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Special Project Title

Name

Special Project Advisor

Department

Academic Year

This special project is to construct a home-made furnace with kanthal wire , fire-proof
cement and ceramic fiber that can be provided in our country. It is a one-zone typed furnace
that is operated at temperature higher than 1,300°C and is used for crystal growth of indium
tin oxide (ITO} by flux method with PbO-ByO3 as solvent. The 7% ITO is melt with 93%
golvent in alumina cruclble at 1,200°C about 8 hours. then the furnace temperature is
decreased at the rates of 4.4°C/h with the use semi-mechanic cooling instrument connected to

a temperature controller , thermocouple. ITO single crystals are obtained. The largest one is

Tubular vertical furnace for crystal growth of indium
tin oxide

Miss Panida ~ Tanomwam

Dr. Thitinai Gaewdang

Dr. Chaisingh  Poo-Rakkiat

Aj. Ngamnit Wongjareon

Dr. Tiparatana Wongcharoen

Applied Physics

1994

Abstract

formed in a black cubic of the size about 0.1%0.1x0.1 mm?3.
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o/r = G/ (1+GH) (2.1

*
syvinstiaunduiuvn e msseneTessuy (G wazdiutleundu (H) finag
tlaundulufaean 1+ GH TawunfnsaesnistieundufivnlvrAdnsseneaeessuuanss
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, d d v % o .« o vy ‘ , Ao
gruanNavi  AaTunistleunduatam Ivdmsiasneessuuanad lutTuma @ ntu
d
W
A 1 L4 19 o 1
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2.2.2 nszmgmemsmuauuguﬂa {Process control loop)
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o o
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4 s oed P . .
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. uuuw?au'l’w"fuuaa (Proportional mode , P)
. WUUBUYindaR (Integral mode |, 1)
wunmeSiafn (Derivative . D)
. Lmuw%u'[w':‘;'uuﬂa-ﬁu’v‘lné’a {Proportional-Integral mode , Pl)

- uuundauTnduuaa-aatiafiW (Proportional-Derivative mode , PD)

~N e O AWwN

. wuundeuTndunea- duiinfa-naduiv {Proportional-integral-Derivative mode , PID)

£ - & g 3
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484 adldfenunnsd 23
Cp = erp +Cp (2.3)
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Ko = fmanveneniouinduuss
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6o = RWIMAIRNAR ARRE WU
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100 4 i
] K Pt
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117 2.7 nsvlaeessuumrupuuuniau induves
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Ciy = ki It Aggy + i (2.4
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= . . o : "o
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Car = Kd legrrreqo) / (ttg) (2.7
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Kq = Snsaeeingiiniv
ejq) = APATNARIARABLTIAN t
e(t0) = AR ALARBLTIA 10

wiathazuladldegluplfanivasudns a8

Cd(t) = Kde de(t) / dt 2.8)
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e Ky WuAnreedmangens
Tq ludtnaseanediadiv
Fain Kp URZAT Ky HuAn s B unrlunenfasdenMunpumauuuinaeniiv
41 4MIINTIAYLAN (rate control) -ﬁ'ﬁ-ﬁwmwmmmﬁcutuntul.m-ﬁwmmﬁomuqmuﬂu
Andouiy 'é'm'xmnﬂﬁﬂuuﬂmﬂmﬁmm'\mﬁqm'mﬂmmmﬁauﬁqzﬂﬁ 2.1
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0 \\ 1 Time
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Controller output
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50 ’ /V(
——I\ Proportional response
: oLDerivative response Time

d . . d_ .
719 2.11 uspspnudiufasAAmAlaReY fU 18 YinIeInIsAUANLLY
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Wndahutidaanenfymeends (output offset mzumeammmﬂmmﬂﬁaummmn
TnaafinsuAuuuaeidiiulagasuth msmuauuuuummmu.am'lﬁﬁ"maume uay
gﬂw 2.12 ‘

Cly = Koot + KaTg degg/ dt + KT Lo /0t (213
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vidoaglugLiimsualafitedd a4
Coy/ew=Kp(1+1/Ti/t+1/Tg/8 (2.14)
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0 Time

\

3]

Controller output
P(%
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zmanzen ==t R T szzmee,
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Composite / Time
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uazarhilnmzaoupuuniidn dle
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2.3 famupuuiiking 9 lunisasuauguugl (1]

- A [}
Funduvududauargunsafifinnsauquacnadauuuusing q e1aldlussiumcugu
3 [N ] J L] J ) AJ -
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\ A & £ . .pe
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-3 J -« o oa r-3 ‘J - J
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wanity viswefansarneududdindidifeatiaion wndefunaniuinand uaz
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Applications

. Thermo

‘ Typical Base -
Type j elements alloy* composition Atmosphere Maximum Temperaiuie
J Jp Iron Fe Oxidizing, 1educing, 1400°F (T00°C)
N Constantan (J) 45% Ni-55% Cu inen
K KP Chromel 9% Ni- 10%Cr Oxidizing, inert 2300°F (1260°C)
KN Alumecl 94% Ni-Al Mn,Fe
N NP Nicrosil Ni-14%Ci-1.4%Si Oaidizing, iner: 2000°F (1260°C)
NN Nisil Ni-4 4% Si-0.1% Mg
T TP Copper OFHC Cu Mild oxidizing, 634°F (370°C)
' TN Constantan (T) 457 Ni-585%Cu reducing, incit
|3 EP Cnromel W%NI-10%Cr Oxidizing, reducing, 1598°F (870°C)
Constantan (T) 459 Ni-55% Cu inert
IR RP Pi-Rh 574 P1-13% Rh Oaidizing, inent 2690°F (1480°C)
RN Pt M
S g:; P-Rh ;)U" P10 BRI Onidizing, incrt 2696°F (14R0°C)
"
B BP Pt-Rh 70 P1-30% Rh Ohxidizing, inent 32°F (1700°C)
. BN PR 94% P1-6% Rh

* Chromel, Alume!l, and Comstantan ate trade numes ol Hioskins for KP, KN, and JN.TN. 1u‘-hul. Nial. and Cupton are trade names of Canech fol
JURNL and JNCTNG T, T2, and Advance are trade names of Daver-Haesis fon KE, KNL and J?"VIN. prom < :
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44 TAsandandnuuuging (rutile structure)

Tesaniwuuusng (609 - Taufi A Ao T, Sn, Ge Wufu) amnsnaululsfan
WULHAPUIRRIETNUAR (etragonal) AT ABN A DHMUFATHHIBAIA uAY A Viillussnou
naRATAFNuEEAUENTSN 6 BEMENUWLLDONALERTDR (octahedrall WALV

o a’ LN <l . w ' o ] . ]‘_l\/ - L4
NANAILA 45 A WIUDBNASERTDAMINATY BOBULDY A URREBRBRSERENITUHW
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~ Fiy . 2
CrvQy ki -

Rutile structure
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# et iU A AT WA

o [ A ¥
AIAUAWITA A1 2U1A 02 cm. AN 17.813 m. RWusaumIRTduhAutnaTe
atuen 8 cm. Wuduau 63 58U Taefissaysewindsay 0.6 om. WLSLHEAINILUIUAUNGS

nssuan 50 cm.

RMAATN ANAINFIUURRMINEAITNENNTR9T AR AEUENAUETNANN 0.2 om.
&
120°C = 0.462 Q/m

ATl ANAINATUNIUIINTRITARIA = 0.462 X 17.813 = 823 Q

: . d o
anAReNsRaNIUNATRNIARIALALTA TunALuan A ATNnsauInssuaazdy

antnlfaon
om? / £2=12C;/ p (5.1)
IJ - 1
Tnefl 1 = nesua fwdaendlu A
C, =urlALmafaaegmnil (temperature factor)  aifiwniat
T L3 o ] 1 J ‘J 1]
Cp =AINAsamitENUD (surface load) fwisedu wiem?
' o
ANANUNALASfIRIgRMal i 1200°C 1 Cy = 1.0
ST . o
ANNIINUARIAINNRIR B AUNTBNRIAUANR A1 1 1200°C : p=1.1Wfem?2

A1 em2/Q2 # 20°C 1eedutingudnate 02 om. = 136
unupnluannig, azld
12 = (em2/Q Yp/Cy)
= {136}(1.1/1.04)
- 14 x 102 A2
| = 12A
P =12R = 1.4x102%823 = 1.2 kW

V =IR 12 X823=99V
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3. fadunudfuanld 10k dusudewsedu %m::ﬁﬁLmﬁmqnﬂmﬁ'{ﬂﬂauuﬁ

wafluathila
o U A [ ) A ) [ 4 AU o 1
4. Fafumusieel  Mudanutsusedu  Wiusesuldmnaidadauniudfusnld

o
ANTFBINTS
. 5‘ ° v J o ~ Y R
5. uawmadaiindasausin 1/60 rpm Fimdiidugaiesliluveuindruniudiuad

]



60

a a Gq

we Ml Tlaiagamnll ardalfilurtus Sl lumisiindtaef derniftu
agfurfinreunefludldakan udddlivnnisudaadudnguivgfl u qaumgil 1200°C
RusaAuviniy 11,947 mv dvfumefindd dlarfinea (S) (Mauen a)

favinnnsangmpgilaghideclfuciuen vie FAieousn  fidiesllauusedu
Wnlurimestuilla %«mﬁauﬁudﬁqmuqﬁﬁmaﬁuﬁﬂLﬂafim‘léiqq%u Fapaupuiavds
&:uémmm'w'fm‘lﬂ'?'l‘lm‘éamaé‘lﬁﬂﬂnszmamm fnflaudrunaontionn  uazdfause
Auntleunimafiudldlnldey q fpeunufazdedyanueninlflvianefinnssue

4 a TR L &
annelsae 4 qumgiinnelumfiavanunsnanadidinglbifesliudeln 4 e

# FinRENINITATUIR

Feensanguunfiain 1200°C aufls 850°C Faadmenusyanei 4.4°C 1 h
- Waarveumalssanns 80 Falus |

Ta200°c:V=11947mV , Tggoee: V =7892mV i
S AV = 11947 - 7892 = 4055 mV

¥ '
frasiulu 1 dlug azdadnausedutlounnmafluAlhtla = 4.055 mv / 80
= 0.0506 mV

1 ) v v
gaiHesasfamasauanuamefaantiseuidns 1 seusedalic visdu 80

sou llwyusafinunnunlfudn1ifes 1 seu

FINANHANA LS
Z1n1 = ZZ”Z (6.2
Toef | e SmsmaruEsey

Z Araunuiuradiies
n AeprsauTeaies . ny wiesdy uas ny e
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fathu aZld  dmsndautesanuauiy = é”ququné’wmmﬁm%sm}.l
i:Zz/Z'I =n1ln2 {5.3)
‘J - [ ¥4 ’ [ [ 4
fazlBgHacilvapusafrumuiuaTls laedidnsnzaseniudonli 5.6

Mnamafugaitaslumpuiadmiulfuanld

/

A AN
R {10 k) r(3.78 K

|
ATRNATLIAN 1
founnll

o . ad v o1
117 5.8 udnsnsriegunsnisagniugiiianamanfidnfumesivdiillauas

AARILANE MR

5.4 NILATUNAS

d € » J -3 o
nsdgnudniies M0 Faedfvseundndiifredsannnismanasaas e uae

awhugef [ 13,14 | fefnmaumaTinieinfnaeeednides mo

s

1. Lﬁﬂﬂﬂﬂﬁf‘?‘vf‘lﬂ"lﬂﬂqﬂuﬂ {alumina crucible)
2. @Al : IngOg , SOy , ByOg MilATLAqVE 99.999%

PbO Tilpanmnidqvd 99.9% Fokomndundndosiaes Cerao
3. witpedeiinfiguan IhasiBnafonafinn 4 sumnie

4, ATNUAANTATAN
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5. HCI uA% HNO3 Pfiaguidindu 37 % uay 69 % muandu Mvinmauazann

WMURENLATATALARISAAN
v
L - J L ]
sunleaalud (DI waten Mnanfunssid@aans Wevnauaretn wivaaw

AT ATNUAKITDILAN

T l

] A . ° . :J oot E ta d’
raunainnsilgnudn asdaeinlusng profie) tan Agnumgiiang 4 dereu e

o P d .
mudnissleu sndudsBusduuanshasinlugnaédn

1. MANazeaiaees WAz ASALAANS Aot HCI uss HNO3 €msndaw 1 : 1
v
wdriReanedaeinfleaslud wdaidltudi

v
-

2. 94819 Inp_,Sny O3 il PO WAY BoO3 fwningan winfu 45 nF mudmerdau
X o
pil AR
Ing.xSn,03 (x = 0.09) = 3.1500 g { InyOg il SnOy)
PbO =3915¢g
ByO3 =279

L 4
ATEINMINGRY Ing03 T SOy Riadl Ae

2xSn09 + (1-x) Ing03  —>  Ing(1.5Snox03 + (X/2) Oy

L4 L4
L) Ud Ld o’ o t J
il SnOy = { Uniinansinadaffiesniswdun X AaluanaLed 2xSn0y )

( NIATHIANATRY Ing(1.4Snc03 )
= (3.16X27.124) | (279.774)
=0305¢g
vhwin IngO3 = | Thutinanssatinefifaanissiun X WIATNIAMATEY (1-X)In03 )

( 29ATMIANATRY Ing(1.9Sn,03 )
= (3.15X252.650) / (279.774)
=2.845¢g
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6. AARAIMARAIN 1200°C avifla 850°C Kardna 4.4°C / h Aangunzalangrumaiii
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é’nwmzmm'ﬁﬂ?’lﬂzﬁm’\‘fm&")e%utﬂuﬁqgﬂﬁ 6.6
T(°0)

1200
1100
1000
900
800
700
600
500
400
300
200
100

o " ol : '
. 3UM 6.6 uaneANHUTIBIRUUNINTTETANN ) e lumn

Aarsananllsiwdinn adlfidunmumnzanlunisdgnu@n Ae fsvey 2331 em.
~ de a o » q’
iU uniguu)iAaudnemem

al « o ~ rz P
AMTOMUNAEWYITEeg U R IF AT Ae

AT =1100 °C; di/ dx = (1100-1095)/(27-23) = 1.25°C/em.
T = 1000 °C ; dT/dx = (1000-995)//(27-23) = 1.25°Clcm.
T =900 °C; dT/dx = (900-895)/(27-23) = 1.25°Clem.
T =800 °C; dT/dx = (800-794)/(27-23) = 1.5°Clem.
T =700 °C ; dl/dx = (700-695)/(27-23) = 1.25°C/cm.
T =600 °C; dl/ dx = (600-596)/(27-23) = 1 °Clem.

. - a d P e .
. InREwiegamgRiadeiiawiniy 1.25 °Clem.
' 0 = o n] ) 9 o eJ .'; o - °
Tuszuinennsugnuan vivannilaes iguugiiasiundsrunu 8 dalus aaninig
o rd J ° o ‘4’ o n) o
anguuniidapgunsniienamanfiionislssAndin A 67 quungilavannedan
gnausrannd 4.4°Ch Tnpgnmniinas3ndaprunugaugiiasliideuulas uargnmnil

o o Lo K " ol el %
MvefluAlitlagwldarwdsuwl sty £5°C (@niAuazasiniguniingeld)
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éﬁbnwslﬁanwunﬂma«aaa KANTHAL A-1
EFURAL | . . .
- P 80-10mmO . . !
fha §e- - Res:stivity, {1 mm? m * 1.45 !
e 7 Specific gravily, g em ? 71 Wire mm - | : —
Cold drawn emi(l = !

T 1 = Current )
C; = Temperatore factor
p = Surlacelosa Viicm?
Aegarding the use of cm?/t)
see also page 52.
1

To obtain resislivily 3t working temperaiure
R . muitiply by the 1actor Ty in the loticwing table:
“{*C ] 20 10 {200 | 300 § 400 | SO0 | €0D | 700 | BOO { 900 | 1100 | 3100 | 12CC {1300 | 1470
I, 700 [1.00 1160 1160 1100 [v.00 1102 [102 | vo3 [ 100 [1os Taoal1o: Thos {108

Yanthal A-1

The 1aLte figures are valid for Kanihal A-1

Resistance o P Weight . Surface Cross
o] ..petlength 1 7o i _perliength _iperlengin 1 - csectonal )
Diameter unit {ym. Tem¥nl T 7T it Tunit T area P oismeter
mm b 20C 200C . . g'm i emim S mm? " mm
8.0 ! 0.0289 | of - 8690 ol asr o251 - ., -%03 g0
75 -} —100328 . _..2200 5 DA T DU [UNLS- | b a2 7.5
79 i 100377 . jsea0 NJ Yy 273 ¢ | ;220 . 1 35§ 79
- 65 o | __‘oo0s37 [ |.  ta610__ | T N385 1 - 209 | 1332 6.5
6.0 i 0.0513 t T laea? ‘T T2 T 1E8 Y ~4t23 T | 83
¥ : . i . 1.

.55 r—|--~ 0.0610 < +2630 -t "-.-.1'53' 173 ! do223 ]! s
50 P 0c733 | i 157 196 i 50
ag 1.|.. looso2 [ _ { : U IS S T B <8
a5 | 06512 1 1159 a5
42 | _-ovos |} : e 1381 ¢?
33 0.115 126 a2
33 0.928 I £ 7 33
-as 0151 voee 9 €2 35
3.2 0.132 vt ogee 32
k] 0.205 3.6 390
23 £.236 6.18 :8
25 0.295 PE 3 s
22, , 6382 ) 38 i 22
LEX Y0462 : 122, ; 312 | 38
y 1.9 0511 {17 20.1 £37 282 13
3.8 0.570 932 18.9 HE 252 ! ta
17 039 - 836 61 853 - 20 : 11
1.5 03N £9.7 53 532 a0 I 1.3
1.5 0£21 7.4 126 y <78 1357 : 15
1.3 0.522 4€1? 199 249 1.5 i 3
1.3 1.08 by X g .22 &8 1.33 13
1.2 138 284 BC3 377 1.13 12
1.1 1.£3 227 €75 335 0£:) i
* 0 1.£5 120 5.3 314 0::3 . 12

)

H

H

. ATIMANIAIFMUTAT dMTUAIn KANTHAL A-1
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Furnace temperature, 'C

Fecommended surface loads in W/em? and \W/sq. in. for Kanthal and
Nixrotha! heating elements in industriz: furnaces.
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MICROPROCESSOR-BASED AUTO-TUNING PID CONTROLLER

gh Accuracy =0.3%

1to-Tuning PID
A/DA Internally Selectable

ser-Selectable Inputs (Thermocouple)

ser-Selectable Ranges
rogrammable-Scaling (DC mV, DC mA)
Iniversal Power Supply (100~240V AC)

Jser-Friendly Alarm Options

"TONS

—

PV) Display:
ze:

on:

Display:

lay:

i
fon:

tion:

tion:

- |

ble):

itance:

ice:

it

1 Temperature
1 Range:

slerable Range:
Input Impedance:

Receiving

t

le:

| Band (PB):
e (IT):

Mime (DT):

il Cycle:
Isitivity:

tput Characteristics: RA/DA internally selectable (factory set RA)

tputs:

Cycle:

Digital LED (10.Imm high)
=0.3% + | digit at 25°C =S'C
Upon scaling (0.01, 0.1, 1)
Digital LED (8.0mm high)

SV. P8. IT, DT High/Low alarm set vaiues, High/Low alarm set limiter, SA (On/Off mode),

PB Cycle. Alarm sensitivity, Control output. Setting lock, PV bias

Auto-tuning, High/Low alarm, Control output

Front membrane Keypad
Same as Parameter disolay
Upon scaling (0.01, 0.1, 1)

Parameter check, UP, DOWN, AT, ENT, Mode key (6 Modes)

JIS/ANSI/DIN T, J, E. K. N. R, S, B, WRe5-26, U & L (DIN 43710)

1002 max.
500k Q2
Standard feature (Up-scale)

5~-45°C

Pt100Q JIS/ANSI/DIN
ImA A

5Q max./wire

0~I10mV, 10~50mV, 0~20mV, 0~50mV, — 10~ 10mV/500k Q2 -Programmable range

4~20mA, 0~20mA/250Q -Programmable range

Auto-tuning PID with anti-reset windup

0~200.0% (On/Off mode at 0 setting, contact & SSR only)

| ~3600 seconds

0~-1200 seconds (Pl mode at 0 setting)
1~120 seconds (Contact & SSR output)
0.1~5% FS (Contact & SSR output)

Contact= 240V AC 2.5A/resistive load, |A/inductive load

Voltage= 0~ 10V DC load current/2mA max.

Current= 4~20mA DC load resistance/600Q max.

SSR Voltage= |5V DC 20mA max.
0.25 second

Between input and intemnal circuit *
Between internal circuit and output




Larm
Alarm Mode:
Alarm Setting:
Alarm Setting Ranges

Deviation:
’ l
Absoiute Value:
&arm Mode & Sensitivity:
~misit/Non-inhibit:
Ziarm Output/Rating:
>aza Memory:

Zoerating Ambient
“smperature Range:

Zoerating Ambient
—smidity Range:

Sower supply:
=ower Consumption:
~suiation Resistance:

= siectric Strength:

Zrzarnal Dimensions:
A eznt:

' 79

Individually setting/output. High/Low alarm selectable. deviation/absolute value seiectable
Digital setting by keypad

High alarm= SV 0~+1999

Low alarm = SV 0~—1999

Within measuring range for both high & low alarms, High alarm > Low alarm
On/Ott, 0.1~5% FS

internally selectable (factory set non-inhibit)

Contact/240V AC, 2.5A/resistive load

By nonvolatile static RAM

—10~50°C

90% RH max. (non-condensing)
. 100~240V_AC_= 0%, 50/60Hz. (universal power supply}
Approx. 7.5VA
500V DC 20M Q between input tferminal and power supply terminal

500V DC 20M Q2 between power supply terminal and earth terminal

One minute at SO0V AC between input terminai and power supply terminal
One minute at 000V AC between power supply terminal and earth terminal

72 (H) X 72 (W) X 103 (D) mm (panel depth 90mm)
Approx, 310g

ORDERING INFORMATION

ITEMS

CODE

SPECIFICATI'ONS

SERIES SR22-

APU-Based PID Auto-Tuning Controller, DIN 72X72mm, =0.3% FS Accuracy

INPUT

Thermocouple, User-Selectable Inputs, Programmable Ranges

R.T.D. (Pt100), User-Selectable Ranges -

DC. Voitage, User-Seiectable 9~ 10, 10~350, —i0~1t0, 0~20, 0~~30mV Linear, User-Programmable Ranges

DC Current, 4~20, 0~20mA Linear, User-Programmable Ranges

Oinlling—

Others (Please consult before ordaring.)

CONTROL OUTPUT

<
4

Contact: PB Cycle | ~120 seconds. Capacity=2240V AC/Resistive Load |A/Inductive Load

Current: 4~~20mA DC, Load Resistance 600Q max.

SSR Voitage: P8 Cycle | ~120 seconds. Output Rating 1SV DC/20mA max.

Voltage: 0~10V DC, Load Current 2mA max

' Others (Plesse consult befors ordering.)

ALARM

00|

None

109

Individually Setting/Output, High/Low, Deviation/Absolute Value (Selectable),
Inhibit/Non-inhibit (Selectable), SA: 0.1~-5% FS (Selectable)

REMARKS

Without

With (Please consuit bafors ordering.)

\

STANDARD RANGE & USER-PROGRAMMABLE SCALINGS

|

Since the Series SRZZ- has been designed for user-seiectable inputs, mr-selectabla ranges and user-programmzble scaling, the unit will be shipped

with one factory-set standard ranges.
i 3 range selection other than the standard is required, user-salectable inputs (T/C’s) and user-selectable ranges (T/C's & RTD) are possibie at the

soecific application as listed page 89.

Standard Range (Factory-Set when shipping)

input Standard/Rating | Ranges
| Thermoacoupie - IS (K) ! 0~-800°C
2 R.T.D. JIS Pt100 i 0~-200.0°C
3 OC Voitage g~i0mv - 0~100.0%
4 DC Current 4~~20mA. 0~100.0%

-

ST Y e, e e g me e pemae e ——. —

S - e
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abie Range (Thermocoupie & R.T.D.) * Effective range: 500~ 1800°C (750~-3300° F) 80
~NouT Type o OIN | OTHERS T : F
T ! 2 2 —-200 ~ 200 H —300~- 400
Jd H (o] ) 0 ~ 4000 H 0 -~ 750
g ) = 100 ~ 800 ; —150~-1100
FK i o i O 2~ 400.0 i 0 ~ 750
1K QO : Z 0 ~ 800 : 0 ~1450
.K - 0 ~1200 ] 0 ~2200
Ther~ocouple | N . o} 0 ~1200 t 0 ~2200
R Ve 2 ol : 0 ~I600 ' 0 ~2900
S i Cc i+ C 0 ~I1s00 N 0 ~-2900
‘B * ! [ : Z 0 ~I1800 ; 0 ~R08
 WReS5.26 : ) 0 ~2300 ! 0 ~4200
i U(DIN43710) | o : ~200 ~ 200 ! — 300~ 400
! L(DIN43TIO) | i O° F Tttt s A~ 400 ; 0 ~ 750
I Ptico e : —200 ~ 600 ! —300~1100
i Ptioo = E —100.0~ 200.0 i — 150~ 390
! P00 P C i T i —100.0~ 300.0 ! —150~ 570
==z, Pt100 | C i Z 1 g 0 ~ 500 : 0 ~ 120.0 .
.Ptigo O ! [o] i f 0 ~ 100.0 | 0 -~ 2000 (‘
i PIco e ! Z : 0~ 200.0 ! 0 |~ 400.0 .
' ptico - 0 ~ 500 K 0, ~ 950
- |
USZER-PROGRAMMARBLE SCALING ]

Z Yormage & DC Current lnputs . . o
x OC v>tage and DC current inputs, user-programmable scaling is available with scaling range of — 1993~-7929 digits and

aiing =& of 100~5000 digits.

WIRING EXAMPLE

.

- Contact Output (Y) Current Qutput (1} | Heater power Supply

Tz
z .
H :
= S
- 12
LK
H as
v ® O
h - 3 &
5 3
< R .
- § g - -
- = -
(Option}
c]l
. >
g
2
. H . -
H
4
o1 =
€ &
< < .
£} p
. - = < (Opton) -
-z
=
.4
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FERMINAL ARRANGEMENT

Contact Output (Y)

- 1
Ilt "'1— !
00~24n i
—W2 ] 8
e I .
Ry —— i *
i hT'10
uc

Current Output (1) Voltage Qutput (V)
SSR Voltage (P)

= =
< g

8
&
2

i
Bl

|

e
Gl

L

81

EXTERNAL DIMENSIONS & PANEL CUTOUT

100mm min.
—

-

[ IR b 24 fAh=dbzALA]
F

£
€
S i -
o l >
2 ! I
i
} <
+ AN C-
g€
£ 2
5 =
© -

[ 1
[ 68mm - |
(+0.1/-0)

Unit : mm

Bl




Ves PACI5

M Phase Angle or Zero Voltage Switching
M Curent Capacity: 20~ 100 Amperes
M Power Supply: 100~120/200~240V AC

20A, 30A 45A, 60A

80A, 100A

SPECIFICATIONS

»ntrol Mode:

>ssible Loads:

swer Supply Cycle:
utput Voltage Control Range:

ower Lamp:
utput Indication:
urrent Capacity:
ower Supply:

ontrol Input:
ower Adjuster:

uto/Manual Power Adjuster:
hyristor Element Cooling:
iver-Current Protection:
linimum Load:

Iperating Ambient
emperature and Humidity:

rsulation Resistanse:

lielectric Strength:

limensions and Weight:

>ACIS Series Total Heating Value

Phase angle (PACISP)
Zero voltage switching (PACISC)

All resistance loads (PACI5P)
Constant resistance loads (PACI5C)

50/60Hz. (Internally selectable — PACI5P)
50/60Hz. common (PACI5C)

0~95% min. 50/60Hz. of input voltage (PACISP)
0~~95% min. of load power (PACI5C)

Green LED lamp (PACI5P)
Green LED lamp (when load 'ON' — PACI5C)
20, 30, 45, 60, 80 and 100 Amps.

100~ 120V/200~240V AC = 10%
-Current= 4~20mA DC (Receiving impedance: 1002)

Contact= Zero voltage contact

Current input= Internally starxiard fix (Externally fix available)
Contact input= Externally standard fix

Only current input type is available — optional
Natural air

None available (Use a fuse for semiconductor)
0.5 Amps “

—10~50'C, 90%RH max.

500V DC 20MQ between power supply terminals and chassis
500V DC 20M 2 between power supply terminals and input terminals

One minuta. at 2000V AC batween power supply terminal and chassis
See page 123.

»

Recommeanded mounting

! Capacity 20A 30A 45A 60A 80A 100A T
Heating Value 24w 36w 48w 60W 84w | 100w v 100mm minimum
5 P
* Care must be taken for air-ventilation.
= Vertical mounting is recommended.
When mounting horizontally, use at 70% of the current capacity. e
100mm minimum
— —_—

(A%
)

30mm minimum

SRR, ] S—

o

a v ~ o
UIHN I. MINGH] DIHA

Tns. 3920930 ,

An a
3253022
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JRDERING INFORMATION
TEM /CODE SPECIFICATIONS ’ ;
RIES PAC I5P |V Phasa Angle Single Phase Power Regulator :
i PAC 15C Zero Voitage Switching Single Phase Power Regulator .- P
oi / 4~20mA DC Receiving lmpedance: 1000 |
SNTROL INPUT | 2 1V Non-Voltage Contact |
Others (Please consult befor ordering.)
020 | 20A
030| / 30A .
| o045 |V 45A
URRENT CAPACITY
| 060 60A H
! 080 80A :
| 100 / 100A . :
81~ } +109 N
OWER SUPPLY v 100~ 120V/200~240V AC £10% 50/60Hz .. ol
99- | / Others (Please consuit before ordering.) ! :
N \/ Norie (Internally standard instalifed) !
P External Power Adjuster — e em e mm
M Manual Power Adjuster i Current
B Base Power Adjuster l Inout
XTERNAL POWER ADJUSTER w i External Power Adjuster +Manual Power Adjuster :
Y | External Power Adjuster+Base Power Adjuster i
P None | Contact '.
B Base Power Adjuster Input ;
_ X Others (Please consult before ordering.)
J 1 0] without ;
REMARKS $ :
o | 9 With (Please comsutt tStora ordering.) - :
1
» —— - ‘ ~—
TERMINAL & WIRING (CURRENT INPUT TYPE) BE POWER ADJUSTER CONNECTIONS
Auto/Manual Selectable
ntrol Signal >——— 0 €1 cn ¢z R RZ R3 M
4~20mA DC ~ Controt Input Terminals e (e _.._.O__ — )
e e P
. . Auto | Manua
Ext. Power R! . ] PowerAdjuster Terminals A
Adjuster ) T When using, intarnal power Control Signal
8 1okg n2 adjuster at maximum - 4~20mA OC
Ry J O When no use, R2-R3 short-circuited .
{ Ext. Pawer-
Cl) M Manual Power Adjus® Terminal . Adjuster
Manual Power
—————O' RA . OV AC : Adjuster
- : Control Circuit Power . .. .
o~ I djuster = at maximum
‘ ? T1  100~120V AC ‘ i‘w‘ Terminals [ internal power adjuster =a
——CO T2 200~240V AC : Bass Power Control
m—cuo Earthing Terminal . . et c2 il n2 a3 M
. Rapid Fuse + - o mm—
Power - . 2
Suoply 7> 3 |
2000 240V AC Control Signai Base Power
. * 4~-20mA DC Aaiusn'r

UTEN 2. NI S1a
Ins. 3930930 , 3933032
FAX : (862) 3988501

O3 Power adjustment can be does with
internal power adjuster. )
Ext. Power Adjust/Base Power Adjust

Control Signal
4~20mA DC

Base Power

7 External power adjuster and base power
adjuster correspond each ather.
7 internal power adjuster = at maximum

12l

“semies PAC15 _



- TERM!NAL & WIRING (CONTACT lNPUT TYPE)

. ‘ “ Rapid Fuse l

Normal Control o7 -
Contact Signal r
o—0 ¢!
Control tnput Terminals
. c2
.
Ext. Power I—LM\F-_-D Rt
L] =x1.
Adjuster { l 2 | R2 Ext. Power Adjuster Terminais
B 10kQ (l) 5 When no usa, RI—R3 shart.gircuited
e
' oV AC
100~ 120V AC Cantrot Circunt Pawer
. Input Terminais
] 200~240V AC
Earthing Terminal ° e e e eem .
R [+
!
- l Rapid Fuse ?
Fower
Suoply >— 2 { E
100~ 1207 aAC l ‘_ .
> Load
High/Low Control :
Contact Signai [ T} Qutput when high power adjust/contact {C!—C2 = ON)
oOo— ¢ - 0~100%5 power outout control available by the hign
b . Ol Control Input Tarminais power adjuster
2 ] cz 2J Output When low power adjust/contact =OPEN
D;;ah:owar ! 3 . 1 Low Power Output =
r . B
8 l';u; v High Power Value + | ow Power.Value ~ 1009
. R2 Ext. Power Adjuster Terminals (When output of low power 1s [ =),
Low Power .
Adiuster R3 low power outout is zero.}
8 10kQ °
;o
" RA OV AC
T1  100~120¥ AC Control Circuit Powar
- | I lnput Terminals
- l ) T2 200~240v AC » . e a m
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TEMPERATURES IN

TYPE S THERMOCOQUPLES |

DEGREES C (1PTS 19681,

REFERENCE JURCTION AT 0 €

DEG C 0 1 2 3 o 5 L 7 8 9 10
THERMOELECTRIC VOLTAGE [N ABSOLUTE MILLIVOLTS
-850 ~0,236
40  =0e196 ~0.199 =0.203 =0.207 -0.2I1 =-0.,215 <-0.220 -0.224 -0.228 =0.232 -0.236
=30  ~0.150 -0.155 <-0.159 -0.l66 -0,188 =0.173 =-0.177 -0,181 -0.1386 =0.190 -0.19%
~20  ~0.103 =0.108 =0.112 -0s117 =0.122 =~0.127 =0.132 -0.138 =-0.1al =-0.145 -0.150
~10  -0.0%3 =0.058 ‘~0.063 -0.7%8 =-0,07) -0.078 -0.083 =0.088 -0.093 =0.098 -0.l03
0 0.000 -0.005 =0.011 =0.0l6 =04021 =0.027 =0.032 ~0.,037 =0.042 <-0.048 -0.033
[ 0,000 00005 0.011 0.016 0,022 0.027 0.033 0,038 0.044  0.050 0.0%3
10 0.055 0.061 0.067 0.072 0,078 0.08% 0,090 0.095 0.101 0.107 0.113
20 00113 00119 04125 04131 0,137 0.142 0.148 Ocl54 04161  0e167  0.173
30 04177 04179 0,185 0191 0,197 0,203 0.210 0.216 0,222 0.228 0.235
“0 0,235 0.261  e247  0e2%  0+780 0.268 0,273 0,279 0.286  0.292  0.299
50 0.299 00305 0,312  0.318 0,323 0,331 0,338 0.345 0.351 0.358  0.385
60 265 0.371 0.378 0,385 0.391 0.399 0,405 0.612 019 0.423 0.632
10 0.432 0.439 [ YY) 0.05) 0,480 0.407 Q.bTs 0481 0.4088 04493 0.502
80 0.502 0509 0.5186 0.523 0,530 0.537 0,546 0.551 0.558 0.566 0,573
90 0.573  0.580 0.587  0.596 04602 0.609 0,616 0.623 0.831 0.8638 0645
100 0,665  0.653 0,660 0.667 0,675 0.682 0,690 0,697 0,704 0.712 0,719
110 0,719  0.727  0.73%  0.762 0.769  0.757 0,766 0,772  0.780 0.787 0,795
120 0.795  0.802 0.810 0.819 0.82%5 0.833 0,841 0.848 0.85 0.864 0,872
130 0872 0.879 0,887 £.39% 0.903 0.910 0,918 0,926 0.934 0,942 0.950
140 0.950 0.957 0.965 0.973 0,981 0,989 0.997 1.005 1.013 1.021 1.029
159 1,029 1,037  1.045  1.053 1.061 1.069 1,077 1.085 1.093 l.lol 1.109
160 1.109 14117 1,125 1.133 l1elal 1.1649 1.158 1.166 1174 1.182 1.190
170 1,190 1.198 1,207 1,215 1,223 1,231 1,260 1.268  1.256 1,266 1,273
180 1,273 1.281 1,289 1,297 1,306 1.316 1,322 1331 1.339 1.3%7 14356
190 10356 1,366 1,373 1.381  1.389 1,398 1,606 l.el5 1423 1,432 1,440
200 J, 640 1,448 1,457 1,486% 1,674 1,482 1,691 1.699 1.500 1.518 1.52%
210 10825 1.53% 1,562  1.551  1.559  1.568 1,576 1,585 1,596  1.802 1.611
220 1,611 1.620  1.628  1.637  1.665- 1.656 1,663 1.671 1,680 1,689 1.698
230 1,698 1.706  1.715  1.726 1,732 1.761 1,750 1.759  1.767. 1.77¢ 1.785
260 1,785  1.796 1,802 1,811 14820 1.829 1,038 1.846 1.855 1.864 1.373
250 1,873 1.882 1,891 1,899 1,908 1.917 1,926 1.935  l.gas 1,953  1.962
260 1,962  1.971 1.97% 1,988 1.997 2.006 2,013  2.02% 2,033 2,042 2,051
270 2:051 2,060 2.069 2,078 24087 2.096 2.105 Z.116  2.12)  2.132 2,161
280 20361 2,150 2.159  2.168 2,177  2.186  2.195 2,206 2.213  2.222 24232
290 2.232  2.201 24250  2.259 2,268 2.277 2,286  2.295  Z.306 2314 2.323
300 24323 2.337  2.361 2,350 2,359 2,368 2,378 2,387 2,396 2,405 Z.Al4
310 Zee1h 2,426 24433 2,642 24451 24460 2,670 2,679 2..88  2.497 2,506
320 20506  2.518  2.525 24534 24543 2,553  2.562 2.571  2.381  2.390 24599
330 2.599 2,608  2.518 2,627 24636  2.646 2,655  2.664y 2,874  2.683 20492
340 20692 2.702  2.711  2.720  2.730  2.739 2,748 2.758  2.787  2.776  2.786
350 2,786  2.795 2805  2.81% 2,823 2.833 2,842 2.852 2.861  2.870 2.880
360 2.880  2.869 2,899 2,908 24917  2.927 2,936  2.946 2,953 2.965 2.974
370 2.976  2.984 2,993 3,003 3.012 3.022 3.031 3.041 3,050 3.039 2,089
380 3,069  3.078  3.088 3,097 3.107 3.117 3,126 3.136  3.145  3.155 3.164
390 3,166 3.17%  3.183 3,193 3,202 3.212  3.221 3.231 3.2 3.2%0: 3,260
400 3,260  3.269  3.279 3,288 3,298 3,308 3,317 3,327 3.336 3.346  3.356
«lo 3,356 3,365 3,375 3,384 3,396  3.404 3,613 34423 3.63) 3,662 452
420 3,452 3.462 3.4T1 3,681 3.e91  3.300 3,510  3.520  3.529 3.539  3.549
430 3.549 3,558 3.568 3,578 3,587 3.397 3,607 3.616 3.626 .63 3,648
440 3,565 3,659 348665 1,675  3.684 3.69% J.T06  3.Tl4 3,723 3,733 3,743
450 3,743 3,752 3,762 3.772 3,782  3.791 3.e01 3.811 .81 3.831  3.040
660 3.840 3,850 3,860 3,870 3.679  3.889 J,899 3,909 3.919 3,928  3.938
470 3,938 3,948 3,958 3,988  J.917 3,987 3,997 4.007 4,017 4027 40036
480 44036 44046 6,056 4,086 4.076 44086 4,095 4.105 4a115 44125 44133
690 Gi135  4.163 6,133 6.8k  A.kT6  6.184 .94 4,204 be2l6 Le224 40234
500 4e23%  B.263 4,253 4,283 44273 4.283 4,293 4,303 4A.313 4.32) 5.3
sio 4.333  4.343 4,352 4,362 6,372 4,382  4.392 4,602 4.A12 4ek22  he6N2
520 4ek32  4.4h2  hedST  heab2  4eeTZ 6,482 4,492 4.502  4.512 4,522 4,532
530 8,832 8,362 €552 4,362 4e372 40582 4.392 4,602 4.612 4,622 s.8632
540 4eb32  8.852 8,652  G.b82  4.8T2 1,682  4.692 4,702 6eT12 %4722 40732
N ’
| SN
552
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TEMPERAY
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DEG €

550
S560

580
590

600
[31]
820
830
640

650
660
670
680
690

100
1o
7120
730
740

750
760
770
180
7%0

800
810
820
830
640

850
860
§70
eéo
1344

900
(214
$20
39
940

950
960
970
980
990

1+000
J.020
1+020
1,030
1,040

14050
1:060
2,070
1,080
1.090

1,100
14320
3120
14330
14340
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TYPE S THERMOCOUPLES

TEMPERATURES IN DEGREES € (IPTS 1968)e

REFERENCE JUNCTION AT O C

bEG C o 1 2 3 & S 6 7 ] 9 10
THERMOELECTRIC VOLYAGE IN ABSOLUYE MILLIVOLTS
550 4,732 A.T42  6.TD2 4 T62 44772 40762 4,792 ALBOZ  4eB12 4 B32 A.B32
560 4,832 4,642 4e852 4,862 4s873 4,883 4,893 - 4,903 4,913 “.523 4.933
570 40933 4,943  4e953 6,963 keS8  £.9B4 4994 5,004 5,014 5,024 8.034
580 3.034 5,064 5. 054 5.06% 5.075 5.085 5,095 5.105 5115 54125 S.136
590 5.136 %4146 5156 5166 54176 .38 54197 $.207 5:217 $.227 54237
600 $.237 8,267 5.258 5,268 5,278  5.288  5.298  5.309 5,319 5,329 5,339
610 6,339 8,350 5.360 5,370 52380 5,391 5,401  3.411  5.421  S.43 8,662
620 S bb2  5.452 Seb62 5,473 5.483 54493 5.508 5518 $45264 54534 Se D84
630 8844 $.555 5.56% 5,575 5.586 5.596 5.606 5.617 5,627 5,637 5,648
640 5.648 5,658  5.668 5,679 5,689  5.700 5,710 5.720 5.73) Se761 5,751
650 5,751 5.762  5.772 5,782  5:793  5.803  5.B14  5.826  3.B34 54845 54855
660 5.855 5.866 5.876  S.BET  5.897 5,507 5,918  5.928  5.939 5,949 5,960
670 5.960 5.9707 5.580 5,991  6,00)  6.012 6,022 6,033 6,043 6,054 6,064
680 6.066  6.075 6,085 6,096 6.106 6,117 6,127  6.138 64148 B.1%9 64169
690 60169  6.180 64190 80201 64211 6.222 6,232 6,243 64253 be2bt  6a274
700 50274 5,285 54295 6,306 64316 6,327  5.338 6,348 8,359 6¢36% 6,380
710 £.3B0 6,390 64401 5,412 6,422 6,433 6,483 6,454 b.ub5 6,475 6o4 86
720 6,886  6.496  6.507 6,518 64528  8.539 6,549 6.560 £,571 6.58)  6.592
130 6.592  £.603 6.613 6,624 6,635 6,645 6,656 6,667 6,677 6,688 6,699
740 6.699  €.709 6,720 6,731  6eT41  6.752 6,763 6,773 6.784 6.795 6.805
7%0 6,805  6.B16 6.B27 6,838 6.84B  6.859 6,870 6,880 6.89]1 6.902 6.913
760 6.913 6,922 6,924 64945 o958 6966 6,977 6.988 6999 7.009 7.020
770 7,020  7.031  T.042  7.053 7.063  T.074 7,085  T.096  T.107 7,117 T.128
780 74328 7.139  T4150 7,161 74171 7.382 7,193 T.206  T.21% 7.22% T.236
7%0 1.236 Te247 T.25%8 Te269 74280 T7.291 7.30) Te312 Te323 T.334 Te345
800 20345 70356 T.367 74377 T.388 1,399 T.410  Tea2)  Tea32 70443 T4k
810 To656  T.465  To4T6  Te4Bb 74457  T.508 7,519 7.530  T.341- Te552 7.563
820 7,563 1.574  T.5B% 74596  7T.607  T.618 7,629 7660 74651 Tebbl T.672
830 7.672 1,683  T.69% 1,705 1,716 T.727 7,738 T.749 7,760 . 1,782
840 7,782 7.793 _ T.804  T,8)5 714826 7,837 7,848  7.859 , 7.870 7.88) 7,892
6850 74892 7.904  T.915  7.926 - 74937  7.948 7,989 7.970 7.981 7.992  5.003
860 2.003 8.014 8.025 B.036 B.047 B.OSB 8,069 B.061 B.052 8.103 B.114
870 B.116  B,125 8,136 8,147 B.156  B.169 B.lBD  B.)92 6,203 B.214 8.225
880 2.225  8.236 B.247 B.258 Be270  8.281 8,25/  8.303 E.314  B.325  8.32b
ev0o 8.236  8.34B  B.359 8,370 B.381 8,392 B.enst  Be4ld  2e426  Bo43T  B.AAE
' 900 8,448 Ba46D  Be4T]  Besb2  Ee493  B.5D6  E,218  B.32T 8,538 8,549 8.560
! 910 8,560 8,572 8.583 Be5%4 2,605 e,817 LY ¥4 B.629 , L6350 B.b62 6673
920 B 673  BobB&  B.695 0,707  2.TIE 8,739 L.Te)  B.752 B.T63 B.T784  B.78B6
939 B.766 8,797 B.BOD  3.B20 Fe€3s  B.B4Z7  B.BSA  B.BES  f.E76  B.BBE t.899
940 8,899  6.910 B.922  Le$33  @.966  be¥56  6,9¢7  B.978  E.990  9.001 9.012
950 9,002  9.026 94035 9,047 9,058 9,069 9.081 9.092 F.103 9.215 9.126
960 $.126 9,338 94168  ©,160 S.172 50183 F.195  9.206  .217  9.279 g, 200
970 0.240 9,252 9,263  ©,275 9,286  $.298 9,309, 9.320 9.332  9.343 9.3%5%
980 9.355 9,366 5.378 9,389  $,40) 9,832 5,428  9.635  9.4sT 9458  9.470
990 9,670  9.4B1 94493 9,504 94516  $.527  9.539  9.550  9.362 9573  9.58%
1+000 9,585  9.596 9.008 9,619  9¢63)  9.642  9.654  T.605 9,677 9.689 9.700
1,010 9.700 9,712 9.723 9,735  9.746  9.7%8  9.770 9.761 9.793  9.804 9.816
1+020 §.B16 9,878 9.B39  G,551  9.862 9.874  S.bt6  9.E9T 9,909  9.520 9.932
1,030 9.932  9.944  9.955 9,967 7.979 9,990 10,002 10.013 30.02% 10,037 10,048
34040 10,048 1D.060 30.072 10.083 10,095 10.107 10,118 104130 10.142 104154 10163
3,050 30,365 10,177 30,189 10.200 104212 10,224 10,235 10,247 10,239 106271 10.282
14060 10.782 10.29% 10306 10,218 10,329 10.341 10,353 104364 J0.376 104388 10400
15070 104400 10,411 10.423 30.435 10,647 10,459 10,475 10,452 10,494 10.506 104517
1,080 10.517 1¢.529 10.%41 10,553 10.585 10.576 10,558 10.600 10.632 10624 10,635
1,090 10,635 10,647 10.659 10.671 10,663 10.664 10.706 10.718 10.730 104742 10.7%%
1,100, 30.7% 10.765 104777 14.76¥ 10,801 10,813 10,825 10,636 10,845 10,860 10.872
“314210 10,872 '10.8B4 10,89& 30,908 10.9)9 30,931 10,943 10,95 10.%967 10,979 10,991
3,120 10,991 11,003 11.0)4 13,026 11,038 33,050 11,062 11.074 11,086 11,098 11.110
31130 130110 -31.12) 11.133 11,145 11,387 11,369 33.181 11192 11.208 11.217 114229
19140 ll‘ng 11¢241 116292 110264 11,276 31,286 13,300 11.312 10326 13,3306 114348
553



TYPE S THERMOCOUPLES

TEMPERATURES IN DEGREES C (I1PT5 1988), REFERENCE JUNCTION AT 0 C
OEG € 0 1 2 3 & H [ 7 [] 9 10
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
10150 11,348 11,360 11.372 11,386 11.396 11,608 11.420 13,632 11.463 11,635 (1.087
10160 11.467 11.479 11.491 11.303 11,315 11,527 11,539 11,550 11,363 11.575 11.587
10170 11.987 11.599 11.611 11,629 11,835 11,667 11,659 11,671 11.683 11.693 11,707
1.180 11,707 11.719 11.731 11.7¢3 11.75% 11.767 11,779 11,791 11,803 11.815 11.827
10190 11,827 11.839 11.851 11,863 11,875 11,887 11.899 11.911 11.923 11.933 11,947
10200 11.9¢7 }1.959 11.971 11,983 11.99% 12,007 12.019 12.031 12.043 12,055 12.087
10210 12.067 12,079 120071 12:103 12,118 124128 12,140 124152 12.164 12,176 12,188
10220  12.:88 12,200 12.212 12.224 12,236 12.248 12.260 12,272 12.28% 12.296 12.308
10230  12.308 32,320 - 12,332 12365 12,357 12.369 12.381 12.393  12.405 12817 12,429
1:240 2,429 12.641 12,653 124665 12,477 12,489 12.501 12.51% 12,526 12,538 12,350
10250 12,550 12,562 12.576 12,386 12.398 12,610 12.622 12.63% 12.547 12,659 12.671
15260  12.671 12,683 12.69% 12.707 12,719 12,731 12,783 12,735 12.767 12.780 12.792
10270 12,792 12.304 12.818 12,828 12.840 12,852 12.364 12.876 12.888 12,901 12,913
10280 12913 12.925 12.937 12,989 12,961 12,973 12.98% 12.997 13.010 13,022 13.03%
1.290  13.034 13,046 13,058 13,070 13,082 13,074 13.197 13,119 13.131 13,143 13.135
10300 134155 13.187 13,179 13,191 13.203 13.216 13,228 13.260 13.252 13,264 13.276
19310 13.276 13.288 13,300 13,313 13,325 13,337 13.3a9 13.361 13,373 13,385 13.397
19320 132397 13,010 13,422 13,036 13,666 13.058 13,670 13,482 13,295 13.5¢7 13.519
10330 13.519 13.531 13,543 13,555 13,567 13,579 13,592 13,604 13,616 13,628 13.640
10340 12.660 13,652 13,666 13.677 13,689 13,701 13.713 13.725 13.737 13,749 13.76)
10350 13.761 13,776 13.786 13,798 13,810 13.822 13.8)% 13.B46 13,859 13.571 13.883
15360  17.883 13.895 13.907 13.919 13,931 13.9¢3 13.958 13.968 13.980 13,992 16.004
10370 14,006 14,016 144020 140040 14.053 16,065 14,077 14,089 14,101 1eo413 140123
10300 14,125 14.138 14,150 140162 leolT6 144186 10,198 16,210 14,222 14,233 14,267
1,390 160267 16,259 16,270 164283 14,295 142307 14,319 14,332 14,346 144336 14,368
10600 164368 140380 14,392 144406 14,616 16,629 1e.441 16,653 16,465 16,677 14,489
10610 162689 144501 14.513 144526 164538 164550 16,562 164,576 14,586 16,598 14,610
10620  14.510 1425622 16.635 16¢647 144689 144671 164683 16,695 16,707 140719 14,731
11630 16,731 16.Téh 14,756 14,768 14,760 16.792 15.80& 16,816 16,828 14,940 14,852
10650 16.B52 14,865 14877 16,889 144901 16,913 15,925 16,937 14,949 14,961, 14,973
10450 164973 14,985 14.998 15.010 15,022 15,034 15,066 15,058 13.070 13.982 15.094
10460 15.09% 15.108 15,118 15,130 15,143 15,155 15,187 15,179 15,191 15.203 15.215
10670 154215 13,227 15,239 15.251 15.263 135.275 15.287 15.299 15.311 13.326 13.336
1,480  15.336 15.948 15.350 15372 15,384 15,396 15,408 15.520 15.432 15,44k 15456
1,690 152656 15,468 15,680 15,492 15,306 15,516 15.528 15,540 15.532 13.364 15,376
1,500  15.576 15.589 15,601 15,613 13,625 15,637 15,649 15,661 15.673 15,883 13.897
10310 15.697 15.709 15.721 15.733 15,785 15,757 15.769 15.781 15,793 15.00% 15,817
1,820  15.817 15.829 15.861 15,853 15,883 15,877 15,889 13,901 15.913 15.925 15.937
1,530  15.937 15.949 15.981 13,973 13,985 13.997 16,009 156,021 164033 16,045 16,057
14840 16,087 16,089 16,080 160092 164104 16,116 16,128 16,160 16.152 16,164 16178
10950 164176 18168 164200 180212 18,226 16,236 16,248 16.260 160272 16.284 16,295
1,560 16,296 16,308 16,319 18,331 15.383 16,355 16,387 16.379 16,391 16.403 164415
10570 16,415 16,627 16,039 164651 16,462 18,676 18,486 16,498 16,510 16.522 16,534
10580  16.534 16,566 16,558 164569 164581 16,593 16,605 16,617 16,629 16.b41 16,653
14590 16,653 16,666 16.676 164688 16,700 16,712 14,724 16,738 3. T2 1&»731 14,771
10600 184771 16,783 16.795 16,807 16,819 16,830 16,842 16,85 16,866 16.878 16.890
19610 16.890 16.501 16,913 164925 16.937 16,949 16,960 16,972 16.98¢ 16.996 17.008
17620  17.008 17.019 17.031 17.043 17.05% 17.067 17,078 17.090 17,102 17,11s 17.12%
19630 17.12% 17137 17.149 17.161 17.173 17,186 17,196 17,208 17.220 17.231 17.243
10660  17.263 17,255 17.267 17.278 17,290 17,302 17,313 17,325 17,337 17.349 17.360
10650 170360 17.372 17.386 174396 17,407 17,619 17,431 17,642 17,456 17,466 17.477
10660  17.477 17,489 17.501 17,312 “17.526 17,336 17,548 17,559 17.571. 17,883 17,594
10670  17.5% 17.606 17,617 17,829 17,861 17,682 17,664 17.876 17,687 17,699 17.711
14680  17.711 17,722 17.734 17,745 17,757 17.76¢9 17.780 17.792 17.803 17.815 17.826
1,890  17.826 17,838 17,850 17,861 17,873 17.886 17.896 17,907 17.919 17.930 17,942
S12700  17.962 17.933 17.985 17.976 17.988 17,999 18.010 18.022 18.033 18.045 18,056
14710 18,056 18.068 18,079 18,090 18,102 18.113 i8.124 18,136 18.147 184138 18,170
15720 18,170 18.181 18,192 18,206 18,215 10,226 18.2)7 18,249 18.280 18,271 1084282
19730 18.282 18,293 18.305 18,316 18,327 18.338 18,349 10,360 18.372 18.383 18,394
10740 182396 18,405 18.616 18,427 18,438 18,449 10,660 18,571 18,482 10493 10,504
1,750 18,504 18,513 18,526 184536 18,547 13,358 18,569 10,380 18.391 18,602 16.812
10760 18.612 18.623 184636 18,643 104655 16.688 18,697 18,687 10,698 .
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