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Student Guide 


TEMPERATURE MEASUREMENT USING A THERMOCOUPLE
Data Acquisition and Measurement ___________________________________________________ 

Acknowledgements

Subject Matter Expert:  Roy Brixen, College of San Mateo, CA
Purpose

Using electronics hardware for temperature measurement is one of the most common data acquisition processes.  Using a thermocouple to accomplish that measurement is by far the most common method.  The purpose of this lab is to teach you to assemble, troubleshoot, and calibrate such a system for accurate temperature reporting.
Systems Rationale

No matter if you are working in food processing, semiconductor manufacturing, or for a big pharmaceutical manufacturer, temperature measurement is a vital component of any automated manufacturing procedure.  Temperature measurement is used throughout automated industries to measure and control temperature.  Being able to setup, troubleshoot, and calibrate a temperature measurement system becomes a vital job skill for any technician working in industrial controls, automation, or mechatronics.  

System Concepts

This system covers the following system concepts (signified by an X):

_X_ 
S1. A system can be defined in terms of its functional blocks i.e., a “structured functional unit.”

_X_ 
S2. A system has a purpose, transforms inputs into outputs to achieve a goal.

___ 
S3. A system is defined by the flow of materials, energy and information, between its functional units.

___ 
S4. A system may be open or closed. In an open system additional inputs are accepted from the environment.

_X_ 
S5. A system is more than the sum of its parts. Individual components can never constitute a system.

___ 
S6. A system provides feedback to the operator and services to the user. Some system functions may involve operator action.

__ _
S7. Systems have unique problems.

Learning Outcomes

These Learning Outcomes maybe found at the SLO tab of the course.  http://www.esyst.org/Courses/Acquisition_Measurement/_delivery/index.php    


11.
Define data acquisition.

12.
Draw a generic block diagram of a data acquisition (DAQ) system and identify each section and explain how it works.  

13.
State and defined the various methods of signal conditioning in a DAQ system.

LABORATORY

3.
Build a simple DAQ system with sensors, signal conditioning, ADC and other components as needed to collect data. 

Prerequisite Knowledge & Skills

· You should have a background in basic circuit construction, voltage measurement using a DMM, and the ability to solve basic algebra problems.    

Learning Objectives

Relevant knowledge (K), skill (S), or attitude (A) student learning outcomes include:  

K1.  Define the Seebeck effect. 

K2.  Based upon wire color-code, identify the type of TC wire and which wire is negative.
K3.  Explain how to join two wires together to form a hot junction.
K4.  Explain the operation of a cold junction compensator device.
S1.  Properly dress, form, and weld a TC wire junction.
S2.  Make accurate millivolt measurements at the cold junction of the TC.

S3.  Construct a temperature measurement systems using a TC, a cold junction compensator, and an instrumentation amplifier.
S4.  Demonstrate the ability to accurately predict and measure system output voltage.
A1.  Demonstrate a desire to maintain safety by putting on eye shields before operating a TC welder.

A2.  Demonstrate appropriate safety procedures when working around ice slush and boiling water.
Process Overview

In this lab, you will do four things.  First, you will construct a Type K thermocouple.  This will involve cutting and dressing the different wires and performing a spot weld to form the hot junction.  You will then be expected to use a DMM to measure the TC output voltage when then the hot junction is in boiling water, at room temperature, and in ice slush.  You will learn to use a TC data table to predict required TC output voltages.  You will learn to manually compensate your voltage readings to adjust for the fact that the cold junction of the TC is not at ice point, rather it is at room temperature.  Finally, you will construct a temperature measurement system that can interface to a Type K TC, adjust for room temperature errors, and produce an output of 10 mV./  C.
Time Needed

Lab Performance: 

It should take students approximately 2.5 hours to work through the entire lab.
Lab Deliverables: 

It should take students approximately 2.5 hours of homework time to create the lab report.
Equipment & Supplies

	
	
	

	AD 595 Type K Thermocouple amplifier with cold junction compensation.
	1

	UV protection safety glasses
	1

	+5 volt power supply
	1

	Digital multimeter
	1

	HotSpot II Thermocouple Welder (DCC Corp.)
	1

	Analog or digital thermometer, 0 to 50  C
	1

	3’ length of #22 AWG Type K thermocouple wire
	1

	Stove or hot plate for boiling water
	1

	Small pot for boiling water
	1

	Styrofoam cup, 8 or 12 oz. 
	1

	Bag of party ice 
	1


Special Safety Requirements

There are two important safety precautions that you must be aware of while doing this lab.  First, when using the TC spot welder, be sure to wear the approved UV blocking safety glasses.  The arc produced as you weld the wires together produces drops of hot metal and a bright UV rich flash of light.  The safety glasses protect your eyes from damage from the hot drops of metal and/or the UV light.

Second, keep in mind that this lab mixes water and electricity.  You will be using a pot of boiling water and/or a cup of ice slush to produce temperature values of 100 C and 0 C.  The boiling water will scald your skin, the ice slush can produce frost bite, and if you spill the water on your electrical equipment at the lab bench, electrocution can occur.  Try to keep the containers of hot and cold water separated from the electrical equipment on the lab bench and stay focused.  One wrong move can spill scalding water all over you, your lab partner, and/or your lab bench.
Lab Preparation

1. Cut a three foot length of #22 AWG Type K thermocouple wire.

2. Prepare the butane stove and a pot of water.

3. Mix, in an 8 oz. Styrofoam cup, a ratio of 75% ice cubes and 25% water.
4. Collect the necessary parts as shown on the parts list.

Introduction

The thermocouple (TC) is one of the most common methods of electrical temperature measurement.  Basically, two different metals are used.  One end of the TC has the metals joined together with a weld.  The other end of the TC has the metals separated and attached to a type of load.  In this lab, you will use Type K thermocouple wire, made from chromel (90% nickel and 10% chromium) and alumel (95% nickel, 2% manganese, 2% aluminum, and 1% silicon).  The Type K TC is the most commonly used type of TC because of the wide temperature measurement capability (-200° C. to +1250° C.) and the excellent linearity (41 uV./° C.) over a wide range of temperatures.  ANSI thermocouple data tables are available to www.omega.com/thermocouples.html.  Scroll down to the data table section at the bottom of the page and click on Type K.  Use the Centigrade selection.
The welded or joined end of the TC wire is referred to as the hot junction and the separated end is referred to as the cold junction.  Just like the words describe, the hot junction is inserted into the heat source while the cold junction remains at room temperature or at 0° C.  When this action occurs, a voltage is developed between the two different wires and if the cold junction is connected to a load to complete the circuit, current flows.  This is known as the Seebeck effect (discovered in 1821 by Thomas Johann Seebeck).  The voltage developed is directly proportional to the temperature difference between the hot and the cold junctions.  The data table referenced above will predict the proportional voltage will be over a large range of temperature differences.  

The concept of the Seebeck effect demands a hot and a cold junction--specifically at cold junction at 0° C.  Short of dipping the cold junction is ice slush, getting a cold junction down to 0° C is next to impossible.  Several correction methods are used in industry.  First is the cold junction correction lookup table.  This table is included with the TC along with a small dial thermometer used to measure room temperature.  The cold junction is left at room temperature while the hot junction is plunged into the source of heat.  A Seebeck voltage is developed between the hot and cold junctions, only the voltage does not match the ANSI TC data tables.  In order to correct for the fact that the cold junction is not at 0° C., the technician reads room temperature on the dial thermometer, goes to the lookup table and find the equivalent voltage.  Then, the technician adds the two voltages together so that the total voltage reading is corrected for the fact that the cold junction is not cold, rather it is at room temperature.  

A second correction method is to computerize the process.  Allow the TC to function as in the first example with the cold junction at room temperature.  Use an A2D converter to translate the analog output voltage from the TC into a proportional binary number.  Then, use a thermistor to measure room temperature.  Use a second A2D converter to translate the thermistor's analog output voltage into a proportional binary number representing room temperature.  Use a ROM-based cold junction correction lookup table to determine the appropriate equivalent TC voltage at room temperature.  Finally, allow a microcontroller to add the two binary numbers together and then output the corrected TC voltage measurement and actual hot junction temperature.  

Another correction method is to use a thermocouple amplifier with cold junction compensation.  The Analog Devices AD595 is such a chip.  Download the complete data sheet of the Analog Devices AD594/595 for this lab. 
This chip basically measures the temperature of the environment and injects into the cold junction end of the TC wire an offset voltage proportional to room temperature.  The connection made insures that the voltage at the cold junction is modified by the AD595 such that the cold junction is brought to 0° C electrically rather than from the extraction of the heat of room temperature.  What results is a TC system that follows the ANSI TC data tables to the letter.  The AD595 also includes a linear amplifier that allows the chip to produce an output voltage equivalent to 10 mV./°C.  Thus at room temperature of, say 23° C, the AD595 will output 230 mV.  

Be sure to read "Thermocouple Basics" on page 8 of the AD594/595 data sheet.

Task

This lab activity will acquaint you will the concepts of using of thermocouple to measure temperature.  The lab uses a homemade Type K thermocouple and an Analog Devices 595 TC Amplifier/Cold Junction Compensator chip to measure temperature from 0-to-300 degrees C.  Since the thermocouple is one of the most common methods of sensing temperature and it produces a proportional output voltage, you can expect to encounter thermocouple hardware in many electronic systems.  The skills you will learn and practice in this lab will allow you test a thermocouple for functionality and work through the operation of a temperature measurement system.  No matter if you find work in food processing, big pharma, or transportation industries, you will encounter temperature measurement systems based on thermocouple technology.

Performance

Part 1--TC Manufacturing

1. Using the lab supplied Type K TC wire, strip back 3” of the brown outer insulation.  Then, strip back 1.5” of the red and the yellow inner insulation.

2. Using the diagonal cutters, cut the ends of the wires as shown:
[image: image1.png]



3. Using the long nose pliers, shape the two ends of as shown:
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4. Using the TC Welder, spot weld the two ends together.  Set the energy control at the 6 or 7 o'clock position.  While holding the wire loop in the long nose pliers, strike the carbon block quickly and wear SAFETY GLASSES.  If the welding process melts the wire at the end of the loop, reform the loop, lower the energy control, and try again.
5. On the other end of the TC, strip back 1.5” of the brown outer insulation.  Strip back 1/2” of red and yellow inner insulation.
Part 2--Measuring Room Temperature
1. Using the analog and/or digital thermometer, determine the temperature of the lab.  Record that value below:


Lab Temperature = ___________________________

2. Using the ANSI data table for the Type K thermocouple, look up the millivolt value that such a thermocouple would produce when measuring lab or room temperature.  Record that value below:


Type K TC output voltage at room temperature = ____________________  
Part 3--Measuring Thermocouple Output Voltage
1. Set up the DMM to measure millivolts.  

2. Connect the DMM to the unwelded end of the Type K TC you just manufactured.  The RED TC wire is MINUS.

3. Dip the welded end into the ice slush bath (an ice slush is 75% crush ice and 25% water).  Wait until the reading on the DMM stabilizes and record the TC output voltage:


______________________________ millivolts

4. Remove the TC from the ice slush bath.

5. Allow the TC junction to warm up to room temperature.  When the reading on the DMM stabilizes, record the TC output voltage as displayed on the DMM:

__________________________________ millivolts.

6. Ignite the butane stove and bring a pot of water to a rolling boil.  Insert the welded end of the TC into the water -- do not touch the side or bottom of the pot.  Wait until the reading on the DMM stabilizes and record the TC output voltage:


_____________________________ millivolts

7. Consult the temperature to voltage conversion table for the Type K TC you are using.  Using the data table, look up the three voltages you measured and determine, from the table, the temperature.  Record your temps below:


Ice Slush Temp = ________________________


Room Temp = _________________________


Boiling Water Temp = ________________________

8. You know that ice slush temperature is 0° C., that room temperature is about 23° C. (see Part 2 of this Lab for exact value), and that boiling water temperature is 100° C.  How do these known standard temperatures compare with the performance of the manufactured TC?

9. Explain what basic thermocouple use concept is being violated by the previous measurement technique.
10. What is wrong with the manufactured TC readings?

11. How could you "correct" the millivolt reading so it matches the data tables?

12. Explain two different ways to get the cold junction down to 0°C.

Part 4--A Thermocouple Cold Junction Compensator and Matched Amplifier

1. Following the schematic shown below, construct the Type K 10 mV/°C thermometer circuit.  You will use an AD595 TC Amplifier and Type K thermocouple wire.  The alumel wire is negative with red insulation and the chromel wire is positive with yellow insulation.


Wire checkpoints.  Before you power up the circuit, check to be sure the following pins are connected.  
Pin 11 goes to +5 volts.

Pins 4, 7, and 13 are ground reference.

Jumper pins 8 and 9.

Pin 9 is Voutput.

The type K TC connects from pin 1 to pin 14.  Chromel (a nickel-chromium alloy) is the positive wire with yellow insulation, connected to pin 1 and alumel (a nickel-aluminum alloy) is the negative wire with red insulation, connected to pin 14).

2. Use + 5 volts as the power supply.  Power up the system and monitor the output voltage at pin 9 of the amplifier using a DMM.  Allow the system to stabilize and then record the output voltage.  How does Vout compare to room temperature? (It should be room temp. in degrees C. times 10 mV.)  If room temp. is 24° C. then the output of the amplifier should be 240 mV.
Room Temperature Output Voltage = ________________________ 


Pins 1 and 14 are the TC connection pins.  These two pins form the cool junction of the TC system and provide the input voltage to the AD595 amplifier from the TC.  With pin 1 as positive and pin 14 as negative, measure the TC voltage and record below. 

Input Voltage = ___________________________


What function of the AD595 converted an almost zero thermocouple output voltage value into a value equivalent to room temperature times 10 mV.?

3. Dip the TC into an ice slush water bath.  Using the DMM, measure the output voltage of the system at pin 9.  Record your results below:


Ice Slush Output Voltage =  ______________________

Pins 1 and 14 are the TC connection pins.  These two pins form the cool junction of the TC system and provide the input voltage to the AD595 amplifier from the TC.  With pin 1 as positive and pin 14 as negative, measure the TC voltage and record below.

Input Voltage = ___________________________


What function of the AD595 converted a negative thermocouple output voltage value into a value equivalent to ice slush temperature times 10 mV.?

4. Dip the TC into a bath of boiling water.  Using the DMM, measure the output voltage of the system at pin 9.  Record your results below:


Boiling Water Output Voltage = _____________________

Pins 1 and 14 are the TC connection pins.  These two pins form the cool junction of the TC system and provide the input voltage to the AD595 amplifier from the TC.  With pin 1 as positive and pin 14 as negative, measure the TC voltage and record below.

Input Voltage = ___________________________


What function of the AD595 converted a low positive thermocouple output voltage value into a value equivalent to boiling water temperature times 10 mV.?

5. Remove the TC from the boiling water.  Re-dip the TC into the ice bath and check the zero setting.  Record your results below:


0° C voltage _______________________

6. Repeat the dip test in boiling water.


100° C voltage _____________________

7. Comment on system accuracy and repeatability.
8. Leave this lab constructed as it will be used as the input source for a computer-based data acquisition lab activity.

Deliverable(s)
You will be responsible for turning in this lab sheet with all measured data values recorded and all questions and conclusions answered.
Model Deliverable Example(s)
Use the program model as an example as you complete this lab activity.  Yes, accuracy counts as does spelling, appropriate use of abbreviations, and the use of complete sentences when writing your answers and conclusions, 

Grading 

Your instructor will let you know how this lab will be graded.
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