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TEMPERATURE CONTROL/ CRUCIBLE NONFERROUS FURNACE

INDUSTRY

KITTI SUBPANICH : THE DEVELOPMENT OF A HIGH TEMPERATURE

MEASURING INSTRUMENT FOR ENERGY SAVING//IN THE SMALL CRUCIBLE
NONFERROUS FURNACE INDUSTRY. THESIS ADVISORS : SUCHART NAWAGAWONG,
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The objective of this study is toVevaluate the feasibility of making a high temperature
thermometer for a small foundry to control the temperature of the molten metal during the smelting
process, so that the ﬁna.l cast metal product will be of high quality and meet the industrial standard.
Another desirable outcome should be a reduction in firel consumption to conserve energy and diminish
pollution. The study was conducted in two parts. The first part concerned testing the performance of
the manufactured high temperature thermometer against standard instruments, The second part
compared the r&sufts obtained from two processes This involved one using the high temperature
thermometer to control the temperature of the casting and another one utilising the standard method
being used in small foundries, by braking sample pieces.

We conclude that the performance of the high temperature thermometer we manufactured is
comparable to that of imported instruments. We made our instrument longer, so it should be safer to
use and the price is about 10 times less. We used the two instruments to measure temperatures ranging
from 600 to 1227 degrees Celsius, by dividing the range into six equal intervals. 5 measurements were
taken within each interval, a total of 90 measurements per machine. When we analyzed the results the
correlation was statistically significant ( p = < 0.01 ). When we compared the costs between the
method using the high temperature thermometer and the standard method, we found that fuel
consumption were reduced by 28.54%, working hours were reduced by 26.01%, and flawed products
reduced by 84.44%. The advantage in energy comservation and cost reduction is apparent. The

- prototype high temperature thermometer compared favorably in performance with standard
instruments and is much less expensive, not to mention its better safety profile. It should be highly
recommended forfuture use in small foundries.
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TEMP,°F PT+10%RH CHROMEL IRON COPPER
Vs. vs. VS. VS.
PLATINUM ALUMEL CONSTANTAN CONSTANTAN

32 0.0 0.0 0.0 0.0

100 0221 1.52 1.94 1517

200 0.595 382 491 3.967

300 1.017 6.09 7.94 6.647

400 1474 831 11.03 9.525

500 1.956 10.57 14.12 12.575

600 2.458 12.86 17.18 15.773

700 2977 15.18 2025 " 19.100
. 800 3.506 17.53 23.32

900 4.04+ 19.89 26.40

1000 4.596 2226 29.52

1100 5.156 24.63 3272

1200 5726 26.98 36.01

1300 6.307 2932 39.43

1400 " 6897 31.65 42.96

1500 7.498 33.93 4653

1600 8.110 36.19 50.05

1700 8.732 38.43

1800 9.365 40.62

1900 10.009 2718

2000 10.662 4491

2100 11323 47.00

2200 11.989 49.05

2300 12.657 51.05

2400 13.325 53.01

2500 13.991 54.92

2600 14.656

2700 15319

2800 15.979

2900 16.637

3000 17292
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PORTABLE-TYPE DIGITAL THERMOMETER

(AUTO PEAK HOLD) |

S : = PR R NSP-101 (B-typel, NSP-203 (R-typel and NSP-301 (K-type) *
: R . shown fram abave in this order.  ~

——— FEATURES =—— |

<

¢ Being auto peak hold-type, thereby making
measurement of anybody possible.

¢ A cold contact temperature compensating
device contained {thermoelectric-type).

# Small-sized, light-weighted and easy-to-handle.

¢ Gives an easy-to-look and reading error-free
digital indication.

4+ A double integral A/D conversion-type linea-
rizer contained to make high-precision tem-

perature measurement possible. charging].
¢ Usable at all kinds of fields, such as iron

making factories, smelteries, casting, melting

+ Allows short-time, quick charging (one-hour

# Fast in response speed.

temperatures, e1c.

NIPPON SUBLANGE PROBE ENGINEERING LTD. ..
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SPECIFICATIONS

NSP-101 NSP-20§ NSP-301
Thermaocouple in use - B | R . K )
External painf color Black : QOrange Blue
Rated scale L 1,000°C ~ 1,820°C 0°C ~ 1,760°C 0°C ~ 1,371°C
Operation-type “ Double integral-type ‘
Accuracy Graduation + 0.3%
Resolution ' 1°C

Room temperature Automatic cold contact tempe:ature compensatmg devnce

compensation contamed

0°C ~ 40°C

Ambient temperature ,
Red LED {10.6 x 6.6 mm)

Indication
Hold _ Power source swutch can be turned. ON to make the auto peak
*
hold appllcable anytlme so that the hlghest temperature during
the measurement is automatlcally indicated - ‘\w -
‘Burn-out - - When the: temperature measuring section has burn out, the indi-

cating section makes the flashmg of +8888,"

Nlckel-cadmlum batterles (P 50AA) a set of 4 pieces, 4. 8V

\ ‘ | “Atleast 3 hours

152 X 90 X 52 (excludmg the connector and handle sectnons)
‘1.5 kg A

Weight . .. N WY 74 |
Acceseorles | " Charger& holder - Charger- & SENSOR .

OUTLINE OF HOLDER

o Band R Types
The holder is available in various sizes of 800, 1,000, 1,300, 1,500 and 2,000 mm. However,

the standard size is 1,300 mm. Also, its angle has an available range of 0° to 90°. However, the

Power source

Tlme of contmuous use

External snze

standard angle is 30°.

e
{ l* I)>o

90
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Group Statistics
A N Mean |Std. Deviation| Std. Error
: Mean

T600 1.000 15 | 701.5333 61.8776 15.9767
.00l 15 | 707.2000 61.2445 15.8133
T801 1.000 15 | 875.4667 48.0504 12.4066)
.00, 15 | 880.5333 47.6278 12.2975
T968 1.000 15 | 996.8000 19.9148 5.1420
: .00 15 |1001.6667 .19.3711 5.0016
T1033] 1.000 15 |1063.0000 19.3354 4.9924
.00 15 |1066.8000 20.0507 51771
T1098 1.000 15 |1071.3333 263.8919 63.1366)
.00 15 [1141.8667 15.5741 4.0212
T1163 1.000 15 |1189.4000 15.0513 3.8862
00 15 |1199.0000 31.8501 8.2237
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Independent Samples Test _
Levene's Test for Equality of Varian ) .
cenes Test Tor Bqually of Veriances : t-test for Equality of Means
df Sig. (2-tailed) | Mean Difference Std. Error 95% Confidence Interval of the Difference
Difference
Lower Upper

7600 Equal variances .001 =252 28 803 -5.6667 22,4792 -51.7132 40.3799
assumed
Equal variances -.252] 27.997, 803 -5.6667 22,4792 -51.7135) 40.3801
riot assumed

T801 Equal variances .001 =290 28 774 50667} 17.4685 -40.8493 30.7160
assumed
Equal variances -.290% 27.998 174 -5.0667 17.4685 -40.8495] 30.7161
not assumed

1968 Equal variances 002 -.678 28 .503 -4.8667 7.1733 -19.5605] 9.8271
assumed
Equal variances -.678 27.979 503 ~4.8667] 7.1733 -19.5610 9.8276
not assumed

71033 Equal variances 015 -.528 28 601 -3.8000 7.1921 -18.5323 10.9323
assumed
Equal ﬂ<5§8u ~.528 27.963 601 -3.8000! 7.1921 -18.5331 10.9331
not assumed <

T1098 Equal variances 3.713 ~1.033 28 3104 -70.5333] 68.2552 -210.3477 69.2810;
assumed
Equal variances -1.033 14.098 319 -70.5333 68.2552 -216.8311 qu.qawu
not assumed

T1163 Equal variances 978 -1.055 28 .300; -9.6000 9.0957, -28.2317 9.0317,
assumed
Equal variances -1.055 19.956 .304 -9.6000 9.0957 -28.5759 w.uquwﬁ
ot assumed .
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Executive Summary

A Developfnent of High Temperature Measuring Instrument for Energy Saving

In The Small Crucible Nonferrous Furnace Industry

KITTI SUBPANICH

Technology of Environmental Management -
Faculty of Environmental and Resources Studies, Mahidol University
Introduction

Melting industry, as nonferrous for example, is specifically to be the secondary process of
the small and medium enterprises (SMEs) industry. They used pure metal or alloy as raw materials
in the process. The size of the factory is depending on the melting quantities, which are varied b_y
the managing program and marketing technic.

In Thailand, the documents review was showing that most of nonferrous factories are
little scale ; little more than the small scale and mostly distributed around Bangkok. There is a
recorded showing that 425 nonferrous factories in 30 provinces are operating and that 170
factories located in Samutsakorn province.

Melting process, temperature is the most important factor, the constant temperature has to
be controlled continuously at the approximate setting point or if that melted will not be mixed and
eventually hard when pouring into the mold. The inslrumeﬁt for measunng high temperature is
pyrometer.

In fact, these small factories should use the pyrometer for checking the temperature while
melting. But pyrometer had never used in the process due to the cost of the imported instrument is
rather high. The prize is approximately 85,000 bath/ unit, this indicated that the pyrometer is an
ideal instrument for the small factories to have it one. Even the pyrometer is necessary for their
business, to buy a new imported instrument, like a pyrometer, which is expansive, is difficult. The
melting enterprises are still use their original checking.

In order to fill up the local enterprises requirement, the researcher would like to propose
“the development of the high temperature measuring instrument” for nonferrous melting factories,

for substitution the import instrument.
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Objective
1. To study the electrical circuit of the standard high temperature instrument.
2. To produce a new instrument which is able to measure the high temperature in the
melting crucible furnacé.
3. To study the capability of the new high temperature measured instrument compare to
the standard high temperature measured instrument using in the melting industry.
4. To study how much the energy saving when use or non-use the high temperature

measured instrument as melting in the factories.

Limitation of the study

1. The study covered how to develop the new high temperature measured instrument
which is suitable for the small melting industry, especially for nonferrous.
melting factories.

2. Some apartments of the instrument will use local materials.

3. The method of the measurement was the same method as indicating in the standard
instrument. |

4, The efficiency of the new instrument will be compared to the standard instrument as
measured the temperature.

5. The study area: the researcher used the Rungtavee nonferrous melting factory;
locating at Bangkhuntian District in Bangkok as the demonstrating factory.

Result of the study

The engineering structure of the high temperature-measuring instrument had devided
into 3 parts as following;

1. Sensor : Using thermocouple Type R platinum 13 % Rhodium V.S. platinum.

2. Transmitter : Receiving the electrical signal passing through the extension wire in

which using the copper wire covered by insulated protection and then evaluating by

twinning voltage IC No ICL7107
3. Display : 7 segment 3 73
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The engineering qualificative comparison

1. Both, the standard instrument and the new were using thermocouple type R
model Multitip R-68 similarly.

2. The Transmitter as using in the .standard instrument used the copper extension wire
at 1.3 meter length covered by insulated protection and sealed to protect it from the
magnetic field. The new developed instrument has used the same qualitative design,
but it’s length is longer at 1.5 meter.

3. The new developed instrument has used twinning: voltage package combining
evaluation by IC No. ICL 7107. While, there was no information indi;:ated'for the
standard instrument. However both were displayed by 7 segment and 3 Vs similarly.

Comparision to high temperature measuremernt

The researcher had tested both machines under the same environment by measured high
temperature simultaneously for comparative study. As technical assumption, the researcher has
defined the difference of the temperature value, while measuring, from both the standard and the

new developed instrument for each interval range should not errored than 5 % as showing below.

Temperature Range (°C) " Percentage Error
~ 600-800 ' 0.801
801-967 0.575
968-1,032 7/ 0.485
1,033-1,097 0.356
1,098-1,162 0.338
1,163-1,227 0.800
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Comparison to saving time

The researcher had tested the percentage of saving time when used high temperature
measured instrument and did not used the instrument. The results had showed that the enterprises

could save time nearly one hour of each melting (table 1).

Table 1
Enefgy saving at each melting '
Treatment Energy saving Lo Time reduce (Hr)
1 50 0.99
2 35 0.85
3 52 0.75

Comparison to protect loss products
The study resulted that there were difference between use and did not use the high
temperature measured instrument. Table 2 showed the result of the loss products of each melting,

only 2-3 % have lossed when used the instrument.

-
Table 2
Saving products
Treatment Use/Nonuse Melted Products Loss (%)
Products Good Bad

1 Use 80 78 2 25
Nonuse 80 66 14 17.5

2 Use 86 84 2 2.3
Nonuse 86 72 14 16.27

3 Use 100 97 3 3
Nonuse 100 83 17 ' 17.2
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Comparision to price

The price of the new instrument that was developed by the researcher cost approximately
7,672.50 bath/unit. This price did not include knowledges, labor, and other items which was
10,000 bath/unit. Then, the total price of each instrument will be 17,000 bath/unit, approximately

compare to 85,000 bath/unit of the imported instrument.

Statistical Comparative and Analysis )

When compared the results from the standard and the new developed instrument by using
the statistical t-test independent at every interval temperature, the researcher had found that the
temperature were difference non significantly at oC 0.01 . It could be ‘summarized that the result of
the measured temperature between the two instruments Hﬁd no difference.

. The comparison test of melﬁng between controlled of higl;,teqxperatur_e instrument and
without controlled instrument had résulted—fthat there were several elements, which were improved
that using the high temperature instrument during melting, giving more best results. For example,

1. Saving energy, when melting metal and using th temperature instrument instead of
breaking piece test technic (experience technic) |

m 2. Time had been saved when using the high temperature instrument during operating.

They can reduce time by 26.01 %.of the total compare to the experience treatment.
The enterprises could fixed time for melting and pounng melted into the mold. They
didn’t need time over )

3. The amount of the bad products quality had reduced to be 2-3 percentage
of the total.
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Conclusion

The new instrument that the researcher had developed was used to test comparing to the
standard instrument as using by the Bureau of Supporting Industries Development,Department of
the Promotion Industry The measurement had been. treated simultaneously for 90 samples, during
March-May 2001, from Rungtavee little melting factory. They could summarize that the new high
temperature measurement instrument could be used efficiently under the low price by our internal
knowledge’s. It had showed that there would have more benefits from using the high temperature

measured instrument, for example, saving energy; save time; and reduce bad elements.



