PFOC Memo #9 Revision #2  

Issued: June 30, 2005

Subject: GR-3120 Test Requirements for Hardened Fiber Optic Connector (HFOC) - Used in Outside Plant Environments  

Reason for Revision: 




















Details on the punch list have changed. The GR-3120 Punch List below replaces the previous one issued on 2/28/05. 

Also Intermateability testing requirements have changed - see PFOC Memo # 18, issued June 29, 2005, also attached below. 

Additional specific information is included below with regard to the Freeze - Thaw test. Also, see PFOC Memo # 7 Rev #1 issued May 6, 2005 and use in conjunction with this test configuration, Freeze - Thaw information detailed on the first issue of this memo on March 9, 2005. 

[image: image1.wmf]GR771 Freeze Thaw Test with new cycle.doc

, [image: image2.wmf]Intermateability test Plan - HFOC.doc


Note: This punch list reflects the contents of GR-3120 and should be used in conjunction with this GR, which was issued in March of 2005 by Telcordia. It is provided as a supplement to the GR, any conflict is deferred to compliance with this memo. It is anticipated that the GR will be reviewed to include all requirements as specified in this Memo. 

[image: image3.wmf]GR3120  HFOC - Hardened Connector Test Punch List June 30, '05.xls


Issued By:

Tom Amatulli - DMTS

ITL Program Manager - PFOC

Systems Integration & Testing

500 Westchester Ave, Room: 1A4

White Plains, New York

Tel: 914-644-8767

 Email: thomas.p.amatulli@verizon.com
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Task Name

Estimate of 

Duration

Location

Start

Finish

Samples

# of Samples

Results

Optical M

HFOC  Qualification

115 days

 

 

Sequence

16 Test/ 10 Hot 

Spare

Prepare Test Samples & Materials

10 days

 

3. Detailed Requirements

 5 days

3.1: Product Samples

1 day

3.2: Product Changes

1 day

3.3: Safety and Reliability

1 day

3.4: Plastic Materials

1 day

3.5: Optical Connectors

1 day

3.6: Cable Media

1 day

3.7: Documentation

1 day

3.8:  Marking Packaging and Shipping

1 day

3.9: Quality

1 day

4. Application Specific Requirements

65 days

 

4.1 Geometry Requirements

4.1.1:  Furrule Endface Geometry Non-Angled

2 days

4.1.2: Endface Geometry for Angled (APC 

2 days

4.1.3: Endface Geometry Measurement Areas

2 days

4.2 Environmental Performance

4.2.1 Temp/Humidity & Condensation Tests

4.4.2.1: Thermal Aging

7 days

A

16 Test/ 10 Hot 

Spare

B&A  IL&RL

4.4.2.2: Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL&RL

 4.4.2.3: Humidity Aging

7 days

A

16 Test/ 10 Hot 

Spare

D IL&RL

 4.4.2.4: Humidity/Condensation Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL&RL

 4.4.2.5: Dry-Out Step

1 days

A

16 Test/ 10 Hot 

Spare

D IL&RL

 4.4.2.6: Post Condensation Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL&RL

 4.2.2: Vibration Test              ( 3 axis )

1 days

A

16 Test/ 10 Hot 

Spare

B&A   IL&RL

4.2.3: Freeze/Thaw

7 days

A

16 Test/ 10 Hot 

Spare

B&D&A IL&RL

4.2.4: Water Resistance

7 days

A

16 Test/ 10 Hot 

Spare

4.3 Mechanical Performance Testing

8 days

4.3.1: Flex Test/Conditions 

1 days

A

16 Test/ 10 Hot 

Spare

B&A    IL&RL

4.3.2: Cable Torsion

1 days

A

16 Test/ 10 Hot 

Spare

D   IL&RL

4.3.3: Proof Test

1 days

A

16 Test/ 10 Hot 

Spare

B&A    IL&RL

4.3.4: Trans/w applied load

1 days

A

16 Test/ 10 Hot 

Spare

B/A   IL/RL

4.3.5: Durability Test 

2 days

A

16 Test/ 10 Hot 

Spare

B&A IL&RL 

4.3.6: Impact Test

1 days

A

16 Test/ 10 Hot 

Spare

B/A  IL/RL

4.3.7: Water Immersion/Seal Under Load/Side Pull

2 days

A

16 Test/ 10 Hot 

Spare

[image: image5.wmf]4.3.8 Compression Test

1 days

B

16

4.3.9: Rodent Resistance/Rockwell Hardness

1 days

C

Test bars

4.4 Reliability Performance Testing

100 days

 

 

4.4.1 High Temp Dry Heat Extended Aging

84 Days

J

44

B&A   IL&RL

4.4.2 High Temp Damp Heat Extended Aging

84 Days

K

44

B&A   IL&RL

4.4.3: Extended Thermal Cycling

84 Days

L

44

B&A   IL&RL

4.4.4: Salt Spray

7 days

D

10

B&A   IL&RL

4.4.5: Airborne Contaminants

20 days

E

10

B&A IL&RL

4.4.6: UV Resistance

90 days

F

10 test bars

4.4.7: Fungus Resistance 

21 days

G

10 test bars

4.4.8: Dust Test

7 days

H

10

B&A  IL&RL

 4.4.9 Ground Water Immersion (sect 5.3.8) 

Chemical only, No biological testing

7 days

I

24

B&A  IL&RL

4.9.10 Chemical Resistance - Stress Cracking 

(material)

7 days

J

10 test bars

4.9.11 Chemical Resistance - Product Immersion

7 days

K

1 sample per 

chemical

4.5 Intermatability

7 days

Dimensions

Provide Test data 

5 days

 

 

Write Test Reports

10 days

 

 

See the individual procedures for the number of required samples and the list of equipment regarding each test

B&A - Before and After Optical Testing at  (1310, 1490, 1550, 1625)

D - Durning Test Optical Testing at  (1310, 1490, 1550, 1625)

Continuous

Monitoring

IL -Insertion Loss, RL - Return Loss

No measurements required for Hot Spares

NOTES

For Service Life Environmental Tests recommended to use adaptor with the Hardened Connector, but use of a closure and/or other mounting arrangements is acceptable.

Please add photo or drawing of HFOC

Report will be to GR3120 Hardened Connector

Requires GR20 Cable, GR326 Connector

6/30/2005


----- Forwarded by Tom Amatulli/EMPL/NY/Verizon on 06/30/2005 03:57 PM -----

	
	Tom Amatulli

04/11/2005 08:15 PM


	
To:
helmut.knehr@ntscorp.com, Dianna.F.Ray@us.ul.com, Jerry.Matiatos@us.ul.com, keith.kuhn@intertek.com, cliff.jones@intertek.com, rschuber@telcordia.com, ogebizli@telcordia.com, TFranklin@metlabs.com


cc:
Chuck Graff/EMPL/NY/Verizon@VZNotes, Vijay X. Jain/EMPL/MD/Verizon@VZNotes, Mark A. Ali/EMPL/MD/Verizon@VZNotes, Joseph E. Stephenson/VEND/MD/Verizon@VZNotes


Subject:
REVISED: PFOC Memo # 9 Rev # 1  - Punch List for Hardened Fiber Optic Connectors (GR-3120)  - Modified Punch List and Intermateability Tests Added. 


PFOC Memo #9 Revision #1 

Issued: April 11, 2005

Subject: Test Requirements for Hardened Fiber Optic Connector (HFOC) - Used in Outside Plant Environments - Same requirements will be included in the new GR-3120 which is to be issued by Telcordia. 

Reason for Revision: Details on the punch list have changed. Also Intermateability testing requirements have been added. The Punch List below replaces the previous one issued on 2/28/05. 

Note: This punch list reflects the contents of GR-3120 and should be used in conjunction with this GR once it is available from Telcordia. It is provided as an advance notification of the test requirements for Hardened Fiber Optic Connectors used in the Outside Plant.  Additional details and configurations are included in the GR. Verizon, Corning and Telcordia have provided input in the development of these test requirements. 

Additional specific information is included below with regard to the Freeze - Thaw test.

This punch list is an acceptable list of requirements for this type of connector and will satisfy Verizon's qualification criteria. 

Intermateability testing requirements: 

Mate each suppliers HFOC  unit to a different suppliers unit (In a terminal or coupler) 5 samples mated for 50 times alternating from unit to unit at -10 C.

Repeat at +46 C.

If more than one terminal another series will need to be repeated. 

Optical monitoring for Loss and Reflection after each mating at 1625 nm

 5.    Perform GR-326 Temperature and Humidity Cycle to intermated samples. Can be tested in parallel.  


This is to be performed after all GR 3120 testing is completed which is the GR for HFOC.

Attached Punch List File (same as pasted immediately below): [image: image6.wmf]GR-3120 Generic  Punch List March 31, 2005.xls


[image: image7.wmf] PFOC HFOC Test Program  GR3120 

Task Name

Duration

Samples

# of Samples

Witnessed

Optical M

Test Conditions

HFOC SST Flat Drop Qualification

115 days

Sequence

16 Test/ 10 Hot 

Spare

SST Flat Drop Cable

Prepare Test Samples & Materials

10 days

 

Room Temp unless noted

Environmental Performance

49 days

 

 

GR-326 4.4.2.1: Thermal Aging

7 days

A

16 Test/ 10 Hot 

Spare

w

B/A  IL/RL

85º C, 7 days

GR-326 4.4.2.2: Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

-40º C to 75º C, 7 days

GR-326 4.4.2.3: Humidity Aging

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

75º C/ 95% Humidity, 7 days

GR-326 4.4.2.4: Humidity/Condensation Cycle

7 days

A

16 Test/ 10 Hot 

Spare

w/e

D IL/RL

-10º C to 65ºC, Hum @ heat, 7 days

GR-326 4.4.2.5: Dry-Out Step

1 days

A

16 Test/ 10 Hot 

Spare

w/e

D IL/RL

24 hours 75 º C

GR-326 4.4.2.6: Post Condensation Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

-40º C to 75º C, 7 days

GR-326 4.4.3.1: Vibration Test              ( 3 axis )

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A   IL/RL

0-55 Hz, 2 hours, 1 minute sinusoid, 23C

GR-771 5.4.4: Freeze/Thaw

7 days

A

16 Test/ 10 Hot 

Spare

w/e

B/D/A IL/RL

10 cycles with closure and connectors

GR-771 5.4.6: Water Resistance

7 days

A

16 Test/ 10 Hot 

Spare

w/e

N/A

10 ft head, 7days, 23C

Mechanical Performance

8 days

GR-326 4.4.3.2: Flex Test/Conditions from GR771

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A    IL/RL

+/- 90 deg, 8 cycles, -40C/40C 10lbs

GR-771 6.3.4: Cable Torsion

1 days

A

16 Test/ 10 Hot 

Spare

w

D   IL/RL

+/- 90 deg, 10 cycles, 1 meter back, -

40C/40C

GR-326 4.4.3.4: Proof Test

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A    IL/RL

Plug/Dust Cap: 1min @100 lbs Reg, 167lb 

Obj Plug/Adapter: 1min @ 25 lbs req, 50 

lbs objective; before & After 23C

GR-326 4.4.3.5: Trans/w applied load

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A   IL/RL

30 min @ 10 lbs@23C then -40ºC

GR-326 4.4.3.8: Durability Test - Modified

2 days

A

16 Test/ 10 Hot 

Spare

w

B/A IL/RL 

50 matings, clean every 10 mates. 

Measurements@9,19,29,39,49 without 

cleaning.Readings@10,20,30,40 after 1-

sided cleaning.Readings@25,50 after 2-

sided cleaning. Test at 50.

GR-326 4.4.3.7: Impact Test

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A  IL/RL

-40ºC; 5 foot drop 2 drops horizontal ferral 

cap, 15 foot 2 drops vertical dust cap and 2 

drops 15ft horizontal. Matrix -20C, 0C

Water Immersion/Seal Under Load/Side Pull

2 days

A

16 Test/ 10 Hot 

Spare

N/A

R2.5 lbs O- 5lbs- 10 foot water head 7 

days, 23C

GR-771 6.3.6 Compression Test

1 days

B

16

w

N/A

300 lbs; 8@-40C samples and 8@40C 

both for 15 minutes. No damage 

GR-771 5.5.3 Rodent Resistance/Rockwell Hardness

1 days

C

Test bars

w

N/A

Rockwell hardness only R-87

Reliability Performance Testing

90 days

 

GR-1221 - 6.2.4 Extended Heat Aging

84 Days

J

44

w/e

B/A   IL/RL

85º C, 84 days. End face geometryB/A

GR-1221 - 6.2.5 Extended Humidity

84 Days

K

44

w/e

B/A   IL/RL

75º C/ 95% Humidity, 84 days. End face 

B/A

GR-1221 - 6.2.7 Extended Thermal Cycling

84 Days

L

44

w/e

B/A   IL/RL

-40º C to 75º C, 34 days End face B/A

GR-326 4.4.4.4: Salt Spray

7 days

D

10

w/e

B/A   IL/RL

Closure: 5 sample each; half mate plug; 

half with dust cap; 7 days

GR-326 4.4.4.3: Airborne Contaminants

20 days

E

10

B/A IL/RL

Closure: 5 sample each; half mate plug; 

half with dust cap; 7 days

GR-771 5.4.9: UV Resistance

90 days

F

10 test bars

w/e

N/A

GR-771 5.4.10: Fungus Resistance 

21 days

G

10 test bars

w/e

N/A

GR-326 4.4.4.1: Dust Test

7 days

H

10

w

B/A  IL/RL

Closure: 5 sample each; half mate plug; 

half with dust cap; 7 days

GR-326 4.4.4.6 Ground Water Immersion (sect 

5.3.8) Chemical only, No biological testing

7 days

I

24

w/e

B/A  IL/RL

Closure/Connector(chemical only) Test 

three Config.; Plug/Dust; Plug/Adapter; 

Adapter/Dust cap. 2 samples in each fluid

[image: image8.wmf]GR771  5.4.8.A Chemical Resistance - Stress 

Cracking 

7 days

J

10 test bars

N/A

GR771  5.4.8.B Chemical Resistance - Immersion

7 days

K

1 sample per 

chemical

N/A

Provide Test data 

5 days

Write Test Reports

10 days

 

See the individual procedures for the number of required samples and the list of equipment regarding each test

[image: image9.wmf]B/A Before and After Optical Testing at  (1310, 1490, 1550, 1625)

D - Durning Test Optical Testing at  (1310, 1490, 1550, 1625)

IL -Insertion Loss, RL - Return Loss

No measurements required for Hot Spares

w - test witnessed by ITL

NOTES

For Service Life Environmental Tests recommended to use adaptor with the Hardened Connector, but use of a closure and/or other mounting arrangements is acceptable.

Report will be to GR3120 Hardened Connector

Requires GR20 Cable, GR326 Connector

Dated 3/31/05


----- Forwarded by Tom Amatulli/EMPL/NY/Verizon on 04/11/2005 07:22 PM -----

	
	Tom Amatulli

02/28/2005 09:10 PM


	
To:
john.festa@ntscorp.com, helmut.knehr@ntscorp.com, Dianna.F.Ray@us.ul.com, Jerry.Matiatos@us.ul.com, keith.kuhn@intertek.com, cliff.jones@intertek.com, rschuber@telcordia.com, ogebizli@telcordia.com, TFranklin@metlabs.com, Akopinetz@metlabs.com


cc:
Chuck Graff/EMPL/NY/Verizon@VZNotes, Vijay X. Jain/EMPL/MD/Verizon@VZNotes, Mark A. Ali/EMPL/MD/Verizon@VZNotes, Joseph E. Stephenson/VEND/MD/Verizon@VZNotes


Subject:
PFOC Memo # 9 - Punch List for Hardened Fiber Optic Connectors (GR-3120)


PFOC Memo #9

Issued: Feb 28, 2005

Subject: Test Requirements for Hardened Fiber Optic Connector (HFOC) - Used in Outside Plant Environments - Same requirements will be included in the new GR-3120 which is to be issued by Telcordia. 

Note: This punch list reflects the contents of GR-3120 and should be used in conjunction with this GR once it is available from Telcordia. It is provided as an advance notification of the test requirements for Hardened Fiber Optic Connectors used in the Outside Plant.  Additional details and configurations are included in the GR. Verizon, Corning and Telcordia have provided input in the development of these test requirements. 

Additional specific information is included below with regard to the Freeze - Thaw test.

This punch list is an acceptable list of requirements for this type of connector and will satisfy Verizon's qualification criteria. 

[image: image10.wmf]PFOC HFOC Test Program  GR3120 

Task Name

Duration

Samples

# of Samples

Witnessed

Optical M

Test Conditions

HFOC SST Flat Drop Qualification

115 days

Sequence

16 Test/ 10 Hot 

Spare

SST Flat Drop Cable

Prepare Test Samples & Materials

10 days

 

Room Temp unless noted

Environmental Performance

49 days

 

 

GR-326 4.4.2.1: Thermal Aging

7 days

A

16 Test/ 10 Hot 

Spare

w

B/A  IL/RL

85º C, 7 days

GR-326 4.4.2.2: Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

-40º C to 75º C, 7 days

GR-326 4.4.2.3: Humidity Aging

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

75º C/ 95% Humidity, 7 days

GR-326 4.4.2.4: 

Humidity/Condensation Cycle

7 days

A

16 Test/ 10 Hot 

Spare

w/e

D IL/RL

-10º C to 65ºC, Hum @ heat, 

7 days

GR-326 4.4.2.5: Dry-Out Step

1 days

A

16 Test/ 10 Hot 

Spare

w/e

D IL/RL

24 hours 75 º C

GR-326 4.4.2.6: Post Condensation 

Thermal Cycle

7 days

A

16 Test/ 10 Hot 

Spare

D IL/RL

-40º C to 75º C, 7 days

GR-326 4.4.3.1: Vibration Test ( 3 axis 

)

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A   IL/RL

0-55 Hz, 2 hours, 1 minute 

sinusoid, 23C

GR-771 5.4.4: Freeze/Thaw

7 days

A

16 Test/ 10 Hot 

Spare

w/e

B/D/A IL/RL

10 cycles with closure and 

connectors

GR-771 5.4.6: Water Resistance

7 days

A

16 Test/ 10 Hot 

Spare

w/e

N/A

10 ft head, 7days, 23C

Mechanical Performance

8 days

GR-326 4.4.3.2: Flex Test/Conditions 

from GR771

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A    IL/RL

+/- 90 deg, 8 cycles, -

40C/40C 10lbs

GR-771 6.3.4: Cable Torsion

1 days

A

16 Test/ 10 Hot 

Spare

w

D   IL/RL

+/- 90 deg, 10 cycles, 1 meter 

back, -40C/40C

GR-326 4.4.3.4: Proof Test

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A    IL/RL

Plug/Dust Cap: 1min @100 

lbs Reg, 167lb Obj 

Plug/Adapter: 1min @ 25 lbs 

req, 50 lbs objective; before & 

GR-326 4.4.3.5: Trans/w applied load

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A   IL/RL

30 min @ 10 lbs@23C then -

40ºC

GR-326 4.4.3.8: Durability Test - 

Modified

2 days

A

16 Test/ 10 Hot 

Spare

w

B/A IL/RL 

50 matings, clean every 10 

mates. 

Measurements@9,19,29,39,4

9 without 

cleaning.Readings@10,20,30,

40 after 1-sided 

cleaning.Readings@25,50 

GR-326 4.4.3.7: Impact Test

1 days

A

16 Test/ 10 Hot 

Spare

w

B/A  IL/RL

-40ºC; 5 foot drop 2 drops 

horizontal ferral cap, 15 foot 2 

drops vertical dust cap and 2 

drops 15ft horizontal. Matrix -

20C, 0C

Water Immersion/Seal Under Load/Side 

Pull

2 days

A

16 Test/ 10 Hot 

Spare

N/A

R2.5 lbs O- 5lbs- 10 foot 

water head 7 days, 23C

GR-771 6.3.6 Compression Test

1 days

B

16

w

N/A

300 lbs; 8@-40C samples 

and 8@40C both for 15 

minutes. No damage 

GR-771 5.5.3 Rodent 

Resistance/Rockwell Hardness

1 days

C

Test bars

w

N/A

Rockwell hardness only R-87

Reliability Performance Testing

90 days

 

GR-1221 - 6.2.4 Extended Heat Aging

84 Days

J

44

w/e

B/A   IL/RL

85º C, 84 days. End face 

GR-1221 - 6.2.5 Extended Humidity

84 Days

K

44

w/e

B/A   IL/RL

75º C/ 95% Humidity, 84 

days. End face B/A

GR-1221 - 6.2.7 Extended Thermal 

84 Days

L

44

w/e

B/A   IL/RL

-40º C to 75º C, 34 days End 

GR-326 4.4.4.4: Salt Spray

7 days

D

10

w/e

B/A   IL/RL

Closure: 5 sample each; half 

mate plug; half with dust cap; 

7 days

GR-326 4.4.4.3: Airborne Contaminants

20 days

E

10

B/A IL/RL

Closure: 5 sample each; half 

mate plug; half with dust cap; 

GR-771 5.4.9: UV Resistance

90 days

F

10 test bars

w/e

N/A

GR-771 5.4.10: Fungus Resistance 

21 days

G

10 test bars

w/e

N/A

GR-326 4.4.4.1: Dust Test

7 days

H

10

w

B/A  IL/RL

Closure: 5 sample each; half 

mate plug; half with dust cap; 

7 days

GR-326 4.4.4.6 Ground Water 

Immersion (sect 5.3.8) Chemical only, 

No biological testing

7 days

I

24

w/e

B/A  IL/RL

Closure/Connector(chemical 

only) Test three Config.; 

Plug/Dust; Plug/Adapter; 

Adapter/Dust cap. 2 samples 

in each fluid


[image: image11.wmf]GR771  5.4.8.A Chemical Resistance - 

Stress Cracking 

7 days

J

10 test bars

N/A

See closure testing

GR771  5.4.8.B Chemical Resistance - 

Immersion

7 days

K

1 sample per 

chemical

N/A

Provide Test data 

5 days

Write Test Reports

10 days

 

See the individual procedures for the number of required samples and the list of equipment regarding each test

B/A Before and After Optical Testing at  (1310, 1490, 1550, 1625)

D - Durning Test Optical Testing at  (1310, 1490, 1550, 1625)

IL -Insertion Loss, RL - Return Loss

No measurements required for Hot Spares

w - test witnessed by Telcordia

NOTES

For Service Life Environmental Tests recommended to use adaptor with the Hardened Connector, but use of a closure and/or other mounting arrangements is acceptable.

Report will be to GR3120 Hardened Connector

Requires GR20 Cable, GR326 Connector

Dated 2/8/05


GR3120 Freeze Thaw Test (Note: 2 samples will not be plugged into the termianl - to be tested with end caps) 

The Hardened Fiber Optic Connectors shall be mounted in a Splice Closure that is intended to accept Hardened Fiber Optic Connectors and is deployed in the field by a service provider. The Splice Closure and Hardened Fiber Optic Connectors shall be mounted in a handhole that represents one that is deployed in the field by a service provider. If there is more than one type or size of handhole being used by the service provider, the worst case or smallest size shall be selected for testing. The closure with optical cables shall be placed in the handhole following the procedures specified by the closure or handhole manufacturer and consistent with service provider installation practices. There shall be at least two inches of water space between the closure and the handhole sides and top based on the installation procedures. The optical cable and required thermocouples shall exit the handhole using the ports provided in the handhole.

The handhole shall be filled with water and the top closed. The handhole shall be supported in a rigid manner so that the handhole is not damaged or allowed to swell during the freeze thaw cycle. This may be accomplished by bracing the handhole in another closure with sand bracing, etc.

This shall be accomplished by placing the handhole into a larger container (stock watering tank for example) where there are four inches of insulation below the bottom of the tank (to retard rapid freezing from the bottom-up), two inches minimum space between the sides of the handhole and the sides of the water tank, 1/2 inch minimum of water over the cover of the handhole, sand fill (using washed play sand) between the handhole and the sides of the water container, which will get filled with water, and thermocouples in the area of the Splice Closure. Aluminum panels may be placed so as to protrude from the sand-water areas to promote more rapid freezing and thawing at the top of the handhole. Place any additional cables containing Hardened Connectors such that the connectors are close to, but not below, the Splice Closure so that the connectors will be in the same "frozen water" zone as the enclosure. Plugs or seals shall be provided to restrict the sand from entering the handhole. Note: If the water container is placed directly on the floor of an environmental chamber, four inches of insulation is not needed under the water container.

The handhole and equipment inside should be in its installed operating condition and is now ready for testing. The next step is to establish the freeze thaw cycle.

The freeze/thaw ramp rate time is a function of the volume of water in the test fixture and the time it takes the water to freeze and thaw. The descending air temperature ramp rate shall be one degree per three minutes until -10 degrees C is reached and then held at that temperature until the water completely freezes. Four thermocouples shall be placed in a plane coincident with the bottom surface of the closure under test with one thermocouple located in each of the four locations along the center of both sides and both ends and shall be spaced one inch from the closure. A fifth thermocouple shall be placed one inch below and located at the center of the bottom the closure under test. Freezing is considered to occur when all thermocouples reach -5 degrees C. Once freezing occurs, the samples shall then be kept at -5 degrees C or colder (as measured by the thermocouples) for 2 hours while maintaining the internal chamber air temperature at –10 degrees C. The sample shall then be thawed at an increasing internal chamber air temperature ramp rate of one degree per three minutes with a maximum air temperature of 65 degrees C and held until the water completely thaws. Thaw is considered to occur when all thermocouples reach +5 degrees C. After thaw the samples shall be kept at +5 degrees C or higher (as measured by the thermocouples) for 2 hours while maintaining the internal chamber air temperature at +65 degrees C. This is considered one freeze thaw cycle of the required ten freeze thaw cycles.

The closure samples under test shall be optically monitored before, during, and after testing at 1625 nm for Insertion Loss that shall not change by more than plus or minus 0.3 dB per fiber. Two closure samples shall be tested. No water is allowed inside the Splice Closure as a result of the freeze thaw exposure. Examination shall be after the 10 freeze thaw cycles.
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