NDUSTRIES, LIMITED




METE AND MEASURE MAKE ALL MEN WISE

(An English Proverb in the 16th Century)

'infr;japanJC (PA
037

2000-T163

JQA-0797 JQA-EM4107 2000-T164
Head Office/Takatsuki Factory/Tokyo Branch Takatsuki Factory
Nagoya Sales Office/Fukuoka Sales Office symbolizes the traceability system in accordance with the SENELEC(KEMA)
measurement law.
1ISO 9001:2000/ JQA'0797 The Calibration results may be accepted internationally
1ISO 14001:1996/JQA-EM4107 through ILAC/APLAC MRA.

ISO 9001 :Since 1995, we maintain leading position as one of the reliable manufacturers of
various temperature sensors under rigid quality assurance system to ISO 9001
which has compatibility with the qualification marks and logos (left).

ISO 14001 : Beginning in july, 2004, a key objective of all of Yamari's business operations has
been to reduce industrial pollution and minimize damage to the environment. The
environmental protection programs we have now established form part of our
commitment to continual improvement, subject to a strict environmental
management system meeting all the requirements of ISO 14001

JCSS :In order to certify accuracy and reliability of the temperature sensors, we obtained
an accreditation by IA Japan (International Accreditation Japan) in 1994 as a
qualified temperature calibration service laboratory through an established
traceability with the National Standard. JCSS (Japan Calibration Service System)
is in conformity with ISO/IEC 17025 to provide measurement standards and
measured quantities, i.e., an authorized certification of the temperature figures.

P.L. :Our products are fully inspected to assure quality and proper functions, but for
warranty to the customers, sufficient amount of P.L. Insurance is being covered.



Message from the President

Since the beginning of time, people have
constantly strived to find new sources of
energy and endeavoured to utilize various
types of energy. In all ages, a tribe or nation
which made the best use of energy gained

the upper hand. Thermal energy is the one
from which mankind has derived great
benefits in various forms throughout the

ages.

—

Since its founding in 1955, our company has specialized in the manufacture of
temperature sensors used in equipment or plants for control of thermal energy in various
fields of industry. We do custom-design these sensors by taking into consideration such
factors as chemical and physical properties of the objects of which temperatures are to be
measured, the atmosphere where the temperature measurement is to be carried out, size of
the plant, range of operating temperatures, and so forth.

With the rapid advance of industry, ever greater accuracy is required on such temperature
sensors, and in order to meet the needs, we are making every effort to acquire expertise
and technology in all the fields that include precise calibration services to verify accuracy of
temperature sensor under J.C.S.S. accreditation with which traceability is established
between National Laboratory.

We have introduced mechanization as far as practicable into the latest manufacturing
processes so that uniformity in the quality at our factory may be ensured, and at the same
time, we exercise strict quality control and assurance to ISO 9001. Thus, we furnish industry
with high reliability products, and enjoy the full confidence of the users. | take pride in the
fact that our company is making a significant contribution to the development of temperature
measurement.

Besides the research work for the safe atomic power by nuclear fusion, the sources of
energy for industry are now going to shift from fossil fuels to non-pollutant energies like
hydraulic, tide, wind, solar, battery cell and geothermal's to protect nature from acid rain
and warming climate by carbon-dioxide on a global scale while reducing consumption of
energy. To keep pace and serve with these trends, we are determined to continue our
efforts for research and development in the technology of temperature measurement for the
new and better products, foreseeing exact needs of human life and industry.

A ol

S. Noritake, President



OUTLINE OF THE COMPANY "

Name of the Company :

Yamari Industries, Limited
Date of Establishment : May 28, 1955
Capital : 70 million yen (Paid up)

Head Office :
1-5-4, Mishimae,
Takatsuki-shi, Osaka, Japan, 569-0835
Tel : +81-72-678-4897
Fax : +81-72-678-3516
E-mail : overseas_sales@yamari.co.jp
URL : http://www.yamari.co.jp

Takatsuki Factory :
1-5-4, Mishimae,
Takatsuki-shi, Osaka, Japan, 569-0835
Tel : +81-72-678-1313
Fax : +81-72-679-2006

- Contact From Overseas -

Please contact directly to ;

Overseas Marketing Section.

Tel : +81-72-678-4897

Fax : +81-72-678-3516

E-mail : overseas_sales@yamari.co.jp
URL : http://www.yamari.co.jp

Tokyo Branch :
3-3-15, Shiba Mont Bldg.,
Shiba, Minato-ku, Tokyo, 105-0014
Tel : +81-3-3454-3691
Fax : +81-3-5442-7815

Other Sales Offices & Factory :
Nagoya Sales Office
Kakogawa Sales Office
Mizushima Sales Office
Kita-Kyushu Sales Office
Fukuoka Sales Office
Nagasaki Sales Office
Ohita Sales Office
Nagasaki Factory

Head Office

Settlement of Accounts :
Once a year, at the end of September.

Annual Turnover :
4,400 million yen (in the year of 2004)

Officers :
Shohei Noritake, President
Masami Kimura, Managing Diretor
Mitsuo Noritake, Director
Yoshihiro Ise, Director
Kozo Hirano, Director
Kazuko Noritake, Auditor

Affiliated Firms :
Yamari Estate Co.,Ltd.
Yamari Seiki Co.,Ltd.
Yamari Giken Co.,Ltd.
Yamari Sensor System Co.,Ltd.
Suzuki Seiki Kogyosho Co.,Ltd.
Thermo Heat Co.,Ltd.
Osaka Seiko Co.,Ltd.
M.I. Cable Technologies, Inc. (Canada)
Thermosensor Technologies Pte. Ltd. (Singapore)

Memberships :
Japan Electrical Measuring Instrument
Manufacturers’ Association ;
Academy of Technology for Automatic Controls,
Instrumentation section
Society of Technology for Process Control,
Instrumentation section
Society of Thermal power Generation
Technology ;
Japan Atomic Energy Industry Council ;
Japan Academy of Metallurgy ;
Japan External Trade Organization (JETRO)
etc.

Qualification & Accreditation :
ISO 9001 by JQA & IQNET
ISO 14001 by JQA & IQNET
JCSS
CENELEC(KEMA)
P.L.

Industrial Properties :
Number of patents, utility models, trademark

rights, etc., granted : 45
Number of those published by the Patent
Office of Japan : 10

Number of those under application: 77

Number of Employees :

Sales and administrative divisions : 93
Manufacturing division : 102
(incl.25 engineers)

Total 195



BRIEF HISTORY OF THE COMPANY

May.,1955 :

Aug., 1961 :
Jan., 1962 :

Mar., 1963 :

Jan., 1964 :

May.,1964 :
Jan., 1965 :

Jan., 1969 :

May.,1970 :

Jul.,, 1970:
Oct., 1970 :

In view of the importance of tempera-
ture measurement in various fields of
industry, and in order to meet industries’
requirement for temperature sensors with
higher accurancy, the Company launched
the manufacture and sales of thermocou-
ples and related implements.

Entered into a contract with Baker
Platinum Company of England for their
sole agency in Japan.

Tokyo Branch was established.

Under a technical tie-up with BICC of
England, the Company began processing
and assembling of thermocouples at its
factory adjacent to the head office.

Entered into a contract with MEECO
of the United States for their sole agency
in Japan, and started import and sales of
their moisture analyzers for industrial use.

Developed expendable type immersion
thermocouples.

Entered into a sole agency contract
with MILLETRON of the U.S., and started
import and sales of their automatic two-
color pyrometers.

Established Kita-kyushu Sales Office.

Construction of the new Head Office
building completed.

Nagasaki Sales Office was estab-
lished.

Takatsuki Factory was established
and the factory adjoining the head office
was transferred thereto.

Ohita Sales Office was established.

Succeeded in introducing an invest-
ment in the Company by the Osaka
Chusho Kigyo Toshi lkusei Kabushikigai-
sha (a Special corporation for bringing up
medium and small enterprises by making
investments in them).

Takatsuki Factory
3

Oct., 1973 :
Feb., 1976 :
Aug., 1976 :

Apr., 1978 :

Nov., 1978 :

Apr., 1980 :
Nov., 1983 :
Apr., 1985 :

May.,1991 :
Apr., 1993 :

Aug., 1994 :

May.,1995 :

Apr., 1997 :

Dec., 1997 :

Jun., 1999 :

Nov., 2000 :

Jul.,, 2001 :

Oct., 2001 :
May.,2004 :

Jul.,, 2004 :

Construction of a new machining shop
completed.

Developed METAL-OX, an oxygen
probe for use with molten metals.

Developed HT-THERMIC, a thermo-
couple for superhigh temperatures.

Established an affiliate, K.K. Suzuki
Seiki Kogyosho, for the manufacture of
precision experimental apparatus, preci-
sion machines and instruments, and vari-
ous kinds of thermometers of industrial
use.

Extension work of the Takatsuki Fac-
tory completed, started manufacture of
RESIMIC, Metal Sheathed Pt Resistance
Thermometers.

Joined in the establishment of Yamari
Seiki K.K., a cooperative factory under
exclusive contract with the Company.

Mizushima Sales Office was estab-
lished.

Nagoya Sales Office was established.

Nagasaki Factory was established.

An innovative Aluminum Sensor was
developed for monitoring Al content in a
molten Zinc plating bath.

Accreditation of JCSS, temperature
calibration service for platinum resistance
thermometer(0~200°C) was granted by the
National Laboratory.

ISO 9001 Qualification was granted
and registered. Kakogawa Sales Office
was established.

Accreditation of JCSS, temperature
calibration service for glass thermometer
(0~200°Cc) was granted by the National
Laboratory.

A joint venture, Thermosensor Techno-
logies Pte Ltd was established in Singapore.

Started sales of HONEYWELL tempera-
ture transmitters on a sole agent basis.

Accreditation of JAB, temperature calib-
ration service for thermocouple(0~1,100°C)
was granted by The Japan Accreditation
Board for Conformity Assessment.

Temperature range for platinum resis-
tance thermometer for JCSS was expanded
to -40°C~420°C. Temperature range for
glass thermometer for JCSS was expanded
to -50C ~350C.

Thermosensor Technologies Pte. Ltd.
moved to new factory in Tuas.

Construction of the new Head Office and
Factory building completed.

ISO 14001 Qualification was granted and
registered.



LINE OF PRODUCTS

Various Kinds of Thermometric Devices and
Related Articles, including :

M.l.Thermocouples (THERMIC) ;

M.I. Resistance Thermometers (RESIMIC) ;

Special Thermocouples for Superhigh Tempe-
ratures (HT-THERMIC) ;

Thermocouples and Resistance Thermometers
with Protection Tubes ;

Thermometer Protection Tubes, including Thermo-
wells ;

M.I. Extension Lead cables, and Ordinary
Extension and Compensating Leadwires ;

Temperature Sensor Calibration Equipment ;
Oxygen Probes for Molten Copper (METAL-OX) ;

Dissolved Aluminum Sensors in Molten Zinc Bath
(AL-SENSOR)

Precision Pitot Tubes, Yaw Probes and Fine
Adjustment Traverse Machine.

Metal Turbine Blade Models for Wind Tunnel
Experiments and Total Temperature, Total Pressure
and Static Pressure Gauges, and Combinations
Thereof.

Organization chart

Accounting Dept.

{ Sales Dept. '—

President

R&D Dept.
4{ Quality Assurance Section

—‘ Accounting Section

—{ General Affairs Section ‘

—{ Tokyo Branch

—{ Osaka Sales Section No.1 ‘

—{ Osaka Sales Section No.2 ‘

—{ Marketing Section ‘

—{ Kita-kyushu Sales Office

—{ Nagasaki Sales Office

—{ Ohita Sales Office

—{ Fukuoka Sales Office

—{ Mizushima Sales Office

—{ Nagoya Sales Office

—{ Kakogawa Sales Office

—{ Standard Laboratory

{ Quality Control Section

{ Heater Section

L| Production ||| Takatsuki ,{ Technical Section
Dept. Factory

-

{ Administrative Section

# Manufacturing Section

—{ International Business Division ‘
Nagasaki Factory ‘




THERMIC M.l. THERMOCOUPLES

THERMIC is a trade name (trade mark registered)
of various metal sheathed thermocouples manufactured
by us which embody many of the latest improvements
over BICC products and have enjoyed a high reputation
among users since they were first placed on the market
in 1962.

THERMIC cable is an integrated thermocouple
material comprised of a metal sheath in which the
thermoelectric elements are embeded in highly
compacted magnesium oxide (MgO) insulation. The
construction guarantees a superb insulating quality and
a high resistance to pressure and has, in addition, an
excellent flexibility which has been given to it by
annealing in a proper method.

Il

il

1|

SUPERFINE THERMIC M.I. THERMOCOUPLES

Sheath O.D. : 0.25 to 0.50 mm

Features: Rapid response to very small changes in
temperature; and is highly flexible.
Because of the small heat mass and high
thermal conductivity, it is possible to measure
temperatures of even very small objects at
high accuracy with the least heat disturbance.

Various types of Thermocouple Assemblies



HT-THERMIC FOR SUPERHIGH
TEMPERATURES

Recently there has been remarkable advance in the
technology of heat treatment, surface treatment and
sintering at very high temperatures, and the necessity of
sensors for measurement of highly elevated
temperatures is now widely recognized.

In view of this, we have been deeply involved in the
research and delvelopment of the sensors for high
temperature applications in appreciation of their
importance for precision control technology.

Now based on a unique patented process, we have
succeeded in introducing a new Argon sealed-in high
temperature thermocouple, Model HT-THERMIC for use
under vacuum, inert and H2 reducing atmospheres,
where all the Platinum-Rhodium type thermocouples are
severely corroded.

Use of these HT-THERMIC series of thermocouples
will enable you to carry out measurement of high
temperatures up to 2000°c over a long period of time in
a stable condition.

In 1992, a heavy duty version of HT-THERMIC, “HT-
270" has been developed for petro-chemical and other
critical high temperature applications. “HT-270” can be
used both in moisture free oxidizing and reducing
atmospheres up to 1500°c without need of “Gas Purge”
system .

/

THERMIC M. I. THERMOCOUPLE FOR TUBE
SKIN TEMPERATURES

This is a metal sheathed thermocouple specially
designed for attachment to the boiler tube surface for
true “Tube Skin” temperature.

This improves the durability and accuracy of skin
temperature measurement.

This thermocouple offers a great advantage at thermal
power stations, and heat exchangers, etc., for accurate
measurement of the surface temperature of various
types of furnance tubes. It is quite useful from the
viewpoint of energy saving and improvement in
monitoring deposit of scale inside the tubes.



SPRING-LOADED M. I. THERMOCOUPLE

This is used in cases where a protection tube, for
example a thermowell, is employed, to ensure a close
contact between the thermocouple and the bottom of the
protection tude, and as well as preventing damage to the
thermocouple from vibrations.

Our Spring-Loaded THERMIC is of such a construction
that allows to simply and easily replace only the
thermocouple.

THERMOWELLS AND WELDED
PROTECTION TUBES

Equipped with a new efficient Dual-shaft Gun Drilling
Machine, we furnish high reliability, solid bar stock type
thermowells in various designs.

We are one of the few sources in the world for long
thermowells and can produce up to a maximum length of
3000mm at our factory. Rigid inspections are conducted
throughout the process including X-ray photograph, dye
penetration and hydrostatic tests to ensure the integrity
of our thermowells.

Our weld-closed protection tubes are processed by a
special hot spinning device developed at our factory.
With this technology, perfect uniformity in metal structure
and wall thickness of the end closure are ensured to give
an optimum service life in the field. Available in every
grade of stainless steel, non-ferrous and a variety of high
temperature super alloys.

THERMOCOUPLE WIRES OF VARIOUS TYPES

In addition to the standardized thermocouple wires in
accordance with the JIS (Japanese Industrial
Standards) , IEC, ANSI, ASTM, BS and DIN, such as K, J, E,
T, N, R, S, B, and W5 types, we also furnish various types
of special thermocouple wires including Nickel-
Molybdenum, platinel and cryogenic Chromel-AuFe
combinations, etc.




RESIMIC M.I RESISTANCE THERMOMETER

RESIMIC M.l. Resistance Thermometer (trade mark
registered) is an integrated unit consisting of a
resistance element and an Ml extension lead cable.

Compared with resistance thermometers previously in
the market, it features quicker response and a longer
service life under very severe operating conditions.

Other features of the RESIMIC include :

Good Resistance to Vibration

As RESIMIC is of one-piece construction comprised of
the heat-resistant metal sheath, tightly compacted with
insulating powder and high purity conductors offers
excellent resistance to vibration.

Excellent Flexibility

With the exception of its sensor tip,100mm from the
hot end, it can be freely bent up to two times the radius
of the sheath O.D., without impairing its function.

Wide Measureing Range

It permits measurement of temperatures in the range
of —200 to +550°«. Thus, it can be used as well, for
middle high temperature range at which a thermocouple
has previously been used.

Quick Response

Since its overall diameter is very small as ranged
from 1.0 to 8mm O.D., and is made of a pure insulating
material with high thermal conductivity, it provides quick
response to even very small changes in temperature.

H RESISTANCE THERMOMETERS
OF VARIOUS TYPES

Resistance thermometers are, in general, superior in
resolution and accuracy to other means of measuring
temperature and are in wide use for a temperature range
of up to 500°c.

We design and manufacture a wide range of resis-
' tance thermometers, as well as supply of resistance

detector elements of the types of mica-wound, glass
sealed and ceramic body precision RESICERAM, in
diameters from 0.75 to 4.5mm, which can be custom
l ' designed to suit for the user’s specific application.




EXTENSION LEAD WIRES &
COMPENSATING CABLES

We supply extension leads and compensation wires and cables for all kinds of thermocouples including metal
sheathed THERMIC extension leads and multi-pair types. Orders for lead wires to special specifications, other than to
JIS, ANSI, DIN and BS standards are also welcome.

METAL FREEZING POINT TEMPERATURE STANDARDS AND
FULL RANGE OF CALIBRATION EQUIPMENT TO JCSS ACCREDITATION

Although the following products are not
included in ISO 9001 quality system yet in
Japan, the temperature sensor calibrators have
been developed by Isothermal Technologies,
Ltd., U.K. having qualifications of ISO 9002,
BSI and NAMAS calibration services. The
apparatus are for precise temperature
calibration utilizing the freezing points of
various metals, and are employed for
calibration standard of temperature sensors.
Samples of extremely pure metals used in this
apparatus are in conformity with specifications
of NPL, U.K. and NIST, U.S.A., based on
International Temperature Scale (ITS-90). In
addition to the Metal Freezing point standards,
we are equipped with precision calibration
baths, Spherical furnaces and Triple point
standards of water and Mercury at our JCSS
Temperature Laboratory with the established
traceability from the National standards. Please
visit our laboratory. Authorized calibration
services are available upon request.




W FACTORY EQUIPMENT

Principal Processing Equipment

—_
o

C.A.D. Processing System

BICC TIG Automatic Arc Welder

Direct Current TIG Arc Welder

Direct Current Micro-Tig Welder

Precision Plasma Arc Welder

Alternating - Direct Current MIG/Tig Welder
High Dependability Vacuum Chamber

for Sensor Processing

High Frequency Induction Brazing Device
Bench Resistance Welder

Full Automatic Resistance Welder

Water Welder

Cold Welder

Positioner for Welding

Oxy - acetylene Welder

YAG Laser Welder

Planetary Tube Welder

Sheath/Wire Cutters

Sheath Strippers

Sheath Blasting Device

Electrically Driven Magnesia Removing Device
Shot Blasting Equipment

Pneumatic Hydraulic Press

Duplex Head Grinder

Belt Grinder

Buffing Machine

Toggle Press

Diamond Cutter

Cement Kneader

Dust Collector

Computer for Process Filing

Drying Furnace & Oven

Marking Machine

Air Compressor

Workshop Microscope

Pneumatic Tool 22
Special Jig and Tool 35
Measuring Instrument

N~ WO

DO WOWOOONNOWWEARERNOONOAORAWPRAROENBENN2

10



Machine, Tools and Accessory Equipment

NC Automatic Lathe 5
Lathe 10
N/C Machining Center 1
Milling Machine 3
Dual-shaft 1 .5Meter Gun Drilling Machine 1
Drilling Machine 6
Swaging Machine 2
Drawing Bench 1
AC/DC Tig Arc Welder 3
Ultrasonic Cleaning Tank 1
Triclene Recovery Equipment 1
Grinder 6

Principal Testing Equipment

Computerized Automatic Calibration System
Metal Freezing Point Standard (7cells)
Melting Point Standard of Gallium
Primary Standard Thermometer
Cylindrical Electric Furnance for Comparison Test
Precision Liguid Bath

Black Body Furnace

Salt Bath for Comparison Test

Oil Bath for Comparison Test

Fluidized Solid Bath for Comparison test
Hot Water Bath for Comparison Test
Thermostatic Oven for Comparison Test
Ice Point Bath for Comparison Test
Electronic Cryostat for Comparison Test
Fortin's Barometer

Mercury - Triple Point Standard

Water - Triple Point Apparatus

Water - Boiling Point Apparatus

Siliconit Electrical Resistance Furnance
Potentiometer

Digital Voltmeter

A.C. & D.C. Ratio Bridge

Temperature Measuring Precision Bridge
Automatic Resistance Measuring Instrument
Circuit Tester

Automatic Cold Junction Apparatus
Withstand Voltage Tester

X-ray Inspection Apparatus

Dosimeter

Helium Leak Detector

Vacuum Gauge

Micro Hardness Tester

Specimen Grinder

Vibration Test Apparatus

Synchroscope

Computer for Technical Calculation
Computer for processing Test Data

X-Y Plotter

Heat Cycle Tester

Hydrostatic Tester

Super Megohmeter

Data Logger & Recorder

Standard Pt Resistance Thermometer
Standard Thermocouple

Standard Mercury Thermometer
Pressure Gauge

Gauge for Inspection and Miscellaneous Tool

—_—
WO PO 22BN 2NN NWOOOOWWOOINWL2NNNAILNDNNNWLNON =2 WN

QY




Iron & Steel, and Nonferrous Metals

Aichi Steel Works, Ltd.; Azuma Steel Works Co.,
Ltd.; Osaka Iron & Steel Co., Ltd.; Osaka Titanium Co.,
Ltd.; Kanto Special Steel Works, Ltd.; Kawasaki Steel
Corp. Kobe Steel, Ltd.; Kokko Steel Works, Ltd.; Sanko
Seiko K.K.; Nippon Steel Corpotation ; K.K. Jonan
Seikosho ; Showa Aluminium K.K.; "Sky" Aluminium
K.K.; Sumitono Light Metal Industries, Ltd.; Sumitomo
Electric Industries, Ltd.; Daido Steel Co., Ltd,; Dainichi
- Nippon Cables Co., Ltd.; Pacific Metals Co., Ltd.;
Takasago Tekko K.K.; Chubu Kohan K.K.; Tohoku
Satetsu Kogyo K.K.; Tokai Steel Works Co., Ltd.; Toyo
Seiko K.K.; Tokushu Seiko Co., Ltd.; Nakayama Steel
Works, Ltd.; Nisshin Steel Co., Ltd.; Nippon Tungsten
K.K.; Nippon Stainless Steel Co., Ltd.; Nippon Kokan
K.K. Nippon Metal Industry Co., Ltd.; Nippon Koshuha
Steel Co., Ltd.; Japan Steel Works, Ltd.; Nippon Light
Metal Co., Ltd.; Nihon Chutanko K.K.; Nippon Mining
Co., Ltd.; Nihon Kokyu Kinzoku K.K.; Japan Metals &
Chemicals Co.,, Ltd.; Hitachi Metals, Ltd.;, Fukushima
Seiko K.K.; Mitsubishi Kinzoku K.K.;_ Mitsubishi Steel
Mfg. Co., Ltd.; Mitsubishi Reynolds K.K.; Mitsubishi
Aluminium K.K.; Mitsui Aluminium Kogyo K.K.; Mori
Kogyo K.K.; Yamato Steel Works, Ltd.; Yodogawa Steel
Works , Ltd.; Yoshida Kogyo K.K.

Electric Power and Gas

Osaka Gas Co., Ltd.; Okinawa Electric Power Co.,
Inc.; Kashima - Minami Kyodo Karyoku K.K.; Kansai
Electric Power Co., Inc.; Kyushu Electric Power Co.,
Inc.; Sakai Kyodo Karyoku K.K.; Shikoku Electric Power
Co., Inc.; Sumitomo Kyodo Karyoku K.K.; Chugoku
Electric Power Co., Inc.; Chubu Electric Power Co., Inc;
Tohoku Electric Power Co.. Inc.; Tobata Kyodo Karyoku
K,K;Tokyo Gas Co.,Ltd; Tokyo Electric Power Co.,
Inc.; Toho Gas Co., Ltd.; Tomakomai Kyodo Karyoku
K.K.; Toyama Kyodo Karyoku K.K.; Nishi - Nihon
Kyodo Karyoku K.K.; Hokuriku Electric Power Co., Inc.;
Hokkaido Electric Power Co., Inc.; Mizushima Kyodo
Karyoku K.K,;

Nuclear Power Generation

Kansai Electric Power Co., Inc, - Mihama Nuclear
Power Plant ; Atomic Fuel Corporation ; Sumitomo
Genshiryoku Kogyo K.K.; Tokyo Electric Power Co., Inc.
- Fukushima Nuclear Power Plant ; Power Reactor and
Nuclear Fuel Development Corporation ; Japan Atomic
Energy Research Institute ; Mitsubishi Genshiryoku
Kogyo K.K.; Central Research Institute of Electric
Power Industry.

N CUSTOMERS LIST .

Comprehensive Industrial Plants

Ishikawajima-Harima Heavy Industries Co., Ltd.;
Kawasaki Heavy Industries, Ltd.; Chiyoda Chemical
Engineering & Construction Co., Ltd.: Tsukishima Kikai
Co., Ltd.; Toyo Engineering K.K.; Tokyo Shibaura
Electric Co., Ltd.; Toray Engineering K.K.; Japan
Gasoline Co., Ltd.; Hitachi, Ltd.; Hitachi Shipbuilding &
Engineering Co., Ltd.; Fuji Electric Co., Ltd.; Mitsui
Shipbuilding E & Engineering Co., Ltd.; Mitsubishi
Heaby Industries, Ltd.

Oil Refining, Chemical and Petrochemical Industries

Asahi Chemical Industry Co., Ltd.; Ube Industries.
Ltd.; Osaka Soda Co., Kanegafuchi Chemical industry
Co., Ltd.; Kyowa Carbon K.K.; Kyushu Sekiyu K.K.;
Kureha Chemical Industry Co., Ltd.; Sakai Chemical
Industry Co., Ltd.; Showa Denko K.K.; Shiseido Co., Ltd.;
Shokubai Kasei Kogyo K.K; Shinetsu Chemical
Industry Co., Ltd.; Shin Daikyowa Sekiyu K.K.;
Sumitomo Chemical Co., Ltd.; Seibu Kagaku Kogyo
K.K.; Seitetsu Kagaku Kogyo Co., Ltd.; Sekisui Kaseihin
Kogyo K.K.; Sekisui Chemical Co., Ltd.; General Sekiyu
Kaisha, Ltd.; Daikyo Qil Co., Ltd.; Daicel Co., Ltd.;
Takiron Chemical Co., Ltd.; Takeda Chemical Indus-
tries, Ltd.; Chisso Corporation ; Denki Kagaku Kogyo
K.K.; Toa Nenryo Kogyo K.K.; Toagosei Chemical
Industry Co., Ltd.; Toyo Soda Mfg. Co., Ltd.; Toyo
Rubber Industry Co., Ltd.; Tokuyama Soda Co., Ltd.;
Toyama Chemical Industry Co., Ltd.; Nippon Mining Co.,
Ltd.; Nippon Qil Co., Ltd.; Japan Catalytic Chemical
Industry Co., Ltd.; Japanese Geon Co., Ltd.; Nissan
Chemical Industries, Ltd.; Nittetsu Kagaku Kogyo K.K.;
Fuji Photo Film Co., Ltd.; Bridgestone Tire Co., Ltd.;
Honshu Kagaku Kogyo K.K.; Mitsui Petrochemical
Industries, Ltd.; Mitsui Toatsu Chemicals, Inc.; Mitsubi-
shi Chemical Industries, Ltd.; Mitsubishi-Monsanto
Kasei K.K.

Electric Machines and Appliances

Oki Electric Industry Co., Ltd.; Sanyo Electric Co.,
Ltd.; Sharp Corporation ; Shinko Electric Co., Ltd.; Shin
Nippon Denki K.K.; Shimadzu Seisakusho, Ltd.; K.K.
Chino Seisakusho ; Tokyo Sanyo Electric Co., Ltd.;
Tokyo Shibaura Electric Co., Ltd.; Nippon Electric Co.,
Ltd.; Hitachi, Ltd.; Hyoda Keiki Kogyo K.K.; Fuji Electric
Co., Ltd.; Fujitsu Limited ; Furukawa Electric Co., Ltd.;
Hokushin Electric Works, Ltd.; Matsushita Electric
industrial Co., Ltd.; Matsushita Electric Works, Ltd.;
Matsushita Denshi Kogyo K.K.; Mitsubishi Electric
Corporation ; Meidensha Electric Mfg. Co., Ltd.;
Yamatake-Honeywell Co., Ltd.; Yasukawa Electric Mfg.
Co., Ltd.; Yokogawa Electric Works, Ltd.; Toyo Electric
Mfg. Co., Lid.;




Industrial Machinery

K.K. Ube Tekkosho ; Kudota, Ltd.; Kurita Water
Industries Ltd.; Kurimoto Iron Works, Ltd.; Komatsu, Ltd.;
Ebara Mfg. Co., Ltd.; Shiraishi Denki K.K.; Shinko-
Foudler K.K.; Sumitomo Shipbuilding & Machinery Co.,
Ltd.; Daikin Kogyo Co., Ltd.; Chugai Rokogyo K.K.;
Toshiba Machine Co., Ltd.; Yammar Diesel K.K.

Automobiles

Isuzu Motors Limited; Daihatsu Kogyo K.K.; Toyo
Kogyo Co., Ltd.; Toyota Motor Co., Ltd.; Nissan Motor
Co., Ltd.; Fuji Heavy Industries, Ltd.; Honda Motor Co.,
Ltd.; Mitsubishi Jidosha Kogyo K.K.; Nippon Denso. Co.,
Ltd . ;

Textile Industry

Kanebo K.K.; Kuraray Co., Ltd.; Teijin Ltd.; Toho
Rayon Co., Ltd.; Toray Industries, Inc.; Nippon Ester
K.K.; Mitsubishi Rayon Co., Ltd.; Mitsubishi Acetate K.
K.; Unitika, Ltd.

Glass, Cement and Ceramics

Asahi Glass Co., Ltd.; K.K.; Ueda Sekkai Seizosho ;
Ube Industries, Ltd.; Okutama Kako K.K.; Shinagawa
Fire Brick Co., Ltd.; Sumitomo Cement Co., Ltd.;
Toshiba Ceramics Co., Ltd.; Nippon Sheet Glass Co., Ltd.;
Nippon Denki Garasu KK.; Nihon Cement Co., Ltd.; Nihon
Sekkai K.K.

Paper and Pulp

Oji Paper Co., Ltd.; Daio Seishi K.K.; Daiko Seishi
K.K.; Daishowa Paper Mfg. Co., Ltd.; Tomoegawa
Paper Mfg. Co., Ltd.; Nippon Pulp Industry Co., Ltd.;
Mitsubishi Paper Mills., Ltd .

Food Processing

Ajinomoto Co., Inc.; General Foods K.K.; Nippon
Ham K.K.; Prima Meat Packers, Ltd.; Meiji Seika Kai-
sha, Ltd.; Morinaga Confectionery Co., Ltd.

Universities and Research Institutes

University of Osaka ; Municipal University of Osaka ;
University of Kyoto ; University of Kyushu ; Keio
University ; University of Kobe : Tokai University ; Tokyo
institute of Technology ; University of Tokyo ; University
of Nagoya ; Nippon University ; Waseda University ;
National Research Institute for Metals ; Institute for
Comprehensive Researches in Electronics Technology ;
Tokyo Industrial Laboratory ; Tokyo Metropolitan
Industrial Technology Center ; Technical Research and
Development Institute of the Defence Agency.

Overseas Installations

India, Pakistan, Sri Lanka, Thailand, Malaysia,
Singapore, Indonesia, Brunei, China(Mainland), Taiwan,
Korea, New Zealand, Australia, Canada, U.S.A., Mexico,
Cuba, Venezuela, Peru, Uruguay, Haiti, Dominica,
Colombia, Brasil, Argentina, Chile, U.K., Belgium,
Germany, Netherland, Russia, Spain, Turkey, Jordan,
Iran, Saudi Arabia, Kuwait, Lebanon, Ethiopia, United
Arab Emirates, South Africa.
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LINE OF BUSINESS

Temperature Sensors:

Metal Sheathed Thermocouple, THERMIC
Beaded Type Thermocouple with
Protection Tube

Metal Sheathed Resistance Temperature
Detector, RESIMIC

Resistance Temperature Detector with
Protection Tube

Fine Diameter Resistance Temperature
Element, RESICERAM

Tubular Stem Type Resistance
Temperature Detector, RESISLIM
Special Thermocouple for Ultra-High
Temperature, HT-THERMIC

Special Thermocouple for Temperature
Measurement of Tube Skin

Multi-Point Thermocouple

Other Products and Imported
Equipment :

Metal Sheathed Heat Tracing Cable and
Micro Heater Assembly

Dissolved Oxygen Sensor for Molten
Copper Bath, METAL-OX

Aluminum Content Sensor for Hot Zinc
Plating Line, AL-SENSOR

AM - FM Turbine Blade Tip Clearance
Measuring System

ISOTECH Precision Temperature
Calibration Apparatus and Standard
Thermometers

Turbine Blade and Aircraft Wing Models
for Wind-Tunnel Experiment
Computerized Two & Three Dimensional
Fine Traverser

Total, Static and YAW Probes for High

ACCREDITATIONS OF QUALITY ASSURANCE,
SAFETY AND P.L. WARRANTY

ISO 9001

JQA-0797

Head Office/Takatsuki Factory/Tokyo Branch

ISO 14001

JQA-EM4107
Takatsuki Factory

Nagoya Sales Office/Fukuoka Sales Office

ISO 9001:2000 / JQA-0797
ISO 14001:1996 / JQA-EM4107

MRA

IAJapan

Jess

037

symbolizes the traceability system in accordance with the measurement law.
The Calibration results may be accepted internationally through ILAC/APLAC MRA.

CENELEC(KEMA)

@

2000-T163
2000-T164

Temperatures
Temperature Transmitters

Calibration Services for
Temperature Sensors by JCSS
Laboratory :

Precision Calibration using Triple Point of
Water and Mercury. Fixed Point
Standards of Pure Metals and Standard
Platinum Resistance Thermometer
traceable to National Standard.
Comparison Calibration with Standard
Platinum Resistance Thermometer and
Standard Thermocouple using Liquid
Baths, Fluidized Bed Alumina Powder
Bath, and Electric Furnace. A Certified
Calibration Report shall be issued.

1ISO 9001

Since 1995, we maintain leading position
as one of the reliable manufacturers of
various temperature sensors under rigid
quality assurance system to 1ISO 9001
which has compatibility with the
qualification marks and logos  (left).

ISO 14001

Beginning in july, 2004, a key objective of
all of Yamari's business operations has
been to reduce industrial pollution and
minimize damage to the environment.
The environmental protection programs
we have now established form part of our
commitment to continual improvement,
subject to a strict environmental
management system meeting all the
requirements of ISO 14001

JCSS:

In order to certify accuracy and reliability
of the temperature sensors, we obtained
an accreditation by IA Japan
(International Accreditation Japan) in
1994 as a qualified temperature
calibration service laboratory through an
established traceability with the National
Standard. JCSS (Japan Calibration
Service System) is in conformity with
ISO/IEC 17025 to provide measurement
standards and measured quantities, i.e.,
an authorized certification of the
temperature figures.

P.L.

Our products are fully inspected to
assure quality and proper functions, but
for warranty to the customers, sufficient
amount of P.L. Insurance is being
covered.
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THERMOCOUPLE

(MODEL : TE)

PRINCIPLE AND DESCRIPTIONS OF THERMOCOUPLE

When two dissimilar metal or alloy
conductors are connected together to
form a closed circuit and the two junctions
are kept at different temperatures, thermal
electromotive force (EMF) is generated at
the temperature gradient zone along the
conductors length in the circuit.

Thus, when one end (cold or reference
junction) is kept constant at a certain
temperature, normally 0°C, and the other
end (measuring junction) is exposed to
unknown temperature, the temperature at
the latter end can be determined by
measuring EMF so generated. Such a
combination of two dissimilar metal
conductors is called "Thermocouple." As
described, thermocouple is a "temperature
difference sensor” to generate millivolt
signal (EMF) only at the temperature
gradient segment, which inevitably makes
the thermocouple conductor heat treated

in accordance with the temperature
profile along the insertion depth. It is not
correct, therefore, to use such a
thermocouple as once heat treated and
so stabilized, for measurement of the
other location that has different
temperature gradient.
Particularly, when
measurement is made in
shorter insertion depth than
previous measurement, it

will result in large reading
error, since already heat
treated segment is exposed
to non-temperature

gradient zone thus

exhibiting spurious EMF,
therefore, avoid re-using

one thermocouple for
measurements at the
different locations.

TEMP. )
INDICATOR |

Generally, service life of the thermocouple
can not be predicted nor be guaranteed,
as the environments of temperature
measurement are so various involving
handling, installation, corrosion, vibration,
thermal cycles and steep change in
temperatures.

T, Cold Junction
':"I “"i‘ (Reference Junction)

[‘_ -
.-ﬁJLL ——
=

Hot Junction
(Measuring Junction)

Features of Thermocouple

Industrial thermocouple, in comparison
with other thermometers, has the following
features:

1. Quick response and stable temperature
measurement by direct contact with the
measuring object.

2. If the selection of a quality
thermocouple is properly made, wide
range of temperature from —270 to
2,300°C can be measured.

3. Temperature of specific spot or small
space can be measured.

4. Since temperature is detected by

means of EMF generated,
measurement, adjustment,
amplification, control, conversion and
other data processing are easy.

5. Less expensive and better
interchangeability in comparison with
other temperature sensors.

6. The most versatile and safe for
measuring environments, if a suitable
protection tube is employed.

7. Rugged construction and easy
installation.

)

=

\,

Structure and Measuring Method

Generally, industrial thermocouple is
insulated with ceramic beads to prevent
thermocouple conductors from short
circuit and then inserted into a protection
tube to avoid contacting directly to the
measuring object or being exposed to the
surrounding atmosphere. Our THERMIC

Mineral Insulated Metal Sheathed
Thermocouple has a pre-assembled
construction composed of thermocouple
wires, compacted ceramic powder
insulation and protection sheath in one
pliable, gas tight cable form. Reference
junction should be kept or compensated

at a constant temperature (ideally at 0°C)
for measurement. The EMF generated
can be measured with a simple moving
coil type, electronic type, potentiometric
and other indicators or converted to
various data processing signals for
computer control.



THERMOCOUPLE

Precautions for Practical Applications

There are various types of thermocouple,
so it is most important to carefully select
an appropriate thermocouple for the
specific application. In addition, care
should be exercised when selecting
protection tube, structure of the assembly
and installation method in consideration of
resistance to heat, pressure, thermal
shock, corrosion and vibration. For the
best of temperature measurement with
thermocouple, overall measuring loop and

components should be carefully
designed. Although the importance of
reference or cold junction is overlooked
and often substituted by a simple electric
resistor compensation inside the
measuring instrument, stability of the
reference junction actually controls
measurement accuracy. It is therefore
recommended that precision reference
devices like our "Zeref V" (18 channels
max., 0+0.01°C Accuracy) or industrial

rack mount model "TRU 100"(100
channels, 0£0.03°C Accuracy per 15C
Ambient Span) should be used and Class
1 extension cables should be used for
wiring rather than compensating cables.
For guidance, various technical
brochures, such as, “Instruction Manual
for Thermocouple” and “Thermowell and
Protection Tube Selection Guide” are
available upon request.

Combination of Standardized Thermocouples

Ref : JIS C 1602-1995
|IEC-Pub 584-2
ASTM E988-1996

Alloy Composition of the conductors
Type
Positive (+) Leg Negative (-) Leg
Ww5* 95%Tungsten * 5%Rhenium 74%Tungsten + 26%Rhenium
B BP(70%Platinum + 30%Rhodium BN(94%Platinum -+ 6%Rhodium)
RP(87%Platinum * 13%Rhodium) RN(100%Platinum)
SP(90%Platinum * 10%Rhodium) SN(100%Platinum)

NP (84%Ni  14.2%Cr * 1.45%Si)

NN (95%Ni - 4.4%Si - 0.15%Mg)

KP (90%Ni + 10%Cr)

KN (95%Ni + 2%Mn + 29%Al)

EP (90%Ni - 10%Cr)

EN Constantan (55%Cu * 45%Ni)

JP (99.5% Iron)

JN Constantan (55%Cu - 45%Ni)

|EC-Pub 584-1




THERMOCOUPLE

(MODEL : TE)

Tolerances on Temperature Reading

1. JIS C1602-1995

IEC 584-2-1982 (Amendment 1-1989) BS/EN 60584-2-1993 DIN/IEC 584-2-1992

Classification of Tolerances

Type
Class 1 Class 2 Class 3
Temp. Range — — Above 600°C Below 800°C
Tolerance — — +4°C
B Temp. Range — Above 600°C Below 1700°C Above 800°C Below 1700°C
Tolerance — +0.0025- | t | +0.005-| t |
Previous Class — — Class 0.5

Temp. Range *Above 1100°C Below 1600°C Above 0°C Below 600°C —

Tolerance +[1+0.003(t-1100)] +1.5C —

Temp. Range Above 0°C Below 1100°C Above 600°C Below 1600°C —

Tolerance +1C +0.0025+| t | —

Previous Class — Class 0.25 —

Temp. Range Above -40°C Below 375°C Above -40°C Below 333°C Above -167°C Below 40°C
Tolerance +1.5C +2.5C +2.5C

Temp. Range Above 375°C Below 1000°C Above 333°C Below 1200°C Above -200°C Below -167°C
Tolerance +0.004- | t | +0.0075+| t | +0.015+| t |

Temp. Range Above -40°C Below 375C Above -40°C Below 333°C Above -167°C Below 40°C
Tolerance +1.5C +2.5C +2.5C

Temp. Range Above 375°C Below 1000°C Above 333°C Below 1200°C Above -200°C Below -167°C
Tolerance +0.004-| t | +0.0075+| t | +0.015+| t |
Previous Class Class 0.4 Class 0.75 Class 1.5

Temp. Range Above -40°C Below 375C Above -40°C Below 333°C Above -167°C Below 40°C
Tolerance +1.5C +2.5C +2.5C

Temp. Range Above 375°C Below 800°C Above 333°C Below 900°C Above -200°C Below -167°C
Tolerance +0.004-| t | +0.0075+| t | +0.015+| t |
Previous Class Class 0.4 Class 0.75 Class 1.5

Temp. Range Above -40°C Below 375°C Above -40°C Below 333°C —

Tolerance +1.5C +2.5C —

Temp. Range Above 375°C Below 750°C Above 333°C Below 750°C —

Tolerance +0.004- ]| t | +0.0075+ | t | —

Previous Class Class 0.4 Class 0.75 —

Temp. Range Above -40°C Below 125°C Above -40°C Below 133°C Above -67°C Below 40°C
Tolerance +0.5C +1C +1C

Temp. Range Above 125°C Below 350°C Above 133°C Below 350°C Above -200°C Below -67°C
Tolerance +0.004-| t | +0.0075+| t | +0.015+| t |
Previous Class Class 0.4 Class 0.75 Class 1.5

Note :

1. Tolerance denotes the maximum allowable value
obtained by subtracting the temperature reading or
the temperature at the hot junction from the
standard temperature converted from the applicable
temperature EMF table.

sknot standardized yet by JIS

2. Tolerance Class 1 for Types R and S only apply to
the Standard or Reference thermocouple.

3. |'t] denotes the value of temperature (‘C)

irrespective of positive (+) or negative (-) sign.

4. Tolerances listed in this page apply to the new
thermocouple wires.




2. Tolerance on Temperature Reading to ASTM E230-1998, E988-1996

THERMOCOUPLE

Tolerance Grades

TYPE Temp. Range
Standard Special
W5 Above 426°C Below 2315°C +1% —
- Above 870°C Below 1700°C +0.5% +0.25%

R-S Above 0°C Below 1480°C

+1.5C or £0.25%

+0.6C or £0.1%

N Above 0°C Below 1260°C

+2.2°C or £0.75%

+1.1°C or £0.4%

. Above -200°C Below 0°C

+£2.2°C or £2%

Above 0°C Below 1260°C

+£2.2°C or £0.75%

+1.1°C or £0.4%

Above -200°C Below 0°C

*+1.7Cor £1%

Above 0°C Below 870°C

+1.7°C or £0.5%

+£1.0C or £0.4%

N Above 0°C Below 760°C

+2.2°C or £0.75%

+£1.1°C or £0.4%

Above -200°C Below 0°C

+1.0C or +£1.5%

Above 0°C Below 370°C

+1.0°C or £0.75%

+0.5C or £0.4%

Note :
The above colour codes are in accordance with
ASTM E 230-1998.

Operating and Maximum Temperature Limits to Conductor Diameter (mm)

Note :
(1) Operating temperature limit means the upper temperature where
thermocouple can be used continuously in air.
(2) Maximum limit means the upper temperature where thermocouple can
be used temporarily for short period of time owing to unavoidable
circumstances. This graph is given as a guide only, and not to be
guaranteed.

Wire O.D. (mm)

[ L[]/ /7 /[
[/ [/ 77777/ /[ /B
[/ /7777777777777 / B

[/ 777777 [ 77777777 7777777777777

: - Normal Operating Max. Temp. Limit
TYPE Wire Dia.(mm) Temp. Range (C) )
W5 0.25 1,800 2,300
0.50 1,900 2,300
B 0.50 1,500 1,700
[ RS | 0.50 1,400 1,600
0.65 850 900
1.00 950 1,000
N 1.60 1,050 1,100
2.30 1,100 1,150
3.20 1,200 1,250
0.65 650 850
1.00 750 950
1.60 850 1,050
2.30 900 1,100
3.20 1,000 1,200
0.65 450 500
1.00 500 550
1.60 550 600
2.30 600 750
3.20 700 800
0.65 400 500
1.00 450 550
J 1.60 500 650
2.30 550 750
3.20 600 750
0.32 200 250
0.65 200 250
1.00 250 300
1.60 300 350

This table is made in reference to JIS C 1602-1995 and ASTM E988-1996

0.25

0.50

T T T T
200 400 600 800 1000 1200 1400 1600

T Temp(C)

1800 2000

ZZZZZZZZ Normal Operating Temp. Range
_ Max. Temp. Limit

Code No.of Conductors
S Single pair, 2 conductors
D Dual pair, 4 conductors
T Triple pair, 6 conductors
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Standardized Types of Thermocouple

Type B (Pt-30%Rh/Pt-6%Rh)
Thermocouple 600°C~1700°C

Type B thermocouple has higher melting
point and mechanical strength than other
Pt/Rh thermocouples because of its higher
content of Rhodium in both legs.

Type B thermocouple can be used
continuously in oxidizing and neutral
atmospheres up to 1600°C and
intermittently up to 1700°C. Even in
reducing atmosphere, Type B may be

R

Type R thermocouple has superior
mechanical properties to Type S and is
recommended for continuous use in
oxidizing and inert atmospheres around
temperatures up to 1400°C and
intermittently up to 1600°C. However, it
should not be used in vacuum, reducing

S

Type S thermocouple is the first historic
thermocouple originally developed by Le
Chatelier in 1886. It had been widely used
as a standard thermometer as an
interpolation means to determine the
temperature scale between the fixed
(freezing) points ranging from 630.74°C of

N

This new thermocouple combination of
84Ni-14.2Cr-1.48Si vs. 95.5Ni.-4.4Si-
0.1Mg was first developed by Materials
Research Laboratory of the Australian
Department of Defense. Further research
and evaluation have been extensively
carried out by NIST (former NBS), ASTM
and other research organizations to

K

Type K thermocouple was originally
developed by Mr. A. L. Marsh of Hoskins
Co., U.S.A. in 1906 and, since then, has
undergone many improvements. It has
linear EMF characteristics and most widely
used as industrial thermocouple with high
reliability because of its versatile
characteristics. It can be used in oxidizing
or inert atmospheres at temperatures up

Type R (Pt-13%Rh/Pt)
Thermocouple 0°C~1600°C

Type S (Pt-10%Rh/Pt)
Thermocouple 0°C~1600°C

Type N (Nicrosil/Nisil)
Thermocouple -200°C~1250°C

Type K (Ni- Cr/Ni-Al)
Thermocouple -200°C~1250°C

used for fairly longer period than other
Pt/Rh thermocouples, but not generally
recommended.

Type B thermocouple is recommended
especially for the applications requiring
precision measurement and durability at
high temperatures. This thermocouple
has very small EMF up to 100°C, thus for
less critical applications, copper leads can

or metallic vapour atmospheres unless
properly protected with clean high purity
(>99.5%) Alumina insulators and
protection tubes. Among precious metal
thermocouples, Type R is most widely
used.

Antimony to 1064.43°C of Gold as
defined by the International Practical
Temperature Scale (IPTS). Applications
are similar to Type R, but it has less
mechanical strength.

standardize and establish the present
EMF table. Type N thermocouple exhibits
superior long-term stability and oxidation
resistance over type K when used at high
temperatures ranging from 600 to 1250°C.
By virtue of fine adjustment of chromium
content with additions of Si and Mg, it has
less EMF shift in the region of "short

to 1250°C.

Type K thermocouple may be used in
hydrogen or cracked ammonia
atmospheres if the dewpoint is below
-42°C. However, it should not be used in
reducing, alternatively oxidizing and
reducing, sulfurous or "green-rot"
corrosive atmospheres unless properly
protected.

be used as a compensating wire.
Precious metal thermocouples are
generally sensitive to contaminants and
easily be corroded at elevated
temperatures. It is essential to keep the
thermocouple wire clean and use dust-
free high purity (>99.5%) Alumina
insulators and protection tubes.

range ordering" and also resistant to
"Green Rot" corrosion. In comparison
with type K, rate of EMF drift is reported
to be half or one third over the range of
1000°C and therefore recommended for
use in oxidizing atmosphere of 1000-
1200°C continuous.

"Green-rot" can be minimized by
increasing oxygen supply through the use
of large diameter protection tube or
ventilated protection tube. It can also be
minimized by inserting a "getter" to
absorb the oxygen in a sealed protection
tube. For such a special application,
consult our factory.



Type E (Ni-Cr /Constantan)
Thermocouple -200°C~900°C

E

Type E thermocouple has the highest EMF
characteristics among industrial
thermocouples which allows the best
resolution to temperature change. Since it
was adopted by ANSI in 1964 and JIS in
1974, type E thermocouple has met

J

Type J thermocouple has the second
highest EMF characteristics and is
recommended for use in reducing, inert,
oxidizing or vacuum atmospheres up to
750°C. Because of comparatively less

1

Type T thermocouple has good resistance
to corrosion in moist atmospheres and is
suitable for sub-zero temperature

Type J (Iron/Constantan)
Thermocouple 0°C~750°C

Type T (Copper/Constantan)
Thermocouple -200°C~350°C

measurements. It can be used in vacuum
and in oxidizing, reducing or inert

atmospheres up to 400°C. At higher

rapidly increasing demands and has been
widely used even in large scale thermal
and nuclear power stations. It can be
used up to 750°C continuously.

For practical use, precautions similar to
those for type K are required. Careful

expensive price, type J has been easily
accepted for use in various applications.
However, it should not be used in
sulphurous atmospheres above 538°C
due to formation of the sulfides that leads

temperatures, it is susceptible to rapid.
oxidation by water vapour. Because of its
stable and precise EMF characteristics,

_type.Tis widely uséd in laboratories. . e

"pe T is the first thermocouple for which
tolerance in the sub-zero temperature

Type W5 (W-5%Re/W - 26%Re)
Thermocouple 0-2300°C

W5 :

Although this thermocouple Cogﬁ' ination is
not standardized yet by IEC, \_!IrS f
etc.,there is a long proven temperature-

Note : Types E, J and T have the
negative (-) legs composing of Cu
alloy name of "Constantan," but th
ratio of Cu-Ni is adjusted to their res

negative legs of constantan have no
Interchangeability between types.

only re act_o.ry type thermocouple material
for regular use at very high temperatures

of 1800°C! and intermitt(fntly up to 2300

C. | At th'ié temperature range, any of

plati sRhodium group thermocouples,
will rapidly deteriorate and melt down. = !
This F\I'errrtooouple, hol\AI/évlé;r, hasa |
drawback (‘f severe oxidf_ ion when iy
expo!

. 4
l\.

Special Thermogouple Wires

Platinel 0~1300%€ Oxidizing, Inert %,

Pt40Rh/Pt20Rh 0~ 'C. Oxidizing, Inert o

0 '_:Rédu_cing, Inert

W3Re/W25Re 0-2200°C " Redueing, Inert, Vacu:r:n":"'-
. Mo5Re/Mo41Re 0-17001C Reducing,Inert, Vaoutm =

cuum

Chromel/Au-Fe -273~20°C All atmospheres -

,E?uorf stem lengthitype T thermocouple
nit. \ ! ‘

to Tr\or other dq;iz'gen containing W
: 1 Lt )

THERMOCOUPLE

attention is also needed in selection of
the indicator to be connected because
type E thermocouple has the highest
resistivity among the base metal
thermocouples.

conductors to embrittlement. The iron
element is often rusted under high
humidity environment, therefore, type J is
less desirable than type T for low
temperature measurements.

range has | been_e'stablis"lﬁ'ed.:btl-e;q high
thermal conductivity-ef the conductors;.*

_care mus:@exerois?ed,'gé eliminate heat

e £ Ty
conduction error that often occur on

|
g
i

'Eni,i.' ' 'I \

1

-

atmasphere at above 400°G .
Recammended for high temperature
measurements under dry Hydrogen, inert
gase_% and vacuum. Unles;Iproperly
protect'ed like YAMARI's Model HT-270A,
use in oxidizing atmosphere should be
avoided. J
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INSULATORS AND PROTECTION TUBES

Thermocouples are widely used for deterioration and corrosion. resistance, mechanical strength,
temperature measurements of various Thermocouples are, therefore, usually chemical stability, etc. depending on the
gases and liquids. If bare thermoelement protected with insulators and protection respective operating conditions. This is
wires are exposed directly to detrimental tubes. the most important point in thermometric
atmospheres and fluid, they are often In selection of suitable insulators and practice.
physically and chemically affected resulting  protection tubes, consideration should be
in reducing service life with severe given to the materials especially of heat
INSULATORS
Characteristics
Operating Temp. | Maximum Temp.
Type Code o o Features
P (C) (C)
Aluminous Ceramic PS2 1,400 1,500 Silimanite Grgde. Less porosity with reasonable heat load softening
Grade 2 and good resistance to thermal shock.
Aluminous Ceramic PS1 1,500 1,600 Mullite Grade. Gas tight structure with less heat load softening.
Grade 1 Better than PS2.
Reor}/stalllzed PSO 1,600 1,800 Ga§ tight structure.wnh excgllent resistance to (I:orrosmn. Highest
Alumina 99.7% purity among alumina ceramics. Very low Alkalis.
e s MG 1,800 2200 Porous.struct‘ure but excellent resistance to corrosion. Only suitable
for Basic environment.

Note : Operating and maximum temperatures vary depending on the atmospheres and mode of temperature changes.

Dimensions

Unit:mm
Model Code Nom.O.D. Nom.l.D. Length T/C Wire Material
SH-1 1 0.4 100 3.2 PS1
SH-2 2 1 100 0.5 0.65 PS1 PSO
O : SH-3 3 2 100 1.0 1.6 PS1
Round 1 bore SH-5 5 3 100 2.3 PS1
SH-6 6 4 100 3.2 PS1
DH-3 3 0.8 100 0.5 PS1 PSO
DH-4 4 1 100 0.5 0.65 PS1 PSO
G E DH-4A 4 0.8 2000 0.5 PSO
DH-4B 4 1.2 2000 0.5 0.65 PSO
Round 2 bores
DH-6 6 1.5 100 0.65 1.0 pPS2
DH-8 8 2 100 0.65 1.0 1.6 pPS2
O E TH-4 4 1 100 0.5 0.65 PS1 PSO
Round 3 bores TH-6 6 1.5 100 0.65 1.0 PS1
QH-3 3 0.8 100 0.5 PS1
Q E QH-8 8 2 100 0.65 1.0 1.6 PS1
QH-12 12 3 50 1.0 1.6 2.3 RS2
Round 4 bores
QH-14 14 4 50 23 3.2 PS2
@ E HH-6 6 1 100 0.5 0.65 pPS2
Round 6 bores
e E DE-10 10X7.5 3 34 1.0 16 2.3 PS1 PSO
Oval 2 bores DE-12 12X7.5 4 34 2.3 3.2 PS1

Note : Insulators are available in longer length up to 3,000 mm. Consult factory.



PROTECTION TUBES

PROTECTION TUBES

Metal Protection Tubes
Caution : Due to high thermal conductivity of the metal tubes, minimum insertion length should be more than
twenty five times of its overall diameter to eliminate heat conduction error.

Material Code Operatl?g Features
Temp. (C)
$5400 400 Oxi. 600 Good resistance to reducing atmosphere but less resistant to oxidation
Red. 800 and acids attacks. Thick walled tubes are used in molten aluminium.
Widely used as a common protection tube against heat and corrosion
304 S.S. 304 980 but not recommended for use in the presence of sulphur or reducing
flame. Subject to stress and "pit" corrosion.
304L S.S. 304L 980 Legs carbon content (Q:0.0S%) than 304 S.S. and.better re§istance to
grain boundary corrosion. Subject to stress and "pit" corrosion.
Higher corrosion resistance than 304 S.S. because of its Ti content to
3218S.8. 321 980 prevent carbon preticipation. Excellent resistance to grain boundary
corrosion after welding due to less carbon preticipation.
316 S.S. 316 980 Contains Mo and has excellent resistance to corrosives, heat, acids and
alkalis.
316L S.S. 316L 980 Less carbon con‘tent than‘ 3ill6IS:S: e.md has petter resistance to grain
boundary corrosion. Resistant to "pit" corrosion.
310S S.S. 310S 1,000 High .Ni-ICr contgnt and good high temperature s.trength with resistance
to oxidation at high temperatures. High mechanical strength.
Because of its Nb-Ta content, prevents carbon preticipation. Higher
347 S.S. 347 980 corrosion resistance than 304 S.S. and excellent resistance to grain
boundary corrosion.
Excellent resistance to oxidizing and reducing flames containing sulphur.
446 S.S. 446 980 Suitable for use in non-ferrous molten metals and other high temperature
applications, but less mechanical strength.
Superior oxidation resistance to 310 S.S. at high temperatures due to
253 MA 253 1,000 formation of dense and tight oxide layer by silicon and cerium additions.
Can be used under sulphurous atmospheres.
One of the best oxidation and corrosion resistant alloys at high
temperatures, particularly durable under carburizing and crude oil burning
HCF HCF 1,100 furnaces. Better resistance to sulphur and vanadium-pentoxide than
ordinary Cr-Al-Fe alloys. No embrittlement but less mechanical strength
at high temperature.
Improved Carpenter 20 Alloy. Cu is newly added to form solid solution
Carpenter 20 C2CB 1,000 with Ni, and Mo content provides enhanced corrosion resistance to non-
Cb-3 oxidizing acids, such as Nitric, Fluoric Acid. Virtually immune to pit
corrosion.
50C0-30Cr 50 Oxi. 1,150 Excellent resistance to heat, corrosion and abrasion. One of the best
Red. 1,200 alloy against high temperature sulphur bearing atmospheres.
Excellent resistance to oxidizing and reducing atmospheres at high
Inconel 600 600 1,050 temperatures. But sulphurous atmospheres should be avoided. Immune
to stress and "pit" corrosion.
Inconel 601 601 1,050 Superior oxidation registanoe at high' temperatures to Inconel-600, by
virture of strong bonding of metal oxide film.
Inconel 625 625 1,050 Improvgq strength.and stress ruptgre properties up.to 9800(:, by Mo and
Cb additions, and immune to chloride stress corrosion cracking.
Excellent to high temperature oxidizing atmospheres and thermal shock.
Incoloy 800 800 870 About 10 times longer service life than 304 S.S. against high temperature

corrosion.

to Next Page



INSULATORS AND PROTECTION TUBES

PROTECTION TUBES

Material Code '?e Frf:t(lig Features
An improved version of Incoloy 800. All round superior alloy for high
Incoloy 825 825 1,000 temperature applications, particularly in oil refineries against organic
sulfides, hydrogen-sulfide and sulphur combustion products.
Kanthal A1 KA 1,100 Good res.istalmce to high tempgrature oxidation but becoomes brittle due to
recrystallization. Poor mechanical strength above 850°C.
Good mechanical strength and corrosion resistance at high temperature
80Ni + 20Cr NC 1,100 oxidizing atmospheres but not recommended for use in sulphurizing
atmospheres.
i KU 1,200 Excellent. resistance to mqlten oh.emlicals and combustion gases. Also
good resistance to corrosion by liquid copper.
Hastelloy B HB g:(lj igg Excellent resistance to heat and corrosion, especially to HCl and H2SO..
Hastelloy C-276 HC 1,000 Excellent resistance to high temperature oxidizing and reducing
atmospheres and also to C£. gases.
Excellent resistance to oxidizing and carburizing atmospheres at high
Hastelloy X HX 1,100 temperatures. Better machinability and weldability than other Hastelloy
alloys.
Haynes Alloy 25 HY Oxi. 810 High resistance to oxidizing and carburizing atmospheres at high
Red. 980 temperatures.
Titanium m Oxi. 250 Superior corrosion resistance in cryogenic temperatures but at high
Red. 1,000 temperatures, easily oxidized and becomes brittle.
Monel MN Oxi. 500 Excellent resistance to water vapor and sea water at high pressure and
Red. 600 corrosion.
Tantalum TA Oxi. 300 Excellent heat-resistant material with high resistance to all acids but apt
Red. 2,200 to severe oxidation and embrittlement in air at high temperatures.
Excellent mechanical strength up to 1500°C for applications under inert,
Molybdnum Mo Oxi. 400 reducing and vacuum atmospheres. Resistant to metal vapours at high
Red. 2,000 temperatures but reacts with carbon or graphite. Should not be used in
air or oxygen containing gases.

Note:
Operating and maximum temperatures of the above tubes vary depending on the
measuring environments.

Special protection tubes such as Inconel-X750, Nimonic 75~80, other alloy tubes, etc.

are also available upon request.
Stainless steels as listed above table are in conformity with JIS Specifications and
equivalent to those of AISI, U.S.A.




PROTECTION TUBES

NOMINAL ANALYSIS OF METAL PROTECTION TUBES

Chemical Composition(%wt)
Materil Code C Si Mn B S Ni Cr Fe OTHERS
STPG370 370 <0.25 <0.35 |0.30~0.90| <0.040 | <0.040 — — Bal —
SS400 400 — — — <0.050 | <0.050 — — Bal —
304 SS 304 <0.80 <1.00 <2.00 | <0.045 | <0.030 |800~10.50{18.00~20.00| Bal —
304L SS 304L | <0.030 | <1.00 <2.00 | <0.045 | <0.030 |9.00~13.00{18.00~20.00| Bal —
321 SS 321 <0.08 <1.00 <2.00 | <0.045 | <0.030 |9.00~13.00{17.00~19.00 Bal Ti:5XC%
316 SS 316 <0.08 <1.00 <2.00 | <0.045 | <0.030 ([10.00~14.00{16.00~18.00|  Bal Mo:2.00~3.00
316L SS 316L | <0.030 | <1.00 <2.00 | <0.045 | <0.030 ([12.00~15.00{16.00~18.00|  Bal Mo:2.00~3.00
310S SS 3108 <0.08 <1.50 <2.00 | <0.045 | <0.030 ([19.00~22.00[24.00~26.00| Bal —
347 SS 347 <0.80 <1.00 <2.00 | <0.045 | <0.030 |9.00~13.00{17.00~19.00 Bal Nb:10X C%
446 SS
Equiv. *1 446 <020 | <1.00 | <1.50 | <0.040 | <0.030 —  [2300~27.00] Bal <N:0.25
SANDVIK P-4
253 MA *4 253 — 1.7 0.6 — — 11 21 Bal Ce0.04 NO.17
OHCF HCF <0.02 | - Trace - — — — — 20 Bal Al 3.0 Trace Zr+Ti
'Cargf:;er 20| coop | <002 | 04 | <10 | — — 33 20 Bal Cb’l/l?azéi .
®Haynes Alloy 25 HS25 0.1 <1.0 1.5 — — 32 20 1.5 CoBal W15
Kantal A1 KA — — — — — — 22 Bal Al'5.8
80Ni - 20Cr NC — — — — — 75~80 | 15~20 — Trace Ti
Inconel 600 600 <0.15 <0.50 <1.00 | <0.030 | <0.015 | >72.00 [14.00~17.00f 6~10 Trace Co <Cu:0.50
Inconel 625 625 <0.10 <0.50 <0.50 | <0.030 | <0.015 Bal 215 <5.0 Mo9 Nb+Ta:3.7
Incoloy 825 825 <0.05 <0.50 <1.0 <0.030 | <0.03 38-46 | 19.5~235 Bal Al:<0.2 Ti:0.6-1.2 M0:2.5~3.5
Incoloy 800 800 <0.10 <1.00 <1.50 | <0.030 | <0.015 [30.00~35.00{19.00~23.00| Bal Trace Cu, Trace Co, Al, Ti
(5&22:2%?:2 50 0.05~0.15( <1.00 ]0.30~1.00| <0.020 | <0.020 <3.00 [26.00~30.00 Bal Co 50 Trace Mo
oKurimax *3 KU = = = = = — 50~65 | 50~35 W4, Trace Nb, Ti
®Hastelloy B HB <0.05 1.0 <1.0 0.04 <0.08 Bal — <5.0 Mo:28 Co:2.5 V:0.6
'Féa_sztigoy HC | <002 | <008 | <10 | <0.04 | <003 | Bal |145~165| 60 | Mo:16.0~17.0 TraceW,Co,V
Hastelloy X HX <0.05 <1.00 <1.00 | <0.040 | <0.030 Bal  [2050~2300] 18.5 | Mo0:8.00~10.00 W0.6, Co1.5 Trace B
®Monel 400 MN <0.3 <0.5 <2.0 — <0.024 | >63.0 — 2.5 Cu:28.0~34.0 Trace Co

@Only available in the form of solid bar stock.

*1: SANDVIK P4 is Sandvik AB's Trade Mark. *4: 253MA is Avesta A.B.'s Trade Mark. *6: Carpenter 20 Cb-3 is Carpenter Technology
*2: UMCo-50 is Mitsubishi Material Co's Trade Mark. *5: Haynes 25 is Haynes International Corp.'s Trade Corp.'s Trade Mark.

*3: Kurimax is Kurimoto Iron Works Co's Trade Mark. Mark.
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Non-Metallic Protection Tubes

Caution :

1. Operating and maximum temperatures
vary depending on the heat pattern and

atmosphere. For low thermal

conductivity ceramic tubes, preheating
and slow insertion into the furnace are

metallic tube should be more than fifteen
times of its overall diameter, excepting
those of higher heat conductivity
materials like SiC and Cermet which need
twenty five times or more.

recommended. Generally, insertion
speed of 100 to 150 mm per minute
after preheating around 80~100°C will
be adequate.

2. Minimum insertion length of the non-

Material Code Operah?g Features
Temp. (C)
Tragjg‘rfzem 99.99%Quartz
Qr 1000 Excellent to thermal shock but fragile. Poor resistance to alkalis but good to acids. Less gas-tightness in
Transparent ' hydrogen and reducing gases. High thermal conductivity.
Quartz
Silimanite PTo 1,400 High glumlna ceramlp. Good resistance to thermal shock. Recommended for use in coal or oil burning and
electric furnaces. Slightly porous.
60%Alumina-40%Silica
Mullite PT1 1,500 Sintered alumina. Better than PT2 but slightly less thermal shock resistance.
Recommended for use in heating furnace and regenerator, impervious.
. 99.5%Alumina
Recrystallized . . . )
Alumina PTO 1,600 Superior chemical stability and better than PT1. Recommended for use in molten steel, slag and molten glass,
impervious.
Cermet 77%Alumina-23%Chrome
) LTH 1,300 Excellent resistance to heat and abrasion.
(Chrome-Alumina)
Recommended for temperature measurements of molten copper and other nonferrous metals.
60%Mo-40%ZrO2
Cermet 2040 1600 High heat conductivity, good thermal shock resistance and corrosion resistance in molten metals.
(Cermotherm) ' Recommended for continuous use in molten steel but not suitable for use in oxidizing atmosphere at high
temperatures.
Static Press Pure fine grain Alpha SiC, 99.9% Highest Grade among SiC material. Gas Tight. Low friction, high hardness.
. . YO 1,650 Five times as higher thermal conductivity of Alumina. Suitable for all the dry atmospheres but attacked by water
Sintered Alpha-SiC
vapour.
99% SiC
Recrystallized Silicon Y1 1,400 Porous but good resistance to acids and alkalis.
Carbide (GK) Recommended for use in air neutral atmospheres up to 1,400°C and also in high temperature stagnant furnace
atmosphere as an outer protection tube, etc. Attacked by water vapour.
99% SiC
S?gg:g;?g%e (:212,) 1,650 Very low porosity. Excellent resistance to thermal shock, corrosion and abrasion at high temperatures.
Recommended for use in oxidizing and reducing atmospheres up to 1,650°C. but attacked by water vapour.
Clay-bonded v3 89%SiC+8.5%Si02+0.7 %Al203+0.7 %Fe20s
- Y . 1,500 Good heat conductivity. Better resistance to thermal shock than oxide ceramic tubes. Like Other SiC types,
Silicon Carbide (NF) )
use under water vapour must be avoided.
0 i o) i 0, i 1
Nitride Bonded va 78%SiC+3%Si02+18 /oSIaNA(lSIQONz) . . . - . .
" . 1,550 Excellent performance superior to Y3 SiC but contains SisN+. Most suitable for use in molten aluminum,
Silicon Carbide (RF) i
reheating. Attacked by water vapour.
Silicon Nitride Excellent thermal shock resistance. Less corrosion to acids and alkalis. High hardness. Fairly good resistance
. SNT 1,350 )
(SiaNa4) against most of molten metals.
Sial SN 1.250 Good oxidation and thermal shock resistance. Better corrosion resistance to molten metals, especially good for
alon ’ molten Aluminum bath than Silicon-Nitride. Durable to iron and steel up to 1,600°C.
MgO Stabilized ZrO-
Zirconia 2R 1706 1800 Gas-tight and exceptionally good thermal shock resistance. Chemically stable against molten metals other than
’ alkalis. Recommended for use in molten special metals, slag and glass up to 1,800°C. Suitable for use in high
temp. protection tube up to 1,900°C where PTO Alumina softens.
f ) { "V ‘A
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PROTECTION TUBES

Standard Dimensions of Protection Tubes

Metallic Tubes Non-Metallic Tubes

Unit : mm Unit : mm
Material Nominal O.D. | Nominal I.D. Length Material Nominal O.D. | Nominal I.D. Length
304 S.S. 10.0 8.0 4,000 6.0 4.0 150~1,000
304L S.S. * 12.0 9.0 4,000 8.0 5.0 300~3,000
321 S.S. * 13.8 9.4 5,500 10.0 6.0 300~3,000
316 S.S. 15.0 11.0 4,000 PT1 13.0 9.0 500~ 3,000
316L S.S. 17.3 =2 12.7 5,500 PT2 15.0 11.0 500~2,000
310S S.S. 21.7 % 16.1 5,500 17.0 13.0 500 ~2,000
347 S.S. + 27.2 +2 21.4 5,500 21.0 16.0 500 ~2,000
21.3 16.0 4,000 25.0 20.0 500 ~2,000
446 S.S.
26.9 21.6 4,000 6.0 4.0 300~1,400
50C030Cr 22.0 16.0 4,000 8.0 5.0 300~ 3,000
80Ni20Cr 27.0 21.0 4,000 10.0 6.0 300~ 3,000
10.0 8.0 4,000 PTO 13.0 9.0 500~ 3,000
13.0 11.0 4,000 15.0 11.0 500~2,000
INCONEL
15.0 11.0 4,000 17.0 13.0 500 ~2,000
600
22.0 16.0 4,000 21.0 16.0 500~2,000
(Alumina coating is
26.7 21.0 4,000 also available.) 25.0 20.0 500~ 2,000
Note: 8.0 6.0 100~1,000
*1 Only scheduled tubes are available.
*2 Dimensions for scheduled tubes. Qr 15.0 13.0 100~2,000
18.0 15.0 100~2,000
25.0 17.0 1,000 ~ 1,400
Y1 30.0 15.0 1,000 ~1,700
35.0 25.0 1,000 ~ 1,800
Y2 25.0 12.0 150~ 900
NS 40.0 20.0 1,000
Y4 40.0 20.0 400~1,000
Corrosion and Abrasion Resistant Coatings
Treatment Thickness(mm) Composition Maximum Temp. (C) Features
Glass Lining 1~12 Borosmca_te glass 450 Suitable for protection e_lgalnst oxidation and gas penetration.
over plain steel Poor thermal shock resistance.
Teflon *' 03 FEP 120 Su.|table for oqncentrated hydrochloric, sulphuric and nitric
over metals acids depending on temperatures.
AR SURRACTG, Cellueisy *2 Suitable for protection from corrosion and abrasion of mother
Flame Spray, 0.3~0.6 Fukudalloy *3 1,000 metals or alloys surface
Plasma Spray Stellite W.C. *4 '

For other special coating requirements, consult our factory.

*1,2,3,4 Trade Marks of Dupont, Colmonoy, Fukuda Alloy, and Cabot respectively.



STANDARD MODELS OF BEADED TYPE THERMOCOUPLE

(MODEL : TE)

Standard Models of Beaded Type Thermocouple Assembly (Model : TE)

For economy and quicker delivery, 16 in design and installations. It is length, so that error by heat conductivity
popular models were selected in five recommended that the customer specify is eliminated and the insertion depth can
STANDARD LENGTH of 500, 800, 1000, the probe length longer than actually be adjusted as required.

1200, 1500 mm through numerous proof needed among the above standard

BN TE01 —

. reon]- [ s [2)-[ ][]
B.aSIC Type l_ ‘ Model No.  Type No of Dia. Total Terminal
with Bead Insulators ‘ | Length  Block

ductors

TE12 rez]- [ s [z ][ ][] - (2]
( Model No. Type No. of Dia. Total Terminal Pro.
A . ggg{o s Length  Box Tube
Metalic Protection Tube - Die.

Type with Slide Flange @ /
L

Material Flange Rating Material

3 IR wELDED [ [ Tae =[]/ s
Model No.  Type No of Dia. Total Insertion  Terminal
X . ductors Length Length Box
Screwed-in Metalic U |
Protection Tube Type H / M = m M
with Hex. Nlpple L | Plrg .Tube Material  Thread Material
8 TH4 i ][ o Tz [ )+ [ ] ]
: Model No. Type No of Dia. Total Insertion  Terminal
i i ductors Length Length Box
Metalic Protection U =
(22 1 [om] - [sioczsrr ][]
with Fixed Flange L | Birg.Tube Material ~ Flange Rating Material

5 [J[77] e[ [ Jox ][] [ o) -]
Model No.  Type No. of Dia. Total Insertion ~ Terminal ~ Pro.
. . dCuctors Length  Length Box Tube
Ceramic Protection oe.
Tube Type with Metal U / - E / M @ /

Support and Slide Flange L Material gyppn Material  Flange Rating Material
a.
TE23 reze]- e ] s Tos]-[ ] [u] - [] -
Model No. Type No of Dia. Total Insertion  Terminal

Length Length B
ductors Sy S 0X

Screwed-in Ceramic U
Protection Tube Type / - /

with Hex. Nipple L

Pro.Tube Material  Thread Material
Die.

TE24 e[ [ s Joo]-[ ][] [] -
( Model No.  Type No of Dia. Total Insertion  Terminal
. . d Sctors Length Length Box
Ceramic Protection -

Tube Type U / - | JIS10K25AFF | /
with Fixed Flange L Bl_'o.Tube Material  Flange Rating Material
| ie.
WELDED 3
[rezs]-[m [ s Jos|-[ 1 Js[u ]/ [a]-[]-
( | [l Model No.  Type No of Dia. Total Insertion  Support Terminal
Length Length Lengyh Box
n 0 ductors
Ceramic Protection -
Tube Type with Fixed U ALC E / ﬂ - @ M - | JIS10K25AFF / M
Flange on Metal Suppor‘t L Pro Tube Material Support Material  Flange Rating Material
|




STANDARD MODELS OF
BEADED TYPE THERMOCOUPLE

D 1632

* resa [ T [os]-[ ][] ]
Model No.  Type No of Dia. Total Terminal Inner
. ductors Length Box -&Jabe
Dual Protection Tube Type |
Inner Ceramic and Outer Metal ﬂ = E / M JIST10K25AFF | / M
Tubes with Slide Flange L | Material _|Quter Material  Flange Rating Material
ube
TE33 rexe] [ [ s Jos]-[ ] #[ 0]~ ] -
Model No. Type No. of Dia. Total Insertion  Terminal
. . — g Sgtb s Length Length Box
Screwed-in Dual Protection U
Tube Type Inner Ceramic and / = / —/
Outer Metal Tubes with Hex. Nipple L ioner Tube Material  Outer  Materil  Thread  Mator
ia. ube
WELDED %+
[rese] [ [ s Jos ][ L Jr[ u]-[i]=[1s]
Model No.  Type No of Dia. Total Insertion  Terminal Inner
. ductors Length Length Box ‘I:I')tl.la e
Dual Protection Tube Type U =
Inner Ceramic and Outer | / - / -| JIs10K25AFF | /
Metal Tubes with Fixed FIange L Material ?utt)er Material ~ Flange Rating Material
ube
TE42 e[ [ ][ )/[0]- [ (o] /)
Model No.  Type No of Dia. Total Insertion  Terminal Inner Material
. . duc‘ors Length Length Box D|
Dual Ceramic Protection
Tube Type with Slide Flange U [1] 7 [pri]=[22] /[s0a] @ [ stoxasarr | 7 [soa]
0pt|0na| Metal Support I_ _(l._)uger Material Support Material Flange Rating Material
ube Dia.
TEA3 WELDED [ress] [ ] s Jos [ ][ 0]~ [ -
Model No. Type No. of Dia. Total Insertion  Terminal
S d . D I C i s Length Length Box
crewed-in Dual Ceramic
. U
Protection Tube Type <——1 / - / — /
with Hex. Metal Support L E\_nerTube Material (T)ult)er Material ~ Thread — Material
a. ube
TEM4 [rese]~[ e [ s Too] [ ][ o] [] - [
: Model No. Type No of Dia. Total Insertion  Terminal  Inner
i . duotors Length Length Box 'I:F)ube
Dual Ceramic Protection = ia
Tube Type with Fixed . v / |Po] m - H 13| / [PT1] m JIS10K25AFF | / M
Flange Metal Support L Material _?uter Material  Flange Rating Material
ube
'I'E45 WELDED ¢
[rees]-[ [ s os]=[ L ] v ]s[a]-[wn]-[1s]
I Model No.  Type No of Dia. Total Insertion  Support Terminal Inner
. ) duciors Length Length Le gth Box D\a
Dual Ceramic Protection A
Tube Type with Fixed U - [pro] = 21 ] [po] - [27] # [soa] ~[ wstonaser ] 7 [aoe]
Flange on Metal Support L Material %Jl;zrDle Material Support Material  Flange Rating Material
d Dia.
TEG2 rece] [ [0 [z ][ L ]#[ 0] ] -
Model No. Type No of Dia. Total Insertion  Terminal

L-bent Type

duo Tors Length Length Box

Pro Tube Materlal Pro Tube Materlal
Dia.




THERMIC® METAL SHEATHED THERMOCOUPLE

(MODEL : TM)

THERMIC® Descriptions

THERMIC is a trade name of YAMARI's excellent compressive strength owing to
metal sheathed thermocouple that is its compact integral construction. It has
covered by a heat and corrosion resistant also high reliability and accuracy because
alloy sheath in which high purity MgO its EMF tolerance always guaranteed to
powder is tightly compacted around the fall within the limits of error stipulated by
thermocouple conductors. THERMIC IEC, JIS (C 1605-1995), ASTM, BS, DIN,
metal sheathed thermocouple has high etc.

electrical insulation resistance and

THERMIC® Features

1) Small Size and Quick Response :
By virtue of its integrated structure comprising of thermoelement wires, insulating powder
material and a protection sheath compacted and drawn together into a small size gas-tight
tubular cable form, THERMIC has very quick response to temperature changes, without
disturbing temperature of the measuring object.

2) High Flexibility and Ease of Installation :
THERMIC can be easily installed owing to its high mechanical strength and pliability up to
bending radius equal to 2 times of the sheath O.D., and can stand 4 times’ repeated bendings
before heating. Once after installed and heated, however, THERMIC should never be twisted or
bent to any direction, as the compacted powder insulation is pressure sintered inside the sheath
during the measurement, thus changing to solid ceramic which may yield cracks by bending to
provide paths for the metal elements to diffuse changing the alloy compositions or allow the 1
thermocouple wires to touch each other.

3) Excellent Resistance to Heat, Corrosion, Vibration and Pressure :
Made of high purity MgO powder tightly compacted in a heat and corrosion resistant metal
tube, THERMIC is produced by drawing under high pressures in excess of 314MPa (3,200 \
kgf/cm?®) therefore, it is highly gas-tight, least corrosion against surrounding atmospheres
and withstands severe vibration and high pressures from 137MPa (1,400 kgf/cm?) to max.
196MPa (2,000 kgf/cm?).

4) Wide Selection of Cable Types :
From very fine sheath O.D. of 0.25 mm to 12. 7 mm, and up to 500 meters in one
continuous length are available in some O.D. Thermoelement wires of 2-pairs and 3-pairs
are also available.

5)Wide Range of Measuring Temperature :
Available in types T, J, E, K, N and R with a variety of alloy sheath depending upon
measuring environments. Temperature range can be extended from cryogenic of
—200°C to high temperature up to +1,250°C by selecting an appropriate combination
of thermocouple type and sheath material. To the customer’s special requirements,
various exotic Metal Sheathed Thermocouples such as Tantalum sheathed
Tungsten-Rhenium and Platinum sheathed Type R and B can be supplied.

6) Longer Service Life :
Despite much smaller overall diameter and light weight, THERMIC has remarkably
longer service life over the conventional large beaded type thermocouple.
According to our experiment for long-term EMF drift studies of THERMIC
thermocouple, 8 mm O.D. Inconel 600 sheathed Type K samples of only 1.30 mm
dia. conductors had a service life of over 20,000 hours (2.3 years), at 1,000°C in
air without noticeable drift from an initial calibration.
In contrast, a conventional beaded thermocouple of 3.2 mm O.D. Type K
conductors with 21.7 mm O.D. Inconel 600 protection tube failed less than
10,000 hours (approx. 11 months) after deviated from the specified limits of
error due to oxidation of Type K conductors.
THERMIC offers more than twice as large saving on the temperature
measurement costs.

Metal Sheath
Thermocouple

MgO Insulation



THERMIC®

d Non-Ferrou urnaces, electric furnaces, vacuum

aces, contin

B Electric Power and Gas
temperature monitors, w.
LPG, LNG, etc.

M Electric and Electronic |
LS, electron tubes, etc.

B Glass and Ceramic Indus
tempering kilns, etc

B Chemical and Petrc

ordal and various types of skin
Dearings; generator gas, natural gas;

e controls for semi-conductors, IC,

2ment and brick, flues, preheaters,

nd rocket engines, etc. associated monitoring functions

Fo | » ectors, plate and roll heaters, dyeing process, sugar refining, meat

o processing, bakeries, confectioneries, breweries, retort and frozen food processing, etc.

W Others: experimental and laboratory studies on plasma arc, electron beam, laser, single crystal growth, and other physical,
electronic, medical properties, biotechnical researches.

THERMIC® Temperature Range

Thermoelement Wires Unit:C Sheath Material Unit:C

CUPRO-NICKEL

304S8,3211SS,316SS

INCONEL625
NICROBELL
HASTELLOY X

-200 0 200 400 600 800 1000 1200 1400 1600 1800 -200 0 200 400 600 800 1000 1200 1400 1600 1800

* Due to limitation of heat resistance of the metal sheath, maximum measuring temperatures may be reduced than those quoted on bare
thermocouple wires.

THERMIC® Hot Junctions

Thermoelement wires are welded together directly at hot end of the sheath to form a hot junction.
Not recommended for type T and R due to wide difference in melting points between composed
1 ] metals and alloying compatibility. To overcome such a difficulty, a patented special junction is

A made on request.
Quick response and suitable at high temperature and pressure but not recommended for use in
Type I (Grounded) hostile, vibrating and noise generating field.
{ Thermoelement wires are welded together to form a hot junction which is completely isolated both
6 I | mechanically and electrically from the sheath closure.
T Slower response than Type | but less deterioration of EMF and suitable for a long term service in

critical and noise generating field.

Typell (Ungrounded)

I 7 Thermoelement wires are welded together to form a bare hot junction by protruding from the

ﬁ sheath.
— —] Quickest response and can detect even a slight temperature change instantaneously, but not

. 2 durable for long time in corrosive, high temperature and high pressure atmospheres. Care must
Type]II (Exposed) be exercised to prevent from moisture ingress at low temperature or during storage.

Our specifications and procedures of making the above hot junctions conform to ASTM E 235, IEC 1515-1995 and JIS C 1605-1995.



THERMIC® METAL SHEATHED THERMOCOUPLE

(MODEL : TM)

THERMIC® Types and Sizes

Nom.O.D. | Wire Dia. | Wall Thick. - Max. Weight
T Standard Sheath Material
(mm) (mm) (mm) vBe andar ea atena Length (m) (9/m)
0.25 0.04 0.05 K Inconel 600 5 0.4
0.5 0.10 0.08 KeE-J Sfglss 300 1.3
Single Pair Inconel 600
1.0 0.18 0.13 KoEodoT dlglse 480 5
Inconel 600, 310SS
1.6 0.25 0.18 NeK<E+-J-T*R S16L55 300 13
Sheath Inconel 600, 310SS
, 22 0.36 0.25 N-K-E-J-T gilglss 300 24
Wire Inconel 600, 310SS
MgO 3.2 0.53 0.36 N K<E+J-T-N-+R S16LSS 500 51
Inconel 600, 310SS
4.8 0.79 0.53 NeK<E+JT-N-*R gilelss 200 115
Inconel 600, 310SS
316LSS
6.4 1.04 0.74 NeK<E+J-T-N Inconel 600, 310SS 100 193
Hastelloy X
316LSS
8.0 1.30 0.91 NeK<E+J-T+N Inconel 600, 310SS 80 300
Hastelloy X
16 0.25 0.18 KeEeJ-T eSS 300 13
Dual Pair Inconel 600, 310SS
3.2 0.48 0.36 KEAERIENT flelss 500 45
Inconel 600, 310SS
4.8 0.74 0.53 KeE-J-T Sleto 200 102
Inconel 600, 310SS
6.4 0.97 0.74 KeE-J-T flelss 100 222
Inconel 600, 310SS
8.0 1.22 0.91 KeE+J-T S16LSS 80 350
Inconel 600, 310SS
316LSS
. . 3.2 0.30 0.38 KelEedoT 150 €8
Triple Pair Inconel 600, 310SS
48 0.53 0.53 K-E-J-T SIEESS 200 80
Inconel 600, 310SS
6.4 0.71 0.74 KeE+Jd-T S16LSS 100 130
Inconel 600, 310SS
8.0 0.89 0.91 K+ E -+ J+T fleles 80 210
Inconel 600, 310SS

Special sheath material : 304, 304L, 321, 347, 316, Inconel 625, Incoloy 825, Hastelloy X, Cupro-nickel, etc. are available.
Optional O.D. Size : 1.5mm, 2.0mm, 3.0mm, 4.5mm, 6.0mm, 9.5mm, 10.5mm, 12.7mm, 15.9mm, and 19.1mm can be supplied.

Conductor twisted type THERMIC eliminates noise interference :

For use under noise generating or RF interference field, conductor twisted type THERMIC is available in calibrations of K, J, E, T and N
with stainless steel and Inconel sheath of 1.6 mm to 3.2 mm nominal O.D. This special thermocouple is eminently suited to effectively
eliminate normal mode noise. Maximum cable length is 500 meters. This special THERMIC can be handled in the same way as
ordinary THERMIC thermocouples, and effectively reduces disturbance on EMF output.
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THERMIC® Analysis of Sheath Material

Unit : %
Sheath G Si Mn P s Ni cr Fe Other
30455 <0.08 <10 2.0 <0.04 <0.03 8-11 18-20 Bal. —
32158 <0.08 <10 <2.0 <0.04 <0.03 9-13 17-19 Bal. STi5XC%
316LSS <0.03 <10 2.0 <0.04 <0.03 12-16 16-18 Bal. Mo 2-3
34755 <0.08 <1.00 <2.00 <0.04 <0.03 9-13 17-19 Bal. SNb10X C%
31085 <0.15 <15 2.0 <0.04 <0.03 19-22 24-26 Bal. —
44655 <02 1.0 A5 <0.04 <0.03 — 23-27 Bal. N<0.25
Inconel 600 <0.15 <0.50 .0 <0.03 <0.015 572 1417 6-10 Cu<0.5
Inconel 625 <0.10 <0.50 <0.50 <0.015 <0.015 Bal 20-23 <5.0 Mo 9 Nb+Ta:3.7
Incoloy 825 <0.05 <05 1.0 <0.03 <0.015 38-46 19.5-23.5 Bal. Mo 2.5-3.5 Al<0.2 Ti<1.2
Cupro-nickel — — <1.5 — — 11 — — Cu Bal. Fe<1.0 Zn<1.0
Hastelloy X <0.15 <10 .0 <0.04 <0.03 Bal. 20.5-23 18.5 Mo 18.5 Co 1.5 W 0.6
Nicrobell B — 1.4 — — — 81 14.5 — Nb 1.8 Mg 0.15
THERMIC™ Insulating Material
Purity Unit : %
Composite MgO S0 Ca0 Fe:0s AlOs B cd S c
Grade
96.3~ 145~ 0.73~ 0.16~ 0.06~ 85~
Standard 10 50 200
ancar 97.3 2.06 1.25 0.30 0.30 1,000ppm <toppm <o5pPm <<oopem
. . 99.47~ 0.042~ 014~ 0.034~ 0.30~ 10~
High Purit 10 50 200
g Ay 99.72 0.14 0.21 0.104 0.08 20ppm USRI S poaRen
Physical Properties
Insulating Melting Resistivit Coeff. of thermal Thermal Conductivity (C) Moh’s Density
Material Point v expansion (E) C™' Caf -sec”' - cm™-cmC™ Hardness g-cm®
(C) © Q - cm i EX107 i Porosity CXx10*
MgO 2,800 980 3X107 20~1,400 140 1,200 22 61 6 3.58
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THERMIC® METAL SHEATHED THERMOCOUPLE

(MODEL : TM)

Standard Models of THERMIC®
Metal Sheathed Thermocouple Assembly (MODEL : TM)

For economy and quicker delivery, 28 in design and installations. It is length, so that error by heat conductivity
popular models are selected in five recommended that the customer specify is eliminated and the insertion depth can
STANDARD LENGTH of 500, 800, 1000, the probe length longer than actually be adjusted as required.

1200, 1500 mm through numerous proof needed among the above standard

TMA

: = |TMA|—|K|S|32|H|/|316L|—- -

Basic Type, Projected ModeiNo.~  Type No-of Dia Sheath Length
Conductors L 1 50 Gottors
TMATMAS ™A —|K|S|48|H|/|316L| [ ]-[s]
q ] TMAS Type No of Dia.  H.J. Sheath Length Tzleécmlnal
Basic Type with Nodel No. s
Terminal Block L X TMAS:--Spring loaded type
‘ (Max.stroke of spring 10mm.)

TMAS

Basic Type with
Terminal Box

4 [T

|TMAS|—| K|s |4s|11 |/|316L|—- m

Model No. Type No of Dia. J. Sheath Length Term\na\

ductors

X Spring loaded type
(Max.stroke of spring 10mm.)

|TMB |—| K | s |48| I |/|316L|——

Model No. Type go. of Dia. H.J. Sheath Length
) . dSc?tbrs
Flexible Shield
Lead Type VX13 |-
Lead Lead
Length
TMBF |TMBF|—|K|S|48|H|/|316L|——
Model No. Type No. of Dia. H.J. Sheath Length
Con-
. ‘ ductors
Flexible Tube Armoured | 70
Lead Type VX13 |=
L 55 A Lead Lead
[ Length

TMBI]I_ TMBI]S TMBDL —| K | s |48| I |/| 316L|——

TMBDS Type (rx}lg_n?f Dia. H.J. Sheath Length
B Modal N ductors
Flexible Lead Type oceliic)
With Quick Connector ‘ TMBDS:- -
E B B E - Miniature connector
‘ ‘ ! Lead [ead Lead Lead Length
Length
4 TMBE[TMBEs T™BEL|-| K | s [48 | n [/] s16L |- —
| E[I : Type No.of Dia. H.J. Sheath Length

g T~ TMBES poy
. ductors
Flexible Lead Type 70 Model No.
with Metal Connector Ry STMBES -
L 55 A1l A2 rKdX—1_3| . = | KX13 |= Miniature connector
eal eal ead

Length

21
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TMBEL TMBES

TMBEL —| K | s |48| 11 |/|316L|——

TMBES Type ggh?f Dia. H.J. Sheath Length
- ductors
Flexible Lead Type Model No.
colit izl g . L 185 . A [ kas |- 3 TMBESMiniature connector
! ! Lead Lead
Length
TMB[I_ TMBES T™BEL|-| K | s [48 | 1 |/|316L|——
TMBES Type l(\l:o. of Dia. H.J. Sheath Length
on-
ductors
Flexible Lead Type Rccelie
with Meatal L 55 _ _ TMBES: -
Plug & Socket ! =0 = Miniature connector
Length
RIS TMBEL TMBES e (el s oo o Jo[ra ][ -
¢ TMBES, "P° NoofDa FHJ—  Sheath Length
ductors
Flexible Lead Type Modef No.
with Meatal L 55 A _ _ XTMN?ESt ,
PIUQ & Receptacle ‘ Lead Lead Receptacle TS EorminSeielr
Length
TMBY[TMBYS TMBYL—|K|S|48|H|/|316L|—/EI—
= TMBYS Type ggh?f Dia. H.J. Sheath Length
PO e N I A R RN B ductors
Bayonet Spring E . 70 Model No.
Load Type kx13 |=[ a ¥TMBYL - 8A nozzle(13.8mm.0.D.)
L .55, A TMBYS-+6A nozzle(10.5mm.0.D)
Length
TMcl TMcs TMCL —|K|S|48|H|/|316L|—
C T TMCS Type ggh?f Dia. H.J. Sheath Length
q Modei N ductors
Exposed Terminal Type OGGHRNO:
L KTMCL:--TL Terminal Box
i d TMCS:-- TS Terminal Box
TMDL TMDS | I o =[5 [eo]n J[wa]-[ ]
= = = TMDS Type ggh?f Dia. H.J. Sheath Length
ductors
Quick Connector Type A\L# Model No.
(Compensated L A _ ><TMDS
Contact pins) _ T Miniature connector
m TMI]I_ TMns _ TMDL —|K|S|48|11|/|316L|—
C QE TMDS Type l(\l)gh?f Dia. H.J. Sheath Length
q ductors
Quick Connector Model No.
Type with Plug L

(Compensated Contact pins)

XTMDS: - Miniature connector

22
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THERMIC®

(MODEL : TM)

METAL SHEATHED THERMOCOUPLE

TMDL TMDS

Quick Connector Type
with Plug & Socket
(Compensated Contact pins)

TMDL —|K|S|48|H|/|316L|—
TMDS Type ?‘)gh?f Dia. H.J. Sheath Length
Model No. clugiteis

KTMDS:--Miniature connector

TMEI_ TMEs TMEL —|K|S|48|H|/|316L|——
€ TMES Type gg.n?f Dia. H.J. Sheath Length
ductors
Model No.
Metal Connector Type 7o | P STMES
Kx13 |=| A | & Ve
- L A - Miniature connector
Lead Lead
Length
TMEL TMES orfy | [ ][ [ [ [n ][ [
< TMES Type gg.n?f Dia. H.J. Sheath Length
Metal Connector Type o ductors

with Plug L ) .
! X TMES:--Miniature connector
TMEL TMES e [« [s T [0 Js[ v |-[ L J-[ ]
A TMES Type go of Dia. J. Sheath Length  Socket
Metal Connesctor Type T ductors
with Plug & Socket
9 ‘ L ‘ XTMES:--Miniature connector
TMEI- TMEs - TMEL —|K|S|48|H|/|316L|—- E
! ol TMES Type No of Dia. Sheath Length  Receptacle
Metal Connector Type . o —— Guttors
with Plug & Receptacle ‘ | ¥TMEL--- TL Terminal Box
K TMES:--Miniature connector
TMH [ ][« ['s [ao [0 ] [oron |- [ -
e | Model No. Type No.of Dia. H.J. Sheath Length
gont-ors
. UCT
Terminal Head Type
L
- - Terminal
Box
TMNB TMNBS une <[ [ s [ss [ 1] [ore ][ ]
:DQIQ: TMNBS Type léo of Dia. Sheath Length
B ductors
Screwed-in Hex. y _ X Sl o
Nipe Type — o[- o J[oo] s
o] o] yp . _ R1/2_ |/ Spring-loaded type
| ILneSr%ttﬁn g%rxmlnal Thread Material (Max.stroke ofspring10mm.)




THERMIC®

TMN TMNS

TMN |K|S|48| |/|316L|—--

T Di H.J.
:@:@: TMNS ype (r\‘jgnof ia. Sheath Length T::&lﬁn
Screwed-in Plain ‘ oder o dutors
H Il — P e
Nipple Type —| R1/2 |/ XsTgﬂnhn'S loaded type
(without Bushing) Leimilie] Tz Material  (\ax.stroke of spring 10mm.)
TMUNB TMUNBS wons| [ [ [ss [ ][ ][ ][ o]-
T No. of Dia. H.J. Sheath L h I
TMUNBS ype an? ia. eal engt ”es:gtl}?”
Screwed-in Hex. Nodel No.” cuters
Nipple Type -| Ri2 , TMUNBS:
ith Uni i i Spring loaded type
wi nion el U Material  (Max, stroke of spring 10mm.)
TMUN TMUNS Sinoonminio!
TMUNS Type ggn?f Dia. Sheath Length T:I%E[lﬁn
Screwed-in Plain Wodel No.” cutors
?l’? U .yp KN R1/2 |/ 304 Spring loaded Type
Wi nion 'IB'%TmnaI Thread Material (Max. stroke of spring 10mm.)
TMNF — [rone |- T s o[ o [ara |- o ][ v]-
Model No. Type No. of Dia. Sheath Length  Insertion
Con- Length
o ductor:
Flanged Nipple Type e
- » — [ JISTOK25AFF | /
Terminal  Flange Rating Material
Box
TMP ] [we J-[«T s Too w][ora ][ o ]-[w]-
Model No. Type No of Dia. H.J. Sheath Length 'éermina\
OX
q d l
Metal Protection Tube Type oo
with Slide Flange 1 EI / @ | JISTOK25AFF | /
Prot. Tube Matarial ~ Flange Rating Material
Dia.
TMPB TMPBS wea =[] s oo u ][ - ][ ]-
TMPBS Type No of Dia. Sheath Length \nsentlr?n
Leng
o | a4 H || )| s e
Hex. Screwed-in Metal Model No. i
Protection Tube Type @ - - TMPBS--
yp 15 /|316|— | R1/2 804 | Spying loaded type
Termlnal Prot. Tube Matarial ~ Thread Material (Max. sroke of spring 10mm)
Box Dia.
TMPF TMPFS oee |-« s T ] r[sva]-[ 1 ]s[ u]-
TMPFS Type No of Dia. H.J. Sheath Length Inserttuﬁn
Leng
o XA e Sou
langed Metal Protection Modei No. uciers
Tube Type @ = / — | JIS10K25AFF | / ngnMgﬁzided -
Terminal  Prot. Tube Matarial ~ Flange Rating Material (M stoke ofsprng 10mm)

Box Dia.
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STANDARD METAL FITTINGS

SEALING GLANDS FOR THERMIC AND OTHER TEMPERATURE PROBES

Unit : mm
1. Compression Fitting Nominal ¢ D Code S S2 A B
Material : 304 S.S. 1.0 CF101 R4 _ 10 33
5 CF161 R4 — 10 33
S CF162 R4 — 12 35

THERMIC ®D . CF221 R1% — 10 33
\ >=’ B — ’ CF222 RV, — 12 35
\_H:ﬂ: ‘ 3 . CFa21 R4 — 10 33
’ CF322 RV, — 12 35

LA 5 CF481 R4 — 10 33

4.8
CF482 R14 — 12 35
6.4 CF642 R4 — 12 35
8.0 CF802 R4 — 12 35
2. Compression Fitting with Teflon Cotter 1.0 TCF101 R 1/8 — 10 33
Material : 304 S.S. 6 TCF161 R4 _ 10 33
’ TCF162 R14 — 12 35
S Teflon TCF221 R1% — 10 33

2.2
THERMIC ¢D TCF222 R4 — 12 35
\ a0 TCF321 R4 — 10 33
3 ' TCF322 R4 — 12 35
TCF481 R4 — 10 33

A 4.8
e TCF482 R14 — 12 35

6.4 TCF642 R4 — 12 35

8.0 TCF802 RV, — 12 35

3. Compression Fitting with Bushing Socket CF324 R1% R 14 20 59
Material : 304 S.S. 3.2 e R3 R 1% 0 =
S S . i CF484 R1% R4 20 59
—\% CF486 R34 R14g 20 59
3 o4 CF644 R1% RV, 20 59

' CF646 R34 RV, 20 59

A S CF804 R1% R4 20 59

= : 80 CF806 R34 R14 20 59

Standard Ferrule : 304 S.S. (316 S.S. and other alloys are optional.)
Standard Sealant : P.T.F.E. (Neoprene, Lava and Grafoil are optional.)
Bushing Sockets accept all the THERMIC Thermocouples and Sealing glands.

25



TERMINAL BOXES

Terminal Box

Other entry threads of NPT, R and Metric’s can be specified.
Type Weather Proof KN Weather Proof KS
Material Al-alloy diecast Al-alloy diecast

Conduit Dia. G1/2 - G3/4 G3/8
No. of Terminal 2:3:4-6 23
Terminal Block Ceramic Ceramic
Surface Finish Melamine baked Melamine baked
Surface Color Metallic silver Metallic silver

G1/2, G3/4 Gi/4

S 8
Dimensions ! !
40 G3/8
Type Exposed Terminal TL Wall Mount KW
Material Al-alloy diecast Al-alloy diecast
Conduit Dia. — G1/2 - G3/4
No. of Terminal 2 2:3:4-6
Terminal Block Bakelite, Ceramic Ceramic
Surface Finish Melamine baked Melamine baked
Surface Color Metallic silver

G1/2

Metallic silver

Dimensions E
65
45
Type *Flame Proof KG (d2G4) Two-Way Entry KR
Material Al-alloy diecast, Stainless Steel Al-alloy diecast
Conduit Dia. M16 - 20 - 25 - G1/2 - G3/4 G1/2X2
No. of Terminal 2:3:4-6 4-6
Terminal Block Bakelite Ceramic
Surface Finish Melamine baked Melamine baked
Surface Color Metallic silver Metallic silver
G1/2,G3/4 SR, Ea Gl [~
3
Dimensions g
=75
50 G1/2
Type Dual Cable Entry KF Plastic Model KP
Material Al-alloy diecast Phenol Resin
Conduit Dia. G1/2X2 G1/2
No. of Terminal 46 2:3:4
Terminal Block Ceramic Ceramic
Surface Finish Melamine baked
Surface Color Metallic silver Black
G1/2, G3/4
N

Dimensions

@
‘ﬁ? 2-G1/2

40
74

B o

=105|
65 ‘

=90
55 G1/2

*Approved by KEMA for "II2G EExdIICT6" to CENELEC EN50018. Two-entry model also available.




27

THERMOCOUPLE FOR TUBE SKIN TEMP. MEASUREMENT

TYPES OF HOT END CONFIGURATION FOR TUBE SKIN

TEMPERATURE MEASUREMENT

PADDED TYPE:

LS

FINNED TYPE :

KNIFE-EDGE TYPE :

© -

FILLED-IN-GROOVE TYPE :

CHORDAL TYPE :

Commonly used for measurements of boiler
tube and vessel wall temperatures by
attaching the metal pad onto the surface of
tube or wall and weld its both sides.
Available in flat and curved pads machined to
closely fit for radii of the tubes or walls.
Welding should be carefully made to get
optimum thermal contact avoiding air gap

Derived from the above pad type, developed
for ease of attachment mainly on water wall
tubes and vessel or metal casing of relatively
lower temperatures than 600°C. By virtue of
very thin square fin of stainless steel, it has a
freedom of fitting closely on any curved

Originally introduced jointly by U.O.P. and
Thermo-Couple Products Co., U.S.A,, it has
an outstanding feature for welding job to
allow perfect thermal contact with the tube
skin by fine bead welds in the 45 Deg.
groove provided at both sides of "Knife-
edge" irrespective of outer diameter of the
tubes. Robust and longer service life, but the

This patented configuration has been
developed by YAMARI in collaboration with
the Central Research Institute of Electric
Power Industry, Japan to measure true
temperatures of boiler tube skin. A small
groove is provided around the surface of
tubes at a depth within the rated positive
tolerance of wall thickness of the boiler tube
in which 0.5~1.0 mm O.D. THERMIC
thermocouple is formed in oval shape and
tightly embedded. Protective welding is
made to cover both the thermocouple and
groove for uniform finish with the tube

This type has been first adopted by Babcock
Wilcox, U.K. for similar objective and concept
with the above "Filled-in-Groove"
configuration using small diameter THERMIC
thermocouple, and can measure skin
temperatures of boiler tubes very accurately.

between pad and tube skin. Properly weld-
attached thermocouple has reasonable
accuracy.

surface. Welding can be made by a simple
portable resistance welding machine with
many spot welds over the fin even under
water. Has quick response and reasonable
accuracy.

height of knife-edge head must be carefully
determined so as to eliminate effect of
radiation from the outer heat source.
Recommended for hostile and high
temperature applications. Reasonable
accuracy and few EMF drift on a long term
measurement.

surface. This method has much better
accuracy over other types and can monitor
deposition of scale inside the boiler tubes
through the pattern of temperatures. Thus,
safety of the tubes and timing of plant
shutdown for de-scaling can be estimated.
It is necessary for the users, however, to
send cut pieces of boiler tubing to our
factory to fill and weld seal the
thermocouples, and after the thermocouples
are embedded, the cut tubings are returned
and should be re-joined by welding with the
existing boiler tubes at the site.

Installation job of thermocouple is not easy
to do at the site, and also drilling deep
straight bores may reduce mechanical
strength of the boiler tubes involving some
danger during operation.






