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1.0 INTRODUCTION AND DESCRIPTION

1.1 This procedure describes the steps necessary to calibrate the Fluke 51II Series thermometers.

1.2 All comments or questions concerning this procedure will be directed to Marine Mechanical Corporation (MMC) Assembly & Test Engineering Department.

1.3 This procedure includes test of essential performance parameters affecting product test and acceptance only.  

1.3.1 Once a malfunction or out-of-tolerance condition is noticed during calibration, contact Area Supervisor, for which the instrument belongs too.

1.3.2 Continue to finish the incoming calibration, unless otherwise instructed, data is needed for review.

1.3.3 Any malfunctions or out-of-tolerance conditions noticed during calibration, whether specifically tested for or not, shall require the calibrator to fill out a “Report Out-of-Tolerance” (Form 671-5).  

1.3.4 A copy of the “Report Out-of-Tolerance” form shall be given to Area Supervisor.

1.3.5 Once evaluated by Area Supervisor, the condition may be repaired and the calibration process may be restarted.  Note on the calibration data sheets all actions taken to repair the condition.

TABLE 1

CALIBRATION DESCRIPTION

	TEST INSTRUMENT CHARACTERISTICS
	PERFORMANCE SPECIFICATIONS
	TEST METHOD

	Temperature
	Range: See Requirement Sheet.

Accuracy: See Requirement Sheet
	Compared to a known mV source


2.0 EQUIPMENT REQUIREMENTS

NOTE
Minimum use specifications are the principal parameters required for the performance of the calibration and are included to assist in the selection of alternate standards equipment which may be used at the discretion of the calibration laboratory, provided no reduction of uncertainty or resolution exist.  All applicable equipment must bear evidence of current calibration.  

TABLE 2

CALIBRATION EQUIPMENT

	Item No.
	Item
	Minimum Use Specifications
	Calibration Equipment

	2.1
	DC Voltage Calibrator
	Output Voltage: 0-1 V

Accuracy: 0.0125%

Resolution: 0.1 μV
	Fluke 5700A or Equivalent

	2.2
	Thermocouple Connector
	Type K Mini-Connector
	Lab Stock Item

	2.3
	Thermocouple Connector
	Copper Mini-Connector
	Lab Stock Item

	2.4
	Thermocouple Wire
	Standard TC Wire Type K
	Lab Stock Item

	2.5
	Ice Point Cell/Reference
	Accuracy: 32.0 Degrees 

+/- 0.1 Deg. F
	Omega TRC III Ice Point Reference or Equivalent

	2.6
	Ice Point Junction Type K
	Accuracy: N/A
	Omega TRC-K or Equivalent

	2.7
	Digital Thermometer
	±0.02°C
	Instrulab Model 4312A

	2.8
	Oil Bath
	N/A
	RM6 Lauda

	2.9
	Oven
	N/A
	Lindberg

	2.10
	Wire Mass
	N/A
	Solid Wire

	2.11
	DMM
	Range: 100 mV

Accuracy: 

± (0.0025% iv + 40)
	Fluke 8505

	2.12
	Reference Tables Monograph 175 Revised to ITS-90
	N/A
	Omega


3.0 PRELIMINARY OPERATIONS

3.1 Gather all necessary equipment to perform the calibration.  Ensure that all standards are not past due on calibration.

3.2 Allow the thermometer to stabilize to room temperature, 73 Degrees F +/- 9 Degrees F (64 to 82 Degrees F).

3.3 Turn on the digital thermometer and allow it to warm up for a minimum of 5 minutes.

3.4 Visually inspect the digital thermometer(s) for any signs of dirt or damage.  If it does not affect calibration clean or repair as necessary.

4.0 CALIBRATION PROCESS

Test results will be recorded on the Calibration Checklist (Appendix A) at the end of this procedure.  Check the previous calibration record to verify if thermocouple calibration was performed, thermocouple calibration is to be performed once (1) every 12 months.  If thermocouple calibration is not required, N/A step 4.6.

4.1 Display Test

4.1.1 Turn the thermometer on while pressing the [HOLD] button.  All display segments are displayed until the [HOLD] button is released.  Confirm that all segments are displayed as shown in Figure 1 in Appendix A.

4.2 Keypad Test

4.2.1
Check that all keypad switches are functional by pressing each key and confirming the proper response on the display in Appendix A.

4.3
Ice Point Reference Test 

4.3.1 Setup the equipment as shown in Figure 2.  

NOTE:  If the thermometer has two inputs, the test shall be performed on both inputs.

4.3.2 If not already selected, select Type K thermocouple on the thermometer using the [SETUP], arrow UP, arrow DOWN and [ENTER] buttons.

4.3.3 Allow the setup to stabilize at least 5 minutes after inserting the thermocouple junction into the ice point reference.

4.3.4 Short (or apply 0 mV) to the copper wires at the 5700 Calibrator.

4.3.5 Verify the thermometer reads 0.0°C +/-0.3°C.  (32°F +/-0.5°F).  Record °C and °F in Appendix A.

4.3.6 If this test fails, perform Steps 4.4 and 4.5, A/D Calibration and Reference Junction Calibration. 

4.3.7 Remove the short applied previously (if a short was used).

4.3.8 Using Table 2, steps 2-5, obtain an output from the Calibrator equal to the values in the “Input Voltage (mV DC)” column and verify the thermometer reads within the specified limits.  Record actuals in Appendix A.  If any step fails, perform Steps 4.4 and 4.5, A/D Calibration and Reference Junction Calibration.

NOTE:  If reading is in tolerance in °F, the readings in °C will also be in tolerance.  The thermometer converts mV readings into temperature readings of °C or °F, therefore only at ambient temperature will the thermometer be checked at 0°C

Table 2 Performance Test Values (K-Type Thermocouple)

	Step
	Input Voltage (mV DC)
	Equivalent Temperature
	Display Reading Limits

	
	
	
	°C
	°F

	1
	0.0000
	0.0 °C
	32.0 °F
	-0.3 to 0.3
	31.5 to 32.5

	2
	0.9193
	23.0 °C
	73.4 °F
	22.7 to 23.3
	72.9 to 73.9

	3
	-5.7297
	-190.0 °C
	-310.0 °F
	-189.3 to –190.7
	-308.9 to –311.1

	4
	40.8853
	990.0 °C
	1814 °F
	989.2 to 990.8
	1813 to 1815

	5
	48.8382
	1200 °C
	2192 °F
	1199 to 1201
	2190 to 2194


4.4
A/D Calibration (only if UUT fails step 4.3)
4.4.1 Remove the thermometer from its plastic/rubber case.  Connect the Calibrator to the input of the thermometer using Copper (Cu) non-thermocouple wire as shown in Figure 3.

4.4.2 Turn the thermometer ON and using a small blunt probe, gently press the calibration button located on the back and in the center of the thermometer.  Refer to Figure 4 for exact location.

4.4.3 The menu on the display changes to “CAL A-d”.

NOTE:  There are four (4) menu options that may be accessed by pressing the ENTER button:

· CAL A-d prompts the operator for the A/D calibration inputs in mV DC.

· CAL rEF allows the operator to calibrate the reference junction at a known temperature.

· CAL donE saves the new calibration constants in memory.

· CAL Abrt ignores the calibration changes.  Turning the thermometer off during calibration will also ignore calibration changes.

4.4.4 Press the UP or DOWN arrow keys to select different menu options.

4.4.5 With CAL A-d selected, press ENTER and the thermometer prompts for “80”.  Set the calibrator for an output of +80 mV.  Allow the output of the calibrator to stabilize at 80 mV.

4.4.6 Press ENTER and wait while the thermometer takes and stores the 80 mV reference.

4.4.7 When the thermometer prompts for “-8”, set the calibrator for a negative 8 mV output.  Allow the output to stabilize.

4.4.8 Press ENTER and again wait while the thermometer takes and stores the  –8 mV reference.  The thermometer now shows the measured value in the bottom portion of the display.  Millivolts appear on the left side and Microvolts appear on the right side.

4.4.9 If the displayed measurement is between –7 995.0 to –8 005.0, press ENTER and the thermometer will return to the calibration menu and display CAL rEF.  If the results are outside the limits, press ENTER once to return to the calibration menu.  Using the UP or DOWN arrow keys, select CAL A-d and repeat the A/D calibration process again beginning with step 5 above.

4.4.10 Using the UP or DOWN arrow keys select CAL donE, then press the ENTER key.  This action stores the calibration in memory.

4.4.11 Confirm in Appendix A that the A/D Calibration was completed.

4.5 Reference Junction Calibration (only if UUT fails step 4.3)

This procedure is described using an Ice Point Reference and a Type-K thermocouple.  It can be performed in °C, °F or °K with any thermocouple type and a known accurate temperature between 0°C (32.0°F) and +50°C (+122.0°F).

It is important that the temperature of the thermocouple and the internal temperature of the thermometer have stabilized.  This constitutes the REFERENCE JUNCTION.

4.5.1 Connected the equipment as shown in Figure 2 using a Type-K reference junction.

4.5.2 Allow the setup to stabilize at least 5 minutes.

4.5.3 Select a Type-K thermocouple input on the thermometer using the SETUP, UP and DOWN arrow keys and the ENTER key.

4.5.4 Enter the calibration mode (refer to previous A/D calibration directions).

4.5.5 Choose CAL rEF using the UP and DOWN arrow keys and press ENTER.

4.5.6 Apply 1.52100 mV from the DC Calibrator, this is the mV equivalent of 100°F.

4.5.7 Use the UP and DOWN arrow keys to adjust the display to read 100°F.  

NOTE:  As a result of the A/D conversion an exact 100°F reading may not be possible.  In this case a reading as close to 100° is acceptable.  DO NOT change any units until the thermometer is returned to the Measurement Mode of operation.

4.5.8 Press the ENTER button and the thermometer displays CAL donE.

4.5.9 Press the ENTER button again to store the results in calibration memory.

4.5.10 Confirm in Appendix A that the Reference Junction Calibration was completed.

4.6 Thermocouple Calibration (performed once a year)

Check the previous calibration record to verify if thermocouple calibration was performed, thermocouple calibration is to be performed once (1) every 12 months.  If thermocouple calibration is not required, N/A step 4.6.

4.6.1 Wrap thermocouple(s) and probe from digital thermometer in wire mass (Item 2.10) sufficient enough to achieve an evenly distributed temperature.

4.6.2 Set oil bath (Item 2.8) or oven (Item 2.9) to the nominal temperature listed in the Calibration checklist.

4.6.3 Attach the Ice Point Reference to the DMM (Item 2.11).

4.6.4 Place the thermocouple mass in oil bath (Item 2.8) or oven (Item 2.9) and allow temperature to equalize across the entire mass.  

4.6.5 Attach a thermocouple to the Ice Point Reference.

4.6.6 Record the temperature response from the thermocouple in the Calibration Checklist as seen by:

a) digital thermometer (Item 2.7), and

b) record mV response from the DMM (Item 2.11). Convert the mV response to °F by using the Reference Tables Monograph 175 Revised to ITS-90 (Item 2.8)

 and verify that the measurements are within tolerance.

4.6.7 Repeat 4.6.2 through 4.6.6 until all temperature points have been checked.

4.7 Calibration Completion

4.7.1 Review all obtained data on the Calibration Checklist ensuring completeness.

4.7.2 List all calibration standards measurement equipment used for comparison purposes on the Calibration Checklist.  If they are already listed elsewhere they may be referenced.

4.7.3 Affix applicable calibration labels and tags to all calibrated instruments as applicable.  The thermometer will receive a calibration sticker, while the thermocouple will receive a limited cal tag showing the range of the thermocouple in degrees F and C.

4.7.4 Sign and date the calibration data sheet, annotating the next system calibration due date.
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APPENDIX A

FLUKE 51II

CALIBRATION CHECKLIST

APPENDIX A

CALIBRATION CHECKLIST_____________________________________________ ______________                    

TEST INSTRUMENT(S):

_________________ THERMOMETER  ___________________________________________________

MFG:  __FLUKE_______MODEL: _ 51II          _________I.D. NO.:___N5.1-____________________

	PROC. STEP NO.

(1)
	FUNCTION TESTED

(2)
	NOMINAL

(3)
	MEASURED VALUES
	OUT OF TOL.

(6)
	CALIBRATION TOLERANCES

(7)

	
	
	
	INCOMING

(4)
	OUTGOING

(5)
	
	

	3.1
	All Standards In Cal.
	(  ) CK.
	
	
	
	

	3.2
	Therm. stabilized
	(  ) CK.
	
	
	
	

	3.3
	5 Min. Warm-up
	(  ) CK.
	
	
	
	

	3.4
	Visual Inspection
	(  ) CK.
	
	
	
	

	4.0 
	CALIBRATION

	4.1
	DISPLAY TEST

	4.1.1
	All segments are displayed
	(  ) CK.
	
	
	
	

	4.2
	KEYPAD TEST

	4.2.1
	All keypad switches are functional
	(  ) CK.
	
	
	
	

	4.3
	ICE POINT REFERENCE TEST

	4.3.3
	Setup Stabilized
	(  ) CK.
	
	
	
	

	4.3.5
	Nominal Temp. applied to T/C (°C)
	Standard Temp. °C
	°C
	°C
	
	°C

	-
	0°C (0 V)
	
	
	
	
	-0.3 to 0.3

	4.3.5
	Nominal Temp. applied to T/C (°F)
	Standard Temp. °F
	°F
	°F
	
	°F

	-
	32°F (0 V)
	
	
	
	
	31.5 to 32.5

	4.3.8
	73.4° F (0.9193 mV)
	
	
	
	
	72.9 to 73.9

	-
	-310.0°F (-5.7297 mV)
	
	
	
	
	-308.9 to –311.1

	-
	1814°F (40.8853 mV)
	
	
	
	
	1813 to 1815

	-
	2192°F (48.8382 mV)
	
	
	
	
	2190 to 2194

	4.4
	A/D CALIBRATION

	4.4.11
	A/D calibration completed
	(  ) CK.
	
	
	
	

	4.5
	REFERENCE JUNCTION CALIBRATION

	4.5.10
	Reference Junction Calibration completed
	(  ) CK.
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


APPENDIX A

CALIBRATION CHECKLIST_____________________________________________ ______________                    

TEST INSTRUMENT(S):

_________________ THERMOMETER  ___________________________________________________

MFG:  __FLUKE_______MODEL: _ 51II           ________I.D. NO.:___N5.1-_____________________

	PROC. STEP NO.

(1)
	FUNCTION TESTED

(2)
	NOMINAL

(3)
	MEASURED VALUES
	OUT OF TOL.

(6)
	CALIBRATION TOLERANCES

(7)

	
	
	
	INCOMING

(4)
	OUTGOING

(5)
	
	

	4.6
	THERMOCOUPLE CALIBRATION 

	4.6.1
	Thermal Mass
	(  ) CK.
	
	
	
	

	4.6.6a
	Nominal Temp. applied to T/C Mass °C
	Standard Temp. °C
	°C
	°C
	
	°C

	-
	0°C
	
	
	
	
	-2.22 to 2.22

	-
	Nominal Temp. applied to T/C Mass

°F
	Standard Temp. °F
	°F
	°F
	
	°F

	-
	32°F
	
	
	
	
	28.0 to 36.0

	-
	212.0°F
	
	
	
	
	208.0 to 216.0

	-
	400°F
	
	
	
	
	396.0 to 404.0

	-
	600°F
	
	
	
	
	596.0 to 604.0

	4.6.6b
	Nominal Temp. applied to T/C Mass

°F
	Standard Temp. mV
	Converted to

°F
	Converted to

°F
	
	°F

	-
	32°F
	
	
	
	
	28.0 to 36.0

	-
	212.0°F
	
	
	
	
	208.0 to 216.0

	-
	400°F
	
	
	
	
	396.0 to 404.0

	-
	600°F
	
	
	
	
	596.0 to 604.0

	
	
	
	
	
	
	

	4.7
	CALIBRATION COMPLETION

	4.7.1
	Review Data
	(  ) CK.
	
	
	
	

	4.7.2
	List Standards
	(  ) CK.
	
	
	
	

	4.7.3
	Labels and Tags
	(  ) CK.
	
	
	
	

	4.7.4
	Sign and Date
	(  ) CK.
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	The recording of false, fictitious statements on these documents may be punished as a felony under Federal Statutes.
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