max. UNIT
VCO SECTION (Continued)
TEMPERATURE- ~
FREQUENCY !
STABILITY
No Offset RZ= 5 - 0.12:0.24 - |%rfc
10 - 0.04-0.08 -
15 - 0.015-003 | - |
With Otfset R2< 10X R1 5 - 0.06-0.12 - l%fc
10 - 0.05-0.1 -
15 = 0.03-0.06 —
INPUT RESISTANCE Rin
vCO,,) 510,15 | - 10¢ - MR
OUTPUT DUTY All valid input combin-
CYCLE ations and voltages — 50 — %
QUTPUT TRANSITION fo . ¢
TIME TLHTHL ¢ = 50pF 5 - 100 200 {ns
10 - 50 100
15 - 40 80
PHASE COMPARATORS
INPUT RESISTANCE
Signat Input | Rin 5 1 3 - MQ
10 02 0.7 -
15 0.1 0.3 -
Comparator Rin 5,10, 15 — 10* - MQ
Input
AC-COUPLED INPUT  {Vin
SENSITIVITY
Signal Input 5 — 200 400 mV
10. —_ 400 800
15 - 700 1400-
OUTPUT TRANSITION
TIME
PCI, PCIT trim. true ; 5 - 100. 200 | ns
Qutputs Cy = SOpF 10 = 50 100
15 — 40 80
Phase Puises  [tyip, tTHi 5 - 130 260 ns
Qutput 10 - 65 130
15 = 50 100
DEMOODULATOR OUTPUT
OFFSET VOLTAGE VCON-
Voewm | Rs>50k 2 5 - 14 2.2 | vde
10 - 1.6 22
15 —_ 1.8 22
LINEARITY Re>50k 2
VCO\n = 2.580.3V 5 - 0.1 - % o
VCOn = 5.022.5V 10 - 0.6 - H
VCO,n = 7.5¢5.0V 15 - 0.8 —
ZENER DIODE
ZENER VOLTAGE Vz 1z = S0uA - 6.3 7.0 1.7 \"
DYNAMIC Rz Iz = 1mA - - 100, - Q
RESISTANCE
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SCL40468, SCL44468

_DESIGN INFORMATION

This information is a guide for approximating R1,R2 22k, Rg 2 10k{]
the values of external components for the Ct 215pF
SCL40468 and SCL44468 in a Phase-Locked Loop In addition to the given design information refer
systemn. The selected external components must be to Figure 5 for R1, R2,and C1 component selec-

within the following ranges: tions,
USING PHASE COMPARATOR I USING PHASE COMPARATOR I
YCO WITHOUT OFFSET YCQ WITH OFFSET VCO WITHOUT OFFSET . YCOWITH OFFSET
CHARACTERISTICS Age = 3¢ Age =

VCO Frequency

frany
Yoo/ Y0 ¥00/2 Yoo w0/t Voo
VCO IMPUT YO TAGE

YCQ INPUT yOLTAGE VCO INPUT VOLTAGE YCO INPUT VOLTAGE

VCQ in PLL system will adjust

Foc No Signal Input YCO in PLL. system will adjust to canter frequency, fy . 10 lowest operating frequency. fmin

2 1 = tult VCO frequancy range-
Frequency Lock Range 2y 2t =t i
man 0

Frequency Capture m Ay T

Range, 2fc O—'Mro i
r 1 {2mty
2e g

TieR3Q2 -1-;E2

Loop Filter fe =t
Comoanent AR oy % b=
Selection -
u ne
For 21, e Ret,
)
Phase Angle between- 90° st center frequency (fg), approximating C° and- 4 ini
Signal ana Comparator 180° at ends of lock range (2}
Locks on Harmanics of ) o
Center Frequency Yer *
Signal tnput Noise - b, Low
Rejection Highe
~ Given: 1y = Given: 1° and fy_ - Given: fmgx- — Given: fnin & fmex
- Use iy with Fig.Sa to - Calculate fpin (rom- — Catculate tg frome ~ Use tmip with Fig.50
determine R1 and C1 the squation the equation 10 determune R2andC1
fmin = fo — fL - frax trax
— Use Imin withFig_ St e = Calculate T——
to determine R2and Clf  _ g fo with Fig.5a 10 ¢
Yrra Setermine R180d C1 | - Usa s with Fig.5¢
vCo = Caleuiste T frvin
Ccsmp?mm {rom the sgquation 10 determine
Seiection- ' 1o + ravo R2/R1
a2 = obuin RY
fmin  fo —fL .
fmax-
— Use7— with
mn
X Fig.5¢ 10 determine
ratio RY/R1T o obtein
A1
1965.

REF. G. S. Moschytz, “Miniaturized RC Fiiters Using Phase-Locked Loop~, 8STJ, May,
.



SCL40468, SCL44468 '

ELECTRICAL CHARACTERISTICS **

F) g 7
PARAMETER Voo | cONDITIONS | T-O 5C TrigH Units
(Vde) Min. | Max.| Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 linhibit = Vpp - 5 - 1 0.05 5 - 150 |nAde
10 {Signal Input= - 10 - | 0.01 10 - 300
15 Voo - 20 - 102 20 - | 600
TOTAL POWERDISSIPATION [Py Inh = Vss,
VCO,, = Yoo ;
f, = 10kHz, !
5 | Cu = 150F - - — | 007 - - - | mW
10 | R1=1MQ. -1 -1 - |os -4 -1 - i
5] R2=Rg== | _ 1\ _ | -j24 | - | - | - ‘
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
= + 85°C for E device.
3 yCQ output {pin 4) and Phase Comparator Qutputs {pins 2 and 13} have been designed for
balanced output drive current specifications. Consult Family Specifications.
25°C :
PARAMETER CONDITIONS Voo = uNIT |
Min. l Typ. 'I Max.
VCO SECTION-
MAXIMUM OPERATING| fmas :
FREQUENCY .
SCL40468" R1 C1 ;
R2'= o= 10k 509F 5 0.5 08 - MHz |
NVCOin. =~ Voor 10 1.0 1.5 — }
15 1.3 1.9 — i
Sk - S0pF 5 0.6 1.0 - MHz -
' 10 1.4 2.1, - '
15 1.8 2.7 -
2 SO0pF{ 5 - 13, - MHz
10 - 2.9 -
15 — 3.8 —
SCL44468 R2 == R1 C1
’ VCOy = Voo | 10k 50pF 5 0.7 1.0 - MHz
10 1.3 20 -
15 1.9 2.8 -
Sk SOpF 5 0.9 1.3 - MHz
. 10 1.9 * 29 -
.15 2.6 3.9 -
2% SOpF [ - 1.8 - MHz
B 10 - 39 -
15 - 5.4 -
LINEARITY R2 = o
VCOmn = 2.520.3V, 5 - 1 - %
R1210k2
VCOn = 5.022.5V, 10 - 1 -
R12>400k2
VCOy = 7.525.0V, 15 - 1 -
R121MQ "




MOTOROL/
SEMICONDUCTOR
H ECHNICAL DATA

IRF450 . =
IRF451
IRF452

Part Number Voss | rostan) in
N-CHANNEL ENHANCEMENT-MODE SILICON GATE IAFaS0 soov | o4n A
TMQS POWER FIELD EFFECT TRANSISTOR ey w0V | o<n A
These TMQOS Power FETs are designed for high voitage, high IRF452 500 V 0.5 0 12A

speed power switching applications such as switching regulators,
converters, solencid and relay drivers.

@ Silicon Gate for Fast Switching Speeds

o Low rpSion) to Minimize On-Losses. Specified at Elevated
Temperature

o Ruggrd — SOA is Power Dissinatia~ Limited
e Source-to-Orain Diade Characterized far Use With
Inductive Loads

2

- G
TVMQOS
S
MAXIMUM RATINGS
A IRF
Rating Symbol | 450.! 451 | 452 | Unit =
Orain-Source Vcltage- Vpss | 500 | ¢50 | s0¢ | Vde Meanuom OITI 79}
Orain-Gate Voltage-- Voga: | 500 | 450 | 500 | Vdc —r
(Rgs. = 1.0 M) Pr USE
2eTTER
Gate-Source Voltage VGs =20 Vde c,&l oo R
Drain Current . Adc NOTER: A
Continuous- o 13 12 i mmm ANG. TOLERANGING 7R NG
Pulsed lom S2 43 L CONTACLLNG DIVENSION: INOL
T 1 £3 AND NOTES ASSCCATED AfTH
Total Power Dissipation o ;g;,:nmy:awm SHALL, 2P,
@ Te = 25°C 150 Wats —1
el =T
Darate abave 25°C 1.2 wrc ' ome i o VAY L N
| H 27 = 15
QOperating and Storage T3 Tstg -55 to 150 o L : L= Tl = 19
e i AR apluwtIEs
I¥Temc:er:mm; Range T R T
R A RN N
THERMAL CHARACTERISTICS . N T S
Thermal Aesistance oW :_i'_om—*" L :'gjg_'mg
Junction to Case Raic 0.83 T am v
: H ix i1y 1Lt 149 1
Junction to Ambient RpJa 3 Mg T wiam s
Maximum tLead Temo. for Saldering T 300 C Qr 2= tan =
Purpases, | §° from Case for S Seconds LY LMt R
CASE 1-06
See the MTH12%48 Dangner's Oata Shaet for a3 comolate sat of design curves for the oroduct TO-204AA
07 this datz shaet.
The Oesigner's Datz Sheet permits the casign of most circuits antirely from the infarmation
praseqten timt ~urves — reor g ias on devica ¢ — are given t0
120003, 8 Twverit 0o ea” dusagn,

MOTOROLA TMOS POWER MOSFET DATA



MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

Designer’s Data Sheet

Power Field Effect Transistor
N-Channel Enhancement-Mode

Silicon Gate TMOS

These TMOS Power FETs are designed for high voltage, high
speed power switching applications such as switching regulators,

MTM15N35
MTM15N40

™

TMOS POWER FETs
15 AMPERES
DS(on) = 0.3 OHM
350 and 400 VOLTS

X . TVOS
converters, solenoid and reiay drivers.
e Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C o
® Designer's Data — Ipss, VDS(on). VGS(th) 2nd SOA Specified
at Elevated Temperature
@ Rugged — SOA is Power Dissipation Limited
e Source-to-Drain Diode Characterized for Use With Inductive Loads
MAXIMUM RATINGS 6
MT™M
Rating Symbol Unit
15N35 | 15N40 s
Orain-Source Voltage Vpss 350 400 Vde
Drain-Gate Voltage (Rgs = 1 MQ1} VoaGa 350 400 vde
Gate-Source Voitage — Continuous VGgs =20 Vde
— Non-repetitive {ty < 50 p:s) VGSM =40 Vpk
Drain Current — Continuous [[» 15 Adc
— Pulsed DM 70
Total Power Dissipation @ T¢g = 25°C Pp 250 Watts
Derate above 25°C 2 wrc
Operating and Storage Temperature Range Ty Ts‘g —65 to 150 °C
THERMAL CHARACTERISTICS
p o CASE 197A-02
Thermal Resistance ~ Junction to Case RaJc 0.5 cw TO-204AE
~ Junction to Ambient ROJA 30 -~
Maximum Lead Temperaturs for Soidering Ty 275 °C
Purposes, 1/8° from case for 5 seconds

Dusigner’s Data for “Warst Case” Conditions — The Designer’s Data Sheet permita the dasign of most circuits entirely from the information presented.

SOA Limit curves — representing boundaries on device characteristice — are given to facilitate “worst case™ design.

MOTOROLA TMOS POWER MOSFET DATA




MTM15N35, 40

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

Characteristic Symbol [ Min Max ] Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(8Rr)DSS Vde
(Vgs = 0, Ip = 0.25 mA) MTM15N35 350 —
MTM15N40 400 -
Zero Gate Voltage Drain Current Ipss mAdc
(Vps = Rated Vpgs, Vgs = 0} - 0.2
(Vps = 0.8 Rated Vpgs, VGS = 0, Ty = 125°C) - 1
Gate-Body Leakage Current, Forward (VGgg = 20 Vde, Vpg = 0) IGSSF — 100 nAdc
Gate-Body Leakage Current, Reverse (VGsg = 20 Vdc, Vpg = 0) IGSSR - 100 ° nAdc
ON CHARACTERISTICS*
Gate Threshold Voitage VGsith) Vde
{Vps = VGs. Ip = 1 mA) 2 4.5
Ty = 100°C 1.5 4
Static Drain-Source On-Resistance (VGs = 10 Vde, Ip = 7.5 Adc) rDSlon) —_ 0.3~ | Ohm
Drain-Source On-Voltage (Vgg = 10 V) VDS(on) Vde
{lp = 15 Adc) - -
{ip = 7.5 Ad¢, Ty = 100°C) — —
Forward Transconductance (Vpg = 15V, Ip = 7.5 A) gFsS 6 -— mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps = 25V, Vgs = 0, Ciss —_ 3000 pF
Output Capacitance f = 1 MHz) Coss - 500
Reverse Transfer Capacitance Gas Haug i Crss — 200 .,
SWITCHING CHARACTERISTICS® (T} = 100°C) .
Turn-On Delay Time td{on) - 60 ns
Rise Time (Vpp = 25V, Ip = 0.5 Rated Ip t o 180
Rgen = 50 ohms)
Turn-Off Delay Time See l?igures 9,13 and 14 td(off) I 450
Fall Time t - 180
Total Gate Charge {VDs = 0.8 Rated Vpss, Qg 110 (Typ} 160 nC
Gate-Source Charge Ip = Rated ip, Vgs = 10V) Qgs 50 (Typ) —_
See Figure 12
Gate-Drain Charge i Qg4 60 (Typ) -
SOURCE DRAIN DIODE CHARACTERIS '
Forward On-Voltage (s = Reted Ip Vsp 1.3 (Typ) r 1.6 I Vde
Forward Turn-On Time Vgs = 0) ton Limited by stray inductance
Reverse Recovery Time tep 1200 (Typ) I - I ns
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance L4 5 (Typ) - nH
(Measured from the contact screw on the header closer
to the source pin and the center of the die)
Internal Source Inductance Lg 12.5 (Typ} _
{Measured from the source pin, 0.25" from the package
to the source bond pad)

*Pulss Test: Pulse Width & 300 us, Duty Cycle = 2%.

MOTOROLA TMOS POWER MOSFET DATA
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MIMIS5N3S, 40

TYPICAL ELECTRICAL CHARACTERISTICS

3
Vos = 0V -/ 4/ &Ly 4 l
. hov /Y N Vs = VGs
Ké! (17 /4 I g Ip = 1 mA
e 12f-7) = 25°C § 1
S 4 5V N
= 09 <
g <
8y B as AN
0 g T
0 1 2 3 & s 6 1 8§ 3§ 0 > s <330 25 %0 75 W0 125150
Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) T JUNCTION TEMPERATURE (°C)
Figure 1. On-Region Characteristics Figure 2. Gate-Threshold Voltage Variation
With Temperature
» [ AN
7 £ u —t
" Vgs = 0
z Ty=-%C// [ /1oc - Ip = 025 mA
5 7Y —
/ 8 =
8 l / e g -
=z 8 , / 3 §
g 1/ 5o
y &
3 08
0
0o 1 123 Aty A/NBAYATNG -5 0 50 100 150 200
Vs, GATE-TO-SOURCE VOLTAGE (VOLTS) T, JUNCTION TEMPERATURE (°C)
Figure 3. Transfer Characteristics Figure 4. Breakdown Voltage Variation
With Temperature
_ s 25
2] Pl
H Z |
;'; 04 Vgs = 10V T =100C § 2 —
5 - 3 >
g 03 aE s <
E > § e
g RO — 33
g M= 1 281 -
2 [ -%T § 3 " o 751 ;oav ]
2w S s = P
g 3
: . c
8 g7 4 6 8 0 12 W 8 1w n ~50 0 50 100 150 20
19, DRAIN CURRENT (AMPS) T3, JUNCTION TEMPERATURE [°C)

Figure 5. On-Resistance versus Drain Current Figure 6. On-Resistance Variation

With Temperature

MOTOROLA TMOS POWER MOSFET DATA
3-511

b —



S S A —
MTM15N35, 40

SAFE OPERATING AREA INFORMATION

100
o %
e N o e e g T N 7
g f 100 ps 4111 g
2 L D, 1ms 2
£ == £
g TYPICAL umIT 1o g
=3 - DSlon} 34
S F—-—PAGKAGELMT TR 2
g 1. ——— THERMAL UMIT N g 30
e <l —
e ETc=12T S0 y< e MTMISNIS
I Vg = 20V, SINGLE PULSE it . MTMISNSO
N pmss N
) 8 N AR V.
0 AL MIM15N4D o
1 2 4 810 20 4 8100 200 400 1000 0 % 0 30 200
Vps, DRAIN-TO-SOURCE VOLTAGE {VOLTS) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 7. Maximum Rated Forward Biased Figure 8. Maximum Rated Switching
Safe Operating Area Safe Operating Area
FORWARD BIASED SAFE OPERATING AREA The power averaged over a complete switching cycle
The FBSOA curves define the maximum drain-to- must be less than:
source voltage and drain current that a device can safely T L - Tc
handle when it is forward biased, or when it is on, or RaJC
being turned on. Because these curves include the limi-
tations of simultaneous high voitage and high current,
up to the rating of the device, they are espacially useful 4500 :d(om
to designers of linear systems. The curves are based on — i
a case temperature of 25°C and a maximum junction tem- 20001 AWIE —r4
perature of 150°C. Limitations for repetitive pulses at var- 1000l= ,DJ - 15A o gigsé
jous case temperatures can be determined by using the z = Vpp = 25V o =
thermal response curves. Motorola Application Note, ;s'— C vgs = 10V < ,:dl H
ANS69, “Transient Thermal Resistance-General Data and E 20—t L4 L LA fon}
Its Use” provides detailed instructions. 100 EL C A HwZ
SWITCHING SAFE OPERATING AREA ,'
The switching safe operating area {SOA) of Figure 8 is 20 1
the boundary that the load line may traverse without in- 10
curring damage to the MOSFET. The fundamental limits 1 10 B S0 w00 00 500 1k
are the peak current, Ipp and the breakdown voltags, RG, GATE RESISTANCE (OHMS}
V(BR)DSS- The switching SOA shown in Figure 8 is ap-
plicable for both turn-on and turn-off of the devices for Figure 9. Resistive Switching Time Variation
switching times less than one microsecond. With Gate Resistance

' 5 : R T
0s D =05 = Rosctt = rit) Raye i
= { — =a fRasc = 0.5°CW MAX L+
28 L D CURVES APPLY FOR POWER 1111
2% . D =02 -_-;’ PULSE TRAIN SHOWN L
=g = lm - 2 READ TIME AT 1y an
ZZ u = ] Titpry = T¢ = Pipi Rayctt LLL
2 g — a5t
g2 = I l | I l aed
=8 = SINGLE PULSE 1]
=g L - 7]
/‘/
0 HH
- DUTY CYCLE, D = tyty N
0.1 1 10 100 1000 10000
L TIME {ms)

Figure 10. Thermal Response

MOTOROLA TMOS POWER MOSFET DATA
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C, CAPACITANCE (pF}

MTM15N35, 40

10000
8000 Ty = 25%C
' 1
Vgs = 0
6000
4000
—Vos = 0
200 Cies
r__[ NG Coss
) ) W15 %W B
vas Vos
GATE-TO-SOURCE OR ORAIN-TO-SOURCE VOLTAGE {VOLTS)
figure 11, Capacitance Variation
RESISTIVE
Voo
Vin Ry
/
Vout
PULSE GENERATOR outT
————— - =850
| Rgen
1 0| !
i | == 3%
| |
Lo N M | 1

Figure 13. Switching Test Circuit

0
= |1 Va/4
§ . Vpg = 100V ,///
% wv+—A//
2 . 00 VLA
4 yiv/4
2 U
@ 4
e ]
% 2[ Ip=15A
2T
no ) 80 120 160

Qg. GATE CHARGE (1C)

Figure 12. Gate Charge versus
Gate-to-Source Voltage

SWITCHING

L
13{on) et t tdloff) —}
0%
OUTPUT, Vout
INVERTED
- 10%
INPUT, Vi 50%
0%
PULSE WIDTH

] ;
¥ /§1 1:
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IMUM RATINGS

Rating Symbol Value Unit
-Source Voltage Vpss ' 60 Vdc
-Gate Voltage (Rgg = 1 M(1) VDGR 60 Vdec.
Source Voltage VGs =40 Vde
 Current mAdc
ntinuous ) 150
sed oM 1000
Power Dissipation ¢t Tp = 25°C Pp 400 mw
rate above 25°C 3.2 mwrC
ating and Storage T Tstg -551to0 + 150 °C
nperature Range
AMAL CHARACTERISTICS
nal Resistance Junction to Ambient RggA 312.5 CwW
mum Lead Temperature for TL 300 °C
dering Purposes, 1/16” from case
10 seconds

Gate

TMOS FET
TRANSISTOR

% This is a Motorola

VN2222LL*

CASE 29-04, STYLE 22
TO-92 (TO-226AA)

3 Drain

1 Source

N-CHANNEL — ENHANCEMENT

designated preferred device.

TRICAL CHARACTERISTICS (T¢ =

25°C unless otherwise noted.)

Charascteristic Symbol L Min I Max Unit
"HARACTERISTICS -
-Source Breakdown Voitage V(BRIDSS 60 - Vde
S = 0,Ip = 100 nA)
Gate Voltage Drain Current lpss uAde
S = 48V, Vgs = 0) — 10 .
s = 48V,Vgs = 0, Ty = 125°C) — 500
Body Leakage Current, Forward 'GSSF — -100 nAdc
ySF = 30 Vdc, Vps = 0)
HARACTERISTICS®
Threshold Voitage (Vpg = Vgs. Ip = 1.0 mA} VGSith) 0.6 2.5 Vde
: Drain-Source On-Resistance 'DS(on) Obhm
s = 10 Vde, Ip = 0.5 Adc) — 75
S = 10Vdc, Ip = 0.5V, Tc = 125°C) — 13.5
-Source On-Voltage VDSion) -Vde
s = 5.0V, Ip = 200 mA) - 1.5
3S = 10 V. Ip = 500 mA} - 3.75
tate Drain Current D(on) 750 - mA
;S = 10 Vdc, Vps = 2.0 Vps(on))
ard Transconductance 9fs 100 — pmhos
) = 10V, Ip = 500 mA)
AMIC CHARACTERISTICS
Capacitance Ciss — 60 pF

. (Vpg =~ 25V.Vgg = 0 _

ut Capacitance { = 1.0 MHz) Coss 25
rse Transfer Capacitance Crss — 5.0
CHING CHARACTERISTICS®
On Delay Time (Vpp = 15V, Ip = 600 mA lon - 10 ns
Off Delay Time Rgen = 25 ohms, R = 23 ohms) toff — 10

Test: Pulse Width =< 300 us, Duty Cycle < 2.0%.
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COPPER TUBING

Based on ullimale lensile strength 30,000 psi (2067 bat). For melal
leinperalures -20° lo 100°F (-29° lo 37°C). Allowable working pressure
loads calculaled from S values ol 6000 psi (113 bar) as specified by
ANS! B31.3 code.

-

400

0
1010
1210
1410
1610

———

Fitting Senes
2m

SWAGELOX

220
9)
(see

.188
waorking

pressure is listed oulside of

ate tensile strength 47,000 psi
the snaded area

essure loads calculated from S

185

4600

- 7700

FOor gas service, use

-

“ws

Tuoing for Gas Sarvice® an

Working Pressure {psi
2. 5-2).

lubing  wherae

148
Note:
2400 -

4000

M A179 or equivaient. Hardness RL72 or

Tube Tube Wall Thickness {lnches) SWAGLLOK

0.0, - Tliting

(in} *.028 035 049 / 065 .083 .bas 109 120 Series

s 2700 3600 . 200
il Worklng Pressure (psig) _

NG 1800 2300 3400 Note: For gas service, uso 300
R twbing  where working _ i
14 1300 1600 2500 3500 pressuie s lisled oulside of 100

the shaded area (sco_
s - 1300 1900 2700 ”_..._.__mwa lor Gas Service™ on 500
¥ | 1000 1600 2200 600
172 <800, 1100 1600 2100 . bio
s [« Y. 00 1200 1600 to00 1010
3 ’ oo 700 m 1000 1300 1500 1800 1210
78 ! “600% . 800 \ 1100 1300 1500 1410
t s 500 700 900 1100 1300 1500 1610
Table 3.1

Note: 1. No allowance is made lor corrosion or erosion,

2. Calculations based on minimum wall and maximum Q.D.
allowable under ASTM B75 spedilication.
Suggested ordering Information:

[ligh quality solt annealed seamless copper lubing ASTM B75 or
equivalent. Also soll annealed (Temper 0) copper waler Wbe lype K or
lype L o ASTM B88. Il should be noled thal minimum wail thicknesses
as shown in screened area should be observed.

" 4

14
2100

quivalent. Sased on ultim
. Allowable working p

2,

120
4100
3200

[=}

O.D. allowable under ASTM A172 speciiication.

’

aulic tuoing AST

.108

5100

4300

3700

Table 3.3
or.bending and flaring.

2900

el hyar

Si B31.3 cod
Tave Wall Thickness {inches)

.95

F (-29° to 37°C)
4300
1700
3200

ed by AN

e
5900
4600
200
2700
2100

fi

3

aulic tubing ASTM A179 o

.36%
7500
£200
4500
2500
2900
2400
2100

peratures -20° to 100°

1800

9600
7000
3500
4500
3200
2600
2100

049
e of scraiches and suilable

038

10200
8600
4800
3700
3100
2300

,700 psi (1082 bar) as soeci
1800

.28
8000
5100
3700

Quality soft annealed Seamless carpon s

|

2. Calcutations based an minimum wall and maximum

.tl'ubing is to be fre

oft annealed carbon steel hyvdr

{in.}
7]
Ie
144
e
12
Y4
73
1-1/4
1-172

High

S
(3238 bar). For metal tem

vaives of 15
Note: 1. No allowance is made for corrosion or erosion

Suggested ordering information:

Tube 0.0. |

CARBON STEEL TUBING

less
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CB










fansTudssoer

vensvsunsyRu AT ISer MwuduTy , owuan el | aruuniand g
v a o v d . d . .

_wvx |, eeydanl sunilndn was uinlTygnTniiassdwunh uas UFnnludums

4 : o ' v ' v

naase uas 1 lddufsusindssninseldanuramdodudidale was Ausug wnssm

MINAasd PROTECT IdduTeqaaeluded

Antnm



e
- e 3
%
5 H
Lana ey

“ 1.DAVIES,ERAN JOHN, 1979 "INDUCTION HEATING HANDBOOK",DAVIES
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