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1. SCOPE

1.1 Scope of specification. This specification provides the manufac-

turing and inspection requirements for the fabrication and labeling of cables’

and harnesses designed for use with, or as a part of, the Deep Space Network

(DSN). The intent of this s'pecification is to assure an end product of the

highest possible quality and reliability.

1.2 Classification. DSN cable and harness assemblies shall be’

identified by the following classes as determined by the detailed engineering

drawing.

Class 1 - Multiconductor, jacketed cables (refer to 3.2.1)

Class 2 - Multiconductor, nonjacketed harnesses (refer to 3.2.2)

Class 3 - Coaxial cables (refer to 3.2.3)

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of

invitation for bids or request for proposal, form a part of this specification to

the extent specified herein. In the event of conflict between the documents

referenced herein and the contents of this specification, the contents of this

specification shall be considered a superseding requirement.

SPECIFICATIONS

Jet Propulsion Laboratory
GMO-50190-GEN Inspection Standards for Workmanship,
- Operational Support Equipment,
General Specification for

ES504049 Quality Control Requirements for
Cabling and Harnesses, Ground ,
Support Equipment, Detail Specifica-
tion for '

FS505117 Installation of Rayclad Thermofit
Solder Sleeves for DSN Equipment
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Federal

O-T-620 Trichloroethane-1, 1:1, Technical,
Inhibited (Methyl Chloroform)

TT-1-735 Isopropyl Alcohol

QQ-W-343 " Wire, Electrical and Non-Electrical,
Copper (Uninsulated)

QN-S-571 Solder, Tin Alloy, Lead-Tin Alloy and
Lead Alloy

Military .

MIL-C-17 Cables, Radio Frequency, Coaxial,
Dual Coaxial, Twin Conductor, and -

_ " Twin Lead

MIL-C-572 Cord, Yarns, and Monofilaments
Organic Synthetic Fiber

MIL-1-631 Insulation, Electrical, Synthetic-
Resin Composition, Nonrigid

MIL-W-5086 Wire, Electric Hook-Up and Intercon-
necting, Polyvinyl Chloride Insulated
Copper or Copper Alloy Conductor

MIL-R-6855 Synthetic Rubber Sheets, Strips,
Molded, or Extruded Shapes

MIL-C-7078 Cable, Electric, Aerospace Vehicle,
General Specification for :

MIL-F-14256 Flux, Soldering, Liquid (Rosin Base)

MIL-W-16878 Wire, Electrical, Insulated, High
Temperature

MIL-1-19166 Insulation Tape, Electrical, High
Temperature, Glass Fiber, Pressure-
Sensitive '

MIL-S-22473 Sealing, Locking, and Retaining Com-
pounds, Single Component

MIL-1-23053 Insulation Sleeving, Electrical, Heat

- Shrinkable, General Specification for
MIL-C-39012 - Connector, Coaxial, Radio Frequency,
' General Specification for

MIL-T-43435 Twine and Tape, Impregnated, Lacing,
and Tying

MIL-W-5086/2A Wire, Electric, Hookup and Intercon-

necting, Polyvinyl Chloride Insulation,
PVC - Glass - Nylon, Tin-Coated
Copper Conductor, 600-Volt, 105°C
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MIL-W-5088/8160 Wiring, Aircraft, Installation of

MIL-W-8160 Wiring, Guided Missile, Installation of,
General Specification for

STANDARDS
Military
MS21980 Ferrule, Outer, Uninsulated, Shield .
Terminating, Type I Two Piece,
Class 1
MS21981 Ferrule, Inner, Uninsulated Shield
Terminating, Type 1 Two Piece,
Class 1
DRAWINGS
Jet Propulsion Laboratory . L
. ‘” AN 11
9450484 Label, Cable Identification (VN \ANYWY
9454446 Label, Identification - DSN {é }J o
L oo 1°
PUBLICATIONS
Military
MIL-HDBK-216 RF Transmission Lines and Fittings

(Copies of specifications, standards, procedures, drawings, and publications
required by contractors in connection with specific procurement functions
should be obtained from the procuring activity or as directed by such activity. )

3. REQUIREMENTS

3.1 General requirements. Unless otherwise noted on the procure-

ment document or the detailed engineering drawing, the following general
manufacturing requirements shall apply to all classes of cable assemblies

fabricated or labeled in accordance with this specification.

*e

10
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3.1.1 ' Materials.
3.1.1.1 Insulated wire. Conductors shall have basic construction in

accordance with the specifications listed in Table I. Requirements for wire
gauge, twisting, shielding, and other features shall be as specified on the

detailed engineering drawing.

Table I. Insulated Wire Specification Requirements

Gauge Specification Type Voltage Insulation
16, 18, 20, MIL-W-16878/1 B 600-volt/PVC (polyvinyi chloride)
22, 24 insulation (105°C)
14 MIL-W-16878/2 C 1000-volt/ PVC insulation (105°C)
12 MIL-W-16878/3 D 3000-volt/ PVC insulation (105°C)
10 and MIL-W-5086/2A 600-volt/ nylon jacketed glass
larger braid over PVC insulation (105°C)

3.1.1.2 Fillers. Wires of the same American Wire Gauge (AWG)
size and type as the majority comprising the completed cable may be used as
fillers if such wires are continuous, i. e., no splices. Conductive filler ends
shall be insulated using sleeving as specified in 3. 1. 1. 3 when wires are not
used as fillers, nonconductive fillers may be used provided that such fillers

are not hygroscopic.

3.1.1.3 Sleeving. Heat-shrinkable sleeving in accordance with
MIL-I-23053/5, class 2 (flexible, transparent, irradiated polyolefin) shall be
used to insulate all splk'u‘:es, shield terminations, and conductive filler ends,

and to provide increased termination isolation at connectors.

3.1.1. 4 Solder sleeves. Solder sleeves used for splicing and termi-

nating shields shall be in accordance with JPL Specification FS505117.

11
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3.1.1.5 Shielding, braided. Unless otherwise specified on the

detailed engineering drawing, shields for single conductors, conductor com-
plexes, and overall shields shall be of braided construction. Shielding of
MIL-W-5086 wire shall be in accordance with MIL-C-7078. Overall shields
and shielding of MIL-W-16878 wire shall be in accordance with 3.2.5.3 of
MIL-W-16878. Braided shields over a wire complex of five or more con-
ductors shall have a spiral wrap of polyester tape over the last lay of wires

under the shield. The tape and wrap shall be in accordance with 3.1, 1.8.

3.1.1.6 Shielding, aluminized polyester. Techniques for using

aluminized polyester as a shield for single conductors and conductor complexes

shall be as follows:

a. Conductors to be shielded shall be combined with a
stranded, tinned-copper drain wire in a manner consis-
tent with 3.2.1.2 herein. Drain wires shall be in
accordance with Federal Specification QQ-W-343,
type C, class C tin coated and shall be size AWG 24 or
larger.

b. The conductor complex shall be spiral wrapped using
alurhinized polyester tape with aluminized surface con-
tacting the drain wire and using a pitch which will pro-

vide a 50% overlap.

3.1.1.7 Inner shield coverings. Unless otherwise specified on the

detailed engineering drawing, cable assemblies with internal braided shields
shall have the shields covered with a nonconductive covering, for isolation, as

specified below.

a. Cable assemblies consisting of four or fewer shielded
complexes and wires in any combination shall have the
individual shields covered with a polyvinyl chloride
jacket in accordance with 3.2.5.2 of MIL-W-16878.

12

r . s



vz e

o

JPL Spec DOS-8913-GEN E

b. Cable assemblies consisting of five or more shielded
complexes and wires in any combination shall have the
individual shields covered with a spiral wrap of poly-
ester tape. The tape and wrap shall be in-accordance
with 3.1.1.8.

3.1.1.8 Polyester tape. Polyester tape used under and over braided

shields shall meet or exceed the requirements of MIL-1-631, type G, class 1.
The tape used shall not be less than 0. 0005-inch thick. The tape shall be

spiral Wrappea to provide a 50% overlap.

3.1.1.9 Jacket and tape materials. All jacket and tape materials

used in the construction of cables in accordance with this specification shall be
certified new material. Any material which has been previously processed in
any manner not essential to its manufacture shall not be considered as new

material and its use shall be cause for rejection of the finished cable assembly.

3.1.1.10 Connectors. The connector and size shall be as specified on
the applicable engineering drawing. Any modifications to connectors shall be
performed only upon Written authorization from JPL cognizant engineering
personnel prior to start of any modification of the assembly or part. If this
modification removes any surface process, treatment, or plating, the modified
surface shall be treated with the correct process in accordance with the
applicable connector or material specification. All contacts shall be installed
in connectors even though they may not be wired.

-

3.1,1,11 'I'er_mination of unused wires. All ends of unused conductors

shall be turned back and secured individually with shrink tubing. The secured

end shall be left long enough for termination at a later date.

3.1.1.12 Connector sealing compounds. Connector sealing compounds
(potting and molding compounds) shall be in accordance with 3.3.5.1 and (

3. 3. 6.1 of this specification.

13
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3.1.1.13 Strain relief devices. The requirements for use of a strain

relief device shall depend on the cable type (refer to 3.2.1.1 and 3.2.2.1).
Where engineering drawings do not specify the type of strain relief device to be
used, prior approval of the type selected for use shall be obtained from JPL
engineering. The cable manufacturer shall install a protectlve cable clamp
bushing on all connector assemblies utilizing a strain relief device to protect

the wires and/or to insure proper fit between cable and clamp.

3.1.1. 14 Cable identification. Cablé identification shall be accom-

plished by labels in accordance with 3.3.7. 1.

3.1.1.15 Additional requirements, class E cable assemblies (PC

boards). In addition to the requirements specified herein, the following re-

quirements shall apply to all type E cable assembly cables terminated with PC

boards.

a. At no time shall the cable clamp or wiring components
mounted on the PC board exceed the height of the
handle attached to the PC board.

b. The outside diameter of the cable under the strain
relief clamp, as supplied with Printed Wiring Board
Connector Module 9449988, shall be 0. 30-inch mini-
mum and 0. 50-inch maximum.

c. Conductors shall be spot tied between the strain relief
clamp and the termination point, as necessary, to
insure that the requirement of (a.) above is adhered to.

d. Only 22 and 24 gauge wire can be used on PC boards.
In cases where the cable conductor is larger than 22

k gauge, the conductor shall be spliced with a 22-gauge
wire for termination on the PC board. In cases where
the cable conductor is smaller than 24 gauge, it shall
be spliced with a 24-gauge wire for termination on the

PC board. Splices shall be in accordance with 3. 3. 4.

14
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3.1.2 Workmanship. Inspection and workmanship shall be in
conformance with JPL Specification GMO-50190-GEN and as specified herein.

S 3.1.2.1 Connector clean'mg_. Connectors shall be cleaned in accor-
dance with 3. 3.5. 2.

3.1.2.2 Ferrule cleaning. Ferrules shall be cleaned in accordance
with 3.3.1.2.a and 3.3.4.4.a.

3.1.2.3 Wire tension. Connectors shall be wired in a manner which

will assure an even distribution of wire tension and will minimize wire cross-

overs. All wires entering a connector shall equally support the cable mass.

3.1. 2.4 Connector termination isolation. Where connector or con-

nector compounds do not provide adequate conductor termination isolation, and
where this is not accomplished by connector sealing (potting or molding),

sleeving in accordance with 3. 1. 1. 3 shall be used.

3.1.2.5 Connector molding and potting. Connector molding and

potting shall be uniform in hardness and shall not exhibit any excessive build-

up or uneven areas, voids, chips, flakes, bubbles, punctures, or holes.

g

. ¥
3.1.2.6 Connector clamps. Connector clamps or retaining devices é\

LY
shall not be tightened to a point of distorting the cable bundle or causing a

possible cold-flow condition.

3.1.2.7 Label legibility. All label markings shall be legible,

Markings shall be placed so they read toward the connector.

3.2 Detailed manufacturing requirements, class 1, 2, and 3 cable

assemblies,

3.2.1 Class 1 cables, multiconductor, jacketed.
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3.2.1.1 Types.

Class 1 cables will be of five types based on the con-

nector backshell requirements. Specific type requirements will be determined

by notes on the detailed engineering drawing.

Type A .

Type B

Type C

Type D

Type E

Cable clamp or strain relief (nonmolded/
nonpotted). Drawing note will be: ''Fabricate and
identify per JPL Specification DOS-8913-GEN,
class 1, type A."

Potted connector backshell (refer to 3. 3. 5)..
Drawing note will be: '"Fabricate and identify
per JPL Specification DOS-8913-GEN, class 1,
type B."

Molded connector backshell (refer to 3. 3. 6).
Drawing note will be: "Fabricate and identify
per JPL Specification DOS-8913-GEN, class 1,
type C. "

Nonmolded, nonpotted, nonclamped bulkhead-type
connector. Drawing note will be: '"Fabricate and
identify per JPL Specification DOS-8913-GEN,
class 1, type D. "

Printed circuit board. Drawing note will be:
"Fabricate and identify per JPL Specification
DOS-8913-GEN, class 1, type E."

3.2.1.2 Basic cable construction. Cable assemblies shall be manu-

factured using a planetary or equivalent technique which lays wires in helical

layers concentric with a central core, but prevents any twist from being intro-

duced into the individual wires. The pitch/diameter ratio for any given layer

of wiring components shall be not less than 8 to 1 nor greater than 12 to 1.

Each successive layer shall be laid in the opposite rotation to the preceding

layer. Lay patterns shall be designed and controlled to provide minimum

cable diameter while maintaining flexibility. Cable lay pattern shall be

designed to provide a circular cross-section to the finished cable assembly.

16
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3.2.1.3 Breakouts. At points where a cable assembly subdivides
into two or more smaller cables, a primer and polyurethane compound in
accordance with Table VI shall be molded around the points of convergence.
Cable jacks shall be prepared in accordance with applicable portions of 3.3.6. 4
The separate cables shall be bound together prior to their point of emergence
from the molded mass. The mold configuration shall provide adequate encap-
sulation of junctions without introducing an excessively large mass into the
assembly (refer to 3.3.6.3). Individual cable jackets shall be overlapped a
minimum of 1/2 inch by the molded mass to provide mechanical support, and
shall be completely bonded to the molded mass. The cables branching out shall

have the same helically stranded construction and flexibility as the main cable.

CAUTION

Where coaxial cable elements are required in a
class 1 cable assembly, accelerated curing
temperatures for molded or potting cabling, if
used, shall be chosen which will not destroy
the basic physical and electrical properties of
the coaxial cable(s). :

3.2.1.4 Tapes. A spiral wrap of tape providing a minimum of 50%
overlap shall be provided over the outer layer of wiring in accordance with the

following:

3

3.2.1.4.1 Nonoverall shielded cable assemblies. Nonoverall shielded

cable assemblies shall contain tape that meets or exceeds the requirements of
MIL-1-631, type F, form T, class 1, category 1, grade A. Where it is
necessary to facilitate the lay-up of a cable, yarn defined in MIL-C-572

(type P, form 4, three ends of 210 denier nylon), may be applied as a binder
over any wiring group (not overall shielded) which constitutes a complex of the

total cable wiring.

3.2.1.4.2 Overall shielded cable assemblies. Cable assemblies which

have an overall braided shield and which consist of five or more shielded

17
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complexes or wires or both, shall have a spiral wrap of polyester tape under the shield and over the
shield prior to application of the outer jacket. The tape and wrap shall be in accordance with 3.1.1.8.
Cable assemblies with an overall shield and consisting of four or fewer conductors do not require a
spiral wrap of polyester tape prior to application of the outer jacket.

3.2.1.5 Jacketing. Outer jackets of the complete cables shall be to two types. The bill of
material on the detailed engineering drawing shall specify the type to be used. The cable jacketing
material shall extend under the connector cable clamp, mold, or other strain relief device to ensure that
the jacketing and cable body will remain securely clamped or contained during normal flexing or
stressing of the cable in the clamping area. (The minimum cable bend radius shall be 10 times the
outside diameter of the finished cable for purposes of defining “normal” flexing.)

Type 1

Neoprene compound (synthetic rubber) conforming to MIL-R-6855, class II grade
60. Material shall not cause deterioration of finished surfaces of wood, metal, or
fabric, with which the cable may come into contact. The jacket shall not become
tacky when exposed to severe climatic conditions. Natural rubber, reclaimed
rubber, or fabric shall not be included in the jacket material. Type I tubing wall
thickness shall be in accordance with Table II. The size of the jacketing material
shall be selected to provide a snug fit between the inner wall of the jacketing and the
outer surface of the cable bundle. The installed jacketing inside diameter (ID) shall
not exceed the preinstalled jacketing ID by more than 10%. Type I jacketing
material “cure dates,”, as described in MIL-R-6855, shall be less than 6 calendar
quarters prior to the date of the JPL cable assembly in-process inspection.

Changed April 1, 1995 18
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Type LI Polyvinyl chloride (PVC) extruded jacketing.
When type III jacketing is specified, it shall be
black in color and applied by extrusion to the
cable assembly. The insulation shall be applied
concentrically about the cable bundle and so
cured, processed, or maintained as to provide
for accurate centering of the cable bundle and
retention of a circular cross-section. At any
cross-section along the length of the completed
cable, the insulation wall thickness shall be in

accordance with Table III.

Note: Type I jacket may be used in place of Type III
jacket without prior approval of JPL.

3.2.2 Class 2 cables, multiconductor, nonjacketed.

3.2.2.1 Types. Class 2 cables shall be of five types based on
connector backshell requirements. Specific type requirements will be deter-

mined by notes on the detailed engineering drawing.

Type A Cable clamp or strain relief (nonmolded/
‘ nonpotted). Drawing note will be: "Fabricate
and identify per JPL Specification DOS-8913-GEN,
- o class 2, type A.'*
Type B Potted connector (refer to 3,3.5). Drawing note
will be: "Fabricate and identify per JPL
. . Specification DOS-8913-GEN, class 2, type B."
Type C Molded connector (refer to 3.3.6). Drawing note
will be: "Fabricate and identify per JPL
Specification DOS-8913-GEN, class 2, type C." -
Type D Nonmolded, nonpotted, nonclamped bulkhead type
connector. Drawing note will be: '""Fabricate and
identify per JPL Specification DOS-8913-GEN,
class 2, type D."

19
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Type E Printed circuit board. Drawing note will be:
* "Fabricate and identify per JPL Specification
DOS-8913-GEN, class 2, type E."

’ : Table II. Type I Tubing Sizes and Tolerances*

Inside Wall Thickness
Piameter s e : . Extra Heavy
(in. %1/64) Light (in.) Heavy (in.)  (in. #1/32)
1/8 3/64 + 1/64, -0 1/16 + 1/64, -0 3/16
5/32 3/64 + 1/64, -0 1/16 + 1/64, -0 3/16
| 3/16 3/64 % 1/64 1/16 + 1/64, -0 3/16
l 1/4 1/16 + 1/64 3/32 + 1/64 3/16
| 5/16 1/16 % 1/64 3/32 % 1/64 3/16
j . 3/8 1/16 £ 1/64 3324 1/64 174
7/16 1/16 + 1/64 3/32 + 1/64 1/4
1/2 1/16 + 1/64 1/8 + 1/64 14
9/16 1/16 + 1/64 | usx1/64 1/4
5/8 1/16 % 1/64 1/8 % 1/64 ‘ --
3/4 3/32+ 1/64 1/8 + 1/64 --
7/8 3/32 % 1/64 1/8 + 1/64 | ‘e
1 3/32 % 1/64 1/8 £ 1/64 --

*The figures in this table contain intentional deviations from MIL-S-6855,
but are in compliance with tubing sizes and tolerances recommended for
use in DSIF equipment cabling.

3.2.2.2 Basic cable construction. - All class 2 cables shall be com-

pact and neatly formed with a minimum of crossovers. The lay pattern shall

be determined by the number of connectors on the cable assembly.

20
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Table III. Type III Wall Thickness Versus Cable Outside
Diameter (all dimensions are in inches)

Cable OD Jacket Jackef ‘ Jacket
Less Jacket Wall (nominal) Wall (minimum) Wall (maximum)

0.0 - 0.30 0.035 0.030 0. 040
0.30 - 0.50 0. 045 0. 040 0. 050
0.50 - 0,75 0. 050 - 0.045 - 0. 055
0.75 - 1.00 0. 060 0._055 0. 065
1.00 - 1,50 0. 090 0.085 0.100
1. 50 and above 0.125 0.110 0. 135

3,2.2.2.1 Assemblies with four or fewer connectors. Class 2 cable

assemblies with four or fewer connectors shall utilize the same method of

manufacture described in 3.2.1.2 for class 1 cable assemblies,

3,2.2.2.2 Assemblies with five or more connectors., Class 2 cable

assemblies with five or more connectors may have the conductors twisted or
grouped into a nontwisted lay pattern, and formed as required by the detailed

engineering drawing.

3.2.2.3 Wire grouping. Wire grouping at breakouts and connector

entries shall be performed as follows:

a. Wire groups or bundles within a cable, approaching
branch points, shall be positioned to accept the mini-
mum amount of harness distortion.

b. Connectors shall be wired in an orderly fashion to ob-
tain an even distribution of wire tension. All wires in
a connector shall equally support the cable mass.

c. Wires shall be properly positioned prior to approaching

the branch points in order to minimize crossovers.
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d. Splices, when required, shall be located in the back-
shell area if possible, provided enough antiflexing

support is obtainable.

3.2.2.4 Spot ties. Conductors of class 2 cables shall be secured with
spot ties consisting of a clove hitch and a square knot. Groups of wires having
an overall diameter of 1/2 inch or less shall have spot ties spaced at 3/4-inch
intervals. Groups of wires with 1/2-inch to 3/4-inch overall diameters shall
have the spot ties spaced at 1-inch intervals. Groups of wires having overall

diameters greater than 3/4 inch shall have spot ties spaced at 1-1/2-inch

intervals.

3.2.2.5 Spot tie material. Spot tie material shall be flat, braided,

nylon yarn impregnated with microcrystalline fungicidal wax, in accordance

with MIL-T-43435, type 1.

3.2.3 Class 3 cables, coaxial type. Coaxial cables shall be in

accordance with Specification MIL-C-17. Class 3 cable assemblies will be of
the types specified below. Specific type requirements will be determined by

notes on the detailed engineering drawing.

Note: When more than one coaxial conductor is required
in a cable assembly, the class 1 or class 2 manu-
facturing requirements are applicable (as speci-
fied in the detailed engineering drawing), in addi-
tion to the class 3 requirements.

Type A Nonpotted backnut. Drawing note will be:
"Fabricate and identify per JPL Specification
DOS-8913-GEN, class 3, type A."

Type B Potted backnut (refer to 3. 3.5.4). Drawing note

will be: "Fabricate and identify per JPL Speci-
fication DOS-8913-GEN, class 3, type B."
Type C Crimped connector. Drawing note will be:
"Fabricate and identify per JPL Specification
DOS-8913-GEN, class 3, type C."
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Type D Bulkhead type connector. Drawing note will be:

"Fabricate and identify per JPL Specification
DOS-8913-GEN, class 3, type D."

Type E Printed circuit board. Drawing note will be:

"Fabricate and identify per JPL Specification
DOS-8913-GEN, class 3, type E."

3.2.3.1 Basic cable construction. Assembly procedures for coaxial

connectors shall be in accordance with MIL-HDBK-216 for MIL-C-39012

connectors and in accordance with the connector manufacturer's specifications

for special connectors.

All coaxial connectors shall be of captivated contact

type. In addition, the following requirements shall apply:

a,.

The contact depth shall be maintained within 0. 015 inch

of the specified dimension or to the tolerance estab-

lished by the connector manufacturer on connectors
where contact depth is preset. In areas of conflict
between JPL and connector manufacturer's require-
ments, the conflict shall be referred to cognizant JPL
personnel for resolution. |

The cable shall be free of distortion, cracks, burns, or

other damage.

There shall be no nicks or cuts on shield braid.

The center conductor shall be free of nicks.

The dielectric shall be cut 90 degrees to center

conductor. -

The center conductor length shall be such that upon
.insertion, the dielectric touches the contact and the
“conductor is visible through the inspection hole.

The completed términation shall withstand the connec-

tor manufacturer's written recommended pull-test

requirements.
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3.2.3.1.1 Additional requirements, type A and type B cables. In

addition to the requiréments specified above, the following requirements shall

apply for type A and type B cable assemblies:

a. There shall be no buildup of solder on the exterior of
the center contact.

b. There shall be no flux on the contact.

c. The dielectric shall not be burned, distorted, frayed,
or contaminated, . '

d. All cable braid shall be ""combed" so that the strand
crossover does not exceed 5%.

e. The backnut shall be torqued as specified in Table IV.

Table IV. Coaxial Connector Backnut Torque Limits

Connector Backnut ' Torque
Thread OD (inch) (inch- pounds)
Less than 1/4 15 to 20
1/4to 1/2 25 to 30
Greater than 1/2 ' 35 to 40

3.2.3.1.2 Additional requirements, type B cables. In addition to the

requirements specified above (3.2.3.2 and 3. 2. 3.2.1) type B cables shall have
been assembled completely, including torquing of the backnut prior to potting.
Potting shall be accomplished in accordance with the procedure of 3.3.5.4.

3.3 Detailed manufacturing requirements, processes, and procedures.

3.3.1 Shield terminations. The following requirements and pro-

cedures shall apply to the termination of shields of conductors and conductor
complexes having overall diameters less than 0. 370 inch. Unless otherwise

specified on the detailed engineering drawing, and subject to prior approval by
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cognizant JPL engineering, the method used to terminate shields of cables
having larger diameters will be at the option of the contractor. Methods
selected by the contractor shall provide adequate isolation of all portions of

the termination and maximum electrical reliability.

3.3.1.1 Materials. Unless otherwise specified, the following

materials and equipment shall be used for all shield terminations.

a. Ferrules. Inner ferrules shall be tin-platéd brass
alloy and shall conform to Military Standard MS21981.
Outer ferrules shall be uninsulated, tin-plated copper
or brass alloy and shall conform to Military Standard
MS21980. _

b. Sleeving. Heat shrinkable sleeving shall be in accor-
dance with 3.1.1.3.

c. Solder sleeves. Solder sleeves in accordance with

3. 1. 1.4 may be used to terminate braided shielding.
Installation of solder sleeves shall be in accordance
with JPL Specification FS505117.

d. Crimping tool. Crimping tools shall be in accordance

~

with manufacturer's recommendations for the particular

outer ferrule used.

e. Heating device. The heating device used for shrinking

sleeving shall be capable of delivering an accurately
aimed stream of air heated to temperatures of 200°
to 300°C (392° to 572°F).

f. Cleaning solvent. Technical inhibited -1, 1:1 trichloro-

ethane conforming to Federal Standard O-T-620.

3.3.1.2 Shield termination requirements. = The following general

requirements are applicable to all shielded wire terminated in accordance

with this specification.

a. All ferrules shall be cleaned in an ultrasonic cleaning

tank prior to JPL in-process inspection using the
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solvent specified in.3.3.1. 1.f. The immersion time
shall be 2 (0. 5) minutes. After an initial cleaning,
the process is to be repeated with clean solvent.
Shields shall be terminated at a minimum of 1/2 inch
and a maximum of 3 inches from the center conductor

termination.

‘ WARNING I

Shields shall never be terminated under a clamp-
ing device or strain relief device.

Where metal backshells and cable clamps are required,
all shields shall be terminated where possible within

a backshell, but shall not exceed 3 inches from back of
connector. -
Where more than one shielded conductor is included
within the cable assembly, adjacent shield termina-
tions shall be staggered.

Shield jumper wires shall be AWG 22, stranded,
insulated wire and shall have a length of approximately
3 inches.

Shield jumper wires shall be positioned within the
caBle bundle to minimize crossovers.

The wire from the final shield termination to the con-
nector contact shall have the same gauge as the nominal
contact size *1 gauge.

The shield return wire, a wire from the connector
contact, and a shield jumper wire may be combined in

the final shield termination as shown in Figure 1.
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SHIELD JUMPER WIRE
SHIELD RETURN WIRE

CONNECTOR PIN WIRE

Figure 1. Shield Termination Jumpers

3.3.1.3 Term'mat';on of braided shields.

3.3.1.3.1 Nonfloating end. The following procedure shall be used to

terminate the nonfloating ends of braided shielding.
a. Remove insulation jacket from shielding using thermal

strippers. Splay shield out to accept the inner ferrule

(see Figure 2).

SHIELD JUMPER WIRE

4. —

STEP | STEP 2 STEP 3 GSC
GSB

GSB — GROUNDING SHEATH BRASS
GSC — GROUNDING SHEATH COPPER

Figure 2. Braided Shield Terminations, Nonfloated
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Figure 3.

Select an inner ferrule which slips over the inner con-
ductor(s) without binding. The inside diameter of the
ferrule should not exceed the diameter of the conduc-
tor(s) by more than 0. 025 inch. Ihe ferrule should be
slipped between the inner conductor(s) and the shield
and butted against the shield jacket.

Prepare any wires to be crimped with the shield in
accordance with 3.3.1,2. Sufficient insulation shall be
removed to allow these wires to extend the full léngth
of the ferrule,

Select an outer ferrule and install over the shielding
and wires to be crimped with the shield. Butt the-
outer ferrule to the shield jacket. The inner ferrule
shall protrude beyond the outside edge of the outer
ferrule 1/16 inch (+1/32, -0 inch). The insulation on
wires to be crimped withvthe shield shall not extend
under the outer ferrule, and the insulation gap shall
not exceed 1/32 inch,

Crimp the assembled termination with the crimping
tool recommended for the outer ferrule selected.
Trim the excess shield and wire strands from the
crimped termination using a very sharp cutting tool.
The inner ferrule should be used as a cutting mandrel

as shown in step 2 of Figure 3.

——] |- 1/16(+1/32,-O)IN.

SLEEVING —\-_ A INNER FERRULE
I — ==

STEP 2 1/4 m.—bl lf; L V&N,

STEP 3

Crimping Procedure, Nonfloated Terminations
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g Heat shrinkable sleeving shall be applied over each
completed termination. The sleeving shall overlap the
' . termination at each end by 1/4 inch (+1/16, -0 inch) as
“- shown in step 3 of Figure 3. :
h, The completed termination shall be capable of with-
standing a pull test of 10 pounds.

e Y e e

3.3.1.3.2 Floating end. The following procedure shall be used to ter-
minate the floating ends of braided shielding. '

a. Remove insulating jacket from shielding using thermal
strippers.

b. Roll shield back over the shield jacket 3/16 inch
(+1/32, -0 inch) as shown in step 2 of Figure 4,

c. Heat shrinkable sleeving shall be applied over each
completed termination. The sleeving shall overlap the
termination at each end by 1/4 inch (+1/16, -0 inch) as

: shown in step 3 of Figure 4.

. STEP | 3/16 (+32,-0)IN. —.I l‘-—

STEP 2

Figure 4. Shield Termination, Floated End

3.3.1. 4 Termination of aluminized polyester shields.

3.3.1.4.1 Nonfloating end. The following procedures shall be used to

— terminate the nonfloating ends of aluminized polyester shielding.
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A.

Strip back aluminized polyester shield to uncover
desired length of the inner conductor(s) and cut off
using scissors.

Shrink a length of heat shrinkable sleeving over the
drain wire. The sleeving shall extend a minimum of

1/4 inch under the end of the shield as shown in

Figure 5.

3.3.1.4.2 Floating end. The following procedures shall be used to

terminate the floating ends of aluminized polyester shielding.

Strip back aluminized polyester shield to uncover
desired length of the inner conductor(s) and cut off
using scissors.

Cut drain wire 1/4 inch from end of shield.

Shrink a length of sleeving over the drain wire. The
sleeving shall extend a minimum of 1/4 inch under the
end of the shield and a minimum of 1/4 inch past the
end of the drain wire.

Secure the shield and drain wire by shrinking a 1-inch

length of sleeving over the three wires and the end of

the shield.

3.3.1.5 Shield terminations of type E cables (PC boards). All shield

terminations for type E cable PC boards, except coaxial as noted below in

3.3.1.5.3, shall be a maximum of 4 inches or a minimum of 1 inch from

point where cable crosses edge of PC board as shown in Figure 6.

3.3.1.5.1 Shielded and jacketed conductors. Each shield shall be ter-

minated in accordance with 3.3.1.3.1 and 3. 3.1. 4 and staggered within the

area described in 3. 3. 1. 5.
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SHIELD DRAIN

WIRE
MYLAR WRAP
——— INSULATED
CONDUCTORS
B
— 1

HEAT SHRINKABLE SLEEVING

0.25 IN. APPROX. —/‘J\

’__;r'

(

0.62 IN. APPROX. —/‘\ i

HEAT SHRINKABLE SLEEVING

Figure 5. Method for Terminating Aluminized Polyester Shields
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CABLE A
\

CABLE B
\

3 IN, SHIELDS TERMIMATE
WITHIN THIS AREA

s s

IN,

| !
STRAIN RELIEF CLAMP \ \lo i ol
PART OF ITEMS

1/4 IN. MIN

o
~

L

Figure 6. Shield Terminations, Type E Cables (PC Boards)

3.3.1.5.2 Shielded conductors (SCS and TPS). All shields shall be

terminated at the same point within the area described in 3.3.1.5 and secured

with 1 inch (21/8 inch) of thermal fit tubing as shown in Figure 7.

3.3.1.5.3 Shieided coaxial conductors. Coaxial type shielding shall be

terminated in accordance with 3. 3.1 and shall be terminated on PC board as

close to point of termination as possible.
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JACKET REMOVED

THERMAL
FIT TUBING

UNSHIELDED
CONDUCTORS

SHIELDED
CONDUCTORS
SHIELD
TERMINATION —
1 IN. - 3 IN,
FROM EDGE OF
PC BOARD

Figure 7. Termination of SCS and TPS Shields of Class I Cables

3.3.2 Crimped terminations. Unless otherwise specified and

except as noted below, the hardware manufacturer's recommended crimping
tools and procedures shall be used by the cable manufacturer. These written

procedures shall be made available to JPL source inspectors.

3.3.2.1 Crimping requirements. The following requifements are

necessary to ensure a good mechanical and electrical connection:

a. The conductor shall be visible when viewed from a
direction perpendicular to the contact through the
inspection hole.

b. There shall be no insulation gap between the conductor
insulation and the point at which the conductor enters

the terminal or contact.
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c. When tested in accordance with 3.3.2.4 the mechanical
connection of the wire and terminal shall be capable of
withstanding the pull test values in Table V without

noticeable separation from the contact.

3.3.2.2 Crimping preparation. All wire used shall be handled so as

to prevent damage to the conductor and insulation. Wire strands shall remain
in their original configuration. Insulation on wires shall be removed only by
the use of thermal strippers. When the wire is covered with a glass composi-
tion braid, this braid shall be cut with a sharp knife causing a minimum of
damage to the plastic insulation. The remaining plastic insulation shall then be

removed using thermal strippers.

3.3.2.3 Crimp contact/wire gauge incompatibilities. Where incom-

patibilities exist between wire size and connector contact of terminal hardware

the following procedures are applicable:

a. In all cases where the specified wire gauge is larger
than the crimp termination, the wire shall be spliced
to a wire of the same gauge as the contact utilizing
splicing procedures specified in 3. 3. 4.

b. In all cases where the specified wire gauge is smaller

. than that recommended for a particular crimp contact
size, terminations shall be accomplished by soldering

in _accorcfance with 3.3, 3.

3.3.2.4 Pull test. The terminal of the connection to be tested shall
be rigidly mounted and a force applied to the conductor in such a manner that
the terminal and conductor will remain on a common central axis with the con-
ductor unbent and untwisted. The force shall be gradually increased to the
value specified in Table V and maintained at that value for a minimum of 5
seconds. At the conclusion of the test, the connection can meet the require-

ments of 3.3.2.1.
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Table V. Pull Test Values for Connections of Wiring to Crimp Type Connector Contacts

AWG Wire Size Pull Test Value
(or cross-section circular mil equivalent) (pounds)
22 15
20 19
18 38
16 50
14 70
12 110
333 Soldered terminations. Soldered terminations shall be made as described herein.

The essential features of a good solder joint are that each of the joined surfaces is wetted by a film of
solder, the films of solder are continuous, and the solder fills the space between the surfaces uniformly.

These films form only on a clean or oxide-free surface.

3.3.3.1 Soldering materials and equipment. Unless otherwise specified, the following

materials and equipment shall be used for all soldered terminations:

Cleaning solvents. Cleaning solvent shall b

b. Solder. Solder used for electrical and electronic connections shall conform
to Federal Specification QQ-S-571, composition SN-63, form W, type R,

core condition and size P3. Where use of SN-63 solder

Changed April 1, 1995 35
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would delay completion of cable fabrication, solder
conforming to QQ-S-571, composition SN-60, form W,
type R, core condition, and size P3 may be substituted
without prior approval of JPL.

Flux. Flux used on resoldered connections which can-

“ not be disassembled and cleaned shall be liquid, non-

active, noncorrosive, nonconductive rosin flux con-
forming to MIL-F-14256, type W.

Soldering equipment. Temperature-controlled solder-

ing irons shall be selected that satisfy the job require-
ments. Soldering guns or resistive soldering equip-

ment shall not be used without prior JPL approval.

3.3.3.2 Soldering requirements. The following requirements are

necessary to ensure a good mechanical and electrical condition:

When wires are terminated in connector solder cups, .
all strands shall be in the cup and the stranded bundle
shall be inserted to the full depth of the cup. '

The solder must fill the entire cup cavity at the rear

of the connector contact without evidence of excessive

solder. .
Parts shall be held together during the soldering opera-
tion. The connection shall not be disturbed until the
solder has completely solidified. -

The areas to be connected shall be heated to the flow

temperature of the solder. The heat shall be con-

- trolled during the soldering operation to prevent dam-

age to the assembly.

The gap between the wire insulation and the soldered
connection shall not exceed the diameter of the con-
ductor; 1/32 inch is the recommended minimum gap

for the smaller wire sizes.
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f. Each completed solder connection shall have solder
flow on all surfaces of contact between the connected
parts, and be nonporous, free of voids, breaks, and
similar imperfections. The general contour of each
part shall be discernible at the completed connection.
Heavy beads or fillets shall be cause for rejection.

g- There shall be no flux residues on surfaces of electri- |
cal contacts, or where residues interfere with opera-
tion or assembly of the component.

h. Swollen, distorted, scorched, or cracked insulating

components shall be cause for rejection.

3.3.3.3 Preparation of surfaces. The surfaces of the parts to be

joined shall be cleaned prior to the tinning or soldering operation using one of

the solvents specified in 3.3.3.1.a.

a. Stripping of insulation, All wire used shall be handled

so as to prevent damage to the conductor and its insula-

tion. Wire strands shall remain in their original con-
figuration. Insulation on wires shall be removed only
by the use of thermal strippers. When the wire is
covered with a glass composition braid, this braid
shall be cut with a sharp knife, causing a minimum of
damage to the plastic insulation. The remaining
plastic insulation shall then be removed using thermal

strippers.

b. Individual tinning of parts. All conductors shall be
" tinned prior to the soldering operation unless the size
of the wire, where tinned, would make insertion of the

wire into the cups difficult.

3.3.3.4 Connector/wire gauge incompatibilities. Where incompati-

bilities exist between sizes of wire and connector hardware, one of the
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following splicing metho&s shall be used with wire of the nominal pin gauge
] gauge. See 3.1.1.15 for type E (PC board) cable termination compatibility

requirements.

a. In-line splice to conform with the workmanship
requirements of GMO- 50196. (Solder sleeves may be
used for in-line splices in accordance with JPL
Specification FS505117.) (Refer to 3.3.4.3.)

b. Parallel splice, when used, shall be in accordance with

paragraph 3.3.4.4.

3.3.3.5 Reworking soldered connections. Where a satisfactory

solder joint is not obtained, the connection shall be disassembled, the parts
cleaned, and the entire soldering operation repeated. Connections which
cannot be disassembled and cleaned may be reheated with the addition of flux

conforming to 3.3.3.1.c.

3.3.4 Splicing. Splicing of conductors shall be performed only

when specified on the detailed engineering drawing or in this specification.

3.3.4.1 Splicing materials and equipment. Unless otherwise speci-

fied, the following materials and equipment shall be used for all splicing of

conductors:

a. Shield termination ferrules. Ferrules shall be tin-

plated copper or brass alloy and shall conform to
Military Standard MS21980 or MS21981.

b. -~ Sleeving., Heat- shrinkable sleeving shall be in accor-
dance with 3.1.1.3,

c. Heating device. The heating device used for shrinking

sleeving shall be capable of delivering an accurately
aimed stream of air, heated to temperatures of 200°

to 300°C (392° to 572°F).
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Solder sleeves. Solder sleeves in accordance with

d.
3.1.1.4. Installation shall be in accordance with this
specification.
e. Cleaning solvent, Technical inhibited -1, 1:1 tri-
chloroethane conforming to Federal Specification
0-T-620.
3.3.4.2 Splicing requirements. The following general requirements

are applicable to all splices made in accordance with this specification:

Splices shall be positioned as close as possible to the

a.
conductor termination. When practicable, splices
shall be positioned within the backshell or mold area of
the connector.
b. When twisted wires are spliced, the splices shall be
separated by not more than 2 inches.
3,3.4.3 In-line splicing. The following requirements, in addition to

those described in 3. 3. 4.2, shall be used for in-line splices. Figure 8 illus-

trates proper in-line splicing techniques.

a.
b.

Use approprlate solder sleeve.
Cover with shrink tubing extending approxunately 1/4

inch over insulation.

3.3.4.4 Parallel splicing. The following requirements, in addition

to those described in 3. 3.4.2, shall be used for parallel splicing. Figure 9

illustrates proper parallel splicing techniques.

.

All ferrules shall be cleaned in an ultrasonic cleaning
tank prior to JPL in-process inspection using the
solvent specified in 3.3.4. 1. e. The immersion time
shall be 2 (£0. 5) minutes. After an initial cleaning,

the process is to be repeated with clean solvent.
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I
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Figure 8. In-Line Splice

Surfaces of the parts to be joined shall be prepared

in accordance with 3.3.3.3. Sufficient insulation shall
be removed to allow the conductors to extend the full
length of the ferrule and allow a gap between the insula-
tion on the wires being spliced and the splice of 1/32
inch minimum or the diameter of the conductor.
Soldering procedure shall be in accordance with 3.3.3.
A complete solder fillet shall be visible at each end of
the ferrule without evidence of excessive solder buildup
on the outside of the ferrule.

Heat shrinkable sleeving shall be applied over each

- completed splice. Sleeving shall overlap the splice

1/2 inch (+1/16, -0 inch). When splices are positioned
within the backshell mold area of a connector, the
sleeving shall overlap the splice 3/16 inch (+1/16, -0

inch).
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TWO OR THREE CONDUCTORS

PERMISSIBLE

— at— |/2 IN.

1/16 IN +0 ~-1/32 IN.
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Figure 9. Parallel Splicing Sequence for Cables
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f. A second piece of heat shrinkable sleeving shall be applied over each
completed splice (see Figure 9). This sleeve shall extend a minimum

of 1/4 inch beyond the end of the primary sleeve.

3.3.5  Connector potting. When connector potting (type B cable assemblies) is specified, the
following requirements and procedures shall apply. Connector potting provides an environmental seal

at the rear of the connector and a rigid support for the connector terminations.

3.3.5.1 Materials Unless otherwise specified, the following materials shall be used in
the potting operation. Where more than one material is listed for a specific function, the particular

material chosen will be at the contractor’s option.

a.  Cleaning solvent. Cleaning solvent shall be

F pecification O-T-
b.  Potting/molding compounds and primers. Potting/molding

compounds and their primers are listed in Table VI.

3.3.5.2 Connector cleaning. All connectors shall be cleaned in an ultrasonic cleaning
tank, prior to JPL in-process inspection, using a solvent in accordance with 3.3.5.1.a. The immersion
time shall not exceed 60 seconds nor be less than 30 seconds. The connectors shall be blown dry using
filtered, dry, low-pressure air. Connectors shall be kept free of contamination during final assembly.

Connector plating shall be slightly roughened using a medium grade of emery cloth before priming.
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Table VI. Potting/Molding Compounds and Primers

Compound or
Primer

Description

Supplier

Usage

Polyurethane Compound

Potting/molding compound
for class 1 & 2 cables

Polyurethane Compound

Prepotting/molding material

Primer
PR-1523-M Primer
PR-1523-M Primer
Primer
PR-380-M Polysulfide Compound Potting Compound for
class 3 cables
Tetra-Etch Etchant W. L. Gore & Assoc.

application of PR-420

3353

shall be in accordance with the potting compound manufacturer’s recommended procedure as modified

by the additional requirements and exceptions listed below:

Potting procedure for class 1 and class 2 cable assemblies. Potting procedures

a. Prior to the potting operation, the connections shall have been

cleaned in accordance with 3.3.5.2 and received an in-process

inspection in accordance with 4.3.2.

Changed April 1, 1995
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Connectors shall be prepotted to the level of conductor
insulation using the compound recommended in Table
VI. To prevent splaying of contacts it is recommended
that a mating connector be installed prior to this opera-
tion. Prepotting compound shall be allowed to cure
prior to épplication of final potting compound.

Apply potting compound recommended in Table VI by
pouring or injection. It is recommended that the con-
nectors be subjected to mild vibration during thfs pro-
cess to settle the compound in the potting boot or back-
shell, to eliminate air bubbles, and to ensure even dis-

tribution of the potting compound.

CAUTION

Where coaxial cable elements are required in
a class 1 or class 2 cable assembly, acceler-
ated curing temperatures for potted connectors,

if use

d, shall be chosen which will not destroy

the basic physical and electrical properties of
the coaxial cable.

d.

The completed assembly shall not contain any surface
cracks, voids, chips, bubbles, punctures, or holes
which would prevent the potting compound from accom-

plishing the purpose for which it is intended.

3.3.5.4 Potting procedures for class 3 cable assemblies. The potting

procedure shall be in accordance with the potting compound manufacturer's

recommended procedure as modified by the additional requirements and

exceptio'ns listed below:

a.

Prior to the potting operation, the connectors shall
have been assembled in accordance with 3.2.3.2
through 3. 2. 3. 2.2,
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Note:

Do

After receiving an in-process inspection as described
in 4. 3, 2, the connector shall be assembled and the
backnut tightened until the gasket is sheared.

Loosen the backnut and pull back from the connector.
Utilizing one of the solvents specified in 3,3.5.1. a,
remove any deposits of grease, oil, wax, or ot.her»

foreign material from the metal portions of the

connector.

CAUTION

-

not allow solvents to come in contact with

the jacket of neoprene jacketed cables.

€.

Clean cable jackets by abrasion prior to application of
potting compound. Remove resulting dust particles
using a clean, dry brush. To obtain good adhesion to
TFE or FEP fluorocarbon, the surface must be etched
or treated to obtain a bondable surface.

Prepare potting compound in accordance with the
potting compound manufacturer's instructions.

Apply sufficient pottihg compound to the rear of the con-
nector to ensure that the fillet of potting compound
shown in Figure 10 will exist when the backnut is re-
installed,

To obtain good adhesion to polyvinyl jacketing,
the surface should be made tacky with methyl

ethyl ketone immediately prior to the applica-
tion of the potting compound.

h.

Reinstall connector backnut and tighten to the torque
specified in Table IV.
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Figure 10.

POTTING COMPOUND:

‘ 50% FELLET MAXIMUN REQUIRED

FILLET 75% OF
BACKNUT BACKNUT RADIUS
RADIUS MINIMUM: 50%
FILLET OF BACKNUT
RADIUS
CABLE
— '
A\
75% FILLET
CONNECTOR BACKNUT .
BODY

Connector Potting Compound Fillet, Dimensional Requirements

i Allow potting compound to cure for 48 hours.

CAUTION

Any flexing of the potted area during the cure
period may cause separation of the potting
material from the cable jacket.

jo After application, a strong fillet of compound shall

exist between the connector backnut and the cable

jacket, extending onto the backnut radius a minimum
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of 50% to a maximum of 75% of the total shoulder
surface and an equal amount onto the cable jacket
around 360 degrees of the junction formed by the con-
nector and the cable. The compound shall not have any
voids or bubbles visible to the unaided eye and shall
have a maximum surface adhesion to both elements
without separation under normal flexure. (Normal
flexure is defined as a bend radius not less than 10

times the outside diameter of the finished cable.)

3.3.6 Connector molding. When connector molding is specified

(type C cable assemblies), the following requirements and procedures shall
apply. Connector molding provides a nonrepairable, environmentally sealed

cable assembly of maximum reliability.

3.3.6.1 Materials. The following materials are required in addition -
to the connector potting materials listed in Table VI for preparation of molded

cable as semblies:

a. Primer. Primer conforming to MIL-5-22473, grade
T, form R shﬁll be used on surfaces prior to applica-
tion of sealing compound specified below.

b. Sealing compound. Sealing compound conforming to
MIL-S-22473, grade AA shall be used to prevent rota-

tion of threaded connector components after assembly.

3.3.6.2 Connector cleaning. Connectors shall be cleaned in accor-

dance with 3. 3.5. 2.

3.3.6.3 Mold configuration. The mold configuration shall provide

adequate encapsulation of the termination area without introducing any
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excessively large mass into the assembly. Mold configuration shall not exceed

the following limits:

Mold length - The length of the mold shall not exceed

a.

2-1/2 times the diameter of the cable, with jacket, as

measured adjacent to the area to be molded, or 5

inches from face of connector, whichever is less.

b. Mold diameter

1) Cable plug - The thickness of mold around the
back of the connector, A follower, or adapter
shall be a minimum of 1/8 inch and a maximum of
1/4 inch. Mold diameter shall not be greater
than the coupling ring diameter.

2) Cable receptacles and bulkhead connectors - The
mold diameter shall not exceed the diameter of
the connector barrel.

C. Breakouts - The diameter of the largest cable segment

may be used to determine the mold length as in (a.).

3.3.6.4 Molding procedure. Molding procedures shall be in accor-

dance with the manufacturer's recommended procedure, as modified by the

additional requirements and exceptions listed below:

a.

Prior to the molding operation, the connectors shall
have been cleaned (refer to 3.3.5.2) and shall have
received an in-process inspection in accordance with
4,3.,2.

Cable jackets shall be cleaned by abrasion or by use of
a solvent compatible with the cable jacket material.
Use of solvents other than those specified in 3.3.5.1.a
shall require prior approval of cognizant JPL

engineering personnel.
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c. Connectors shall be prepotted to the level of conductor
insulation prior to positioning in the mold cavity., The
prepotting compound shall be selected from Table VL

d. All surfaces of connector and jacket material which
will receive molding compound shall be primed using
material conforming to 3.3.6. 1, a.

e. The connector breakout shall be positioned in the mold
cavity and molded using compound conforming to .
Table VL. - ‘

f. The molding compound, when cured, shall be of uni-
form hardness and shall be free of bubbles, voids, and
foreign matter. The moldi:ng compound shall be con-
fined to the mold area. Wicking of the molding com-

pound shall not be allowed beyond the mold area.

3.3.6.5 Pygmy connector modification. When the cable diameter or

shield termination and/or splice bundle exceeds the connector opening, the

connector may be modified as shown in Figure 11.

MACHINE COUPLING RING TO SURFACE OF
INNER FLANGE

x— l\’:ENT(';AL POTTING RING REPLACES A  ADAPTER
1

PREPOT SLUG OF PRC NO. 1527
COMPOUND, APPROX. | INHIGH

Figure 11. Pygmy Connector Modification
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3.3.7 Cable I dentification

Cable identification shall be accomplished by means of labels. Except as noted on the detailed
engineering drawings, the requirements listed below are applicable to dl labels.

3.3.7.1 Label Information, Positioning, and Number

The required number of labels, their positions, and the label information is a function of the length of the
completed cable as described above.

Note A:The cable serid number (S/N) shall consist of a cable
manufacturer’ s identity (10 apha numeric characters maximum),
and asx-digit date code (mm-yyyy) indicating the month and
year of manufacture. The label seriad number information shall
be generated by the cable manufacturer. The label shall be
provided by the cable manufacturer and shall be affixed to the
cable prior to delivery to JPL.

3.3.7.1.1 CablesLess Than 24 inches L ong

Cables|ess than 24 inches long shdl have one labd centered showing part number, serid
number, and connector reference designators (abbreviated) as shown in Figure 12. The cable
number shal be marked if required by the detailed engineering drawing. Cablesthat are too
short for the one label, shdl be tagged with the required informetion.

:
DSN (PART NO.) HXLX'X s
P S/IN_I -
— 0.5 IN, TYP S/N= Manuf. ID and
CENTER Date Code per Note A
CABLE

Figure-12 Labeling, Cables Less Than 24 Inches Long
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3.3.7.1.2 CablesBetween 24 inches and 72 inches Long
(Paragraph deleted)

Figure-13 Cables 24 to 72 Inches Long (Figure deleted)

3.3.7.1.3 CablesLonger Than 24 Inches

Cables longer than 24 inches shall have four labels, depending on detailed drawing requirements. One
label showing part number, serial number (Per Note A above), and connector reference designator
(abbreviated) shall be affixed at each end of the cable, approximately 1 inch from the connector or mold
line, as shown in Fig. 14. If required by the detailed engineering drawing, labels showing cable reference
designator and location code information (refer to Fig. 14) shall be affixed approximately 1 inch from
each part number label.

JPL Spec DOS-2913-GEN E

*!-p: IN. TYP «ul a1 1N, TYP - 3 N - 3 1N, TYP
)

1

I [} Y ]
= N/S = DEN
d - {2 solivao1) WAx
(OM Levd (PART NO.§
[ s ¥iN {LOCATION C) < P
| 4

LG.S H. TYP % . 10
1.0 IN. TYP

S/N= Manuf. ID and
Date Code per Note A

Figure 14. Labeling, Cables Longer than TZ Inches
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|l 1IN, TYP ] a1 IN. TYP e 3 ol e 30 Y
| , -
— N/
4 (-oN lava)|  [(@ MOILV20T) WXX (‘m%ﬂno )
T wsa XXM (LocATIoN C) ] |*"ey P

.5 IN. TO
.0 IN. TYP

} } i
l——O.S IN. TYP l—(])

Figure 14. Labeling, Cables Longer than 72 Inches

3.3.7.1.4 Labeling of sectioned cables, Sectioned cables shall receive

the same labeling as in 3.3.7.1.3 except that at the in-line connector, the lo-
cation label shall show that the cable connects to another cable (refer to
3.3.7.2). Sectioned cables between two subsystems shall have a subsystem
designator for each subsystem. Sectioned cables within a single subsystem
shall have only one subsystem designator. Figure 15 illustrates proper

labeling procedure for in-line cables.

3.3.7.1.5 Labeling of type E cables (PC board). Figure 16 illustrates

the label that is to be applied to type E cable assemblies (PC board). This
label shall be applied to the outside of the PC board handle. The other end
of the cable shall be identified in accordance with 3.3.7.3 if it is not termi-

nated with a PC board. See 3.3.7.2 and Figure 17 for explanation of code C.

3.3.7.2 Location codes. Location codes are used to locate and

define the connector to which the cable connects. Location information shall
consist of station number, subsystem reference designator, subsystem name,
subsystem number, module level, cable number, and cohnector number. The

appropriate way in which to utilize this information is shown in Figure 17.
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@ 3 IN. TYP > }@— 3 IN. TYP B | |1 IN. TYP
1 ] 1
DSN || — N/S i

XYZ WXXA d ¢- —dVXXM ZAX

ABC wxxgp ___ | [(PART NO.) ("ON 1¥vd) gxxM 8y
i S/N - 1 nsa i

0.5 IN. TO —J ' L 0.5 IN. TYP
1

51
.0 IN. TYP
IN-LINE CONNECTORS

Figure 15. Labeling, Sectioned Cable at In-Line Connectors

3.3.7.3 Character size, Character size shall be large enough to

permit legible marking of the required information. In no case shall the
character height be less than 0. 09 inch.

3.3.7.4 Color. Label marking shall be black unless material being

marked is black. Label marking for black material shall be yellow.

3.3.7.5 Legibility. All label markings shall be clearly legible.

Markings shall be placed so they read toward the connector.

3.3.7.6 Label types. Labels shall be of seven types as listed below.

The specific types shall be determined by the detailed engineering drawing.

Type I Chemical bond film

Type II Hot- stamped, heat-shrinkable sleeving
Type II1 Nylon tie wraps

Type IV Heat-shrinkable sleeving over glass tape
Type V Hot-stamp »
Type VI Pressure sensitive film

Type VII . Pressure sensitive aluminized polyester
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B LOCATION C [
N‘“‘*’ ASSY No, (PA_RT NO, ) SERIAL Ne.
SCH. Ne. Rer oes  WXXX___J
DETAIL A

SEE DETAIL A
L oio G 3
VIEW A-A |
A | A- |
- o
I , T

~
e ——m— -

. ——— -

LT

Figure 16. Type E Cable (PC Board) Label

3.3.7.7 Type I labels (chemical bond film).

3.3.7.7.1 Application. Unless otherwise specified by the detailed

engineering drawing, type I labels shall be used on class 1 and class 3 cables

with overall diameters of 0.37 inch or greater. Type I labels shall not be
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CODE A WXXX .
SAMPLE 0SS-42  1941/RCV-001
EXPLANATION :
DSS-42 1940 RCV 001
STATION SYSTEM SUBSYSTEM SUBSYSTEN
NUMBER REFERENCE DESIGNATOR
DESIGNATOR
CODE B XXXXXXX P2
SAMPLE A01J32  S/N XXX
EXPLANATION
A0Y J32
| |
MODULE JACK
LEVEL NUMBER
CODE C WXXX
SAMPLE | pss-42 1066 /D1S-1A4J6
EXPLANATION
DSS-42 lOfG DIS 1A406
| |
STATION SUBSYSTEM SUBSYSTEM *ASSEMBLY
NUMBER REFERENCE DESIGNATION
DESIGNATOR
*JACK (J6) OF THE FOURTH
ASSEMBLY (A4) LOCATED IN
THE FIRST CABINET OF THE
DIGITAL INSTRUMENTATION
SUBSYSTEM (DIS).
CODE D "~ RCY  WXXA
LOCATION DIS WXXBP
RCV WXXA IS WXXBP
| l | | |
SUBSYSTEM THE CABLE NUMBER SUBSYSTEM THE CABLE NUMBER
DESIGNATOR OF THE SECTION DESIGNATOR AND THE END OF
(INDICATES THAT  TO WHICH THE (INDICATES THAT  THE CABLE TO WHICH
THE A END OF LABEL IS APPLIED THE 8 END OF THIS END IS
THE CABLE RUN THE CABLE RUN CONNECTED

CONNECTS TO THE
RECEIVER
SUBSYSTEM)

CONNECTS TO THE
DIGITAL INSTRU-
MENTATION SUB-
SYSTEM)

Figure 17. Samples and Explanations of Location Codes
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used on cables which have jacket materials other than neoprene, polyurethane,

acrylic, chlorobutyl, or polyvinyl chloride.

Note: Type VI label may be substituted for type 1
label with prior approval of JPL.

3.3.7.7.2 Materials and equipment. The following materials and

equipment shall be used to apply type I labels:

Labels. Labels shall be type TPL-100/500-C

manufactured by Cable Markers Co., 1128 East Elm,
Fullerton, California 92631, :

Base coating/finish coating. Protective base coating

shall be type 373-mod manufactured by Cable Markers

Co.
Protective letter seal. Protective finish coating shall

be type 1102C manufactured by Cable Markers Co.

Cleaning solvent., Cleaning solvent shall be is_opropyi

alcohol conforming to Federal Specification TT-I-735.

Marking pens. The following marking pens are

suitable for marking of type I labels:

1) nFerber Neetline' (photocopy black) - fine or
medium point; Ferber Pen Co. -

2) "Blaze-Fine Repro' (black reproduction) - fine
or medium point; Catalog No. 20, Blaze Pen Co.

3) "Linde Pen" (legal copy) - fine or medium point,

black; Catalog No. 474-M, Linde Pen Co.
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3.3.7.7.3

Application procedure. Labels shall be applied in accor-

dance with manufacturer's instructions.

Note:

3.3.7.8

3.3.7.8.1

CAUTION

In the application of type I labels, the installer
must be careful to prevent contamination of the
cleaning solvent, base coating material, and
finish coating material. '

Once the label has been properly contacted to
cable, it will be impossible to remove the label
without destroying it. When a label is damaged
or spoiled in application, it shall be promptly
removed and the cable section thoroughly
cleaned. The complete application process shall
then be repeated.

Type II labels (hot-stamped, heat- shrinkable sleeving).

Application. Unless otherwise specified on the detailed

engineering drawing, type II labels shall be used on class 1 and class 3 cables

with overall diameters of less than 0.37 inch, or when the outer jacket

material is other than neoprene, polyurethane, acrylic, chlorobutyl, or poly-

vinyl chloride.

Unless otherwise specified on the detailed engineering

drawing, type II labels may be used, at the contractor's option, on class 2

cables.

Note:

3.3.7.8.2

Type IV labels may be substituted for type Il
labels on class 1 and class 3 cable assemblies
without prior approval of JPL.

Materials and equipment. The following materials and

equipment shall be used to apply type Il labels:

a. Sleeving. Heat-shrinkable sleeving shall be in accor-.
dance with MIL-1-23053/5, class 1, color black (flex-
ible, black, irradiated polyolefin).
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3.3.7.8.3

Lettering device. A hot impression stamp shall be

used to mark the sleeving.

Heating device. The heating device used for shrinking
sleeving shall be capable of delivering an accu'r>ately
aimed stream of air heated to temperatures of 200° to
300°C (392° to 572°F).

Application procedure.

Select heat-shrinkable sleeving which, after shrinking,
will remain firmly in place on the cable.

Mark the information required by the detailed engin-
eering drawing on the sleeving using yellow foil and the
hot- stamp lettering device. The inark'mg shall be of a
size such that after shrinking, the character height will
not be less than 0. 09 inch and the area occupied by the
marking will not exceed 1/2 inch by 3 inches.

Install label (do not shrink) on cable before terminatin'g
the connector.

After the connector is terminated, position label in
accordance with Figure 12, 13, 14, or 15 and shrink

using heating device specified in 3.3.7.8. 2. c.

CAUTION

Coaxial cables can be damaged by an excessive
application of heat. To avoid this possibility,
do not direct the air stream to the sleeving until
it has reached the heated temperature, and re-
move as soon as the sleeving has shrunk.



v

JPL Spec DOS-8913-GEN E

3.3.7.9 Type III labels (nylon tie wraps).

3.3.7.9.1 Application. Type III labels shall be used when specified on
the detailed engineering drawing and, subject to prior approval by cognizant
JPL engineering, may be used on class 2 cable assemblies to replace type II

or type IV labels.

3.3.7.9.2 Materials and equipment. The following materials and

equipment shall be used to apply type III labels.

a. Nylon tie wraps. The type of tie wrap selected shall

be at the option of the contractor. Sufficient space
must exist to meet the requirements for character
height and legibility specified herein. '

b. Lettering device. A hot impression stamp shall be

used to mark the tie wraps,

3.3.7.9.3 Application procedure,

a. Mark the information required by the detailed engin-
eering drawing on the tie wrap using black foil and the
hot-stamp lettering device.

b. Attach label to completed cable assembly in accordance
with Figure 12, 13, 14, or 15,

3.3.7.10 Type IV labels (heat-shrinkable sleeving over glass tape).

3.3.7.10.1 Application. When specificed on the detailed engineering
drawing, type IV labels shall be used on class 1 and class 3 cables with overall
diameters of less than 0.37 inch, or when the outer jacket material is other

than neoprene, polyurethane, acrylic, chlorobutyl, or polyvinyl chloride.

Note: Type II labels may be substituted for type IV
labels on class 1 and class 3 cable assemblies
without prior approval of JPL.
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3.3.7.10.2 Materials and equipment. The following materials and

equipment shall be used to apply type IV labels.

3.3.7.10.3

Glass tape. Pressure-sensitive glass tape shall con-
form to MIL-1-19166, 1/2 inch in width.

Sleeving. Heat-shrinkable sleeving shall be in accor-
dance with MIL-1-23053/5, class 2 (flexible, trans-
parent, irradiated polyolefin).

Heating device. The heating device used for shrinking

sleeving shall be capable of delivering an accurately
aimed stream of air heated to temperatures of 200° to

300°C (392° to 572°F).

Application procedure.

Select heat-shrinkable sleeving which, after shrinking,
will remain firmly in place on the cable. _
Place sleeving (do not shrink) on cable before termina-
ting the connector.

Mark or type the information required by the detailed
engineering drawing on the glass tape. The length of
the completed label shall not exceed 3 inches.

After the connector ts terminated, affix the marked
glass tape to the cable, and position it in accordance
with Figure 12, 13, 14, or 15. Position heat-shrink-
able sleeving over label and shrink using heating

device specified in 3.3.7.10.2.c.

CAUTION

Coaxial cables can be damaged by an excessive
application of heat. To avoid this possibility,
do not direct the air stream to the sleeving
until it has reached the heated temperature,
and remove as soon as the sleeving has shrunk.
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3.3.7.11 Type V labels (hot-stamp).

37. 3.7.11.1 Application. Type V labels shall be used when specified by
the detailed engineering drawing. Type V labels shall be applled directly to
the conductor or cable jacket using a hot impression stamp marking device.
For small diameter wires, vertical reading type faces may be employed to

improve legibility. Marking shall be in accordance with MIL-W-5088/8160.

3.3.7.12 Type VI labels (pressure-sensitive film).

3.3.7.12.1 Application. Type VI labels are intended for JPL use only to
replace damaged labels, to reidentify an existing c;ble without extensive
rework, for temporary cables, or other such applications. Unless specified
by the detailed engineering drawing, type VI labels may be used on all cable
assemblies WMWM&GM with prior JPL

>approva1. )('QL\ ol Q\“(V\&\\'Y\g v\* ‘;& o A_(l”uﬁ(

3.3.7.12.2 Materials. The following materials shall be used to apply
type VI labels.

a. Labels. Labels E_ssg\for part number information

diameters of

to JPL Drawing

A pw"\‘w\' potwiin (refer to 3.3.7.1) on ca

L R 0. 37 inch or larger shall co
oroickeys dalered g

: 9450483, lL.abels use

oo BenendinenT -
Pt ,. \ v j 4“/ . cables with o all diameters of less than-Q, 37 inch
WL G hptn vl . ) . .
and lab used for reference designation and ation
codé information (refer to 3. 3. 7.}_;]sball conform to

JPL Drawing 9450484.
b. Tape. Transparent vinyl tape shall be type 3669, 3-1/2

information on

inches wide, manufactured by Reflective Products
Division, Minnesota Mining & Manufacturing Co.,
St. Paul, Minnesota.

c. Cleaning solvent. Cleaning solvent shall be isopropyl

alcohol conforming to Federal Specification TT-1-735.
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3.3.7.12.3 Application procedure.

a. The cable shall be free of all foreign materials. Using the
cleaning solvent specified in 3.3.7.12.2.c on any lintfree
applicator, rub vigorously until all, or almost all, of the surface
dirt and migratory "bloom" is removed from a 4-inch-wide band

extending 360 degrees around the cable.

b.  Type the information required by the detailed engineering

drawing on the label.

C. On class 1 and 2 cable assemblies, a layer of vinyl tape
conforming to 3.3.7.12.2.b shall be wrapped one complete turn
around the cable and overlapped a minimum of 1/2 inch before

the label is affixed.

d.  Wrap one complete turn of the vinyl tape specified in 3.3.7.12.2.b
around the cable over the label. The vinyl tape shall extend
approximately 1/4 inch past each end of the label and overlap

itself a minimum of 1/2 inch.
Note: Adhesion of the type VI label to the cable can be speeded by application of
heated air to the completed label, being careful not to damage the label or

cable.

3.3.7.13 Type VII labels (pressure-sensitive aluminized polyester).

3.3.7.13.1 Application. Type VII labels shall be used on the outside handles of PC

boards when specified by the detailed engineering drawing (see Figure 16).

Changed November 8, 1993 62
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3.3.7.13.2 Materials

Labels. Labels shall be chrome polyester film pre-coated with
pressure-sensitive adhesive. Part No. 530 as manufactured by
Minnesota Mining and Manufacturing Co., St. Paul, Minnesota (see
JPL Drawing 9454446).

Ink. Black stencil paste, Delux 23-793, manufactured by E. 1. Dupont
de Nemours and Co., Inc., Wilmington, Delaware.

Finish coat. Flat clear matte varnish, Part No. 32-18-KK,
manufactured by Wornow Process Paint Co., Los Angeles, California.

3.3.7.13.3  Application procedure.

Mark the information required by the detailed engineering drawing on

the label using a typewriter or rubber stamp. The character size shall
not be less than 0.09-inch high.

After the marking has dried, peel the label from the backing and apply
to PC board.

Apply a generous coating of clear varnish to the label and let it dry.

Changed June 15, 1994
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Figure 3.3.7.14.2a.1

<€ 3.0 —

V TOP 150r17.1
0.125

* v g YCharacters per Inch
0.320 Y,
A BOTTOM

All dimensions are in inches
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itself 2 minimum of 12.70mm, (1/2")
e Exml,&sg_dﬁw__mm ‘When. cabies areto be used inside or in an

4, QUALITY ASSURANCE PROVISIONS

4.1 General. The materials and processes covered by this specifica-
tion shall be subject to inspection and electrical te‘s‘ting provisions contained
herein. The finished prédﬁct shall be subjected to JPL final inspection and
acceptance. However, the contractor shall not rely on JPL source inspection
to release him of his contractual obligation to control the quality and testing of
his product, nor shall any statement made herein detract from or abrogate

the terms and conditions of the procurement document.

4, 1.1 Contractor's quality control program. The contractor's

quality control program shall be in accordance with the requirements of JPL
Specification ES504049.

4.2 Quality control. The contractor shall assure, to the satisfaction of

J'PL‘,V that he has available comprehensive quality control procedures and
equipment. Equipment, including all gauging, measuring, and test equipment,
must be maintained for accuracy and calibration. The contractor shall per-
form scheduled calibrations of his inspection equipment, and records of each
calibration shall be maintained that have traceability to the National Bureau of
Standards. These records shall be available to JPL inspection. The contrac-
tor shall be responsible for performing all ﬂecessary quality control inspections
on incoming materials, components and products, both contractor purchased
and JPL fufnished, to assure compliance with all requirements specified
herein. The contractor shall make available to JPL sufficient test data and
reports to verify that the completed product meets all requirements of this

specification.

Changed June 15, 1994 65
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4.3 JPL inspection.

4.3.1 Sample inspection. The contractor will provide, upon

request, samples of fabrication techniques previously defined in this specifica-
tion and not evident in his own in-house fabrication, for inspection by JPL.

All fabrication techniques questioned must be approved by JPL prior to usage.

4.3.2 In-process inspection. JPL will provide in-process inspec-

tions at the contractor's facility to adequately monitor the quality control
effort. Monitoring of cable fabrication performed under the requirements of
this specification shall be performed by JPL quality assurance personnel,

during the period of manufacture, as deemed necessary or advisable by JPL.

4,3,.3 Preliminary inspection. Unless otherwise specified by the

procurement document, a preliminary inspection shall be made by JPL at the
contractor's facility after completion of fabrication and testing prior to
packaging and shipment, as noted below. Each item shall be visually inspected
and be subject to electrical inspection. Packaging procedures shall be moni-

tored by JPL quality assurance to assure compliance with Section 5.

4.3. 4 Final acceptance inspection. Unless otherwise specified by

the procurement document, final acceptance shall be made after completion of
receiving inspection by the JPL quality assurance personnel and in conjunction

with the JPL cognizant engineer.

_ 4.4 Testing. All cable assemblies shall be tested as specified below
prior to shipment to JPL. Tests shall be subject to JPL surveillance.

4.4.1 Contin\iitz. Each conductor of the assembly shall be tested
for proper continuity using JPL supplied drawings as a guide. This test shall
be performed prior to closing of the connector (potting, molding) and again

during preliminary inspection.

Changed June 15, 1994 , 66
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4,4.2 Insulation resistance (noncoaxial). The assembly shall be

given an insulation resistance test. The test shall show a minimum resistance
of 100 megohms at 500 £#25 V dc between each conductor, to every other con-
ducfor, shield, or connector shell where continuity should not exist. This
test shall be performed prior to closing of the connector (potting, molding)

and again during preliminary inspection.

4.4.3 High potential (coaxial elements, all classes). Coaxial ele-

ments shall be hi-pot tested at a voltage level up to, but not exceeding, the
manufacturer's maximum voltage rating of either the cable or the connector,

whichever is less. .

4.4. 4 Checking of off-clocked circular connectors (Positions w,
X, Y, Z).
a. All off-clocked connectors shall be checked by using a

JPL approved insert rotation gauge.

b. The vertical centerline of any insert arrangement and
the main shell polarizing keyway shall be within 0. 005
inch of the manufacturer's indicated rotation.

c. In areas of conflict between JPL and the connector

' manufacturer's requirements, the conflict shall be

referred to cognizant JPL personnel for resolution.

4.4.5 Checking of cables with connectors off-clocked.

a, All cables with connectors off-clocked shall be chec‘ked
by using a JPL approved insert rotation ga(ige.

b. The vertical centerline of the insert with the main
shell polarizing keyway shall be within 1 degree to the

vertical center line of the cable.

4. 4.6 Additional test requirements. Additional tests, when

required, shall be performed as specified by the engineering drawing or pro-
curement document. All coaxial type cables shall be capable of passing Time

Domain Reflectometer (TDR) test.

Changed June 15, 1994 67
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4.5 Test equipment. All test equipment shall be of sufficient accuracy

and quality to permit performance of the required testing (refer to 4.2). All
measurements and tests shall be made at ambient temperature, atmospheric

pressure, and humidity.

4.6 Rejection and resubmittal. Assemblies that fail to meet require-

ments of this specification and all related documents shall be rejected and
returned to the contractor. Prior to resubmittal, the contractor shall furnish
the JPL quality assurance representative full written particulars regarding
the cause of failure and the corrective action taken on the deficiencies. Each
rejected assembly shall be identified by a JPL inspection report. This docu-
ment will be cleared by JPL inspection only when the requirements of this

specification have been complied with.
5. =~ PREPARATION FOR DELIVERY

5.1 Cleaning cables prior to shipment. Cable assemblies shall be

cleaned of all contaminants prior to shipment using a solvent compatible with
the cable jacket and labels. Solvents other than those specified in 3.3.3.1 or
3.2.1.2 shall not be used without prior approval of cognizant JPL engineering

personnel.

5.2 Packaging and packing. All materials and supplies furnished by
the contractor shall be packaged, packed, boxed, or placed on reels by the

contractor in such a manner as to insure safe delivery to the designated JPL

acceptance point.

5.2.1 Cable lengths, 100 feet or less. Cable assembly lengths of

100 feet or less; or less than 50 pounds, may be coiled and secured with soft

twine, or secured on a reel. -

Changed June 15, 1994 68
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5.2.2 Cable lengths, 100 feet or more. Cable assembly lengths of

more than 100 feet or more than 50 pounds shall be placed on a reel in the
following manner. Reel size shall be such that the particular cable's minimum
bend radius of 10 times the diameter will not be exceeded and the connectors

are protected by the rim of the wheel.

a. Loop the cable a.nd place the cable ends adjacent,

b. Roll the looped cable on the reel commencing with the
looped end of the doubled cable. Make certain that the
looped cable is placed horizontally on the reel hub.

c. Fasten the cable ends securely below and inside the

rim of the reel.

5.3 Protection of connectors. Connectors shall be individually

covered, packed, or packaged in such a manner as to insure adequate protec-

tion from dust, moisture, and physical damage.
6. NOTES

6.1 Fabrication techniques. Emphasis shall be placed on the use of

JPL approved fabrication techniques. Unless specified by the detailed
drawing, specification, or the procurement document, fabrication to commer-
cial standards or military specifications is not an assurance of acceptance by
JPL.

6.2 Warnings and cautions. Emergency medical treatment and

personal hygiene requirements, as stated by the manufacturer of the applicable

potting compound, primer, or solvent, shall be adhered to.

6.3 Ordering data, Procurement documents should specify in detail

all of the required reference designation information for each specific cable

ordered by this specification.

Changed June 15, 1994 69
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markus.alvarez@jpl.nasa.gov
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Atwood, Dave

david.l.atwood@jpl.nasa.gov

Benesh, Ray

virgil.r.benesh@jpl.nasa.gov

Black, Mike

mike.black@jpl.nasa.gov

Bratzler, David

david.a.bratzler@jpl.nasa.gov

Chen, Timothy

timothy.y.chen@jpl.nasa.gov

Clark, Jr., Ken

kclark@jftl.jpl.nasa.gov

Creech, Ron

ronald.e.creech@jpl.nasa.gov

Garibek, Berj

bgaribek@ijftl.jpl.nasa.gov

Hampton, Sherill

sherill.hampton@jpl.nasa.gov

Hicks, Steve stephen.hicks@jpl.nasa.gov
Igbal, Ahmad ahmad.a.igbal@jpl.nasa.gov
Judge, Timothy timothy.a.judge@jpl.nasa.gov
Kiss, Peter peter.kiss@jpl.nasa.gov
Lineaweaver, Susan susan.lineaweaver@jpl.nasa.gov
Logan, Ron ronald.d.logan@jpl.nasa.gov
Loria, Manuel manuel.d.loria@jpl.nasa.gov
LuValle, John john.v.luvalle@jpl.nasa.gov

Manning, Mark

mark.e.manning@jpl.nasa.gov

Matossian, Harout

harout.matossian@jpl.nasa.gov

McArdle, Dennis

dennis.mcardle@jpl.nasa.gov

Miller, Lyle lyle.miller@jpl.nasa.gov
Milligan, John john.h.milligan@jpl.nasa.gov
Perkins, Bob robert.c.perkins@jpl.nasa.gov
Phan, Tuan tuan.a.phan@jpl.nasa.gov
Pian, James james.c.pian@jpl.nasa.gov
Pitzer, Don donald.m.pitzer@jpl.nasa.gov
Pranolo, Lo lo.b.pranolo@jpl.nasa.gov

Rothrock, John

john.r.rothrock@jpl.nasa.gov

Sadek, Ahmad

ahmad.sadek@jpl.nasa.gov

Smith, Gene gene.c.smith-jr@jpl.nasa.gov
Unglaub, Ricardo ricardo.a.unglaub@jpl.nasa.gov
Watzig, Gary gary.a.watzig@jpl.nasa.gov
Wert, Mike michael.wert@jpl.nasa.gov
Wiseman, Roy roy.a.wiseman@jpl.nasa.gov
CDEs

Ahlstrom Jr., Harlow

harlow.g.ahlstrom-jr@jpl.nasa.gov

Almassy, William

william.t.almassy@jpl.nasa.gov

Baher, Farrokh

farrokh.baher@jpl.nasa.gov

Balkenhol, Bob

robert.balkenhol@jpl.nasa.gov

Benesh, Richard

richard.c.benesh@jpl.nasa.gov

Benesh, Rayl

virgil.r.benesh@jpl.nasa.gov

Bernardo, Abner

abner.m.bernardo@jpl.nasa.gov

Berner, Jeff

jeff.b.berner@jpl.nasa.gov

Bhaniji, Alaudin

alaudin.m.bhanji@jpl.nasa.gov

Border, James

james.s.border@jpl.nasa.gov

Boroczky, Kevin

kboroczky@anbe.cdscc.nasa.gov
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Bowen, James

james.g.bowen@jpl.nasa.gov

Bryant, Scott

scott.h.bryant@jpl.nasa.gov

Buu, Chau chau.m.buu@jpl.nasa.gov
Calhoun, Malcolm malcolm.d.calhoun@ijpl.nasa.gov
Chen, Victor victor.s.chen@jpl.nasa.gov
Clark, John john.e.clark@jpl.nasa.gov

Cormier, Reginald

reginald.a.cormier@jpl.nasa.gov

Cramer Jr., Paul

paul.w.cramer-jr@jpl.nasa.gov

Crowe, Roger

roger.a.crowe@jpl.nasa.gov

Diener, William

william.a.diener@jpl.nasa.gov

Fort, David

david.n.fort@jpl.nasa.gov

Gera, Sunil

sunil.gera@jpl.nasa.gov

Gonzalez, Jr., Jorge

jorge.gonzalez-jr@jpl.nasa.gov

Gonzalvez, Jesus

jesus.r.gonzalvez@jpl.nasa.gov

Gorman, Tim

timothy.f.gorman@jpl.nasa.gov

Hamell, Robert

robert.l.hamell@jpl.nasa.gov

Hanson, Theodore

theodore.r.hanson@jpl.nasa.gov

Harris, Ramond

ramond.g.harris@jpl.nasa.gov

Hicks, Steve

stephen.hicks@jpl.nasa.gov

Hills, David

david.l.hills@jpl.nasa.gov

Holden, Pamela

pamela.k.holden@jpl.nasa.gov

Huertas, Louis

louis.huertas@jpl.nasa.gov

Jackson, Herschel

herschel.j.jackson@jpl.nasa.gov

Johnson, Robert

robert.a.johnson@jpl.nasa.gov

Kaneen, Brian

brian.j.kaneen@jpl.nasa.gov

Kirk, Albert

albert.kirk@jpl.nasa.gov

La Belle, Remi

remi.c.labelle@jpl.nasa.gov

Law, Julius

julius.c.law@jpl.nasa.gov

Lezameta, Juan

juan.c.lezameta@jpl.nasa.gov

Link, Christopher

christopher.h.link@jpl.nasa.gov

Liu, Jun

jun.liu@jpl.nasa.gov

Lopez, Alfonso

alopez@Irid.mdscc.nasa.gov

Loreman, Jan

jan.r.loreman@jpl.nasa.gov

Losh, David

david.l.losh@jpl.nasa.gov

Malhotra, Shantanu

shantanu.malhotra@jpl.nasa.gov

Manning, Mark

mark.e.manning@jpl.nasa.gov

Marina, Miguel

miguel.marina@jpl.nasa.gov

McArdle, Dennis

dennis.mcardle@jpl.nasa.gov

McDowall, Gregory

gregory.a.mcdowall@jpl.nasa.gov

Milligan, John

john.h.milligan@jpl.nasa.gov

Minuskin, Harold

harold.minuskin@jpl.nasa.gov

Miyatake, Hiroyuki

hiroyuki.c.miyatake @jpl.nasa.gov
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Mojica, Rommel

rommel.p.mojica@jpl.nasa.gov

Morgan, Scott

scott.c.morgan@jpl.nasa.gov

Naudet, Charles

charles.j.naudet@jpl.nasa.gov

Ocampo, Juan

juan.j.ocampo@jpl.nasa.gov

O'Dea, James

james.a.odea@jpl.nasa.gov

Perkins, Bob

robert.c.perkins@jpl.nasa.gov

Petty, Samuel

samuel.m.petty@jpl.nasa.gov

Pham, Timothy

timothy.t.pham@jpl.nasa.gov

Riley, Abraham

abraham.l.riley@jpl.nasa.gov

Rochblatt, David

david.j.rochblatt@jpl.nasa.gov

Sadek, Ahmad

ahmad.sadek@jpl.nasa.gov

Saldua, Benjamin

benjamin.p.saldua@jpl.nasa.gov

Sehic, Asim asim.sehic@jpl.nasa.gov
Sigman, Elliott elliott.h.sigman@jpl.nasa.gov
Sink, Timothy timothy.c.sink@jpl.nasa.gov
Skjerve, Lyle lyle.j.skjerve@jpl.nasa.gov

Sosnowski, John

john.b.sosnowski@jpl.nasa.gov

Stelzmuller, Peter

peter.stelzmuller@jpl.nasa.gov

Stoloff, Mike

michael.j.stoloff@jpl.nasa.gov

Stowers, David

david.a.stowers@jpl.nasa.gov

Strain, Martha

martha.m.strain@jpl.nasa.gov

Trinh, Thang

thang.trinh@jpl.nasa.gov

Tucker, Blake

blake.c.tucker@jpl.nasa.gov

Vodonos, Yakov

yakov.i.vodonos@jpl.nasa.gov

Wang, Rabi rabi.t.wang@jpl.nasa.gov
Wert, Michael michael.wert@jpl.nasa.gov
White, Leslie leslie.a.white@jpl.nasa.gov

Willems, Alvin

alvin.m.willems@jpl.nasa.gov

Yee, Steve

steve.h.yee@jpl.nasa.gov

Yeseta, Gregory

gregory.j.yeseta@jpl.nasa.gov
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