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1.0 INTRODUCTION

The objective of this program is the development of a total systems
approach to aircraft wiring which will incorporate adequate provisions for
growth, circuit change, maintenance, functional test ability, and repair
while providing systems performance at least equivalent to current wiring
concepts. In order to accomplish this objective, a Matrix Interconnector
System based on Flat Conductor Flat Cable (FCFC) and a Matrix Interconnection
Device (MID) were utilized.
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i In the Matrix Interconnection System all subsystem interconnecting
circuits are routed to the MID via modular FCFC assemblies. Within the MID
the circuits are conveyed to removable matrix card assemblies. These assem-

.

J 1 blies are printed circuit boards with vertical traces on one side and hori-
i QUL zontal on the other. The traces from a matrix pattern with a broad subsyctem
interconnecting potential. Each matrix card assembly also has a test con-
5 nector through which all subsystem circuits on the card can be interrogated
{ or monitored without disturbing the subsystem interconnecting wiring.
.
. | The "base-line" vehicle for the program was the OH-6A light observation
b i1 helicopter equipped with the Standard Lightweight Avionics Equipment (SLAE)
{ L} package and associated electronics. The Semianmual Report (ECOM-0102-1)
deseribed the engineering studies made of the OH-6A avionic system and the
: * : conventional point-to-point round conductor wiring system presently used to
B i} interconnect it in the OH-6A. The Semiannual-Report also defined how these
b i studies were used to establish the design requirements for the OH-6A Matrix
: Interconnection System.

I] The Interim Report, July 1974, documented the design feasibility, environ-
mental and preliminary EMC test programs. The preliminary EMC test program,

L} which utilized an OH-6A mockup equipped with simulated avionic boxes containing
representative electrical loads, demonstrated the potential superior systems
performance of the Matrix Interconnection System through comparative testing

» of both interconnecting systems.

Lj This report documents a comparative EMC evaluation of both interconnecting

- systems accomplished on an OH-6A System Integration Test Stand (SITS). On the

i SITS ‘actual avionic equipments were first interconnected with a duplicate of

LA the existing OH-6A conventional wiring system and an extensive EMC testing
program conducted. Secondly, the SITS was configured with the Matrix Inter-

{ i connection System and the EMC testing program repeated. The SITS test program :

L3 confirmed the consistently superior OH-6A avionics system performance obtained ;
when the equipment was interconnected with the FCFC and MID of the Matrix 1

e Interconnection System for Aircraft Wiring.
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Also documented in this report is a flight test program which provided
additional comparative avionics system performance data from both wiring
systems during flight operations. These test results indicated a 58% improve-
ment in avionic systems performance with the OH-6A aircraft configured with
the Matrix Interconnection System.

This report includes a MID/FCFC design application guideline and a life
cycle cost analysis of an advanced Army scout type helicopter. This analysis
compared the life cycle costs of the aircraft when configured with a conven-
tional round conductor point-to-point interconnecting system and the aircraft
configured with the FCFC and MID of the Matrix Interconnecting System. For
the conditions postulated, a life cycle cost saving of $2.6 million in favor
of the Matrix Interconnection System has been projected.




2,0 ANALYSIS OH-6A INTERCONNECTING REQUIREMENTS

Analysis of Standard Lightweight Avionics Equipment (SLAE)
Equipped OHHA Electrical/Electronic Interface Requirements

The SLAE equipped OH-6A avionic equipment, equipment locations, wiring
diagram, electrical components, signal characteristics, and equipment power
requirements were analyzed to establish a design base for the FCFC config-
uration,

The design base is required to insure physical and environmental com-
patinility between the matrix system of aircraft wiring, the SLAE equipment,
the OH-6A airframe wiring, and associated electronics.

-

2 cils b OH-6A SLAE Equipment Configuration

The U.S. Army model OH-6A helicopter, configured with the Standard
Lightweight Avionics Equipment (SLAE) package, has the following Electronic
Equipments and Installation Items as essential parts of the aircraft communi-
cation, navigation and intercom systems:

i
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Equipment
e Radio Set AN/ARC-11kL (No, 1).

Function

o T R D
gw*z

Vhf-fm communication and homing
facility.

1

im;’ 3 ;h ‘-;

-

i

o
S

1
14

Radio Set AN/ARC-11k (No,2)*,
Radio Set AN/ARC-115%,
Radio Set AN/ARC-116,

Direction Finder Set AN/ARN-89
consisting of: Radio Receiver
R-1496/ARN-89 and Radio Set
Control C-7392/ARN-89.

Gyromagnetic Compass Set AN/ASN-43
consisting of: Induction Compass
Transmitter T-€11/ASN, Heading

Indicator-Radio Bearing ID-1351/A
and Directional Gyro CN-996/ASN-L3,

Vhf-fm communication,
Vhf-am communication,
Uhf-am communication,

Automatic direction finding,
position plotting, and reception
of low frequency am signals: ac
power supply for portion of
heading reference facility.

Heading reference for direction
finder and heading reference
facilities,

Wiring is provided for a .otal of three (3) radiog: One AN/ARC-11L, one
(1) AN/ARC-115, and one (1) AN/ARC-116; or two (2) AN/ARC-114, and one

(1) AN/ARC-116.




Egquipment Function
e Communication System Control Radio control and monitoring and

’ C-6533/ARC (3 required, one each interphone conmunications.

E for pilot, copilot and passenger)
and one Audio Junction Box.

f e Transponder Set AN/APX-72 consist- Automatic radar identification of
ing of: Radio Receiver-Trans- aircraft to all suitable equipped
mitter RT-859/APX-72 and Transponder challenging aircraft, surface ships,

: Set Control C-6280/APX-72. and ground facilities within opera-
% tional range of the system,
X e Communication Voice Security Classified equipment, Eguipment
‘ TSEC/KY-28, required for decoding received
1 1 x-mode information and for en-
coding and controlling x-mode
information for radio set trans-
wissions,
e Computer, Transponcer KIT-1A/TSEC Extends capability of Transponder
Set to provide an additional mode
of operation,
e Test Set, Transponder Set TS- Provides in-flight checking of
18M3A/APX IFF responses.
; e Static Inverter PP-66T4 supplying AC power, for Directional Gyro
L 115 VAC at 40O Hz. CN-998/ASN-43 and Radio Bearing
Indicator ID-135i.
e 28 volt DC aircraft engine driven DC power for all other electrical
generator, 24 volt/13 ampere hour loads.
; battery, 24 volt DC external power
' input.
2,12 OH-6A SLAE Equipment Location

The locations of the SLAE Basic Electronic Equipments and Installation
Ttems which interface with the MID wiring system in the OH-6A airframe are
illustrated in Figure 2-1.

2 allod Wiring Diagrem, SLAE Equipped OH-6A

The OH-6A avionic equipment wiring diagram is illustrated in Figure 2-2.
This wiring diagram illustrates the complete OH-6A SLAE system wiring and
includes antenna cables, coaxial interconnecting cables and headset wiring
which will not be processed through the MID, The MID wiring encompasses all
signal and power wiring required to interconnect the SLAE equipment in the
OH-6A vehicle.
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0.0 Electrical Components, SLAE Equipped OH-HA
(a) Wiring System Specification

The SLAE equipped OH-6A wiring system was designed and installed to
meet the requirements of MIL-W-5088, This specification covers the
selection and installation of wiring and wiring devices used for
the interconnection of electric and electronic equipment in air-
craft, 1n conformance with Table I of this specification, the
minimum wire size utilized in the OH-6A installation is a size 22,

(b) Electrical Wire

MIL-W-5086/2 hookup and interconnecting wire is used in the OH-6A
conventional wiring system, This wire is constructed with a tin-
coated copper conductor, a polyvinyl chloride primary insulation,
a glass fiber braid and a nylon outer jacket, The maximum con-
ductor temperature limit of this wire is specified at 105PCx

(¢) Electrical Cable

Due to EMI requirements, some of the individual electrical wires
used to interconnect the avionic equipments are incorporated into
special electrical cables, These cables are configured as single
or multi-conductor shielded and jacketed cables or as multi-conduc-
tor twisted groups of insulated wire, These special cables meet
the requirements of MIL-C-7078 and utilize MIL-W5086/2 wire as
their basic component,

(d) Connectors

Conventional circular and rectangular electrical connectors are
used on the SLAE basic electronic equipments and installation
items installed in the OH-6A, To insure compatibility between
the matrix wiring system and the SLAE boxes in the OH-6A vehicle,
each connector was identified by part number, These connector
part numbers are included in the MID wiring system diagrams,
Appendix A of the Semiannual Report.

25155 SLAE Equipment Signal Levels and Charac’.eristics

SLAE equipment signal levels and characteristics are required design
parameters for the EMC portion of the matrix system of aircraft wiring design
program, These equipment signal levels and characteristics are essential in

the selection of shielded or unshielded flat cable, the assignment of cir-
cuits to the flat cable conductors, and the arrangement of flat cable layers
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routed within the vehicle, Definition of these parameters was obtained from
available Grumman data derived from our installation and EMC program ex-
perience in manufacturing the SLAE equipped OV-1D Mohawk aircraft. With the
exception of the Heading Indicator, the OH-6A SIAE package is identical to
that in the OV-1D, Signal levels and characteristics of the ID-1351/A
heading indicator were obtained from the circuit analysis section of the
TML1-5895-537~50 Heeding Indicator Technical Manual.

Signal levels and/or characteristics for each circuit are listed in
parenthesis next to the respective circuit function in the MID wiring
system diagrams, Appendix A of the Semiannual Report, *

2,1.6 SLAE Equipment Power Requirements

The SLAE Equipment eleetrical ‘nput power requirements are required
design parameters of the matrix system of aircraft wiring design program.
These values are utilized in the flat cable current carrying and voltage
drop analyses portion of the program. Determination of the maximum ampe r-
age in each equipment input power circuit (except the classified TSEC/KY-28)
was made by calculating the "worst case"” condition using the input electri-

cel power requirements data of the respective equipment installation speci-
fication,

Power requirements for each equipment item are listed in parenthesis
next to the respective "power in" circuit funection in the MID wiring systen
diagrams, Appendix A of the Semiannual Report.

2.1.7 Wiring Diagram, Matrix Wirirg System

Analysis of the OH-6A SLAE electrical/electronic interface was completed
with the generation of the Matrix Wiring System wiring disgram, This dia-
gram, Appendix A of the Semiannual Report, defines the OH-6A SLAE electrical/
electronic interface in a matrix wiring system formst. This format has the
following characteristics:

e All circuits from each basic electionic equirment, installation item,
and aircraft interface are defined "point-to-point" from the source
to the Matrix Interconnecting Device (MID).

e All electrical/electronic system interconnections are defined within
the MID,

The following exceptions were taken to the matrix wiring system format
for this program.

(1) The four RG-195/U coaxial cables used to transmit mode L data
between the RTB859/APX-72 and the KIT-1A/TSEC will not be processed
through the MID, They will however, be interconnected in the con-
ventional "point-to-point" menner. This deviation was necessary
because data on the Mode 4 operation signals are difficult to

* Matrix Interconnection System for Aircraft Wiring, ECOM-0102-1, Feb. 1973




obtain due to the classified nature of the KIT-lA/TSEC equipment.
Without this data the effects of the MID on the transmission line
characteristics could not be predicted nor the completed system
accurately evaluated.

Wiring for the pilot's, copilot's and passenger's headsets and
headset control was not processed through the MID. This
deviation was taken because this wiring is incorporated in
special cable assemblies integral with the headsets or the head-
set control switch assemblies.

2.2 OH=6A Mockup

A mockup of the forward lower fuselage portion of the OH-6A vehicle,
Figure 2-3, was constructed of 3/& inch a’uminum-clad plywood through-
bolted to aluminum right-angle segments. This combination of materials
and fastenings provided the most cost effective method of duplicating the
OH-6A structure, while providing an electrical ground plane for EMC test-
ing. Facsimiles of the SIAE "black boxes", some containing simulated
electrical/electronic loads, had been designed, fabricated and installed in
the mockup structure.

As part of the matrix interconnection development program, these fac-
similes of the SLAE electrical/electronic equipments ard associated equip-
ments had been interconnected twice; first with a duplicuie of the con-
ventional round conductor wire point-to-point wiring system presently used
on the OH-6A vehicle and secondly, with the flat conductor flat cable and
Matrix Interconnecting Device of the Matrix Interconnecting System for Air-
craft Wiring. The system EMC performance and current overload tests accom-
plished with the mockup are discussed in paragraphs 4.3.1 and 4.3.2.

3.0 COMPONENT OPTIMIZATION & MID DESIGN
3.1 TFlat Cable Optimization

The basic approach to optimizing the flat cable for the Matrix Inter-
connecting Wiring System was to define the optimum flat cable geometry,
condustor, and insulation utilizing previous industry and government studies,
applicable Grumman experience, and the military specification for unshielded
flexible flat multi-conductor electrical cable, MIL-C-55543A. These efforts,
fully discussed in the Semiannual Report, resulted in the selection of a one-
inch wide Kapton/FEP insulated flat conductor flat cable utilizing seventeen
005 x ,025 silver -coated copper conductors. In addition, the Semiannual
Report fully describes the FCFC current carrying capacity, voltage drop, and
EMC analysls performed during that portion of the program.

3.2 Flat Cable Connector Optimization

Flat cable connectors can be divided into two basic types; molded on
connectors where the FCFC conductors become part of the contact interface,
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and pin-and-socket connectors where the conductors are terminated to con-

anector contact by soldering, welding, crimping, or piercing. Connectors
employing only the pin-and-socket concept were considered for use in the vprogrsm.
The flat cable connector optimization, fully discussed in the Semiannual

Report, resulted in the selection of the Cannon "FC" series connector for

use on the program,

3.3 MID Design

In the Matrix Interconnection System all sub-system interconnecting cir-
cuits are routed to the MID via FCFC, Within the MID the circuits are con-
veyed to removable matrix card assemblies. These assemblies are printed
cireuit boards with vertical traces on one side and horizontal on the other,
The traces form a matrix pattern with an unlimited sub-system interconnection
potential, Each matrix card assembly also has a test conrector through which
all sub-system circuits on the card can be interrogated or monitored, without
disturbirz the subsystem interconnecting wiring.

The decign was accomplished by defining the MID design parameters, then
utilizing thece parameters to define the design in drawings suitable for MID
system manufactus=.

3.3.1 Number of FCFC Layers Dequired
The number of FCFC layers required to interconnect the MID with the OH-6A

vehicle wiring and SLAE equipment Aetermines the number of flat connectors
required and hence the overall dimensions of the MID.

With the one-inch cable selected, 43 flat cable layers will interface
with the MID, plus two additional layers required for the round conductor
conventional wires which will not be transposed to FCFC type of wiring.

These conventional wires will not be converted to FCFC because they are
either one, two, or, at the most, 3 wire groups, coming from various aircraft
interface points and would not, in a modification progrem such as this, be
feasible to convert to the FCFC configuration,

3,3.2 Environmental Test Requirements

The design of the MID takes into consideration the Environment Test
Requirements specified for the program. These tests include Thermal Shock
per MIL-STD-202D, Method 107B, Condition Bj; Vibration per MIL-STD-810B, Method
51L.1, Procedure I, Time Schedule 1, Curve M; Fhysical Shock, per MIL-STD-8108B,
Method 516, Procedure I; Moisture Resistance per MIL-STD-202, Method 106B, except
that step 7bosha.ll be omitted; and a thermal aging test of ten cycles of 20
hours at 125 C to 4 hours at 20 C.
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3.3.3 OH-6A MID Location

Three areas were considered for the location of the MID within the
OH-6A vehicle, These were:

e Forward of the pedestal.
e Under the forward cockpit floor

e Under the J-6533 intercom unit located in the rear passenger com-
partment.

The first location was discounted because of poor accessibility for
maintenance. The second location would be most suitable for new design,
but would require relocation of SLAE boxes, and this was not within the scope
of the program. Accordingly, the MID was located in the passenger com-
partment attached to the forward bulkhead between the floor and the C-6533
intercom unit, Figure 3-1. This location provides maximum access to the MID,
reasonable cable lengths to all interconnecting units, is compatible with the
aircraft center of gravity requirements, and minimizes potential EMC problems
with cable routing.

3.3.4 Growth

MID growth potential is a function of the number of unused connector
wafers installed on the MID, The decision was made for this program to
utilize one additional flat cable connector, bringing the total number of
MID connectors to sixteen, Subsequently, additional growth was achieved by
transposing interconnections from the SLAE Audio Junction Box to within the
MID, thus reducing the number of flat cables required to be processed through
the MID, This resulted in 8 unused connector insert wafers (136 contacts)
out of the total of L8 available,

3.3.5 Circuit Change

The design of the MID makes possible circuit changes at each category
of maintenance; Organizational, Direct Support, General Support or Depot.
Primarily circuit changes are accomplished by removing the applicable printed
circuit board, Note that all spare connector plate pins are wired, conse-
quently all changes including those involving board-to-board wiring are made
by replacing or revising the printed circuit boards.

3,3.6 Maintenance

The design of the MID incorporates the following concepts to meet the
maintainability requirements set forth for the program:

e Ejectors are incorporated on each printed circuit board making tools
unnecessary for removal or replacement,
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® The input/output FCFC agsemblies are modular and may be individually
removed or replaced.

e Internal wiring from the flat cable connectors is printed flexible
circuitry. Note that the interboard wiring under the connector
plate is conventional round wire; however, the MID design is such
that it too could be printed flexible circuitry if sufficient MID
units were to be manufactured.

® The MID mounted flat cable receptables are "back-panel" mounted and
the connectors are removable as one unit for ease of maintenance.

3.3.7 Functional Test Ability

Functional testing of the Matrix Wiring System is achieved through the
use of two 17 contact connectors on each of the printed circuit boards. Each
of the test connector contacts is connected to a vertical line on the printed
circuit board, and then in turn common with a circuit of the flexible cir-
cuit that connects the inner two input/output flat connectors to the connector
plate, With the test connectors so mounted, it is possible to perform cir-
cuitry test on the entire OH-6A SLAE avionic system without disconnecting any
of the systems components, reference Figure B2

3.3.8 Repair

Repair of the Matrix Wiring System is simplified by the use of modular in-
put/output FCFC, printed flexible circuitry, connectors having modular in-
wert wafers, a standard basic printed circuit board design, and an assembly
design that makes the MID internal assembly readily removable,

3.3.9 MID Construction

The Matrix Interconnecting Device shown in Figure 3-3 consists of three
principle subassemblies; housing, connector plate assembly and 12 metrix card
assemblies, The unit measures 10,0 inches x 10,5 inches x 5.5 inches 45
cu. in.). The sixteen input/output connectors, located on two opposite sides
of the housing accommodate a total of 816 circuits, The Standard Lightweignt
Avionics Equipment (SLAE) used on the OH-6A requires approximately 680 cir-
cuits. This leaves 136 spare circuits for future system growth without change
in unit dimension,

3.3.9.1 NJID Housirlg

The housing is constructed of .060 thick aluminum alloy, 6061 Condition
"O", This becomes hardened to 6061 T4-T5 during the dip brazing process.
Reinforcing ribs were added on the four sides to prevent diaphraming. The
ribs on the connector sides of the housing are located internally, Cut-outs
are provided on two opposite sides of the housing for mounting the sixteen
flat cable connector receptacles, eight connectors per side. Each connector
receptacle, Cannon part number FCB3C22251E, accepts 3 one-inch cables, each
with 17 conductors spaced at .050 centers. Metal guides are riveted to the
inside of the housing to facilitate insertion of Matrix cards.
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The cover assembly is of similar dip braze construction. Three stiff-
ener channels are added to the inside of the cover, Hard rubber strips
cemented to the inside of these channels act as Matrix card board retainers.

prevent possible RFI emissions, an RFI gasket is used between the cover and
the housing.

2,3,9.2 Connector Flate

The connector plate which is used to terminate all input/output circuits
and for interconnecting between Matrix boards, is made from 6061T-6 |
aluminum alloy and measures 8.0 inches x 8,5 inches x ,080 thick. The plate
is drilled to a standard hole pattern to accept 1176 contacts of the tuning
fork type. The contacts are divided into 12 double rows with each double row
having 98 contacts. Four of the contacts in each group are grounded to the
plate to furnish a common ground for the shields of the flexible printed circuit
cables, Figure 3-4 shows the typical termination of the flexivle cable to
the bottom of the connector board.

The internal wiring between the flat cable connectors and the connector
plate is accomplished by the use of a flexible printed circuit. The flexible
circuit is a 17 conductor flat cable with the conductors spaced at .050 centers
on one end and at ,150 centers on the other end. Since all connections in
this system are direct point-to-point, all flat cables are of the same con-
figuration. The cable is shielded on one side with 1 oz. copper foil. This
provides signal separation when the cables are stacked, The narrow end of the
cable is terminated to the connector by means of a Multiple Splice Module

(MSM), developed by Raychem Corporation. The wide end of the cable is soldered
to the terminal pins on the underside of the connector plate.

3.3.9.3 Matrix Board Assembly

The matrix board assembly consists of five parts: the printed circuit
board, stiffener, the header, the test connectors, and the ejectors. The PC
board is .062 glass epoxy clad on both sides with 2 oz, copper, and measures
8,600 inches x 4.750 inches. One side of the board has vertical conductors
which terminate with a header. The opposite side has horizontal conductors
which are used to intercomnect two or more vertical conductors by means of
soldered eyelets or through plated holes.

A matrix drill plate is used to properly locate and drill through the
intersection of the conductors.

The Header Assembly consists of an aluminum "Z" extrusion with 98 male
contact pins which mate with the double rows of female contacts on the con-
nector plate, The header is assembled to the PC card with three rivets and
the contacts soldered to the pads provided on the vertical conductors. Pro-
visions are made on the PC board for mounting two test connectors for check-
ing continuity, monitoring system performence, and troubleshooting simply by
removing the cover fram the housing assembly. Two plastic ejectors located
on each end of the PC board are used to facilitate card removal,
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3.3.9.4 Matrix Board Interconnection Design

The matrix board interconnection design was achieved by the following
procedure:

(a) The Matrix Interconnecting System wiring diagrams were utilized to
define the connections required between the various SLAE boxes and
the OH-6A vehicle wiring. From this wiring diagram a chart was set
up listing the required system interconnections. The format of this
chart enhanced the rational grouping of connections between boxes
and the selection of flat cable layers that would best be brought
together on the same matrix board, minimizing the number of inter-
board Jumpers.

Signals were classified with respect to type of signal and signal
level.

Signals were assigned to positions in a flat cable, and the flat
cables assigned to positions on the matrix interconnecting boards.
In accomplishing this step, the following considerations were made:

® Routing - Signals were routed to provide the shortest path length
on the printed circuit card and to minimize interboard jumpers.

e Voltage Drop - Input power circuits were bussed in accordance
with the results of a voltage drop analysis.

e EMC - In order to assign circuits to the flat cable conductors,
each circuit wes classified with respect to its type of signal
and signal level in accordance with Table 3-1.

w

The conversion from the OH-6A conventional round conductor con-
figurations to equivalent FCFC was accomplished in accordance
with Table 3-2. The following EMC design parameters were in-
volved during this phase:

(1) High voltage level discrete and low voltage level analog
(or vice versa) signals should not be adjacent to each
other in the same layer of shielded flat cable. A min-
imum of one flat conductor, grounded at both ends, should
be used to separate them.

(2) Two different types of signals with the same signal voltage
level may be adjacent to each other in the same layer of
shielded flat cable.

(3) All leads which are shielded in the conventional system,
should be shieldzd in the Matrix Interconnecting System.




TABLE 3-1

FLAT CABLE CIRCUIT CLASSIFICATION

Each pin in the flat cable connector should be classified with
only one electrical function designator.

Type of Signhal

Primary Power

(From circuit breaker

to the unit)

Secondary Power
(From Unit to Unit)

Signal Power (REF)
(From Unit to Unit)

Discrete Signals
(Step Function)

Digital Signals
(DC Pulse Train)

Analog Signals
(Variable Amplitude
and/or Frequency)

RF Signals
(above 20 KHz)

Signal Level

AC-115V, L0OO Hz
DC-27.5V

AC-26V, 400 Hz
DC-less than 27.5
DC-greater than 27.5

DC-from O to £10 VDC
DC-from *+10 to +28 VDC

Bi-Level (O to #5V)
Bi-Level (0 to £28V)

Bi-Level (0 to A5V)
Bi-Level (0 to +28V)
Not Applicable

Ac-(0 to 5 VAC)
Ac-(0 to 26 VAC)

Ac-(OV to 30)
Not Applicable

Designator

PRP
ACP
Dcep

SDP
ACS
DCSL
DCSH

PREF
DCL
DCH

DIS
DIt L
DIS H

DIG
DIG L
DIG H

ANG
ANG L
ANG H

RF




TABLE 3-2
ELECTRICAL CHARACTERISTICS COMPARISON,
ROUND CONDUCTOR VS FLAT CONDUCTOR

RCUND CONDUCTOR-22AWG FLAT CONDUCTOR

/

‘@ CAPACI TANCE — [:3? CAPAC | TANCE
AtoB 3 5.68

a 7 f/
A B Hpf/ee PARALLEL LEADS PEfE A E908
TWISTED PAIR

e,

Lead to Lead 3'07Pf/ft Ato B

L__A] e
33Pf/ft E i { 26'59Pf/ft A toC

MULTILAYER

MULTILEADS

A
S

P Conductor oI
L0 BBINS I A, 63.79,¢/Ft A to

' SHIELD
SINGLE LEAD 98pf/tt F:%:],
2

ya

SHIELDED 112.57pf/ft T

SHIELD

0.17

Conductor to pf/ft A to B
Conductor

36.5pf/ ¢ s 112.57 ¢4, A to SHIELD

TWISTED PAIR Conductor to 1-270f/¢¢ A to B
SHIELDED Shield 63.79

62.5pF/ ¢

pf/ft A SHIELD

Conductor to l = 0.6byf /e, A
| v 7L ) ) | p ft
Conductor

300¢/¢¢ Ly o e O D
T D e 2l
L ; Conductor to s : yor o 29
THREE Shield =l Pf/ft A
WIRE-TWISTED 525/ ¢4 -
SHIELDED

111.,2

pf/ft A SHIELD

REFERENCE - DH 1-4 Series 1-0 REFERENCE - ITT Cannon Electric
AFCS DESIGN HANDBOOK FLAT CABLE CONNECTOR TERMINATION
ELECTROMAGNETIC COMPATIBILITY SYSTEMS AND DESIGN GUIDES
SECT-5B2, SUB NOTES 6(1)¢& 6(2) FIGURES - 12 THROUGH 15




(L) Spare leads in the flat cable should be grounded at the
MID box end only.

(5) 115 vac and 28 vdc primary power leads should be separated
from all other leads with a lead grounded at both ends.
Chassis ground or signal ground may be used for this
purpose.

Shielded leads should not be adjacent to the primary power
leads. A minimum of one lead grounded at both ends should
separate the signal carrying lead from the 115 vac and 28
vdc., A power return may be used for this purpose.

Areas within the FCFC layers were assigned to the different types
and levels of signals in accordance with the following EMC design
parameters:

(7) Primary power leads should be allocated to the top or bottom
layer. If a second flat cable group is superimposed, the
power leads should be on opposite sides of the two groups.

(8) Primary power leads shall be located away from analog
signals.

Flat cables from one connector interfacing with more than
one other connector should have the area assigned per the
individuals connectors. In each area, proper shielding
and separation procedures shall be followed.

() A list of all interboard jumpers required to the MID was made and
an interboard wiring diagram was drawn. All unused jumpers were
wired to allow for maximum MID system growth.

§

3.4 Installation Hardware
3.4.1 FCFC Terminations

Termination of the FCFC to the flat connector insert wafer is accom-
plished with the Multiple Splice Module (MSM) illustrated in Figure 3.5. The
FCFC was stripped with a NASA Flat Conductor Cable Stripping Tool MIT-15456.
The flat connector insert wafers were modified by flattening the rear portion
of the contacts. This modification changed the rear portion of the contacts
from a .020 dia. to a rectangular shape approximately .013 by .032.
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The MSM employs a termination concept similar to that of the industry
proven "Solder Sleeve', However, where the solder sleeve is a single
shrinkable cylinder containing meltable sealing rings at both ends and a
fluxed solder preform in the center, the MSM is developed from two pieces
of film selectively bonded together and expanded to form a series of shrink-
able compartments, Each compartment again containing sealing materisl and
a fluxed, solder-coated copper connecting strip.

The FCFC is inserted into one side of the MSM and the flattened con-
tacts of the insert wafer into the other. The assembly is then clamped in
a holding fixture, heated with a conductive heating device, and cooled
while clamped in place. Note that all conductors are terminated, insulated,
sealed and strain relieved in ore operation. An additional feature inherent

in the use of MSM, iz the ability to rework the cable/connector wafer termir-
ation,

3.4.2 FCFC Transition

Transition of the FCFC to the conventional (round) wire, compatible with
the existing circular (or rectangular) connectors of the avionics system boxes,
is accomplished with a device similar to the Multiple Splice Module (MSM) dis-
cussed in 2,2,4,1, The device utilized accepts the FCFC on one side and
MB1OkL /13-26 wires on the other, The resulting splice is mechanically and
electrically better than unspliced FCFC,

The transition from the rear portion of the circular (or rectangular)
connector to the FCFC of the MID system is protected with an adapter and heat
shrinkable boot similar to that specified in MIL-C-83723/27. The heat shrink-
able boot, illustrated in Figure 3-6, provides mechanical protection to the
MB10kk /13-26 wires and added strain relief to the transition.

Due to the fact that shield termination devices are not part of the
Matrix Wiring System concept being evaluated, FCFC shield terminations have
been made by soldering a wire to the FCFC shield and securing it to ground at
the avionic box connector.

3.5 Matrix Interconnection System Manufacture

3.5.1 Component Procurement

Component procurement proceeded on schedule and delivery of all pur-
chased items was completed by October 1973.

3.5.2 Matrix Interconnection System Manufacture

Two Matrix Interconnection Systems were manufactured; each system con-
sisting of:

25

e e e A T e

BRI




H3ldvav VL3N

3A331S 430108
HYINONV.LO3H

HOLO3INNOD
HY1NOHID

1008
718 VNIHHS LY3H

378v2
HOLONANOD LV




e A Matrix Interconnecting Device
e Flectrical Cable Assemblies
e Matrix Board Assemblies
The two Matrix Interconnection Systems manufactured differed in that
the electrical cable assemblies and matrix board assemblies of one MID system

were designed to mate with, and to interconnect the SLAE and its associated
electronics ir the OH-6A aircraft.

The electrical cable assemblies and matrix board assemblies of the second
Matrix Interconnection System were configured as the Environmental Test Article.
This configuration provided an electrical interface, sufficient to monitor cir-
cuit discontinuities through 38l flat connector receptacle contacts (of 816
in the MID) and through 38L printed circuit board connector plate contacts
(of the 1176 in the MID),

3.5.3 Mockup Manufacture

The mockup was completed on schedule. This effort included the manufac-
ture and installation of facsimile SLAE "oblack boxes”. As defined in the EMC
Test Plan, selected boxes contain representative electrical/electronic loads.

4.0 DESIGN FEASIBILITY TESTING

A design feasioility testing program was conducted on the Matrix Inter-
connection System for Aircraft Wiring. The testing program demonstrated that
the system components are suitable for the intended application, and also
demonstrated the performance characteristics of the system when installed in

the OH-6A mockup, interfacing with facsimile "black boxes" containing repre-
sentative electrical/electronic ioads,

Both Matrix Interconnection Wiring Systers were utilized in portions of
the Design Feasibility Testing Program, Test Reports documenting the testing
are included in the Matrix Interconnection System for Aircraft Wiring Interim
Report TR-O0l-Th, dated July 197k,

The testing program was divided into three categories, as defined in
Table 2-1. A summary of the Insulation Resistance and Dielectric Strength
measurements obtained during the course of envirommental testing are found
in tables 4-2 and k-3,

4,1 Acceptance Testing
4,1,1 Visual Inspection
The Environmental test article and the EMC test article were visually

inspected for conformance to the applicable engineering drawings and the
workmanship standards of MIL-STD-454C, Requirement 9.
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Insulation Resistance Measurement Summary

Table L4-2

LEAKAGE 500
MICRO OHMS

INITIAL 3Lk 3 5
THERMAL SHOCK Sl 5 L 3 L
MOISTURE RES. - 50°C DRY 34 800 26 %
THERMAL AGING 3, gk 26

DIEIECTRIC TEST BREAKDOWNS

Dielectric Strength Measurement Summary

Table U4-3




4,1.,2 Continuity

The Environmental, EMC, and Performance test articles were inspected for

conformance to tie continuity requirements of the applicable engineering
drawings.

4,1.3 Insulation Resistance

The Insulation Resistance of the Environmental and EMC test article
circuits were measured in accordance with MIL-STD-202C, Method 302, Condition
B (500 volts + 10%). Readings obtained from the Envirommental article are
summarized in Table - 2.,

Insulation Resistance measurements »f the EMC test articlie subassemblies
were taken during fabrication; in all cases readings of 109 ohms, or greater,
were recorded.

L,1.4 Dielectric Strength

Dielectric withstanding voltage tests were performed on the Environ-
mental and EMC test articles in accordance with MIL-STD-202C, Method 301.
The test voltage of '1500 VAC wag applied for 60 seconds. Leakage
current did not exceed 500 microamperes. Readings obtained from the Environ-
mental article are summarized in mgble 4- 3. Dielectric withstanding voltage
tests were performed on the EMC test article subassemblies during fabrication;
in all cases, the applied 1500 VAC resulted in a leakage current of less than
500 microamperes. .

4,2 Environmental Testh

,,2.1 Thermal shock testing was performed in accordance with MIL-STD-202C,
Method 107B, Condition B, The test article was cooled to -650C and maintained
at that temperature for two hours; then returned to room temperature. Within
five minutes after reaching room temperature, the test article was heated to
125°C and held at this temperature for two hours and then returned to room
temperature. This cycle was repeated five times.

L4,2,2 Vibration

Vibration testing was performed in accordance with MIL-STD-810B, Method
514,1, Procedure 1, time Schedule 1, Curve M, A circuit continuity monitor,
calibrated to indicate discontinuities in excess of ten microseconds, was
placed in series with esch of the six circuit discontinuity Flat Cable
assemblies. FEach of the six circuits monitored four layers of connector
contacts and one printed circuit board connector plate interface.

Circuit intermittents were ooserved during the four resonant frequency
dwell tests conducted along the axis perpendicular to the plane of the matrix
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R | card assemblies, 1n addition one of the two circuit board guides associsted
1 i with card number three pulled away from the MID housing at the top rivet.
stk Failure analysis showed that there was insufficient clamping pressure from
the three flat hard rubber matrix board retention strips within the MID cover.

| [ i Tt was then conluded that the excessive circuit board movement could li
be controlled by implementing two corrective action items:

l e Increase the effectiveness of the three flat rubber clamping strips i
. used to retain the boards by redesigning them to incorporate .06
S & notches which would accommodate the board tops. This redesign also .

i increased the dcwnward pressu~. imposed on the boards by the rubber ]
. i) strips.

| e TIncrease the stiffness of the matrix boards by bonding a .375 X
o 1138 right angle stiffener to each board. The stiffener would
be located directly above the hcrizontal traces of the board.

3 ! At the completion of the planned environmental test program, vibration
;' L re-testing was performed on the axis perpendicular to the plane of the
! matrix boards. DNo circuilt intermittents or discontinuities were observed

‘ during the four 15 minute sweeps or during the four 30 minute resonance
dwells at frequencies of 140 Hz, 220 Hz, 240 Hz and 310 Hz,

1 Tnasmuch as there were no circuit intermittents during the re-test,
K § it was concluded that adding circuit board stiffening ribs and captivating
' the formerly free moving board tops eliminated the intermittent problem.

i

[ ' 4.,2.3 Physical Shock :

The environmental test article was subjected tc shock testing performed
in accordance with MIL-STD-810B, Method 516, Procedure 1. Three shocks were
conducted in each direction along each of the three mutually perpendicular ¥
axes., Intermittents were observed in the monitor circuits associated with
two matrix cards during each of the three shock pulses performed in each of
the three test axes.

; 4,2.4 Moisture Resistance '

s Moisture resistance testing was performed in accordance with MIL-STD-202C,
Method 106B with steps 7a and Tb deleted. Immediately prior to environmental i

- conditioning, twice during conditioning and immediately upon the conclusion
! of conditioning, insulation regsistance measurements were taken,

As seen in Table 4-2 there was substantial electrical degradation of
] the test article during the course of the test. At the beginning of the
% test there were two insulation resistance measurements less than .5 megohm,
B however, by the end of testing this number had increased to 49, Over the
same period, dielectric breakdowns increased from 3 to 26, 3




Tmmediately following the last moisture resistance cycle the MID cover
was momentarily removed for observation. Virtually all interior surfaces
were covered with moisture condensation.

There was no indication of moisture entry through the gasketed inter-
face between the MID housing and cover. A twenty-four hour drying period
at 50 C resulted in a substantial improvement in insulation resistance
measurements. Examination of several uncoupled MID flat cable connectors
revealed the presence of substantial quantities of corrosion products on
the interior surfaces of both plugs and receptacles. Photographs were taken
for documentation and the MID returned to the connector manufacturer for
failure analysis.

The connector manufactures analysis indicated that the corrosion pro-
ducts observed resulted from galvanic action between the stainless steel
polarizing keys and the cadmium plated aluminum connector shell. A correc-
tive action has been implemented whereby future connectors will incorporate
cadmium plated polarizing keys, thus preventing galvanic coupling.

With respect to the entry of moisture through the connector, it was
determined that these connectors are not recommended for applications re-
quiring thru-bulkhead moisture sealing. This is due to the absence of an
environmental seal between the individual wafers and between the wafers and
the connector shell.

4,2,5 Thermal Aging

The environmental test article was exposed to ten cycles of the follow-
ing: elevate anbient temperature to 125°% + 5-O°C and maintain for 20 hours,
then reduce temperature to 20°C + 3°C and maintain for a minimum of four
hours. Insulation resistance measurements taken during the fifth cycle and
after the tenth cycle showed that there was no deterioration in the condition
of the test article.

4,3 Performance Test
4,3,1 EMI Test - Mockup

An electromagnetic conpatibility (EMC) evaluation, documented in
"Matrix Interconnection System for Aircraft Wiring - Interim Report", dated
July 1974, was accomplished utilizing the OH-6A mockup configured with fac-
simile avionic boxes containing simulated electrical loads. The facsimile
avionic boxes were first interconnected with a conventional round conductor
point-to-point wiring system which duplicated the existing wiring system
presently utilized in the OH-6A aircraft. EMC testing, as defined in Table
L4-l, was accomplisted; the mockup was then configured with the FCFC and MID
and the EMC test repeated. This testing demonstrated that the Matrix Inter-
connecting System provided increased protection of the avionic equipment to
electromagnetic interference and susceptibility than the conventional round
conductor point-to-point wiring system. Figures 4-1, 4-2, and 4-3 typify
the EMC performance characteristics of the two wiring systems.




TYPE OF
EMC TEST

POSITION
MONITORED

RF Emissions
RF Emissions
RF Emissions
RF Emissions

AF Susceptibility

AF Susceptibility
AF Susceptibility
AF Susceptibility

AF Busceptibility

AF Susceptibility

Spike Injected

Step Function

Step Function
Step Function

RF Injected
RF Injected

RF Radiated
Susceptibility

RF Radiated
Susceptibility

FRONT POSITION - Rod

SIDE POSITION - Rod

RIGHT & LEFT POSITION - Dipole
TOP POSITION - Dipole

ARC-116, TP 1 & 3
ARC-116, TP 1 & 2
TSEC/KY-28, TP 1 & 2
PILOT INTERCOM, TP 2 & 3
COPILOT & PASS INTERCOM, TP 2 & 3
ARC-116

TSEC /KY-28

COPILOT INTERCOM

PILOT INTERCOM

PASS. INTERCOM

ARC-116

TSEC/KY-28

PILOT INTERCOM

COPILOT INTERCOM

PASS. INTERCOM

ARC-116
TSEC/KY-28

PILOT INTERCOM
COPILOT INTERCOM
PASS, INTERCOM

PILOT INTERCOM
ARC-116
TSEC/KY-28
ARC-116

TSEC /KY-28
ARC-116
TSEC/KY-28
ARC-116
TSEC/KY-28

ARC-116 Rod
TSEC/KY-28 Front Position

TSEC/Ky-28 Rod
Side Position

TABLE L-L - FOR OH-6A MOCKUP EMC TESTING CHART




TYFE OF
EMC TEST

POSTITION
MONITORED

RF Radiated
Susceptibility

RF Radiated
Susceptibility

RF Radiated
Susceptibility

TSEC/KY-28
TSEC /KY-28
TSEC/KY-28

TSEC /KY-28

Dipole
Right Position

Dipole
Left Position

Dipole
Top Position

Dipole
Top Position

TABIE L-L4 - FOR OH-6A MOCKUP EMC TESTING CHART (CON'T)
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4,3.,2 Current Overload

Current overload tests were performed on the Matrix Interconnection
System for Aircraft Wiring while installed in the OH-6A mockup. The equip-
ment power circuits listed in Table L-5 were modified such that the con-
ductor attached to the load side of the circuit breaker was disconnected and
reconnected to a DC perwer source and a variable resistive load capable of ad-
Justing the test current to a prescribed value., An ammeter was also placed in
series with the power source. The avionic equipment connector containing the sub-
ject power circuit was yncoupled and a conductor terminated with a mating contact
was inserted into the contact terminating the power circuit. The test circuit
was completed by connecting the opposite end of the test lead to the power
return,

Each power circuit listed in Table 4-5 was loaded with the equivalent
of 200% of its maximum electrical load for 30 minutes.

There was no system or component deterioration, smoke or fumes during
this test.

5.0 EMC TEST - SITS

An extensive electromagnetic compatibility (EMC) evaluation, was accom-
plished utilizing an OH-6A System Integration Test Stand (SITS). The SITS
consisted of the OH-6A mockup configured with the actual OH-6A Standard
Lightweight Avionic Equipment package, associated electronics, antennas,
antenna cables, relays and switches,

Two identical tests were performed on the SITS. In the first test the
SLAE and associated electronics were interconnected with a duplicate of the
OH-6A conventional point-to-point wiring system., In the second test the
SLAE and associated electronics were interconnected with a Matrix Intercon-
necting Device and flat conductor flat cable (FCFC),

Test data obtained with the conventional point-to-point wiring system
were used as a baseline from which the Matrix Interconnecting System's per-
formance could be evaluated. The test results reflected an improvement in
overall system electromdgnetic compatibility when the Matrix Interconnecting
System was utilized. 1In addition, with the Matrix Interconnection System, a
decrease of 4dB in measured "noise" level was obtained at the copilot's
headset.

This portion of the program is documented in Appendices A and B of
this report.

6.0 FLIGHT TEST

A system electromagnetic compatibility (EMC) flight test was performed
on Army model OH-6A helicopter, serial number ARMY 1714k, configured with the




t i Input Power Circuit Current Rating Test Current
— From To (Amperes) (Amperes)
- = CB20 PILOT C-6533 . 962 1.9
: | = CB21 RT859/APX72 2, 7hb 5,5
; ; - CB22 TS18L3APX .75k 15
: { o, cBek | R1L96/ARNSY 1.547 3.0
- B CB25 AN/ARC116 3.088 6.2
5 _ CB32 AN/ARC11h-1 3.088 6.2
o —I B3k AN/ARC115 3.088 6.2
]
i TABIE L4-5

CURRENT OVERLOAD TEST VALUES




Standard Lightweight Avionics Equipment (SLAE) package and associated elec-
tronics. Testing was accomplished to evaluate the Matrix Interconnection
System for Aircraft Wiring under actual flight conditions. Two identical
evaluations were made, During the first, the OH-6A aircraft was evaluated
"as delivered" with the SLAE and associated electronics intercornected with
the conventional round conductor point-to-point wiring system. During the
second evaluation, the aircraft's SILAE and associated electronics were inter-
connected with the Flat Conductor Flat Cable (FCFC) and Matrix Intercon-
necting Device of the Matrix Interconnecting System for Aircraft Wiring.

Each of the two evaluations consisted of three systems tests; ground,
pre-flight, and flight. A total of five (5) flight hours was logged with
the Matrix Interconnection System installed in the OH-6A, No mechanical or
electrical problems of any kind developed in the system during the flight
testing program.

Data obtained during the evaluation of the OH-6A in the "as delivered"
state was used as a baseline model from which the performance of the Matrix
Interconnecting System was evaluated.

Test results, fully documented in Appendices C and D, show that use of
the Matrix Interconnecting System for Aircraft Wiring in the OH-6A resulted
in the following:

e A 58% improvement in system electromagnetic compatibility.

A decrease in "noise", measured at the copilot earphones, to a
level below the system compatibility specification requirements
of MIL-E-6051 for audio lines in an intercom subsystem,

A major improvement in FM homing - at frequencies investigated, an
improvement from total unreliability to exact homing was achieved,

Dials and indicators monitoring engine performance or fuel quantity
showed no indication of susceptibility.

A significant reduction in the time required to remove and replace
avionic boxes was achieved,

7.0 DESIGN GUIDELINES DOCUMENT

A Design Guidelines Document, delineating in Military Specification
format the design and installation of a Matrix Interconnection System for
the interconnection of electric and electronic equipment in aircraft 6 is in-
cluded as Appendix E of this report.










8.0 LIFE CYCIE COSTING ANALYSIS

A Iife Cycle Costing Analysis comparing a conventional point-to-point
round wire interconnecting system to a Matrix Interconnecting System was in-
cluded in the program. Since the OH-6A is being phased out of the regular
Army and into Reserve units the analysis was based on the Advanced Scout
Helicopter (ASH) which is presently being considered for development by the
Army.

Since the ASH is not yet fully defined, this analysis is based on several
assumptions and on similarities to existing systems, The resulting Life Cycle
cost are estimated in three categories; acquisition, unit field level mainten-
ance, and depot level maintenance.

Life Cycle costs are calculated on the following assumed overall factors:

e Fleet size, 500 ASH

e Average availability, 70%

Flight hours per month for operational aircraft, 7O hours

Life Cycle, 25 years

Avionic System Incorporated

e AN/ARC-114 Communication and Homing

e AN/ARC-115  Communication
AN/ARC-116  Communication
AN /ARN-89 Direction Finder Set
AN/ASN-43 Gyromagnetic Compass Set
C-6533 (2 Req'd) Communication Ccntrol
AN/APX-T72 Transponder
KIT-1A/TSEC Transponder Computer
TS-1843 /APX Transponder Test Set
TSEC/KY-28 Communication Security
Static Inverter

FLIR (Forward Looking Infrared)

Laser Designator




e Doppler Navigator
e IToran D. Receiver

A conventional electrical interconnecting system for the ASH would
consist of:

3,640 Conductor feet of size 20 wire

2,850 feet of single conductor

700 feet of single conductor shielded and jacketed cable

220 feet of two conductor, twisted, shielded and jacketed cable
50 feet of three conductor, twisted, shielded and jacketed cable
50 feet of four conductor, twisted, shielded and jacketed cable
Two junction boxes 3 in. x 3 in. x 6 in.

Five rails of MIL-T-8171L inter-connecting hardware each with 10
modules.

8.1 Acquisition Cost

The acquisition cost analysis presented comparés the cost of materials,
fabrication and installation for both the Matrix and conventional wiring
systems. Acquisition costs are develcped in detail in Table 8-1.

Costs of material, with the exception of the flat cable connections, re-
flect current vendor quotations. Flat cable connector prices were established
by averaging the percontact cost on MIC-C-8151] connectors as follows:

155 contact size; price per contact pair 4. 50
85 contact size; price per contact pair $0.61
average price per contact pair $0.56

average price per contact $0.28

Each flat cable connector contains 51 contacts, therefore, 51 contacts
X $0.28 = $14.28 per connector.

Costs for the fabrication and installation of both the conventional and
Matrix wiring systems reflect Grumman's experience and values extracted from
Grumman's "Design to Cost Manual" which modifies current practices in ferms
of dollar costs.
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It was also assumed that because of the relative maturity of the two
wiring systems that the acquisition cost of the Matrix Interconnecting
System will improve along a 90% learning curve, Conventional wiring tech-
nology is considered fully developed and not candidate for learning curve
improvement, Inflation is not considered a factor as it will affect bhoth
systems equally,

Detailing the acquisition cost per ASH times the fleet size and applying
the 90% learning curve results in a projected savings in acquisition cost of
approximately $517,000.

8.2 Unit/Field Level Maintenance Cost Analysis

The Matrix Interconnecting Wiring Systems provisions for ease of main-
tenance, functional test-ability, and repair are areas where the most sub-
stantial life cycle cost savings are realized. For the purposes of this re-
port, maintenance actions are divided into two levels: (1) unit/field main-
tenance, where aircraft modifications eare seldom made, and (2) depot level,
where both refurbishment and modifications are done,

Figures are not readily available from the Army to show how many maintenance
man hours per flight hour (MMH/FH) are required for maintenance of the wiring
system alone. Navy "3M" reports, however, do break their MMH/FH figures out to
this level for their helicopters. The SH-3A figure for maintenance of the wiring
system (.O34 MMH/FH was utilized for the analysis, because the SH-3A and the
projected ASH avionic and electrical systems are similar in complexity.

Figures used in ccmputing ASH unit/field maintenance cost are:
e 7,350,000 fleet life cycle flight hours
e ,034 MMH/FH for wiring maintenance

o $4.60/hr cost of an E-6 mechanic

From these figures, the cost of unit/field cost of maintaining an ASH
with 2 conventional wiring system would be $1,16 million for wiring only.

The experience with the Matrix Interconnecting Wiring System obtained
during the 2 1/2 year development program of extensive ground, SITS, and
flight test progrsms, plus cost analyses which compared the cost of incor-
porating various wiring changes, lead one to expect & minimum reduction of
30% in MMH/FH over the conventional wiring system,

Application of the conservative 30% saving in MMH/FH to the stated
figures for the ASH results in a projected life cycle cost savings at the
unit/field maintenance level of $3L8K,




TABLE 8-1

STATEMENT OF ACQUISITION COSTS

1, COST OF MATFRIALS:

2 Wire and Cable
‘ MB10L4L /16-20-9, Wire Single Cond, 20 AWG

- GC18K120K, Cable, Shielded Single Cond,

, GC18K220K, Cable, Shielded Two Cond.
GC18K320K, Cable, Shielded Three Cond.
GC18K420K, Cable, Shielded Four Cond,
Flat Cable, 17 Conductor
Flat Cable, 17 Conductor, Shielded
Flat Cable, Shield Termination

{ 2, MISCELLANEOUS HARDWARE:

: Insulation Sleeving
. Identification Sleeving
Connectors (To mate with MID)
Shield Terminations
Transition splices
. Strain relief boots
- Lacing tape

Pressure sensitive tape

3. MATRIX INTERCONNECTING DEVICE (MID):

Aluminum & Miscellaneous Hardware

Printed Circuit Cards (15 cards, inc, conn's)
Connectors

Connector plate

Flexible printed circuits

Assembly and fabrication labor

Ly, JUNCTION BOXES (2) & INTERCONNECTING HARDWARE:

“ Aluminum & Miscellaneous Hardware

i Connectors (Plug & Recp) (2 per J Box)
Assembly and Fabrication Labor
MIL-T-8171h4 Interconnecting Hardware

e TOTAL COST OF MATERIALS:
5. FABRICATION COST:

Hot Stamp, Strip & Terminate Conventional Wire

Route wires & cables onto Harness Board
Prepare Shield Tirminations
- Terminate FCFC(2

Install Transition Boot

* 46

Terminate conventional wire at FCFC Transition

MATRIX CONVENTIONAL
N/A $150
N/A 137
N/A 89
N/A 27
N/A 38
$233 N/A
€40 N/A
3 N/A
$876 $Ll1
N/A $ 8
N/A 6
$285 N/A
N/A 24
394 N/A
201 N/A
N/A 1
i N/A
" $681 § 39
$ 7 N/A
551 N/A
285 N/A
130 N/A
271 N/A
76k N/A
$2008 $ 0
N/A $ 6
N/A 124
N/A 220
NéA 150
0 500 (Note 11,
$3765 so80 Page 47)
(1) N/A $2868
$105 210
72 386
302 N/A
(3) 1285 N/A

'_-ZQETEEL

N/A
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TABLE 8-1 (Continued)

6. INSTALLATION AND CHECKOUT: MATRLX CONVENTIONAL

Cut ties, roll out and route harness ?ggembly $206(5)
Clamp harness to structure every 18" 220 348
Prepare loose wires; cut, strip, crimp and assemble N/A 630(7)
Install 2 J-Boxes N/A h2
Install MIL-T-8171k4 Interconnecting Hardware N/A 105
Install Matrix Box 150 N/A
Checkout 25 Sub-assembly boxes 262 350

$838 $2125

7. AGGREGATE OF ACQUISITION COST:

e MATERIAL $3765 $ 980
e FABRICATION 1834 346k
e INSTALLATION 838 2125

ACQUISITION TOTALS, PER SET: $6437 $6569

9. PLACING MID ON A 0% LEARNING CURVE(1O).

1st buy of 125 @ $6,L437, per set = $ B80L,625. 500 @ $6569. per set =
2nd buy of 125 @ $5,793. per set 724,125, $3,284,500,

3rd buy of 125 @ $5,214, per set 651,750,

Lth buy of 125 @ $4,693. per set 586,625,

ACQUISITION TOTALS, ASH FLEET: $2=7672125. §3,28h,500

EEEEEeweSESSeeeESE Se——

ACQUISITION SAVINGS 17288,
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.32 M/Hr, per wire segment (650) @ $14,00 per hr. (Ref. GAC design-to-cost
manual) (electrical check-out inc.)

.40 M/Hr, per FCFC segment (54) @ $1L,00 per hr. (electrical check-out included)
.10 M/Hr, per termination (17 x 56=952) segment (electrical check-out included)
650 wire segments x 4.3 ft. aug. LG = 2,795 ft.; assume 15 wires per bundle =
280 ft. of harness @ .166 M.hr./ft. (Ref. GAC design-to-cost manual).

531 ft. of FCFC, 3 cables per bundle - 177 ft. of harness @ .083 M.hr,/ft.

.133 M.hr. /clamp (Ref. GAC design-to-cost manual)

.250 M.hr, /wire end (Ref. GAC design-to-cost manual)

1 M.hr. /box @ 1L,00/hr.

.75 M,hr, /box @ 14,00/hr.

Conventional wiring technology is considered fully developed, not candidate
for learning curve improvement.

Junction box utilized in SLAE equipped OH-6A could be reduced from 2.5 x 3.5

x 9.0 (78.75 cu. in.) to .5 x 2.0 x 3.0 (3 cu. in.) with incorporation of
Matrix Interconnection System. Junction box could be eliminated if its
resistors were incorporated into the appropriate matrix card assembly.
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8.3 Depot Level Maintenance Cost Analysis

The largest dollar savings in life cycle cost derived from the Matrix
Interconnection System will occur at the maintenance echelons above organ-
izational.

Army (AMC) end Navy (3M) figures for MMH/FH figures for depot level
maintenance of all electrical and avionic equipment including wiring and
boxes for various aircraft is as follows:

AIRCRAFT DEPOT AVIONIC MAINT,

UH-1H .9 MVH/FH
CH-L47 .9 MMH/FH
SH-3A 2.1hk4 MEH/FH
ov-1C 4.2 MMH/FH
These figures show the increase in maintenance rate resulting from
more complex electrical/avionic systems. Since specific Army figures on
MMH/FH for depot level maintenance, modification and repair of wiring only

are not availsble, it has been approximated, based on Navy 3M data for the
SH-3A, as follows:

,034 MMH/FH maintenance/repair
.034 MMH/FH modifications

068 total MMH/FH, wiring

A typical pay scale for wage board employees at depot level is $12.00/hr
including overhead. Multiplying MMH/FH for wiring by fleet cycle flight hours
by the $12,00, a projected life cycle cost for depot wiring maintenance, repair
and modification is $6.0 million,

Again projecting a conservative 30% reduction in these costs by using the
Matrix Interconnection System for Aircraft Wiring, a minimum reduction in depot
level maintenance cost for ASH would be $1.8 million.

8.4 Life Cycle Cost Analysis Summary

Cost using Matrix Cost using con- Cost savings
Activity Interconnect System ventional wiring due to
system Matrix

Acquistion Cost $2,767,000 $3,284,000 $ 517,000
Unit/Field Maint. 812,000 1,160,000 348,000
Depot Maint. 4,200,000 6,000,000 1,800,000

TOTALS $7,783,000 $10,k444,000 $2,661,000

SUMMARY ASH LIFE CYCIE COST
TABIE 8-2
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4,0 CONCLUSIONS

The Matrix Interconnection System for Aircraft Wiring provides a flight
tested, total systems approach to aircraft wiring which incorporates within
its basic design concept provision for:

] I

e Growth - through adequate spare MID input/output circuits.

e (ircuit Change - because all changes are accomplished simply by removing
and replacing the epplicable matrix card(s).

3

B

e Maintenance - through the use of matrix card ejectors, modular input/
output FCFC assemblies, utilizing only two types of flat cable and
internal flexible printed circuits.

P e ol —
Bowncd p—

® TFunctional Test Ability - through the use of test connectors on each
! matrix board, which make it possible to interrogate or monitor circuits
- without disturbing the subsystem interconnecting wiring.

e

® Repair - through the use of "pack-panel" mounted connectors, modular
FCFC assemblies, and standard matrix board assemblies.

While providing interconnecting system performance superior to existing
wiring concepts and at substantial life cycle cost savings.

. S — R T R—
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= 10,0 RECOMMENDATIONS
=% e Tt is recommended that the Matrix Interconnection System for Aircraft
: Wiring be evaluated for its ability to interconnect avionic equipments
"‘" which utilize digital type signals. This recommendation is based on
L.i the tact that the SIAE equipped OH-6A baseline vehicle contained ac and
de power, audio and discrete signals, but no digital type signals.
{ e It is recommended that a component optimization program be initialed to

_I 2 maximise the cost vs performance relationship of the MIL-C-55544 flat
= cable cornnector, the matrix card test connector, and flat cable aircraft
installation clamping devices.

{

okl

- e Tt is recommended that the application of a computer program to generate
3 ~ the Matrix Tnterconnection System design be studied. The collocated

] configuration of the FCFC combined with the coordinate layout ¢of the

matrix card enhance the feasibility of this cost effective concept.

*3

} o Tt is recommended that an optimum installation of the Matrix Iater- .
' [ connection System for Aircraft Wiring be accomplished and that it be

monitored to establish the maintainability and reliability character-

istics of the concept under extended operational service.

e Tt is recommended that future avionics equipments be configured with
flat cable connectors with pin assignments made in accordance with the

|
k L1 findings of this report.
»

e
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1.0 Introduction - This report summarizes an Electromagnetic Compatibility
(EMC) evaluation that was performed on a System Integration Test Stand (SITS)

in vhich were installed the actual Standard Lightweight Avionic Equipment (SLAE).
Two identical tests were performed on the SITS. 1In the first test the SLAE

vas interconnected with conventional point-to-peint wiring. In the second test
the SLAE was interconnected to a MATRIX Interconnecting Device (MID) with flat

conductors flat cables.

For the conventional point-to-point interface evaluation the U. S. ARMY,

OH-6A model helicopter was simulated by the SITS in wire routing, wire configuration,

equipment location and electrical grounding. The test data obtained in the
conventional point-to-point wiring configuration was used as a "base line" model
for a comparison with the MID/FCFC interface evaluation test data. All test data

is included in the Appendix of this report.

The test results are summarized in Table I of this report and reflect
an improvement in overall system electromagnetic compatibility. A decrease of
L @B in measured "noise" level was obtained at the co-pilot earphone with the

MID/FCFC interface installed in the SITS.




2.0 Summary - The EMC tests were performed per Phase I, Electromagnetic Com-
patability Test Plan for MATRIX Interconnecting Device, dated October 26, 1973.
The Test Plan was revised only in MODE 8. Steps (s) and (t) were deleted from
testing with the approval from Ft. Monmouth EMC Engineering. Table I shows the
reduced test data for both EMC evaluations.

Only one modification had to be made to the MID/FCFC interface to comply

with the performance criteria stated fa the Test Plan. During checkout of the

Homing subsystem (MODE 4) the steering dial did not respond correctly to the

direction of the VHF-FM signal. The flat cable between the Homing Network

and the MID was modified by having the output signal from the Homing Network
(Pin C) to the Steering Dial rerouted to the other side of the flat

cable, By rerouting the output signal (Pin C), additional isolation was
obtained and the Steering Dial worked correctly with the portable Test Set some
twenty meters away. With the Test Set closer, the Steering Dial would sometimes
show wrong direction, the indication dependent on the location of the VHF-FM
portable station relative to the metallic objects and frequency transmitted.
For further details, see paragraph 5.0, Discussion.

The testing area had to be properly electrically grounded otherwise the
Automatic Direction Finding equipment would not perform functionally. The SITS
structure could not be grounded to earth ground within the immediate aree, other-
wise the ADF signal sensitivity was affected. The SITS structure could be
grounded through a long power cable. In this test the SITS structure was
grounded tihrough the DC return, some twenty meters long. The +28 VIC high and
its return were filtered to the generator chassis which in turn was grounded
to the earth ground.

The aviohic equipment was checked for proper bonding (2.5 milliohms, DC)

from each case to the SITS structure. After cleaning the case surfaces all




equipment complied with the bonding requirement.
The Standard Lightweight Avionic Equipment which presented an EMC problem

in both tests were: ADF, AN/ARC-11k, Heading Indicator and Transponder. All

problems were isolated and resolved, and are discussed in detail in paragraph

5.0 of this report.
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3.0 Conclusion -

ll

The MID/FCFC interface concept proved to be equal or better in EMC
system performance.
The flat cable interface is easy to troublestoot for functional per-

formance and EMC problems by use of the MATRIX Interconnecting Device.

\The MATRIX Interconnecting Device did not contribute any EMC problems

\with the cover removed and radiating antennas located two meters away
in front of the device.

Any electronic squipment which is used as an electromagnetic inter-
ference filter can be inferfaced using the MID/FCFC interface concept
but additional precautions must be taken in designing the flat cable.
In this particular system (OH-6A Hélicopter) multipoint grounding of
shieids in the MID/FCFC interface concept did not present any inter-
ference problems in the low frequency range used in the communication
subsystens,

The Intercom Subsystem had less background 'noise" level in the MID/
FCFC interface concept then in the conventional point-to-point wiring.
A level of 3.5 m V(RMS) was present in the point-to-point wiring and
a level of 2.2 m V(RMS) was present in the MID/FCFC interface.

The additional length of wire leads inherent in the MID/FCFC System
caused the Steering Dial in the Heading Indicator to malfunction. The
cross coupling from input signal lead (Pin A) to output signal lead
(Pin C) increased in flat cable between the Homing Network and the
MATRIX Interconnecting Device.

The Homing Subsystem Aid not perform properly due to reflections
causing Standing Wives at the testing area. With lower signal level

the Homing Subsystem tracked the portable VHF-FM signal correctly.
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In Testing the ADF Subsystem, the SITS structure with the senge antenna
near the ground presented an interference problem in the frequency

range of the ADF equipment. The DC power return radiated low frequency
"noise" to the ADF sense antenna. By filtering the DC return, sufficient
signal to "noise" reception was obtained by the ADF receiver so that
raising the SITS structure some two meters above ground level was

not required.

The flat cable matrix to the TSEC/KY-28 was not verified since the

equipment was not available.



4.0 Recommendation -

1. It is recommended the MID/FCFC interface be installed in the Army

Model OH-6A Helicopter and evaluated for electromagnetic compatibility

against the conventional point-to-point wiring.

It is recommended the MID/FCFC concept be developed to accommodate

high frequency digital signals.




5.0 Discussion - The functional performance modes (1 through 8) were performed

to verify each subsystem's operational requirements. A1l requirements of the
test plan were checked out and only Mode 8 was rewritten to comply with correct
operation of the Transponder subsystem.

The electrical grounding was checked and made to comply with the electrical
grounding requirements of the Test Plan The SITS structure was grounded to

the earth ground through the 28 V(DC) return some twenty (20) meters long. A

five (5) microfarads capacitor was placed across the 28 V power supply leads,
three (3) meters from the SITS power connector. In addition, three capacitors
each fifteen (15) microfarads were used to filter the DC power supply at the gener-
ator end. A capacitor was placed across the power supply leads and each lead to
chassis. While the ADF was being tested, the interference dropped by 30 dB in
Mode T.

The three Transceivers (AN/ARC-11l, ARC-115, ARC-116) were adjusted by
the Ft. Monmouth Representative to provide a signal 10 dB above background
noise level of the equipment. The squelch circuits were not touched again
during the evaluation. Each Transceiver had the volume set to provide 0.7 V(rms)
at the eurphones. The volume of each intercom was set with the dot to the
extreme right (approximately 3/4 volume).

The ADF volume was set with the det placed on TOP of the knob. Due to

excessive low frequency interference in the COMP mode, the ADF volume had to

be decreased, or increased, depending on frequency being received. All measure-
ments, however, were made with the volume control dot in top position.
The ADF, Heading Indicator, and Transponder presented problems during

the evaluation.




The low frequency interference detected in the ADF-COMP mode had to be

minimized otherwise test could not be performed. At some frequencies the compass

dial would show direction of interference scurce instead of the radio station.
Electrical grounding was improved around the SITS and the Test could be resumed
without elevating the SITS some two (2) meters above ground level.

The Heading Indicator presented a problem with the flag (power off),
station approach, and aircraft steering. The flag would show or disappear at
random for no apparent reason. During cold weather (below 0° C) the flag would
stay OFF, The station spproach would lockup in top position and the Heading
Indicator had to be tapped for the staticn approach dial to drop during reception
of signal. The aircraft steering indicator was unreliable due to standing waves

caused by the SITS structure and personnal sitting on the SITS structure near

the Homing dipole antennas. During Homing mode, the location of personnel near

the SITS structure had to be strictly controlled ctherwise the dial would show
opposite direction for the incoming signal. With low level signal, the Homing
mode indicated correct steering direction.

During the evaluation of the Transponder subsystem, the Transponder Test
Set had to be brought within six (6) méters to the SITS Transponder, not
necessarily with the antenna pointing directly at the antenna on the SITS.
Due to a wooden wall covered with roofing paper, the subsystem reception was
impaired. The signal attenuation caused by the wall was coupensated by locating
the Test Set closer to the SITS. The subsystem operation depended on the
fixed location of personnel and any movement of personnel near the SITS struc-
ture. When a correct response was obtained on the Test Set, all movement

of personnel was stopped.




The system performance was monitored by using the Heading Indicator and
earrhones connected in parallel with a voltmeter. Without the earphones the
meter did not provide dependable reference. On occasions, the earphones
detected an audible signal but the meter would not show any difference in
reading. Scope also would not show the interfering signal as distinctly as the
earphones. Readings were made with all intercom switches in the OFF positionj

during the conventional point-to-point wiring test, a maximum of 3.6 m V(rms)

was detected when the ADF was placed in COMP mode at 570 KHz. With the same

settings in the MID/FCFC interface evaluation, the maximum reading was 2.2 m V(rms)

approximately -4 dB difference in signal level. Readings could not be made with
conversation taking place due to large meter movement.

Modes 9 through 29 were tested with the avionic equipment matrixed one
against the other and all had their power turned on. Only in modes 4, 1k, 20,
23, and 29 was interference detected while the SITS was evaluated with the MID/

FCFC interface. No interference was detected in all other modes. In modes

14, 23, and 29 the Transponder Test Set was causing the interference in both
EMC evaluations as shown in the SITS-EMC evaluation summary in Table I,

Tn modes 4 and 20, the Steering Dial was affected in the MID/FCFC evaluation.
The Steering Dial was susceptible to the radiations created by the VHF-FM Test
Set and the internal "noise" on the input lead (Pin A) to the Homing Network.
The Homing Network is located between the AN/ARC-llh and the Heading Indicator,
and is used to dampen the Steering Dial against fast rise time signals. With

the MID/FCFC interface, the Steering Dial showed no free movement; just stayed

in the center with the VHF-FM Test Set OFF or ON (transmitting) some 120 meters

away from the SITS.
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leads from Pins C and D at the Homing Network were removed from the
MID/FCFC interface and substituted with individually shielded 30-centimeter
long conventional wires between the Homing Network and the Heading Indicator.
The Test was rerun and the Steering Dial worked correctly. The MID/FCFC inter-
race was modified by providing greater isolation between signals in Pins A and
C. The output signal (Pin C) from the Homing Network was rerouted to the opposite
side of the flat cable between two shield (grounded) leads. The Test was rerun
with the Test Set about 30 meters away from the SITS and the Steering Dial worked
correctly at 36.9 MHz and 75.95 MHz., At 53.0 MHz, random movements in one
direction were displayed by the Steering Dial. The dial could be made to show
correct direction by placing personnel, sitting on the SITS, in proper position
relative to the Homing Dipoles. With a low level signal (0.35 Vrms at the

Generator output into the VHF antenna) at 36.9, 53,and 64.0 MHz, the Steering Dial

showed direction correctly with personnel sitting, or moving around on the SITS.
If the Homing Network is treated as an interference filter, then the MID/
FCFC interface did not provide enough isolation between the input and output
signals in the flat cable to the Homing Network. In the conventional point-to-
point wiring, the input leads were individually shielded and approximately 1.5
meters long, and the output leads were 30 centimeters long, also individually
shielded. The input and output leads were bundled together for only 15 centi-
meters. In the MID/FCFC interface, the input lead (Pin A) and output lead (Pin C)
to the Homing Network connector were routed parallel to each other with only one
shield lead (grounded at MID) separating the two leads. The parallel run was
increased to two (2) meters. By rerouting signal cutput (Pin C) between the
Homing Network and the MID, enough isolation was obtained so that the Steering

Dial operated correctly. The PC card in the MID was modified accordingly and

will be tested in the OH-6A Helicopter.




TABLE I

SITS - EMC EVALUATION

SUMMARY

Foint-to Point Interface

No detrimental SPIKES, RINGING
Tnverter is audible (14,3 mV(RMS))
Steeady

Functionally good with Heading
Indicator

T/R checked out good

T/R checked out good

Tnterference from power return
Checked out good in all modes

No Interference

No Interference

No Interference

No Interference
COMP-3.6 mV, ANT-3.5 mV, LOOP-3.5 mV

Buzz with NAV-ON, Emergency Higher
Pitch

No Interference

No Interference

No Interference

No Interference

No Interference

MID/FCFC Interface

No detrimental SPIKES, RINGING
Inverter is audible (5 mV(RMS))
Steady

Steering did not perform in

original FCFC,cable had to be
modified.

T/R checked out good

T/R checked out good
Interference from power return
Checked out good in all modes
No Interference

No Interierence

No interference- Pos 1-1.8 mv,
Pos 2-1.8 mv, Pos 3-1 V(RMS)

No Interference

COMP -2.2 mV, ANT-2.2 mV, LOOP-2.2 mV

Buzz with NAV-ON, Emergency higher
Pitch

No Interference

No Interference
No Interference
No interference

No Interference




TABLE I (Continued)

SITS - EMC EVALUATION SUMMARY

Point-to-Point Interface MID/FCFC Tnterface

No Interference - antennas near Homing-Frequency Sensitive and
each other checks good antennas have to be separated by
some 20 meters.

No Interference No Interference

No Interference No Interference

Interregation comes on-crackling Buzz is heard in CHAN 1 and NAV,
sound in Hmnergency Pitch is the same in all Trans-
ponder modes.

No Interference No Interference

No Interference No Interference
No Interference No Interference

No Interference No Interference

P 3
S

Modulated CW was heard on CHAN 1 No Interference
when receiving on CHAN 2 from SIG.
GEN

Buzz sound in NAV-higher pitch in Buzz is heard in NAV-higher pitch
Emergency Mode » in Emergency Mode

a
s
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1.0 Introduction

This document delineates test procedures for performing a system test of

the OH-6A Standard Lightweight Avionic Equipment (SLAE) on the System Integration

Test Stand (SITS). The testing effort encompasses two stages of testing with
the actual SLAE and associated electronics installed on the SITS. In the
first stage, the SLAE will be interconnected with conventional point-to-point
wiring. In the second stage the SLAE will be interconnected with a Matrix
Interconnecting Device (MID) and associated Flat Comnector Flat Cable (FCFC)
interface. For these tests, the configuration of the SITS simulates the Army
OH-6A model helicopter in equipment location and cable routing of both types

of cables, conventional and flat.

1.1 Purpose

The purpose of this Test Procedure is to provide specific details for
perforring an electromagnetic compatibility (EMC) test to compare the conventional
point-to-point wiring against the MID/FCFC with the actual SIAE and associated
electronics in the SITS.

1.2 Scope

This test procedure is applicable only to the electromagnetic compatibility
tests performed on the SITS with the actual SLAE and associated electronics
in the Army OH-6A model helicopter configuration.

1.3 Equipment Description

Figure 1 shows the three major subsystems which shall be evaluated. A)1l three
subsystems are interconnected through the Communications Control Facility (C-6533)
which shall be used with the Indicetor, Heading Radio Bearing (ID-135 l/A) to
monitor for indications of susceptability. The details of the SLAE and associated

electronics within major subsystems are provided in Figures 2 through 8




The SLAE and associated electronics shall be located on the SITS structure as
shown in Figure 9,

A1l electronic equipment shall be interconnected with conventional point-to point
wiring as shown in Figure 10. Portions of the conventional point-to-point wiring shall
be refurbished with the MID/FCFC interface concept whose pin assignment in the flat
cable for an appropriate Avionic Box flat connector shall be as shown in Figure 11.
The point-to-point wiring shall simulate the actual length of cables, number of leads
to a connector; bundling and routing of cables.

The whole SITS structure shall be made of metal and both the conventional and flat
csbles shall be clamped to the structure. The joints of the SITS structure shall make
a clean metal-to-metal contact.

The following SLAE and associated electronic equipment shall be installed in the

SITS:
AN/ARC-114(No. 1) Radio Set

UHF-VHF, Aluminum Sheet Antenna

Hi Pass Filter, UHF-AM (FL 503)
Band Pass Filter, VHF-AM (FL 502)
FM Homing Antenns (AS 1962)

Sense Antenna (AS 1)

Preamp, AM (AM-4859/ARN-89)

Loop Antenna Assembly (AS2108/ARN-89)

‘M Communication Antenna (AS 1963)
Hi Pass Filter, VHF-IM (N8FL501)

Howing Damper Network (NLZ1)

Head Set/Microphone Filter, Assembly (N2TB600)
FM-Hi Pass Filter (CCC # HPF L0-06), 2 required
UHF Band Pass Filter (CCC # HPF 40-0T)

UHF Hi Pass Filter (CCC # HPF L40-08)
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UHF/VHF Antenna Diplexer (Huges Part No. 369A4675)

# 1 T Antenna Coupler (CU-1893 ( }/ARC)

Homing Hybrid Network (CU-179% ( )/ARC)

# 1 Homing Transformer (CU-179% ( )/ARC ), 2 required
Control Indicator Assembly (C-8157 ( )/ARC)

IFF Antenna (AT-884 ( )/APX)

4 2 ™M Communication Antenna (AS-1703 ( )/AR)

Static Inverter (PP-667TL)

Transponder Set (95-1843A/APX Test Set)

Communication System Control (C-6533, 3 required)

AN/ARC-115 Rasio Set

AN/ARC-116 Radio Set

Transponder Set (AN/APX-T2), consisting of Radio Receiver Transmitter
(RT-859/APX-T2), and Transponder Set Control (c-6280/APX-T2)
Direction Finder Set (AN-ARN-89), consisting of Radio Recelver
(R-1496/ARN-89) and Radio Set Control (C-T3%2/ARN-89)

Gyromagnetic Compass Set (AN-ASN-43), consisting of Induction Compass
Transmitter (T-611/ASN), Heading Indicator- Redio Bearing (ID-1351)
and Directional Gyro (CN-998/ASN-43)

Assoeciated Box Mounts

EMC Control Requirements

The quantity of tests amd combination of subsystems to be tested are listed in

Table I of this procedure.

2 Operating Modes for the Avionic Boxes

The detailed procedure for each functionsl mode shall be as specified in Table IT.




2.2 General Test Environment

2.2.1 Non-Electromagnetic Environment

The following test conditions shall be maintained during the performance
of the EMC tests:

a. Temperature - 100 C to 30O C - Ambieqt

b. Altitude - Normal Ground

c. Humidity - up to 90% relative humidity

d. Vibration - not applicable

2.2.2 Electromagnetic Environment

a. Electrical Power to SITS shall be +28VDC, external.
b. 115V-4OOHz to SITS shall be supplied if Static Inverted is not available.
c. Ambient electramagnetic levels shall be checked after an indication
of susceptibility occurs. The ambient level near the testing area
| shall be determined with the SITS equipment, which is being monitored
! for an indication of susceptibility  deenergized.

d. Testing area for these tests shall have a miminum dimensions of fifteen
meters wide and thirty-five meters long. The testing area may be enclosed
with non-metallic material on a steel frame structure during radiated
tests. A totally enclosed metallic structure shall not be used to
perform radisted tests due to high VSWR when transmitting. All other
Tests may be performed in e shielded enclosure with the following
minimum dimensions: 3 meters wide, 6 meters long and 2.5 meters high.

2.3 Test Equipment Requirement

2.3.1 Calibration Policy

‘ All standard test equipment used in conjunction with these tests shall be
calibrated in accordance with current instrument calibration procedures. Prior

to commencing the EMC evaluation a check shall be made to insure that all Test

equipment is calibrated for the duration of the tests.
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2.3.2 Test Equipment Required

The test equipment listed in Table III, or their equivalent, shall be
used in performing the EMC tests.

2.4 Equipment Arrangement

2.4.1 SITS Arrangement

When EMC tests are performed in an open area,the SITS shall be kept
away from any metallic object a minimum of one meter if the object has an earth
ground. No metallic object shall be placed between the SITS and a remote
Test Set which is used for radiated tests. All power lines from the power
supplies shall be placed against the SITS structure and on the ground (or floor)
of the testing area. Any shielded (or grounded pair) leads between SITS and
test equipment shall be kept away from the antennas a minimum of two meters
and, if possible, routed perpendicular to radiating antenna. For tests in the
shielded enclosure the SITS structure shall be a minimum of one meter to the
shielded enclosure walls or the nearest metallic object which is grounded to
the shielded enclosure.

2.4.2 Test Equipment Arrangement

Precaution shall be taken to insure that the metallic stands on which the
test equipment is located do not touch any points of the SITS which can ground

the SITS structure. All test equipment shall be kept out-of the line-of-sight

during the radiated measurement. Any EMC monitoring equipment used to monitor

the Avionic Boxes shall be located on the SITS structure and a minimum of sixty

(60) centimeters from the radiating antenna, either transmitting or receiving

signals.

2.5 General Electrical Grounding Requirement

For the EMC evaluation,all electrical grounding, except for the cable shields
for the Avionic Boxes, shall be identical during the conventional and flat cables

evaluations. During the conventional cable evaluation, all electrical grounding

shall simulate the OH-6A system as shown in Figure 10.




SITS Electrical Grounding -

(a)

(b)

The SITS structure shall be located on a dry concrete, sand or
wood floor during all EMC Tests.

The SITS structure shall be electrically isolated from  the shop
primary power (11,V - 4OOHz), the earth ground, or the shielded en-
closure (if applicable).

The primary power (+28 VDC) and the secondary of an isolation
transformer for AC power (115V - 400Hz) shall be referenced to
the SITS structure at the same point.

A1l chassis of the Avionic Boxes shall be bonded to the SITS's
structure through their mounting provisious such thatthe (dc)
impedance of 2.5 milliohms, or less, exists between the chassis

and the structure. This requirement shall be demonstrated by

test prior to the start of the EMC Evaluation.

The SITS structure shall be bonded to provide 2,5 milliohms,
or less, between any two extreme points on the structure. This
requirement shall be demonstrated by test prior to the start of
the EMC Evaluations.

Equipment Electrical Grounding -

Any test equipment which is used to simulate OH-6A system
electrical functions shell have the chassis referenced to the

SITS Structure and the signal to the applicable signal ground.

Test Sets which are used to simulated external transmitters and
receivers during radiated tests shall have their chassis referenced

to the shop ground or earth ground. When the Test Sets are
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directly interfaced with the Avionic Boxes (transmitters or
receivers), their chassis shall be referenced to the SITS
structure and isolated from shop or sarth ground.

EMC monitoring test equipment shall be referenced to the SITS
structure if a signal which is being monitored is referenced
to structure. If the signal to be monitored is isolated from

SITS structure,then only the chassis of the test equipment shall

e, e T T —

be referenced to SITS structure.

i s

3.0 General Measuring Instructions -

3.1 Test Equipment Operating Instructions - The test equipment shall be

operated as indicated in their respective menufacture's instruction manuals,
or as required by this procedure.

3.2 SITS Checkout Instructions - Prior to the EMC evaluations all avionics

boxes shall be subjected to an electrical performance test. All equipment
used in the performance test shall be checked for satisfactory performance of
their particular functions and pertinent data recorded. An electrical

performance check shall be made after completion of the EMC evaluations.

Operational Modes 1 through 8 may be used to perform the Performance Test.

X8 Test Data Recording - All test data shall be recorded in the appropriate

columns of the Dets Sheets as shown in the Semple Test Data Sheet, Figure 12.

4.0 Performance Criteria - An identical evaluation shall be performed on

the SIAF and associated electronics interconnected in the SITS with conventional

point-to-point wiring and egain interconnected with the MID/FCFC interface.

Both test data shall be compaired and the test data obtained during the

conventional wiring evaluation shall be used as a reference (base line) for

had stk it it ! b TPy ¥




acceptance. Any test data obtained in the MID/FCFC interface evaluation
which showed deviation from the base-line data, shall be investigated. The
acceptable limits shall be as stated for each operational mode in Table II.

5.0 Verification of Susceptability - During the conventional point-to-

point wiring evaluation, any indication of susceptability of the SLAE and

associated electronics shall be verified. Only the type and cause of deviation

shall be recorded on the Test Data Sheets. All other pertinent information
shall be entered in the EMC Test Log which shall be kept on a daily bases.
Any deviation from the base line while the MID/FCFC is being evaluated
shall be verified that it is caused by the presence of the MID/FCFC inter-
face. Any deviation caused by the presence of the MID/FCFC interface shall
be corrected by an appropriate modification of the MID/FCFC concept. The
corrective action shall be described in detail in the Test Log and the Test
Data shall document a rerun of the particular test. Deviations which

shall be isolated to be caused by equipment malfunction, poor connections,
or any other contribution than the MID/FCFC interface shall be recorded in

the Test Log.




2L=Xav /Ny
SAGNOJ SNVHL

€2 L 6g=1av/NV
AW HACH aqv

g2 l2 9 QTI-DHV/NY
HAOW FAOW ; 01Gvd

92 (4] n2 S STT=DuY/RY
01avy

ICON JAON f(ete

#IT-0¥V/HY

£e c2 12 (o4 1
OIJvH

FAOWN JACH JqON JACON

61 et LT 9t St € EH-NSY/NY
AGCH fe(07} AACH HQOW AACH SSYEI0D

Ht €T et 1T 01 6 2 €£69=0
HAOW FAOW FTOW FAOW HAOW HAOW WOO¥IINT

L 1 1 1 1 1 1 OVAGTT €0aAge
FAOW FAOK FTON Facw X1ddns ¥IMCd

T
HAOH fie(e) JAOW HACHW

vengTl~sL | 0geg=0 [66g-1a | 26€L-0 | 96nT-¥ W/ a0 WY/ SHA W/ IHA 666-ND | 1661~ Q| T19=1 | 'SSvd | I0TId00 | 101Id OVAGTT|0aAg2
2L-Xdv/RY 6G-Nav/Nv 9TT-0¥v/NY | STT-OMV/NV | #TT-DMv/NY £1-NSV/RV [ 4T) Xidans ¥amod | GILSEL SNIZE
gECNOd SNVHL Qv o1avd o1avy oIaQVE SSYIH00 WOOYZINI SWALSKSHIS

XIHILYW NOILVHEdO 40 SHAOW

T Jievd

o A

;'-tﬁ}- e e e e S - Y

z i el et ek sow




T TP oTER

TABLE IT

MODES OF QPERATION, PROCEDURE

Preliminary Instructions

(a)

(v)

()

(d)

Perform the power verifications of each mode prior to performing
subsystem functional operation, modes 2 through 8.

After performing Mode 1,do in sequence the functionasl operation
modes 2 through 8.

Perform modes 9 through 29 in any sequence desired. Each subsystem
shall be energized but only the subsystems stated for each mode
shall be activated and operated as directed.

For each mode which uses the intercom phones to monitor perform-
ance, the volume control and squelch shall be set in the same posi-
tion for both tests, conventional and flat cable.

A low frequency RMS Voltmeter shall be connected in parallel with

the earphones to continually monitor the signal.

e |

L Lu_.a "

-

[




i ln e s T B S LI B I o ' B oo b

TABLE IT

e ]

MODES OF OPERATION, PROCEDURE

2. Preliminary Settings

(a) With the external primary power (DC and AC) disconnected from the
SITS, set all SLAE being tested to OFF.

(b) Place all circuit breakers in the OFF position.

(r) Set BAT-OFF-EYI switch to EXT (if available).

(d) Interconnect the primary power circuit breaker panel to an external

nower source.

(e) To prevent engine-out warning signal from sounding in headsets,

place GEN-OFF switch to OFF.
At the Pilot, Co-Pilot and Passenger intercom sets, position
receiver switches 1, 2, 3, (4 and 5 are not used), AUX and NAV

to OFF (down). Set HOT MIKE-OFF switch to OFF.

Connect headset/microphone to headset cable.

Activate all circuit breakers as required in MODE 1.
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MODE 1
This test is to be performed with all the SIAE snd associlated electronics
installed in SITS and the primary power connected to the circuit breaker panel.
If the power input leads between the power source and SITS structure are 3
meters long, place a five (5) microfared capacitor (non-poler) on 28 Vde
between input and return, and one (1) microfared capacitor (non-polar)
on 115V - hOOHz,betwéen inpﬁt and neutral, at the SITS end.

With the SLAE deenergized, or energized but in steady state, the prim-
ary power shall not generate "SPIKE" transients of 50V ( p-p)., MAX and the durstion
of transients shall not be greater than ten (10) microseconds. There shall be
no damped-ringing transients or oscillations on the power supply lines
when the STAE is deenergized at each Avionic Box (if turn OFF switch exists)
or circuit breaker.

1. Primary Power Test

(a) Place all Avionic equipment which has a power turn on switch in the
OFF position.

(b) Place all circuit breakers in the OFF position.

(¢) Connect an oscilloscope across the 28 Vde and 115V - 4OOHz (if
static inverter is not available).

(4) Activate each circuit breaker to ON and OFF and monitor the oscill-
oscope for "SPIKES". SPIKES greater than 50 V(p-p) shall be sup-

pressed to & level of equal to or less than 50V (p-p).

(e) If Static Inverter is available and spikes above 50 V(p-p) exist,

they shall not be suppressed.

RS 2 1
i
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(f) Activate each circuit breaker for each subsystem one at a time and
check power lines for transients ringingsor ogcillation by
placing the applicable SLAE to ON position.

(g) Record characteristics of transients, ringingsor oscillation.

e T T e T

Turn OFF each SLAE and applicable circuit breaker.

Vi

(h) During the test, if an oscillation exists on the 28Vdc and 115 VAC -

4OOHz whose amplitude is 2 V(RMS), or less, from 50Hz to 15KHz, it

] shall not be suppressed.

fert

| ' (i) Energize all Avionic equipment and place the trancmitters in

stand-by.

. (j) Check the power lines for transients, ringing and oscillation.

L ]
oo

None should exist which are due to the SLAE when in steady state.
If any exist, record the characteristics and proceed with the test.
(k) Monitor the Bearing Indicator for indication of susceptibility as

each subsystem is being deenergized.

~~
'.(-l
~—

Monitor the earphones for audible tranients as the equipment is

being de-energized or energized.

ST R ST
H

i
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MODE 2

E This test is to be performed with the Pilot, Co-Pilot and Passenger

performance criteria: check that the side tones are not interrupted with

hum, chirps, or squeaks, and that adequate sidetones are audible in the head-

sets during all transmissions.

1. Initial Settings - The intial settings of control panel switches and

controls at each interphone station shall be ag follows:

CONTROL POSITION
VOL control MID position
A1l monitor switches OFF (all down)
Selector Switeh ICS position
HOT MIKE switch OFF

All transmitters shall be se’ to the test frequencies &uthorized by this
test procedure. Check modes 4, 5, and 6 for frequency assignment.
All operating equipments associated with the installed equipment in the

overall OH-6A aircraft configuration (including a Headsot Microphone

! Audio input to the C-6533( )/ARC direct input lines are not controlled

volume controls and ON-OFF switches on the individual equipments as required
to prevent audio interference.

2. Interphone Operation Test -

(a) At the pilot's position, key the ICS stick switch and speak into

the microphone. Observe that sidetone is heard in the pilot's

earphones and that adjustment of the VOL control varies the sides

tone volume.

Communication Controls, C-6533/ARC, installed in the SITS, with the following |

H-101A/U, or eguivalent, for each C-6533( )/ARC) are required for this test. }

by the C-6533 VOL control or monitor switches. It is necessary to utilize ¢




»

Note that interphone audio is present at the observer's headset.

B YT T -

Repeat steps (2) and (b) with the pilot's switch set to positions

1 through 5 and with the observers selector switch in ICS,

On the pilot's C-6533/ARC,return the selector switch to the ICS

position and place the HOT MIKE switch to the HOT MIKE position.
Speak into the microphone and observe that gidetone is audible in
the pilot's headset.
Note that interphone audio in step (d) is present at the observer's
headset.

(f) Repeat steps (a) through (e) for the cbserver's position . and all
other C-6533/ARC positions.

3. Transceiver Operation Test -

(a) Set all installed transceivers for operation at their authorized
test frequencies. Choose any authorized frequency in modes 4,5, and 6.
(b) Set the pilot's C-6533/ARC selector switch tc positiun #1. Note
presence of received signal or receiver background noige in the
pilot's headset controlled by the respective heads~t volume
control.
Key the radio,speak into the microphone,and note presence of radio
sidetone in the headset, provided that authorized test channel
is open.
Repeat steps (b) and (c) for selector switch positions 2, 3, I
Set the Pilot's C-6533/ARC selector switch to the ICS position.
Place monitor switch #1 to ON and note the presence of receiver

background noise in the pilot's headset controlled by the




respective receiver volume control. Return the monitor switch to

the OFF position. Repeat test for menitor switches 2 through 5,

AUX and NAV,

With all monitor switches OFF, check for proper audio signals con-~
trolled by the respective equipment a.nd/or ICS volume controls from
equipment connected to the unswitched -controlled and uncontrolled_ inputs.
Repeat steps (b) through (f) for all other C-6533/ARC positions.

Check both Pilot's and Co-Pilot's -ICS/RADIO stick-grip and

ICS/RADIO foot switch operation.

B-16
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MODE 3

This test is to be performed with the Gyromagnetic Compass Set AN/ASN-JB

et |

installed in the SITS with the following performance criteria: check the
] m compass I'or oscillations or jitter while synchronization is being performed
y
4 ud or as SITS is rotated to new headings (In the testing area the preferred
73 magnetic disturbance is a single cycle error of 5 degrees or less).
* g 1. Gyromagnetic Compass Set AN/ASN-U43 Test -
% (a) Set MAG-DG switch to MAG position.
’ %; (b) Supply power to the system.

'I | (¢) Synchronize system by turning synchronizing control on indicator
o 4n direction indicated by ennunciator, until annunciator returns
= to its center position.

r
E ] (d) Verify that the magnetic heading of the system, as shown on
- Indicator, agrees within 1 to 2 degrees with a known magnetic
3 4 heading and note heading shown on Indicator. |
- NOTE: The procedure assumes that the compass system has been
. swung in accordance with MII-STD-765 and MIL-C-7762. If
{: swing has not been perforued, heading checks in steps
éll (d). (m) end (o) will be approximate.
;E (e) Turn synchronizing control on Indicator until heeding indication

is 10 degrees greater than heading noted in step (a).

(f) Wait 10 minutes for system to settle and record heading shown on

:] Indicator.

(g) Synchronize the system as in step (c).




)
i
i
|

(n) Note heading shown on Indicator.

(i)

(3)

(k)

(1)

(n)
(o)

Turn synchronizing control on Indicator until heading is 10 degrees
less than heading noted in step (4).

Wait 10 minutes for the system to settle and record heading shown
on Indicator.

The difference between heading recorded in steps (£) and (j) should
be 0.5 degrees or less, as observed on an API, if available.

Turn STTS to new known magnetic heading which is 60 to 90 degrees
from heading ysed in stzp (d).

Synchronize system as in step (c) and verify that heading shown on
Tndicator is the same, within 1 to 2 degrees, as known magnetic
heading.

Check that Tndicstor panel lighis are lighted.

Remove power from system and ascertain that power failure flag

appears in face of Indicator.

|
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MODE 4

This test is to be performed with the AN/ARC-11L, FM communication

antenna

and FM Homing antenna installed in the SITS, with the following

performance criteria: check the action of the volume control and note the

selection channels are heard loud and clear without undesirable chirps,

squeaks, or hums, and also that adequate sidetone is audible during all

transmissions,

1. Receiver Test -

(a) Place the AN/ARC-114 function switch to T/R position.

(b) Tune the AN/ARC-114% to 30,05 MHz

(c) Depress and hold the AN/ARC-11lL RCVR Test pushbutton and 1isten
for tone modulated noise in the headset,

(d) Repeat steps (b) and {c) with the AN/ARC-114 tuned to 42.55,
52.70, 63.25 and 75.50 MHz.

(e) Record any variation of sound in the headset other than the tone
modulated noise stated in (c) above.

2. T/R Guard Test
(a) Place the AN/ARC-114 function switch to the T/R Guard position.
(b) Connect the FM Generator through a 6dB attenuator (HP 355C) to

AN/ARC-114 connector 72, Set the FM Generator to provide a 6

microvolt output signal at 40,50 MHz, modulated at 1 KHz, + 8 KHz

deviation,

NOTE: Do not adjust the AN/ARC-11k4 tuning controls for an indication
of 40,50 MHz, on the AN/ARC-11Y4 front panel. The tuning

control setting must be offset by at least 2,0 MHz from

the guard frequency of 40.50 MHz to verify operation.

.
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(a)

Verify guard reciever operation by monitoring a 1 KHz tone recep-

tion in the headset.
Remove the FM Generator and the attenuator from the input of

AN/ARC-llh and reconnect the antenna RF connector to connector J2.

3, Transmitter Power Output Test -

(a)

(b)
(e)
(a)

Connect the wattmeter between the AN/ARC-llh and the FM
communications antenna system as close to the AN/ARC-114 as possible
and with the wattmeter element arrow pointing in the direction of
the antenna.

Tune the AN/ARC-11k to 75.50 MHz.

Key the transmitter and record the power reading (5 watts minimum).
Rereat steps (b) und (c) with the AN/ARC-11%t tuned to 63.25,

52,70, 42,55 and 30,05 MHz.

4, Homing Test

(a)

(o)

Piace the AN/ARC-11L function switch to the HOMING position and
tune the AN/ARC-11L4 to 30.05 MHz.

Fnergize and adjust the portable ground station which provides no

more than 2.0 wattes power output for a constant, unmodulated out-
put at 30.05 MHz,

Using the front of the SITS as reference O°, move the portable

ground station * h