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ABSTRACT

Electrical aluminium melting fumace, the project by the students in Faculty of Industrial Engineering of
KMITL for studying the subject of foundry which is a part of Manufacturing Process, Material science, Metallurgy
and Work Shop. This furnace generates and transfers heat to the crucible by resistance coils making the temperature to
1000 ° c. We jack up the crucible and grip it out of the furnace to pour the melted aluminium.

We used two kinds of insulator. The first is insulation bricks gouged for putting the heater in. Another one is
ceramic fiber, which can decrease more weight of the furnace than using whole insulation bricks. This furnace is
competent to melt 10 kilograms aluminium. First melting spend 90 minutes by the heat from 24 resistance coils, 3

phases, 4 lines star connected. The thermal controlling system used the temperature control and thermocouple type k.
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317 2.4 Solubility of hydrogen in solid and liquid aluminium. [ 7 : P59 ]
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gﬂﬁ 2.6 Some Porotec samples. [ 7 : P 62 ]

s o W a J
23.2 misilesnunazidnesgiiiiunesnlsa(Dross)
nninswhesgiifisveenlwaiinnudsdwne Indifssfvezgliflounasmmannniedszine
¥
2.6 g/em’ v 1oz giiflowoen ladawsoasuilzdu lfni Tang 18 e Tuvazm Tanzezgliflvumaraauuy
' a ° 4 VoA o M _aa 1A Y 2 9 Y Y o <
wae wlnaviliaundelnumne Aslin liGoy wazarmdmumuusedsi maudluilynizdesnszdhns
msflesiuliihiAavsafinezglitionsenlod iesiiqe Tanzezglillonannseazawesgiiflovesnlod 1a
52¥119 0.003-0.04%
dsnfezgiiifionamnseswiaivesndiaulddoun udeen ludueezglifionsziinamuiudiuuin
] Y a < [ 9 o aaa Y a o Ya 3 w q’/‘ a S a
TivenTHeangnudurinudh i niuezqliflonldfaveseenlod 1d dnivezgiifiousen ludiifa
vinudmhwimiiduiiduilesiunsifeeenlsd Ididuedied dinisvasuTanzezgiitiondwis
o a 0 ] o J a
s3sum nistesfiunsiinesn lash @ lnsezdes linasdemSeniulangnasumar v ldiduvesesglifiow
o a =3 a VoAl v A a a Y o d ] & o I
vanlwagnihat nisiiaeen ladfsiivandiie Wmstleatulszdninmtinug 1vandidane Faldnan
141 3 Usziandle
@ a o { a aa 1<
Wanddanquanii(Covering fluxes) imifianqumyhvesesqiiiouvasumaner Bidhuins
o &' 1q ¥ a 7 24 v Jd a dy ¢ & = o o ' @
Hesfiusis lildifineen luduazmsazawvewialalasiou Wandwinilezdesiiyanasusiinilganasuda
veovazgiifivunaziimanuarsiumedniaae 1dun indenas lsdvesTnAouuas Tnunedou (Nacl, KCD) 4

AIRTULNAAR (50%)3zNIANRUMAI 658°C(AIL1ng TugUn2.7)

10



800 A NaCl KCl

775°

)
CO
700 |
658°

600 L
500 I bt i i e i y ) 1 A

10 20 30 40 50 60 70 80 90 100 KCi

gﬂﬁ 2.7 Diagram of sodium chloride/potassium chloride mixtures. [ 7 : P 65 ]
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gﬂﬁ 2.8 Diagram of sodium chloride/potassium chloride/sodium fluoride mixtures. [ 7 : P 66 ]
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gﬂﬁ 2.9 Effect of Cold Working Upon Mechanical Properties[ 6 :P 130 ]
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¥
Anunu a1 1Adhminyss v ( Refractoriness Under Load )
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Sio, (%) 5
Fe,O, (%) 1.5
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nu vz aunedsiinunmdmitawe nazemisaldaulduiuni
<

'
a A

YunuIsiaudsduiiolduanudeuduunu Infidedldmwdeusigangiqe e ldiiamsisen

vy

v 3 ¥ .
i dndulussezsugununsevaesz Sl lilinnuudus aviladn sniuunuziusmidesmstanguly
yauzisNguIaE luszezIIn

v ' ¥
Yunu Inaiaudsf uermmduyun Ininaumsiniifesieodudnlssa Yunuaiadeg

9

S o ' < a4 J 4 e a a 4 ' a
LHNW]'J@U”N?'Jﬂﬁ'JTNﬂImgﬂliuaullaﬂ'l'm%u ﬂ?f‘]Llﬁllﬁﬂqmﬂﬂvuﬂlaqviiﬂ'lﬂ']ﬁﬂﬂﬂ fnil‘?f@ll 'Jigﬂ'JWQfs‘llauaﬂ

l:l o op e Il v a & o ' S a = 0 q Yy Y = -
nu Nuﬂgﬂ’]luuliaﬂ °lJﬁ]uﬂiZ‘VNLﬂﬂﬂ‘ﬁl‘m‘)uﬂ?aU'Nﬁuuimﬂqmﬁ{]ﬂqﬁ WQ%VV]'ITH‘lﬂq‘]uﬂa@ﬁﬂlﬁlmﬁQﬂa@ﬂ

a3

Hq
ixﬂmam‘l‘mm

255 Geyamamaiadmiugunuin

AUNINGS AUN A
USinmezgiiun ( ALO, Content ) (% ) 40-43 7075
vnaiaTafiqa ( mm. ) 0.5 0.5
( Maximum grain size )
FUAVDINITNOAD Awanuieu Awnnusou
( type of set ) (10% 134 (A ) (1% 1By 1)
Tuemet Tueimet
(19 1By 19 ) (1% 1By 1)
anunu v |
( refractoriness ) (o8 ) 34 36
{ icD 1755 1850
$antunu eerimingg
( Mortar required by weight of brick ) ( % ) 6-10 8—-12
Usinaninauserimiinygumi v
( Water added by weight of (%) 20 20
refractory mortar )
mwziunu siateddwanudou
( Heat setting mortars only )
5199 : ( Application ) dmSudgnulv dmSudgnu v
fiflogiiun fifiogiiun
liifiu 43 % 5EN31950 - 80 %
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LOANDTUONAA" e 2l [
HITRaYANAN WizdounmmnngL;

@

i

UNN3

NI9RAUUULAS MIAUHUIY

3.1 UEHUMTAURUIY

4y o oa 2544 2545
MHNADIAUHUNMNT

= v
1. INELALIIVIINUBYD

2. ﬂﬂﬂllUUTﬂiQﬁ%’NWHHﬂi’)ll

¥
=

3. Andauazindealnye

4. a5 uamuieenuuy 3

5. nagaumIviany

6. Usudlgauazunly

7. 73usdeyanasaging

3.2 Eimmu‘lﬂ [5: P 79-87]

4 o’/’ a a o e’/’ o A o o a| ]
ileaninmmasiuiiguvgi 1000° ¢ AvtuTagiildasuamasudesliaanulvuududiulseney
I T, R Y 9. RN ) ) " L s
Tumsadre Sagnulnieziunldiuazdesliguaniannuanuiouldgs uasdsamsasnuiguauianana
Blafgungligs TumensduisTagmiinesnidlu AunuIn(Fiercely), nounianu’vl  (Costable), Yunu
aa o a . \ > P n’: Y (4 o Jo @
III."N(Mortar), N1 (Silica), bUTN (Basic) k0¥ High Alumina Fagwnadalan uag 'mqwu"lﬂﬂ@iiuﬂuumﬁ V19
¥
v o 1) wa '
afsnutunuauiamanil eomilu nsa,eeuas nae
a aAaa a 4 o a
¥HUANTA - Fan,aunu W, e s nou waz wes laflon
YUAAN il ledt waz Talaluy

A a ¢ aa s o ¢
FUANAN : E’JQilu’l,Tﬂ5ll,ﬂ15U®u,‘}iﬁﬂﬁ)uﬂ'}i"lﬂﬂltﬂzuﬁ"l?lﬂ

Tumsideniagnu luennnquauianemsmwuds fdesinsanguauiamaniidaen Wevnsigungl

v ’ J .
quoiu msaeqiidsznevegluiagnu ziinesndindueenuwauiulansismaeegnie b

(% k4
3.3 AUIUNUAIINIDU[S: P 79-87]
o Y _Hq9 d o Y a 7 o y 4
aumfuanudeun ldiiunuusuasudeununsia e fms wilunuuiuaawdoud
¥
annsanuauionldgedai2o0 °c uasiihminu dauanunuivesnuauie 25 mm xasiudy waziilas
(Y o 2 ) a wa a '
menenutanudnduniladennuuiwss  guauidvesnuauuy wsialiiuesdszianan q uanaly

P
AN 3.1
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M3197 3.1 RandRmuniivesnuIuiunmiou [5: P 80]

Durablanket Durablanket |Duraback
Hot Face
Al203 52-53% 47.90% 37-43%
Si02 46-47% 51.70% 55-60%
Fe203 0.06 0.04% 1.30%
TiO3 0.04 0.00% Upto 1.7%
Leachable <10 PPM <10PPM [<10PPM
Chlorides
Alkali 0.30% - 2
CaO B 7 Upto 7.5%
MgO & other|0.01% = Up to 0.3%
Trace
Inorganic
3.4 msmainimad AN 1 e 10s- 118)
awfeuiigangives AT PUINUB A AusounIngUNgil
fagauvgivasuiman nauiluveumad MasuaIIugunQll
Q Q, Q
Mnua
UNUTaBUMAD 660°C
UMM 900°C
Q = Usuwnnudeu (keal)
K = Thermal Conductivity (kcal/mhC)
s =aawieusunizvesesqiifloniin 02098 cal/lgmC
L = anwdeundavesezgiifioniia 924 cal/gm
34.1 mm%’au‘lumimana:mﬂ
Q=m(AT+L+ sty) 3.1)

=10[0.2096 x (660-25) + 92.4 + 0.2096 x (900-660)]
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= 2758 kcal.

a4 ay aa J
34.2 mmqtymﬂ‘nmmaeumnmumﬂum

q " o aa I’
Q = msAT do s femnnudousumzuesdanaunis lua (3.2)

3 x (0.32) x (660-25+240)
= 840 kcal.

3.4.3 Maanldlumsnaonezgiitiion 10 ke.

e lumsvasulszunn 90w

20 P = Q/024t (3.3)
¥
faviuazld = 2758+840/(0.24 x 60 x 90)
=2.776 kwatt.

3.4.4 MWIUMIANNIOUGAT (Heat loss)

FfeRi 198 2 dou Aesuluos 198gmu W 361 K = 0.21 M11 76 mm. daurifsdniuen1dnuau e K =
0.27 U1 25 mm.
Amua T, Alue = 1000°C dau T, Aueniai = 50°C
210 Q =kA(AT)

T T, T

3 2 1

12ld Q

0.21 A(1000- T,) /0.076 1
25 76 Q = 0.27 A(T, - 50)/0.025 2

AT 1=2 w'd

0.21 A(1000- T, )0.76 = 0.27 A (T,—50)/0.025

Il

T, = 24355°C
¥ v
MHUA A = ﬁuﬂwﬁmm?ﬁuuan

= 450 x 460 mm".

I

ald Q = [0.21 x 0.450 x 0.460 x (1000-243.55)] / 0.076

714.845 kcal/h.

1919@1 90 wH AarTu 1.5 x 714.845

o]
I

=1072.27 kcal.

P, .= 1072.27/(0.24 x 60 x 90)

=0.827 dladad

y
misiifianua 6 A A0l P = 0.827x6

= 4.9640 1a3nd
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Mdsnldiamun = 2.776+4.964
a @ J
= 7.747 a0

1 ¥
iHemAgyde Tavezldhdnimuaseuna 10 Aladed

353 mmammwﬂmﬂmmé’ﬁumu [3: P 1-15]

o o b

3.5.1 ﬂ'lﬁﬂ1H3mllﬁ$ﬂ1ﬁﬂﬂﬂllﬁﬂﬁ3ﬂﬂ1ﬂ31ﬂ§ﬂuﬁﬁﬂﬂﬂu
F9N2ADINIWABUNMIA IV flD

L gungimeluaidesns

o v v Jd M as o JAY
2. thasind u3edlatadndeanis
» ' ¥ »
3. usandeu Iz ieliiuen (Vausandeunazusavla)
4 ddey v

4. NuNN lnevaalnmINgunIy

5. AUANUAYLIAMIANNATUNIY

6. fuandAvemunmazsgnu

& o VI e ) O v A a o ) '

Wensune 6 iateudd duse llazdesdenyinvesalaiinnuiouiieg

¥ v

1diia Kanthal n3e%tia Nikrothal Tnggaaiausiavesalnis 2 wiia 91am1s1ei 6 (luniaruan)

v v . ’

e lAwiinvesalandeamsudlr Tude lezdoadmua Surface Load (W / cm’ ) fianz ey
dmiudnyuzuazaunNve M

A o v w da Yo 3 Qy .;’,' Y A{ Aa
Surface Load Ao Maviaantlouldiuaaiannudumuduiy msdieiuniivesvaain

v y  dqw v Yo o & 5 vy &,
ﬂfnllﬂ'\uvnuﬁ'.luﬂlﬁﬂ?1uiauﬂ3\lﬂﬂjlamﬂ’]uquﬁuﬁ 1AVIIUIUUULIYNIN Surface Load

p = PA, (3.4)
&
1o

P b Surface Load

P : Mdiee

A ; NudRunrzamn anusou

c

TuszuLmATAISMNUA. Surface Load [HUSndADMIS 1MBUALAS (W / em’) udszuUsU 01diuSad
HOA R (W /in?)

gamgiiuuvaaIanudmiinnudRgnde vl ud LS ez na i vnaanmd
muﬁmqmﬂ%’amf’fzu UNANULIAAAAIILAIUNINIZAIMUAIN Surface Load YBIHIUIDIALTAINIOUA
YADIAANUATUNIUINZTTUI8ANT BURENIINAIVARIAA LA UL IdAuela

a '

AMMITWAINIA  Kanthal amnsofiezldgamgiqeniiain Nikrothal 1iun118f931a20 Kanthal

gy

aunsofmualil Surface Load 18genitan Nikrothal wazeignis 1¥aazduniunimsewiiu

4
v o w 1 a

a a o =3 @
iihieddyey 3 Uszmisluneiosandimun Surface Load vesvnadnauaumiulag inwdsil
1. U IvefIvANIAAMNA NI

2. UnsIveIvARIAAINAIUNIY

3. nszued Inaru
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a0 o ' o o v
deihldvaarannudunuszusanuieusenandaldisails i lfawsod muasurface Load 1Age
1 :,' @ z a a H 9 £y {
winfu fdodu ¥aadawiln R.O.B. (Rod Over Bend) Fuiluwiiafiawisnld Surface Load ldgeigaluwuiy
[ o a a0 o [} Y ya QK '
ms Tumendufumsiuvaatansudmmudiuneds Sdwideiu iawsowzssueanuieuldd 39
a ° EAY Yy A S Y s 1!.‘:] J & & o2
ansofivedmualill Surface Load 9918 nSpszmuiwamannuiumuiuiluvauuvionsziiesasil

Surface Load gandtuaadaiifseglufoudy

3.5.2 MIHIVHIAUBIVAAIN
) MsfmuavnadUR U HIna19YeIYARIN
= o ad A
fimsmuin 2 35 Ao

- AWINAUNGYE

- lasdtan

¥
(%9235 Iwarudsany)

msfamungefawisosnnldningas Pv>’pCp

3.5)
A
1o
o w w o
P ; MaeIna ( Watts )
E : usapaeu i (volts )
p : ANUAUNIUT W YBIvAaAR WA T (L mm */m™ )
e : du1lszANin1eguy IYe9IAaIAANA MY
P : Surface Load ¥Aa2AU03YATIAAIMWATUNIU (W /m’)
MSAUIN
o 4
Mmualn
AdaTnd = 10,000 - Watts
usundou Irdh = 220 Volts
ANUATUNIUTUNIZYOI heater = 139
7 =
fulszanTnegunuued heater = 1.06
Surface load Y99 heater = 3.5 W/em®
v
unumadlugns
1 3,333.33 , 1.39x1.06
d = 3 (3.6)'

291 220 3.5
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= 157 mm.
=15 mm.
< Y a a1 = £
1NA1519 KANTHAL AF 921 U12QUUIA 1.5 mm. 1ﬂalﬂU\3°ﬂQ’ﬂ ﬂ’JiLﬁ@ﬂi‘Iﬁl”L‘l'lﬂ 1.5 mm.
3 ado 2 v VA w o W YA v da
fniﬂTN’mlIﬂU’J'ﬁﬁﬂ“ﬁi]z‘lﬂﬂmwmﬂﬁﬂu ﬂi¥ﬂ1\1ﬂﬂﬂﬂ'ﬁ1‘KWUVIN'J‘1]E]Qﬁ'Jﬂﬂ’J111 Lag AU

£y o Y : @ Yo ] ' dy a 1 kY 2 Q
ATUNMUVBINNVUSLIU NNVBYATN 29U TlgllﬂﬂﬂiTﬁQuigﬂQ’NWUN'Jﬂ@ﬂTlﬂJﬂ'lu‘ﬂ']u (cm'/ )

¥
=1

diimuadeyaniIviusiannsasuiam (em’/ Q) 18dail

em’ /() = I’Ct/ P (3.7)

; nszua lifhfiruvaann AN ( Ampere )
Y =
Futlsy@ninegurgiivesain
. Surface Load (W/cmz)
Y o v] [ ' & Y o
fid e an’ 2 iaunsalavinmssaaienivuinvesana ldedialsin wuin
a4y y A ' Y 1 a o v v
a2 1A vzmangaunie Il szudwasiavesin tazdnuaens 1Faude
Tideyamufeafudedmssnamanguuazdeouszldgas szdesdunminszud ds

2
U

—
1

RIAE (3.8
3,333.33/220

= 15.15A

wly o @ { { <
21091519 KANTHAL AF agimuiisitem’ / Q #ilndifusiiga wufe alnauia

~ A £
1.5 mm. DR300 1%

3.5.3 miﬁmamaﬁaaammummﬁmmﬂuﬂaﬂﬁ

o Sy vo Yy J ¥ o 4 o g
‘ﬂﬁ\?"l]'lﬂ“/lvlﬂﬂ"muﬂ‘uu'lﬂﬁli’Na’JﬂLLﬁ'f] "U'Llﬂi)uh.l ABDINTHUANNNYNIVDIAIN INDITHINTIY
4 o’: o g (K] { o
YA VUIIN Li1#’1’6ﬂmmmmmmﬁmmuﬂjmzwu meuﬁ%ﬂm’am mﬁ'mmmmmﬁlmmu

ﬂlaammmmﬂmmﬁ'mmummz%’audau Ao

R, =V'/P 6.9)
P
1o
3y kY aq ¥
R, : ANuAUIMUIBZaInseu (Quugiildnu)
\% : usandeu Iihnseldsuvaalnauduniu
P ; fdesindvesvaalnanudunu

g 1 an '
NAITNKANTHAL AF %:mu’nﬁ‘mmanmmﬁ’mmummmﬂﬂammmwaqmﬂwm

) o g 4
AN) RTUU ﬂ')'liJUTJﬂlﬂﬂﬁ'JﬂﬂJﬂlleuﬂﬁa
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R20

L= ——
Q/m (3.10)

Y L s o ] o § ' 9
fete (19 wazBoanndietismsfiuiungul] Ainauwmad)
o 9
fMruala

P

3,333.33 Watts
\Y

220 Volts

1onalaYta AF

a

UNHUAINA 1,200° C
dudszaninueamgi  C, 1.06
Surface Load 35 W/ em’

YINAANAMINUNET AD 1.5 mm.

Il

R, (220)°/3333.33
14.52

' 4
Avesnd I vzdun 1danngas

Rt
B> N7

3.11
Ct G.11)

14.52
Ry &~ ()
: 3333.33

13.699 Q

21091519 KANTHAL AF fMaufIuniuaen1ue19e9a3a 1.5 mm. 79 0.787 (d/m.

ANENYBIANIZARIAA AB (59 liNamuwenamel )
Length = 13.699/0.787
= 17.405 m.

@ Ao Y 4 kY kY = Y Y & kY
HAINNNIHUATUIAVBATUNIUGUIND LA lmzllﬂﬂ'ﬂll{l'nli YUIDULLAIVUA @‘11’5]3?]'0\1

s 4

AmusvevsudurUgUINa N eUeNYBIABYEA a3 3.1
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-

317 3.1 naaans Tavinacmeguedvaadn

D : mmmﬁ'uphug,méﬂmamﬂuanmmﬂaaﬁ
d : Lﬁumuﬁuéﬂmqmuuaﬂmmﬂma’m
S : JTUTHNTLNNUNAY?

91ngile Kanthal AF 18 1#deuugihdnsidausynate D/ d dmsumgaamnssungungiaeguas
¥
aaszinnaeqdeil

a291521AN Kanthal

QUMARAIAIN 1911504 WUNSZUN
o 8 ° = =
#1131 1,000 °C D/d=6099 12 09 14
qan1 1,000°C D/d'=5%9 8 12 09 14

naidendasidiudt wilfanussoaluniage uddudensandnigeezilivaaindudi
vndednfindandhedn Sasdauves D/d (e wuia D)feiienvuin D/d=8
fufugldp = 8x 1.5
= 12 mm.

Ao y P4 3 A v o yve o
ﬂ'lllﬂ'l‘]llﬂ'rﬁ]aqajﬂ‘nﬂ'luqmllﬂ ATATUIUIUIUTDU(W )‘Y\fﬂzﬂaﬁwullﬂﬂqu

1,000x1
W = e (3.12)
THIAdA)
1000x17.405
w — SIS ——
(12 —1.5)
= 527.65 59U
AMETIVRIIRIALTOT AT
L, = Wd (3.13)
L = 527.65x 1.5
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- 791.476 mm.
e lvszuz pitch aiuaue lAdmuasasidus/d=2-4 1denldm1s =2

ANuITIAIAIE AR NS LEE pitch L1A2

L = L xS
1 ' ' A o F4
S = TYUTTNITHINUAADUA ‘]i\iﬂ'l‘ﬂuﬂ‘lﬂﬂ'lﬂ
S = dx (2094)

{3 ' 3 ] 7
n39 S wARIYsTNIN 2 B9 4 ey Tadurugudnaiada

E = 791.476 x 2
= 1582.95 mm.
AMWIIVOUMITINZI AR L, = 200 mm.

¥
)

doiudmuveaaily = 1582.95/200
=7.914 va /e

¥y
farfuegldanmdszuin 8 vanvla

Anaumingeyld
L = 200x8
= 1600 mm.
L, = 1600/2
= 800 mm.
W = 800/1.5=533.33 981

Length = 533.33(12-1.5)7C /1000
= 17.59 m.

1 l9unann 8 vanwla

ANYNIVARS 200 WU,

AMNUEINIAMUTZEE pitch id2 / Lvla fie 1600 v,

¥
3 il 9z 19vianun 24 va

v ¥
A21UB1IAANVALAIAMUTZUE pitch NIVUA 4800 14l.

AANUATUMU AB 1 1Wd Ae 14.52 O

USuaunszua'lii v 11Wa fio 15.15 A.
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3.6 NIBNULUAANINRADN

o a0 g &4 A a a P g M g v

MaRNNeeNUUVITIFUYEIRUI 2 Fu Fuhmilsde sgnulndzgrmzitiuseune ldvaaladu

o 4 4 & w [ 4 & a % ' ' { o

MU Fuidessudluiudaoenu19ziiu ceramic fiber FIHUVDIDFUAL ceramic fiber IzNABRYNIYIUIATINAM
g Y ' Y A Y B e A 1 o

NAMAMIMUT 4 mm  Medmanveunnzwizg Bine luduiussendmasuiumilethna lddudalas

kY £y [ [} o 9 o a u’: 4 3 o [~ 4 =
afveunv: Mmanuriuainiulassadn Jawulnsdndunis vdsezimnmanain Fagduvviiesn

Y g P
LL‘U‘ULLa’JLLﬁﬂQﬂQg'ﬂ‘V] 32

711 3.2 mnveummanaiieanuuy

3.7 ﬂﬁﬂ@)ﬂ!!‘ﬂ‘lﬂ\‘l%‘ﬂﬂﬂl

RSTHN

RELAY I
—’— Magnetic
I Cortactor

TR ANSF ORMER|

Fuse S Fuse

THERMOCOUPLE

Temp
Control

31t 3.3 2003iih

4 o a s ° ° 9 ' o a ' o
Wedlaadassindzinnu A 220 viinudhdnugugamgiiTasiumsudasnsadusiu

Transformer (@9 110 V. Thermocouple 18yl Them control imthiiasdedeugumgimeluamasy iy
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]
a =

o a " g . ° ° Yt
1 qunaiinmidesms Them control axdsld adndiiman Wil (Magnetic contractor) e I¥Tinssua

Y

Y . v 4 a v 4 a & 2 ady Yy o
‘l‘wﬁ'}ul'ﬁaL“nqmﬂa?ﬂﬂ'ﬂNﬂquﬂ']u LNONARAUIDU UJf‘]qmﬁf‘lﬂqqGUUﬂuﬂQQmﬂQUﬂﬂ@Qﬂ’ﬁlla?ﬁ?ﬂiﬂﬂ“

a a Jd < o 1Y ' o Y
gungu wngadanu aladuaiman Ity lddamsie W dsuvaaaanudumu

3.8 gunsalfililumsashamnaey

3.8.1 aaudumuazeun

1 MANRIN M 4 1. anwne 1.5 59
2. 8yl

3. Yunulo

4. 1570a IWwes

5. YAAINAUAIUMIUYLIN 1.5 Wy,

6. IMANUAY

3.82 @

1 manRIn mn4uu. anundi 15
2. 8gnulvl

3. Junuld

4. 1w570n ies

5. YAAINAIWAIUNILAUIA 1.5 1,

6. MANHY

3.83 @ugAun

IITSUTEN

2. IWa1nau

3. Apunsanu

3.84 duyanlunutaclinuiou
1. naoe I au1a 25x35x15 .

2. MAUANUNYI (Temp control)

3. dinduaiman v

4. Qﬂﬂiﬂfﬁlﬂqmﬂﬂﬁ (Thermocouple)
5.5d

6. Wad

7. dindqniau

8. andidla-Ta

9. ewlv

10. 19an

11, msiuane v
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3.9 duneumsifinau

L weulaseadiuauazgm

a o v Y

2. L‘]ﬂ:’,i‘EN’E)%TETT’HTU?’EJEJ‘Uﬂﬁ’Jﬂﬂ’NiJghu‘Yﬂu

a3

]
a o

o ' ) Yy v ' @
3. degingseeseudesudunaeidudaem
4. ldvamannnudumuausesdg i idiaz 13
5. lohasiia Trwes

a o’; ' o [ £5
6. AnAuinssdmsusnitmasy

° ' =3 Y
7. dwHumManulsEneuseuf I

o 2 o
8. i@ aligUuuundioduan)

v

9. ANASTTLUUAILANRUN AT
10. naeuMsiUveumasuezgiiion i

11. aULea
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UNH 4

HANISAUHUIIU

2 E . 2 .
Tuneunisnaasuazrai ldnnnisnaaesslasiinisnaassiumeniUseAnimwuazaudwise
‘& (-] a a o o ’ o :I’ o

YBUAMABY FI9z¥iINsnasueziilon 10 Alansu udniaslumlunuunaendenniuiinisvaey
a a a o { [ P 9 o a a
evqiitouiy 10 Alansy TnghdhusnazfunaluvasfidibusunszisezgiliioumasuazatouazSegangi
a A v A (% 4 4 (] aa @ a ' a a A4 A = = '
mvesezguow N aeIzIuna ey ldezglitisunas Ingamgiivas ldesgliiouieNozis suifiouh

H ¥ '
Whitaesldnarlumsvasuuandsnntusnediels nmiuhmstuiinkavesnisagungifunauiem

ks a‘ v 9 ' aa ' P o '
L’Jm‘ﬂQﬂMﬂ‘ﬂ‘ﬂﬂ‘H ﬂ’Jmiauuﬂi‘)z’gnm Uimau‘m]zuﬂﬂmmu‘ﬂﬂﬂﬁ@

4.1 VUADUMINAADY

4.1.1 ﬁ'liﬁlﬂm]?‘iﬂ’e)uﬂ%ldlliﬂ

ot » k4
MsNAABIATIIAMTNINAT A MaBUIETY tHenTvaBUANIMMsTanLTpsduves 2995
ATLAN SINTINNUUANT DA 13U nisiiafvesvaadnesnuInsesagnuIunu Tinse li waz iunsla

kg ' £ ¥
awuniiegnelue Tnsldunsunisnaae s

a 2

a : ay ya o A o o ay y
1 Waadadinmany dgamgil 131 100 °C ilogaingiiqeda 100°C MMsngungi 13

9
dszna sui
b4 v '
2. fiagaangil 13 200°C tiiegamgiigedis 200 °c imsasgamgiiuszinm s uai
=S
)

¥ v )
3. Asgaumgii 131 300°C iilogaingiigsedia 300 °c ¥msasgamad I¥senm 5 undi

4. Yo

é\lyd dey 1

v ¥y & i i
vnmsnaaesmuiuasuddu nafilafe Sinnzeguutham ihiimezeguuthmail w19

¥ ] v
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Overheated( C)
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R 0.05 0.50 1400 1600 1400
S 0.05 0.50
K 32 32 1000 1200 1260
23 - 900 1100 -
1.6 1.6 850 1050 1090
1.0 - 750 950 -
- 0.8 - - 980
0.65 - 650 850 -
- 0.5 - - 870
- 032 - - 870
E 32 32 700 800 870
23 - 600 750 -
26 1.6 550 650 650
1.0 - 500 550 -
- 0.8 - - 540
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- 0.5 - - 430
- 032 - - 430
J 32 32 600 750 760
23 - 550 750 -
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- 05 - - 370
- 032 - - 370
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KANTHAL HANDBOOK

35131300230 Kanthal H30 Nikrothal
HNITUNINAUTNTAVDIANAIWAIIIN 6

M1379%1 6 A 120 kKW furnace equipped with R.O.B. elements. 3 elements of 40 kW each, 380 V.

Element Data NiCr 80/20 KANTHAL AF
Furnace temperature, °C °F 1000 1830 1000 1830
Element temperature, °C °F 1068 1955 1106 2025
Hot resistance, R, 3.61 3.61
Temperzture factor, C, 1.05 1.06
Cold resistance, R., 3.44 3.41
Wire diameter, mm in 5.5 0.2'17 ) 0.217
Surface load, Wicm? W/ir? 8.C9 19.9 . 3.98 28.4
Wire lengin, m. #t 3 e!e;'nents 2249 Y38 1746 578
Wire weight, kg, /b 3 elements 44,4 98 29.6 65
Weight saving: i“";—q—:is— =35% —ﬁg_gﬂ = 33%
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ﬂmau‘ﬁﬁma Physical 1taz Mechanical ¥9929¢ Kanthal 112 Nikrothal

. aw 4 a wa .
07# Kanthal 11a¢ Nikrothal 92UanyuSIUU H?B NAU PIWY UTUUANN Physical ling

Mechanical ¥9983AANNUAINT 1WA 7

M3 7 KANTHAL and NIKROTHAL , Wire and Strip.

Physical and Mechanical Properties

KANTHAL and NIKROTHAL alloys are generally available in wire or strip form. Physical and
mechanical properties of the alloys are listed in Table 2.

Table 2. KANTHAL and NIKROTHAL, Wire and Strip.

< )
< <
T -
E =
zZ= =
< o < 7
X g b4
Max continuous
operating temp., °C 1425 1400
"E 2600 2550
Nominal composition, % Cr 22 22
Al 5.8 5.8
Fe Rest Rest
Ni - -
Resistivity at 20°C, Qmm?m* 1.45 1.45
at 68°F, Q/cmf 872 872
Density, g/cm? 7.10 7.10
Ib/in? 0.256  0.256
Coefficient of thermal
expansion, K
20-750°C, 68—1380°F 14.10°  14.10°
20-1000°C, 68—1838°F 15.10° 15.10°
Thermal conductivity at 20°C
Wm' K 13 13
68°F, Btu in ft?h °F! 90 90
Specific heat capacity
KJ kg'K", 20°C 0.46 0.46
Btu Ib" °F', 68°F 0.110  0.110
Melting point, °C 1500 1500
°F 2730 2730
Mechanical properties (approx.)*
Tensile strength, N mm? 680 680
psi 99000 99000
Yield point, N mm? 445 445
psi 65000 65000
Hardness, Hv 230 230
Elongation at rupture, % 19 19
Tensile strength at 900°C, Nmm* 40 34
1650°F, psi 5800 5000
Creep strength at 800°C, N mm? 14 6
1000°C, N mm? 1.8 1
1470°F, psi 2000 870
1830°F, psi 260 145

Magnetic properties
Emissivity, fully oxidized condition 0.70 0.70

KANTHAL

AF

14.10°
1. ig°

13
90

0.46
0.110
1500
2730

680
99000
445
65000
230
19

37
5400
8

1.5
1160
215

0.70

KANTHAL

14.10°
15.10°

13
90

0.46
0.110
1500
2730

680
99000
445
65000
230

19 .
34
5000

6

1

870
145

0.70

NIKROTHAL

17.10°
18.10°

15
104

0.46
0.110
1400
2550

750
109000
450
65000
180
30
100
14500
15
4
2160
580

Magnetic (Curie point 600°C 7700°F)Non

0.88

NIKROTHAL

16.10°
17.10°

13
90

0.46
0.110
1380
2515

875
127000
450
65000
185
30
120
17400
15

4
2160
580
Non
0.88

*) The values given apply for sizes of 4 mm, 0.16 in diameter for the KANTHAL alloys and of 1 mm, 0.04 in for the NIKROTHAL alloys. ‘
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60 35
1.11 1.04
668 626
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10.296 % 0.285
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13 113

90 90
0.46 i 0.50
0.110 § 0.119
1390 ' 1390
2535 | 2535
750 T} 750
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180 180
30 .30
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4 4
2160 1 2160
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Element surface load

! 1 ' :,’ o o 1 a o U
AV surface load VosuARZHINTUITM AR NN A NTUT LTS 2N 9QeumRfusm surface

load ﬁ@g‘ﬂﬁ 7

Fig. 4 Maximum S S
recommended surface loads

c)
- /
~ for KANTHAL and Ny AAAA= mJUUUUUUUUlj{
NIKROTHAL alloys in , DW DI WAV, d)
industrial funaces. T ﬁu‘u‘umm'mnﬂm‘l{
a) = b) —y~

d
D=(5-8)d s=(2-3)d D= (10-14)d s = (3-6)d
W/cm? d) L ™ o | W/i?
I \ a) Heating elements in grooves 1
b) Spiral elements on ceramic 1
10 \ tubes 19 N o9
c) Freely radiating corrugated
9 strip elements \\ o
d) Freely radiating corrugated
8 —1c) N \\ wire elements 7 '\ 98 R
7 4 N \ LY} X 45
ST Ik
6 L {5 IR AN 39
N N [N \ E
5 L {a) N X N A 32
N > N\ A
4 K NN b) R A 26
NN N [ 1a) AYEEAN N
3 N by A N Y Y 19
RAY 5 N,
2 = ~ s 13
O
1 | ¢ N SN 6
e [~ NIKROTHAL
Furnace e, (P11 e o
temperature 800 900 1000 1100 1200 1300°C 800 900 1000 1100°C

1470 1650 1830 2010 2190 2370°F 1470 1650 1830 2010°F

Note: The diagram is valid for thyristor control. For on-olf control lower surface loads should be chosen. (About 20%).

gﬂﬁ 7 Maximum recommended surface loads for KANTHAL and NIKROTHAL alloy in industrial

furnaces.
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KANTHAL A-1 and APM

Wire and strip. Standard stock items.

Resistivity 1.45 Q mm?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 |1ooo|1100|1260|1300I14oo

¢, [1.00[100[1.00] 100 1.00] 1.01|+02]02]1.03] 1.03| 1.04 | 1.04 [ 1.04[1.04]1.05

Wire Resistance Weight cmi/Q Strip*)  Resistance  Weight cm¥/Q
dia mm Q/m 20°C g/m 20°C WxT mm  Q/m 20°C g/m 20°C
1Y 1.85. . 5158 @0, p Hii .0 5.0x1.0........0.290 ............ 35.5....r... 414
227 10.0x1.0......... 0.145 ............ 49.7......... 1520 !
29.4 15.0x1.0.........0.0967 .......... ™A\ _ BBia: ;
37.4 20.0x1.0......... - T, 14a..4.\... 5790 , =
46.7 v L] TITARRN 12..1\. ;26205
57.4 15.0%F-57 [ INRASY Tag... 4N 4020 * ;
P9. 70, vt ST Premrmamened O 1072..4.1 28807
83.6 12.0x1.5......... 0.0806 .......... 128°.. 0.1 - 33503 B
99.2 A80x1.5. ... DM ... (ol § | 51204 |
136 20.0x1.5......... 0.0483......... 218w... 4. .J. . 8900% ;
oo 0 TR ASTONIG . C..o Q\ORS = ... 266 13700
23....4\4 0.349 .y, 29/5) 7.4 207 30.0x1.5.........0. 19600
2.4%......\.\ 0.321.............. k2 €0 NG 15.0x2.0 ......... : 7040
25X R ... 0. T, 266 20.0x2.0......... . 12100
26 . RA39,. ... SZ7 )~ [\ Y 25.0x2.0......... . 18600
28, 0¥. WA 43,2.5C.2) 374 80.082(81.7.2 . 26500
29, 0.N,..C o 47.0....... 416 20.0x2.5......... . 15500 :
30, 0.20,\.. 7., gY.2....... N 460 25.0%2.5.........0. 23700 ;
3.25...... 0.175. N - 58.9......... 584 00025 s . 33600 - :
< 1 0.157 cc.. Y £8.3.9.% . 730 20.0x3.0..........0. 19008, i
375, 0131 .o 784..... 897 25.0x3.0......... 0.0193 ......... 538....csensis 26200 :
4.0 ... 0115 . e p Ny, 1090 30.0x3. Qe 0.0161 .......... 639............ 41000
425............. 0.102.............. 107 e 1306 s
-
825. ... 0.0271.......... 380....... 9560
95 . 0.0205........... 503 14600
10.0 e 0.0185.......... 558.............. 17000 |
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KANTHAL AF

Wire and strip. Standard stock items.

Resistivity 1.39 Q mm?m'. Density 7.15 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|1300 |1400

C. |1.001.00]1.01[1.01102] 1.08 | 1.04]1.04 [ 105]1.05]1.06|1.06]1.06]1.06 |1.07

Wire Resistance =~ Weight cm?/Q Strip*) -~ Resistance = Weight cm?/Q
dia mm Q/m 20°C g/m 20°C WxT mm  Q/m 20°C g/m 20°C

10.0x1.0.......... A1 B9 sseevpinnss /) TE—— 1582
15:0¢1.05.. X 0.0927.......... 107, 3453
20.0x1J04. ... B=EER695).... . w438 N........ 6043
10.0x4. 8., SAQ=1E 58, ..... 86.%\....... 1934
-2, L2 0.0965........... ¥03.4.8...... 2735
15.0x1.2........0.0772.......... 129.. 1.8 .... 4196
1506155 Drwes 9061815 N.... 16D...8.X..... 5342
20.0x1.5.........0.0463 .......... 2P.. 8 1... 9281
25 0X4.88... M 0100374 . 268.............. 14302
4810x2'0 . &... 4 0.0463.......... 25.. 8.8..... 7339
2H0X20). .. ... 0.0348.......... 286.4.4...... 12664
25/0x20. 79 0278 X77..... 858. 4.4 ...... 19424
30.0x2.0.........0.0232 .......... 429.......c..... 27623
15/0x2.8.1.....20¢0371 ..... 4% 268.............. 27623
20.0x2.5......... 0.0278........... el 27 J— 16190 -
280x2.5..X..., 0.0222 o} ..., 447.............. 24733
30.0x25.........0.0185 .......... [ [ T— 35071
2000x340 .........002082 .. £ & 429....ccuune. 19828
25.0x3.0......... 0.0185.......... LS1cTC m—— 27331
30.0x3:0... 8.0 0.0154.......... 644.............. 39223

45 e 0.0874

T 0.0784

{1 I 0.0708

LTS T 0.0585

6.0.:0000 ssvsan 0.0492

6.5 e 0.0419

T0isissasaninnssss 0.0361 .

7.35. . 0.0328

75 i 0.0315

8.0 iiiieees 0.0277

8.25. i 0.0260

LS - S—— 0.0206
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KANTHAL D

Wire and strip. Standard stock items.

Resistivity 1.35 Q mm2?m. Density 7.25 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 |
¢ [1.00[100]1.01 [101|702|1.03| 1.04]| 105 | 106 | 1.06] 107 1.07] 1.08]1.08 |

Wire Resistance = Weight cm?/Q Strip*)  Resistance  Weight cm¥/Q
dia mm Q/m 20°C g/m 20°C WxT mm  Q/m 20°C g/m 20°C
SO M. A B N
5.0x0.2........... 15351 .82 : ;
5.0%0 8. . 12 0:900-..%., ..., 10:9...... 1. 118
SR (0P, o — {Dsobrem €. % . 145......... 160 ...+
30 Ox1eR .. L)L 0113044 L 8. 4.8 1990." .
12.0x1.2.........0.0938........... 104.............. 2820
$o:001 2 K. QlORE 0% ... 13 ... 8. K. 4320
15.0x1.5......... 0.0500...... 163.....ceunin.. 5500 .
20.0x1.5......... 0.0450.......... 218... 4.4.... 9560
15.0x2.0......... 0.0450.......... 218..4.4..... 7560 . -
20.0x2.0......... 0.0338.......... 2004 4....... 13000
25052102, & 0.0270.......... 86374 ....... 20000 ..
20.0x2.5.........0.0270 .......... 3683....ccne 16700
3..
o] ST 0.0568............ |7 S— 3041
6.0 i, 0.0477............ 205............... 3948
6.5 . 0.0407............ oL ) 5019
[ T— 0.0318............ 308............... 7257
8.0 i L0072/ 51 Tuma—— 364.............. 9358
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NIKROTHAL 70

Wire. No standard stock items —

on special order only.

Resistivity 1.18 Q mmzm-. 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 | 600 | 700 | 800 | 900 [1000] 1100 | 1200
C. [100[1.01[102]1.03|1.04]105]1.05] 1.08 | 104 |1.04]1.05]1.05]1.06

Wire Resistance Weight cm?/Q
dia mm Q/m 20°C g/m 20°C

5.0, 0.0601............ 169.c..c0vemisans 2614

58 uusssusinnnn, 0.0497............ 192z - 3479

6.0 0.0417............ 229...oii. 4517

(S 0.0356............ 269 csncs. 5742 .
7.0 0.0307............ 312..inen. 772

T:88 it annrnnnn 0.0278...:05050:00 344.......... 8303

75 . 0.0267............ C151: — 8822

8.0, 00 2:cc 1 TRR— 407.........o..... 10706

8.25.....c... 0.0221............ Lo 1C T— 11741

9.0, 0.0185 e L5 L PR 15244
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NIKROTHAL 80

Wire and Strip. Standard stock items.

Resistivity 1.09 0 mm?m". Density 8.30 g cm?. To obtain resistivity at working
temperature, multiply by factor Ciin following table.

Wire Resistance Weight cmy/Q Strip*)  Resistance Weight cmyQ

dia mm Q/m 20°C . g/m 29°C WxT mm  o/m 20°C g/m 20°C
10...40.4.. . 1.39 i A 15.0x1.0......... 0.0727 125 4404

20.0x1.0......... 0.0545......... e6. .84 7706
25.0x1.0......... 0.0436.......... 208..8.8... 11930
1210x1.217.1 . 0.0254 .2 Je.. 120..4.8... 3488
15.0x1.5......... 0.0484, 1ez.8.4... 6812
20.0x1.5 0.0363.......... 249.............. 11840
25.0x1.5......... 0.0291.......... J1.48.... 18230
15.0x2.0......... 0.0363.......... 249.8 4. ... 9358
20.0x2.0......... 0.0273.......... 332.............. 16150
25.0x2.0......... 0.0218........... 4150 4......... 24770
30.0x2.0 0.0182.......... 498.............. 35230
20.0x2.5......... 0.0218 .......... 9G.......... 20640
25.0x2.5.. ... 0.0174........... 519, 31540
30.0x25......... 0.0145 ......... 623............. 44730
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 AUTOTUNE PID TEMPERATURE CONTROLLER
- INSTALLATION AND OPERATING MANUAL

POWER UP
Self check sequence

Step 2

ZERO FLASHES ON LEFT
Indicating no sensor
selected

CAL Controls

The CAL 9900 microprocessor based
temperature controller provides precise
control with a minimum of setting up. the
advanced Autotune algorithm tunes all
five control parameters automatically.
The simple setting up procedure below Is
normally sutficlent, specialised applic-
ations may need the comprehensive
9900 features covered in this manual.

Note
Buttons only adijust flashing digits
(shown green)

Step 3

PRESS A TO SELECT
SENSOR e.g. Type K = 2
Sensor options:

(For full table see 8)

S

f ) R 4 £ 7 RID © Step 8 Autotuned parameters  Autotune limits
K21 s 5L 8| PNoO PRESS P TO ACCESS Entered automatically:
N 3 T 6 B 10 PROGRAM MODE Proportional band/Gain 0.5 - 2C.. c/range
Function O flashes Integral time/Reset 0.2-435min
Step 4 on right Derivative time/Rate 10 - 256 sec
DAC approach control 0.5 - 9.0 x gain
PRESS p TO ENTER
SENSOR INTO MEMORY s&A Proportional cycle time 0.8 - 819 sec
%ﬁgééﬁ?e%ﬁsélem & e Calculated but for safety reasons needs
PRESS #% TO CHANGE manual acceptance s@e 6
TO OPTION SELECTION
Option O flashes tormp
Step 5 on left i
% t point
PRESS X TO DISPLAY set pon
SET POINT ATlang | 5y
Step 10 75% P
PRESS A TO SELECT
AUTOTUNE ‘AT
Option 1
Step 6 Start AT|
PRESS AND HOLD ¢
PRESS Step 1 Fig. 1 Autotune AT
TO INCREASE A 3.2 AUTOTUNE PT (Push-to-Tune)
SET POINT press P 1o sTART “* Select Opt 2 ot 2 step 10
AUTOTUNE "AT Used to fine tune difficult ications at set
e int, Useful if the set poin thermal
Output turns on and temperature rises. 5°ond” f&?s are SUbssrznpo«m( cormﬂged, During
PT tuning some overshoot will occw. If this
The controfier is now is unacceptable, temporarty reduce set
. Operational with point. PT tunes the parameters isted above
factory PID settings: i AT and Process except DAC. Proportional cycle time Is re-
Integral 5 min temperature di calculated but needs manual acceptance
DAC oach alternately during .
contrglpg Autotune

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

2 Proportiondl cycle-time: 20 sec factory .
set. if unsuitable change now or use

Two types of Autotune are provided to

Aufolune cotcuiated value affer funing o e o corirolefia Wie THrgs it = )
run see — time
3 For best results use normal set point AUTOTUNE AT - Normal method, tunes (100% ouiowt power)
and load conditions during warm up
4 Start Autotune AT with the load cool Fig. 2 Autotune PT
AUTOTUNE PT - ﬁPusrno-Tune) - For
TO AUTOTUNE difficult applicatlons. tunes at set point 3.3 OVERIDING AUTOTUNE VALUES
Step 7 3.1 AUTOTUNE AT Atter AT/PT any Autotuned parameter may
: be changed to an Option from the lable.
START AUTOTUNE AT’ Start Autorune AT with the load cool. A short The original Autotuned value is retained in
NEAR AMBIENT tuning cycle occurs at 75% set point during memory. .
wam up. New PID values are automaticatly Note Subsequent Autotune AT or PTrun
entered and the temperature rises to set replaces manual selections with new
point . : calculated values (except Cycle time)
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: TR X Step 4
messoges see 11 (EES-7) IF AT VALUE SUITABLE

The facilities of the 9900 are selectad from

Latched: PRESS V A to reset .
Lt;?ngm&cofé?g\smo”n%%tbm Table see & (e s ot osel B o /‘:[%E\SISAL%ETO ACCEPT
Functions (Fn) - The available controlter but it tuning tails and error messages NOW OPERATIONA

repeatedly occur, the application has
unusuol characteristics requiring manual
tuning see 21

facilities

Options (Opt) - The available values for

each Function e.g. Function § Option O

(Fn 5/Opt O) = SP1 Prop band of 2.5%

Note 1 Should ditficulty occur in adjusti
Options check the Parameter lock see 14

Note 2 Normal control is maintained with
existing settings during programming

OR IF AT VALUE UNSUITABLE

PRESS A TO SELECT A
SUITABLE OPTION
FROM TABLE

eg. Option 4: 30 sec

5.2 Tuning with set point near ambient

Difficuit both to control and Autotune. Use
PT. if tuning fails try with Fn 5/0pt ), other-
wise increase set point or tune manualy

4.1 Step 1 5.3 In Hgh Resolution (Q.1°) AT Byl inBirelion 3
’ e values In Function
PRESS p TO ENTER Should error message EES occur during ARCye . he
PROGRAM MODE tuning, setect nomnal resotution (Fn 18/ Two AT cycle time values are stored. to
Opt O) then Autotune and ctterwards enable the current operational value to be
re-select Hi-res. (check range setting Fn 24) retained, until a new value from a sub-
sequent Autotune run Is considered
5.4 AUTOTUNE VALUE DISPLAY Example of two AT cycle time values after
Step 2 o subsequent Autotune run:

At the end of an Autotune run the AT volue

PRESS AND HOLD A 51 automatically entered and may be Step 5
INDEX TO FUNCTION splayed in Functions: 3
e.g. Function 16 5 Prop band/Gain oo ".O w ? 98
(Sensor select) 6 Derivative time/Rate gspero 1o et value - 9.6 sec
flashes 7 DAC approach control accepted previously

8 Integral time/Reset (Step 4) Note 3 LED's ON
Step 3 Step 1 Step 6

T Tl

PRESS X CHANGE TO PRESS p TO ENTER PRESS X TO CHANGE TO OPTDNLC ION
OPTION SELECTION PROGRAM MQDE Step 7 ST

e.9. Option 2 (Type K) PRESS ATO DISPLAY

Latest caiculated AT value
eg.72sec
Note Hashing bar S

Seo HeR Step 8

PRES% Yor A PRESS & TO INDEX Alternative actions:

SELELT OPHON TO FUNCTION PRESS P 1o accept the latest calcuated
RECHID e Function 5 Prop bond AT value - 7.2 sec which replaces 9.8 sec
e.g. Option 1 (Type J) AT volue = 35% as the operational AT vaiue

OR PRESS ¥ to dispiay current operationat
AT value. Then PRESS P 10 retain 98 secs

Step 5 Note 3 LED's show cn Al.vglue displayed
RN IR % OR PRESS A to select Oplion from Table

PRESS X CHANGE TO : CYCEE
FUNCTION SELECTION A
Set other Functions 6.1 Autotuned cycle time ez LA
ossequed Autotune calculates the optimum value but 7.1 SP2 Operating mode

for sofety reasons does not automaticatly The operahng mode must be selected at

implement it Function 19 before adjusting SP2 at Function 2
Step 6 6.2t the cycle time needed is known 7.2 Alarm output operation

) Ay \ 3 T is failsafe, SP: lay i

e | ol e 20 Mo oo e oo imss | G o Gead o 5210 1D on g the
SELECTIONS COMPLETE SSR drive (1 sec). neor outputs (0.05 sec) mcond?m(mt with SP2 in Proportional
Process temperature should select the appropriate Option in )
displayed Funclion 4 using the procedure see 4. 7.3 LBA - Loop breck alarm see Fig. 3

This setting will not be but may
be replaced with the calculated AT value
if preferred after the Autotune run

6.3 Normal procedure
Run Autotune AT see 2. When complete

LBA detects o control loop fault, and
displays an error message (EE3). The alarm
relay may be configured to act also

LBA oparates it the controller fails 1o receive
the correct response tc the output within g
set time, technically:

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 atarms
and Function 24 - Range adjustment.
Mode'B enables all digits to be used for
Options values

Step |

PRESS A TO INDEX

TO FUNCTION

(er.?g Function 24
ange adjustment’

flashes ]

Note 2 bars = Mode B

Step 2
PrREss X 70 DispLAY
OPTION VALUE

eg. Range 400°
flashes

Step 3
PRESS AND HOLD X
PRESS 7O INCREASE

PRESS ¥ TO DECREASE
OPTION VALUE

(alternating AT dispiay stops) display the AT
calcualed cycle time and accept if
suitable. this wil. then replace the 20 sec
factory setting

Step1

Index to Function 4
For plocedure 3@ 4
Option Oz 20 sec
factory setting

Step 2

prESS X 7O CHANGE
TO OPTION SELECTION

Step 3

prRESS ATO DisPLAY
CALCWATED AT VALUE
eg. 98 sec

Note Flashing bar
shows coiculated AT
value is displayed

LBA occurs when SP1 output is saturated
O% or I00% and the process temperature
fails to move a minimum 50% prop band in
the LBA time. SP1 output stats is unatfected
by LBA alarm condition

SO teah

TN Crrsoher SO O

o0 &=

0OV

1LNe0" rcoTrnzIon

-,

2Py weey
Ot Savwn weOee? O OO TeCut

Fig. 3 Typical faulls detecled by LBA

7.4 selecting LBA - EE3 message only

1. Index to Function 12 - LBA time
Option O - LBA OUT, displayed

2 prESS X to change to option selection

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

4. LBA olorm condihon: EE3 displayed,
alternating with process temperature )
dispiay latches. to reset PRESS W' A togeéther

To configure Alorm relay SP2 to LBA Select

Option & in Function 19 (Relay latches in

alkarm condition. to reset PRESS W 4, )

Note Use LBA with SP2 ON/QFF mode only

(Fn YO/Opt O). Reset EE3/Relay before any

other program chonges
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3o :
1. Factory setting: is Option O
(except Functions 2 and 22)

3. Proiected Functions: .
AllFunctions, except User Settings (Functions
L 2 3) may be locked in memory after
sefting to prevent tampering.
14 Parometer lock

A
4. ATvalues (morked m )
As calculated on the latest AT or PT run

2 Initial configuration:
Functions 16-24 must be selected first then
entered into memory by exiling Pro%g'm
mode - $e@ 4 then Autotune ond o
Functions may be selected

Fn Opt
No. No.

OPERATIONAL PARAMETERS ... continued

Parameter

SRRt
ATING MORE L prtactords H

Operating mode ,

Parameter

No. No

7  SP1 DAC approach control

[e] Normal Operation O 1S5xpopband 5 30
1 Start Autotune AT 1 05 & 40
2 Start Autotune PT 2 10 A
3 Park mode 3 20 7 B Alvaolue
4-100 Manual heat % 4 25 v
SP1 Integral time
O Smin 8 O2min
> o, o 13
. i mi
1° steps (max +127° /50% prop band) § ?n?hmn n 25 m«?\
4 2min 12 33 min
2 SP2 Adjust, 5 3min 13 43 min
. 6 10 min A
1° steps Factory setting 5° 7 B min 14 5 Alvalue
SP2 mode must be selected In v

Function 19 before adjusting SP2

P2 Fn 1) OpNg?n ;upé:rt&p 9  Sensor error conection
1° st +127° max
FDevicnion alarm l~— % 0 -127° AN )
ull scale alarm - O-%# 4
Cool shategy 7 170 10 sP2 Proportional cycle time
O ON/OFF 9 Jsec
(% Sensor range : Fn 16) 1 lsec 10 7 sec
2 5sec W Wsec
3 SPIlock : 3 10sec 12 45sec
3 4 20sac ~-— Non linear ranges
o Unlocked § 5 _&Osec for Cool strategy
1 Locked P 6 OOSsec 13 01510 sec
B 7 30sec 14 015-20 sec
& 8 2sec 15 O06-15 sec
kS
F 1 SP2Proporilonal  SP2 Hysleresis
gg_ band/Gain in ON/OFF mode
:"\i
O 20 sec 10 3sec & O 25% CR 125%
1 1sec N 7sec b I 0O5% 025%
2 5sec 12 4 sec ¥ 2 1% 05%
3 10sec 13 4S5sec §£ i gé }"§%
4 30sec A = 3
5 60 sec i REYNORgl 5 5% 25%
6 OO5sec v 8 6 10% 5%
7 ON/OFF Latest § 7 20% 0%
8 OJ3sec 15 m& calculated § 8§ 15% Q.75%
9 2sec Alvalue 9 4% 2%
& 10 6% 3%
5  SP1 Proportional sP HJsforesh n 7% 35%
band/Gain In ON/OFF mode 12 8% 4%
13 4% 7%
O 25% CR 1.25% 14 100% 50%
1 05% 0.25%
2 1% 0.5% LBA .. Loop break alarm - time
I 2% 1%
4 3% 1.5% o our 9 30 min
5 5% 25% 1 1min 10 40 min
6 10% 5% 2 2min 11 50 min
7 20% 10% 3 4min 12 70 min
8 15% 0.75% 4 6Smn 13 90O min
9 4% 2% 5 8min Recommended
10 6% 3% 6 O min initial sefting: s
n 7% 3.5% 7 15 min 14 2 x Operationals
12 8% 4% 8 20 min Integral time
13 4% 7%
14 100% 50% Reset Functions O - 24 fo taclory
A settings
15 m Alvalue
v O Nommal
I Reset (Function 22 not reset)
6 SP1 Derivalive time/Rate
O 25sec 9 3sec R
1 our 10 7sec
2 S5sec 11 15sec
3 10sec 12 20 sec Abbreviations:
4 50 sec 13 35sec
5 100 sec 14 75 sec Fn - Function
6 200 sec . ¥ ORP' - Option
7 lsec 15 ® Atvalue X SR - Sensor r
8 2sec v g CR - Configured range
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3

8. Locating Functions:
Function O is the Program mode entry point

Pressing A increments

¥V moves direct to Function 13
for access to higher Functions

Hold pressed to auto index through table
(Functions 13, 14, 25 are unused)

16

19

21

22

23
24

R P R R R P SR N N s

Fn Opt
No. No.

Parameter

-
S
&

SRR

Sensor Select and Range Table

Range Table

Sensor
Type Factory set range (SR)
1/C °C °F °C °F
1 J 400 800 800 U0
2 K 400 800 1200 wWR
3 N 400 800 1200 WQ
4 R 1600 1999 1600 1999
5 s 1600 1999 1600 199
6 1 250 500 250 500
7 E 500 1000 600 WO
8 L 400 800 800 WO
10 8 1600 1999 1800 1999
RTD
? PTIOO 200 400 400 750

Range minimum: O°C/32°F
Except T/PTIOO:

Factory set O°C/32°F
Minimum ovallable =200 °C/ °F

Linear process inputs  Display

11 O -20mV 0 -100
12 4 -20mVv 0 - 100
13 O -20mVv 0 - 1000
14 4 -20mV 0 - 1000
1§ O -20mv 0 - 2000
Negative temperature ranging

O Disabled

1 Encbled (range min -200°)
Display resolution

O Normal {l )

1 Hives (O.1°) +199.9°
1° settings become O.1°
Ranged O - 200° on selection
of Hi-res, (reset with Fn 24)

$P2 Operating mode
Select and enter Function 19 before
adjusting SP2 in Function 2

out

Deviation alarm - High
Deviation alarm — Low
Deviation band alarm
Full scale alarm - High
Full scale alarm ~ Low
LBA - Loop break alarm
Codl strategy

\JO«U!L(JN—'O

SP1 Sensor break

O Upscale
1 Downscale

SP2 Sensor break

O Upscale
1 Downscale

°C/°F (Note Change top fascia)

O °C (Foctory set
1 *fF not reset by Function 15

Sottware version number
Conligured range (CR) adjustment
1° steps '

Mode B adjustment see 4.2
(See Range Table in Function 16)



The advanced functions are intended for
OEM's and process engineers. Access s
therefore protected in the Function table

prRESS P 10 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)

26 SP1 Heat Power limit

O 100% max 8 60%
1 95% output 9 55%
2 90% 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 SP2Cool limit

O 100% max 4 40%
1 80% output 5 30%
2 0% 6 20%
3 50% 20 (O%

Not in SP2 ON/OFF mode

Direct/Reverse mode selection

OFF when

Normal  logically ON
28 SP1 Output (e} 1
29 SPILED o] 1
30 SP2 CQutput (@] 1
31 SP2LED (] 1

32 Error indicator resolution

O Normal (2% range/segment)

1 High (1%)
2 low (4%)
33 Temperature display sensitivity
O Normal
1 High
2 lLow

34 Derivative polling ratlo
O 0.5 x derivative time
1 02

2 07
3 10

35 Sensor'span adjust

1% steps (+15°/-16° max)

Note ‘Hidden' Fn 15/0?9 Srosots ALL
functions, except Fn 22

36 SP2Latch alarms

© Nommal
1 Lotch

Only for: SP2 ON/OFF mode, Fn 19/0pt 1-5

PRESS WAL together to reset (in non
alarm condition)

37  Spare
DIAGNOSTICS

Read only Functions 39-49 Mode 8
display see 4.2

PERFORMANCE MONITOR (PM)
38 Start monitor (Entry point from Fn 13)

O OFF
1 Start

Readings are reset on subsequent
monitor start or de-powering

39 Read temperature variance (O.1°)
40 Read maximum temperature (°C/°F)
41  Read minimum temperature (°C/ °F)
42 Read Duty Cycle Monitor (DCM)

% heat (SP1 % ON time)

AUTOTUNE TUNING DATA Fig. 8

QOvershoot/Undershoot (°C/°F)
Max 255° /Hi-res 25.5°

(03] 45 US
082

A

Quarter cycle limes (sec)
Min 2 sec/max 1800 sec (30 min)

46 Cn 48 QCT3

47 QCm2 49 QCT4

To assist with machine development,
commissioning and trouble shooting

PERFORMANCE MONITOR (PM) 15.1

Monitors and displays minimum and
maximum temperatures, and variance
(deviation) to O.1°C/ °F

Displayed temperatures are measured
valuss. independont of set point. This
high sensitivity monitor may be affected
by interference. (Fit snubber to minimise
disturbance)

Fig. 7 Performance monitor (PM) Fns 38-41

DUTY CYCLE MONITOR (DCM)
16

Monitors percentage power used in the
previous proportioning cycle. Average
several readings for @ more accurate result
Power requirements outside the range

20% - BO% may be difficult to control

and autotune
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To be made by qualified tec

15.2

Step Select
1 Tostart monotor: Fri 38/Opt 1
2 Toreturn to normal
operation press P
3 To view readings (PM/DCM) Fns 39-42
4 To stop monitor:
(Readings are retained) Fin 38/Opt O
5 Reset
Readings reset on next Fri 38/Opt 1
monitor start.
Monitor and readings reset  On de-

RS IR
hnicain. De-
power controller before proceeding using a
screw driver at side of bezel remove lower
fascio containing push buttons. Ali functions
except user seltings - 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

R 39
SRR

SRR & ",,.z; PEVSERST
These operational modifications should be

maode by a qualified technician before
instaliation.

To remove the 9900A boara:
1. First removethe output module, carefully

lever the retaining clips from the siots in
the module cover with a small
screwdriver.
module cover output module
T P —
.[n =

N L
BT I |

2. Tap module cover on table top.as
shown, to release the 9200A board.
Carefully remove board, avoid damaging
components on protruding tongue

Torn 9900A board ~
\\\ o
X

To convert to 3 wire RTD/PT100

(inhibits thermocouple operation)
Carefully cut pad at X avoid damage to R3.
Fit solder links LK1.LK2 using 22SWG wire.

Sugply Voltage Convaersion (Plug in links)
IMPORTANT - check your instaliation

operoiin? voltage before proceeding. .
Wrongful conversion could damage This

unit,

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

9900 FUNCTION/OPTION RECORD

Customer
Ref:
model senal no.
0. I |
Function Option Set
Nurmpet date:




i7.1

Cool strafegy: A changs in load causes
movement of the linked heat and cool prop
bands

Pep

wends |

set pont §;

Fig. 9

1. Integral causes linked prop bands to
move up

2. Stabilises e.g. 30% heat

3. Exothermic toad chal
to move prop bands

causes integral -
minimising

disturbance
4. Minimum offset achieved (4a = offset
without cool strategy integral action)
5. Stabilises e.g. 50% cool
6. Consistent dead band throughout

SETTING UP ROUTINE FOR-HEAT COOL
(Single zone procedure) )

Step

Function Hem

Run Autotune AT: (Set normal
operating temp) Accept AT
proportionai cycle time . Fn 4/Opt 15
Note SP1/SP2 cycle times must be
compatible with switching devices used
(SP2 cool output Is OFF at this stage)
When temperature stable at
sel point:
® Select cool strategy ~ Fn 19/0pt 7
® Select cool prop band option

value from table nearest to Heat

prop band value (view Fn 5)  Fn 11
® Select cool cydle time option

value nearest to Heat cycle time

value (view Fn 4) Fn 10
@ Adjust SP2 dead band to O°
(Factory set 5°) Fn 2

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

Further adjustments: e.g. Water

cooling. Should oscillation occur try

(in order):

@ Double cool prop band value  Fn 11
and reduce integral time value Fn 8

e Halve cool cycle time

® introduce cool overlap

Non-linear cooling

Fn 2/(-)ve

For water cooling above 100°C where

fiash to steam occurs. Select non-linear

ranges In

cool cydle time Fn 10/0pt 13-15
Fine tuning

If overshoot (into ¢ or

undershoot (into heat) occurs, slowly
make the following odjustments,

observing the results:

® Increase cool overlap  Fn 2/(-)ve
® Apply SP2 cool limit, )
progressively Fn 27/0pt'1

if needed: SP1 heat limit Fn 26/0pt

Contact CAL for more application
advice and dala If required

Fn O Park mode (Opt 3)

Fn 3 .

FnS

Temporarity turns outputs off
A
Displcy.: and Process temperature

Useful in commissioning and frouble
shooting, e.g. Muttizone appilications
Manual heat % (Opt 4-100!
gt;;n‘s'oz hl;r;ck occurs)(EE)/ SP1

of power) maq
monuchy controlied 4—100&
(Not In O:UOFF moda)

Dispiay: sXXH (XX = % output)

SP1 Set polnt lock
Stops unauthorised adjustment

Retransmission:

With 100% prop band, accuracy
15% configuration range using
linear input/output

Fn 10 -

e

To enable the 9900 calibration to match
an external meter, data logger efc.
(.6. 'Remote’ reading)

SENSOR ERROR CORRECTION: Fn 9
Provides comection at one single
emperature =) o
e

T

Error +4° Set (-4) correction at Fn @
Note Error polarity applies to 9900
cofrection

Sensor span adjust: Fn 35
Rvarsa s A oS
emperatures r o differing amounts -
of adjustment o i

S

1. Choose a tamperature towards the
bottom of the normal operating range
and one at the top

2. Run at the lower temperature T1, note
the efror E1 betwesn 9900 ond ‘Remote’

3 'm t i ture T2 and
X a emperature T2 a
note efror Eg

Example T1reads T2 reads
9900 60° ~f 200°
‘Remote’  58° 205°
Emor E1 =  +2° E2= -§5°

4. Calculation of span adjustment
for Fn 35 ¢

©2-a8
Formula: Fn 35 = 5oh x CR (0s Fn 24)
_ L (5°) - (+2°)  x250°
Bxomple: 035 = S5 = 85% (Fn 24CR)
-3
0 x 250
Fn 35 = -5°  Sat(-5°)in Fn 35

S. A span error entered in Fn 35 immediately
chotb?es the r allow time to
stabiise at T2 If an ermor exists correct
with Fn 9. Then check at T\, If an error
exists check readings and calculations;
repeact if necessory

Fn 16 Unear process inputs
Optional 9900-PIM Process inter-

Fn 17 Negative tem ture ranging
s type T)RTD—PﬂOO to be R
used below O°C/32°F a
Note increased range.to -200°C/F, &
may effect PID values A

Display resoiution

Note Effect on set point ond other
values set in °C/°F e.g. 1I00.0° in
hi-res = 1000 ° in normal

Fn 26 SP1 Heat power limit
Umits maximum heater power
during warm up. Useful If heaters
oversized

Fn 27 SP2 Cool power limii
Umits cooling power
outside prop band in heat-cool

Fn 18
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‘ Prop'orﬂolla lmo: Fn; 4/10

Determines the cycle rate of the output
device

Output device 5ocommondod
me
9200 Internal 10 sec minimum
relays . (5 sec with derated
contacts & snubber)
SSR 1 seC
Linear output

Ideat Too long
(oscillates)

Proportional band/Galin: Fn 5/11
Smooths out oscillation occuring in
ON/OFF controt

G FSAes
Too narow Too wide

(oscillates) (slow warm up and
response)

Integral time/Reset: Fn 8
Automatically corrects offset ermors
caused by proportional control

Too long

Too short
(overshoots and  (slow warm up and
oscillates) response)

Derivaiive lime/Rate: Fn 6
Suppresses overshoot ond speeds
response to disturbances

Too long Too short

(osciilates and (slow wam up and

over cofrects) response under
corrects)

DAZ approach control: Fn 7

Tunes warm up characteristics
independant of normal opemﬁn?
conditions. Controls when derivafive
action starts on warm up, (smalier
setting = closer to set point) Useful
when sensor very remote from heater

Too small
(overshoot)

£ SEPRASR SRR

For unusual applicatio ucing error

messoges (EES/6) on Autotune AT/PT

. Intial settings:

Fn 5/0pt O
(or Reset funtions: Fn 15/Opt T)
Fn 4/0pt 7 (ONh‘g)FFfModet)
Normal operating set poin

. ?hen allow process to stabliise)

2. Take several readings of:
Ampiitude A
Time period T &
(Diagnostics Fns 38/39 may help)

3. Set PID values: Set opt value
Fn4Popcycle T sec Nearest
time ure 20
comp(gt‘:)ie with 22
o
Fn 5 Prop %xle'IOO% Next
bond/Gain  “config range  lorger
Fn é Derivative T sec Next
time/Rate %e) shorter
Fn 8 integral T min Next
time/Reset & longer
Fn 7 DAC 15 e
Approach foctory set 205
control



Designed for use: UL 873 - only in
pr where the occeptability Is
determined by Underwriters
laboratories Inc. -
EN61010-1-Within Instaliation
Categories Il and lll environment and
polution degree 2.
To avoid 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.

10.7 ELECTRICAL INSTALLATION
CAUTION RISK OF ELECTRICAL

A 1. Check controller label Is the
cormrect supply voltage for your
application.
. Connections are shown on the
socket lobel.

For connection to socket use, 250

Faston receptacles provided in

accessory kit. »

4. Recommended wire size for mains
voltage and outputs 32/0.2 1.0mm?2
(18 AWG 0.04°%) rated to 6 Amps/
300V at 702C.

. For use with 2 wire RTD on external
link Is required between connections
Jand 5.

6. IMPORTANT. It is recommended that

interference suppressors are fitted
across relay contacts to prolong relay

@

o

lite. Fuses: 250VAC rated, time log

EEY Sensor Check sensor  Self
burnout clearing

EE2-RTD/PTIOO Check-sensor -Self
short clearing

EE3 LBA Loop  Check contral Latches
break loop Reset

AUTOTUNE AT/PT TUNING CYCLE FAULTS

Autotune run is cborted:
Previous values are retained

EES Outside time Imit Latches: Reset

EE6 O/shoot exceeds limit  Laolches: Reset

EE7 Unable to run Autctune. Lalches: Reset
SP1in ON/OFF mode

SOFTWARE FAULTS

EE8 Calibration data Repicce unit
orror | if it persists
EE9 System error Replcce unit

PRESS VA togather to resst latched
message

R S P e b S RN

1. Should the unit malfunction. return it
to the factory. If detective it will be
repaired or reploced at no charge

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

3. Components which wear, or domoge
with misuse. are excluded
e.g. Relays, SSR

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

5. Neither CAL Controls Ltd or
CAL Contrcis Inc shall be responsiole
for any damoge of loss o other equip-
ment howsoever caused. which may
be:experienced as a resut of the
installotion-or use of this product.
CAL Controls kability for any breoch of
this ogreement shatl not excesd the
purchase price poid

Desioned by BOC Technical Senvices. Bosdock. UK

Itls the responsibility of the installation
engineer to ensure that this .
t's compliance to EN61010 is
not impaired when fitted to the final
installation and to use this equipment as
specified in:rr:g nmud,foitum so
may impair protection .
Follow wiring diograms cncﬂeguicﬁons.

to IEC 127.

ATecSTRe >

e ) ¥ 2

R A7
See 8 Function 16 for Range-Table

Thermocouple - 9 types

J° kon/Constenten T Copper/Con
K Chromel/Alumel R Pt -13% Rh/Pt
L Fe/Konst S Pt-10% Rh/Pt
N NiCroS1/NiS3 B Pt-30% Rh/
Chromel/Con Pt- 6% Rn

Standards:  1PTS 48/DIN 43710

Unearity: 5 - 95% sensor ronge see 8
J/KILINJE £1°C. T £2°C, B +6°C>500°C
o 1 G s e
External reslstance: 100 © maximum

Resistance thermometen
RTD/PTIOO 2 wire 8;.75000! 3 wire
DiN 43760 100 2 O°C/1385Q Ye Pt

Linear process Inputs: 0-20mV/4-2CmV
Unearty: $£15% Impedence 100k O min

Applicable to all Inputs
SR=sensor range, CR= ed ronge
Cafitration accuracy: +025% SR +1°C
E:a'npﬂno frequency. hpth;nn JHz, CJbC‘eSsec
OMmMon Mode refection: Negl
offect up to140dB, 240V, 50-68011
Serle 40Od8, 50-60Hz
2 150ppm/ °C SR
Reference conditions: 22°C +2°C,
NS/230V £ 5%, after 30m settling time

OUTPUTS

QUTPUT MODULE - Dual standard

Main output: $P1

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

SSd-optional: SV/25mA non-solated

Alam/Cool channel output: $P2

Retay-standarc: 3A/250Vac resistive
SPOT/Form C

SSd-optionat: 5V/25mA non-solated

9900 Controller outpul module - types

SP1 output P2 N5V code 230V
Retay Relay 9QLNC/F  99LRC/F
Relay SSd PRLIC/F 99122C/F
SSd Relay 992NC/F  991C/F
Ne] SSd QR2AC/F  99222C/F
Reday - RLOIC/F  991LO2C/F
SSd - 9ROIC/F 99202C/F
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10.2

1. CONFIGURATION .
All functions are fiont key selectable,
it Is the responsibility of the installing
engineer to ensure that the
configuration Is safe. Remove the
func lock link to protect critical
functions from tampering.

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°x 1.77° +0.02 -0

2. Remove the socket. pressing in the
lock buttons

3. Slide the controller into the cut out

4. Fit the mounﬁn% clip see fig. pressing
it firmly against the panel, jacking
screws optional

5. Plug on the socket -

6. After installation remove aond discard
the protective front window label

7. Cleaning - if required wipe with
domp cloth (water onty)

Fig. &

CONTROL CHARACTERISTICS

SPI PID Parameters Fleld selectable
Prop band/Gain 0.5-100% CR

Prop cycle-time 0.05-81s or ON/OFF
Integral time/Reset 0.2-43m or OQUT
Derivative time/Rate 1.0-255s or OUT
DAC cpproach control  0.5-9.0x PB
(ON/OFF Hysteresis 0.25-502CR)

GENERAL

Supply Voitage: 115V or 230V 215% -
50-60Hz 6VA

Digital LED Display g?ink se:e]%fr?\ble)‘gh
igital isplay: 3!z digi m high.

High brightness green.
Emor indicator: 3 step LED.

Output LEDs: SP1 Green SP2 Amber.

Keypod: 4 Elastomeric Buttons.

ENVIRONMENTAL

Humidity: Max. 80%

Altitude: Up to 2000M

Instaliation: Categories Il and il

Follution: Degree i

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

Protection:

IP54 (with gasket)
EMC Emission: EN50081-1

FCC Rules 15 Sub-part J Class A
EMC Immunity: EN50082-1, RF Field +2% FS
Amblent: 0.50°C (32-130°F)

Mouldings: Flame 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. IL 60048
Tel: (847) 680-7080  Fax: (847) 8166852

Fax: +44 (0) 1462-451801

CALConhoupoacyolconrkwsdevelomvem-
My couse cetal changes to the enclosed
Information. € & OF

401 1296
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ﬁamﬁq‘ﬂnitﬁ I VMUW () IUU 31A153U(UN)
Bgnuld 4. 45 1800
Junu’vl 35kg. 1 560
. Thermo couple 110 1 1100
. Them control 5000 1 5000
. Crucible 1700-1800 1 1750
. mannn 250 1MW/ 6 AT 2 500
wsiia Wives 1500 1 1500
. Heater 2200 UIn/1 kg 0.8 1760
iHawan 3000
Total 16970
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