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 Table 4-1.  GR2000-Series Transition and Accessory Fittings 

Figure No. Basic Part No. DESCRIPTION 

4-1 GR2120 Transition Fitting for MIL-C-5015 Connectors 

4-2 GR2121 Enclosure Fitting 

4-3 GR2122 90° Elbow, Non-Environmental (Style A) 

4-4 GR2122 90° Elbow, Environmental (Style B) 

4-5 GR2123 Transition Fitting for Bulkhead Stuffing Tube 

4-6 GR2124 Transition Fitting for MS Series Backshell 

4-7 GR2125 Transition Fitting for Triaxial Connector 

4-8 GR2126 End Fitting for Flexible Conduit 

4-9 GR2127 Conduit Coupling 

4-10 GR2128 Panel Fitting 

4-11 GR2129 Ferrule and Coupling Nut for Flexible Conduit 

4-12 GR2130 Isolator Adapter 

 
GR2120 Transition Fitting for MIL-C-5015 Connector 
 

 
Figure 4-1.  GR21120 Transition Fitting for MIL-C-5015 

 Connector (Sheet 1 of 4) 
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GR2129 Ferrule and Coupling Nut for Flexible Conduit 
 

 
 Notes: 
 1. FERRULE MATERIAL SHALL BE CRES, 300 SERIES, PASSIVATED.  
 2. COUPLING NUT SHALL BE LOW-CARBON STEEL WITH ELECTROLESS NICKEL COATING PER SAE 

AMS 2404C. 
 3. THE “A” THREADS TO BE PERFECT TO WITHIN 0.094 INCHES FROM BOTTOM.  NO THREAD RELIEF 

AT INNER END PERMITTED.  
 4. IDENTIFY PER MIL-STD-130. 
 5. DIMENSIONS IN INCHES. 
 6. THE AMERICAN NATIONAL THREAD SERIES (N) HAS BEEN SUPERSEDED BY THE UNITED THREAD 

SERIES (UN).  THE “NS” THREAD SIZES LISTED IN TABLE I ARE RETAINED FOR USE WITH THOSE 
ITEMS WHICH HAVE “NS” THREADS. 

 7. THE GR2129-EM06 ASSEMBLY COUPLES 3/4-INCH CONDUIT TO THE STUFFING-TUBE ADAPTER, 
FIGURE 7-11 IN SECTION 7. 

 
Figure 4-11.  GR2129 Ferrule and Coupling Nut for 

 Flexible Circuit 
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GR2130 Isolator Adapter 

 
TABLE I 

BASIC MATES WITH GR 2000 SERIES A THREAD B DIA C THREAD 
PART NO 2120 2121 2122 2123 2124 2125 2129 CLASS 2B ± .02 CLASS 2A 

GR2130-01 √  √     3/8-32 UNEF 0.69 3/8-32 UNEF 
GR2130-02 √  √     7/16-27 UNS 0.75 7/16-27 UNS 
GR2130-03 √  √     7/16-28 UNS 0.75 7/16-28 UNS 
GR2130-04 √ √ √  √   1/2-28 UNEF 0.82 1/2-28 UNEF 
GR2130-05 √  √     9/16-24 UNEF 0.88 9/16-24 UNEF 
GR2130-06 √ √ √  √   5/8-24 UNEF 0.94 5/8-24 UNEF 
GR2130-07 √  √     11/16-24 UNEF 1.00 11/16-24 UNEF 
GR2130-08      √  3/4-16 UNEF 1.06 3/4-16 UNEF 
GR2130-09 √ √ √  √  √ 3/4-20 UNEF 1.06 3/4-20 UNEF 
GR2130-10 √ √ √  √ √ √ 7/8-20 UNEF 1.19 7/8-20 UNEF 
GR2130-11 √ √ √  √  √ 1-20 UNEF 1.31 1-20 UNEF 
GR2130-12      √  1-1/16-18 UNEF 1.38 1-1/16-18 UNEF 
GR2130-13    √    1-1/8-12 UN 1.44 1-1/8-12 UN 
GR2130-14    √    1-1/8-14 N 1.44 1-1/8-14 N 
GR2130-15 √  √     1-1/8-18 UNEF 1.44 1-1/8-18 UNEF 
GR2130-16 √  √     1-1/8-24 UNS 1.44 1-1/8-24 UNS 
GR2130-17  √   √  √ 1-3/16-18 UNEF 1.50 1-3/16-18 UNEF 
GR2130-18 √  √     1-1/4-18 UNEF 1.56 1-1/4-18 UNEF 
GR2130-19    √    1-288-14 UNEF 1.60 1-288-14 UNEF 
GR2130-20    √    1-5/16-12 UN 1.63 1-5/16-12 UN 
GR2130-21 √  √     1-3/8-18 UNEF 1.69 1-3/8-18 UNEF 
GR2130-22  √   √  √ 1-7/16-18 UNEF 1.75 1-7/16-18 UNEF 
GR2130-23    √    1-5/8-12 UN 1.94 1-5/8-12 UN 
GR2130-24 √  √     1-5/8-18 UNEF 1.94 1-5/8-18 UNEF 
GR2130-25  √   √  √ 1-3/4-18 NS 2.06 1-3/4-18 NS 
GR2130-26    √    1-3/16-12 UN 2.13 1-3/16-12 UN 
GR2130-27 √  √     1-7/8-16 UN 2.19 1-7/8-16 UN 
GR2130-28 √  √     1-29/32-18 UNS 2.22 1-29/32-18 UNS 
GR2130-29 √  √  √  √ 2-18 NS 2.31 2-18 NS 
GR2130-30    √    2.025-11-1/2 N 2.34 2.025-11-1/2 N 
GR2130-31    √    2-1/16-12 UN 2.38 2-1/16-12 UN 

 
Figure 4-12.  GR2130 Isolator Adapter (Sheet 1 of 2)
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GR2130 Continued 
TABLE I (Continued) 

BASIC MATES WITH GR 2000 SERIES A THREAD B DIA C THREAD 
PART NO 2120 2121 2122 2123 2124 2125 2129 CLASS 2B ± .02 CLASS 2A 

GR2130-32 √  √     2-1/16-16 UN 2.38 2-1/16-16 UN 
GR2130-33 √  √ √    2-1/16-20 UNEF 2.38 2-1/16-20 UNEF 
GR2130-34 √  √     2-1/8-16 UN 2.44 2-1/8-16 UN 
GR2130-35 √  √     2-1/8-18 UNS 2.44 2-1/8-18 UNS 
GR2130-36    √    2-1/4-11-1/2 N 2.56 2-1/4-11-1/2 N 
GR2130-37  √   √   2-1/4-16 UN 2.56 2-1/4-16 UN 
GR2130-38    √    2-5/16-12 UN 2.63 2-5/16-12 UN 
GR2130-39 √  √     2-5/16-16 UN 2.63 2-5/16-16 UN 
GR2130-40 √  √    √ 2-3/8-16 UN 2.69 2-3/8-16 UN 
GR2130-41  √   √  √ 2-1/2-16 UN 2.81 2-1/2-16 UN 
GR2130-42 √  √    √ 2-5/8-16 UN 2.94 2-5/8-16 UN 
GR2130-43    √    2-11/16-12 UN 3.00 2-11/16-12 UN 
GR2130-44 √  √     2-13/16-18 UNS 3.13 2-13/16-18 UNS 
GR2130-45 √  √     2-7/8-16 UN 3.19 2-7/8-16 UN 
GR2130-46    √    3-12 UN 3.31 3-12 UN 
GR2130-47  √   √   3-16 UN 3.31 3-16 UN 
GR2130-48    √   √ 3-1/8-1/2 UN 3.44 3-1/8-1/2 UN 
GR2130-49        3-3/8-16 UN 3.69 3-3/8-16 UN 
GR2130-50        3-7/8-16 UN 4.19 3-7/8-16 UN 

GR2130-51    √    3/4-14 NPSM 1.35 3/4-14 NPSM 
GR2130-52    √    1-11-1/2 NPSM 1.61 1-11-1/2 NPSM 
GR2130-53    √    1-1/4-11-1/2 

NPSM 
1.95 1-1/4-11-1/2 

NPSM 
GR2130-54    √    2-1/2-8 NPSM 3.15 2-1/2-8 NPSM 
GR2130-55    √    3-8 NPSM 3.78 3-8 NPSM 

 

 
 Notes: 
 1. THE GR2130 ISOLATOR ADAPTER IS MADE OF A NON-CONDUCTIVE MATERIAL TO ELECTRICALLY 

INSULATE THE GR2000 SERIES FITTINGS FROM THE ASSOCIATED CONNECTORS, BACKSHELLS, 
STUFFING-TUBES, ETC.  

 2. BASIC PART NO. WITHOUT O-RINGS IS GR2125 
  BASIC PART NO. WITH O-RINGS IS GRO2125 
 3. ADAPTERS NUMBERED GR2130-51 THROUGH GR2130-55 HAVE NPSM THREADS (STRAIGHT PIPE 

THREADS FOR MECHANICAL JOINTS). 
 4. PARTS IDENTIFIED PER MIL-STD-130 
  5. DIMENSIONS IN INCHES. 

 
Figure 4-12.  GR2130 Isolator Adapter (Sheet 2 of 2)



S9407-AB-HBK-010, Rev. 2 
 

 

 
 

4-25 

 
 

 
 
 1. TIN THE END OF FLEXIBLE CONDUIT LIGHTLY AND CUT OFF RAGGED PORTION WITH A HACKSAW.  
 2. PLACE END FITTING OVER FLEXIBLE CONDUIT AND SILVER SOLDER IN PLACE.  HOLD END FITTING AND 

CONDUIT VERTICALLY WHEN SOLDERING TO PREVENT EXCESS SOLDER FROM RUNNING BACK ONTO 
THE CONDUIT AND INTRODUCING UNWANTED STIFFNESS 

  BASIC PART NO. WITH O-RINGS IS GRO2125 
 3. ADAPTERS NUMBERED GR2130-51 THROUGH GR2130-55 HAVE NPSM THREADS (STRAIGHT PIPE 

THREADS FOR MECHANICAL JOINTS). 
 

 
 
 4. SLIDE COUPLING NUT, TAPERED FERRULE, AND TRANSITION BODY OVER CABLE AND FLEXIBLE 

CONDUIT AS SHOWN IN VIEW B.  
 5. PLACE ADAPTER, FLAT WASHER, NYLON INSULATOR, NUT, FLAT WASHER, AND GASKET OVER CABLE. 
 6. CUT CABLE JACKET BACK 1/4 INCH EXPOSING BRAID. 
 

 
 
 7. PLACE BRAID CLAMP OVER BRAID AND PUSH BACK AGAINST CABLE JACKET.   
 8. COMB OUT BRAID AND FOLD BRAID WIRES EVENLY AROUND CIRCUMFERENCE OF BRAID CLAMP TO 

ENSURE GOOD ELECTRICAL CONTACT. 
 9. TRIM BRAID TO PROPER LENGTH AS SHOWN IN VIEW C. 
 
 

Figure 4-13.  Assembly Instructions - Flexible Conduit 
 to Triaxial Connector Using a GR2125 Transition 
 Fitting Room (Sheet 1 of 2) 
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 10. CUT DIELECTRIC BACK 1/8 INCH EXPOSING COPPER CONDUCTOR. 
 11. SOLDER MALE CONTACT TO CENTER CONDUCTOR.  REMOVE ANY EXCESS SOLDER FROM THE 

CONTACT WITH A FILE OR KNIFE. 
 

 
 
 12. PLACE TRIAXIAL CONNECTOR INNER BODY OVER MALE CONTACT AND BRAID CLAMP.  SLIDE RUBBER 

GASKET AND FLAT WASHER INTO BODY AND TIGHTEN NUT IN PLACE.  SCREW ADAPTER ONTO 
TRANSITION BODY.  SEE VIEW E.. 

 13. HOLD TRANSITION BODY IN ONE HAND AND PULL BACK ON FLEXIBLE CONDUIT UNTIL BACK END OF 
END FITTING EXTENDS APPROXIMATELY 1/2 INCH BEYOND THE MALE THREADED END OF THE 
TRANSITION BODY.  SLIDE THE TAPERED FERRULE INTO PLACE AND TIGHTEN COUPLING NUT ONTO 
BODY. 

 14. PLACE NYLON INSULATOR OVER INNER BODY, THEN SLIDE OUTER BODY INTO PLACE AND TIGHTEN AS 
REQUIRED. 

 

 
 15. ASSEMBLE FITTINGS ON OTHER END OF FLEXIBLE CONDUIT BEING SURE TO PREDETERMINE THE 

CABLE LENGTH AND THE POSITION OF THE END FITTING WITHIN THE TRANSITION BODY.  SEE VIEW F. 
 
 

Figure 4-13.  Assembly Instructions - Flexible Conduit 
 to Triaxial Connector Using a GR2125 Transition 
 Fitting Room (Sheet 2 of 2) 
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RP2100 Conduit End Fitting, 90° 
 

 
 

NOTES: 
 1. THE FUNCTION OF THE RP2110 90° END FITTING IS TO TERMINATE FLEXIBLE SHIELDING CONDUIT 

AND PROVIDE A STANDARD THREAD FOR ATTACHING ALL RP2000 SERIES ADAPTERS. 
 2. SEE TEXT FOR MATERIAL, FINISH, MARKING, ETC.  
 3. DIMENSIONS ARE IN INCHES.     

 
Figure 5-2.  RP2110 Conduit End Fitting, 90° 
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RP2120 Conduit End Fitting, 45° 
 

 
 

NOTES: 
 1. THE FUNCTION OF THE RP2120 45° END FITTING IS TO TERMINATE FLEXIBLE SHIELDING CONDUIT 

AND PROVIDE A STANDARD THREAD FOR ATTACHING ALL RP2000 SERIES ADAPTERS. 
 2. SEE TEXT FOR MATERIAL, FINISH, MARKING, ETC.  
 3. DIMENSIONS ARE IN INCHES.     

 
 

Figure 5-3.  RP2120 Conduit End Fitting, 45° 
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RP2130 End Fitting, Conduit-to-Panel 
 

 
 

NOTES: 
 1. THE FUNCTION OF THE RP2130 END FITTING IS TO TERMINATE FLEXIBLE SHIELDING CONDUIT 

DIRECTLY TO A PANEL.  TWO NUTS ARE TO BE SUPPLIED WITH THIS FITTING.  ONE NUT SECURS 
THE FITTING TO THE PANEL, AND A SECOND NUT ACTS AS A LOCK NUT TO THE FIRST. 

 2. SEE TEXT FOR MATERIAL, FINISH, MARKING, ETC.  
 3. DIMENSIONS ARE IN INCHES.     

 
 

Figure 5-4.  RP2130 Conduit End Fitting, Conduit-to-Panel 



 

 

SECTION 6 
CABLE AND SPACING REQUIREMENTS 
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Table 6-1.  Cable Categories and Designators 

 

Cable 
Category 

 
Category Description 

Group 
Numbers 

Cable 
Designators 

R1 Shipboard cables that carry 60-Hz power above 
0.5 amp.  Cables in this category are listed in 
figure 6-1. 

0 thru  
7, and 9 
 

R1-0 thru 
R1-7, R1-9 

R2 Shipboard cables that carry 400-Hz power 
above 0.5 amp.  See figure 6-1. 

0 thru  
7, and 9 

R2-0 thru 
R2-7, R1-9 

R3 All transmitting systems using the cables listed 
in figure 6-2. 

1, 2,  
3 

R3-1, R3-2, 
R3-3 

R4 Transmitting systems and triggering circuits 
operating above 100 kHz and using RG-type 
coaxial cables.  See figure 6-2. 

(none) R4 

R5 Cables used to carry audio signals whose 
maximum values exceed 0.1 volt.  Typical 
components are announcing circuits, ac 
recorders, loadspeakers, call bells, and alarm 
bells.  See figure 6-2. 

(none) R5 

R6 Cables that carry 60-Hz synchro signals, 60-Hz 
indicator signals, 60-Hz control signals at 0.5 
amp or less, or 60-Hz power at 0.5 amp or less.  
See figure 6-2.  
NOTE:  Any 60-Hz control signal over 0.5 amp 
must be classified in the R1 category.  See 
figure 6-1. 

1, 2 R6-1, R6-2 

R7 Cables that carry 400-Hz synchro signals, 400-
Hz indicator signals, 400-Hz control signals at 
0.5 amp or less, or 400-Hz power at 0.5 amp or 
less.  See figure 6-2. 
NOTE:  Any 400-Hz control signal over 0.5 amp 
must be classified in the R2 category.  See 
figure 6-1. 

1, 2 R7-1, R7-2 

R8 Cables used to carry digital data.  See figure 6-
2. 

(none) R8 

R9 Cables that carry dc.  See figure 6-3. 1, 2, 
3 

R9-1, R9-2, 
R9-3 
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*MIL-C-915 
CABLE GROUP NUMBERS FOR CABLE CATEGORY R9 

TYPE 1 2 3 
DCOP ALL   
DHOF 3, 4, 6, 9, 14 23, 30 83, 250, 400 
DNW & DNWA 3, 4, 9, 14 23, 50, 75, 100  
DPS 3, 4, 6 9  
DRW & DRWA ALL   
DSGA & DSGU 3, 4, 9, 14 23, 30, 40, 50, 60, 75, 100 125, 150, 200, 250, 300, 400 
DSS 2, 3, 4   
FHOF 3, 4, 9 42, 60 133 
FNW & FNWA 3 4, 9, 23  
FPS  14  
FSGA & FSGU  3, 4, 9 23, 50, 75, 100, 150, 200 
FSS 2, 3, 4   
MA 14   
MCOS ALL   
MDU  6 14, 23, 40, 60 
MHOF ALL   
MMOP 2, 5   
MNW & MNWA  ALL  
MS & MSA  ALL  
MSCA  ALL  
MSCS & MSCU  ALL  
MSS ALL   
MU & MUS 14   
TCOP ALL   
THOF 3, 4, 6, 9, 14 23, 30 150, 250, 400 
TNW & TNWA 3, 4, 9, 14 23, 50, 75, 100 150 
TPNW & 
TPNWA 

ALL   

TPS 3, 4, 6 9, 14, 23, 30  
TRW & TRWA ALL   
TSGA & TSGU 3, 4, 9, 14 23, 30, 40, 50, 60, 75, 100 125, 150, 200, 250, 300, 400 
TSS 2, 3, 4   
TTSU ALL   
2A & 2AU ALL   
2AUS ALL   

 
 
 
 

Figure 6-3.  Cables in Category R9 (Sheet 1 of 3) 
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*MIL-C-915 
CABLE GROUP NUMBERS FOR CABLE CATEGORY R9 

TYPE 1 2 3 
2SA ALL   
2SJ & 2SJA ALL   
2SU & 2SUS ALL   
2SWA & 2SWAU ALL   
2SWF ALL   
2SWU & 2SWUA ALL   
2U & 2UA ALL   
2WA & 2 WAU ALL   
3SA ALL   
3SJ & 3SJA ALL   
3SU & 3SUS ALL   
3SWA ALL   
3SWU & 3SWUS ALL   
3U & 3UA ALL   
4SJ & 4SJA ALL   
5KVTSGA   150, 200, 250, 300, 350, 400 
5KVTSGU   150, 200, 250, 300, 350, 400 
6SGA & 6SGU   ALL 
7PS  ALL  
7SGA & 7SGU  ALL  
7SS ALL   

 
 
 
 

 NOTES: 
    1. THE NUMBERS FOUND IN THE GROUP NUMBER COLUMNS 1 THROUGH 3 ARE CABLE-TYPE SUFFIX 

NUMBERS (RELATED TO THE ELECTRICAL CHARACTERISTICS OF THE CABLE). EXAMPLE: A DHOF-23 OR 
A DHOF-30 CABLE IS FOUND IN ROW 2, GROUP NUMBER COLUMN 2.  

    2. THE WORD ALL MEANS ALL CABLE S OF THAT TYPE FALL IN THE SAME GROUP. EXAMPLE: IN ROW 1 ALL 
DCOP CABLES FALL IN GROUP NUMBER 1. 

    3. CABLES THAT CARRY DC USED FOR SIGNAL OR CONTROL FUNCTIONS SHALL BE OF THE SHIELDED 
CABLE TYPES LISTED. 

    4. MOST MIL-C-915 CABLES HAVE AN EQUIVALENT MIL-C-24643 LOW-SMOKE VERSION. WHERE AN 
EQUIVALENT VERSION DOES EXIST SIMPLY ADD THE LETTERS “LS” (FOR LOW-SMOKE) IN FRONT OF 
THE MIL-C-915 CABLE TYPE TO GET THE EQUIVALENT MIL-C-24643 CABLE TYPE. FOR EXAMPLE, LS2SA 
IS THE LOW-SMOKE VERSION OF 2SA AND IS ASSIGNED THE SAME CATEGORY AND GROUP NUMBERS 
AS THE 2SA.     

 
 
 
 
 
 
 
 
 

Figure 6-3.  Cables in Category R9 (Sheet 2 of 3) 
 



S9407-AB-HBK-010, Rev. 2 
 

 

 
 
6-32 

 
*MIL-C-24640 

(LIGHTWEIGHT) 
CABLE 

GROUP NUMBERS FOR CABLE CATEGORY R9 

TYPE 1 2 3 
DX 3, 4   
DXA 3, 4   
DXW 3, 4   
DXOW 3, 4   
DXWA 3, 4   
FX 3, 4   
FXA 3, 4   
FXW 3, 4   
FXWA 3, 4   
MXSO 2, 9, 21, 37   
MXCW ALL   
MXCOW ALL   
MXCWA ALL   
MXO 10, 14   
TTXW ALL   
TTXOW ALL   
TTXWA ALL   
TX 3, 4   
TXA 3, 4   
TXW 3, 4   
TXWA 3, 4   
1XSOW ALL   
2XAO 2, 7, 10, 18, 40   
2XO ALL   
2XOW ALL   
2XS ALL   
2XSA ALL   
2XSO ALL   
2XSAW 3, 7, 14   
2XSAOW ALL   
2XSAWA 3, 7, 14   
2XSW 1, 3, 7   
2XSOW 3, 7, 12, 19,30   
2XSWA 1, 3, 7   
2XSXO 4   
3XS 7   
3XSA 7   
3XSW 3, 7, 10, 14   
3XSOW 3, 7, 10, 14, 19, 24   
3XSWA 3, 7, 10, 14   
7XW 3, 4   
7XWA 3, 4   

 
Figure 6-3.  Cables in Category R9 (Sheet 3 of 3)
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 * SEE FIGURE 6-5 FOR GROUP NUMBER. 
 ** ALL RG CABLES EXCEPT RG-220, RG-221, RG-294, AND RG-296. SPACING REQUIREMENTS FOR CABLES 

RG-330, RG-221, RG-294, AND RG-296 MUST BE HANDLED ON A SPECIAL CASE BASIS.   
 *** MOST MIL-C-915 CABLES HAVE AN EQUIVALENT MIL-C-24643 LOW-SMOKE VERSION. WHERE AN 

EQUIVALENT VERSION DOES EXIST SIMPLY ADD THE LETTERS “LS” (FOR LOW-SMOKE) IN FRONT OF 
THE MIL-C-915 CABLE TYPE TO GET THE EQUIVALENT MIL-C-24643 CABLE TYPE. FOR EXAMPLE, LSTTRS 
IS THE LOW-SMOKE VERSION OF TTRS AND IS ASSIGNED THE SAME CATEGORY AND GROUP NUMBERS 
AS THE TTRS.   

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6-4.  Cables in Categories S1 Through S4 (Sheet 1 of 2) 
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MIL-C-24640
CABLE TYPE

MIL-C-24640
CABLE TYPE

MIL-C-24640
CABLE TYPE

 
 
 

* THE S1 CATEGORY IS TYPICALLY ASSIGNED TO RG CABLES (PER MIL-C-17).  SINCE THERE 
ARE NO LIGHTWEIGHT VERSIONS OF RG CABLES, NONE OF THE MIL-C-24640 CABLES ARE 
ASSIGNED THE S1 CATEGORY. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6-4.  Cables in Categories S1 Through S4 (Sheet 2 of 2) 
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7.3.3 Low-Carbon Steel Enclosures 
 
 Low-carbon steel enclosures shall be fabricated from either hot- or cold-rolled steel, in 
accordance with Federal Specification QQ-S-698.  The thickness of the steel shall be a minimum of 
11 gauge (0.1196 inch) using the manufacturers' standard gauge for sheet steel.  Annealing of low-
carbon steel enclosures is not required.  A good example of a steel enclosure is presented in figure 7-
2 (sheets 1 through 8) which is a copy of drawings 2630-102-01 and 2630-102-02 entitled "Terminal 
Box for Shielded Applications."  This greatly reduced copy is included for reference purposes rather 
than for construction. 
 
7.3.4 Mumetal Enclosures 
 
 Figure 7-1 shows that mumetal enclosures will provide greater shielding effectiveness than 
low-carbon steel enclosures of the same thickness.  Mumetal enclosures can provide the same 
shielding effectiveness as low-carbon steel enclosures but with less metal thickness.  The thickness of 
a typical mumetal enclosure is 0.062 inch for the box and 0.075 inch for the cover.  The shielding 
effectiveness of mumetal is extremely sensitive to shock.  If a mumetal enclosure which has been 
annealed is later formed, dropped, machined, or otherwise subjected to mechanical shock, the 
enclosure must be reannealed to restore its shielding effectiveness. 
 
 An approved design for mumetal terminal boxes can be obtained from BUSHIPS Drawing No. 
SSB(N)616-404-2091704, "Mumetal Connection and Pull Boxes; Assembly and Details." 
 
7.3.5 Annealing of Mumetal Enclosures 
 
 To develop optimum magnetic properties, mumetal must be annealed after all fabricating 
operations have been completed.  Contamination by oxygen, sulfur, or carbon must be prevented 
during the annealing cycle.  In specific applications in which a part cannot be fully annealed due to 
physical reasons, a compromise treatment may be given.  Less than full annealing, however, will 
obviously result in less than optimum magnetic properties.  The method of annealing in a dry 
hydrogen atmosphere is presented in the following paragraphs. 
 
7.3.5.1 Preparation for Heat-Treatment of Mumetal 
 
 a. Complete all mechanical operations (such as drilling, punching, grinding) prior to 

annealing. 
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7.3.6 Finish 
 
 After annealing (where required), and prior to final assembly, the parts requiring painting shall 
be given one coat of pretreatment primer and two coats of enamel.  In some cases a cadmium-plated 
finish may be required for the enclosure and cover assemblies. 
 
7.3.6.1 Finish at Enclosure-Cover Interface 
 
 The mating surfaces of the enclosure and its cover which come in contact with the EMI gasket 
shall be cleaned to the bare metal, be free of all foreign materials, and remain unpainted to ensure a 
metal-to-metal seal to prevent leakage of magnetic flux. 
 
 Each time thereafter that the enclosure is opened, the contact surfaces should be inspected 
and, if necessary, cleaned to the bare metal before reattaching the cover. 
 
 If the enclosure is located in a corrosive environment, the contact surfaces between the 
enclosure and its cover shall be protected with a conductive finish, such as cadmium plating, or other 
conductive coating. 
 
7.4 RECOMMENDED WIRING PRACTICES FOR USE IN SHIELDING ENCLOSURES 
 
 In order to optimize the EMI protection provided by shielding enclosures, particular attention 
should be paid to the layout of wiring inside the enclosures.  The size of the loop area formed by a pair 
of conductors should be kept to a minimum by twisting the pair and by maintaining the twist as close 
to the terminals as practicable.  In addition, the spacing between radiators and susceptors within the 
enclosure should be maintained as a minimum in accordance with section 6 wherever practicable.  
Figures 7-3, 7-4, and 7-5 illustrate various wiring practices. 
 
 The wiring practice shown in figure 7-3a is not recommended because it creates an 
unnecessarily large pickup loop area (shaded area) which increases circuit susceptibility.  Figure 7-3b 
shows the recommended practice of keeping the conductor pairs short and tightly twisted to minimize 
the pickup loop area. 
 
 The wiring practice shown in figure 7-4a is not recommended because of the increase in 
cross-coupling caused by running susceptible (low-level) conductors too close to radiating (high-level) 
conductors.  Figure 7-4b shows the recommended practice for obtaining maximum spacing (see 
section 6 for required spacing) between susceptible conductors and radiating conductors. 
 
 The wiring practice shown in figure 7-5a for a cable having shielded twisted pairs is not 
recommended because the arrangement creates large pickup loop areas.  Figure 7-5b shows the 
recommended practice for terminating the shielded twisted pairs.  The practice shown in figure 7-5b 
allows the shield for each twisted pair to be brought close to the terminals.  A general rule for good 
wiring practice for shielded twisted pairs is to bring the shield as close as practicable to the end of the 
twisted pair and maintain the twist between pairs as close to the terminals as practicable. 
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 Figure 7-3. Wiring Practice for Minimizing Pickup Loop Areas 
 Inside Shielding Enclosure 
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 Figure 7-4. Wiring Practice for Minimizing Spacing Between 
 Conductors Inside Shielding Enclosure 
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 Figure 7-5. Wiring Practice for Shielded Twisted Pairs 
 Inside Shielding Enclosure 
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7.5 METHOD FOR PLUGGING HOLE IN STEEL ENCLOSURE 
 
 Figure 7-6 illustrates a recommended method for plugging a hole in a steel enclosure when 
welding is not practicable.  The gasket provides an environmental seal for the enclosure, and the 
retainer maintains the shielding integrity of the enclosure. 
 
7.6 TERMINATIONS AT HULL FITTINGS 
 
 The following paragraphs describe the shielding hardware required to terminate flexible 
conduit at the inboard end of pressure proof hull fittings. 
 
7.6.1 90-Degree Capped Elbow Termination 
 
 Figure 7-7 shows the components required for a 90-degree capped elbow termination at a hull 
fitting.  The hull fittings is this figure are the type specified in MIL-C-24231 and are used to complete 
the path of multiconductor cables through the submarine pressure hull.  Most of these hull fittings are 
supplied with 15-foot lengths of type B-16 wires (MIL-W-16878/1) attached to each hull fitting terminal.  
The B-16 wires are fed through the cap portion of the elbow.  The conductors of the shielded cable 
are also run through the cap portion and connected to the B-16 wires.  Once these conductors are 
joined they are stuffed in the elbow and the cap is screwed in place.  Table I in figure 7-7 lists typical 
combinations of components required for the hull fittings used. 
 
7.6.2 Two-Branch Assembly Termination 
 
 Figure 7-8 shows an assembly which can be used to shield and split the conductors 
associated with hull fitting symbol No. 516 into two branches in opposite directions.  Electromagnetic 
shielding is maintained inside the assembly where the inboard conductors of the hull fitting are 
connected to the conductors of the shielded cables. 
 
7.6.3 Three-Branch Assembly Termination 
 
 Figure 7-9 shows an assembly which can be used to shield and split the conductors 
associated with hull fitting symbol No. 516 into three branches.  Electromagnetic shielding is 
maintained inside the assembly where the inboard conductors of the hull fitting are connected to the 
conductors of the shielded cables. 
 
7.6.4 Tailpiece for Hull-Fitting Termination 
 
 Figure 7-10 shows a tailpiece used for terminating a 90-degree elbow, a two-branch 
assembly, or a three-branch assembly to a hull-fitting gland nut. 
 
7.6.5 MX-7637/U Stuffing Tube Termination Adapter 
 
 The MX-7637/U stuffing tube is a pressure proof fitting which has been designed to pass an 
RG-293/U cable through the submarine pressure hull.  The nut clamp of the MX-7637/U must be 
replaced by an adapter, figure 7-11, which couples the stuffing tube to a 3/4-inch flexible metal 
conduit.  The end of the conduit which attaches to the adapter is terminated in a GR2129 ferrule and 
coupling nut of figure 4-11 (section 4). 
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NOTES: 
 1. THIS METHOD SHALL BE USED ONLY WHEN IT IS NOT PRACTICABLE TO PLUG A HOLE BY WELDING. 
 2. REMOVE ALL  PAINT, ANODIC FILM, GREASE, ETC. FROM INSIDE SURFACE OF ENCLOSURE AROUND 

AREA OF HOLE IN ORDER TO OBTAIN GOOD METAL-TO-METAL CONTACT WITH PC 3.  
 3. PC 2 AND PC 4 MAY BE WELDED OR BRAZED TOGETHER, OR FABRICATED FROM ONE PIECE OF 

LOW-CARBON STEEL. 
 4. FINISH SIMILAR TO ORIGINAL ENCLOSURE. 
 5. DIMENSIONS ARE IN INCHES.  

 
 

Figure 7-6.  Hole Plug for Steel Enclosure 
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NOTES: 
 1. THE COMBINATION OF AN RP2100 END-FITTING AND AN RP2411, RP2430, OR RP2431 ADAPTER MAY 

BE USED AS AN OPTIONAL METHOD OF TERMINATING THE CONDUIT. 
 2. ALL DIMENSIONS ARE IN INCHES.    

 
 
 

Figure 7-7.  Components for 90-Degree Capped Elbow Termination
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NOTES: 
 1. THE COMBINATION OF AN RP2100 END-FITTING AND AN RP2430 ADAPTER MAY BE USED AS AN 

OPTIONAL METHOD OF TERMINATING THE CONDUIT. 
 2. ALL DIMENSIONS ARE IN INCHES.    

 
 
 
 
 
 
 
 

Figure 7-8.  Components for Two-Branch Assembly Termination
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NOTES: 
 1. THE COMBINATION OF AN RP2100 END-FITTING AND AN RP2430 ADAPTER MAY BE USED AS AN 

OPTIONAL METHOD OF TERMINATING THE CONDUIT. 
 2. ALL DIMENSIONS ARE IN INCHES.    

 
 
 
 
 
 
 
 

Figure 7-9.  Components for Three-Branch Assembly Termination



S9407-AB-HBK-010, Rev. 2 
 
 

 
CHANGE 1 of Revision 2 

7-25 

 
 
 
 
 
 
 

 
 
 
 

NOTES: 
 1. MATERIAL: LOW CARBON STEEL IN ACCORDANCE WITH FED-STD-66 WITH CADMIUM PLATING IN 

ACCORDANCE WITH QQ-P-416, TYPE I, CL3.   
 2. ALL DIMENSIONS ARE IN INCHES.    

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7-10.  Tailpiece for Hull-Fitting Termination
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NOTES: 
 1. REMOVE ALL SHARP EDGES. 
 2. NAVAL BRASS QQ-B-637.      

 
 
 
 
 
 
 
 
 
 

Figure 7-11.  Adapter for Stuffing-Tube Type MX-7637/U
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7.7 REQUIREMENTS FOR THE USE OF ALUMINUM OR STEEL CONNECTORS AND 
ACCESSORIES 

 
 
 To maintain the EMC protection obtained by a susceptible cable enclosed in a flexible 
shielding conduit, certain spacing requirements should be met before the use of aluminum connectors 
and its rear accessories (such as backshells) are considered.  The requirements which allow the use 
of aluminum or dictate the use of low-carbon steel connectors and accessories are as follows: 
 
 Where the section 6 spacing requirements for an unshielded susceptible cable operating at 
frequencies below 100 kHz (i.e., section 6 cable categories S1, S2, S4, R5, R6, and R7) are met, an 
aluminum connector and its accessories may be used.  (See figure 7-12a.) 
 
 Where the section 6 spacing requirements for the unshielded susceptible cable operating at 
frequencies below 100 kHz cannot be met, a low-carbon steel connector and its accessories should 
be used.  (See figure 7-12b.) 
 
 It should be noted that connectors and backshells made of low-carbon steel are not readily 
available and may require a long delivery time.  It should also be noted that some GR2000 series and 
RP2000 series adapters can be attached directly to connectors in place of backshells.  Thus, in many 
cases, these adapters, which are made of low-carbon steel, can eliminate the need for a backshell 
(whether aluminum or steel). 
 
7.8 BONDING AND GROUNDING REQUIREMENTS 
 
 Electronic equipment, equipment enclosures, shielding enclosures, and associated conduit 
shall be bonded to ground potential (ship's hull) as specified in MIL-STD-1310.  See the paragraphs 
under GENERAL REQUIREMENTS and DETAILED REQUIREMENTS dealing with EMI reduction.  
For conduit grounding, see the paragraph on submarines. 
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 Figure 7-12. Spacing Requirements of Section 6 for Aluminum or 
 Steel Connectors and Backshells 
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Table F-2.  Conduit On Both Cables 

 

Cable/Conduit 
Categorization 

Categorization with 
DC Fields 

S1-X S1-(X-2) 

S2-X S2-(X-2) 

S4-X S4-(X-2) 

Example:  S4-4 S4-2 
 

 
 
F-4 DISTANCE FROM DC GENERATING COILS 
 
 When attempting to run cables in flexible shielding conduit close to dc generating coils a minimum 
spacing requirement shall be met.  This must be done in order to ensure that the maximum dc magnetic 
field levels remain at or below 20 gauss.  Table F-3 indicates the minimum spacing from dc generating 
coils needed to ensure that the dc magnetic fields do not exceed 20 gauss.  These spacing requirements 
are in addition to the requirements of table F-1, table F-2, and Section 6. 
 
 

Table F-3.  Minimum Required Spacing From dc Generating Coils 
 

NI (ampere-turns) Minimum Distance 
(inches) 

1000 4.0 

750 3.0 

500 2.0 

250 1.0 
 

 
 
 For ampere-turn values different from those listed in table F-3 the equation shown below should 
be used to determine actual spacing requirements: 
 
 

r = (0.004)NI inches 
 

where: I = Current in amps 
 N = Number of turns 
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F-5 CABLE LABELING 
 
 All cables which have had their categorization changed due to the conditions listed in appendix F 
shall be identified by adding the letter “D” to the cable designator as shown in examples 1 through 4. 
 
 
EXAMPLE PREVIOUS DESIGNATOR MODIFIED DESIGNATOR 
1 (S1-4) (S1-3D) 
2 (S4-2) (S4-1D) 
3 (S4-3S) (S4-2SD) 
4 (R1-4/R7-2) (R1-4/R7-1)D 
5 (S4-2/R2-3)S (S4-1/R2-3)SD 
 
 
 Only cables that have had their categorization changed due to the conditions listed in appendix F 
require the additional “D” designation.   




