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This article deals with designed construction of a Resistance Heating Furnace.The resisting coil
generates heat by using 3 phase 220 volt electric energy .The insulating bricks and ceramic fiber are applied to
protect heat loss. The maximum temperature produced 1000 °C.The Resistance Heating Furnace is controled by
Digital temperature controller and measured with thermocouple type K.

The performance of the Resistance Heating Furnace is designed to control temperature as required.
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to 36.31 percent at 800 °C steady state.
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maefi 2.1 dsznamysamathanudendminingyiiania q

Jag fmsinuden (K)
Iamﬁqw%{ 35-430
Tanznay 20-200
Tavizinal 9-90
yourai(e lang) 0.2-2.0
ypauda(e lane) 0.02-20
AU 0.02-0.40
iy 0.002-0.2

2.1.3 ASUNSIE (Radiation) [ 1 : P 21]
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2.1.4 msdwmmm%’eu’iﬂﬂmswm3m%’ammzn1suvi%’a€'rm1u%’ausw€fu

(Combined Convection and Radiation) [1:P28]
uﬁamsdwmmm%’amﬁﬂmﬂnﬁwmazmsupi%aﬁmm%’auw%auﬁu HAYEAIINITONBINAIY
Zou  Taomsnuwazmaunsedanudou hidefuuinidn MR mImveInItmA s el
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Q=h(T,— T, )+ h(T,~T) (2.6)
=(h-h)(T,-T,)

4 hcr(Th‘Tc)
P
iiie
o 1 -4 of [ [ .ﬂy ;:' 2
q = §A5IN131NAILS BUADNUINUN (W/m’)
4
h = Suszansmsminnudou (W/ m’k)
A ~
h, = Suilszans maunssdaNuI ou (W/ m’k)
4
h,, = SlseAnT vesmisaamanusaus
YBINISHLLALN SRS IFANLT ou (W/m’k)
aa 2 ' o
T, = gaumgliubund K)
T, = gamgdideunt (K)
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A3191 2.2 ﬂmtmumﬁmmf‘fumm%’auﬂaﬂaﬂwﬁmhq 9

aumdan 20 °C k (WimK)
yiavealanz ) c, X eoxie’ gannd (°C)

e/} | (rek) | WmK) | (mls) | 100 T 200 | 300 | 400 | 600
widiouuTeni 2070 896 2,04 ge2 | 206 | ms | 220 | 289 | - |
weha 11370 130 346 234 | 33a | 35 |28 - -
winuSni 7879 452 7.7 203 | 675 | 623 | ss4 | 485 | 398
wANORY (c <0.5%) 7549 460 589 163 | 571 | 519 | 480 | 450 | 364
wanuas {c-4%) o nn 419 519 1.70 - - - . :
mAn A8 HC5%6) 7833 465 537 147 | 519 1 485 | 450 | 415 | 346
#innda (C1=1.5%) 7753 486 364 097 bo363 | 363 | 346 | 325 | 312
winnEutiia 10 % 7945 460 260 072 5 = - : 5
pdnnauTing 30 % 8073 480 121 0.33 - - - - -

‘mﬁnuﬁuﬁ(ﬁnso v 3266 450 13.8 0.36 . - - - -
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winnauTasiien 1% 7865 460 806 1er 1 ssa | sis a6z | ans | 364
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whnunn Tasdiey 10% 7785 160 312 653 Loaal oz s 204 | n2
pinRmTiAn 8% [ . (oo - - - - - - 2
Tnsidiow 13 % 7817 150 16.3 0.4 AR T R RRU-Y R X B R
whnnanEia 20% - - - - . - - ] s
Tanifioy 15% 1865 460 140 039 |wsa | wa |6
AANETIACRNTTEY 2% ' 7565 e 38.1 1.05 364 | 364 | 346 |
H E
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| I
fuuiani 10520 234 107 e | as | s | e | e |
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A919N 2.3 ﬂmimllﬂmnmnummsaummiﬂamﬂm o9

ARG poumad C, 5 K X0t
olamy Cy | K (kg/m’) (WimK) wils)
apunin 20 879 1900-2300 | 0.814-1.40 | 0.0480-0.0697
B3 20 837 1600 0.692 0.0516
o 20 837 2050 1320 -
200 837 3010 2.32 0.0929
i 20 837 2760 0392 0.0339
WANLADT 20 837 1442 0.485 0.0413
HUoDY 20 308 2499-2707 2.751 0.0394
vans T 20 816 2643 1.73-3.98 0.080-0.183
Tiiosau 30 2500 400-600 - 0.100
Witloude 30 481650 0.140-0.170
LBTIUTALA 0 316 577 0.151
100 $16 577 0.192
thy 20 1298 80.1 0.0589 0.194
1ifen 30 160 0.0433
YN 30 330 0.0519
Tou 20 670 200 0.0398 0.0284
Twu 20 1382 57.7 0.0363 0.0439
Au 20 (342 2050 0.519 0.0189
g 0 1924 913 222 0.124




M5t 2.4 MnseaEaudeu (€) vesRvesingrianme

FiATE gungi AMMTUATIE ATFEu(

aQiliticy ‘

Avaiunn 237-576 0.039-0.057

HavuIY 100 0.18

Gl 100 0.09
noamfes Yathulnd 100 0.06
Az Anfleiudy 24 0.28".
Suu§ens daiiu 227-627 0.020.032
ayn 23 0.043
Fane® Anafaudloman 28 0.23
man

manndiivaazeImn 100 ~0.066

(ManY defnRaz o9 200 021

 wEnvdomiisiiateaen 38-249 028

uumdnvdo Mliatinnn 19 0.69

maafuaiiuiaiady 100 0,074
WAL AN 23 0.96

fuaar Moy 21 0.93

14 lunmsnead 1000 0.45
ADUNTA 1000 0.63
nyzenle 23= 0.94
wiTemEviL 100 0.92-0.96
miamdegitioy 100 0.27-0.67
fi 0-100 0.95-0.963

10

H

i




2.2 szuvIvlensudla [6: P 596]

asdanganu Wil suiedornadninezduases Idhuafieaingle phase) us
msae i I fsfegerfsuualnamselssaugaamng sy wduaees Ttz 3 (e phase
systems)henisanszun ilBmadderndzuyiniumden Wisimasz s ddldgendiiama
L) f‘hﬁa”114“?1ﬁwmwla'hiuﬂsﬂmnméfu‘fumiiiwnszuﬁmﬂu‘lﬂaU'Nsmx?tm msutasszuudma
WShuns duivas 1890 Ysenia uaz nszuans it ouni medese Ifhssuusmannlsesand
W sanfidgeziidlsesndani i urafen Jodeuvesszusmaiiofiouiussuummfofiay
ﬁﬁ‘vfm:U‘UMmﬁmﬁﬂ'mJcﬁu%’au“lumiﬁﬂguﬁumﬂ'lﬂi’iasm’hwhffu

MsApvaarans aatuiia i msthae el idan Tasns dandsauaininiea
ﬁnﬁﬂ'lﬂ%‘lﬂf‘hﬁmuﬁ@haqmuﬁm"lw{fu i5iaevaaan ldnainit uaiiion 1dfuunii?itie nsde

LDUME(Y connected generator)azmsasuuLiaan1( A connected generator)
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2.2.1 NIABLUUIY
¥ Gl ~ L} A 1 1 A 1 lﬂy =54
‘?@Lﬁﬂﬂaﬂﬂﬂ'mﬁuﬂa'] ﬂ'ﬁﬂall'ﬂﬂﬂ'nﬁ?@ﬁﬂ'];(star connection) HINITABLUVUUITUANHUSNT
' P ) ' A o & P o A ' &
ADADANADINUYD AB LUVYDINITABISIAUDUATY ﬁi@ﬂﬁuauzﬂ@]ﬂuuﬂ@%gﬂ@ﬂﬁ‘lﬂﬂlﬂﬁQWﬂ'ﬂﬁLﬂﬁaﬁ

o Aa & o A o‘/l & 3 { < o 1
sudda i iegnddrefuivaetmiwd iaedinmieduussduudasman gy
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—OA

{n) v8a 3 M8 3 \ (%) v¥a 3 Hx 4 &g

51/l 2.4 umaamsrevamIaveunsesiudalvlihnseslvamauuyie
:/l a 3 4‘{ o a o =
31 24 n st nmaviasmemennuhmelhnnesesiuia liih ludsInanssi

o . ' v 9
s 3 1o dan 3 249 Tuselamolagdiunngaiivanlandesmwiudnime meiidiisundiiimia

(neutral wire) Tagaz198nys N Ay sy
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sseuLLammasy (A) ldnunzreanfesmuie aovei Inssanenihugimumaeoy
Iﬂamﬂmwawmaﬂﬁyammaam’%‘aaﬁnﬁﬂ"lwﬁwiaaqﬂiuﬂuﬁ]uﬂaagﬂamméﬂu 1§usuitereenin
%1ﬂﬂﬂ@iﬁ]iZ‘H’jN%ﬁﬂlﬂﬂﬂlﬂa’mﬁdﬁmﬂmzﬂ 2.5 MsApuuLIAAA) vs I&enosonuifiusseeiniu Tag
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tineC
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silfi2s uansmsdevamaveunseaduiialiiinseslismauvuaam

223 Mmaswussuula
b4 4
S rtemisaanuai Tnaa3md(power in three-phase systems)Vian s Ivaadugaag
Tnaaliauga w18 nrasauveshidslunaazanuauns
P BT (2.7
Tunsdimiu Inaauuuaugaiaeusasidaaziinuing
P, = P=P=P (2.8)
B = 3 2.9

f

' k4
Taeii P fle Mdsswiinun uag P fiomdsveusazia
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% LI
23 MINILANLLUSAIUIIA ( Automatic Control ) [5: P T-14]
S a4 1cj A qu s 1(] y o , ¢
AIAUANILLUA AAUTITY Manual Control A lHnBailukAILANNIHUALTY o -1l 2103
a JoA o o Y sy vas wa ¥ & S & ay
104, nadiaansetjusioes uilaguldgnunundiemsaunuuunsa ludauaisduieiniaunu
dnd nasiadus mmgeanhineaadnudinanazdiudnsasmsniuguuunleundu( Feedback Control)
a4 A o ] t Ao [ o . A o N o = (2 aq 9
apfinsin uazaemianduindsdiuaiuay esnamas Sedyyaiminza Tl dgunsdlsnu
MnfnarnnisauauiULse Tuslid vzdetlszneuday 3 mamwe Ao
o [ o o v o 4’, IS Y do 1 Y 1 o
1.ms¥a wu med lufuidla, Wlaanusulinihniad Inswauaddungaman gy
2 MsUAY 15 nsesnauquaumgiiivihisumnmsia dundmos udiddinnd
3. mas1e gu Tuszuuianudeu 291 fe Saned. luszuuniunudast lna daside 1d
o A a4 a 1A (] T o 1 - .
Fuduinihiiiunseaaa inuaNey UNASINIEENAINIBNE I Final Element
o k4
fmualn
A " A 1 Ay vy y A o
SP fi® Setpoint #3BAINABINIIAIVAN (TU ABINITANNIN 100°C
Ao U a = a a d 0
PV fi9 Process Variable W3emiian1ain Insismau guvgl huaeungumgiinaiu 30 °C
MViio Mainpulated Variable 3o ayanasnauauindesnaugudnim ldiiniaodue (0-100%)
E #i9 Error n3onagssznanaidasnisaiunuidala (E=sp-PV)
< ' 4 [ ' Ao '
yngUaziiuiunioeninguag dsusumaz i fie PV (Minda ldnnlnsise) uaz P (FAApINS
v 9y . v v
aunulaedlfnuduiowadiodin 1 a1 e My delufiTnasmmsiznziu faviliindesnauny
e o A - : P 4 < "o
eazduane1eiY Ae daudanveuniesnluauiegaely FdtgUuuuntanluguinandieniu g

wuuftion 19 fuegaumsriars iv MIAMIALLLUY ON-OFF , PID Liag Fussy Control

MAIENATLAN

N\ S&
SP W%(&éauéwmu MY ol Bsias

PV .

A‘ =< U
51/t 2.6 namadeamsmvauuuyiloundy
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231 M3AIVANUVY ON-OFF 130 Two — position Control

JuszUUMINIVANLUY ON-OFF m?mmuamzé«mﬁwmﬁwmlﬁm 2 ey fie ON
uag OFF iflumsaaunuuuLdee pazsm biunsd i Seionldfuetisniarnaluaunauguns
PAAMATTY 1u_ﬂifﬁﬁwa51mnﬁun'iaqmﬁgﬁxﬂuﬁﬂau%ﬂﬁ'

ﬁmuﬂ‘lﬁﬁmuagmaﬁvgmmm?aqmuﬂmflu MV 1aZHas19551319 SP iU PV 1§ E ( Error)
azifuunsAUANILY ON-OFFFayane MV weauiiu 100% (ON) %39 0 % (OFF) Lﬁwﬁuiﬂﬂ%ﬁuag}
fuh E g + viedhy —iufle

MV = 100% (ON) /0 E> 0 ( PV<SP)

=0% (ON) 18 E<0 (PV>SP)

£ R v W 3
p 4 % Y
S ] % 3 V u
z % t 5 ¥ .-
¥ & 3 ¥ i
4 x * z %
k] ¥ ¢ t &
3 t H 3 «
] ¥ £ % 1
3 € ¥ * &
H ¥ 8 B t
t 8 ‘ ] %
) 3 ‘ i i k%
1 1 ¥ 1 3 >
% ' ' * *
£ [ ¢ 1 %
£ [ ] 3 s
. & ¢ % ¥ t t
‘ H] % t % 3
V i ¥ ¥ L +
M 2 3 B # s
¥ 5 ¥ i ]
LG S 5 i t %
100%
U%
3 ¥ £ & ) ?
% t : s x

U1 2.7 ua@IMINIVANIDY ON-OFF
aa a 4 { . P o q ¥ J 4 '
Junsfif nsiwaiinisnssiiond Setpoint 1xiinari e 1A UATOIAIUAY ON Lz OFF Y

2 o A n 5 4 o P A a
aapanm daudle 18 Taefmua Hysteresis 130 Differential gap 138 Dead band Lian15anAn1sAA-ABTINA

é‘ 1 a A o Y a 1 a ‘3
ﬂlﬂkmﬂmﬁﬂﬂ@ﬂzﬂﬂﬂmﬂ AMNAWAIA (Overshoot) WINYU
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Sk

MV
100%

D%

h 4

511 2.8 aRIMEAIURIUUY ON-OFF 1qeidl Hysteresis

- ua=488 ON-OFF Control firziiamsuniavesganigil (Oscillation ) agaasanallaylunsdl

A 4 = Gy 1A J )
U Hysteresis ﬂ'J'lllﬂ‘luﬂ'liﬂﬂﬂi’]%Saﬂaﬁ LAAIRANAIA ( Overshoot )3SUINVU 1‘1432’;‘1J1J71‘15'\ﬂ1ﬂ1uﬂ15

' ' g '
LLﬂ'N‘ﬂZEJ'I'Jﬂ’J'\Glu‘SSUU‘V]LTJﬂ'N
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2.4 weslusdla[s: PT-1]
o a 1 o Ao 4 o £ & AQ Yo
Wlagillﬂil!ﬁa ﬁa Iaﬂgzﬁfuﬂﬂwﬂu ‘Vlu']ll']l“?fall‘l]a']UL’{J"l(g{'JUﬂu%ﬁ'luﬁuqt:lfﬂlﬂuﬁ']uﬂll%?ﬂ

a 1

a v £ 7q Y ' & a & o & a {' Y
qm‘ﬁ{]u ﬁ?uaﬂﬂ’]uﬁuQﬂ@Qﬂﬂim‘l‘NTu YU lﬂii’Nﬂ'JUF!lJQmWQi!,Lﬂi?NUu‘V]ﬂQmﬁQN IUUHAU

' I a Hq ¥ 9 - J (K a 4 o Y @ -5 "o
at1elsfin gungiqegaiildould usnanduedfuaiia veunes ludlidauasdwuegnu

aiiaueatlasn(Metal sheath) LAz L1AYBIYARAMDS IuATiTa(Thermocouple Wirest)

2.41 wanmsveunesslumlila

995 auer. 1821 159 S (Thomas Seebeck) inAnenansanawesiiuldiinnaneuasfiu
wuh dermsideulaelans 2 dufiiu Tanzderiiafuddaoiu f’hqmﬁqﬁ‘ﬁ'ﬂma*ﬁa 2§ laivin
Sinznanszuavaty lansis 3 durtuiaaei Silladaeganed umilseenudani Volmeter T3avz
1R undon ntihsznhaTane 2 @uswitaaiiinatooun wiudhi mv) Bonsusuatoulwih

171 Seebeck Voltage

511 2.9 uan Seeback Voltage

1 k4
PR usaniet it isiulasassiunassgumgivestawyarianesnsiinay

3

Furueadl
€ : ODT
€in : Seebeck Voltage
o0 . sz AnSues Seebeck Tviianiiiu Volt/ K
DT ; wamaqmwgﬁmmﬂmﬂﬁmﬁymm
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242 ngmanausanaerlivhainaanufeu ( Thermoelectric Laws)

24.2.1 nmanwﬂamwﬂmm ( Law of the Homogeneous Circuit)
Tuaeesilszneudis Tavzaiiadeai 2 1du mummﬂﬂwﬂmaqmam 2 dheag i

wifufae ldifanszua i lva

24.2.2 ﬂgmaﬂamtmsn ( Law of Intermediate Metals )
~ Ll 1 é A ) 1 =3
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TangMumudiaguu R O B ( Rod Over Bend ) 3aunsasumsziinavesiadumuldunniiqe sesaan

fle Tanzuruuaz vaaavesiIR MU TloguULYA tbe nazawIsaseasuMszimIvesddmmu 1dun
nhwaaadumuiiogluses

bertherm Principle;
at radiation =

Healing elements of high-grade
heating wirg internally supported on
ceramic tubes

Fig. B)

Heating accumulation = short service
life -

517 2.20 #ENMSNBEUAIAGIHNTH Nabertherm Y29U3ENNabertherm
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1031 2.21 uarasdis Amseirvelanzdumugegaiiuuzii moldaanzdie

Tang a iduadauas lavzuuuisuluses

Tang b iduaAR W LIYILAMES 1IN ( ceramic tube )

A214817 loop qaqwﬁuuzﬁw

< 900°C 1650 'F 400 mm 15.8in

1000 °C 1830 °F 350 mm 13.8in

1100 "C2010°F 300 mm 11.8 in

1200 °C 2190 °F 250 mm 9.8 in

1300 'C 2370 °F 150 mm 5.9 in
dmsuduriuguinaiiansdensimssdumiuaisquazaaue loop fidu ilenanidsents

v ¥V
@ogiluazergms IFamndu

2.68 Y@l nuazgatgiigign

U Q

Fouuziins W lavzdmnm Whdgesindu 118

van@oens 1Fenludnuus nsundgamglivieergms Idauveslansdunuzanaiiell
P a g
MsILAZ aAYNUBE 19T IAITT

.
= o =

AenSaqitaumun Saafiianununeduituiugie wms I musumsiuduriugud

q q

Y
9

AARIIAR LA MU MSIRIRERRe e efinunhies eigms IFauiuuah
sugamgdTaneanudmmuliaeanfesiuys 1610 AYBUAIINAITUAATDWLLUTSONIARA
4 ' a
amvlumisdwadegangimsifangagavesTansanudmmu
a4 a a < [ 3 ) ' a
ManAvsmsRaaauane s veavan Manu hivTgnivesusseimanelue i nsil
o & ¢ ; = Yo y o s g Ao
azooainiu fu lo vieaswatiueuszdwadurielinu lanzawmm. Famesiudsivuasioun

Fd 1 )
aolansiinfa  asetu iumsnduasieuindes lavzKanthaliay lavizNikrothal i 1200 °C

M3 2.1 gauwgiigagavesadaunazyiafivinang
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Comparanve life (KANTHAL A-1 at 1200°C

2190°F = 100%}
a) KANTHAL AP e; NIKROTHAL 80 Flus
b) KANTHAL A-1 )y NIKROTHAL 60 Flus
¢) KANTHAL AF g NIKROTHAL 40 Fius
d) KANTHAL D )

HIERE
an0 T s 400

dy:
300 ¥ ia 300
200 ey ;" S ( 200
100} S
g% i &
e APRT \ 7

1000 1100 4200 1300 . 1400°C
1830 2010 - 2190, 237G 2550 °F

511 222 uarasdanisiSeufioveymslinvesalaKanthaliazNikrothal figasgil 1200 °C

2.6.9 JiNvesdimumu

& 1 o y a 1 < [} <
Tagit 9 Tgals1eve siadunmazil 2 siialvg) q Ao dhuduasauaznuuidutruanuuiaus g

a [l

ﬂlmﬁaé{mmu%zaﬂauﬁaqmmnqwu MIDBDALUUAIUHUIUDILN

gy

d' % . a
2.6.10 maasuulasanmumunueung

o 1Y

Y
= o g 1 a < o v o Aa
ﬂmﬂaﬂuuﬂaaﬂ’améﬁuwmﬂmm?ﬁumu ﬁu’ag UYPUNHUBAIINITLIUAIVIIAINUUANITY
v '

Zoundaainns Ianudeuiinassnain mssurasnudumuigungiaig 9 mlannnsguany

fMumuigumgiinesfiy Factor (C1)

gy

o v o a o g o a 1o A
dmiuianuesusin KANTHAL wavesnsiudaiidesinn 3 lihwAnsanan A

J 1o =y a E!' L} d‘ a o
M8y KANTHAL Alloy Iuagiuifsamuesegiliflonfinaueg n1slFamum q figungiigs 9 wiild

LY

2 aa & o Y = a = a =
ﬂiuwmagmuauaﬂm mm‘lﬁﬁm‘wmmmuwmmmmﬂ%mmﬁamw mnwmamwmmé’ﬁumuﬂ

UMNNT84aAAY

£} g

32



2.6.11 N1399ALUUUAANN

26111 gaslumsmunadushugudnanevesadafitianzay

1 NAY: C: (2.10)
- S oG

a.1.a megamgiivesaindmniu C,

Aa Y 2
AMITNHIVBIAIAATUNIU O W/cm

fde i P w
usandou Wi \Y \Y%
gaunQll g5

2.6.11.2 mﬁaammummﬁmmﬂumﬂam

o o 1 o ~ o g
'ﬁﬁ\‘i%']fW'Iﬂ']ﬂuﬂﬂ'ﬂlliﬂ‘ll@\‘i‘llﬂaﬁﬂug') 9'1f‘)Ll‘]JﬂggﬂQﬂTﬂu@ﬂ'fﬁJﬂ'ﬂﬂlﬂﬂﬁ?ﬂ‘V]ﬂg‘wulﬂu ﬂﬂﬁg

2
v

R =75
P 2.11)

9 = J v
R A5 ANUAUNMUAIATALADIVUSIDU

R T (2.12)
&

v <
R ,,= AMAUNIUINSIEY

2.6.11.3 MsmuIVNAYAaIA D (Spiral Element)
A yyr oy o 4 & A Y s
ioldrnduruguinasesatn  Tusie lABMITN IAURIUEHININ1EUBNTBIIA
279 (External Diameter of Spiral)
Kanthal Alloy
Suasasds s hududmgudnatsniouen (D) fududuguinasvesadn (d)
- dmsulugeamassy
> 1000 ; D/d =6-8
< 1000 ; D/d =5-6
- §M5U Electrical heating 129 1
D/d=4-10
@ 1 :isl o gy a A v Y o 1 o Y [
Sasidiu D/d flevazihliinamstadivesalnge 01ens1a D/ d nazihlfuaaialal

<
LLUQLLS
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2.6.114 SMFUZATTIIUYAIIA (NI VAN

FuIUIAIN (W)

ANNYIIVA, mm Lw = Wd (2.13)
x!' LY ol Y o @ 1 o dy

e l¥iszee pitch (S) alNAUD 1afmuadasIaIUAIY

Sasdu 2044

ANNELiiBTA L=S/d.Lw (2.14)

2.6.12 msaeszuuInvh
seuy R 19 unen Tansdszandl w1y Infhnfiusundou 220 v M3AEaIAANNAIUNIU

z & 2 . o
thingdeuuuunnu dsmsdeuuuviutie Wanufouldfuargendimsasuuyeynsy

2.6.13 msgaaannaderlumen (Heat Loss)
Zndndellamddyuesnsinaulueie ngapioniuieu (chohisinfuedidbadin
</ 3
Posfumagapdonamionlld mﬁqaunfmmmﬁau%zmmumumma"hlu
(Haadslifvdunaien
=) o o A o
@guasllfumiunfuiunuaufunnuiou
a o Y
(3)AANTEA2IIINNANUTEU
2L VA '
@ramoudeiulifdniituoonuenn/enin udanszaeligusseimaniouen

(s)M3unseiioanlmailseq

2.6.13.1 msam1?mmm%'®u‘1ﬁ'ﬁut?mumé'w
msammamwmaumnwuww’m"lummunummmmum (Boundary Conductance
valve) fa0i1asU S191MrtdpYsOLAIRUNA 70 aamﬂmu"lammwmsammammsaumwuﬂnﬂa

Aanud mmuﬁﬁa (Boundary Conductance Valve)

2.6.132 chlﬁﬂ"lﬂﬁuwﬁﬁaﬂmmuﬁumm%’au
msam%’mmm?@u’lunﬁﬂﬁ aefinrsauonoaniu 2 Uszian fe nsgyidvanuiou
fignnzauna (Steady State) 1Az ynizfigung ﬁﬁwﬁmﬁuﬁuﬁaﬂ q e it wagilgamgiiviiy
qmwgﬁwmﬁummﬂﬂmmlﬂmeam wm:mmm%’au%zﬁﬁnﬁuﬁumﬂiumwmzﬁNﬁumuamﬂﬁaﬂ
ndsfiaumgiiogfigamgiites mm%’am‘fu%“ﬂﬂﬁzﬁu‘l%ma’lumw sunsesiuenvouldenansy
fou uazifemsgadslufuussemanouen waziflengaauve wisraawdoudignifu 13y
minafozaey q anassuvua ly Iumaﬂﬁﬁﬁwmmuiw”lﬂqnmguummummmaamﬂﬂ Fadudlu
Zosnunisiaveaafinnizauaa FuRasudlamiamluden %uﬁqmﬁgﬁm‘fi wazlanuag

o ao P -3 (K} < = 3
NYPUAYUAAAUNLIU LL@\EJEINVL‘SﬂF]']iJ Namaamsqtymamm?aumaamizmumsﬂzuﬁm‘lugﬂmm

As
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2.6.133 msgydenimdeuiianizanga
y o ' o a o kY ﬁ o o
msnszaenandeulumiualuginseie @ wazdluTaqfeaiu autlumiuniu
for dudflgumpdaenifigumgiidu (nazdwiigangidininedigumaiiiu o
9 S 5. o 2 o at <
A513192 3 BU (Thermal conductivity) 110U K (Btw/ft” Hm F) wagrtlaminudlu

o S JOSNE T o <
(f) 92 18sas Tavesnudeudoniionheiuiiiu q, Auaasluaunisi .15

q,= (t, —t /L (2.15)
d‘( o ‘:dy z:; &’ a @ o Yo 9 s
AN AU NUN U UALAUNINY A (sq.ft) %zm‘lﬁaﬂﬂmﬂwmmmmmuum
fagrunisi (2.16)

qlnlal = anA (2 1 6)

uslumeUfiaudr limunsamaivesgungil fikaventiain eldrgunginely

2 o

@ a ' Y o Y 1\:_1] @
1 (1) ﬂUQNﬁQNﬂJﬂQUﬁSﬂ’IﬂTﬁﬂWUu@ﬂ ﬁ‘lumﬂizmmtmu ﬁN‘ﬂ'ﬂViﬁﬂiTﬂ'ﬁulﬁﬁ‘ll@\iﬂ'ﬂlliaul AT

5N (2.17)
q=(t=t VR, (2.17)

4 04 A 3 1o 1
dio R, fl g ey eutsniumasiuegiunsesniuuLaz AR MATY

9171UA7 (Boundary Conductance values) Aan3 199 2.12

151971 2,12 LEASAIANINEIHMHAINIDU VR INHUM

ANYAIZYDINTUM R,
WLILIE BUFUAY? (L/K+1/+1/h )(1/A)

El
upFsUr e (L /K +L/K ALK 1/ 41/ )(1/A)

LAAamsTAITIaL (Thermal conductivity) Yesnuauazidounlasly awgamgiive
o O U a e’/’ 1 C% 4 1 o ~
$ufhudoanswavesgumgii i1 4 vearuum ieidenAIN151 1A WS oY (Thermal conductivity) 7
vy
9nABY
v
o o k3 o 1 a 1 a v a
Smsumsnszatenudeuluauiuraly 9 FUNAA1IYBIUNYUIZHINHIUBNNTAT
4 v W < y ¥ a = &
Ty () HudadrufunafunasWUIRNNAIUNIUANNTEU (R ) gamgiaziisanaslyuusagiu
' ag o A4 & a o =
ANUUANA1IYDIgUNN TUFUAN TS t IMAIAUNTN (2.18)

t, = [(L/h)G OAL/K + Lhy/hy+ o +1/h+1/h, ] (2.18)
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—— e H
dwmiurule 9 92AUUANAIIYBIRUUHUAITUNITN (2.19)
t,=[(L /At~ t )L/ +L/h+ ... +1/h+1/h, ] (2.19)

Fensufnuaensnszneanudeundi frunsadensiiavestaaiie vimTunn 14
uanmmfugﬂ'ﬂwaum Afinadensguidoniudeouguifniuiuviiaveuniinse
@iyl dmasugnines fumnsansyuen sefideunnarefudsd
- WasmeTuveummssnszuenfmnaiiluwedisindu
- fuimfsdmiuveamfissnszuenidnnd
- msgaydsanudoudimian o annzaugaveumAmasgRURiTNAT

y &4 4 oy S o Ao 9 o '
-ﬂ'\WHWWHQﬂTHiUUﬂ]Lﬂ'Iﬂu BNTINTEUBNASU ﬂi1ﬂ1§1ﬁﬁﬂl@@ﬂ?]m5ﬂuﬂ1ﬂ?]

IFHANNTDUAFINHININHTIIAT

£ A Y vd o & g v
JUULIBDY 9 ﬂ??uiau%gﬂﬂﬁgﬂquﬂwuﬂﬂw ‘ﬁﬁﬁ1u’]5ﬂﬂ1uqm‘1ﬂ€nﬂ

L1l

2.6.134 Msga
Tugengumngl

L]

aun1sh (2.20)
a P = ya o S =~ o a A P °
ﬂimmﬂ';miau'nazﬁu'l’mwu«m = U UNUBINUNLAT X qmwgmﬂaax ANUITOUIUNIE  (2.20)

2.6.13.5 msgagdananadenyazianuiiuyge (Intermittent Operation Loss)
[ a Y 9y P < 1 Y A [] a 9
wisnnfidanuds anudeuiigridvegiumivat xisunsgnediiuesn lneiadm
& s a/ ' { a a0 1 o a = q’: Ké
wen FelummegeRudaeeldinaunuivetiudnimeungiiveunnedemiiugaumgiiednaimils
' < | = o 1 2 .
o195 iaw Wedamiluvasfinawdeufinseg aszuunsiunamiou (Heating up) Wdeanzauga
a’/‘ { o ' {o o d 1w W e '
(Steady state) nSefines vzlfnaweznfimdesnhindawvnziifdauiuey anymsianilisonns
Maudugag (Intermittent Operation)

P a ° @ 1 r:{ =1 o ' = '
nsmandenfiqgudssesnisionludnvesguil - Aawmsahludduied

e
Uszinauviniu uazidegeonunnhineinuluannzauga

2.6.13.6 M3gaYFsANN3UITIDIINAITAANIINDT (Thermal Short Circuit)

'
1Y a

Saaftimminawdeufidninghilfifiemsdassnennuiou sendiedaniiiing
° Yy = P & Yoo A o Y a o IS o Y a = vy 9
Thadeud usnh Fsdhiaeiiihififenisdnisesiinnumuinnezshdinansgadennuseuiey
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2.6.13.7 madeuiigydslliuTaghitueeninuenm

19 A

P! o o Yo A o o A 1y oo v v
ﬁﬂ‘ﬂﬂu9@ﬂu1u@ﬂlﬁ1ﬂlﬁu1ﬂ‘b’ﬂﬂ@ ﬂ?u']"lw{'h WOABLYINUAIAAAINAIUNIU - D1

a:‘né} o o '

a a < o A { a o 1Y @ 3
fvsangamgififeiuiifagdnan fawseninnudeuguyieiiuimidauuiagindnld uas

q

]
a P! o

at ' o a a @ ' Jo v
mnAtusaznihdeigungindiudgangivesiandmdn  Wuilsiduduszeemenne  uazgl
v
isnIAdia uazaaauiAnenNuiouveagiy
r o

' < Yy A o ada Y A o Y 1] = = o
E‘)U'Nvliﬂﬂ'u] ﬂ'r]-‘115auﬂqﬂglaﬂiuﬂimuuﬂjuaUNWﬂlu@lqﬂﬂuﬂuﬂq-]uiauﬂqﬂejlﬁﬂllﬂﬂﬂ

Wi
2.6.138 aufeunigydalimevesdlams q vaum

VoA s g Yo da o Y '
%@QLﬂﬂﬂ]q 9 ﬂl@\?m'wuﬂu‘lﬂ‘]f@ﬂﬂﬂﬂigﬂlﬂ'l ﬂ‘ISLLNSQﬁﬂ]@ﬁﬂ?-llliauﬁll‘li']ﬂﬂ'luﬂigﬂ

Y o A’;’ a va a o a a A [ = £ = a g
18 fiulumelfiiaasiivseqeiitadada iedlosiumsgadeanuieuinaiiu
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UNA 3

AMSAUUUIY

3.1 MINWHUMIAUHUIY

TunsduiuamvesTassnideumen i medduiuamldinsfnymaduaeu iely
msﬁnﬁmmmaﬂﬂsamsﬁymiqimqﬂs:mﬁ nazlduisunenlumsdiiuaueeniiugaiife

Lnsfmundeyaiesdunazsauswdeyaierinndudoyaluns saadrumen i

2. msfnnaazmsesnuuumey v

3. myadrumen i

4. msnadevuazdiulyaudluaen Inldn

5. mytlsziiuwamsiauve anteu i

6. m3vavhswauntuduysel

Y
3.2 NMFAUUUAINNIRIDU
lumsesnuuunazasruatey Wil efeaieuesuSEyN Kanthal funuanelunisesnuuué?

9

sufianmfouduiiunedmmuiiomnatigungliifyeds 1350 esmumaidun nsesnuuLFam
a1 9 Ansannniavesdgauuiidiilumian Taelfamsodlesfunsgaiionudenldun
fign Suneumsiandised

1 mifde i g en liih

2. HINUIAYBINIARTUNIY

3. sonuuusealdalndumu

4. senuuutlszain Tngldindudenlunsiiaia

5. Mydsznoudauae 9

321 madldvhnldnuaeulvvh

o Ao o a o o P o a 24
fudlsiddg lunmsinsamhadihnldiuaey Wi fevlSinasnelumn (Chamber) ¥4

[ . 3 T
luntimieenuuuiuniauaufunmudeuniiviinasmelun 36 gnurdiediuas tazeamaiins

qa 1000 pepturaldoa 103U 218 mnsarimias Wi 1Idmiu 5.25 kw
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[ %
31U 3.1 wenawum e IWihildesniuy

Y
3.2.2 UM1AUDIAIAATUNIN
asg v 9 o KX K Aa 9 2 aa a 1
NI IVUIAYBIAIAA UM ADIA D INTLNAIVDIANA UMY FelDNTHads
1. 91gn15 ¥ usesaInd NI
o w a a %/
2. fadlnindesns 656 dlades
3. qungiindesns 1000 °C
1SHvKanthal ldraustuzamaimszinn Bawas1em n-1 uazldidenldainduniy Kanthal
A = AQ 1 Qv - o 1
AF  FaliAwesmzinuviiy 2.5 Sadau’  shldannsamduriguinarsvesatadunmla 1.2

fafwuas uaze 16.969 wiasaamla Iagdsmsimannuaas 3 lumanani v nSeanlasitnsw

] 1 Y
323 sadlaalafiuniy

YA veeseldatnduniy

- durugudnansvesses 9 Uaawes
- Anundnvesesla 6 Naowas
- szogsEnieguinaiue eIy 10 - Nanwes
- JTHZITNINGBY 25 daduag

5113.2 sanawusedlanianumumuvB MDY
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324 mseenuuuiszgia

o = <
Uszgnazlfuuiudiadenlszquazlladauindeanen

3.3 Jaqauilsznouvelasum

3.3.1 sgnulrluinamasgu (Standard Refactory Bricks)

a o o o & a '
WiNods agwu‘lﬂﬁummammm%’auuazmma;mm%’aum FIUANUAUWUUTULAZANT

'
a A

= 3 o Ao ' o 2 a '
LﬂﬁﬂuuﬂaQIﬂUﬂ'ﬁlw‘]cﬁ] Lﬁu"lﬂﬁ'lui']ﬂﬁmﬂUﬂ‘ﬂﬂ’]ﬂuﬂvl%iuuﬂﬁz‘]fuﬂmﬂ’lw cﬁqaiﬂi%Lﬂuaﬂwqu@ﬂ'N

& o Y < a
l.ll'lcli\‘iﬁ'lil'lﬁﬁ‘ﬂ'liaﬁllﬂQTULﬂu"lfuﬂ C-1 ST-76

51 3.3 naasdgmiivluiinnnag

40



ﬁgﬂulwﬂuwmu1m=‘s§1u

STANDARD REFRACTORY BRICKS

51/ 3.4 naaBgnilvinamaquaziiivesd gy
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R [y v a [
3.3.2 ﬂu?uﬂuﬂ]1“5@“!%51‘”?}‘1“!“95
A a wa o v s o0 qYd v Yt A o )
auudsiguautialumsthanudeud ihldinuanudenlda (vieduaiuiousinniouen
166 ) Ml sendandsanu

mstszynanis 1

Byisgiteiunuuiuniudeon
EEERREIC oY
dunausdmsusessuingidaungiae
AUANYUIAY

a

nuaunil 1a 1260 °C uag 1400 °C

£} Y

¥
A o

A 1 I vy v o = Y A y
TN UUAY LAULAS tazupUnauey (aa1eda )‘lmaaniwmmmmmmn

Tnaautalunsgaduiod1dd

£4
° o @

v
imdninansoaa Idsse ldaudeinis 3seunnisfade
Tiaalw

9193 1F U

33.21 @i llwesuuunsza1uds ( Board)
AMANYUL

Y141A 900 3. x 600 W, (817 x AT
gamaii 14 1260 wag 1400 °C

AWK 25 1AL 50 1.

mingag 1N yRTaS ol 5y HeseuaNs o, 1A UH1 a9

" a 3
517 35 maaarndinlWiwesuuunszmuuds
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a1519f 3.1 naaanueniResfin Idiwesuuunszamuds

samgilldau (0 1.260 : 1.400
qAREIMA (C) 1.760 1,700
DR 819 x AT QD 900x600
v Qi) 25 | s } 25
ALY (kg/m) 250
i s00°C 0.08 010
rtheneu (Kedfmh'ey | 7 80°C 012 0.14
#1.000°C 016 0.20

3322 wsdinlvivesuuuiy ( Blanket)

[

AMANYME

o 9 9 vy

WU nnn19 600 Wi, 8173 7200 VY. HU1 25 WU,

ANUNLULIY 96 ,128 Uz 160 kg/m’ ( mmﬂmuﬁuqaﬁ]:ﬁmwmﬂuamuﬁ )

mzez U syl eiitaam I8 wu ey , idwaudeu

517 3.6 uaaawsifinliiwesunyiiy
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= wa a < =
M13197 3.2 taasgaaniaeiin ke suuuiu

aniildau () 1.260 1,400
wm (0) 1760 1,700
1) 7200%600

25
o - #i s0°C 010 o
Fau (Keal/mh'Cy  F—G——
. . #i 800°C 014 017
munilu 128 kg/m) - -
g fi1000°C 0.20 : 025

3323 w3iinlwesuvuieoudes (Bulk)
dufeuresadredid awisalisansetaddougl1a

1 8 1 g L - |}
amuMULLeY U 62 - 200 kg/m’ YusgiumsSauriuvesd 19

o Bl p=i & A Yy yR
L“r‘iiJ'lZﬂ'Uﬂ'lﬁ“rllﬁ’]?J‘ﬁi@Qﬂiﬂﬂ‘ﬂuﬂﬂﬂixﬂ’lu mmmuwuwﬂum

51l 3.7 vanasifin riuesuuufeuden
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M9197 3.3 terasguaniasia e suuudoures

1.260 1,400
1.760 1700

15 kg

60-200
# e00C 012 0.2
7 sooc 0.6 016
#1.000°C 023 023

3.3.3 ﬂunu‘lﬂ (Refractory Mortar )
huTagnumiildredgnulrludazfoulitadatusae i lnssadvamnsonsglsiegd uaz
freflosiumsialnaveudarvuasTngdunielum Hamaudanunudegumgiige ldwuoiiuiog

nu ltiadu 9

33.3.1 Usztanveag/unul uudlendly 2 viia
a = Y a P
1. Junu atiandealdnndendeasndedia iusfunmi atianauds sl
Y o 4 o 1 Ao vy ' v ) ] Ay Yo )
Foain llwanihnudadan fismua 3dhageneuns Idau wldamudwssauyselde 1dfunawiou
gaUAUNIN 1000 °C
~ Hoy < & Ay & ad  oa y 4 9 d i .
2 4un Ilriiafi Al s sigungiiies asiiisrtiansui sy deanduthnewi
a o 4 ] @ a a < = a x4
W14 uazwiiaflondenauad andon o ldind Junu Inasiad Iaauudwseligungiiviosiiae

CY

a aaa Y 1< 9y a9
Aadgazonld anuudaseldes o gamgiivies

3332 mamsesfunyly

matesenulWwiaufsDry Type Mortars)

73

v . {1
1 anahazetai Wrauuni Idaualesidumifidmua 13dhags
2 Tsomaiunu Inlasludsaniiazdossunua vazi lsoThdasin Inihlunouaaes
a7

' < Ay = o = o Y
3.1 ﬂuﬂawljuwu”lwgﬂuzuazﬂ YINU UAZIUUIINDNUITTY numﬂ“mm
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MINNN -1 !lﬁﬂs‘lﬂ1ﬂ13‘1ﬂﬁ1ﬂl®dﬁ’3ﬂ Kanthal AF

KANTHAL AF

Wire and strip. Standard stock items.
. ¢
Resistivity 1.39 Omm? m™. Density 7.15 g cm. To obtain resistivity at working
temperature, multiply by factor C, in foliowing table.

°C é 20 100 200 300 400 500 600 x 700 800 900 1000 1100 1200 1300_1400

C,‘IOO?OOiO? 101 1.02,103104 104 105 105 106106 106106 1.07
Wire Resistance Weight cm¥/t) Strip Resistance  Weight cmi
diamm  (/m 20°C g/m 20°C WxTmm  Qm20°C ‘g/m 20°C
17.8 10.0%1.0 e 0. 139
23.6 B A 50X 1 Briss [50el
30.7 20 D10, 3.0
39.0.0 \N Wk M0I0XT:2..000.0.
487 12.0x1:2 ...52:...0.0968
59.9 L5012 v 0,077 2%
720 $50%BMFo el
87.2 20X IES el
104 - 280X SO
142 “915,042.0..........0.0463 .
189 20.0%x2.0.. o

216 28 0x2: 00
245 '30.0x2.0.x
277 15.0x25 ...
312 S e e A

390 25.0x2.5.
433 80.0x26W.. 440 0185‘.
479 20.0%3.0 ...0ne.0.0232.
609 25.0%3.0 .........0.0185
761 30.0x3.0...coens 0.01 54
-4y/ 336
. 1136

0.0585
0.0492..
..0.0418.
0.0361
0.0328
0.0315..........¢
RN 1 .7 T SOT—
8.2!’ ............... 0.0280..c0000
927 i, 0.0206............

n-1



M3199 0 — 2 paasmmalWdvesala Kanthal A-1 4az APM

KANTHAL A-1 and APM

Wire and strip. Standard stock items.

Resistivity 1.45 Omm?m-'. Density 7.1 g cm®. To obtain resistivity at working
temperature, multiply by factor C,in following table.

°C . 20 100 200 300 400 500 600 700 @ 800 900 1000 1100 12001300 1400

"C, 100 100 100 100 1.00 101 102 102 1.03 1.03 1.04 104 104 104

Resistance
Wm20°C

Weight
gim

~ Thonly A-t

n-2

1.05
Strip*) Resistance Weight cm?iQ
WxTmm  Q/m20°C g/m 20°C
BTG 0290 (5% 414
10.0x1.0.......... 0.145...... 1520
15.0x1.0..........0.0967 .... 3310
20.0x1.0 ... 1750 5790
12.0x1.2 ..........0.101.... 2620
16 (RToW  BGRLA TS M. 4020
100040 120097 .. 0.0 .. 2380
12.0x1.5., 3350
it 7 el 5120
20.0x1.5 8900
25.0x1.5 13700
30.0x1.5 19600
15.0x2.0 7040
20.0x2.0 ; 12100
25.0x2.0 ..........0. 18600
30.0x2.0 26500
20.0x2.5 15500
25.0x2.5 23700
30.062\57.........0. 33600
20.0x3.0 : 19008
203 ..........04 26200
30:0x3,0 ......¢c0.06 L0 ... 41000

28



M15199 0 — 3 uarasmma I vesala Kanthal D

KANTHAL D

Wire and strip. Standard stock items.

Resistivity 1.35 Omm? m". Density 7.25 g cm™. To oblain resistivity at working
temperature, multiply by factor C, in following table.

“C 20 . 100 | 200 | 300 400 500 600 700 | 800 | 900 1000 1100 1200 1300
C. 100 1.00 101 1.01 1‘02,1.03?1‘04'1.0551.06%1.0621.07 1.07 1 1.08 1.08

Wire Resistance Weight em?iL) Strip Resistance Weight cm?ie

diamm  ¥m20°C g/m 20°C WxTmm /im20C am 20°C

5.0x0.1.....

a8, W, SRR —
5.0x0.3 ...
5,0X0:4, i v 0.657.
10.0x372 3. 5l
12.0x1.2 ...
1S PXVLA L2
15107145 Vo) 0.0600
LONENS fod 0.0450
15 0x2.00 . M 0.0450
20.0x2.0 oocoovs. (0{03e 2 s AURAER

n-3



A19199 0 — 4 uaasmma 1 vesala Nikrothal 70

NIKROTHAL 70

Wire. No standard stock items —
on special order only.

Resistivity 1.18 Qmm?m. Density 8.10 g cm. To obtain resistivity at working
temperature, multiply by factor C, in following table.

.c | 20 | 100 | 200 | 300 | 400 | 500 | 800 | 700 | 800 | 900 | 1000|1100 ] 1200

“c. 1100 1.01|1.02|1.03|1.04|1.05] 1.05|1.04|1.04]1.04]1.05 | 1.05 | 1.0

Wire Resistance  Weight cm?/C)
dia mm /m 20°C g/m 20°C
100 NP0 e oid 636 4.~ Y 4209
b I CR— F24 .0 i) LAORR - 27.8
1.2..... 0. & 1.04 .. 5478 g.18°1{. 36.1
1.8...... 0. 4. 0889 K ....5= 0.8 . . NT46.8
14..... 0. 5. 0767 .7 o 2 ol M W\ 57%
15 4.4 o656 4. L1 i R UWA S A 70.6
1.6....0.4..8 O)\58L J. A 100 1003\ e A [ 8518
1.7....8.4..... §.529..2 v ol oW 103
1808 . B.464 £ L, 20.64...,3 Y, 122
1.9.. .4 48.*= 041C)a.... M 23.0 143
20... 800 . % 1.376 5. Z...£! R5 4.y 167
2.2 R R 031D sorh ] 30.8. 3 Xt Yo
25... %4 . (87210t Mo ) 323.... 380 327
PR, T, T222...... %3 4310\...... .. 368
28....... A% 0.#92........~" 49 9L\, .. & 459
8.0, cnonan i RI1G.. B8 xR k¢ 565
3.25.. . OMAR L. 67%C. D 1) 718
35 OAIES ... 4 « 1.y 897
S 7 L TRA—— 0.1¢ ... 89.5... Nt 1103
4.0, e 0.0938.\,..... [} R 1338
2 TR 0.0832 . W, 110 ... 1605
A5 i 0.0742........... Tag ... R 1905
AT covsimnsss 0.0668 cu555u5 TRy oy, 2241
(5 O/ 0.0601............ 159....... 2614
55 0.0497 ........... 1HC 2 NR— 3479
S 3 — 00417 ..o 229 4517
o R N—— 0.0356........... 269 e 5742
7.0 0.0307 .oocivvsses 7 . I 7172
[ mm—— 0.0278 ... 344, ... 8303
75 0.0267.......u0nn i3580 5000 csuvis 8822
(R 0.0235 ssssinsi 407 10706
825 i 0.0221............ Z: o p—— 11741
9.0, 0.0185: v L5 15| H— 15244



A15197 1 — 5 uaaemma I vesaia Nikrothal 80

NIKROTHAL 80

Wire and Strip. Standard stock items.

Resistivity 1.09 Qmm’m". Density 8.30 g cm®. To obtain resistivity at working
temperature, multiply by factor C, in following table.

“c.| 20 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100|1200
G 11.00]1.01]1.02,1.03| 104 1.05]1.04] 1.04{1.04|1.04| 1.05| 1.06 ]| 1.07

Wire Resistance  Weight omy) Strip Resistance” Weight cmz2/Q

dia mm Qfm 20°C g/m 20°C WxT mm O/m 20°C g/m 20°C
15.0x10..........0.0727
2G0X1.0lw. .. 8 0.0545
250x1H0L ... 0.0436............208
12:0x 12l NI 0.0757 ...
16.0x15.......0.0484 ...

20.0x1.5 .. ...
25.0¢1.5.........0.0291 ....
15.0%2.0........0.0363....
20.0x2.0 .........0.0273....
25.0x20 .........0.0218 ...
30.0x2.0.......0.0182............498...
20.0x25 .........0.0218............ 415...........20640
25.0x25 ......0.0174............ 519........31540
30.0x2.5.......0.0145. ... 623 4. h. 44730
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1914 n-6 Wieufeunaaniifsz 313 NiCr 80/20 i Kanthal AF

oot A 120 kW urnace equipped with R.0.B. elements. 3 elements of 40 kW each, 380 V

s 3

Element Data : NiCr80/20 KANTHAL AF

Forare ermenature. C F 1060 1830 1000 1830
39 1068 1955 o 1ioe 2025

281 s

1.05 1.08

3.44 3.41
Wire diameter, mm in 5 C ] 0.217 5.5 0.217
St icad, Wiem* Wiin i 3.09 199 3,88 257
Wire length, m, i S elements | 2249 758 1746 573
Wire weight, kg, /b 3 elements 44.4 98 29.6 65

44.4—28.6

C;
45.4.8 P

=33%

Weight saving: 989_65

n-6



514 n-7 WfSsuilsugamuiAvedlatiz Kanthal 4az Nikrothal

tax continuous
operating temp., °C

F
Nominal composition. %e Cr
Al
Fe
N
Fegistivity at 20°C. Ommimy

at BE°F, Gomf

sity. glem?

fticient of thermal
expansion, K'

¢-C. 681380 F
. 68-1638 F

Wm K
68 F. Biunit-2i-1 -1
Spectic heat capacity
K’ 20°C
i #-1.68°F
Meiting gont. °C
1

Mechanical properties (approx.)”
siength, N mm

DSt
yYizic point N mm’

sl
sg Hy
Siengation at rupture. e
Tersie strength at 900°C. Nmm
1650°F psi
Creap sirength a1 800°C. N mm

1000°C. Nmm-

1270°F._ps:
1830°F. pst
Magnetic properties
vity. fulty oxidized condition

* The values oven apply for sizes o 4 mm 8.6

Rest

1.45
872
7.10
0.256

14.16°
15.10°

13
90

0.46
0410
1600
2730

680
95000
445
65600
230

18

40
5800
14

1.8
2000
266

Magnetic {Curie psin

0.70

0.46

0.110

1500

e
i3

680
9960C
445
65000
23C
18

34
5000
5

870

145

OIJ

n-7

KANTHAL

A Lt @O
MR B S

O N e
Oy

14.10°
1508

H o

£
L

n

e I B

60

)

7
i
{

o7

KANTHAL

.46

AR Y
1500
2730

€80

445
65000
230
19

34
5600
5

870
145

600°C. 1 100°F)

0.70

NIKROTHAL

80
1.08
655
83
0.300

17.10°
18.10°

104

0.46
0.110
1400
2550

T
(e}

109000
450
65000
180
30
100
14500
15
4
2160
580
Non
0.88

NIKROTHAL

70
1.18
704
8.1
0.296

16.16°
17.16°

2160
580
Non

0.88

—
<
bt
—
C
s
x
v

NIKROTHAL

60
1.1
668
8.2
0.296

16.10°
17.10°

8

R';_') ‘f.?

2150
580
Stightly  No
0.88 .88

- dameter {or the KANTHAL allays znd of 1 mm, 8.64 i tor the NIKROTHAL altov:
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min?'l n-9 uermf;mauﬁ’ﬁmm CAL 9900 Temperature Controller
CAL 9900 Temperature Controller

Main Features
e  Full Feature Autotune
e  Clear Bright Digital Display
e  Positive Feel Control Buttons
e  Robust Reliable Output Relays
e  Dual Output: Standard
e  High Accuracy

o  Versatility

e  Comprehensive Alarm Features
e Cool Strategy
e  Parameter Modification Security

e  Performance Monitor/Diagnostics

Supply voltages 110V a.c. or 240V d.c. +10% -15%
Power consumption 5VA

Control temperature range -200 to +1800°C (sensor dependant)
Front bezel sealing P54

Switching capabilities

SP1 relay 5A 250V a.c.
SP1 SSR drive 25mA 5V d.c.
SP2 relay 3A 250V a.c.
SP2 SSR drive 25mA S5V d.c.

Sensor types

n-9



Thermocouple

RTD

Linear process inputs
Temperature coefficient
Reference conditions

Calibration accuracy

JK,RS,T,E,.LN

pt100

0-20mV 4-20mV

150ppm/C sensor span

22C +/- 2°C after 30 mins settling time
+/-0.25% of sensor full scale

+/-1C

n-10



. CAL9900O S _
OTUNE PID TEMPERATURE CONTROLLER

see 10.2

INSTALLATION AND OPE

TING MANUAL

SRR
install the 9900 controller in panel
Wire up connections see 101

Hi A frocess
POWER UP emperature
Self check sequence sPHl ] or set point
LoV
Error

Step 2 ;
ZE‘;?O FLASHES ON LEFT : % t ' :
Indicating no sensor The CAL 9900 microprocessor based iew set poin
selected . temperature controlier provides precise T Dosidie
Note control with a minimum of setting up. the A

L

advanced Autotune algorithm tunes all
five control parameters automaticafly.
The simple setting up procedure below is

Buttons only adjust flashing digits
{shown green)

Step 3

PRESS & 10 SELECT
SENSOR e.g. Type K = 2
Sensor options:

(For full table see 8)

J 1 R 4 E 7 RID 9
K 2 s 5 L 8 PTIOCO
N 3 T 06 B 10

Step 4

PRESS p TO ENTER
SENSOR INTO MEMORY
Display shows process
temperature eg. Ambient

Step 5

prESS T TO DISPLAY
SET POINT

Step &
PRESS AND HOLD 3¢

PRESS
TO INCREASE A
SET POINT

)

Output turns on and temperature rises

The controller is now Prop band 2.5%
_ operational with Prop time 20 sec
factary PID seftings: Derivative 25 sec
integral 5 min
DAC approach
control 15

1 If required adjust: Range. Hi-res O.1°,
Negative temperature ranging. see 8

2 Proportional cycle-time: 20 sec factory
set, if unsuitoble change now Or use
Autotune caiculated value affer tuning
run see 6

3 For best results use normal sef point
and load conditions

4 Start Autotune AT with the load cool

TO AUTOTUNE
Step 7

START AUTOTUNE "AT*
NEAR AMBIENT

3.

-

normally sufficient, specialised applic-
ations may need the comprehensive

Step 8

PRESS 2 TO ACCESS
PROGRAM MODE
Function O flashes
on right

Step 9

PRESS *x TO CHANGE
TO OPTION SELECTION
Cption O flashes
on left

Step 10

PRESS £ TO SELECT
AUTOTUNE "AT’
Option 1

Step 1

press P 1o staRT
AUTOTUNE ‘AT

AT and Process
temperature displayed
alternately during
Autotune

Two types of Autotune are provided to
ensure optimum control of a wide range
of applications

AUTOTUNE AT - Normal method, tunes
during warm up

AUTOTUNE PT - (Push-to-Tune) — For
difficult applications, tunes at set point

AUTOTUNE AT

Start Autotune AT with the load cool. A short
tuning cycle occurs at 76% set point during
warm up. New PID values are automaticatly
ent_etred and the temperature rises to set
poin

9900 features covered in this manual.

Autotuned parameters  Autotune limits
Entered automatically:
Proportional band/Gain
Integral time/Reset
Derivative fime/Rate
DAC approach control

0.5 - 2C » cl/range
0.2 - 435 min

10 - 255 sec

0.5 - 9.0 x gain
Proportional cycle time  O.8 - 819 sec

Calculated but for sofety reasons needs
manual acceptance see &

temp

sat point

ATtuningit L

75% SP } w PID
!

N, ne
1 on/oft  \ entered and
tuning cvcies output powet
: ! re-appied

&)

=>

= 1 (S
(100% output power)

Start AT
tine

Fig. } Autotune AT

AUTOTUNE PT (Push-to-Tune)
select Opt 2 at 2 step 10

Used to fine tune difficult applications at set
paint. Usefut if the set point or thermal
conditions are substantiafly changed. During
PT tuning some overshoot will occur. If this
is unacceptable, temporarily reduce sot
point. PT tunes the parameters ksted above
except DAC. Proportional cycle time is re-
calculated but needs manual acceptance

temp

overshoot
dunng
tuning

Start PT

set point |3

ISR

prop
band ! Ve onsott | \ new PID values
| lung cycles | entered
! i |
I | ! I

e S
(X00% outout power]

Fig. 2 Autotune PT

3.3 OVERIDING AUTOTUNE VALUES

After AT/PT any Autotuned parameter may
be changed to an Option from the table.
The original Autotuned value is retained in
memory.

Note Subsequent Autotune AT or PTrun
replaces manual selections with new
calculated values (except Cycle time)

E‘ﬂﬁ -1 @:ﬁamﬂ%’ﬂumm CAL 9900 Temperature Controller
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4.1

The facilities of the 9900 are selectad from

the Functions and Options Table see 8

using progrom mode

fFunctions (Fn) - The available controlier

factities

Options (Opt) - The available values for

each Function e.g. Function § Option O

(Fn 5/0pt O) = SP1 Prop band of 25%

Note 1 Should ditficulty occur in adjusti
Options check the Parameter lock see 4

Note 2 Normal controt is maintained with

existing settings during programming

Step 1

PRESS P TO ENTER
PROGRAM MQODE

Step 2

PRESS AND HOLD 4
INDEX TO FUNCTION
e.g. Function 16
(Sensor select)
flashes

Step 3

PRESS W CHANGE TO
OPTION SELECTION
e.g. Option 2 (Type K)

Step 4

press Wor &
SELECT OPTION
REQUIRED

ag. Option 1 (Type J)

Step &

oRESS F CHANGE TO
FUNCTION SELECTION
Set other Functions
as required

Step 6

press P 10 ExiT
PROGRAM MODE WHEN
SELECTIONS COMPLETE
Process temperatuie
displayed

Control commences with new
instructions now entered in memory

4.2 MODE B - FUNCTION/OPTION DISPLAY

PROCEDURE

Used in Function 2 to set full scale alarms
and Function 24 - Range cdjustment.
Mode'B enables all digits tc be used for
Options vaiues
Step 1

PRESS A TO INDEX
TO FUNCTION

e.g Function 24
(Range adjustment)
fiashes P
Note 2 bars = Mode 8

Step 2
press X 7O DISPLAY
OPTION VALUE

eg. Range 400°
filashes

Step 3
PRESS AND HOLD ¥
PRESS  TQ INCREASE

PRESS ¥ TO DECREASE
OPTION VALUE

N S

5.1 Autotune error massages see 11 (EES-T)

sl\.otched: press ¥ & to reset)

T/PT tunes most applications satisfactorily,
but if tuning fails and error messages
repeatedy occur. the application has
unusual characteristics requiring manual
tuning see 21

5.7 Tuning with set point near ambient

Difficuit both o controt and Autotune. Use
PT. If tuning tails try with Fn 5/0pt 1. other-
wise increase set point or tune manually

5.3 In High Resolution (O.1°)

Should error message EE6 occur during
1unin8. select normal resolution (Fn 18/

Opt O) then Autotune and afterwards
re-seloct Hi-res. (check ronge setting Fn 24)

AUTCTUNE VALUE DISPLAY

At the end of an Autotune run the AT value
is automatically entered and may bée
displayed in Functions:

5 Prop band/Gain

6 Derivative time/Rate

7 DAC approach control

8 Integrai time/Reset

Step 1

press P 10 Enter
PROGRAM MODE

Sa

=S

Step 2

A - 3 -
(T’SEELSJNC’T[% LTDEX 7 3.5.5

b/
e.g. Function 5 Prop band / vg %
S
5

AT value = 3.5%

Note 3 LED's show an AT value cisplayed

.1 Autotuned cycle time

Autotune caiculates the optimurn vaiue but
for satety reasons does not automatically
implement it

&.9 if the cycle time needed is known

Applications known to require shorter times
than the 20 sec factory setting. including
SSR dirive (1 sec), linear outputs (O.05 sec)
should select the appropriate Option in
Function 4 using the procedure see 4.

This sefting will not be changed. tut may
be replaced with the caiculated AT value
if preferred after the Autotune run

6.3 Normal procecure

Run Autotune AT see 2. When complete
(atternating AT display stops) display the AT
calculaled cycle time and accept if
suilable. this will then replace the 20 sec
factory setting

Step 1

index to Function 4
For procedure see 4
Option O: 20 sec
factory setting

Step 2

PRESS *TO CHANGE
TO OPTION SELECTION

Step 3

PRESS HTO DISPLAY
CALCULATED AT VALUE
eg Q8sec =
Note Flashing bar =~
shows calculated AT
value is displayed

n-12

7.1 SP2 Operating mode

Step 4
IF AT VALUE SUITABLE
pRess 2 TO ACCEPT

AT VALUE
NOW OPERATIONAL

OR IF AT VALUE UNSUITABLE

PRESS A TO SELECT A
SUITABLE OPTION
FROM TABLE

e.g. Option 4: 30 sec

&.4 AT Cycle time values in Function 4

Two AT cycle time values are stored. to
enable the current operational value to be
retained. until a new value from a sub-
sequent Autotune run is considered
Example of two AT cycle time values after
o subsequent Autotune run:

Step ©

Index to Function 4
Operational AT value - 9.8 sec ¢
As accepted previousty /
(Step 4) Note 3 LED's ON/”

Step 6
PRESS Y TO CHANGE TO OPTION SELECTION
Step 7 s S

PRESS &TO DISPLAY

Lotest calculated AT value
eg.72sec
Note Flashing bar -

3L
e e
]

Step 8

Altarnative actions:

PRESS p to accept the latest calculated
AT value - 7.2 sec which replaces 9.8 sec
as the operational AT value

OR PRESS ¥ fo display current operational
AT value. Then PRESS P2 1o retain 98 secs
OR PRESS . to select Option from Table

RRMS

The operating mode must be selected at
Function 19 before adjusting SP2 at Function 2

7.3 Alarm output operation

The alarm output is failsafe, SP2 relay is
de-energised and SP2 red LED on during the
alarm condition (Not with SP2in Proportional
mode)

7.3 LBA - Loop break alarm see Fig. 3

LBA gdetects a control loop fault, and
displays an error message (EE3). The alarm
reiay may be contigured te act aiso
| BA operates if the controller fails 1o receive
the correct respanse to the output within a
" set time, technically:
LBA occurs when SP1 output is saturated
0% or 1I00% and the process temperature
fails to move a minimum 5Q% prop band in
the LBA time. SP) output state is unaffected
by LBA alarm condition

SensY tuenk

XSS oo osconnocted

2N et
35 37

y
(3 wieg

:N-';luf GHvICH W O ODRn T1Cu!
Fig. 3 Typical faults detected by LBA
7.4 Selecting LBA - EE3 message only
i, index to Function 12 - LBA time
Option O - LBA OUT, displayed
2 PRESS ¥ 10 change to option selection

3. PRESS ¥ to select Option 14
The recommended initial setting
(2 x Integral time in use)

4 LBA alarm condition: EE3 displayed,
atternating with process temperature

display latches, to reset PRESS ¥ & together

To configure Alarm relay SP2 to LBA Select
Cption 6 in Function 19 (Relay latches in
alarm condition. fo reset PRESS Wab. )

Note Use LBA with SP2 ON/OFF mode only
(Fn 10/Opt O). Reset EE3/Relay before any
other program changes

TR
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5. Locating Functions:

3. Protected Functions:
_Function O is the Program mode entry point

Al Functions, except User Settings (Functions
1. 2. 3) may be locked in memory cfter
sefting fo prevent tampering.

See 14 Parameter lock

‘ 1. Facto seftlng. is Option O
(except Functions 2 and 22)

2. Initial conliguration:
Functions 16-24 must be selected first then
entered intfo memory by exiting Pro?mm
mode - $0@ 4 then Autotune and other
Functions may be selected

Pressing & increments

W moves direct to Function 13
tor access to higher Functions
Hold pressed to auto index through tabte
(Functions 13, 14, 25 are unused)

A
4. Alvalues (marked M )
v

As cakculoted on the latest AT or PT run

fn Opt Parameter

No. No.
OPERATIONAL PARAMETERS .. continued

,:" Opt Parameter

Parameter
TSI,

Operating mode 7  SP1 DAC approach control

(o] Normal Operation O lSxpopbaond 5 30 Range Table
12 Start Au;o’;une ;\; 1 058 6 40 s
Start Autctune 2 10 A T Factory set OSN30
3 Park mode 3 20 7 B Alvalue e V5l range (SR)
4-100 Manual heat % 4 25 v
e °C °F °c °F
8 SP1 integral time 1 4 400 800 8O0 1470
2 K 400 80O 1200 1999
3 O 5 min & 0O2min 3 N 400 800 1200 199Q
1 (O 1 our 9 7min 4 R 1600 1999 1600 1999
2 _O5min 10 13 min 8§ 8 1600 1999 1600 1999
1° steps (mox *127°/50% prop band) 3 Imin 11 25min 6 1 250 500 260 §SOO
4 2min 12 33 min 7 E 500 1000 600 10O
2 SP2 Adjust 5 3 min 13 43 min 8 L 400 800 8QO0 WO
é 1O min A 10 B 1600 1999 1800 1999
1° steps Factory setting §° 7 & min 4 g Al value
SP2 mode must be selected in v RTD
Function 19 before adjusting SP2 9  PTIOO 200 400 400 750
Option | Function 9  Sensor error correction Range minimum: O°C/32°F
SP2mode Fn19)  “No. | 2 range Exce%t T/PTIOO:
1° steps (£127° max) Factory set O°C/32°F
E?lviqﬁ?g alarm ‘11- 35 Oo— 127° Minimum available -200°C/ °F
ull scale alarm = - % 10 S$P2 Propoartional cycle time
Cool strategy 7 227§ Linear process inputs  Display
O ON/OFF 9 3sec
(# Sensor ronge : Fn 16) 1 lsec Q 7sec i1 O -20mV O -100
2 5sec 11 14sec 12 4 -20mV 0 -100
3 SP1 Lock 3 10sec 12 45sec 13 O -20mV O - 1000
4 20 sec Non linear ranges 14 4 -20mV 0 -1000 -
o Unlocked 5 &0 sec tor Cool strategy 1§ O -20mV 0 -2000
1 Locked 6 005 sec 13 016-10 sec
7 30 sec 14 015-20 sec 17 Negative temperature ranging
8 2sec 15 C06-15sec

O Disgbled
1 Encbled (range min -200°)

11 SP2 Proporiional SP2 Hyslerasis

4  SP1 Proportional cycie time band/Gain in ON/OFF mode .
18  Display resolution
O 20sec 10 3sec 0 25% CR 1.25%
1 lsec N 7sec 1 05% Q.28% O Normal (1°)
2 Ssec 12 Msec 2 A% 05% I Hives (Q1°) £199.9°
3 10sec 13 45sec 3 2% 1% 1° settings become O.1°
4 30 sec 4 operational 4 3% 15% Ranged O - 200° on selection
5 6Osec 4 & i¥.alue 5 5% 25% : of Hi-res, (reset with Fn 24)
6 0QO5sec ¥ 6 10% 5% T
7 ON/CFF Latest 7 20% 10% % 19 $P2 Operating mode
8 OJsec 15 B® calculated 8§ 15% 0.75% g Select and enter Function 19 betore
9 2sec AT value : 9 4% 2% adjusting SP2 in Function 2
10 6% 3%
5  SP1 Proportional SP1 Hysteresis n 7% 35% o outr !

band/Gain in ON/OFF mode 12 8% 4% 1 Deviation alarm - High

: 13 14% 7% 2 Devigtion alarm - Low
O 25% CR 1.25% 14 100% 50% 3 Deviction band clarm
1 0O5% 025% 4 Full scale alarm - High
2 1% 05% 12 LBA .. Loop break alarm - time 5§  Full scate alarm - Low
3 2% 1% 6 LBA - Loop break atarm
4 3% 15% 0 our 9 30 min 7 Cool strategy
5 5% 25% 1 1min 10 40 min
6 10% 5% i 2 2min 11 50 min SP1 Sensor break
7 20% 10% h 3 4min 12 7C min
8 15% 075% 4 6 min 13 9O min O Upscale
9 4% 2% 5 8min Recommended 1 Downscale
10 6% 3% B 6 10O min initial setting:
1 7% 35% 7 15 min 14 2 x Operationa SP2 Sensor break
12 8% 4% 8 2C min Integral time
13 14% 7% O Upscale
14 100% 50% 15 Refsf?t Functions O - 24 to tactory 1 Downscale

settings
15 g Alvalue °C/°F (Note Change top fascia)
v 0 Normat

6  SP1 Derivative time/Rate

O 25sec 9
1 our 10
2 5sec n
3 10sec 12
4 50 sec 13
5 100sec 14
6 200 sec

7 lsec 15
8 2sec

3 sec
7 sec
15 sec
20 sec
35 sec
75 sec
A

B AT value
s A

| Reset (Function 22 not reset)

Abbreviations:

Fn - Function

ORpf - Option
SR - Sensor ra
CR - Configure

23
24

range

n-13

o °C 2FOCfofy set
1 °F not reset by Function 18

Software version number
Configured range (CR) adjustment
1° st

ops
Mode B adjustment see 4.2
(See Range Table in Function 1)



The advanced functions are intended for

OEM's and process engineers. Access is

PRESS P TO ENTER
PROGRAM MODE

Step 2

press ¥ TO GO DIRECTLY
TO FUNCTION 13

Step 3

PRESS & HOLD % FOR 5 sec
TO ACCESS ADVANCED
FUNCTIONS

(Entry point Fn 38)

therefore protected in the Function table

Fn Opt

No. No. Parameter

26 SP1 Heat Power limit
O 100% max 8 60%
1 95% output 9  55%
2 Q0% 10 50%
3 85% 11 45%
4 80% 12 40%
5 75% 13 30%
6 70% 14 20%
7 65% 15 10%
Not in SP1 ON/OFF mode

27 SP2 Cool limit
O 100% max 4 40%
{1 B80% output 5 30%
2 60% 6 20%
3 50% 7 10%

28

3
32

33

Not in SP2 ON/OFF mode

Direct/Reverse mode selection

QOFF when
Normal  logically ON
SP1 Output 1
SP1LED o 1
SP2 Output ©) 1
SP2 LED O 1
Error indicator resolution

O Normal (2% range/segment)
1 High (1%)
2 low (4%)

Temperature display sensitivity

O Normal
1 High
2 low

Derivative polling ratio

O 0.5 x derivative time

1 02
2 Q7
3 10

sensor span adjust

1% steps (+15°/-16° max)

Note ‘Hidden' Fn IS/OFQ 5 resots ALL

functions, except Fn 22

36 SP2 Latch alarms

Step Select
? [i&g:ul 1 To starf monotor: Fri 38/0pt 1
2 To :etut(n to normal P
. mode 3t 1- operation
Only for: SP2 ON/OFF , Fn 19/0pt -5 3 Top\ellrew reoc:itngs (PM/DCM) Frs 39-82
i 4 To stop monitor:
gﬁf,f,foﬁd'.?gf)'w foiresel prnan &Rec'dings are retained) Frn 38/0Opt O
5 Rese
Readings reset on next Fri 38/0pt 1
o es mongor sto(rjt. i P
Monitor and readings rese n de-
DIAGNOSTICS ] < powering
Read only Functions 39-49 Mode B : ”
display see 4.2 A

PERFORMANCE MONITOR (PM) To be made by qualified technicain. De-
power controller before proceeding using a
screw driver at side of bezel remove lower
foscia containing push buttons. Al functions
except user settings - Functions 1-3 can be
protected against tampering. To protect
function settings change the plastic link
from unlocked to locked position.

[ =]+ LOCKED (or remove link)
«[¢ <] UNLOCKED

38  Start monitor (Entry point from Fn13)

O OFF
1 Start

Readings are reset on subsequent
monitor start or de-powering

39 Read temperature variance (©1%)
40 Read maximum temperature (°C/° F)

41 Reod minimum temperature (°C/°F)

42 Read Duty Cycle Monitor (DCM)
% heat (SP1 % ON time)

These operational modifications should be
made by a qualified technician before
installation.

To remove the 9900A board:

1. First removethe output module. carefully
lever the retaining clips from the slofs in
the module cover with a small
scrawdriver.

AUTOTUNE TUNING DATA Fig. 8

Overshoot/Undershoot (°C/ °F)
Max 255° /Hi-res 26.5°

ﬁ 8?2 45 US module c?ver out?gl module
Quarter cycle fimes (sec) = ]
Min 2 sec/max 1800 sec (3O min) =

46 ' ©CT 48 QCT3 2. Tap module cover on table top. as

47 QCT2 49 QCT4 shown, fo release the 9900A board.
Carefully remove board, avoid damaging

50 Spare PRESSA to Fn O components on protruding fongue

To assist with machine development,
commissioning and trouble shooting

PERFORMANCE MONITOR (PM)

Monitors and displays minimum and
maximum temperatures, and variance
(deviation) to O1°C/ °F
Dispiayed temperatures are measured
values, independant of set point. This
high sensitivity monitor may be affected
gv interference. (Fit snubber fo minimise
it

15.1 To convert to 3 wire RTD/PTI00
(inhibits thermocoupie operation)
Carefully cut pad at X avoid damage to R3.
Fit solder links LK1,LK2 using 22SWG wire.

15.2 Supply Voltage Conversion (Plug in inks)
IMPORTANT - check your instaliation
operating voltage betore proceeding.
Wrongful conversion could damage this

unif.

For 115 Volt +15% operation fit two links
(spare link in accessories bag)in positions
115 and 115. For 230 Volt +15% operalion fit
one link in position 230.

Fig. 7. Performance monitor (PM) Fns 38-41 '
DUTY CYCLE MONITOR (DCM)

Monitors percentage power usad in the % 9900 FUNCTION/OPTION RECORD

previous propartioning cycle. Average Customer
several readings for a more accurate result Ref:

Power requirements outside the range

i mecdel senaid no.
20% - BC% may be difficult to control
erd ichns oo —
function Option Set

AUTOTUNE TUNING DATA (Fns 43-49)
) Numbet date:

fig. 8
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Cool strategy: A change in load causes
gnggment of the linked heat and cool prop
is

Mo
pends |

set poirt

Fig. @

1. Integral causes linked prop bands fo
move up

2. Stabilises e.g. 30% heat

3. Exothermic load change causes integral -
to move prop bands down minimising
disturbance

4. Minimum offset achieved (4a = offset
without cool strategy integral action)

5. Stabifises 8.g. 50% cool

6. Consistent dead band throughout

17.1 SETTING UP ROUTINE FOR-HEAT COOL

(Single zone procedure)
Step
t. Run Autotune AT: (Set normal
operating temp) Accept AT
proportional cycle time  Fn 4/0pt 15
Note SP1/SP2 cycle times must be
compatible with switching devices used
(SP2 cool output Is OFF at this stage)
2. When temperature stable al
seo! point:
® Select cool strategy  Fn 19/0pt 7
e Salect cool prop band option
value from table nearest to Heat
prop band value (view Fn 5) Fn 11
@ Sglect cool cycle time option
value nearest to Heat cydle time

value (view Fn 4) Fn 10
e Adjust SP2 dead band to O°
(Factory set 5°) Fn2

3. Run with normal background/
exothermic thermal conditions,
good resutts should be achieved and
provide the basis for fine funing

4. Further adjustments: eg. Water
cooling. Should osclilation occur tiy
(in order):
@ Double cool prop band value  Fn 11
and reduce integral time value _Fn 8
e Halve cool cycle time Fn 10
. @ Infroduce cool overiap  Fn 2/(-)ve
5. Nonlinear cooling
For water cooling above 100° C whefe
fiash to steam occurs. Setect non-inear
ranges in
cool cydle time Fn 10/0pt 1315
6. Fine tuning
If overshoot (into ¢ or
undershoot (into heat) occurs, siowly
maks the following adjustments,
observing the resuifs:
e Increase cool overlap  Fn 2/(=)ve
e Appty SP2 cool limit,
progressively Fn 27/0pt 1
¥ needed: SP1 heat limit Fn 26/0pt 1
7. Contact CAL for mare application
advice and data If requited

e
Fn O Park mode (Opt 3)
Temporarity turns outputs off

&
Dispiay: 8 and Process temperature
v

Useful in commissioning and trouble
shooting, e.g. Muttizone applications
Manual heat % (Opt 4-100
it sensor break occurs (EEV/2) SP1
output (heater power) may
manually controlled 4-100%
(Not In ON/OFF mode)

A

Display: & XXH (XX = % output)
¥

Fn 3 SP1 Sef point lock
Stops unauthorised adjustment

Fn 5 Retransmission:
With 100% prop band, accuracy
+5% configuration range using
linear input/output

fn 16 Unear process inputs

SOER

To enable the 9900 calibration to match . Proportional cycle time: Fns 4/10
an external meter. data logger etfc. ; Determines the cycle rate of the output
(ie.'Remote’ reading) device
SENSOR ERROR CORRECTION: Fn 9 Output device Recommended
Provides correction at one time
temperature 9900 Internal 10 sec minimum
¢ relays (5 sec with derated
contacts & snubber)
SSR 1sec
Linear output 0.05 sec
(mA/Vdc)

Example Reads ' ;
9900 & Ideal Too long

404 |
‘Remote’  400° (oscillates)
Error +4° Set (-4) correction at Fn @ i
Note Error polarity appiies to 9900 e B OPOQQ%%%?&%%?OM;?SQ'
comection . NOeC
ON/CFF control

Sensor span adjust: Fn 35

Provides correction where two
temperatures require differing amounts
of adjustm

Too namow Too wide

(oscillates) (slow warm up and
response)

3. Integral ime/Reset: Fn 8
Automatically corrects offset emors
caused by proportional control

1. Choose a temperature fow

bottormn of the normat operating range
2 mmtém o ature T1, not -

: wer ternparature 11, note Too short Too lon

b 3 []

Iehzdel::gf E1 between 9900 and ‘Remote 3 (overshoots and  (slow warm up and
3. Repeat af upper temperature T2 and oscillates) response)

note error €2 4 perivalive time/Rate: Fn 6

ppresses overshoot and speeds

Qoooixample E‘Idgad: 12 ot S response to disturbances

‘Remate”  58° 205°
Eror Bl = +2° 2= -5°

4. Calculation of span adjustment

for Fn 35 QLYYe T {oo fong {gg short o
i - osciliates and w warm up al
Formula: Fn 35 = S x CR (as Fn 24) over corrects) response under
corrects)
(-5°)-(+2°) x250° 5. DAC approach control: Fn 7
. € IINRAZARINslLL s 3
SR e 200° - 60° (Fn 24 CR) Tunes warm up characteristics
independant of normal operating
-3 conditions. Controls when derivative
= — x250 ) action starts on warm up, (smaller
Ko sefling = closer to set point) Useful

te from heater
Fn 35 = 59 Set (-5°)in Fn 35 when sensor very remo (o] r.

5. A span error entered in Fn 35 immediately
changes the reading, allow time to
stabilse at T2, if an error exists correct

with Fn 9. Then check at T, If an error \ foo smnall 10{,' iafge

exists check readings and calculations:; t
repeat if necessary (overshoot) S:E:ns:g‘))ped

For unusual applications producing error

messoges (EES/6) on Autotune AT/PT

1. (niial seltings:

Fn 5/0Opt O

(or Reset funtions: Fn 15/Opt b))

Fn 4/0pt 7 (ON/OFF Mode)

Normal operating set point

ST hen allow process to stabilise)
ake several readings of:

Optional 990C0-PIM Process inter-
toce module (Data from CAL)
This remote module provides

eater versatility when using the
8'500 with linear inputs

En 17 Negative temperature ranging
Enobios fype T/RTD-PTIOO fo be Ampiitude A
used below O°C/32°F Time period T

Note Increased range.to -200°C/F,
may effect PID values

Fn 18 Dispiay resolution

(Diagnostics Fns 38/39 may help)
3. SetPID values: Set opt value
Note Effect on set point and other Fn4Plopcycle 1 sec Nearest
values set in °C/°F eg. 1000° in & : time (Ensure 20
hi-res = 1000 ° in normal : compatible with

output device)
Fn 26 SP1 Heat power limit

Fn5Pop  Ax15x100% Next
Limits maximum heater power band/Gain  “config range  'orger

during warm up. Usetul if heaters 5 Fn 6 Dervative T sec Next
oversized time/Rate o) shorter
Fn 27 SP2 Cool power limit : Fn8integral T min Next
Limits maximum cooling power = - time/Reset o) longer
outside prop band in heat-cool fn 7 DAC 15 @8
5 Approach factory set 205
control
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ed for use: UL 873 - only in

De
products where the acceptabllity is
determined by Underwriters

laboratories Inc. :
EN61010-1-Within Instaliation
Categories Il and il environment and
polution degree 2.
To aveoid possible hazards accessible
conductive parts of final installation
should be protectively earthed in
accordance with EN61010 for Class 1
equipment.
Output wiring should be within a
grounded cabinet. Sensor sheaths
should be bonded to ground or not be
accessible.
Live parts should not be accessible
without use of a tool.

10.1 ELECTRICAL INSTALLATION

CAUTION RiSK OF ELECTRICAL

SHOCK.

1. Check confroller label Is the
cormect supply voltage for your
application.

2. Connections are shown on the
socket label.

3. For connection fo socket use, 250
Faston receptacles provided in
occessory kif.

4. Recommended wire size for mains
voitage and outputs 32/0.2 1.0mm?
(18 AWG 0.04"%) rated to 6 Amps/
300V at 702C.

5. For use with 2 wire RTD an external
link is required between connections

3and 5.
6. IMPORTANT. It is recommended that
interference suppressors are fitted

across relay contacts fo prolong relay

fife.

5 o
APPLICATION FAULTS
EE1 Sensor Check sensor. - Self

burnout
EE2 RTD/PTIOO Check-sensor Self

short

clearing

clearing
EE3 LBALoop Check confrol Latches:

break loop Reset

AUTOTUNE AT/PT TUNING CYCLE FAULTS

Autotune run is aborted:
Previous values are retained

EES Outside time limit

SP1in ON/OFF mode

SOFTWARE FAULTS

EE8 Calibration data
error |
EE9 System error

press WA together to reset latched

to the factory. if defective it will be
repcired or replaced at no charge

2. There are no user-serviceable parts
in this unit. This warranty is void if the
unit shows evidence of being
tampered with or subjected to
excessive heat, moisture, corrosion
or other misuse

3. Components which wear, or damage

with misuse, are excluded
e.g. Relays, SSR

4. To comply with this warranty the
installation and use must be by
suitably qualified personnel

5. Neither CAL Contrals Ltd or
CAL Controls Inc shall be responsible

for any damagse of loss to other equip-

ment howsoever caused. which may
be. experienced as a resutt of the
instaliation- or use of this product.

CAL Controls liability for any breach of

this agreement shall not excesd the
purchase price paid

Desianed by BDC Technical Services, Baidock, UK

Fuses: 250VAC rated, tim

Lotches: Reset
EE6 O/shoot exceeds limit  Latches: Reset
EE7 Unable to run Autctune, Lalches: Reset

Reptcce unit
if it persists
Replace unit

AR B RS SZn
It is the responsibility of the installation
engineer to ensure that this
equipment’s compliance to EN61010is
not impaired when fitted to the final
installation and to use this equipment as
specified in this manual, failure to do so
may impair the protection provided.
Follow wiring diagrams and regulations.

Oy e

EARRIe

< = Rl
1. CONFIGURATION

All functions are front key selectable,
it is the responsibiiity of the installing
engineer fo ensure that the
configuration s safe. Remove the
func lock link to protect critical
functions from tompering.

2. ULTIMATE SAFETY ALARM:

Normal safety advice: Do not use SP2

as the sole alarm where personal

Injury or damage may be coused by

equipment failure.

MECHANICAL

1. Prepare a 1/16 DIN panel cut out:
45 x 45mm +0.6 -0
1.77°x1.77°+0.02-0

2. Remove the socket. pressing in the
lock buttons

3. Slide the controlier info the cut out

4. Fit the mounﬁng% clip see fig. pressing
it irmly against the panel, jacking

screws optional

Plug on the socket

After installation remove and discard

the protective front window label

Cleaning - if required wipe with

damp cloth (water only)

10.2

o;

~

SRR -
%?0 8 Funcﬁor W g;r Range Table

rmOCoURle,: “iYpes conrroL CHARACTERSTICS
J kon/Cornstantan T Copper/Con Pl PID Parameters leld selectable
K Chromel/Alumel R Pt-13% Rh/Pt Prop band/Gain 0.5-100% CR
L Fe/Konst S Pt-10% Rh/Pt Prop cycle-time 0.05-81s or ON/OFF
N NiCroSil/Nsi B Pt-30% Rh/ oy 7ty o e S A3

= erivative time (=] . S Or

[ [feprvGen ek DAC approach control - 0.5-9.0x PB
Standards:  1PTS 68/DIN 43710 (ON/OFF Hysteresis 0.25-505CR)
Linearity: 50- 9§r%+wmuarcn§? see 8 o GENERAL
JIKILINJE $1°C.T +2°C, 8 +6°C>500 fage: 115V or 230V £15%
S GO £500.3001600°C £20¢ PPy Yolloge D v f IS
CJC Rejection: 201 (0.05°/ © C) typical (Link selectable)

Externdl resistance: 100 2 maximum

Resistance thermometerns
RTD/PTIOO 2 wire (optional 3 wir%o
DIN 43760 Y00 Q2 ©O°C/1385 Q QG-

Linear process Inputs: 0-20mV/4-20mV
Linearity, +15% Impedence 100k Q2 min

Applicabie to ail inputs

SR=sensor range, CR=configured range
Calibration accuracy: $0.25% SR £1°C
Sampiing frequency: Input 3Hz, CJIC Ssec
Common mode rejection: Negl‘gbbe
effect up t0140dB, 240V,

Series mode rejection: 46OdB, 5C-60Hz
Temperatura coefficient: 150ppm/ °C SR
Reference conditions: 22°C +2°C,
15/230V 1 5%, after 30m settiing time

OUTPUTS

QUTPUT MODULE - Dual standard

Main output: SP1

Relay standard: 5A/250Vac resistive
SPDT/Form C

SSd-optional: 5V/25mA non-isolated

Alarm/Cool channel! output: SP2

Relay-standard: 3A/250Vac resistive
SPOT/Form C
SSd-optionat: 5V/25mA non-isolated

9900 Controller cutput module - types

SP1 output $P2 115V code 230V
Relay Relay QINC/F  9RLI2C/F
Relay Ssd MIIC/F  99122C/F
SSd Relay 9RUC/F  99212C/F
S8d SSd QRAC/F  99222C/F
Reloy - 91OIC/F  9NO2C/F
SSd - 9201C/F  99202C/F

n-16

Digital LED Disptay: 3% digit 10mm high.
High brightness green. .

Error indicotor: 3step LED.

Qutput LEDs: SP1 Green SP2 Amber.

Keypad: 4 Elastomeric Buttons.

ENVIRONMENTAL

Humidity: Max.

Altitude: Up 10 2000M

Installation: Categories Il and {fl

Foliution: Deg7ree I

Safety: ULB73. CSA 22.2/142-87.
EN61010

Protection: P54 (with gasket)

EMC Emission: ENSC081-1

FCC Rules 15 Sub-part J Class A
EMC Immunity: ENS0082-1, RF Field 2% FS
Ambilent: 0.50°C (32-130°F)
Mouldings: Fiame Retardent Polycarbonate

CAL Controls Lid
Bury Mead Road, Hitchin, Herts, SGS 1RT, UK

Tel: +44 (0) 1462-436161

CAL Controls Inc
1580 S.Milwaukee Avenue, Libertyville. 1L 60048
Tel: (847) 680-7080 Fax: (847)816-6852

Fax: +44 (0) 1462-451801

CAL Controls poticy of continuous development
may cause detai changes to the enclosed
Intormation. € & OF

401 1296
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MANTAIHIN

ATAHILATNITBINUUVVAAIN

5o Ao uaeu Ty 19ag e nyadavesnsmanuduiusenhemddiihiudiuns

UBDIUA
T
1s L 1so 8
1z 120 [ U
1 ! 110 1
10 | 100 ~ d
] l 00 i eoj/-'/ 1
s | 80 e L
7 | 70 / pail oqo'c‘"(’/ B2g
L1 A e %y
-6 60 4 S ¢L‘§.(r
A \
5 l 5o 114 L"/’/"fﬂ{“‘Cu | L H
o TR T T
< 40 b4
‘ / / AV I * ﬁw.c 4
iy 2pafilldZa VS AT
2 | 20 AL AT T et
| LETTF T
1|10 - 2 euuEl
A
o | o
= I 2 3 . 1 15 P==c) = =) d_m‘
) [ AWCTE - APV Y (G 13 Cutt
.5 = « = Ar N
¥ T T Cuft

51 %1 asnliaasannduiugszvhamdsivihuazlSinas

YJsuasnelua =300 x 300x400 mm
=36 dm i
annswlaz 1d P=525KW

Rosanannudenguydo

Ariaudous ganIu( Thermal conductivity)
= 0178 Wimk

anuAIINIUBTAUAY = 76(0.178x 10°)
= 0.45k/W

anu U anAsel = 10/(50x10°)
=2x10 KWW

ANUAUNIUDINIA = 5/(0.846 x10°)
=6214x10°

UGN Y Ceramic —fiber =25/ (0.27 x 10°) = 0.092K/W
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v Y Y. Y. v Y 1
ANHIAHUNE 2 U UAZHHIATHAN

L ]
ZE = 043+ 2x 10™ +6.214 x10™+ 0.092

=0.44 k/w
YRanufougauds  =2215 wmm’
NUNR? =300 x400 mm

=12x 10 * mm’

qudvanuioufimiun 3 du
=2215x3x12x10% 10~
= 0.7974 kW

= v d‘ o Y .
magadenIdeniinienuwa
ALY Ceramic=fiber = 116/ (0.27%10%)
=043 K/W

L 4 |
Z-/; = 0434 2% 10 +6.214 x10°+.0.43

=0.86 K/w

(1000 - 25)
N R

TRaamfougauds = 1133 wimm’
i =300 x400 mm
=12x10" mm’
= 1133 x12x 10'%x 107°
=0.13596 kW
&audeugayiio Q= 135.96 wmm
it = 300 x300mm
-9x10°
miqauuﬁamm?auﬁwﬁum
=0.13596x9x 10 x 10~

=0.0122 kW
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a v :; v Y 9/
miqmumﬂmwaauﬂwmmuwm
ANUHU ceramic —fiber =50 mm
A UA MM Ceramic —fiber = 50/ (0.27 x 10°)

= 0.185K/W
L
ZZ= 0.43 + 2x 10-4 +6.214 x10-5+ 0.185

=0.535K/w

0- (1000 - 25)
0.535
18anudeuaands = 1822w/mm’

Yy 9

k4 [l
- =

#uiida= 300x300mm=9x 10
msgaduauseunsilun
6

=1822 x9x10 %10

=0.164 kW

WA HUH
ANNYU ceramic—fiber = 145 mm
ANUATUNTU Ceramic fiber = 145 / (0.27 x 107 )

=0537 K/W
L 4 E
ZE=2X 10 46,214 x10°+ 0.537

=0.537k/w

0 (tooo - 25)
0.537
1énnudeugaudo = 1,816w/mm’

L]
¥

Il

Il
aa

AUNAT = 300 X400 mm
=9x10 " mm’
magydennuiouiinianm

1816x12x 10 x 107

= 0.218 kW

v
mrgaudoanuiouisiun = 0.7974+0.0122+0.164+0.218 =1.1916
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o A o o 4 o w = = Y
magaziuszdeunuhas e saiweinds Iungandely ugduuuvesnnuseu = 1.2 Kw
I v .
Ada i TdsTanuani 6562.5 w (udszans 25%veinae IHiaw)

v .
wsznsiue 1dmaeldimieuld P =6562.5 w

uet it I il P = 6562.5/3
=2187.5w

usandew lndh V=220v

gunl T =1000 C

msfnamvnaduiuguinalwewaade s ldangasmivinaduainain Kanthal Handbook

1
2 3
P (R R B[ €A N [
2.91 LV P
Tavdt o1l a megumgiivesaiaduniu
C =106

MsziivesmAd Uy P =25 W/em’

9218 d=1.28 mm

Tay Ri==k &
P
= 22.125Q
R
b 1 C—j
=20.872 2
R R 1000C
R, _ Ril20C

20 =

o o

VoA Y a Yo o ' = 2L o I Y =
LUAUBINNAUAIA 1.3 mmitag 1.4 mm NI TIE;{ ﬂ‘t]'lﬁiﬂﬁllimﬂl'lUﬁNi]"ILlJuW’NLﬂaﬁquNTﬂ
SyYq Yq Ya A A 2 ° v & ) A
ﬁ'.lﬂ‘ﬂllﬂiﬁlﬂmﬂ&lﬁﬂq@ﬂﬂ@ﬁ')ﬂilu?ﬂ 1.2 mm iag 1.5 mm °]Nﬂ'lﬂﬂ']iﬂ']u'Jmuﬁ'J"ﬂZLﬁE]ﬂ‘l‘]fﬁ'Jﬂ 1.2 mmiUdY

: v PAN 0. Yo w o o < a
1MAAVUIA 1.5 mm Waunsans ldwe ludunnine vazein luldsdeIWihwihdund s 3uden

A2AYUIA 1.2 mm
AMAUATUNIUADNUIANLE1IN 20 C YD IAIA Kant hal AF Y1012 mm A9 1.23 /' m
i Y )
wizRziuzanslvalnen
20.872/1.23 = 16.969 m
= 16.969m/u o

A159AaAA1 D/d = 6

D =72
1000L
W =
T iD - d)
=900.3 59U



TasfinueTiaiasai
Lw=wd
=1080.36 m
Relative pitch  S/d=3
AANueIta L= (S/d).Lw

=3241.08 mm

ANUEINIBEYARIA Lf = 325 mm

Suanvaaand 14 = 3241.08/325
=9.974 99
=109

frrfadumd

ANUEMAZeIAaIA LE = 280 mm
Sunuvaanaila = 3241.08/280
=11.57 U9
= 1199
T Lf = anuenfidosunain
Lw = A71U81AATANY
L =anugiiauesunaln

W = UUToU
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