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User Guide: Insulation Resistance Test for Connectors

Definitions:

· Insulation Resistance (IR): measurement expressed in ohms of the ability of the glass to restrict the flow of electricity from a pin to the shell or to another pin. 

· Glass Preform: The glass insulator piece before it’s fired/sealed into a connector.

· Shell: The metal outer housing of the connector.

· Scale or Range: The resolution the IR meter is set to during measurements. It can be Megaohms (1,000,000 ohms=106) or Gigaohms (1,000,000,000 ohms=109). A Teraohm is (1,000,000,000,000 ohms=1012).
NOTE: 1 Gigaohm = 1x103 Megaohms. 1 Teraohm = 1x106 Megaohms.
Equipment:

· AEMC Megohmmeter, Model 1000N or equivalent

· Hioki Super Megohmmeter SM-8220 or equivalent
· Nitrile gloves

· Red and black leads

· Various fixtures

Safety Precautions:

· The Megohmmeter can be a source of voltage up to 1000VDC and while not life-threatening, safety precautions should be taken to prevent electrical shock. It is recommended to wear rubber gloves. 
Procedure:

General:

· There are two IR meters used in the HCD area:
· The AEMC Model 1000N [PCB ID# DH80F] or equivalent is an analog meter capable of 50, 100, 250, 500 and 1000 DC volt testing.
· The Hioki Model SM-8220 [PCB ID# CA3085] or equivalent is a digital meter capable of 10, 25, 50, 100, 250, 500 and 1000 DC volt testing.  
· If the drawing does not stipulate a test voltage use the 50 VDC setting. If the drawing stipulates 600Volt RMS test voltage use the 500 VDC setting. 

· All connectors are tested at room temperature. For any drawing that requires testing at room temperature, the temperature of the room near the testing area should be between 60-80°F. For a print calling out IR testing at 21°C or 70°F, test at room temperature conditions. 
· In testing insulation resistance of connectors, generally the ground or earth lead (red lead on the AEMC Model 1000 and black lead on the Hioki SM-8220) will touch the shell or fixture and the hot probe (black lead on the AEMC Model 1000 and red lead on the Hioki SM-8220) will contact the pin. 

· Some parts have a custom test fixture or “tray”; these are stored near the IR test meter, and are called out on the router.
· Titanium connectors are tested 100% during Final Inspection. 

· Stainless Steel connectors are sample plan IR tested at final Inspection.(See appendix A)
· If any part within a sample is rejected, 100% inspection shall be used on the balance of the job. 
· Connectors that fail IR may be degreased with ultrasonics for 5 minutes per HC1001 and re-tested. If three or more parts still fail, they should be written up on a TA081 and placed in the non-conforming hold area for engineering review.
Standard Steps to use the AEMC Model 1000N or equivalent IR Meter:

1. Set the IR meter dial to the IR test voltage (seen in a note on drawing of the connector), and the appropriate scale, either MΩ or GΩ. See Appendix B below. Do not turn the meter on yet.

· For rating of 1TΩ (1 Teraohm or 1012 Ω) use the GΩ scale and only accept if reading is at 1000GΩ or over (to the right on the scale). 
· If the drawing does not stipulate a test voltage or stipulates a test voltage of 10VDC use the 50 VDC setting. If the drawing stipulates 600Volt RMS test voltage use the 500 VDC setting. 
NOTE: See IR test instructions on job router or drawing for special conditions.

2. Unless otherwise specified, use the fixture called out on the router to test the insulation resistance. In general, connect the red lead (aka ground or earth) to the fixture and contact the pin with the black (hot) probe. For connectors with multiple pins, it may be easier to connect the block probe to the fixture and contact the pins with the red lead. 

Note: The connectors should sit in the fixture so that there is good contact between the shell and the fixture.
3. Read meter numbers on the top number scale. The scale (MΩ or GΩ) of the Insulation Resistance value will be determined by what the meter dial is set to.  If the value is below the IR rating noted on the drawing the part is rejected. (Below is = the left on the scale). See images in appendix B for example setups and acceptance ranges.
· It is allowable to wait for one minute for needle to settle before taking reading. 
NOTE: IR is specified as a minimum value.  The needle only needs to rise above the specification to be acceptable. 

4. Check every pin this way. 
5. If there are more than 3 rejects in a job, they may be degreased with ultrasonics for 5 minutes per HC1001 and re-tested. If there are still more than 3 rejects after cleaning and re-testing, put the failures with a TA081 in the non-conforming hold area for engineering review. 
6. Tally up rejects and good parts and enter data on router. Sign off router. 
Standard Steps to use the Hioki Model SM-8220 or equivalent IR Meter:
1. Press the power button to turn on the meter. 

2. Set the IR meter ‘Voltage’ dial to the IR test voltage (seen in a note on drawing of the connector).

· If the drawing does not stipulate a test voltage use the 50 VDC setting. 
· If the drawing stipulates 600Volt RMS test voltage use the 500 VDC setting. 
3. Set the IR meter ‘Range’ dial to the appropriate scale based on the test voltage and IR requirements specified on the drawing. Table 1 shows the range per measurement range voltage. The measurements are in Megaohms. See Appendix C for a list of example setups.
NOTE: See IR test instructions on job router or drawing for special conditions.
NOTE: 1 Gigaohm = 1x103 Megaohms. 1 Teraohm = 10x105 Megaohms = 1x106 Megaohms.
Table 1: Range/Measurement Range Voltage

	 
	Range/Measurement Range Voltage [MΩ]

	Volt
	x1
	x10
	x102
	x103
	x104
	x105
	x106

	10V
	0.050x100-2.00x100
(0.05MΩ-2MΩ)
	0.050x101-2.00x101
(0.5MΩ-20MΩ)
	0.050x102-2.00x102
(5MΩ-200MΩ)
	0.050x103-2.00x103
(50MΩ-2GΩ)
	0.050x104-2.00x104
(500MΩ-20GΩ)
	0.050x105-2.00x105
(5GΩ-200GΩ)
	0.050x106-2.00x106
(50GΩ-2TΩ)

	25V
	0.125x100-5.00x100
(0.125MΩ-5MΩ)
	0.125x101-5.00x101
(1.25MΩ-50MΩ)
	0.125x102-5.00x102
(12.5MΩ-500MΩ)
	0.125x103-5.00x103
(125MΩ-5GΩ)
	0.125x104-5.00x104
(1.25GΩ-50GΩ)
	0.125x105-5.00x105
(12.5GΩ-500GΩ)
	0.125x106-5.00x106
(125GΩ-5TΩ)

	50V
	0.25x100-10.0x100
(0.25MΩ-10MΩ)
	0.25x101-10.0x101
(2.5MΩ-100MΩ)
	0.25x102-10.0x102
(25MΩ-1GΩ)
	0.25x103-10.0x103
(250MΩ-10GΩ)
	0.25x104-10.0x104
(2.5GΩ-100GΩ)
	0.25x105-10.0x105
(25GΩ-1TΩ)
	0.25x106-10.0x106
(250GΩ-10TΩ)

	100V
	0.500x100-20.0x100
(0.5MΩ-20MΩ)
	0.500x101-20.0x101
(5MΩ-200MΩ)
	0.500x102-20.0x102
(50MΩ-2GΩ)
	0.500x103-20.0x103
(500MΩ-20GΩ)
	0.500x104-20.0x104
(5GΩ-200GΩ)
	0.500x105-20.0x105
(50GΩ-2TΩ)
	0.500x106-20.0x106
(500GΩ-20TΩ)

	250V
	1.25x100-50.0x100
(1.25MΩ-50MΩ)
	1.25x101-50.0x101
(12.5MΩ-500MΩ)
	1.25x102-50.0x102
(125MΩ-5GΩ)
	1.25x103-50.0x103
(1.25GΩ-50GΩ)
	1.25x104-50.0x104
(12.5GΩ-500GΩ)
	1.25x105-50.0x105
(125GΩ-5TΩ)
	

	500V
	2.5x100-100x100
(2.5MΩ-100MΩ)
	2.5x101-100x101
(25MΩ-1GΩ)
	2.5x102-100x102
(250MΩ-10GΩ)
	2.5x103-100x103
(2.5GΩ-100GΩ)
	2.5x104-100x104
(25GΩ-1TΩ)
	2.5x105-100x105
(250GΩ-10TΩ)
	


4. Press the select button twice until “M.SET” is seen on the bottom left of the display screen. This function sets the measuring time. Use the ‘UP’ and ‘DOWN’ buttons to set the measuring time to 00 seconds. This will allow for continuous testing of the connectors. 

NOTE: “M.SET” may also be set to 60 seconds, but the meter will stop measuring after 60 seconds or if the MEASURE/DISCHARGE’ button is pressed a second time. To start a new 60s measurement, press the ‘MEASURE/DISCHARGE’ button. 
5. Press the select button once more until “COMP.” is seen on the bottom left of the display screen. This function sets the minimum acceptable insulation resistance. Use the ‘UP’ and ‘DOWN’ buttons to set this based on the IR requirement on the router or drawing. See Appendix C for example setups.
EXAMPLE:
If the IR requirement is >5 GΩ tested at 500V and the Range dial is set to x103, then the ‘COMP.’ value would be 5.00x103 MΩ. All parts with IR equal to or greater than 5.00x103 MΩ or 5GΩ is acceptable or a GO. Anything below 5.00x103 MΩ or 5GΩ is rejectable or a NO go.

6. Press the select button twice to return to the measuring display.
7. Unless otherwise specified, use the fixture called out on the router to test the insulation resistance. Place parts in the fixture.
Note: The connectors should sit in the fixture so that there is good contact between the shell and the fixture.
8. Connect the black lead (aka ground or earth) to the fixture.

9. Press the measure button and contact the pin with the red (hot) probe. 
NOTE: The ‘MEASURE/DISCHARGE’ button will light up and the ‘V.OUT’ indicator light will be on when the meter is measuring. To stop measuring press the MEASURE/DISCHARGE’ button a second time.
10. The digital display screen will show the IR reading as well as a “NO” or “GO” based on the set acceptable (COMP.) value. It is allowable, but not necessary, to wait for one minute for the reading to reach the desired IR rating. If the value is below the IR rating on the drawing the part is rejected.
NOTE: IR is specified as a minimum value.  The value only needs to be above the specification on the drawing to be acceptable. 

11. Check every pin this way. 

12. If there are more than 3 rejects in a job, they may be degreased with ultrasonics for 5 minutes per HC1001 and re-tested. If there are still more than 3 rejects after cleaning and re-testing, put the failures with a TA081 in the non-conforming hold area for engineering review. 

13. Tally up rejects and good parts and enter data on router. Sign off router. 
IR testing of 8895-01:

1. To use fixture 61095-01 (see figure 1) :

a. Insert the mating cable end into the appropriate cavity of the connector.

b. Touch and hold the ground lead (red lead on the AEMC Model 1000 and black lead on the Hioki SM-8220) to the ”SHELL” location, and touch the hot lead (black lead on the AEMC Model 1000 and red lead on the Hioki SM-8220) to each of the four numbered pin test locations.

c. Move the ground lead to the pin 1 location and touch the hot lead to each of the other locations

d. Move the ground lead to the pin 2 location and test with the hot lead at pin locations 3 and 4.

e. Move the ground lead to the pin 3 location and test with the hot lead at the pin 4 location. Note: actual pin to pin order is inconsequential, as long as all combinations are tested.
2. If any of these 10 tests fail the whole connector fails. If any stray pieces of graphite are found and removed from the connector it is permissible to retest the connector. 
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Figure 1
IR testing of Military 2 pin connectors using red test cable 43919:

· With the meter turned off, remove the probe tips from the red and black probes if necessary.

· Attach the ground wire banana jack (red on the AEMC Model 1000 and black on the Hioki SM-8220) into the ground TAB side hole of the black plastic connector banana jack. That tab has the letters GND on it.  

· Plug the hot probe banana jack (black on the AEMC Model 1000 and red on the Hioki SM-8220) into the other side hole of the red cable jack. See Figure 2. 
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Figure 2
· Place the test cable end jack with the meter wires plugged into it, on a white synthetic cloth as seen in Figure 1.

· For the AEMC 1000 Model, set the meter dial to 500VDC/GΩ and turn the meter on. For the Hioki SM-8220, set the voltage dial to 500V and the range dial to 103 (1 Gigaohm = 1.00x103 Megaohms).
· Begin pushing connectors onto the aluminum female test end of the red test cable. Only hold connector at the side. Avoid getting fingertips at the top where the pins are. You can get shocked.
· If any parts fail testing with the test cable disconnect the red test cable from the meter and return the tips to the probe ends. 

· Retest the failure(s) with probes. If any part still fails: 100% inspect the balance of the job with probes.
Unusual Conditions:
· Special IR testing may be listed and described on the Syteline router, or on the drawing. 
APPENDIX A:
Sample plan Chart:

	LOT SIZE
	SAMPLE SIZE     Accept    Reject

	1  to  8
	2                   0         1

	9  to  15
	2                   0         1

	16  to  25
	3                   0         1

	26  to  50
	5                   0         1

	51  to  90
	5                   0         1

	91  to  150
	8                   0         1

	151  to  280
	13                  0         1

	281  to  500
	20                  0         1   

	501  to  1200
	32                  0         1

	1201 to 3200
	50                  0         1

	3201  to  10000
	80                  0         1

	10001  to  35000
	125                 0         1

	35001  to  150000
	200                 0         1

	150001  to  500000
	315                 0         1

	500001 and over
	500                 0         1


(REFERENCE: QA09 Sampling Plan and QA1007 Sampling Plan User’s Guide)

APPENDIX B
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Set up for testing at: 
500V and >5 GΩ (5 Gigaohm = 5,000 Megaohms)
Parts are good if to the right of the red line noted above
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Set up for testing at: 

100V and >5 GΩ (5 Gigaohm = 5,000 Megaohms)

Parts are good if to the right of the red line noted above
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Set up for testing at: 

50V and >1 TΩ (1 Teraohm = 1,000 Gigaohms)

Parts are good if to the right of the red line noted above
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Set up for testing at: 

100V and >1 TΩ (1 Teraohm = 1,000 Gigaohms)

Parts are good if to the right of the red line noted above
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Set up for testing at: 

50V and >5 MΩ (5 Megaohm)

Parts are good if to the right of the red line noted above
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Set up for testing at: 

100V and >600 MΩ (600 Megaohms)

Parts are good if to the right of the red line noted above
APPENDIX C:
Example setups for the Hioki Model SM-8220 or equivalent IR Meter

	Drawing Requirement
	Voltage Dial Setting
	Range Dial Setting
	COMP. Setting
	Note

	≥ 5 x 106 Ω, tested at 10V DC
	10
	x 10
	0.50x101 MΩ
	 5 x 106 Ω = 0.5 x 101 MΩ

	≥ 5 x 106 Ω, (voltage not specified)
	50
	x 1
	5.00x100 MΩ
	 5 x 106 Ω = 5 x 100 MΩ

	≥ 600 MΩ, tested at 100VDC MIN, 500VDC MAX
	500
	x 102
	6.00x102 MΩ
	600 MΩ = 6 x 102 MΩ

	≥ 5000 MΩ, tested at 500V DC
	500
	x 103
	5.00x103 MΩ
	5000 MΩ = 5 x 103 MΩ

	≥ 5000 MΩ, tested at 100VDC MIN, 500V DC MAX
	500
	x 103
	5.00x103 MΩ
	5000 MΩ = 5 x 103 MΩ

	≥ 5 GΩ, tested at 100V DC
	100
	x 103
	5.00x103 MΩ
	 5 GΩ = 5 x 103 MΩ

	≥ 5 GΩ, tested at 500V DC
	500
	x 103
	5.00x103 MΩ
	 5 GΩ = 5 x 103 MΩ

	≥ 5 GΩ, tested at 100VDC MIN, 500V DC MAX
	500
	x 103
	5.00x103 MΩ
	 5 GΩ = 5 x 103 MΩ

	≥ 200 GΩ, tested at 500VDC
	500
	x 104
	20.0x104 MΩ
	200 GΩ = 20 x 104 MΩ

	≥ 1 x 1012 Ω, tested at 10V DC
	10
	x 106
	1.00x106 MΩ
	 1 x 1012 Ω = 1 x 106 MΩ

	≥ 1 x 1012 Ω , tested at 50V DC
	50
	x 106
	1.00x106 MΩ
	 1 x 1012 Ω = 1 x 106 MΩ

	≥ 1 x 1012 Ω (voltage not specified)
	50
	x 106
	1.00x106 MΩ
	 1 x 1012 Ω = 1 x 106 MΩ

	≥ 1 x 1012 Ω, tested at 100V DC
	100
	x 106
	1.00x106 MΩ
	 1 x 1012 Ω = 1 x 106 MΩ

	≥ 1TΩ, tested at 50VDC
	50
	x 106
	1.00x106 MΩ
	 1 TΩ = 1 x 106 MΩ

	≥ 1TΩ (voltage not specified)
	50
	x 106
	1.00x106 MΩ
	 1 TΩ = 1 x 106 MΩ

	≥ 1TΩ, tested at 10VDC MIN, 100 VDC MAX
	100
	x 106
	1.00x106 MΩ
	 1 TΩ = 1 x 106 MΩ

	≥ 1TΩ, tested at 50VDC MIN, 100 VDC MAX
	100
	x 106
	1.00x106 MΩ
	 1 TΩ = 1 x 106 MΩ

	≥ 1TΩ, tested at 100VDC MIN, 500 VDC MAX
	500
	x 105
	10.0x105 MΩ
	 1 TΩ = 10 x 105 MΩ

	≥ 1E12 Ω, tested at 100VDC MIN, 500 VDC MAX
	500
	x 105
	10.0x105 MΩ
	 1E12 Ω = 10 x 105 MΩ
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