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ABSTRACT

This report is a part of a senior student’s thesis required for their graduation in Industrial Engineering. The
Objective of this thesis are design and construct electric furnace atmosphere of argon to be used in the department lab.
The Furnace itself is 390 x 390 x 455 mm. At the outer dimensions with inner chamber size of 180 mm length and
width and a 250 mm height. This 2.5 Kilowatts furnace uses 220 volts single phase electricity and can generate up to
1000 °c controlled by a type K thermocouple. Pipe valve size of 11 mm use for drain oxygen and gas argon to out

side. As all information are derived from Kanthal Handbook by Assabsteel (Thailand) Ltd.
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2.1.3 AaNUMHEMUANUIOU (Thermal resistance)
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Heating Times and Holding Times (working Temperatures) for Hardening

Carbon and Structural Steels

Box furnace (gas of oil-tired) Salt baths
Thickness or Diameter
of Part (mm) Heating min ~ Holding min | Heating min Hlding min
25 20 o 7 3
50 40 10 17 8
75 60 15 24 12
100 80 20 33 17
®5 100 25 40 20
150 120 30 50 25
200 160 40 65 35
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Composition of salt Baths use to Heat Steel Parts for Hardening

Compositions Melting Range of Practica Features
Point °c Application °c

100% NaCl 808 850 to 1,100 Decarburises steel

100% BaCT 960 1,000 to 1,400 Ditto
28% NaClI + 72% CaCl | 500 540 to- 870 Decarburises steel
60% Na R CO ; +50% KCI 560 580 to 815 Decomposes above 875 °c
50% NaCl+%K CO; 580 580 to 815 Ditto
33.3% CaCl , ¥ 333 % 570 600 to 870 Decarburises steel

BaCl +33.4% NaCl above 820 °c
50% CaCl | +50% BaCl | 600 650 to 900 Ditto
35% NaCI + 50% BaCl , 620 650 to 815 Decomposes above 815 °c
22% NaCl + 78% BaCl | 635 700 to 870 Decarburises steel
above 820°

44% NaCl + 56% KCI 665 700 to 870 Ditto
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nuuwu (BLANKET)

= Uiy sthndw 600 UL, &Y 7,200 LU, WN 25 LU,
u ANUMNEUU 96,128 a: 160 kg/m® (ARoWINALIUGDO:
Grownluauoud)
s qungidow 1,260 sa: 1,400°C
a mndumsymbiiaowido Bu innaou, Mmthufuanusou

5S:usU -

1. syqaungil : 1,260, 1,400°C
2. syagwni : 96 (6P), 128 (8P), 160 kg/m3 (10P)
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10 355 27 614 44 769
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4. Operating flow

Yelevel 1
_ Display volume| PV
§ettin§volume SV ||
dset
Output per-  [OLEL
centage 100
- Iset
Auto tuning RE
status _J9ES/nD] | press Set key 5 sec.
i Iset - >
Alarm 1 set AL | .
. D . = g
_ J set
Alarm 2 set HEE
~ Iset
Alarm 3 set AL3 ! |
(/0

* Press the SHIFT KEY <] to change the
parameters. If the SHIFT KEY is pressed,
the first digit begins blinking. Press the
UP KEY A OR DOWN KEY V to in-
~cress or decrease the value of the digit,
then press the SHIFT KEY again to go to
the next digit. As all the digit were written,
press SET KEY to enter _the value.

* SET KEY also has the function of change-
ing mode, if the SET KEY is pressed, the
display shows the next mode.

* Press the SET KEY for 5 sec. the display

goes to level 2. Return to level 1, do it

also.

If any key were not pressed for I min.,

the display would go to level 1.

Press A/M KEY the display goes to level

1, no matter where it is.

If OUTL set "0", the controller has no

output.

Yelevel 2
P | |Main Control
({ 3 |Proportional Band
Jset
1+ | |Main Control
240 |Integral Time
4
d | !Main Control
B0 |Derivative Time
4
db | |Main Control
O |Dead-band Time
1 {Don't Care)
AE 'L |Main Control
0 |Auto tuning off-set
¥
C Yt {{Main Contro!
|0 |Proportional Cycle
¥
HYS ||Main Control
| Hystersis
d
P2 {Sub Control
3 |Proportional-band
¢
« € {Sub Control
240 {Integral Time
4
dZ  |Sub Control
EO |Derivative Time
4
C Yt 2{Sub Control
|0 Proportional Cycle
4
HY52|Sub Control
| Hystersis
4
GLAP {|Main Control
0 Gap (Output 1)
2
LHP 2 Sub Control
0 . !Gap (Qutput 2)
v
—’_DL_E&]—HD_g Function Lock

4

(Over this level please contact our local distributor ¢

LCK =0100, it can enter 1 & 2 and

Range : 0~ 200%
ON/OFF at P=0

Range : 0~ 3600 Sec
Integral off at I=0

Range : 0~900 Sec
Derivative off at D=0

Dead time compensation
Range : 0~ 1000 Sec

Range : 0~USPL

When output is SSR set L
4~20mA set 0. output is
relay usually set I

Range @ 0~ 150Sec

For ON/OFF contral only
Range : 0~ 1000

Same as Pl
Same as I1
Same as D1

Same as CYT1

Same as HYSI1

For 2 output use only,
set the volume turning
"OFF" early to SV

For 2 output use only,
set the volume turning

"ON" early to SV

change their parameters.

LCK =0110, it can enter 1 & 2 and change level 1 parameters only.

LCK =000}, it can enter level 1
LCK =0101, it can't change any

only and change SV only.
parameter except LCK.

n-1



MCR() PROCESSOR TEMPERATURE CONTROLLER

INSTRUCTION MANUAL

Before using please check whether range input and output match
your requirement

1. Front panel imstruction

¢ DISPLAY

PV.: process volume, red 4 digit
SV : setting volume, green 4 digit

* LED :
OUT1 : output 1, green ALl - : alarm 1, red
OUT2 : output 2, green " VAL2  : alarm 2, red
AT : auto-tuming, ycllow MAN  : manual, yellow

PRO : program, yellow

*KEY

SET : mode & set key

<] :shift key
V  : down key
A :up key

A/M : auto/manual

2. Auto tuning

a. AT to be set YES, auto tuning performence
b. After finishing auto tuning, PID parameter have been set automatically o
SV-ATVL=auto tuning volume, ex. SV =200"C ATVL=5, auto tuning is at 195C -
c. ATVL=auto tuning offset, set volume will be deduced trom SV, it can
prevent over shoot during auto tuning o (but in program- type, ATVL =auto

tuning volume)
d. Auto tuning failure

(1) ATVL to be set too big (if no sure, set ATVL=0)
(2) System time too long, in this case please set PID parameter individually -

3. Error information

) 1 nIE Open circuit of main control sensor.
* HdCF A/D convertor failed.
« L IACE Cold junction compensation failed.
' ncE Open circuit of sub control sensor.
Uyt PV exceeds USPL.
nnn | PV under LSPL.
guue Input signal of sub control exeeds the upper limit.
nNnce Input signal of sub control under the lower limit.
* rHTF RAM failed.
1 nkEF Interface failed.
HUEF Auto tuning failed.

NOTE : If the "* " marked error occurs, the Temperature Controller needs repair.

Please send it to the nearest sales office or retail dealer.

A2
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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.

IKROTHAL

zZ9

 NIKROTHAL

Max continuous

operating temp., °C 1100
9 2010
Nominal composition, % Cr 20
Al -
Fe
Ni 35
Resistivity at 20°C, Qmm*m"”’ -1.04
at 68°F, Q/cmf 626
Density, g/lem® 7.9
Ib/in® 0.285
Coefficient of thermal
expansion, K*
20-750°C, 68-1380°F 18.10¢
20-1000°C, 68-1838°F 19.10°¢
Thermal conductivity at 20°C
W m* K" 13
68°F, Btu in ft*h" °F a0
Specific heat capacity 48 ;
KJ kg'K*, 20°C 046 046 046 0.50

-0.119
1390
2535

Btu Ib" °F, 68°F
Melting point, °C
°R

. 0.110 =0.110 -
1500 1400 - =
2730 2550 -
Mechanical properties (approx.)* prens
Tensile strength, N mm?*
psi
Yield point, N mm?
psi
Hardness, Hv

Elongation at rupture, % 30
Tensile strength at 900°C, Nmm? 120
1650°F, psi 17400
Creep strength at 800°C, N mm2 20
1000°C, N mm? 4
1470°F, psi 16 2160
1830°F, psi it B - 145 880 580
Magnetic properties tic (Curie point600°C 71700°F)Non = Non Non
Emissivity, fully oxidized condition 070 ,,0.70' - 070 '0.88 088 .0.88

*) The values given apply for sizes of 4 mm, 0.16 in diameter for the KANTHAL afioys and of 1 mm, 0.04 In for the NIKROTHAL alloys.



“N,, Nitrogen**

- Ar, Argon

Exothermic:
10 CO, 15 H,
5CO,, 70N,

KANTHAL

A-1 and APM

Gc DF

12 00«2190
1050 1920
1400° 2550

1150 2100

1250 2280
1100 2010
1300 2370

1150 2100

15M)

1150 2100
1000 1830
1300 - 2370

1100.72010

1250 2280
1250 2280

——y

1200 27190
1200 2190

1100*** 2010 | 1100 2010

900 - 1650

B

NIKROTHAL | NIKROTHAL



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.

oc | 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 200 10001100 12001300 | 1400

C, |1.00]1.001.00]1.00]1.00] 101]1.02]1.02]1.08]1.03|1.04|1.04|1.04]1.04 |1.05

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

cm?/Q
20°C

O 1 85 ... 5.58.....00
1Y A SP.... o= CIBS .
IR .7 A Y -— b
3% e A PG 9.43.47 )
LT - Y BT e P
5 D210, L A 1 A5, {

sesenaan

2.0ucnn0.462. .. :
PO -L NN [ <] A Eor o) ot
235000840 . S096] 1IN T
2.4 i 08210 (AN s
25..eeen0.205 0. 3409000
26. 0273 . 3TED-N
2B it OON. S 83D
29..0.00i00n 029\ G- 870 B
Ocrsrannen: 020N 50209
01759 58.9...........
.0.151.... 682 o.....c::
w0131 e N A >
0.115 89.2..........
4.25;........::0:102 101
4.5 00012, 113 i
475 i 00818 i 128 s
50......ee......0.0738............ 139 oo
5.5 irirrenc0.0610 e 169
6.0::5055 005180 2005 e
65...............0.0437 ............236..
70,

95 0.0205 ... 503
10.0.crrerr 0.0185 1 5B

*) only A-1

17.0
227
29.4
374
46.7
§7.4
69.7
83.6
99.2
136
181
207
235
266
299
374
416

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



KANTHAL AF

Wire and strip. Stahdard stock items.

Resistivity 1.39 @ mm?m, Density 7.15 g cm?®. To obtain resistivity at working
temperature, multiply by factor C, in following table. ' -

o | 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 |1000] 1100] 1200|1300 |1400
C, |1.00{1.00]1.01]1.01] 102|103 | 1.04 | .04 1.05| 1.05 | 1.06 | 1.06 | 1.06 [ 1.06 | 1.07

Wire Resistance  Welght cmi/Q Strip*)  Resistance  Welght cm?/Q
dia mm Q/m 20°C g/m 20°C WxT mm  Q/m 20°C g/m 20°C

bk weh

sDoiisesssssos ol - osos 5.62 17.8
2

‘

1

il F 23 . 8.09.... 30.7

i 1.05).. 9.49....... . 39.0
4 1.00003....1 . Pereoey N\, 54487
15 iiviicen - §0.T87 . FABSISH 59.9
1,6 B.J 080 L . 11144811 .. 727
.7 0.612..... oL W 18702
1.8 0.546 ” 1812 104

520 e A ROIAR e 2 f2205). 142
20 . .0.366.... . 212 189
23 0.335 3 6/ NI
24 55 0.307...... 32.8....... 245
XTI, ) ;< SRS - R B ¢
26.... 0.262 38.0..ccs 312
2.8..cimerenrnr O RON .. C 44000\ S300
2.9, e 02100 N 2 433

£ 8.0, 0:197. . N ¥5 479
3.25.. 0.168......coein 593,00, 609
3.5 e 144 BB, 2.V T
B.75. v sserisil0126 covnsreionrens - T e gy, 230

a7 & o DNUNG N 4 1o & & Dt ionly . o B Wy gy
4.25 i nnin050980... o o101 e TIB3
4.5, 00878 nnn N 1618
475.......00784.......127... . 1902
5.0.cernernn.0.0708........... 140.coeeeeeee. 2219
55.nnn0.0585....0ee170.ceen. 2953
6.0.n..0.0492..........202............... 3834
B:6.uiaiiirrinnn0.0819 o237 e 4875
70uirnnn0.0361 ... 275 . 6089
7.35...............0.0328............303 7048
75un.0.0315............316.. ... 7489
8.0...... 359..c........... 9089
8.25.... eeernei382 . 9968
9.27..0000n0.0206...........483.............. 14141

-
.

-t

07



KANTHALD -

Wire and strip. Standard stock items.

Resistivity 1.35 Q mm?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 | 1200|1300 |
C, |1.00|1.00]1.01]1.01 [1.02]1.03|1.04{1.05] 1.06]1.06 | 1.07 [ 1.07 | 1.08 | 1.08 |

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

1.0ueceer 2. ) Bl Ll 9823
14 nd 428 PR\ 2243
12 P8y o A LR\ Rf6
(T N T - o —-- - A\ @ B
14§ OBF7 Y pricieiindivin g, 150.2
730 IR/ ST

1.6.cc... £.1.0764
16.. 3 14.6.... 74.9
1.7. .0505.....e89¢% 16570 (BIE
1.8 R.80.8TT .. 51674\ SRR
25 i A B2TE ... 20 38 O ... A T280
2.8 i ROR1G 0 L 6. DN A0
3.0uicn BRI .. BEY, R WS
3.25......ce....ONBRL. . B 20, 601 .D.L2)E27
350140 . 6980l 784
i (TR o % |-, W 80.1........... 964
4.0 0107 L 91
425.............0.0952............103............... 1403
45............00849..........116............ 1666
475............00762...........128............... 1969
50....c...........0.0688.............142..............2285
55...cccenn....0.0568............172...............3041
6.0....ccccc........0.0477 ............ 205563948
6.5..ccceen......0.0407 ........... 241 .............5019
7.35...............0.0318.............308...............7257
8.0.................0.0269............364...............9358

=8



NIKROTHAL 80

Wire and Strip. Standard stock items.

Resistivity 1.09 Q mm*m. Density 8.30 g cm*. To obtain resistivity at working
temperature, multiply by factor C, in following table.

°C | 20 | 100 | 200 | 300 ] 400 | 500 | 600 | 700 | 800 | ‘900 {1000 ] 1100|1200

C, [1.00]1.01]1.02{1.03] 1.04]1.05] 1.04 | 104 1.04 | 1.04 [ 1.05| 1.06 | 1.07

Wire
dia mm

Resistance
Q/m 20°C

Weight

cmiQ
20°C

Strip*)  Resistance
WxTmm Q/m 20°C

Weight
g/m

a/m

150 1. 8.0610.00.Y ..
18.........0 20428 . .. T
2.3. R20F ... 2}
25. 0222,
26..crnenn A5G ...
28 O R X
325 i 013 TR N i
35 0113 N
3.75...............0.0987 ............

seestee

40................0.0867 ............ 0L Oy
4.25.....c.0.00nn 0076800 118 . ™
45............00885.........132.....c..ounn.

4.75...........00615............

5.0.0inn0.0555 ... 168 e

604 onss
65.............0.0328.
7.0......
B s ai00247 ...,

8.0 0.0217 . 41T

b_a..1a.

B 6 o
12.8)11..~

6. & 1.
Vi | ) MR\,
i g 1 iR
44.1..

THD .oy covee-
Q7.9 3



NIKROTHAL 70

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

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

°c | 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000|1100 1200

C. |1.00]1.01]1.02]1.03|1.04]1.05|1.05] 1.04 | 1.04 ] 1.04 | 1.05 | 1.05 | 1.0

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




- Resistance and Weight Data g o -’

Material 7 Resistivity Density
‘ Qmm*m™ . glem®

KANTHAL APM.........c..
KANTHAL D...

“NIKROTHAL 80............
NIKROTHAL 40.......

£

Material .-~

lgANTHALn

LR T =

KANTHALA-1 and APM

20:(APM Only) .c..ocnio e M Ny g icninsonese
30 (A-1.0nly)... N ‘
; 40 {APM onty) : (iiqeeebdes fekant S

 NIKROTHAL 80

. NIKROTHAL 40
: s _
12
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