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NOAA/ATDD & NCDC

Climate Reference Network Documentation Manual

GEONOR Rain Gauge Calibration Procedure

Purpose

The purpose of this test procedure is to establish the methods needed to determine calibration curves for the GEONOR Rain Gauge.

Equipment

· Machined brass weights with and aluminum base/centering weight

· IBM compatible computer w/ MS Excel

· Campbell CR23X datalogger

· Precision bubble level

· Troemner certified calibration weight – 1000g

· A & D EK-6000H precision scale

Test Method

The GEONOR Rain Gauge has a fill capacity of 12 liters.  At 4(C, one liter of water weighs 1000g.  The machined weights weigh 1000.0g (0.1g and represent one liter of water.  The known weights are added to the gauge and the output is recorded.  From these values, calibration curves are developed utilizing Excel’s linear regression feature.

Test Procedure for Rain Gauge Calibration

1. Record the rain gauge serial numbers.  This includes the bucket, stand and all sensors.

2. After rain gauge has been properly installed and leveled at the test site, record initial output.  Add the aluminum base/centering weight to the bucket, wait two minutes and record frequency of the individual sensors.  Add the first brass weight, wait two minutes and record frequency.  Repeat ten more times to reach the maximum gauge capacity.

3. Input values into special ‘GEONOR Rain Gauge Calibration Program’ to perform a second order linear regression analysis to determine the equation to relate frequency to rainfall depth (Depth (mm) vs. F-Fo).

4. Input coefficients into the site-specific datalogger program.
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Anemometer Calibration Procedure

Purpose

The purpose of this test procedure is to establish the methods needed to generate calibration curves for the CRN system anemometers versus a calibrated standard.

Equipment

· ATDD Wind Tunnel
· Test control board including Campbell CR23X data logger, power supply and wind tunnel potentiometer
· IBM compatible computer w/ RS232 interface cable and Campbell software  
· NIST calibrated standardized anemometer, R. M. Young, Gill propeller type, Model Number 27106D, Serial Number 76614, Blade Model Number 08274, Serial Number 76614
· Constant speed motor test apparatus 
· ASTM 5096-96 – Standard Test Method for Determining the Performance of Cup Anemometers and Propeller Anemometers

Test Method


A special data logger program steps the wind tunnel through a series of wind speeds to determine the starting threshold (the minimum speed at which the anemometer to be calibrated maintains an output signal), speeds relating to multiples of the starting threshold of each test anemometer and fixed speeds relating to the analog output to the motor controller.   

The program tests for the starting threshold by sending a 340 mV continuous signal to the wind tunnel motor controller.   If there is no output determined from the anemometer under test after 30 seconds, the program increases the output signal in steps of 10 mV until the data logger receives an output signal.  The starting threshold is then checked nine more times.  The average of each of the ten tests are calculated and stored.  


The program then runs the wind tunnel at set points relating to the starting threshold X (2X, 3X, 4X, 5X and 6X) for 100 seconds at each point.  The program averages the ‘100 second’ output at each set point of the test anemometer and the standard anemometer, and records these values.


The program then sends an output to the wind tunnel motor controller of 2, 4, 6, 8, and 10 V for 100 seconds each and records the averages.


The data for each anemometer are then compared to the standard and calibration curves are determined from a linear regression of the plot of the test anemometer vs. the standardized anemometer. 

Test Procedure for Anemometer Calibration

5. Install ATDD Standardized Anemometer in its wind tunnel mount and connect to the CR23X (blk to P2, red to P2’s ref. GND).

6. Install test anemometer in its wind tunnel mount (anemometers must be at same height), attach to the CR23X  (grn to P1, blk to P1’s ref. GND, red to ‘power out’ G and wht to ‘power out’ 12V) and record serial number.

7. Install RS232 interface to PC and to data logger for test information download.                   

8. Clear wind tunnel area of objects and debris (inside and out) before proceeding.  Verify that the tunnel floorboards are belted in place.

9. Power CR23X and insure programming (*1).  If program has been deleted, reinstall.                   

10. Initialize program (*0) and monitor.

11. At the completion of the test, ready the unit for high speed switch closure tests.

Test Method for High Speed Switch Closure


The constant speed motor will drive the anemometer shaft at predetermined revolution counts to simulate wind speed.  The data logger will record the frequency of the switch closures in the anemometer over a period of 130 seconds.  The data logger will then average these values.  This data is compared to calculated switch closure values to determine accuracy. 

Test Procedure for High Speed Switch Closure

1. Remove cup assembly from anemometer under test.

2. Locate Constant Speed Motor Test Apparatus in a position to attach the apparatus to the anemometer shaft using a short piece of flexible tubing.

3. Insure proper alignment between rubber tubing and anemometer shaft.  Tighten clamps.  

4. Key the following command into the data logger: * D 7 A 2 A * 0 6.

5. Set constant speed motor control to 300 RPM (will be displayed).

6. The program will run for 2 minutes and 10 seconds and display the next set point (600 RPM).  Set motor control to 600 RPM.

7. The program will then run for 2 minutes and 10 seconds and display the next set point (1800 RPM).  Set motor control to 1800. 

8. The program will run for an additional 2 minutes and 10 seconds and then display ‘0’ to signify a completed test.

Data Analysis

1. The data is transferred to Excel plotting the NIST calibrated anemometer        versus the tested anemometer.

2. A Linear Regression Analysis is then performed to develop the calibration      equation.   

3. The recorded test data for each tested anemometer are stored in the CRN    Archive Computer. 
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Wind Speed Calibration Report

Customer: US Dept of Commerce/NOAA

Test Number: 12071 Customer PO: VI010113
Test Date: 7 February 2001 Sales Order: 46120

~Tast Sensor.
Anemometer: 27108D Propeller Anem.  Propeller: 08274
Serial Number: 76614 Serial Number: 76614

Report of calibration comparison with National institute of Standards and Technolbgy calbrated
anemometer in the R.M. Young Company 50 x 75 cm rectangular test secon open retlum wind tunnel. The
following data describe the relationship between test section wind speed, as determined by the NIST
calibrated standard anemometer, and test anemometer rpm, as determined by if's output Indicated wind
speed is calculated using anemometer's published formula.

Wind Speed Wind Speed
to Standard Anemometer According to Test Ammom-ht
Model: 27106D/08274 "Anem: 271060 Prop: 00274
s«u:: 72713 Serial #: 76614 Serial #
Actual 100 Second Output Indicated
g! g»_o_dmm Pulse Count Frequency RPM (2) Speed m/s (3)
101570 1015.7 6004 20.9
zs.o 25.1 84261 8428 5056 248
20.0 20.1 67441 6744 4046 19.8
16.0 16.0 53661 536.6 3220 15.8
120 120 40221 4022 2413 1.8
8.0 8.0 26748 267.5 1605 79
8.0 6.0 20108 201.1 1206 59
40 4.1 13519 136.2 811 40
3.0 30 10084 100.8 605 3.0
25 27 8930 80.3 536 28
20 21 | 6818 68.2 400 20
15 18 | 5191 51.9 311 15
1.0 1.1 | 3451 45 207 1.0
05 08 1762 176 108 05
National Institute of Standards and Technology Refarence Environmental Conditions
Calibrated Standard Anemometer (4) Barometric Pressure (mm Hg) 752
Test#: TN250897 Temperature (C): 25.5
Date: 25 September 1992 Relative Humidity (%): 46.0
Model: 08274 Serial #: 72713

(1) Actual wind speed determined by relationship between tunnel fan rpm and NIST calbrated standard
propeller rpm.

(2) Propeler Anemometer output is ten (10) pulses per revolution: Rpm = Hz /10 x 60 sec.

(3) Published calibration: Wind speed (m/s) = 0.00490 x propelier rpm.

(4) NIST Calibration accuracy is within 1%.
Tested By éﬂ,[«ww?

R.M. YOUNG COMPANY 2801 Aero Park Drive, Traverse City, Michigan 49686 USA
Tel: 231-946-3980 Fax: 231-946-4772 Email: met.sales@youngusa.com





[image: image8.png].. ) Meteorological Instruments
/ ‘\1
| "> ¢
i

—

Wind Speed Calibration Report (page 2)

Test Number: 12071

inear R .

A linear regression is performed on the calibration data to determine the best fit straight line representing
the relationship between propeller rpm and actual wind speed as determined by the NIST calibrated

standard anemometer.

Slope: 0.00497 meters per second per RPM
Intercept: 0.03 meters per second
Pitch: 29.82 centimeters per revolution

Correlation Coefficient:  1.00000

Wind Speed =  Slope x RPM + Intercept Slope x Hz + Intercept
m/s = 0.00497 xRPM+ 0.03 0.02982 xHz+ 0.03
mph = 0.01112 xRPM+ 0.07 0.06670 x Hz + 0.07
knots = 0.00965 xRPM + 0.06 0.05792 xHz+ 0.06
km/hr = 0.01789 xRPM+ 0.11 0.10735 xHz+ 0.11
Threshold Measurements
New Instrument As Found As Left
n/a n/a

0.0 m/s
0.1 mph

R.M. YOUNG COMPANY 2801 Aero Park Drive, Traverse City, Michigan 49686 USA
Tel: 231-946-3980 Fax: 231-946-4772 Email: met.sales@youngusa.com
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Solar Radiation Sensor Calibration Procedure

Purpose

Verify and develop calibration coefficients of the solar radiation sensors deployed in the Climate Reference Network (CRN).

Equipment

· Pyanometer mounting apparatus

· Three Eppley precision spectral pyranometers

· IBM compatible computer w/ Campbell Scientific software

· Campbell CR23X data logger 

Test Method

The following describes the procedure to verify calibration coefficients and proper operating characteristics for the Kipp & Zonen (K&Z) Model SP Lite silicon pyranometers deployed in the CRN (Figure 1).

The silicon pyranometers for the CRN are checked for calibration changes against the manufacturer's coefficients by direct comparison to a reference set of three Eppley precision spectral pyranometers (PSP; Figure 2). The Eppley instruments are the transfer standards for the CRN. The reference instruments are recalibrated yearly at the Solar Radiation Research Laboratory of NREL in Golden, CO, which has reference sensors traceable to a World Radiometric Reference (WRR). The K&Z instruments were installed side by side with the Eppley reference sensors on the roof of the ATDD instrument laboratory. The K&Z pyranometers were mounted in a 1/4" thick aluminum plate machined to accept up to 16 sensors in a 4 by 4 array, with a center-to-center spacing of 3 inches. This panel sits on a wooden table and is leveled using a bubble level mounted to the center of the plate. The Eppley CRN standards are set on an aluminum plate about 0.5 m from the field instruments. Each instrument is leveled using the bubble level attached to its base. 
The CRN field instruments are mounted next to the reference set and a side-by-side comparison is performed. All instrument outputs are sampled at 1-second intervals with 1-minute averages recorded over an extended period (minimum of 7 days). Data are recorded on a Campbell Scientific model CR23X data logger. The collection period is varied depending on the meteorological conditions, insuring that clear, partly cloudy, and overcast cloud cover conditions are sampled. The one-minute data are then processed, removing any data when the reference set or field instrument set is shaded by obstructions. The data are then further processed by segregating the readings by the average of the reference set, into 24 bins of range 50 W/m2 from 0 W/m2 to 1200 W/m2. The averaged data and standard deviations are imported into an Excel spreadsheet and linear regressions performed with zero offsets.

Output generated

Plots are produced for each instrument to be deployed in the field (Figure 5).  Included in the plots are the linear regression coefficients for the instruments, as well as the standard deviation of the reference set and field instruments.  The Excel spread sheet for each instrument will be provided for the CRN Archive Computer.
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Figure 1 Kipp and Zonen SP Lite silicon pyranometer

Figure 2 Eppley Precision Spectral Pyranometer (PSP)




[image: image11.png]Figure 4 Array of 3 Eppley PSPs showing leveling arrangement.




[image: image12.png]y=12.758x- 88786
R =099%9

Insolationn, W/imA2
e

8

T T T T % T ¥ T

0 10 2 0 40 50 60 70 80 D
Sensor output, NV

Figure 5 Typical K&Z pyranometer calibration, pyranometer output in mV.
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Scientific Instruments
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STANDARDIZATION e
OF
EPPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP

Serial Number: 33045F3

Resistance: 701 Q at 23 °C
Temperature Compensation Range: -20 to 1 B o

This radiometer has been compared with Standard Precision Spectral
Pyranometer, Serial Numbexr 21231F3 in Eppley’s Integrating
Hemisphere under radiation intensities of approximately 700 watts
meter ° (roughly one-half a solar constant). The adopted calibration
temperature is 25 °C.

As a result of a series of comparisons, it has been found to have a
sensitivity of:

8.44 x 10°° volts/watts meter *

5.89 millivolts/cal cm ® min*

The calculation of this constant is based on the fact that the
relationship between radiation intensity and emf is rectilinear to
intensities of 1400 watts meter °. This radiometer is linear to
within + 0.5% up to this intensity.

The calibration of this instrument is traceable to standard self-
calibrating cavity pyrheliometers in terms of . the Systems
Internationale des Unites (SI units), which participated in the
Eighth International Pyrheliometric Comparisons (IPC VIII) at Davos,
Switzerland in October 1995.

Useful conversion facts: 1 cal cm’ mi = 697.3 watts meter ’

1 BTU/ft’-hr’’ = 3.153 watts meter °

Shipped to: Date of Test: July 11, 2000

NOAA

Asheville, NC In Charge of Test /(7%@“
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CR23X Checkout Procedure

Purpose

The CR23X data logger, from Campbell Scientific, Inc., must pass a series of tests before deployment in the CRN meteorological monitoring/reference network.  This document describes a procedure to test the voltage inputs, pulse and switch inputs, and the excitation output.

Equipment

· CR23X to be tested

· Battery for CR23X or compatible power supply

· Pre-wired test terminal strips for the CR23X (includes test points, switches, etc.)

· Voltage source, Khron-Hite model 511

· Frequency source, Altek model 942

· Anemometer simulator

· Multimeter

· Connection cables

· PC Computer with software including:

· PC208W

· Word or equivalent

· Excel or equivalent

· Spreadsheet file “CRN-CR23X checkout sheet.xls”

· Data logger download files “checkout.dld” and “1000mV.dld”

Test Method

1.  Data Logger Software/Computer Display

Make sure the CR23X is connected to the calibration computer.  Connect a battery or other suitable power source to the data logger power input.  Use the Campbell Scientific Inc. software, PC208W, to download the test program “checkout.dld” to the data logger.  Using the same software, monitor input locations 1 through 21.  See Appendix A or the PC208W manual for instructions on how to use PC208W to communicate with the data logger if not familiar with those operations.

2.  Connections

Connect the data logger, voltage source, and multimeter as shown in Figure 7 (Figure 7 is configured for the first set of measurements).  The voltage source should be set to zero, and powered up.  The terminal strips should be wired as shown in the various schematic diagrams.  A set of pre-wired depluggable terminal strips should be available to install on the data logger to be tested.  Connection points are shown on the schematics as circles with labels (Figures 2, 3, and 4).  Throughout the checkout procedure, test clips from the voltage source or frequency generator will be moved to various connection points on the data logger.

3.   Data Form

Open the spreadsheet “CRN-CR23X checkout sheet.”  You should size the window so that you can input entries in the spreadsheet while reading the PC208W monitoring window.  Use “Save As” to save the spreadsheet under a new name now by adding today’s date and the data logger’s serial number in the format:

“CRN-CR23X checkout sheet – 01-JAN-2001 – SN3000”

4.  Header Values

Fill in the appropriate values for the date, serial numbers, etc. in the header block at the top of the worksheet.

5.   5000 mV Checkout

Connect the voltage source and multimeter to the 5000 mV and 1000 mV test points on the data logger (see Figure 7 and Figure 2 for a detail of the test points).  Adjust the voltage source to the various values in the “5000 mV Test” section of the spreadsheet.  Fill in the “Reading” blanks  with the appropriate values. 

 6.   50 mV Checkout

Connect the voltage source and multimeter to the 50 mV test points on the data logger (see figure 2 for a detail of the test points).  Adjust the voltage source to the various values in the “50 mV Test” section of the spreadsheet.  Fill in the “Reading” blanks with the appropriate values. 

7.   10 mV Checkout

Connect the voltage source and multimeter to the 10 mV test points on the data logger (see figure 2 for a detail of the test points).  Adjust the voltage source to the various values in the “10 mV Test” section of the spreadsheet.  Fill in the “Reading” blanks with the appropriate values. 

8.  5000 mV Excitation Checkout

Disconnect the voltage source and multimeter from the data logger. Close the “loop back” test switch (flip to the right) so that the excitation voltage is connected to the 5000 mV inputs (see Figure 3). Enter the “Location 11 Reading” in the spreadsheet.  Return the switch back to the normal position (left).

9.   Wind Speed Frequency Test

Connect the frequency source as shown in figure 5 (also reference figure 4 for the schematic).  Adjust the frequency source to the frequencies in the “Wind Speed Frequency Test” section of the spreadsheet and fill in the readings.

10.   Fan Speed Frequency Test

Adjust the frequency source to the values shown in the spreadsheet.  Fill in the appropriate blanks with the channel readings.

11.   Rain Gauge Frequency Test

Adjust the frequency source to the values shown in the spreadsheet.  Fill in the appropriate blanks with the channel readings.

12.   Door Switch Test

Fill in the value for Channel 20 in the spreadsheet for both switch positions.

13.  12V output test

Verify that the battery voltage is between 11V and 13V.

Measure the voltage at the 12V output test points and fill in the spreadsheet blank

14.   5V output test

Measure the voltage at the 5V output test points and fill in the spreadsheet blank.

15.  1000 mV Test

Download the “1000mV.dld” program to the data logger using the PC208W software.  Using the same steps as the “5000 mV Test” procedure, fill in the blanks in the 1000 mV Test section of the spreadsheet.

16.  1000 mV excitation Test

Using the same steps as the “5000 mV Excitation Test” procedure, check the 1000 mV excitation (flip the switch, read the voltage in location 7, return the switch to the right position).

Calibration Process/Procedures

Sensor: Campbell Scientific CR23X

Equipment Used:

· Battery for CR23X or compatible power supply

· Pre-wired test terminal strips for the CR23X (includes test points, switches, etc.)

· Voltage source, Khron-Hite model 511

· Frequency source, Altek model 942

· Anemometer simulator

· Multimeter

· Connection cables

· PC Computer with software including:

· PC208W

· Word or equivalent

· Excel or equivalent

· Spreadsheet file “CRN-CR23X checkout sheet.xls”

· Data logger download files “checkout.dld” and “1000mV.dld”

Standard or Guidelines:  CRN requirements and manufacturer’s specifications

Number of Sensors Calibrated: One
Procedure: The CR23X powered and connected to the PC.  A special program is downloaded to sequence the required tests.  The following parameters are checked:  the excitation channels at 10 mV, 50 mV, 1000mV and 5000 mV, frequency output, switch closure, and the 5V and 12V outputs.  See the ‘CR23X Checkout Procedure’ for further detail.

Operator Skill Level/Requirements: Technician

Total Time per Sensor: 0.5 hours
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Figure 7
Theory and operation of the ATDD Thermometer Calibration System

Purpose

The ATDD Thermometer Calibration System (TCS) is a general-purpose temperature calibration bath system designed to calibrate thermometers through the environmental range. It accommodates various types of thermometers through the range of -80 C to +100 C. As presently configured, it calibrates the temperature sensors used in the Climate Reference Network stations from -60 C to +60 C. Calibration is completely automatic after setup is complete and the program is started. A self-documenting Visual Basic program, running on a laptop computer, controls a Hart model 7380 calibration bath, a Hart model 5612 platinum resistance thermometer (PRT) with a Hart model 1502A readout, and a Campbell Scientific model CR23X data logger. The program is controlled through a self-documenting Excel spreadsheet. The complete calibration design is contained in the spreadsheet, which also contains the calibration data and regression results.

Equipment

· The Calibration Bath is a Hart 7380 low volume model. Specifications and additional description can be found in Appendix A. The bath operates between ​ ‑80 C and +100 C, and has a fluid volume of 4 litres, and is programmable, using an RS-232 port.

· The reference thermometer is a Hart secondary reference platinum resistance thermometer (PRT) Model 5612 (Appendix C). It is read with a Hart 1502A readout (Appendix B), which is controlled and read via a RS-232 port.

· The bath fluid is Halocarbon 0.8, which can be used from ‑90 C to +70 C, and is immiscible in water.

· Test transducer data are acquired with a Campbell Scientific model CR23X datalogger (Appendix F), which is also controlled and communicated with via RS-232.

· The test apparatus can calibrate either thermistors or PRTs with minimal changes.

· A laptop computer is used for system control and data reduction. The only requirements for the computer are that it be Windows-based and have at least three RS-232 ports.

· The control program is written in self-documenting Visual Basic and is linked with an Excel spreadsheet (Appendices D and G), as well as an Access database. Self-documenting refers to a style of programming where the author attempts to simplify code rather than obscure what the program is doing. Acquired data is written to disk in an ASCII file, as well as being stored in a spreadsheet and in a database.
Calibration Procedure

1. Fill the reservoir with fresh halocarbon (or at least halocarbon with accumulated water removed).

2. Place the reference and test transducers in their holder and connect them to the CR23X (see the diagram in Appendix B). Make sure the CR23X is powered and connected to the laptop, then use PC208W on the laptop to download the program   (see Appendix F) to the CR23X.

3. Power up the bath (also the cooling switch) a few hours (the manufacturer recommends two hours) before the calibration is to begin. Manually set the bath temperature to 20 C (you can also use a small program called MONITOR on the laptop).

4. Start the TCAL program. The control panel appears along with the “setup” page of the spreadsheet. This sheet should be self-explanatory, but the yellow cells in column A must contain the set points for the calibration, the green cells in column A must contain the equilibration time and the sampling time. The pink cells in column F should contain the serial numbers of the transducers in the same order in which they are wired to the CR23X. Push the Start button on the TCAL. (Spreadsheets and TCAL control panel are described in Appendix C) Data windows should begin to update immediately (see Appendix G).

5. The calibration will proceed automatically, and will require ~18 hours. It’s good practice for the operator to stop by occasionally to verify that the calibration is going smoothly. This may also be done remotely using PCAnywhere. 

6. The bath will not be stable above 40 C unless external cooling is applied. Use the auxiliary bath for cooling, but only while it can be attended – it’s unreliable and tends to freeze solid. With external cooling, set points above 40 C will be reliable, and when the calibration is completed, the bath will reset to 20 C.

7. Calibration results are a third order polynomial determined from a standard polynomial regression scheme. Typical results are given in Appendix E.

-80° Metrology Bath  Model 7380

[image: image26.jpg]L
(i

M





Thermometer Readouts for RTD, PRT, and Thermistor Sensors

[image: image27.jpg]



Appendix A. Manufacturer’s Specifications for Calibration Bath

	
	 Specifications 
Range
–80°C to 100°C 
(–112°F to 212°F) 

Ambient Operating Range
15°C to 25°C 
(59°F to 77°F) 

Stability
±0.006°C at –80°C (ethanol)
±0.010°C at 0°C (ethanol)
±0.010°C at 100°C (oil) 

Uniformity
±0.008°C at –80°C (ethanol)
±0.012°C at 0°C (ethanol)
±0.012°C at 100°C (oil) 

Set-Point Accuracy
±0.5°C 

Set-Point Repeatability
±0.01°C 

Resolution
0.01° 

Access Opening
3.25" x 4.5" (86 x 114 mm) 

Immersion Depth
7" (180 mm) max 

Tank Capacity
1 gallon (4 liters) 

Cooling Time
From 25°C to –80°C, 120 minutes 

Refrigeration Cascade
Two ¼ HP compressors 

Heater Power
500 W 

Automation Package
Interface-it software and RS-232 included 

Power
115 VAC (±10%), 60 Hz, 16 A or 230 VAC (±10%), 50 Hz, 8 A, specify, 1700 W 

Size
12" W x 30" H x 24" D (305 x 762 x 610 mm) 

Weight
115 lb. (52 kg) 



	
	


Appendix B.  Manufacturer’s Specifications for Reference Thermometer Readout Model 1502A

	Specifications
	1502A

	Temperature Range†
	–200°C to 962°C (–328°F to 1764°F)

	Resistance Range 
	0 to 400, auto-ranging 

	Probe 
	Nominal RTPW: 25 to 100
RTD, PRT, or SPRT 

	Characterizations 
	ITS-90 subranges 4, 6, 7, 8, 9, 10, and 11
IPTS-68: R0, , , a4, and c4
Callendar-Van Dusen: R0, , and  

	Resistance Accuracy
(ppm of reading) 
	0 to 20: 0.0005
20 to 400: 25 ppm 

	Temperature Accuracy†, typical  (meter only) 
	±0.004°C at –100°C
±0.006°C at 0°C
±0.009°C at 100°C
±0.012°C at 200°C
±0.018°C at 400°C
±0.024°C at 600°C

	Operating Temperature Range 
	16°C to 30°C 

	Resistance Resolution 
	0 to 20: 0.0001
20 to 400: 0.001 

	Temperature Resolution 
	0.001°C 

	Excitation Current 
	0.5 and 1 mA, user selectable, 2 Hz 

	Measurement Period 
	1 second 

	Digital Filter 
	Exponential, 0 to 60 seconds time constant (user selectable) 

	Probe Connection 
	4-wire with shield, 5-pin DIN connector 

	Communications 
	RS-232 serial standard
IEEE-488 (GPIB) optional 

	Display 
	8-digit, 7-segment, yellow-green LED; 0.5-inch-high characters 

	Power 
	115 VAC (±10%), 50/60 Hz, 10 A, nominal 
230 VAC (±10%), 50/60 Hz, 10 A, nominal, specify 

	Size 
	5.6" W x 7.1" D x 2.4" H (143 x 181 x 61 mm) 

	Weight 
	2.2 lb. (1.0 kg) 

	†Temperature ranges and accuracy may be limited by the sensor you use. 


Appendix C.  Manufacturer’s Specifications for Model 5612 Secondary Reference Temperature 

	Features

	Affordable wide-range accuracy 

	Excellent stability 

	Reference-grade platinum sensing element 

	Specifications

	Resistance
	Nominal 100 (±0.1) 

	Temperature Coefficient
	0.003925 ohms/ohm/°C nominal 

	Temperature Range
	–200°C to 420°C (transition and cable temperature 150°C maximum) 

	Transition Temperature
	5°C to 200°C 

	Drift Rate
	±0.01°C at 0°C per year maximum, when used periodically to 400°C 

	Sheath Material
	Inconel™ 600 

	Leads
	Teflon™-insulated, silver-plated stranded copper, 22 AWG 

	Termination
	Four gold-plated spade lugs are standard. Other options available. See Ordering Information. 

	Hysteresis
	< 0.01°C at 0°C using –196°C and 420°C as the end points 

	Immersion Effects
	Reading will not vary more than 0.005°C when the probe immersion is varied between 4 inches and 10 inches in an ice bath (5614). 

	Calibration
	Includes NIST-traceable calibration and table with R vs. T values in 1°C increments from –183°C to 500°C. The 5614 and 5612 are calibrated to 420°C and the 5613 to 300°C. ITS-90 coefficients included. 

	Probe Accuracy (includes calibration uncertainty and short-term stability)
	±0.018°C at –196°C
±0.018°C at 0°C
±0.019°C at 200°C
±0.023°C at 420°C 

	Time Constant
	Nine seconds typical for 63.2% response to step change in temperature in water flowing at 3 feet per second 

	Size:
	0.187" dia. x 9" 



Appendix D.  Control Program and Spreadsheet 

The setup page from spreadsheet TCALTEMP.XLS. Colored cells should be filled in. The yellow cells determine the calibration setpoints, and there can be as many as desired. The first blank ends the program. The pink cells should contain the serial numbers of the thermistors, and the blue cell is the total number of thermistors. The green cells control the timing of the program. The equilibrium and averaging times should be self-explanatory, and the time limit is the total length of time the program can take to reach the next setpoint before skipping that point.

	11:47 AM
	37189
	Instrument
	Manufacturer
	Model
	Serial Number

	Filename
	tcal200109061147
	Temperature Bath
	Hart
	7380
	A09021

	Bath
	silicon oil
	Precision Temp
	Hart
	1502a
	548154

	Operator
	rtm
	Instrument 1
	MetOne
	062MP
	2584-1

	 
	 
	Instrument 2
	MetOne
	062MP
	2584-2

	
	
	Instrument 3
	MetOne
	062MP
	3980-1

	Temperature Setpoints
	
	Instrument 4
	MetOne
	062MP
	3980-2

	-60
	
	Instrument 5
	MetOne
	062MP
	3981-1

	-58
	
	Instrument 6
	MetOne
	062MP
	3981-2

	-56
	 
	Instrument 7
	MetOne
	062MP
	3982-1

	-54
	 
	Instrument 8
	MetOne
	062MP
	3982-2

	-52
	 
	Instrument 9
	MetOne
	062MP
	3983-1

	-50
	 
	Instrument 10
	MetOne
	062MP
	3983-2

	-45
	 
	Instrument 11
	MetOne
	062MP
	3984-1

	-40
	 
	Instrument 12
	MetOne
	062MP
	3984-2

	-35
	 
	Instrument 13
	MetOne
	062MP
	3985-1

	-30
	 
	Instrument 14
	MetOne
	062MP
	3985-2

	-25
	 
	Instrument 15
	MetOne
	062MP
	3986-1

	-20
	 
	Instrument 16
	MetOne
	062MP
	3986-2

	-15
	 
	 
	 
	 
	 

	-10
	 
	Datalogger
	Campbell
	CR23x
	3757

	-5
	 
	 
	 
	 
	 

	0
	 
	 
	 
	# Therm
	16

	5
	 
	 
	 
	 
	 

	10
	 
	Equilibrium Time
	
	300
	 

	15
	 
	Averaging Time
	
	900
	 

	20
	 
	Time Limit
	
	10000
	 

	25
	 
	Comments
	
	 
	 

	30
	 
	
	
	 
	 

	35
	 
	
	
	 
	 

	40
	 
	 
	 
	 
	 

	45
	 
	 
	 
	 
	 

	50
	 
	 
	 
	 
	 

	52
	 
	 
	 
	 
	 

	54
	 
	 
	 
	 
	 

	56
	 
	 
	 
	 
	 

	58
	 
	 
	 
	 
	 

	60
	 
	 
	 
	 
	 

	20
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 


The control panel from the TCAL program. After the setup page of the spreadsheet is complete, the START button can be pushed. The calibration will complete automatically unless overridden with the STOP button. Progress of the calibration may be followed in the data panels (yellow).


Appendix E. Typical Calibration Results

	
	
	
	
	
	Thermistor:
	A4129-2
	

	
	
	
	
	
	Cal Date: 
	9/24/2001
	

	
	
	
	
	
	Page 1 of 2
	
	

	
	CRN Temperature Sensor Calibration Data Sheet
	
	
	

	
	
	
	
	
	
	
	

	NOAA/ATDD, Oak Ridge, Tennessee
	
	
	
	
	

	Calibration Date: 
	
	
	
	24-Sep-01
	
	

	Thermistor:
	
	
	MetOne 062MP
	
	A4129-2
	
	

	Temperature Bath:
	
	Hart 7380
	
	A09021
	
	

	Bath Liquid:  
	
	
	
	Halocarbon 0.8
	
	

	Reference Thermometer:
	
	Hart 1502
	
	548154
	
	

	Performed by:
	
	
	
	Bob McMillen
	
	

	Equilibration Time (s):
	300
	
	Averaging Time (s):
	900
	

	Calibration Data File:
	
	tcal200109240918
	
	
	

	Time
	Thermistor  (V)
	Treference                        ( C)
	Std. Dev. Thermistor (V)
	Std. Dev. Reference ( C)
	Tregression ( C)
	Residuals           ( C)
	

	10:59
	0.908103
	-59.91
	0.000
	0.003270
	-59.164
	-0.748
	

	11:21
	0.901002
	-57.91
	0.000
	0.004066
	-57.772
	-0.140
	

	11:44
	0.891986
	-55.91
	0.000
	0.003515
	-56.010
	0.102
	

	12:06
	0.882491
	-53.88
	0.001
	0.013534
	-54.162
	0.283
	

	12:28
	0.872333
	-51.87
	0.000
	0.005228
	-52.191
	0.324
	

	12:51
	0.862000
	-49.87
	0.000
	0.005679
	-50.194
	0.322
	

	13:16
	0.835918
	-44.84
	0.000
	0.005176
	-45.186
	0.344
	

	13:42
	0.808000
	-39.79
	0.000
	0.017599
	-39.874
	0.080
	

	14:07
	0.780969
	-34.83
	0.000
	0.007808
	-34.775
	-0.053
	

	14:32
	0.753436
	-29.80
	0.001
	0.055514
	-29.622
	-0.178
	

	14:58
	0.725703
	-24.66
	0.000
	0.071670
	-24.469
	-0.189
	

	15:23
	0.698077
	-19.59
	0.000
	0.025678
	-19.369
	-0.217
	

	15:49
	0.668711
	-14.12
	0.000
	0.044235
	-13.981
	-0.141
	

	16:14
	0.642439
	-9.42
	0.000
	0.031230
	-9.184
	-0.231
	

	16:39
	0.613983
	-4.06
	0.000
	0.051283
	-4.011
	-0.045
	

	17:05
	0.591910
	0.13
	0.001
	0.198312
	-0.012
	0.143
	

	17:30
	0.564142
	5.07
	0.000
	0.021958
	5.007
	0.068
	

	17:56
	0.536881
	10.02
	0.000
	0.008850
	9.923
	0.099
	

	18:21
	0.509396
	15.00
	0.000
	0.003290
	14.874
	0.127
	

	18:46
	0.481644
	20.01
	0.000
	0.009047
	19.870
	0.138
	

	19:12
	0.453616
	25.04
	0.000
	0.033910
	24.916
	0.119
	

	19:37
	0.425543
	30.05
	0.000
	0.023022
	29.977
	0.078
	

	20:03
	0.397370
	35.07
	0.000
	0.032962
	35.064
	0.004
	

	20:28
	0.369703
	40.00
	0.000
	0.021430
	40.074
	-0.071
	

	20:54
	0.342090
	44.95
	0.000
	0.006258
	45.091
	-0.136
	

	21:19
	0.314688
	49.95
	0.000
	0.003119
	50.090
	-0.140
	

	21:41
	0.303900
	51.95
	0.000
	0.002899
	52.065
	-0.117
	

	22:04
	0.293202
	53.94
	0.000
	0.003016
	54.027
	-0.082
	

	22:26
	0.282692
	55.94
	0.000
	0.002744
	55.959
	-0.015
	

	22:49
	0.272318
	57.94
	0.000
	0.002461
	57.870
	0.073
	

	23:11
	0.262201
	59.94
	0.000
	0.002581
	59.737
	0.203
	

	
	
	
	
	
	
	
	

	Calibration Coefficients:
	x3=
	-31.023657
	
	
	

	
	
	x2 =
	45.602201
	
	
	

	
	
	x =
	-202.350337
	
	
	

	
	
	Const =
	110.218033
	
	
	

	
	
	R2 =
	0.999972
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	Thermistor:
	A4129-2
	

	
	
	
	
	
	Cal Date: 
	24-Sep-01
	

	
	
	
	
	
	Page 2 of 2
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Appendix F. Campbell Scientific Setup and Programming.
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;{CR23X}

*Table 1 Program

  01: 1.0       Execution Interval (seconds)

1:  Time (P18)

 1: 3        Store Year,Day,Hr,Min,Sec in 5 consecutive locations

 2: 0        Mod/By

 3: 10       Loc [ time_1    ]

2:  Excite-Delay (SE) (P4)

 1: 16       Reps

 2: 24       1000 mV, 60 Hz Reject, Slow Range

 3: 1        SE Channel

 4: 1        Excite all reps w/Exchan 1

 5: 1        Delay (units 0.01 sec)

 6: 1000     mV Excitation

 7: 20       Loc [ t2_1      ]

 8: 1.0      Mult

 9: 0.0      Offset

3:  Batt Voltage (P10)

 1: 16       Loc [ batt      ]

4:  Do (P86)

 1: 10       Set Output Flag High (Flag 0)

5:  Sample (P70)

 1: 5        Reps

 2: 10       Loc [ time_1    ]

6:  Sample (P70)

 1: 16       Reps

 2: 20       Loc [ t2_1      ]


7:  Sample (P70)

 1: 1        Reps

 2: 16       Loc [ batt      ]

8:  Serial Out (P96)

 1: 52    -- Destination Output

End Program

Appendix G.   TCAL Program Listing

   Public line1 As String

   Public line2 As String

   Public line3 As String

   Public lintmp As String

   Public line1u As String

   Public path As String

   Public exceltemp As String

   Public excelname As String

   Public fullexcelname As String

   'Public xcr23(20) As Single

    'Static xcr23(20)

   Public x7380 As Single

   Public x1502 As Single

   Public tcontrol As Single

   Public tref As Single

   Public settlesec As Single

   Public endsettle As Single

   Public avgsec As Single

   Public timelimit As Single

   Public tstrt As Single

   Public tfin As Single

   Public delt As Single

   Public numtref As Single

   Public endtm As Single

   Public starttm As Single

   Public starttm2 As Single

   Public status As Single

   Public tset As Single

   Public Nrow As Single

   Public numsteps As Integer

   Public tsetindex As Integer

   Public timetable As Integer

   Public alreadygo As Integer

   Public xlApp As Excel.Application

   'Public xlBook As Excel.Workbook

   Public xlSheet As Workbook

   Public wkSBN As Excel.Worksheet

   Public varReg As Polynomial

   Const PolyOrder = 3

   'Public varReg As New REGRESSLib.Polynomial

   '//Public tmpx As REGRESSLib.Polynomial

   Public dbscrn As Database

   Public rstcrn As Recordset

   Public fldcrn1 As Field

   Public fldcrn2 As Field

   Public fldcrn3 As Field

   Public fldcrn4 As Field

   Public dbscrn2 As Database

   Public rstcrn2 As Recordset

   Public fldcrn21 As Field

   Public fldcrn22 As Field

   Public fldcrn23 As Field

   Public fldcrn24 As Field

   'Public appGas As Excel.Application

   'Public shtGas As Workbook

   Public rngCR23x As Range

Private Sub Form_Load()

    'sbrStatus.Panels("Settings").Text = "Settings:  6 "

    Me.Left = GetSetting(App.Title, "Settings", "MainLeft", 1000)

    Me.Top = GetSetting(App.Title, "Settings", "MainTop", 1000)

    Me.Width = GetSetting(App.Title, "Settings", "MainWidth", 6500)

    Me.Height = GetSetting(App.Title, "Settings", "MainHeight", 9500)

    path = "C:\tcal\"

    Open path + "tpoints" For Output As #7

    Set varReg = CreateObject("regress.Polynomial")

    Nrow = 2

    alreadygo = 0

    Call cmdExcel_Click

    'Dim pnlX As Panel

    'Set pnlX = sbrDB.Panels.Add()

    'pnlX.Text = "status: 0"

    End Sub

   'Public appGas As Excel.Application

   'Public shtGas As Workbook

   'Public rngGas As Range

Private Sub cmdGo_Click()

Dim lin As String * 72

Dim cr As String * 1

Dim nstr As String * 10

Dim tij As Integer

Dim warm

Dim tref  As Single

Dim tcontrol As Single

    'Set fForm1 = New Form1

    'fForm1.Show

If Not alreadygo Then

   alreadygo = -1

    path = "C:\tcal\"

   Open path + "hartall.txt" For Output As #1

   Open path + "hartlog.txt" For Output As #2

   Open path + "diags.txt" For Output As #8

   Open path + "cr23x.txt" For Output As #9

   Print #8, "start"

   ' Buffer to hold input string

   Dim Instring As String

   Dim Buffer2 As Variant

    MSComm1.CommPort = 5        'cr23x

    MSComm2.CommPort = 6        'hart 7380

    MSComm3.CommPort = 8        'hart 1502

    MSComm2.Settings = "9600,n,8,1"

    MSComm2.PortOpen = True

    MSComm2.RTSEnable = False

    Debug.Print "open2"

    MSComm1.Settings = "9600,n,8,1"

    MSComm1.PortOpen = True

    MSComm1.RTSEnable = False

    Debug.Print "open1"

    MSComm3.Settings = "9600,n,8,1"

    MSComm3.PortOpen = True

    MSComm3.RTSEnable = False

    Debug.Print "open3"

    'change active sheet to "Setup"

    Set wkSBN = Worksheets("Setup")

    settlesec = wkSBN.Cells(6, 2)

    avgsec = wkSBN.Cells(7, 2)

    timelimit = wkSBN.Cells(8, 2)

    i = 1

    Print #8, "start list "; wkSBN.Cells(11 + i, 1)

    While Not IsEmpty(wkSBN.Cells(11 + i, 1))

         tsettab(i) = wkSBN.Cells(11 + i, 1)

         Print #8, "list ", i, tsettab(i)

         i = i + 1

    Wend

    numsteps = i

    tset = tsettab(1)

    tsetindex = 2

    Print #8, i, numsteps

    Call set7380(tset)

    tstrt = 25

    tfin = 29

    delt = 2

    status = 0

    lintmp = Str(status)

    Text8.Text = lintmp

    'Call cmdExcel_Click

    'change active sheet to "Serial data"

    Set wkSBN = Worksheets("Setup")

    Range("a1").Select

    excelname = wkSBN.Cells(2, 2)

    fullexcelname = path + excelname

    Debug.Print fullexcelname

    xlSheet.SaveAs fullexcelname

    Set wkSBN = Worksheets("Serial data")

End If

End Sub

Private Sub cmdExcel_Click()

    On Error Resume Next 'Ignore errors

    exceltemp = "tcaltemp"

    fullexcelname = path + exceltemp

    Set xlApp = GetObject(, "Excel.Application") 'look for a running copy of Excel

    If Err.Number <> 0 Then 'If Excel is not running then

        Set xlApp = CreateObject("Excel.Application") 'run it

        ExcelWasNotRunning = True

    End If

    Err.Clear   ' Clear Err object in case error occurred.

    On Error GoTo 0 'Resume normal error processing

    Set xlSheet = xlApp.Workbooks.Open(fullexcelname)

    Set wkSBN = Worksheets("Setup")

    xlApp.Visible = True

    'xlApp.Visible = False

    Set dbscrn = OpenDatabase("c:\tcal\crn.mdb")

    Set rstcrn = dbscrn.OpenRecordset("CalData", dbOpenDynaset)

    Set fldcrn1 = rstcrn.Fields("Tref")

    Set fldcrn2 = rstcrn.Fields("Tval")

    Set fldcrn3 = rstcrn.Fields("Tval_id")

    Set fldcrn4 = rstcrn.Fields("time")

    rstcrn.AddNew

    fldcrn4.Value = Timer

    rstcrn.Update

    'Set rstcrn = dbscrn.OpenRecordset("CalDataAll", dbOpenDynaset)

    'Set fldcrn1 = rstcrn.Fields("Tref")

    'Set fldcrn2 = rstcrn.Fields("Tval")

    'Set fldcrn3 = rstcrn.Fields("Tval_id")

    'Set fldcrn4 = rstcrn.Fields("time")

    'rstcrn.AddNew

    'fldcrn4.Value = Timer

    'rstcrn.Update

    varReg.Orders = PolyOrder

    'Set dbscrn2 = OpenDatabase("c:\tcal\crn4.mdb")

    'Set rstcrn2 = dbscrn.OpenRecordset("CalDataAll", dbOpenDynaset)

    'Set fldcrn21 = rstcrn.Fields("Tref")

    'Set fldcrn22 = rstcrn.Fields("Tval")

    'Set fldcrn23 = rstcrn.Fields("Tval_id")

    'Set fldcrn24 = rstcrn.Fields("time")

    'rstcrn2.AddNew

    'fldcrn24.Value = Timer

    'rstcrn2.Update

    'rstcrn.MoveLast

    'rstcrn.AddNew

    'fldcrn1.Value = 998

    'fldcrn2.Value = 999

    'fldcrn3.Value = 12

    'rstcrn.Update

End Sub

Private Sub cmdStop_Click()

   xlSheet.Save     'fullexcelname

   xlSheet.Close

   xlApp.Quit

   'rstcrn.Update

   rstcrn.Close

   Set dbscrn = Nothing

   Set rstcrn = Nothing

   Set fldcrn1 = Nothing

   Set fldcrn2 = Nothing

   Set xlApp = Nothing

   Set xlBook = Nothing

   Set xlSheet = Nothing

   If tset > 30 Then

        Call set7380(0)

   End If

   Print #8, "Program Finished"

   Close #8

   Close #9

   End

End Sub

Sub process()

           'Print #8, status, Timer, endtm, tref, tcontrol, tset, endsettle

           Debug.Print status, Timer, endtm, tref, tcontrol, tset, endsettle

           Text4(2).Text = Str(Timer) + Str(endtm) + Str(endsettle)

           'sbStatusBar.Text = "Status: " + Str(status)

           Select Case status

              Case 0

                   'Text4(0).Text = " status 0 "

                   status = 1

                   starttm2 = Timer

                   starttm = Timer

              Case 1

                   If Abs(tcontrol - tset) < 0.05 Or (tset > 30 And Timer > starttm + timelimit) Then

                         status = 2

                         startsettle = Timer

                         endsettle = Timer + settlesec

                         endsettle = endsettle Mod 86400

                   End If

                   Text4(1).Text = " Moving from " + Str(tcontrol) + " to " + Str(tset)

              Case 2

                   If Timer > endsettle Then

                        status = 3

                        endtm = Timer + avgsec

                        endtm = endtm Mod 86400

                   End If

                   'Text4(0).Text = " status 2 "

                   Text4(1).Text = " Waiting for Equilibrium at " + Str(tset) + ", " + Str(Int(endsettle - Timer)) + " sec left."

              Case 3

                    If Timer > endtm Then

                            tset = tsettab(tsetindex)

                            tsetindex = tsetindex + 1

                            If tsetindex > numsteps Then

                                      status = 4

                                      'Form_Unload (5)

                                      'End

                            Else

                                      status = 0

                                      'endtm = Timer + timelimit

                                      set7380 tset

                                      Close #1

                                      Close #2

                                      Close #8

                                      Open path + "hartall.txt" For Append As #1

                                      Open path + "hartlog.txt" For Append As #2

                                      Open path + "diags.txt" For Append As #8

                                      xlSheet.Save     'fullexcelname

                            End If

                    End If

                    'Text4(0).Text = "  status 3 "

                    Text4(1).Text = " Recording Data - " + Str(Int(endtm - Timer)) + " sec. left."

              Case 4

                   'Text4(0).Text = "  status 4 "

                   Text4(1).Text = " Program finished"

                   Call cmdStop_Click

           End Select

           lintmp = Str(status)

           Text8.Text = lintmp

End Sub

Sub set7380(X As Single)

    Dim msg As String

    msg = "s =" + Str(X) + Chr(13) + Chr(10)

    'For i = 1 To 5

        MSComm2.Output = msg

        Debug.Print msg

        Print #8, "output to 7380 "; msg, Date, Time

    'Next i

    msg = "s "

    MSComm2.Output = msg

    lintmp = Str(tset)

    Text7.Text = lintmp

    'Stop

End Sub

Private Sub Form_Unload(Cancel As Integer)

    Dim i As Integer

    'close all sub forms

    For i = Forms.Count - 1 To 1 Step -1

        Unload Forms(i)

    Next

    If Me.WindowState <> vbMinimized Then

        SaveSetting App.Title, "Settings", "MainLeft", Me.Left

        SaveSetting App.Title, "Settings", "MainTop", Me.Top

        SaveSetting App.Title, "Settings", "MainWidth", Me.Width

        SaveSetting App.Title, "Settings", "MainHeight", Me.Height

    End If

End Sub

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

Private Sub MSComm1_OnComm()

' The OnComm event is used for trapping communications events and errors.

    Dim char1 As String

    'Debug.Print "comm1"

    Select Case MSComm1.CommEvent

        Case comEvReceive

            Dim Buffer As Variant

            MSComm1.InputLen = 1

            While MSComm1.InBufferCount

                 char1 = MSComm1.Input

                 line1 = line1 + StrConv(char1, vbUnicode)

                 If Asc(StrConv(char1, vbUnicode)) = 13 Then

                    'ShowData Text1, line1

                    m = Len(line1)

                    If m > 5 Then Text1.Text = Mid(line1, 2, m - 2)

                    ConvCR23x (line1)

                    line1 = ""

                 End If

            Wend

        Case Else

    End Select

End Sub

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

Private Sub MSComm7_OnComm()

' The OnComm event is used for trapping communications events and errors.

    Dim char1 As String

    Dim line2 As String

    Dim line3 As String

    Debug.Print "comm1"

    Select Case MSComm1.CommEvent

        Case comEvReceive

            Dim Buffer As Variant

            MSComm1.InputLen = 1

            While MSComm1.InBufferCount

                 char1 = MSComm1.Input

                 line1 = line1 + StrConv(char1, vbUnicode)

                 line2 = line2 + StrConv(char1, vbUnicode)

                 If Asc(StrConv(char1, vbUnicode)) = 13 Then

                    ConvCR23x (line1)

                    n = 0

                    m = Len(line1)

                    i = 1

                    While n < 7 And i < m

                         If Mid(line1, i, 1) = "," Then n = n + 1

                         i = i + 1

                    Wend

                    If i > 1 Then i = i - 1

                    'line2 = Mid$(line1, 1, i)

                    'line3 = Mid$(line1, i + 1)

                    m = Len(line2)

                    For i = 1 To m

                         If Mid(line2, i, 1) = Chr$(13) Then Mid(line2, i, 1) = " "

                         If Mid(line2, i, 1) = Chr$(10) Then Mid(line2, i, 1) = " "

                    Next i

                    Text1.SelText = line2

                    Debug.Print line2

                    line2 = ""

                    'ShowData fForm1.Text1, line1

                    'ShowData Text1, line1

                    line1 = ""

                 End If

            Wend

        Case Else

    End Select

End Sub

Private Sub MSComm2_OnComm()

' The OnComm event is used for trapping communications events and errors.

    Dim char1 As String

    Debug.Print "comm2"

    Select Case MSComm2.CommEvent

        Case comEvReceive

            Dim Buffer As Variant

            MSComm2.InputLen = 1

            While MSComm2.InBufferCount

                 char1 = MSComm2.Input

                 line2 = line2 + StrConv(char1, vbUnicode)

                 If Asc(StrConv(char1, vbUnicode)) = 13 Then

                    tcontrol = Val(Mid$(line2, 4, 10))

                    'Debug.Print "tcontrol "; tcontrol, Mid$(line2, 4, 10)

                    'ShowData fForm1.Text2, line2

                    'ShowData Text2, line2

                    l = Len(line2)

                    For i = 1 To l

                        n1 = InStr(line2, Chr$(10))

                        If n1 > 0 Then Mid$(line2, n1, 1) = " "

                        n1 = InStr(line2, Chr$(13))

                        If n1 > 0 Then Mid$(line2, n1, 1) = " "

                    Next i

                    Text2.Text = line2

                    line2 = ""

                 End If

            Wend

        Case Else

    End Select

End Sub

Private Sub MSComm3_OnComm()

' The OnComm event is used for trapping communications events and errors.

    Dim char1 As String

    Debug.Print "comm3"

    Select Case MSComm3.CommEvent

        Case comEvReceive

            Dim Buffer As Variant

            MSComm3.InputLen = 1

            While MSComm3.InBufferCount

                 char1 = MSComm3.Input

                 line3 = line3 + StrConv(char1, vbUnicode)

                 If Asc(StrConv(char1, vbUnicode)) = 13 Then

                    tref = Val(Mid$(line3, 4, 10))

                    'Debug.Print "tref "; tref, Mid$(line3, 4, 10)

                    'ShowData fForm1.Text3, line3

                    'ShowData Text3, line3

                    l = Len(line3)

                    For i = 1 To l

                        n1 = InStr(line3, Chr$(10))

                        If n1 > 0 Then Mid$(line3, n1, 1) = " "

                        n1 = InStr(line3, Chr$(13))

                        If n1 > 0 Then Mid$(line3, n1, 1) = " "

                    Next i

                    Text3.Text = line3

                    line3 = ""

                 End If

            Wend

        Case Else

    End Select

End Sub

' This procedure adds data to the Term control's Text property.

' It also filters control characters, such as BACKSPACE,

' carriage return, and line feeds, and writes data to

' an open log file.

' BACKSPACE characters delete the character to the left,

' either in the Text property, or the passed string.

' Line feed characters are appended to all carriage

' returns.  The size of the Term control's Text

' property is also monitored so that it never

' exceeds MAXTERMSIZE characters.

Private Static Sub ShowData(Term As Control, Data As String)

    'On Error GoTo Handler

    Const MAXTERMSIZE = 200

    Dim TermSize As Long, i

    ' Make sure the existing text doesn't get too large.

    TermSize = Len(Term.Text)

    If TermSize > MAXTERMSIZE Then

       Term.Text = Mid$(Term.Text, 100)

       TermSize = Len(Term.Text)

    End If

    ' Point to the end of Term's data.

    Term.SelStart = TermSize

    ' Eliminate line feeds.

    Do

       i = InStr(Data, Chr$(10))

       If i Then

          Data = Left$(Data, i - 1) & Mid$(Data, i + 1)

       End If

    Loop While i

    ' Make sure all carriage returns have a line feed.

    i = 1

    Do

       i = InStr(i, Data, Chr$(13))

       If i Then

          Data = Left$(Data, i) & Chr$(10) & Mid$(Data, i + 1)

          i = i + 1

       End If

    Loop While i

    ' Add the filtered data to the SelText property.

    Term.SelText = Data

    Term.SelStart = Len(Term.Text)

Exit Sub

'Handler:

'    MsgBox Error$

'    Resume Next

End Sub

Private Sub ConvCR23x(Buffer As String)

    Dim xCR23(20) As Single

    Dim buff As String

    Dim buff2 As String

    Dim cr As String * 2

    cr = Chr$(13) + Chr$(10)

    Print #9, Buffer

       l2 = 1

       n = 14

       For i = 1 To n - 1

          l3 = InStr(l2, Buffer, ",")

          If l3 > 0 Then

            buff = Mid$(Buffer, l2, l3)

            xCR23(i) = Val(buff)

            l2 = l3 + 1

           End If

        Next i

        xCR23(n) = Val(Mid$(Buffer, l2))

        n = 14

        Print #1, Time; Timer;

        Print #1, tset; tcont; tref;

        For i = 1 To n

            Print #1, xCR23(i);

        Next i

        Print #1, status; tsetindex

    'Set rstcrn = dbscrn.OpenRecordset("CalDataAll", dbOpenDynaset)

    'Set fldcrn1 = rstcrn.Fields("Tref")

    'Set fldcrn2 = rstcrn.Fields("Tval")

    'Set fldcrn3 = rstcrn.Fields("Tval_id")

    'Set fldcrn4 = rstcrn.Fields("time")

        For j = 1 To 6

           'rstcrn2.Edit

           'rstcrn2.MoveLast

           'rstcrn.AddNew

           'fldcrn1.Value = tref

           'fldcrn2.Value = xCR23(j + 4)

           'fldcrn3.Value = j

           'fldcrn4.Value = Timer

           'rstcrn.Update

        Next j

        If status = 3 Then

            n = 16

            nsum = nsum + 1

            For i = 1 To n - 2

                Sum(i) = Sum(i) + xCR23(i)

                sum2(i) = sum2(i) + xCR23(i) ^ 2

            Next i

            Sum(n - 1) = Sum(n - 1) + tcontrol

            Sum(n) = Sum(n) + tref

            sum2(n - 1) = sum2(n - 1) + tcontrol ^ 2

            sum2(n) = sum2(n) + tref ^ 2

            'Debug.Print tref, tcontrol, sum(n), n

        End If

        If status = 0 And nsum > 1 Then

            If nsum < 2 Then nsum = 2

            n = 16

            Sheets("Serial data").Select

            Range("A1").Select

            Cells(Nrow, 1) = Time

            Cells(Nrow, 2) = Timer

            For i = 1 To n

                Sum(i) = Sum(i) / nsum

                sum2(i) = sum2(i) / nsum

                Cells(Nrow, i + 2) = Sum(i)

                Cells(Nrow, n + 5 + i) = sum2(i)

                'X = ((nsum * sum2(i) - sum(i) ^ 2) / (nsum * (nsum - 1)))

                If X > 0 Then

                    Cells(Nrow, 3 * n + 5 + i) = X ^ 0.5

                Else

                    Cells(Nrow, 3 * n + 5 + i) = X

                End If

                'Debug.Print "loop", i, sum(i)

            Next i

            Cells(Nrow, n + 3) = status

            Cells(Nrow, n + 4) = tsetindex

            Cells(Nrow, n + 4) = nsum

            X = Sum(7)

            y = Sum(16)

            Call varReg.AddPoint(X, y)

            Print #7, "Points "; X, y

            Debug.Print "points  ", X, y

    'Sheets("Results").Select

    'Worksheets(1).ChartObjects(1).Chart.SeriesCollection(1).Trendlines(1).DisplayRSquared = False

    'ActiveSheet.ChartObjects("Chart 1").Activate

 If Nrow > 2 Then

    NObs = varReg.NObs

    If NObs < PolyOrder + 1 Then

        varReg.Orders = NObs - 1

    Else

        varReg.Orders = PolyOrder

    End If

    npoly = varReg.Orders

    a$ = ""

    For j = 0 To npoly

        tmp = varReg.Solution(npoly - j)

        a$ = a$ + Str(tmp) + cr

    Next j

    r2 = varReg.RSquared

    Text6.Text = a$ + "R2 = " + Str(r2) + cr + "Num Obs = " + Str(NObs) + cr + "num poly = " + Str(npoly)

    Print #7, a$

    Print #7, "R2 = "; r2; " Num obs = "; NObs, "npoly = "; npoly

 End If

 For i = 3 To 3

    If Nrow > 4 Then

        'With Worksheets(1).ChartObjects(i)

        '      .Chart.SeriesCollection(1).Trendlines(1).DisplayRSquared = False

        '      .Chart.SeriesCollection(1).Trendlines(1).DisplayEquation = True

        'End With

        'ActiveSheet.ChartObjects("Chart 1").Activate

        ActiveSheet.ChartObjects(i).Activate

        'ActiveChart.ChartArea.Select

        ActiveChart.SeriesCollection(1).Trendlines(1).DataLabel.Select

        'ActiveChart.SeriesCollection(1).Trendlines(1).DataLabel.DisplayRSquared = False

        buff2 = ActiveChart.SeriesCollection(1).Trendlines(1).DataLabel.Text

        Range("I15").Select

        Debug.Print buff2

        Cells(Nrow, 50 + i) = buff2

        If i = 3 Then

             Text5.Text = ""

             Text5.SelStart = 0

        Else

             Text5.SelStart = Len(Text5.Text)

        End If

        Text5.SelText = buff2 + Chr$(10) '+ Chr$(10)

    End If

Next i

    Nrow = Nrow + 1

    Set rstcrn = dbscrn.OpenRecordset("CalData", dbOpenDynaset)

    Set fldcrn1 = rstcrn.Fields("Tref")

    Set fldcrn2 = rstcrn.Fields("Tval")

    Set fldcrn3 = rstcrn.Fields("Tval_id")

    Set fldcrn4 = rstcrn.Fields("time")

            For j = 1 To 6

               'rstcrn.Edit

               rstcrn.MoveLast

               rstcrn.AddNew

               fldcrn1.Value = Sum(16)

               fldcrn2.Value = Sum(j + 8)

               fldcrn3.Value = j

               fldcrn4.Value = Timer

               rstcrn.Update

            Next j

            Print #2, Time; Timer;

            For i = 1 To n

                Print #2, Sum(i);      '/ nsum;

                Print #2, sum2(i);     '/ nsum;

                Sum(i) = 0

                sum2(i) = 0

            Next i

            Print #2, status; tsetindex

            For i = 1 To n

                Sum(i) = 0

                sum2(i) = 0

            Next i

            nsum = 0

       End If

       Call process

 End Sub
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Sub-Assemblies
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