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I. General Information 

1.1 Scope 

This manual describes the use of the Pine Instrument Company, Test Equipment 

Division, AFCT2 Coefficient of Thermal Expansion (CTE) of Hydraulic Cement Concrete 

Measurement System, including routine operating procedures, periodic maintenance, calibration, 

and safety issues.  It is assumed that the reader of this manual is already familiar with appropriate 

test protocols as well as concrete construction and sampling techniques.   

Figure 1.1 is a representation of the AFCT2 system.  The system includes a water bath, 

measurement fixture, and a fluid circulating heating/cooling circulator.  The system is controlled 

with a user supplied computer utilizing a Microsoft® Windows  operating system.  Up to three 

specimen fi xtures can be operated simultaneously.  The circulator is connected to the tank 

assembly with flexible hoses enabling system components to be oriented with respect to each 

other in a variety of ways.  Figure 1.1 is merely one of many possible configurations for the tank 

and circulator orientation. 

 

 

Figure 1.1: The AFCT2 CTE System 

(computer and bench not included.) 
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1.2 Copyright 

Under the copyright laws, this publication may not be reproduced or transmitted in any 

form, electronic or mechanical, including photocopying, recording, storing in an information 

retrieval system, or translating, in whole or in part, without the prior written consent of Pine 

Instrument Company. 

1.3 Nameplate 

Each Pine AFCT2 Coefficient of Thermal Expansion (CTE) of Hydraulic Cement 

Concrete Measurement System is marked with a nameplate that indicates the model number, 

serial number, and power requirements. 

1.4 Trademarks 
 Microsoft® Windows  and Excel  are trademarks of Microsoft Corporation (Redmond, 

WA). 

 

1.5 Personal Safety 

Before using the Pine AFCT2 System, be sure to read and understand all of the personal 

safety warnings.  Care should be taken to avoid injury.  Adhere to the following personal safety 

warnings as a minimum: 

 

Take appropriate safety measures for operation of electrical devices 
near water.  Connect the circulator, computer, and electronics interface 
to electrical circuits protected by ground fault detection devices. 

 

Wear steel toe shoes when handling concrete specimens or specimen 
fixtures. 
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II. Product Overview 

2.1 Description 

The Pine Instrument AFCT2 Coefficient of Thermal Expansion (CTE) of Hydraulic 

Cement Concrete Measurement System is configured to follow the AASHTO T336 protocol with 

minimal operator influence or attention.  The equipment is rated to test a specimen over a 

temperature range of 10°C to 50°C.  The fixture will accept specimen diameters of 90 mm to 160 

mm and can be configured for specimen lengths of 170 mm to 200 mm.  These parameters 

exceed the AASHTO T336 requirements to accommodate testing of alternate sized specimens.  

The base system consists of a water-bath, specimen fixture with displacement transducer, fixture 

calibration standard, interface electronics, and temperature measurement instrumentation.  A 

traceable thermometer for standardizing the water bath temperature is available.  Specimen 

temperature instrumentation is also available.   

The operator selects the desired test parameters (e.g.: temperature, cycle parameters, 

stability requirements), places the preconditioned specimen into a test fixture, and then places 

both the specimen and the test fixture into the bath.  The computer system automatically controls 

the testing sequence, cycling the temperature as required, and automatically saving the 

temperature, displacement, and time data.  Multiple specimens can be tested simultaneously if 

the system is equipped with multiple fixtures. 

 



Pine Instrument 

 

 

16-FEB-2011 page 10 LMAFCT2  Rev 021611 

2.2 Specifications 

Power AFCT2A: 115 VAC(±10%), 20 Amps, 60 Hz, 1 ph 
AFCT2C: 230 VAC (±10%), 10 Amps, 50 Hz, 1 ph 

Shipping weight Approx. 136 kg (300 lb) 

Water Bath 68 liters/18 gal (holds up to three fixtures) 
838mm length x 406mm  width x 889mm high (33ò x 16ò x 35ò)  

Circulator Temperature Range: 10° - 50°C (50°-122°F) 
Resolution: ±0.1°C 
Performance (approximate): 

Heating 10° ï 50° C: ~4 hour 
Cooling 50° ï 10° C: ~4 hour 

738mm length x 368mm  width x 610mm high (29ò x 14.5ò x 24ò) 

Specimen Fixture Corrosion Resistant Alloy 

Displacement Probe Submersible LVDT 

Specimen Size Diameter:  75mm - 160mm 
Length

1
:  170mm ï 200mm 

1
Test specimen lengths other than 177.8 ±2.5mm (7ò ±0.1ò) require additional 

fixture standards of specimen length for best accuracy 

Fixture Calibration Fixture Calibration Standard: AISI 410 SS 

Input Parameters Specimen Length, Identification  
Temperature Set Points 
Equilibrium Requirement (i.e.: stability , time) 
Test Stop Criteria (i.e.: 0.3 micro-strain/°C) 

Data Acquisition Bath Temperature (4 channel)  
Up to 3 Specimen Fixtures (additional fixtures optional) 
Specimen Temperature (optional) 

Output Parameters Formatted Excel spreadsheet 
Time, Temperature, Change in Length, CTE 

Test Specification AASHTO T336 

Computer Requirements Intel® Pentium® 4 Processor, Microsoft® WindowsÊ XP sp3,  
Microsoft® ExcelÊ 

 

Optional Equipment 

RCWP3 Computer:  Intel® Pentium® 4 Processor, Microsoft® WindowsÊ XP, 
19ò Flat Panel Display, keyboard, mouse, read/write CD, Ethernet 
network module, Microsoft® Office Basic Edition  

AFCTS02F Specimen Fixture (includes Displacement Probe and SS Calibration 
Standard) 

AFCTC07TI Titanium Reference Standard 177.8mm (7òlong) 
(includes CTE Certificate) 

AFCTX01 Specimen Temperature Data Acquisition Module  
(includes one EXT44034 specimen probe) 

EXT44034 Specimen Temperature Probe (AFCTX01 Module Required) 

RAHTDT Digital Thermometer: -50° to 150°C, 0.001°C resolution,  
±0.05°C accuracy 

* These specifications are subject to change without notice. 021610 * 
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2.3 System Components 

This section provides only an overview of the system components.  See Section III  for 

detailed system setup instructions. 

2.3.1 Computer 

All system functions are controlled through a graphical user interface operating on a 

computer utilizing the WindowsÊ operating system.  A virtual instrument window provides 

access to testing parameters and provides information on the test as it progresses.  User defined 

criteria determines when the test sequence proceeds to the next phase in the protocol.  Test data 

is output to an Excel workbook.  Data analysis can be done directly on the control computer or 

the transferred to a different computer.   

 

Pine Instrument does not provide assistance in troubleshooting 
connections to network systems.  Consult the network manager. 

 

2.3.2 Water-Bath 

The 18 gallon tank provides room for up to three specimens to be tested simultaneously.  

Four temperature probes are provided to ensure bath temperature uniformity at temperature set 

points.  Water level is maintained manually. 

2.3.3 Interface Electronics 

The water-bath assembly is equipped with the necessary electronics to provide an 

interface between the WindowsÊ control computer and the signal transducers (temperature, 

displacement, circulator control).  This interface electronics enclosure is mounted to the side of 

the water-bath assembly.  A single USB cable provides the communication between the 

computer and the interface.  The electronics assembly is powered by 5vdc provided by a 

universal AC power adapter.   

Connections to the interface include four bath temperature probes plugged into the ports 

labeled T1 through T4.  One, two, or three specimen fixtures may be connected to the ports 

labeled F1, F2, and F3.  The circulator rs-232 communications cable connects to the Circulator 

port on the interface and the computer connects with the USB port.   

2.3.4 Specimen Fixture 

The specimen fixtures are designed to support the specimens in a stable manner that 

provides bath circulation around the specimen.  The specimen fixtures are manufactured from 

corrosion resistant materials while an LVDT displacement transducer measures the change in 

length of the specimen as the temperature of the bath is cycled.  The fixtures are designed to 

accept specimens 177.8mm (7.0ò) with diameters ranging from 75 mm ï 160 mm.   

The LVDT transducer can be repositioned for alternate height specimens.  The fixture 

can accommodate specimens from 170 mm to 200 mm in length when appropriate Fixture 

Calibration Standards are used to determine the fixture correction factor.   
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2.3.5 Heating/Cooling Circulator 

The heating/cooling circulator provides the temperature control and fluid circulation 

requirements of the system.  Communication to the circulator is through the interface electronics 

module. 
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III. System Setup 

 

Read and understand this entire manual before applying power to the 
Pine AFCT2A /AFCT2C System. 

3.1.1 Unpacking 

Be sure there is no damage from shipping.  Identify the following items: 

Packaged with the Circulator: 

 Heating/Cooling Circulator 

 Serial Communications Cable  

 Circulator Power Cord 

 Circulator Manual 

 

Packaged with the Water-Bath Assembly: 

 Water-Bath Assembly 

 Specimen Fixture(s) 

 Fixture Calibration Standard(s) 

 Circulator Drain Valve  

 Brass Hose Fittings with Hose Clamps (two each) 

 AC Power Adapter with Plug Adapter Kit 

 USB Cable 

 AFCT2 Operators Manual 

 AFCT2 Control Software CD 

 

3.1.2 Machine Location 

Vibration can be a problem when making the precise measurements associated with 

thermal expansion measurements.  Select a sturdy, level floor for the system location, preferably 

a concrete floor at ground level.  The system should have adequate space available around it for 

inserting and removing the specimen from the bath.  The circulator and water bath can be 

arranged in a variety of configurations.  Select the appropriate orientation for the lab location 

selected for the system taking care not to create kinks or restrictions in the fluid hoses.   

3.1.3 Power Requirements 

The heating/cooling circulator is powered by either a 120v/60Hz/20A or a 

230v/50Hz/10A power source.  Verify the electrical power source matches the circulator 

requirements listed on the nameplate and is properly grounded and properly fused for the 

circulator requirements.   

 

Take appropriate safety measures for operation of electrical devices 
near water.  Connect the circulator, computer, and electronics interface 
to electrical circuits protected by ground fault detection devices. 
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The water-bath interface electronics is powered by 5vdc provided by a universal AC 

power adapter.  Select and mount the appropriate plug configuration to the AC adapter.  

3.1.4 Computer Requirements 

Computer:  1 GHz P4 or equivalent, 2 GB RAM, 10 MB Avail. HD Space 

Operating System:  WindowsÊ XP SP3 or later 

Monitor: 1024 x 768 resolution (minimum) 

Utility Programs:  Microsoft® ExcelÊ 2003 or later 

Select a dry location near the water-bath for the computer system such that water draining 

from the fixtures when removing them from the bath does not create problems with the computer 

and electrical components.  See Section 3.2 for computer configuration and control software 

installation instructions. 

3.1.5 Circulator/Water-Bath Assembly 

Remove the circulator and water bath assembly from the packing containers.   

At the back of the circulator,  

 Connect the drain valve to the circulator drain port.  Use a thread sealant on the metal 

pipe threads to ensure leak proof connections (i.e.: Teflon tape or thread compound).  

See Figure 3.1. 

 Install the brass hose fittings into the circulator inlet and outlet ports.  Use a thread 

sealant to ensure leak proof connections.  See Figure 3.1. 

 Connect the water-bath fluid hoses to the appropriate circulator ports (inlet, outlet).   

 

It is important that the hose from the bottom tank fitting is connected to 

the circulator inlet and the hose connected to the upper tank fitting is 

connected to the circulator outlet. 

It is unlikely that the hoses will need shortened.  If shortening is required, care should 

be taken to avoid kinking or pinching the hoses as flow restrictions can cause a loss of 

system performance or system damage.  See Figure 3.1. 
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Figure 3.1: Circulator Drain and Tank Connections 

 Connect the communications cable supplied with the circulator between the water-

bath interface electronics ñCirculatorò port and the ñRS-232ò port on the back of the 

circulator.  See Figure 3.2. 

 The ñRemote Probeò connection at the back of the circulator is not used.  See Figure 

3.2. 

 Attach the circulator power cord to the power entry connection below the circuit 

breaker.  Confirm the power requirements.  See Figure 3.2. 

 

Check the circulator label near the circuit breaker for power requirements.  

Be sure an appropriate power source is available.  Do not use an 

extension cord. 

 

    

Figure 3.2: Circulator Communication and Power Connections 
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3.1.5.1 ADJUST THE WATER-BATH LEVELING FEET 

The water-Bath has leveling feet on each leg to adjust for uneven floors.  It is not 

important that the system be perfectly level but it is critical that the water bath frame be stable 

and does not rock.  Adjust the tank leveling feet as needed by loosening the lock nut against the 

frame leg, turning the foot to achieve desired position, then securing the foot by re-tightening the 

lock nut against the frame.  See Figure 3.3. 

 

    

Figure 3.3: Tank Leveling Feet 

 

3.1.5.2 WATER LEVEL 

Fill the water bath to a point above the minimum water level with tap water 

(approximately 18 gallons).  The water level should be kept between the bottom of the stainless 

steel bracket where the temperature probes are mounted (ñMinimum Water Levelò) and the 

bottom of the stainless temperature probe mounting bracket (approximately 4ò above minimum 

mark).   

The water-bath is designed to fully submerge the specimen fixture, including the 

transducer.  Check that the water level is above the minimum level prior to the start of each test.  

This level is not critical but must be kept above the minimum level indicated to ensure the fixture 

remains fully submersed during the test.  A small hole in the bracket slightly higher than the 

minimum water level indicates a mid-point fill level that will  provide room for the increase in 

water level when fixtures with specimens are placed into the bath.  See Figure 3.4.   
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Figure 3.4: Water Level 

After the initial fill of water, prior to starting the circulator open the drain valve and drain 

approximately 1 gallon of water to help purge the system of air.  Close the drain and refill the 

tank to the proper level. 

Some settling of the tank within the frame assembly is expected as the bottom insulation 

compresses from the weight of the water.  This initial compression will occur over a few weeks 

and has no impact on testing. 

3.1.6 Circulator Operation 

Once the bath is filled and purged by draining some fluid through the drain valve, operate 

the circulator manually to check operation and to set the circulator internal operation parameters.  

Turn the power on to the circulator with the breaker/switch at the rear of the unit placing the 

circulator in stand-by mode.  Press the power button on the front panel to start the circulator.  

The display will flash with the current temperature set point, then will display the current water 

temperature.  Set the temperature to 22ºC by pressing the knob on the right of the circulator 

control panel.  While the display is flashing the set point, turn set knob until 22ºC is displayed.  

Press the knob to select this set point.  Refer to the circulator manual for detailed circulator 

operation instructions. 

3.1.6.1 TEMPERATURE UNITS (°C) 

The AFCT2 system uses temperature units of degrees Celsius.  Confirm the circulator is 

displaying and operating in °C.  

Selecting the Temperature Unit (°C or °F) 

The LEDs adjacent to the Temperature Display indicate the unit (°C or °F) used for 

temperature displays. To change from °C to °F or vice versa, proceed as follows: 

 To change to °F ð Place the Circuit Breaker/Power Switch on the rear of the 

instrument in the ñOffò position. Press and hold the Units/Menu Select Button 

while returning the Circuit Breaker/Power Switch to the ñOnò position. 
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 To change to °C ð Place the Circuit Breaker/Power Switch on the rear of the 

instrument in the ñOffò position. Press and hold the Power Button on the front 

panel while returning the Circuit Breaker/Power Switch to the ñOnò position. 

 

All user settings, except baud rate and calibration offset, return to the original factory 

defaults when the unit in which temperature is displayed is changed.  The Chillerôs 

temperature set-point and various alarm settings should be reset to the desired 

values. 

 

3.1.6.2 TEMPERATURE SET POINT (MANUAL OPERATION) 

During normal testing operation, the temperature set point is controlled via the computer 

control software.  The circulator can also be operated manually by selecting the desired 

temperature set point.  This set point adjustment is not available if the Local Lock Out LLO is 

enabled.  See Section 3.1.6.3 

Displaying and Adjusting the Set Point 

 Press the Select/Set Knob on the front panel. The current set point temperature 

will be displayed and the decimal point at the bottom right of the display will 

flash, indicating the temperature can be changed. 

 Rotate the Select/Set Knob until the desired set point temperature is displayed. 

The setting is accepted after either pressing the Select/Set Knob a second time or 

will be accepted automatically after a few seconds of inactivity. 

 

3.1.6.3 LOCAL LOCKOUT (LLO) 

This feature is used to prevent unauthorized or accidental changes to set point and other 

operational values.  When enabled, circulator values such as temperature set point can be 

displayed, but not changed, from the circulator front control panel.  The Local Lockout feature 

does not prevent set point changes entered via the RS232 interface used during normal testing. 

Enabling/Disabling the Local Lockout 

 To enable the local lockout, press and hold the Select/Set Knob until LLO is 

displayed (~5 seconds), then release.  Once enabled, LLO will appear 

momentarily when the Select/Set Knob is pressed to display the set point. 

 To disable the local lockout, press and hold the Select/Set knob until CAn appears 

(~5 seconds), then release.  This action toggles the local lockout status from 

enabled (LLO) to disabled (Can) . 

 

3.1.6.4 CIRCULATOR CONTROL SETTINGS 

The Polyscience circulator is shipped with a general purpose warning to not use water for 

set points below 20ºC.  This notice provides a warning that freezing of the internal circulator 

components is possible when operated below 20ºC without antifreeze.   

The AASHTO T336 protocol requires tap water with no antifreeze and temperature set 

points of 10ºC and 50ºC.  There is no heat generating process other than the circulator heater and 

the system is designed to achieve maximum fluid flow; therefore, the system is able to operate 

with water at the 10°C (50°F) set point by utilizing this flow configuration.  This configuration 

provides increased temperature transition performance and water bath temperature uniformity by 

maximizing bath water fluid exchange.  The flow rate of approximately 3.5 gallons per minute 
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and the large water bath also provides protection against circulator freezing.  These factors, 

specific to this configuration for the T336 application, enable the circulator to be operated at 

10ºC (50°F).  However, while this freeze condition is not likely under normal T336 operation, 

certain circulator operating parameters should be configured to provide proper operational 

performance and a level of protection in the unlikely event a freeze condition does occur. 

Table 1 provides the proper operating parameters required to operate the circulator for the T336 

test procedure.  It is critical to apply these settings directly on the circulator interface using the 

controls of the circulator and function within the circulator control algorithm, independent of the 

AFCT2 control software.  These parameters are internal circulator control values. 

 

 

Table 1 Circulator Settings MUST be entered on the circulator control panel before 

operating the circulator with a 10ºC temperature set point.  These parameters are 

critical to provide protection against circulator damage should a freeze-up condition 

occur. 

 

Set these parameters while the circulator is running.  Press and hold the circulator left 

front panel button until HL appears.  The setting for the variable identified on the left display 

will be shown on the right display.  Adjust the value by turning the right knob.  Press the left 

button to save the value and step to the next variable.  If no action is taken after a few seconds, 

the display will revert back to normal operation.  If this occurs before the next parameter is 

selected, simply reenter the setup menu by pressing and holding the left panel button, then step 

through the menu to the desired variable.  See Figure 3.5 

 

00 
 

20.0 
 

Figure 3.5: Circulator Front Panel Controls 
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Table 1: Polyscience Model 5350/5360 Circulator Settings 

Menu Item Description Default Setting 
Required 

Setting 

HL 
High Temperature Limit  

Alarm Set Point 
50ºC 60ºC 

LL 
Low Temperature Limit 

Alarm Set Point 
0.0ºC 7ºC 

HA 
Front Panel High Ambient 

Temperature Set Point 
40ºC 40ºC 

FP (psi) 
Max Fluid Pressure (psi) 

Alarm Set Point 
80 psi 40 psi 

FP (kPa) 
Max Fluid Pressure (kPa) 

Alarm Set Point 
550kPa 2.7 kPa x 100 

FL (gpm) 
Minimum Flow Rate 

Alarm Set Point 
0.0 gpm 0.0 gpm 

FL (lpm) 
Minimum flow Rate 

Alarm Set Point 
0.0 lpm 0.0 lpm 

Af Auto-Refrigeration 35ºC 35ºC 

rP Remote Probe Status nAP nAP 

c
1 Internal Probe Calibration Offset 0.0ºC As Needed 

Fº 
Fluid Flow Rate Calibration Gain 

coefficient 
6.28 

6.28 

Factory Setting 

PC Communication Baud Rate 96 96 

Ct Chiller Type 8 
8 

Factory Setting 

Fb Fuse Bits h00 
h00 

Factory Setting 

 

Shortly after changing the circulator LL parameter to the Table 1 setting (7ºC), an ELL 

Low Temperature Set Point message will be displayed.  After all settings have been applied, turn 

the circulator off with the front power switch, then back on to apply the new low temperature set 

point units which will clear this message. 

3.1.6.5 CHECK FOR LEAKS 

Once the circulator settings are applied, continue operating the circulator to confirm the 

system is leak free.  Be sure the threaded fluid connections and hose clamps are secure.  The bulk 

head fittings on the tank may have loosened during shipment.  Remove the left top access panel 

(four screws) to view inside the frame and check these fittings.  Figure 3.6 is a top view of the 

tank assembly with the top access panel removed showing the hose connections to the tank 

through bulk-head fittings.  The bulk head fittings must be tightened with the external nut (tank 
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exterior), which is a left hand thread (turn counter-clockwise to tighten).  Replace the access 

panel with the texture side up. 

    

Figure 3.6: Tank Fittings 

If air bubbles are present in the circulation stream after the system has been allowed to 

operate for a while, it may be an indication of a leak in the circulation system drawing air into 

the pump circuit.  Watch closely to determine the location of the leak. 

3.1.6.6 TEMPERATURE 

The AFCT2 system uses an internal temperature probe to control the fluid temperature.  

If desired, this temperature can be adjusted to match that of a traceable standard through the 

circulator parameter (
c
1).  The (

c
1) parameter can be set up to ±2.9°C.  See Section 4.3.2 for 

instructions on calibrating circulator temperature. 

3.1.6.7 STANDBY MODE 

Before beginning a test, the circulator must be ON or in STANDBY mode.  This will 

permit the software to operate the circulator as required.  The circulator is returned to standby 

automatically when the test is complete and may be left in this mode when not in use. 

3.2 Software Installation/Configuration 

3.2.1 Installing the AFCT2 Control Software 

The Pine AFCT2 Installer should start automatically when the CD is inserted into the 

computer system.  If the installer does not start automatically, start it by double-clicking the file 

named "setup.exe" in the root folder of the CD.  This routine will install the control program and 

the required driver files needed for the various system components.   

A WindowsÊ system window labeled ñC:\Windows\system32\cmd.exeò will open 

during the installation.  Do not close this window.  It will close automatically when the 

installation is complete.  The programs will be installed in the following order: 
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1. Pine CTE Program and LabView support files (Required Folder: C:\Program 

Files\AFCT2)           Do Not change this folder name! 

2. USB to RS-232 Communications Drivers 

3. Measurement Computing InstaCal program   (Required Folder: C:\Program 

Files\Measurement Computing\DAQ)       Do Not change this folder name! 

 

DO NOT CHANGE THE DEFAULT INSTALLATION FOLDER NAMES OF ANY OF THE 

PROGRAMS INSTALLED WITH THIS SETUP!!! 

 

3.2.1.1 "UNKNOWN PUBLISHER" MESSAGE 

The following message may be displayed during software installation: "Do you want to 

allow the following program from an unknown publisher to make changes to this computer?" 

Select "Yes" to continue.  Remove and store the AFCT2 Control Software CD. 

Re-boot the system after the installation is completed. 

3.2.2 Configuring Microsoft® ExcelÊ 

Microsoft® ExcelÊ must be configured properly to work with the Pine AFCT2 program.  

Start the Microsoft® ExcelÊ program. 

ExcelÊ 2003 

1. From the menu select Tools, Options. 

2. Click on the Security tab. 

3. Click on the Macro Security button. 

4. On the Security Level tab select Low. 

5. On the Trusted Sources tab select Trust access to Visual Basic Project. 

6. Click OK, OK to dismiss the setup dialog boxes. 

ExcelÊ 2007 

1. Click the ñOfficeò button, then Excel Options. 

2. Click on the Trust Center. 

3. Click the Trust Center Settings button. 

4. Click the item labeled Macro Settings. 

5. Check Enable all macros. 

6. Check Trust access to the VBA project object model. 

7. Click OK, OK to dismiss the setup window. 

3.2.3 Program Folder Access Settings 

This procedure must be followed if the computer is connected to a network with sharing 

and security enabled.  If the current user, or if the user who will be running the CTE system is 

NOT an Administrator user, perform the following steps: 

1. Use WindowsÊ Explorer to navigate to the folder named:  

C:\Program Files\AFCT2.   

2. Right-click on the folder and select Properties from the menu. 

3. Click on the Security tab. 

4. Click the Edit button under User/Group Names (WindowsÊ 7 only). 
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5. From the list of Group or User Names select the user or group who will be 

operating the CTE system. 

6. Check the Full Control checkbox in the Allow column. 

7. Click OK.  (Click OK again for WindowsÊ 7). 

3.2.4 Computer Power Settings 

The testing procedure takes approximately 14 hours to complete two segments.  During 

the test, data is saved to a file on the hard disk and the testing protocols are executed.  The 

computer power setting must be configured to prevent the computer and hard drive from going 

into standby during the test as this will cause the loss of data and the test will not be completed.  

The details of how to configure these system settings will vary depending on what WindowsÊ 

version is being used. 

Set the power configuration on the WindowsÊ system to the ñAlways Onò Power 

scheme which will prevent the system from hibernating or turning off.  It is ok for the monitor to 

turn off after 20 minutes as this does not disrupt the testing sequence.   

3.2.4.1 WINDOWSÊ XP POWER SETTINGS 

For a WindowsÊ XP operating system, right click on the desktop, select properties, 

select Screen Saver tab, then select ñPowerò to apply the proper configuration.  On the Power 

Scheme tab, choose the Always On power scheme.  See Figure 3.7 

1. Right-click on the WindowsÊ desktop. 

2. Select Properties from the menu. 

3. Select the Screensaver tab. 

4. Select Poweré 

5. Choose the Always On power scheme.  See Figure 3.7.  The Turn off Monitor may be set 

to after 20 minutes. 

6. Select OK to apply the settings then OK to exit. 

    

Figure 3.7: Computer Power Settings 
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3.2.4.2 WINDOWSÊ 7 POWER SETTINGS 
1. Open the Control Panel.   

2. Select Power Options.   

3. Choose High Performance as the power scheme to keep the computer and 

hard drive on during the testing sequence.  The monitor can be set to turn off 

after 20 minutes. 

3.2.5 Hardware Configuration 

After the setup routine successfully installs all the necessary components, the digital 

signal interface must be configured for proper operation.  The interface, which is powered 

through the computer USB cable and the 5vdc power supply, must be on for 30 minutes before 

running this routine.   

 
Make connections to the Interface Electronics with power off to all components. 

 

1. Specimen fixtures may be connected to the fixture ports F1-F3 at this time.  See Figure 

3.8. 

2. Connect the USB cable from the interface electronics on the water bath assembly (labeled 

ñComputerò) to a USB port on the computer.  Be sure the selected computer USB port is 

suitable for the power required (e.g.: a port directly on the computer).  The new hardware 

should automatically be detected. 

3. Connect the AFCT2 power supply to the jack labeled "5 VDC" and plug the power 

supply into an AC wall outlet.  See Figure 3.8. 

3.2.6 Fixture Configuration 

Each system can operate up to three fixtures which are connected to the F1, F2, and F3 

ports on the interface electronics assembly.  Confirm the fixtures are connected to the electronic 

interface.  See Figure 3.8 

 

Power to the interface electronics and the computer should be turned off when 

connecting or disconnecting the fixtures to the interface ports. 

Fixtures connected to the system and calibrated must remain associated with that port or 

recalibration is required.  Each fixture comes with labels F1, F2, and F3.  Apply the appropriate 

label to the fixture to help retain this association. 

The USB-TEMP-AI interface module must be configured for the fixtures to be used with 

the InstaCal software (see Section 3.2.8.1).  If the fixtures connected to the system are changed 

in any way (number of fixtures, port relationship, etc.) the system must be reconfigured (Section 

3.2.8.1) and the fixtures must be calibrated.  Once the interface is configured, the system is ready 

to begin fixture calibration.   

If a fixture is disconnected from the system for any reason, it is recommended to 

reconfigure the USB-TEMP-AI interface module for the fixtures left connected.  If the fixture is 
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simply not to be used for a given test, deselect it from the fixture selection window at the start of 

a test but leave it connected to the system.  No reconfiguration is necessary in this situation. 

 

 

Figure 3.8: AFCT2 Interface Connection Ports 

 

 

3.2.7 WindowsÊ 7 Configuration 

Computers with a WindowsÊ 7 operating system may need to be set to operate the 

AFCT2 software in WindowsÊ XP (Service Pack 3) compatibility mode. 

 

 

 

Temperature Probes 

Circulator rs-232 

Fixture Ports (F1-F3) 

Computer USB 

Interface Power 
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3.2.7.1 SELECTING COMPATIBILITY MODE IN WINDOWSÊ 7 
1) Right click on the AFCT2 shortcut icon.   

2) Select Properties (Figure 3.9).   

 

Figure 3.9:  AFCT2 Pull Down Menu 

3) Select the Compatibility Tab (Figure 3.10).   

 

Figure 3.10:  AFCT2 Properties Window 
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4) Enable ñCompatibility modeò by selecting the check box ñRun this program in 

compatibility mode for:ò 

Select ñWindows XP (Service Pack 3)ò from the drop down list (Figure 3.11).   

 

Figure 3.11:  AFCT2 Compatibility Window 

 

3.2.8 Control Software Configuration 

Start the AFCT2 Control program from the WindowsÊ Start menu or by clicking on the 

AFCT2 desktop icon.  A series of screens will be displayed on the initial setup of the AFCT2 

system indicating missing components. 

1) Select OK for No boards have been configured.  See Figure 3.12 

 

Figure 3.12:  No Board Error 
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2) During the initial software setup, select Ignore for circulator comm. port setup.  See 

Figure 3.13.   

 

Figure 3.13:  Chiller Communication Error 

 

3) Select Ignore for USB-TEMP-AI Setup.  Figure 3.14 

 

Figure 3.14:  USB-TEMP-AI Communication Error 

 

4) Select Ok for USB-TEMP-AI failure.  Figure 3.15 

 

Figure 3.15:  USB-TEMP-AI Transducer Error 
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5) Select Ok for No Calibrated Fixtures connected.  See Figure 3.16 

 

Figure 3.16:  No Fixture Warning 

 

3.2.8.1 INSTACAL CONFIGURATION PROGRAM 

Select USB-TEMP-AI Setup from the Configuration pull down menu (Figure 3.17) to 

begin this interface setup. 

 

Figure 3.17:  Configuration Pull Down Menu 
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Select the Run InstaCal to Install & Configure USB-TEMP-AI button (Figure 3.18).    

 

Figure 3.18:  USB-TEMP-AI  Communication Window 

 

The ñWarm-Upò screen will appear.  The interface electronics must be warmed-up before 

configuration can be completed.  Allow the interface (USB-TEMP-AI)  to warm up for at least 30 

minutes before continuing with the setup.  When 30 minutes has expired select Continue.  See 

Figure 3.19. 

Note:  The USB-TEMP-AI interface is powered by the computer USB connection.  If the 

interface has been powered for more than 30 minutes (e.g.: plugged into computer USB 

with the computer on) before beginning this procedure you may select Continue without 

waiting an additional 30 minutes. 

 

 

Figure 3.19:  Interface Warm Up Screen 

 

After the interface is warmed-up, select Continue.  The Measurement Computing 

InstaCal program will launch to complete the setup of the USB-TEMP-AI  device within the 

interface).  A separate window containing instructions will open at the left side of the computer 

screen. 



  Pine Instrument 

 

 

16-FEB-2011 page 31 LMAFCT2  Version 021611 

The following instructions and figures represent the steps that must be followed in this 

setup routine.  The actual windows that will be displayed during this routine may differ slightly 

from these examples depending on the computer configuration.   

1) When the InstaCal window appears, select the "USB-TEMP-AI" from the PC Board List 

(Figure 3.20).   

2) Record the board number (i.e.: #0), this will be entered later. 

 

Figure 3.20:  Plug and Play Detection Screen 

 

3) Select Configure from the InstaCal Install pull down menu (Figure 3.21). 

 

Figure 3.21:  InstaCal Install Pulldown Menu 
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4) Click on the "Saved Configurations" tab. (Figure 3.22)  

5) Select the "Load Configurations from File" item. (Figure 3.22) 

6) Select the fixture configuration to be used from the ñConfiguration Nameò drop-down 

list (Figure 3.22). 

7) Click the "Load" button.  These settings include the transducer voltage range and the 

temperature probe parameters required for the interface operation (Figure 3.22). 

8) Exit the configuration screen by clicking ñOKò (Figure 3.22).   

 

Figure 3.22:  InstaCal Board Configuration 

 

9) Select ñYesò to write the selected channel configurations to the interface (Figure 3.23).  

 

Figure 3.23:  USB-TEMP-AI Write Configuration Screen 
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10) Select the InstaCal window operating as a background window (Figure 3.24).  

 

Figure 3.24:  InstaCal Window 

 

11) Close the InstaCal window by selecting the top right X (Figure 3.25).  

 

Figure 3.25:  InstaCal Window 
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12) Close the Instruction window by selecting ñOKò (Figure 3.26).  

 

Figure 3.26:  Instruction Window 

 

13) Enter the "Board #"(i.e. #0) assigned to the USB-TEMP-AI  device (Figure 3.27). 

 

Figure 3.27:  USB-TEMP-AI  Board Number 
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14) Select the Save Settings button to store this information (Figure 3.28). 

 

Figure 3.28:  Identify Board Number 

 

15) The AFCT2 program will close.  Re-start the Pine AFCT2 program from the WindowsÊ 

Start Menu or by clicking on the desktop shortcut. 

 

3.2.9 System Units 

The AFCT2 System must be operated in SI (mm/mm/°C) units of measure.  Be sure the 

circulator is set to operate in temperature units of °C.  See Section 3.1.6.1. 
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IV. Calibration 

4.1 General Information 

The AFCT2 specimen fixtures must be calibrated prior to use.  Before attempting to 

calibrate the fixtures, be sure to fully understand the procedure outlined in this section.  

Calibration should be verified at least on a semi-annual basis.  If a parameter is not within 

specified limits when verified, it must be re-calibrated.  If the parameter is within the specified 

limits it is considered calibrated.  

4.1.1 Fixture Correction Factor (Cf) 

To accurately measure the Coefficient of Thermal Expansion (CTE) of a material 

specimen, the thermal characteristic of the specimen fixture/transducer system must be 

determined.  This thermal behavior is taken into account during testing with the use of a 

Correction Factor (Cf).  A Fixture Calibration Standard with a known coefficient of linear 

thermal expansion is employed to characterize the fixture over the test temperatures.  See Figure 

4.1. 

The linear coefficient of thermal expansion of the Fixture Calibration Standard (FCS) 

must be known with high accuracy.  A material sample is taken from each material lot then the 

coefficient of linear thermal expansion (CTE) is determined per ASTM E228 over the test 

temperature range (10°C - 50°C).  Each FCS is identified by a material lot identification number 

and a unique standard identification.  Each specimen fixture is supplied with its own FCS 

permitting multiple fixtures to be calibrated at the same time.  The CTE of each FCS as well as 

the length (Lcs) and identification (serial number) must be entered during the fixture Correction 

Factor characterization procedure.  AASHTO T336 stipulates the procedures for determining and 

applying the fixture correction factor (Cf). 

 

Figure 4.1: Fixture Assembly and Fixture Calibration Standard 
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4.2 Test Parameters 

Confirm the testing parameters are set to the desired settings.  These settings are applied 

during calibration and subsequent testing.  Calibration should use the same parameters as the 

subsequent tests.  Open the parameter setup window by selecting Test Parameters from the 

Configuration pull down menu (Figure 4.2).   

 

Changes to these parameters should be done by expert users only.  Incorrect settings 

can produce erroneous results. 

 

    

Figure 4.2: Test Parameter Setup 

Programmable Test Parameters: 

CTE Matches Required:  Number of consecutive temperature segments that the CTE 

must match within the CTE Match Tolerance for a test to be completed.  A 

temperature segment is the transition from one temperature set point to the next 

temperature set point. 

CTE Match Tolerance:  CTE tolerance between consecutive temperature segments that 

must be met before a test is completed. 

Temperature Profile:  Test temperature set points.  The top value is the first target 

temperature.  It is recommended that 50°C be the first (top) set point.  This 
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permits the specimen to settle on the initial temperature transition from room 

temperature prior to capturing a displacement measurement. 

Temp In-Range Tolerance:  Temperature range to begin checking transducer stability. 

Transducer Stability Tolerance:  Allowable difference (minimum to maximum) between 

transducer measurements taken at the interval and span criteria.  Transducer 

stability is used to establish specimen equilibrium. 

Transducer Stability Hold:  Time the temperature is held after the transducer stability 

criteria is reached before making the change in length measurement. 

Transducer Stability Interval:  Length of time between transducer readings. 

Transducer Stability Span:  Length of time to check transducer stability at specified 

interval.  For example, a 10 minute interval over a 30 minute span compares four 

transducer readings.  When these four readings, at 10 minute intervals, are all 

within the Stability tolerance, the test segment is complete. The next temperature 

set point is then targeted or the test is completed. 

Calibration Cycles: Number of cycles to perform when determining Fixture Correction 

Factor (Cf).  Each calibration cycle is two consecutive temperature segments. 

Figure 4.3 shows the settings for AASHTO T336-09 testing. 

    

Figure 4.3: T336 Test Parameters 
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4.3 Temperature 

The operating temperatures are verified using a thermometer.  The user is expected to 

select a thermometer with an appropriate accuracy (minimum ±0.1°C) and traceability.  Accurate 

measurement of the change in temperature (æT) is a critical factor in the measurement of the 

material linear coefficient of thermal expansion (CTE).  Temperature stability and uniformity are 

also critical to ensure accurate measurement of the specimen.  However, it is important to 

recognize it is the change in temperature, not the absolute temperature measurement that is 

important.  AASHTO T336 has a tolerance of ±1°C from set point.   

The AFCT2 system includes four precision tank temperature probes plus a circulator 

temperature probe used for temperature control.  The average of the four tank temperature probes 

is used for determining the coefficient of thermal expansion for the test material. 

4.3.1 Tank Temperature 

The AFCT2 system uses four (4) precision temperature probes which are accurate to 

±0.1°C for determining the test temperature and water-bath temperature uniformity.  Check 

operation of the temperature probes by selecting Temperature Probes from the Diagnostics pull 

down menu (Figure 4.4 and Figure 4.5).  These probes measure the temperature, but do not 

control the bath temperature. 

Recalibration of the system is rarely required.  If the four probe temperature reading is 

incorrect, it is likely the result of a failed probe.  Check the operation of each temperature probe.  

Probes are connected to the A/D converter in pairs (T1/T2 and T3/T4).  A failure in one of the 

probes will result in suspect readings from the pair. 
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Figure 4.4: Diagnostic Pull Down Menu 

 

 

Figure 4.5: Temperature Probe Window 
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4.3.2 Circulator Temperature 

The circulator utilizes a separate internal temperature probe to control the water bath 

temperature.  This probe provides the input to the circulator temperature control algorithm while 

the four tank temperature probes measure the bath temperature and uniformity.  The circulator 

control has an internal temperature probe calibration offset parameter ( 
c
1 ) which may be 

adjusted to allow the Chillerôs temperature to match that of a traceable standard up to ±2.9°C.  

This parameter is programmed directly on the circulator control panel.  This parameter is a single 

offset value applied at all temperature set points. 

4.3.2.1 CIRCULATOR EXTERNAL CALIBRATION OFFSET (C1) 

Note: Calibration offset values are always set and displayed in °C. To prevent the operator 

from accidentally changing the calibration offset, a special sequence of keystrokes is 

required to access this function. 

The Local Lockout feature must be disabled to change the offset (Section 3.1.6.3).  Set 

the circulator to the desired calibration temperature using the circulator front control panel and 

allow the system to stabilize at temperature.  Once the system temperature has stabilized, 

measure the bath temperature with the traceable standard.  Obtain readings throughout the tank 

and average all readings.  Determine the offset required to make the tank temperature match that 

of the standard.   

 
Changing the c1 value during a test or calibration can impact the results.  

 

Note: If the water bath temperature needs to be lowered, the 
c
1 offset should be positive.   

If the water bath temperature needs to be raised, the 
c
1 offset should be negative. 

 

Adjust the circulator 
c
1 offset: 

1. Press and hold the Units/Menu Button until HL appears on the display. Figure 4.6 

2. Press and release the Units/Menu Button until 
c
1 appears on the display.  

3. When the 
c
1 appears (after rP), do not release the Units/Menu Button. 

4. While holding the Units/Menu Button, press and release the Select/Set Knob. 

5. When CL1 appears on the temperature readout, release the Units/Menu Button. The 

current calibration offset value will appear on the temperature readout. 

6. Rotate the Select/Set Knob until the desired calibration offset is displayed. Press the 

Select/Set Knob or simply allow the display to time out to accept the displayed value. 

 

While in this calibration mode, the display will switch between the offset value and 

the actual temperature reading.  The desired change to the 
c
1 parameter can be set to 

either value by turning the control knob. 

 

c
1 

 
0.0 
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Figure 4.6: Circulator Control Panel 

4.4 Fixture Calibration 

 

 

Fixture and Standard must be at room temperature before 
beginning transducer calibration! 

 

There are two calibrations required for the system fixtures to operate properly.  The 

first calibration is the transducer displacement measurement (stroke).  The second fixture 

calibration parameter is the Correction Factor which characterizes the thermal behavior of the 

fixture at testing temperatures.  The Fixture Calibration Standard (FCS) provided with each 

fixture is used to calibrate both the stroke of the transducer as well as the Correction Factor 

(Cf).  The fixture transducer displacement measurement must be calibrated at room 

temperature prior to determining the fixture Correction Factor (Cf).   

Each system can operate up to three fixtures which are connected to channels F1, F2, 

and F3 on the interface electronics assembly.  Once the fixtures are connected to the system 

and calibrated, they must remain associated with that system channel (F1, F2, or F3).  The 

calibration parameters are associated with the fixture material, transducer thermal 

characteristics as well as the signal conditioning and amplifier circuitry.  If the fixtures are 

disconnected, they must be reconnected to the same channel in which the calibration 

performed or recalibration is required.  The fixtures may remain connected to the system 

when not in use so disconnecting fixtures from the system is not recommended.  If switching 

channels is required for any reason, the transducer displacement and fixture correction factor 

(Cf) must be calibrated.   

Be sure the water bath, all fixtures, and fixture calibration standards are at room 

temperature before beginning this calibration procedure.   

 

The interface electronics should be plugged in and the computer should be turned on 

and connected via USB to the interface for 30 minutes prior to performing the 

transducer calibration (Section 4.4.2). 

 

4.4.1 Configure the Fixtures 

Start the AFCT2 control software by double clicking the AFCT2 icon.   

 

It is strongly recommended that once a fixture is associated with a channel (F1, F2, or 

F3) it should remain connected to that channel.  If a fixture is not used during a test, 

select the not used box at the start of the test. 

 

4.4.1.1 FIXTURE IDENTIFICATION 

If the fixtures have been previously calibrated, a selection box will display the serial 

number and calibration date of the fixtures associated with the system.  See Figure 4.7. 
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Each fixture and transducer combination has a unique serial number.  Enter the serial 

number of each fixture into the corresponding cell.  Channel labels (F1, F2, or F3) are also 

provided with each fixture to make identification easier.  Place the appropriate label (F1, F2, 

F3) on the top plate of each fixture corresponding to the channel to which it is connected to 

help avoid operating errors associated with incorrect fixture identification.  The Calibration 

Date will be automatically updated when calibration is complete. 

Select Calibrate Fixtures from the Calibration pull down menu.  A window will 

display which fixtures have been previously calibrated.  Enable the fixture that will  be 

calibrated and disable any fixtures that will not be calibrated.  These fixtures may remain 

connected to the system.  Select OK to begin Fixture Calibration.  See Figure 4.7. 

  

Figure 4.7: Fixture Identification Window 

4.4.2 Transducer Calibration 

4.4.2.1 FIXTURE SELECTION 

As noted, each fixture and transducer combination has a unique serial number.  

However, it is more straightforward to refer to the fixture by the channel to which it is 

connected.  Select a fixture to calibrate by selecting the Verify/Calibrate Displacement button 

associated with that fixture channel (F1, F2, F3) (Figure 4.8).   

  

Figure 4.8: Fixture Selection Window 
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4.4.2.2 FIXTURE CALIBRATION STANDARD 

Each fixture is supplied with a Fixture Calibration Standard (FCS) which has a unique 

serial number as well as unique length and Coefficient of Thermal Expansion.  The FCS is 

manufactured to provide two effective lengths dependent on which way it is placed into the 

fixture.  Placing the FCS into the fixture with the ñbutton side downò with the transducer making 

contact with the FCS flat side, provides a nominal length of 172.7mm (6.8ò).  Placing the FCS in 

the fixture ñbutton side upò, with the transducer making contact on the button, provides a 

nominal length of 177.80mm (7.0ò).  Each serialized FCS has labels identifying the material, 

lengths and the coefficient of thermal expansion for that material sample (Figure 4.9).  Enter this 

information into the appropriate cells (Figure 4.10). 

 

Each Fixture Calibration Standard should be thoroughly cleaned and examined for 

damage prior to use.  Any nicks, dings, or damage, especially on the end faces, should 

be repaired prior to use.  Make special note of the surface condition as dimples from 

the transducer tip are known to cause errors.   

Be sure the standard is at room temperature before proceeding. 

 

   

Figure 4.9: Fixture Calibration Standard (FCS) 
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Figure 4.10: FCS Information Window 

4.4.2.3 TRANSDUCER DISPLACEMENT 

 

 

Fixture and Standard must be at room temperature for 
Transducer calibration! 

 

The fixture transducer is mounted into a threaded body which permits the adjustment of 

the transducer over a large range of specimen lengths.  Do not remove the transducer from the 

threaded mount or damage to the transducer may occur.  The position of the transducer is 

adjusted by loosening the locking nut on the top of the fixture, turning the threaded mount, then 

tightening the locknut once the desired position is achieved. 

A brass handle is provided with each fixture to help loosen and tighten the locknut.  This 

nut should be secure but does not need to be overly tight.  The treads and washer surfaces should 

be lightly lubricated with water-proof grease.  See Figure 4.11. 

   

Figure 4.11: Fixture Locknut Handle 

Place the Fixture Calibration Standard ñbutton side upò to position the transducer in the 

fixture (177.80 mm nominal) (Figure 4.12).  A business card can be used to retract the transducer 

spring loaded tip to facilitate placing the FCS into the fixture.  Be sure the transducer tip is near 

the center of the button and that the FCS is properly supported on the three fixture supports.   
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Move the transducer with the threaded mount until it provides the target reading as 

indicated in the control software window while contacting the FCS (button).  A green indicator 

will illuminate on the control window when proper position is achieved.   Lock the transducer in 

position by tightening the locknut.  There is a small predictable shift in the transducer reading as 

the locknut is tightened.  This shift may be anticipated to provide for precise transducer position.  

See Figure 4.13. 

Some cable windup will occur during this positioning.  The transducer will later be 

repositioned to the previous position so unwinding the cable at this point is not required. 

 

    

Figure 4.12: FCS Centered in Fixture ñButton Side Upò 

 

Select Next to capture this reading (Figure 4.13). 
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Figure 4.13: Transducer Displacement Window 

 

Invert the Fixture Calibration Standard to the 172.7 mm nominal length (ñbutton side 

downò) (Figure 4.14).  Do not move the transducer at this time.   

 

   

Figure 4.14: FCS ñButton Side Downò 

The error cell will display the difference between the FCS lengths and the measured 

value of the transducer.  Do not move the transducer at this time.  Select Next to capture this 

information.  See Figure 4.15. 




