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FOREWORD

This document consists of two volumes:

Volume 1
This volume contains the main body of the document for 
the C‑130 Self Contained Navigation System

Volume 2
This volume contains Appendix III, Operational 
Requirements Specification
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1. SCOPE

This document establishes the performance, design, development and test requirements for the Smiths Industries Aerospace & Defense Systems Inc., Grand Rapids Division (Sl) Self Contained Navigation System (SCNS) for use on the United States Air Force (USAF) C‑130 aircraft.

2.
APPLICABLE DOCUMENTS

2.1  Government Documents. The following documents of the exact issue shown form a part of this specification to the extent specified herein. In the event of conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

SPECIFICATIONS:

Military

DOD-D-1000B
Drawings, Engineering and Associated Lists (Use MIL‑T‑31000)

MIL-A-81403
Altimeter-Encoder AAU-21/A

MIL-B-5087B
Bonding, Electrical, and Lightning Protection, for Aerospace Systems

MIL-C-25050A
Color, Aeronautical Lights and Lighting Equipment, General Requirements for

MIL‑E‑5400T
Electronic Equipment, Aerospace, General Specification for

MIL‑E‑6051D
Electromagnetic Compatibility Requirements, System

MIL‑E‑7080B
Electric Equipment, Aircraft, Selection and Installation of

MIL‑E‑7894A
Electric Power, Aircraft, Characteristics of

MIL‑H‑46855B
Human Engineering Requirements for Military Systems, Equipment and Facilities

MIL‑H‑83282B
Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base, Aircraft, Metric, NATO Code Number H-537

MIL-I-45208A
Inspection System Requirements

MIL‑L‑7808J
Lubricating Oil, Aircraft Turbine Engine, Synthetic Base, NATO Code Number 0-148

MIL-M-18012B
Markings for Aircrew Station, Displays, Design and Configuration of

MIL-M-38510E
Microcircuits, General Specification for

MIL-P-9024H
Packaging, Handling, and Transportability in System/Equipment Acquisition

MIL-P-15024D
Plate, Tags and Bands for Identification of Equipment

MIL-Q-9858A
Quality Program Requirements

MIL-S-19500F
Semiconductor Devices, General Specification for

MIL-S-52779A
Software Quality Assurance Program Requirements (Superseded by DOD-STD-2168)

MIL‑T‑5624L
Turbine Fuel, Aviation, Grades JP-4 and JP-5
Amend. 2

STANDARDS:

Federal

FED-STD-595A
Colors

Military

DOD-STD-100C
Engineering Drawing Practices

MIL‑STD‑12D
Abbreviations for use on Drawings, and in Specifications, Standards and in Technical Documents

MIL‑STD‑130F
Identification Marking of U.S. Military Property

MIL‑STD‑143B
Standards and Specifications, Order of Precedence for Selection of

MIL‑STD‑210B
Climatic Information to Determine Design and Test Requirements for Military Systems and Equipment

MIL‑STD‑454H
Standard General Requirement for Electronic Equipment

MIL‑STD‑461B
Electromagnetic Emission and Susceptibility Requirements for the Control of Electromagnetic Interference

MIL‑STD‑462
Electromagnetic Interference Characteristics, Measurement
Notice 2 
of

MIL‑STD‑470A
Maintainability Program for Systems and Equipment

MIL‑STD‑471A
Maintainability Verification/Demonstration/Evaluation
Notice 1

MIL‑STD‑480B
Configuration Control – Engineering Changes, Deviations and Waivers (Use MIL‑STD‑973)

MIL‑STD‑481A
Military Standard Configuration Control – Engineering Changes, Deviations and Waivers

MIL‑STD‑483
Configuration Management Practices for Systems, Equipment, Munitions, and Computer Programs

MIL‑STD‑701L
Lists of Standard Semiconductor Devices

MIL‑STD‑781C
Reliability Testing for Engineering Development, Qualification, and Production

MIL‑STD‑783C
Legends for Use in Aircrew Stations and on Airborne Equipment

MIL‑STD‑785B
Reliability Program for Systems and Equipment Development and Production

MIL‑STD‑794C
Parts and Equipment, Procedures for Packaging of

MIL‑STD‑810C
Environmental Test Methods and Engineering Guidelines

MIL‑STD‑834C
Packaging Data Forms, Instructions for Preparation and 
Use of

MIL‑STD‑875A
Type Designation System for Aeronautical and Support Equipment

MIL‑STD‑882A
System Safety Program Requirements

MIL‑STD‑882C
System Safety Program Requirements

MIL‑STD‑965
Parts Control Program

MIL‑STD‑1472C
Human Engineering Design Criteria for Military Systems, Equipment and Facilities

MIL‑STD‑1520C
Corrective Action and Disposition System for Nonconforming Material

MIL‑STD‑1535A
Supplier Quality Assurance Program Requirements

MIL‑STD‑1553A
Aircraft Internal Time Division Command/Response Multiplex Data Bus

MIL‑STD‑1553B
Aircraft Internal Time Division Command/Response 
Notice 1
Multiplex Data Bus

MIL‑STD‑1750A
Sixteen-Bit Computer Instruction Set Architecture

OTHER PUBLICATIONS:

Manuals

T.O. 1C‑130A-3
Technical Manual, Structural Repair Instructions, USAF series C‑130A, C‑130B, C‑130E, C‑130H, HC‑130H, HC130N and HC‑130P Aircraft

Regulations

AFR 50-9
Special Training

Handbooks

AFSC DH 1-3
Design Handbook, Human Factors Engineering

Other Documents

84-MMSRE-004-C-
C‑130 Modification Self Contained Navigation System
130-SCNS Rev. N
(SCNS), Statement of Work for

84-MMSRE-005-DVS
Doppler Velocity Sensor (DVS), C‑130 Self Contained
Rev. N
Navigation System (SCNS), Specification for

84-MMSRE-006-lCDS
Integration, Computation, and Display System (ICDS) Self
Rev. N
Contained Navigation System (SCNS) Control, Specification 

for

84-MMSRE-008-
C‑130 Self Contained Navigation System (SCNS) Support
SCNS/SE Rev. N
Equipment, Specification for

84-MMSRE-009-C-130
Self Contained Navigation System (SCNS) Integration,
Rev. N
Fabrication, Installation and Test of, C‑130 Aircraft

84-MMSRE-011-INS
Inertial Navigation System (INS) C‑130 Self Contained
Rev. N
Navigation System (SCNS), Functional Specification for

92-LBLRA-002-
Functional Integration Specification for the Self-Contained
GPS/SCNS
Navigation System (SCNS) Integration with the Global

Positioning System (GPS)

94-LBEA-SOW-DINU
Statement of Work for the Integration of Dual-lnertial
May 19, 1994
Navigation Unit Capability into the C‑130 Aircraft

Self-Contained Navigation System

CA1047-001D
Interface Specification for the C‑130 Self Contained
Navigation System

CB1047-001A
Prime Item Development Specification for the Integrated Display Computer Unit of the C‑130 Self Contained Navigation System for the C‑130B, C‑130E, C‑130H, WC‑140E/H, HC‑130H/N/P, and EC‑130E Aircraft

CB1047-002A
Prime Item Development Specification for the Bus Integration Computer Unit of the C‑130 Self Contained Navigation System for the C‑130B, C‑130E (Non AWADS), C‑130H, WC‑130E/H, HC‑130H/N/P and EC‑130E Aircraft

CB1047-003C
Computer Program Development Specification for the Integrated Display Computer Unit of the C‑130 Self Contained Navigation System

CB1047-004C
Computer Program Development Specification for the Bus Integration Computer Unit of the C‑130 Self Contained Navigation System

CC1047-001A
Prime Item Product Fabrication Specification for the Integrated Display Computer Unit of the C‑130 Self Contained Navigation System for the C‑130B, C‑130E, C‑130H, WC‑130E/H, HC‑130H/N/P and EC‑130E Aircraft

CC1047-002A
Prime Item Product Fabrication Specification for the Bus Integration Computer Unit of the C‑130 Self Contained Navigation System for the C‑130B, C‑130E (Non AWADS), C‑130H, WC‑130E/H, HC‑130H/N/P and EC‑130E Aircraft

CC1047-003E
Computer Program Product Specification for the Integrated Display Computer Unit of the C‑130 Self Contained Navigation System

CC1047-004E
Computer Program Product Specification for the Bus Integration Computer Unit of the C‑130 Self Contained Navigation System

ENASD 81-1
MIL‑STD‑1553B Standard Test Plan/Test Report

SNU 84-1 Rev. 3
Specification for USAF Standard Form, Fit, and Function
Amendment 1
(F3) Medium Accuracy Inertial Navigation Set/Unit
Change Notice 1
5 May 1987

2.2  Non-Government Documents. The following documents of the exact issue shown form a part of this specification to the extent specified herein. In the event of conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

SPECIFICATIONS:

Aeronautical Radio Inc. (ARINC)

10178022403A
Computer Program Development Specification for Navigation Set Doppler AN/APN-218 Micro Controller Operational Program

Rockwell International, Collins Division

Cl-RCVR-3010A
Prime Item Development Specification for the R-2332/AR
16 Oct 1989
Radio Receiver of the User System Segment NAVSTAR

Global Positioning System

Cl-AE-3060A
Prime Item Development Specification for the AS-3820/AR
9 Nov 1987
Antenna Electronics 1 (AE-1) of the User System Segment

NAVSTAR Global Positioning System

Cl-CRPA-3080A
Critical Item Development Specification for the
10 Nov 1987
AS-3281/ARN Controlled Reception Pattern Antenna 2

(CRPA-2) of the User System Segment NAVSTAR Global

Positioning System

OTHER PUBLICATIONS:

Smiths Industries Aerospace & Defense Systems Inc., Grand Rapids Division

SW1558
Procurement Specification for Doppler Velocity Sensor
Rev. B

YV1237
Program Hardware Interface Description for the Integrated
Rev. B
Display Computer Unit of the C‑130 Self Contained

Navigation System

YV1238
Program Hardware Interface Description for the Bus
Rev. B
Integration Computer Unit of the C‑130 Self Contained

Navigation System

2.3  Computer Programs. The following software of the exact version shown forms a part of this document to the extent specified herein. For software showing no date of issue, the latest issue applies.

550040
Software, Operational Flight Program – Integrated Display Computer Unit, Dual Inertial Navigation Unit and Automatic Communications System

551040
Software, Operational Flight Program – Bus Integration Computer Unit, Dual Inertial Navigation Unit and Automatic Communications System

3.
REQUIREMENTS

3.1  System Definition. The Self Contained Navigation System is an avionics system for the C‑130 aircraft. The functions provided by the system are aircraft navigation and steering, control of communication and navigation radios, flight planning, and calculation and control of troop/cargo air drops.

The system consists of an Integration, Computation and Display System (ICDS), a Global Positioning System (GPS), an Inertial Navigation System (INS), a Doppler Velocity Sensor (DVS) AN/APN-218, and the associated aircraft modification Group A kit. These system components consist of the equipment items shown below:

a.
Integration, Computation and Display System

(
Integrated Display Computer Unit (IDCU) CP-1877/A, Operational Flight Program (OFF), Computer Program Configuration Item (CPCI) No. 550040, Configuration Item (Cl) No. CN0202A

(
Bus Integration Computer Unit (BICU) CP-1786/A OFF, CPCI No. 551040, Cl No. CN0203A

b.
Inertial Navigation System

(
Inertial Navigation Unit (INU) – supplied as Government-Furnished Equipment (GFE); one or two, depending on aircraft model. Hereinafter, these units are referred to as INS 1 and INS 2 or INU 1 and INU 2. These terms are interchangeable.

(
INU mount; one or two, depending on aircraft model

(
SCNS battery

c.
Global Positioning System (supplied as GEE)

(
GPS Receiver Processor Unit (RPU)

(
GPS Antenna Electronics Unit (AEU)

(
GPS Controlled Reception Pattern Antenna (CRPA)

(
GPS Receiver Mount Tray

d.
Doppler Velocity Sensor

e.
Aircraft modification Group A kit

(
SCNS Control Panel (SOP)

(
Flight Director Mode Selector (FDMS)/Annunciator Panels

(
Master volume control panel

(
Differential pressure transducer (except for late C‑130H)

(
Lighting power modules – supplied as GFE, except for the light panel, brackets, and knobs

(
Associated wiring, switches, relays, and circuit breakers

(
For aircraft equipped with dual INUs, two Amplifiers, Electronic Control, Synchro Signal, are included. Hereinafter, these units are referred to as Synchro Signal Amplifiers (SSA).

(
For aircraft equipped with a GPS, a GPS KYK-13 remote fill panel is included.

The Cl which shall be supplied as part of the C‑130 SCNS are listed in Table 2‑1.

Table 2-1.  SCNS Configuration Items

Cl NUMBER
NOMENCLATURE
QUANTITY

CN0077A
Computer Unit, Integrated Display CP-1877/A
3 or 4

CN0078A
Computer Unit, Bus Integration CP-1786/A
1

CN0079A
Computer Unit, Bus Integration CP-1787/A
1

CN0080A
Sensor, Doppler Velocity AN/APN-218
1

CN0202A
OFP, C‑130 SCNS, IDCU
3

CN0203A
OFP, C‑130 SCNS, BICU
1

CN0084A
Navigation Unit, Inertial*
1 or 2

CN0085A
OFP, C‑130 SCNS, DVS
1

6876717
Receiver Processor Unit*
1

6876733
Antenna Electronics Unit*
1

6876741
Controlled Reception Pattern Antenna*
1

NA
KYK-13 Fill Panel*
1

*GFE

3.1.1  General Description. The SCNS shall consist of a Group B kit (three or four IDCUs, one BICU, one or two INUs (GFE), one GPS RPU (GFE), one GPS AEU (GFE), one GPS CRPA (GFE), and one DVS) and the associated Group A kit. The Group B kit IDCUs shall be installed on the flight deck at the pilot’s, copilot’s, and navigator’s stations. The fourth IDCU, if installed, shall be at the radio/mission operator’s station. The BICU shall be installed on the starboard end of the aft center underdeck rack. The INU(s) shall be installed in the underdeck electronics rack, and the DVS shall be installed on the centerline in the forward underside of the aircraft fuselage. The GPS Line Replaceable Units (LRUs) shall be installed in various locations, depending upon aircraft model, as specified in 3.2.2.2.6. The Group B kit LRUs shall communicate with each other via a MIL‑STD‑1553B multiplex data bus. The Remote Terminal (RT) address assigned to each SCNS (and aircraft) LRU on the bus is shown in Table 2‑2. Certain RT addresses are used in the Navigation System Trainer Test Set (NSTTS) TS-4235/G. The RT address is determined for each LRU by the Group A kit wiring. The Group B kit LRUs shall interface to the aircraft via various serial digital, discrete, and analog channels. A single software design shall be capable of operating on aircraft with single or dual INUs in order to permit a single OFP for all C‑130 types. The operational characteristics of the SCNS on both the FY83 C‑130H with dual INUs and the LC‑130H shall be identical to the FY93 C‑130H. The exception to this requirement is the characteristics of the AN/APN-241 radar, which is not integrated with the SCNS on the FY83 C‑130H and LC‑130H. Thus, the airborne radar navigation capability on the FY83 C‑130H and LC‑130H will not be integrated with the SCNS. Some aircraft will be equipped with an Sl Signal Data Recorder Reproducer (SDRR). For aircraft so equipped, the SDRR will be an RT on the MIL‑STD‑1553B bus and will interface with the SCNS. The SCNS will provide documentary data to the SDRR. There will be no change to the operational characteristics of the SCNS on aircraft equipped with an SDRR.

Table 2-2.  C‑130 SCNS Multiplex Bus Addresses

REMOTE TERMINAL
TERMINAL ADDRESS


BINARY
DECIMAL

Navigator’s IDCU
00001
1

Pilot’s IDCU
00010
2

Copilot’s IDCU
00011
3

Radio/Mission operator’s IDCU
00100
4

BICU
00101
5

INU (INU1 of dual INU)
00110
6

DVS
00111
7

VOR/ILS No. 1
01000
8

VOR/ILS No. 2
01001
9

HF1 or NSTTS Controller IDCU
01010
10

HF2 or NSTTS Unit Under Test IDCU
01011
11

NSTTS Teacher IDCU
01100
12

SDRR
01101
13

CIRIS
01110
14

MLS receiver No. 1
01111
15

MLS receiver No. 2
10000
16

AN/APQ-175 or AN/APN-241 Radar
10001
17

IWRS
10010
18

ADF No. 1
10011
19

ADF No. 2
10100
20

Interface Receptacle Unit
10101
21

(reserved)

22-26

GPS RPU
11011
27

INU 2
11100
28

Spare
11101
29

Simulator
11110
30

3.1.1.1  IDCU. The IDCU shall be part of the ICDS as specified in 84-MMSRE-006-ICDS. The IDCU shall be fully interchangeable between all affected C‑130 aircraft and all stations on the aircraft. This shall be accomplished by equipping the IDCU with the necessary hardware and software to function in any of the aircraft/stations. Aircraft configuration codes, as shown in Table 2‑3, shall be determined by the Group A kit wiring, shall be read by the BICU to determine the configuration of the aircraft it is installed on, and shall be passed on to all IDCUs over the MIL‑STD‑1553B multiplex data bus.

The FY83 C‑130H with dual INUs and the LC‑130H hardware installation shall be identified using aircraft identification code bits A, B, C, D, E = 01110 (0 = open, 1 = ground). Aircraft subsystem interface in accordance with 3.1.5.1 and the level arm from GPS antenna to specific force center in INU are:

INU1
X = –226

Y = –7

Z = –131

INU2
X = –225

Y = +6

Z = –131

The multiplex data bus (RT) address shall be used to determine both the data bus address and the flight deck (station) location of the IDCU. The IDCUs shall provide the primary computation capability for the SCNS, control/display interface to the flight crew, output signals to the flight instruments and flight control systems, and communication and navigation radio interface with the SCNS. The primary computer in the IDCU shall be implemented using the MIL‑STD‑1750A architecture. Program memory shall be implemented using Electrically Eraseable Programmable Read-Only Memory (EEPROM). All lighting and displays shall be compatible with AN/AVS-6 Aviator’s Night Vision Imaging System (ANVIS).

3.1.1.2  BICU. The BICU shall be part of the ICDS as specified in 84-MMSRE-006-ICDS. The BICU shall be fully interchangeable among all C‑130 aircraft except the Adverse Weather Aerial Delivery System (AWADS) equipped C‑130E which requires additional capability. This shall be accomplished by equipping the BICU with the necessary hardware and software to function in any of the aircraft. Aircraft model codes, as shown in Table 2‑3, shall be read by the BICU to determine the model aircraft it is installed on, and shall be communicated to the IDCUs over the MIL‑STD‑1553B multiplex data bus. These discretes shall be determined by the Group A kit wiring. The BICU shall provide the primary SCNS interface to the C‑130 aircraft (except for the communication and navigation radios). The primary computer in the BICU shall be implemented using the MIL‑STD‑1750A architecture. Program memory shall be implemented using EEPROM.

Table 2-3.  Aircraft Configuration Codes

AIRCRAFT
CODE
CODE DECIMAL

CONFIGURATION
A
B
C
D
E


Reserved
0
0
0
0
0
0

Spare
0
0
0
0
1
1

NSTTS - AWADS unit under test
0
0
0
1
0
2

NSTTS - unit under test
0
0
0
1
1
3

Spare
0
0
1
0
0
4

NSTTS - system test (growth)
0
0
1
0
1
5

Spare
0
0
1
1
0
6

Spare
0
0
1
1
1
7

Spare
0
1
0
0
0
8

C‑130H FY1992 (with AN/APN-241)
0
1
0
0
1
9

Spare
0
1
0
1
0
10

Spare
0
1
0
1
1
11

Spare
0
1
1
0
0
12

Spare
0
1
1
0
1
13

C‑130H FY83 with dual INUs and LC‑130H FY83
0
1
1
1
0
14

C‑130H FY93, HC‑130H(N) FY92-93
0
1
1
1
1
15

C‑130H FY78-82
1
0
0
0
0
16

C‑130HFY86-91
HC‑130H(N) FY88 and FY90
1
0
0
0
1
17

C‑130H FY83-85
1
0
0
1
0
18

EC‑130E/ABCCC
1
0
0
1
1
19

HC‑130P
1
0
1
0
0
20

HC‑130N
1
0
1
0
1
21

WC‑130H
1
0
1
1
0
22

HC‑130H
1
0
1
1
1
23

C‑130H FY78-82 (with ADC No. 2)
1
1
0
0
0
24

C‑130H before 78-0806
1
1
0
0
1
25

WC‑130E
1
1
0
1
0
26

C‑130E AWADS
1
1
0
1
1
27

C‑130E
1
1
1
0
0
28

C‑130H FY83-91 (with ADC No. 2)
1
1
1
0
1
29

Spare
1
1
1
1
0
30

Reserved
1
1
1
1
1
31

Note: 0 - open, 1 = short to ground







3.1.1.3  INS. The INS shall consist of the INU and INU mount. The INU shall be GEE.

The interface between the SCNS and the INU shall comply with the requirements specified in SNU 84-1. The INU shall be certified by the USAF approving authority.

The INU will comply with the requirements specified in 84-MMSRE-011-INS.

The INU shall provide (1) inertial sensor data for the navigation functions and (2) guidance signals for operating the flight instruments and flight control system.

On the airplanes with dual INUs:

a.
The second INU shall be form, fit, and functionally interchangeable; the second INU shall be fully integrated with the C‑130 to provide redundant heading and Attitude (ATT); and the dual INUs on the FY83 C‑130 shall replace the compass systems, vertical gyroscopes, and CAROUSEL inertial navigation units.

b.
The second INU shall be a redundant and independent inertial navigation sensor.

c.
Indicators, annunciators, and warnings shall be provided for each INU.

d.
The INUs shall perform the same functions as the compass systems on airplanes with a single INU.

e.
Each INU shall supply synchro heading signals to separate synchro amplifiers, and the synchro amplifiers shall supply the heading signals to the equipment and instruments that require synchro heading signals. The accuracy of the INU synchro heading signal shall not be degraded by the amplifiers, relays, and connectors which connect the synchro heading signal to the equipment and instruments.

f.
When all systems are operative, INU 1 shall supply the heading signals to the equipment that Compass System 1 supplies on the airplanes with a single INU, and INU 2 shall supply the heading signals to the equipment that Compass System 2 supplies on the airplanes with a single INU.

g.
In all of the flight director modes, magnetic heading shall be determined by the INU using inertially-sensed true heading and magnetic variation determined by the SCNS.

h.
In all of the flight director modes, grid heading shall be determined by the SCNS using inertially-sensed true heading and user-defined convergence factor.

i.
In the event a single INU heading signal fails, the remaining functional INU shall provide heading to both synchro amplifiers, and this operation shall be automatic.

j.
The MAG HEADING GOOD discrete signal from each INU shall be wrapped back to a SCNS input in order that failures of (1) the INU output circuitry and (2) the relays that connect the redundant heading signals to the instruments may be detected. In the event a MAG HEADING GOOD wrap-back discrete does not equal the expected state, the SCNS lamp on the FDMS shall be asserted and a failure message at the IDCU shall advise the user of the condition. The expected state of the wrap-back signal shall be a function of the INU mode and the MAG HEADING GOOD indication on the MIL‑STD‑1553 bus. This information is defined in CB1047-003C and/or CB1047-004C.

k.
The INUs shall perform the same functions as the vertical gyroscopes on the airplanes with a single INU.

I.
The INUs shall supply the analog pitch and roll signals to the equipment and instruments that require analog pitch and roll signals. The accuracy of the INU pitch and roll signals shall not be degraded by the hardware that connects the pitch and roll signals to the equipment and instruments.

m.
The source of the vertical reference for the pilot- and copilot-side Horizontal Situation Indicator (HSI), Attitude Direction Indicator (ADI), and Flight Director Computer (FDC) shall be manually switch-selectable as INU 1 or INU 2, and ATTITUDE SAME lights shall be illuminated when the same INU is selected as the source for both the pilot- and copilot-side instruments. In the event an INU roll or pitch signal fails, the INU shall assert attitude failure flags and illuminate warning lamps, and the user must select the remaining operative INU as the source of roll and pitch for the instruments. That is, the user must accommodate the failure by changing the attitude source. The switching will not be automatic.


The INS1 and INS2 positions of the VERT REF switch on the FDMS shall replace the VG and INS positions of the VERT REF switch on the airplanes with a single INU.

3.1.1.4  DVS. The DVS shall consist of the AN/APN-218 USAF standard Doppler radar. The Doppler radar shall be in accordance with 84-MMSRE-005-DVS. The Doppler radar shall provide Doppler velocity sensor capability for navigation functions.

3.1.1.5  GPS. The GPS shall consist of one R-2332/AR Radio Receiver, one AS-3820/AR Antenna Controller, one AS-3821/ARN Antenna and one NAC 1-1 /2 Receiver Mount Tray. The GPS shall provide GPS position and velocity information for navigation functions.

3.1.1.6  Group A Kit. The Group A kit consist of several groups of equipment as described in the following paragraphs:

a.
SCNS Control Panel – The SCP will be installed at the navigator crew station. It will provide ON/OFF control for the SCNS and DVS, and ON/OFF/ATT (mode) control for the INU. It will annunciate the system failure status and the flight mode.


On the airplanes with dual INUs, separate ON/OFF control will be provided for the second INU and the GPS. The failure status and mode annunciators will be on a separate panel.

b.
FDMS – A FDMS is installed at both the pilot’s and copilot’s stations. The FDMS is a modified version of the existing FDMS – the modification consists of adding the SCNS associated modes to the selector and adding mode and fault annunciators. Beginning with aircraft that have dual INUs, the FDMS is further modified as described in Appendix III.

c.
Manual/computer switch – This switch shall be installed at the copilot’s side shelf and shall allow manual or computer (SCNS) control of troop/cargo air drops.

d.
Lighting power modules – The modules shall transform the aircraft power to a 
0-5 volt dimmable lighting power for use in the IDCU keyboard. These modules shall be supplied as GEE, except for the light panel, brackets, and knobs, and shall be installed as necessary.

e.
Differential pressure transducer – A transducer shall be installed on all aircraft covered by this document except C‑130H numbers 78-0806 and up. This pressure transducer shall provide differential pressure data for calculation of true airspeed. The transducer shall be connected to the pilot’s side Pilot System.

f.
Master volume control panel – This panel shall be installed at the aft end of the center pedestal (where possible) and shall contain individual volume controls for each communication and navigation radio.

g.
On airplanes with dual INUs, each INU shall supply synchro heading signals to separate synchro amplifiers, and the synchro amplifiers shall supply the heading signals to the equipment and instruments that require synchro heading signals. When all systems are operative, INU 1 shall supply the heading signals to the equipment that Compass System 1 supplies on the airplanes with a single INU, and INU 2 shall supply the heading signals to the equipment that Compass System 2 supplies on the airplanes with a single INU.

h.
GPS KYK-13 Remote Fill Panel – On airplanes with a GPS receiver, this unit shall provide the interface between the GPS receiver and the KYK-13 Electronic Fill Device.

i.
Miscellaneous – This consists of all the wiring, relays, and circuit breakers required to install the SCNS in the aircraft.

j.
SCNS Power Filter Box – This filter box shall be installed on the EC‑130E aircraft at the pilot’s upper circuit breaker panel. This box filters all SCNS power leads.

k.
SCNS Signal Filter Box – This filter box shall be installed on the EC‑130E aircraft at the aft center underdeck rack. This box filters all SCNS discrete signals.

I.
SCNS Junction Box – This junction box shall be installed on the EC‑130E aircraft at the aft center underdeck rack. This box provides for the interface for all non-discrete SCNS signals.

m.
Standby Gyro Horizon – A self-contained, standby gyro horizon shall be installed on the primary instrument panel. This instrument will indicate roll and pitch, and will be the backup attitude indicator in the event the primary ADls fail. This instrument will also be connected to the SCNS battery in order to permit emergency operation after a failure of the C‑130 electrical power system. Moreover, this instrument will provide useful information for 9 minutes after the charge in the battery is consumed.

n.
HF Radio Configuration Panels – A Disconnect/Bracket and a Termination Resistor Mounting Bracket shall be installed next to each HF radio. This SCNS/Automatic Communications System (ACS) A-Kit allows the aircraft to be configured with any combination of RT-1341(V)5 or (V)8 HF radio receiver/transmitters. A Disconnect/Bracket panel is used to interconnect the HF1 and HF2 receiver/transmitter with an RS-422 interface or a MIL‑STD‑1553B interface, depending on the version of receiver/transmitter installed. A Termination Resistor Mounting Bracket is used to stow the SCNS 1553 bus A and B connectors when the RS-422 interface is utilized.

Group A kit design and installation shall be in accordance with 84-MMSRE-009-C‑130. All panel and annunciator lighting shall be compatible with ANVIS.

3.1.1.7  Equipment Removal. In conjunction with the modification of the C‑130 aircraft to install SCNS, the equipment/systems listed in Table 2‑4 shall be removed from the aircraft. Removals shall be in accordance with 84-MMSRE-009-C‑130. NOTE: The equipment removed is dependent on aircraft configuration.

Table 2-4.  Equipment Removal List

EQUIPMENT NOMENCLATURE

AN/APN-147 Doppler 
- Receiver/transmitter mount 
- Frequency tracker and mount 
- Antenna, radome and control

AN/ASN-35 Doppler Computer 
- Amplifier (computer and mount) 
- Main and auxiliary controls 
- ID-938 (HC‑130)

ARN-131 Omega 
- Processor/receiver 
- Control and antenna

Radio controls for AN/ARC‑164 UHF No. 2 

Radio controls for AN/ARC‑186 VHF 

Radio controls for AN/ARC‑190 HF 

Radio controls for AN/ARN-118 TACAN 

Radio controls for AN/ARN-147 VOR/ILS 

CAROUSEL IV-E INU 

* C‑12 Compass System (two) 

* MD-1, 9002B, 332D-11A, or 332D-6 Vertical Gyroscope (two)

*
This equipment shall be removed only from FY83 C‑130H with dual INUs and LC‑130H.

3.1.1.8  System Functional Areas. The C‑130 SCNS shall accomplish its required tasks by implementing the following major functions. Refer to 3.7 for detailed descriptions of the functional areas.

(
Manage Flight Path

(
Manage Dynamic Flight

(
Manage Displays

(
Manage Input/Output (I/O)

(
Manage Comm/Nav Radios

(
Manage Built-In Test (BIT)

(
Manage Data Transfer

3.1.2  Missions. The SCNS primary function is to provide highly accurate and reliable self-contained navigation capability for the USAF C‑130 tactical airlift operations.

3.1.3  Threat. This paragraph does not apply to the SCNS program.

3.1.4  System Diagrams. The following paragraphs describe the system diagrams.

3.1.4.1  Specification Tree. The SCNS specification tree is shown in Figure 2‑1.
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Figure 2-1.  SCNS Specification Tree

3.1.4.2  Functional Block Diagram. The SCNS functional block diagram for all aircraft models is shown in Figure 2‑2. LRUs represented in the diagram are not necessarily present in every aircraft model or configuration.

[image: image2.wmf]SS002


Figure 2-2.  SCNS Block Diagram

3.1.4.3  Functional Interface Diagram. The SCNS functional interface diagram is shown in Figure 2‑3.
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Figure 2-3.  SCNS Functional Interface Diagram
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)
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Figure 2-3.  SCNS Functional Interface Diagram (Continued)

3.1.5  Interface Definition. The C‑130 SCNS shall interface with the existing and provisional aircraft subsystems as shown in Table 2‑5. Specific data defining each signal of the SCNS interface is described in CA1047-001D.

SCNS shall be compatible with the aircraft models/radio installations as shown in Table 2‑6.

SCNS shall be compatible with the combinations of aircraft models and flight director systems shown in Table 2‑7.

Table 2-5.  Aircraft Subsystems Interface With SCNS

SCNS INTERFACES

AN/ARN-118 TACAN (max of two)

AN/ARN-139 TACAN (max of one) 

AN/ARN-149 ADF (max of two)

AN/ARN-147 VOR/ILS (max of two)

AN/ARN-152(V) MLS (max of two)

AN/ARC‑190 HF (max of two and one ACP) 

AN/ARC‑185 VHF (max of two)

AN/ARC‑164 UHF (max of two) 

AN/APN-169C SKE (if installed) 

Flight Director USAF STD (max of two) or 

Flight Control System, FCS-105 (max of two flight directors) 

HSI 45 Horizontal Situation Indicator (max of two) or 

AN/AQU-2/A Horiz Situation Indicator (max of two) or 

331A-8G Course Indicator (max of two) 

E4 or A/P-105 Autopilot System 

N1 or C12 Compass System (max of two) 

MD-1, 9002B, 332D-11A or 332D-6 Vertical Gyro 

Free Air Temperature Sensor 

Troop Jump System 

Aerial Delivery System 

Pilot System or ADC No. 2 or TAS Computer 

CPU-43/A CADC (C‑130E AWADS) 

AAU-21/A Altimeter-Encoder 

KY-58 or KY-75 Secure Voice System 

Intercommunication System (AIC‑10 or 18 or 25) 

Flight Director Mode Selector (max of two) 

Integrated Weather Reconnaissance System (WC-130E/H)

AN/APN-241 Low Power Color Radar 

AN/APQ-175 Multimode Radar 

AN/APN-059 Radar 

Interface Receptacle Unit 

Model Al-803AU Standby Attitude Indicator (1983 model C‑130H with dual INUs) 

Doppler Velocity Sensor 

Signal Data Recorder Reproducer

Table 2-6.  SCNS Radio Configuration by Aircraft Model

AIRCRAFT MODEL
HF RADIO1 AN/ARC‑190
HF RADIO2 AN/ARC‑190
VHF RADIO AN/ARC‑186
UHF RADIO AN/ARC‑164


No. 1
No. 2
No. 1
No. 2
No. 1
No. 2
No. 1
No. 2

C-130E (non-AWADS)
I
I
I, P
I, P
I
I, P
I
I, P

C-130E (AWADS) 
I
I
I, P
I, P
I
I, P
I
I

WC-130E
I
I
I, P
I, P
I
I, P
I
I, P

WC-130H
I
I
I, P
I, P
I
I
I
I

EC-130E
I
I
I, P
I, P
I
N
I
I

EC-130E ABCCC
I
I
I, P
I, P
I
I
I
I

HC-130N, HC-130P
I
I
I, P
I, P
I
I
I
I

HC-130H
I
I
I, P
I, P
I
I
I
I

C-130H FY73-78
I
I
I, P
I, P
I
I
I
I

C-130H FY78-92
I
I
I, P
I, P
I
I
I
I

C-130H 1993
I
I
I, P
I, P
I
I
I
I

LC-130H 1983
I
I
I, P
I, P
I
I
I
I

LC-130H FY92-93
I
I
I, P
I, P
I
I
I
I

HC-130H(N) 
I
I
I, P
I, P
I
I
I
I


Legend: I = installed, P = provision; N = not installed


1 = Radios with RS-422 interface

2 = Radios with 1553 interface and ACP

Table 2-6.  SCNS Radio Configuration by Aircraft Model (Continued)

AIRCRAFT MODEL
ADF AN/ARN-149
TACAN AN/ARN-118
TACAN AN/ARN-139
VOR/ILS AN/ARN-147
MLS 
AN/ARN-152(V)


No. 1
No. 2
No. 1
No. 2
No. 1
No. 2
No. 1
No. 2
No. 1
No. 2

C-130E (non-AWADS)
N
N
I
I, P
N
N
I
I
I
I

C-130E (AWADS)


I
I, P


I
I
I
I

WC-130E
N
N
I
I, P
N
N
I
I
I
I

WC-130H


I
I, P


I
I
I
I

EC-130E


I
I


I
I
I
I

EC-130E/ABCCC


I
I


I
I
I
I

HC-130N, HC-130P


I
I


I
N
I
I

HC-130H


I
I


I
I
I
I

C-130H FY73-78


I
I, P


I
I
I
I

C-130H FY78-92


I
I


I
I
I
I

C-130H 1993
I
I
I
I


I
I
I
I

LC-130H 1983
N
N
I
I

N
I
I
I
I

LC-130H FY92-93
N
N
I
I
N
N
I
I
I
I

HC-130H(N) 
I
I
I
N
N
I
I
I
I
I


Legend:  I = installed; P = provision; N = not installed

Table 2-7.  Flight Director Computer Systems

AIRCRAFT
FDS
FDC
HSI/CI
AUTOPILOT
SERIALIZATION

C-130E
USAF STD
CPU-27/A
AN/AQU-2/A
E-4
AF61-2358 thru 2373
AF62-1784 thru 1866
AF63-7764 thru 9817
AF63-13186 thru 13189
AF64-495 thru 572
AF64-17680 thru 17681
AF64-17949 thru 18240


USAF STD
CPU-65/A
AN/AQU-2/A
E-4
AF68-10934 thru 10951
AF69-6566 thru 6583
AF70-1259 thru 1276
AF72-1288 thru 1299

WC-130E
USAF STD
CPU-27/A
AN/AQU-2/A
E-4
AF61-02360, -02365, -02366
AF64-00552 thru 40554

WC-130H
USAF STD
CPU-65/A
AN/AQU-2/A
E-4
AF64-14861, -14866
AF65-0963, -00964
AF65-00966 thru -00969,
-00972, -00976, -00977,
-00980, -00984, -00985

HC-130H
USAF STD
CPU-27/A
AN/AQU-2/A
E-4
AF64-14852 thru -14853
AF64-14855 thru -14856
AF64-14859 thru -14860
AF64-14863 thru -14865



CPU-65/A
AN/AQU-2/A
E-4
AF65-00962, 40970
AF65-00973 thru -00975
AF65 00978
AF65-00981 thru -00983
AF65-00986,-00987, 00989
AF67-0784

HC-130N
USAF STD
CPU-65/A
AN/AQU-2/A
E-4
AF69-05819 thru AF69-05833

HC-130P
USAF STD
CPU-65/A
AN/AQU-2/A
E-4
AF65-00988, 00991
AF65-00993, -00994
AF66-00211 thru -00213
AF66-00215 thru -00217
AF66-00219 thru -00222
AF66-00224

EC-130E
USAF STD
CPU-27/A
AN/AQU-2/A
E-4
AF63-7773, AF63-7783
AF63-7815, AF63-7816
AF63-7828, AF63-7869
AF63-9816, AF63-9817

EC-130E
ABCCC
USAF STD
CPU-27/A
AN/AQU-2/A
E-4
AF62-1791, AF62-1818
AF62-1825, AF62-1832
AF62-1836, AF62-1857
AF62-1863

C-130H
USAF STD
CPU-65/A
AN/AQU-2/A
E-4
AF73-1580,
-1590, -1592, -1594,
-1595, -1597, -1598
Up thru AF78-0805

C-130H
FCS-105
FD-109
331A-8G
A/P-105
AF78-806 thru -0813



562A-5M5
331A-8G
A/P-105
AF79-0473 thru AF82-0061

Table 2-7.  Flight Director Computer Systems (Continued)

AIRCRAFT
FDS
FDC
HSI/CI
AUTOPILOT
SERIALIZATION

HC-130H(N)
FCS-105
562A-5M5
*HSI-45
A/P-105
AF88-2101, -2102
AF90-2103, AF92-2104
AF93-2105, -2106

C-130H
FCS-105
562A-5M5
*HSI-45
A/P-105
AF83 0486 and up

LC-130H
FCS-105
562A-5M5
*HSI-45
A/P-105
AF83-0490 thru 0493

LC-130H
FCS-105
562A-5M5
*HSI-45
A/P-105
FY92 and up

NOTE* - SCNS is designed to interface with the HSI-45. EFls are installed starting with the FY92 aircraft. An applicable interface device, compatible with the standard SCNS HSI-45 Interface must be provided by the airframe manufacturer.

3.1.5.1  Aircraft Subsystem Description and Interface. The following paragraphs describe the aircraft subsystems and interfaces with the C‑130 SCNS.

3.1.5.1.1 AN/ARN-118 TACAN. SCNS shall interface with the AN/ARN-118 Tactical Air Navigation (TACAN) receiver/transmitter (R/T)as described in the following paragraphs.

3.1.5.1.1.1 Functional Interface. SCNS shall replace the control head for the AN/ARN-118 TACAN. SCNS shall control power for up to two receiver/transmitters and shall be capable of tuning up to two AN/ARN-118 radios to 126 X and 126 Y channels. SCNS shall receive range and bearing to the station, and BIT information from the ARN-118.

3.1.5.1.1.2 Hardware Interface. The SCNS shall interface digitally with dual TACAN systems via the pilot’s and copilot’s IDCUs using modified ARINC 429 channels. The SCNS shall interface digitally with a single TACAN system via the pilot’s IDCU. The IDCU shall replace the TACAN Control Panel and interface with the TACAN receiver/transmitter. Two serial data channels shall be utilized (one input and one output channel). The IDCU shall output a discrete for power-on control, and receive an input discrete for the R/T failure flag.

3.1.5.1.1.3 Software Interface. The IDCU software shall process and output channel selection and mode data to the TACAN via the serial data channel. The IDCU shall also process input data from the TACAN of range, bearing, range rate, and stored control words via the serial data channel. Both the TACAN and IDCU shall process the l/O discretes.

3.1.5.1.2 AN/ARN-147 VOR/ILS. SCNS shall interface with the AN/ARN-147 Very High Frequency Omnidirectional Range (VOR)/Instrument Landing System (ILS) receiver as described in the following paragraphs.

3.1.5.1.2.1 Functional Interface. SCNS shall replace the control head for the AN/ARN-147 VOR/ILS. SCNS shall control power for up to two receivers. It shall be capable of tuning up to two ARN-147 radios to 160 channels from 108.00 to 117.95 MHz with 50 kHz spacing excluding odd tenths MHz from 108.00 to 111.95 MHz. SCNS shall receive and process bearing to the station, and BIT information from the ARN-147.

3.1.5.1.2.2 Hardware Interface. The SCNS shall interface with dual AN/ARN-147 radio receiving sets via the MIL‑STD‑1553B data bus. The interface for power-on/off control shall be via the pilot’s and copilot’s IDCUs, with back-up control for each receiver in the navigator’s IDCU. The SCNS shall interface with a single VOR/ILS via the data bus and the pilot’s IDCU (and navigator’s IDCU for back-up on/off control).

3.1.5.1.2.3  Software Interface. The Bus Controller (BC) software shall process the message l/O with the VOR/ILS receiver(s). The pilot’s, copilot’s and navigator’s IDCU shall process the on/off control discretes.

3.1.5.1.3 AN/ARN-149 ADF. SCNS shall provide control of the AN/ARN-149 Automatic Direction Finder (ADF) radios through the IDCUs.

3.1.5.1.3.1  Functional Interface. SCNS shall replace the control head for the AN/ARN-149 ADF. SCNS shall control power for up to two receivers. SCNS shall be capable of tuning up to two ARN-149 radios from 100.0 to 2999.5 kHz. SCNS shall provide volume control via the 1553 data bus, not the master volume control panel.

3.1.5.1.3.2  Hardware Interface. The SCNS shall interface with the ADF radios via the MIL‑STD‑1553B data bus.

The interface for power-on/off control shall be via the pilot’s and copilot’s IDCUs.

3.1.5.1.3.3  Software Interface. The BC software shall process the message l/O with the ADF receiver(s).

The pilot’s and copilot’s IDCUs shall process the on/off control discretes.

3.1.5.1.4  AN/ARC‑190 HF. SCNS shall interface with the AN/ARC‑190 High Frequency (HF) radio as described in the following paragraphs.

3.1.5.1.4.1  Functional Interface. SCNS shall replace the control head for the AN/ARC‑190 high frequency communications radio.

SCNS shall control power for up to two receiver/transmitters. It shall be capable of tuning up to two ARC‑190 radios to frequencies in the range of 2.0000 to 29.9999 MHz at 100 Hz spacing. Ninety-nine ACS channels are available for HF radios with an interface to the Automatic Communication Processor (ACP). Thirty BICU preset channels are available for HF radios not configured with an ACP. For HF Radios without a MIL‑STD‑1553B interface, SCNS shall support direct control of the HF Radio receiver/transmitter via RS-422 serial data channel. For HF Radios with a MIL‑STD‑1553B interface, SCNS shall support control of the ACP if installed, configured and available, via MIL‑STD‑1553B data bus. In this case the ACP will control the receiver/transmitter. If the ACP is absent or failed, SCNS shall support direct control of the receiver/transmitter via 1553 data bus. Each radio can be configured as 422, 1553 without ACP, or (1553 with) ACP – except ACP cannot be selected for both HF1 and HF2.

3.1.5.1.4.2  Hardware Interface. For HF Radios without a MIL‑STD‑1553B interface, SCNS pilot and copilot IDCUs shall interface directly to the appropriate receiver/transmitter via an RS-422 type l/O channel, replacing the C‑10828(V) Remote Control Panel.

For HF Radios with a MIL‑STD‑1553B interface, the IDCUs shall interface to the receiver/transmitter via SCNS 1553 Bus A and B. The receiver/transmitter retransmits 1553 control data to its ACP (if equipped) using an RS-232 serial channel. The ACP then uses the RS-422 interface to control the receiver/transmitter. The reverse sequence is used to send receiver/transmitter and ACP status back to the IDCU. If the ACP is absent or failed, SCNS shall control the receiver/transmitter directly, via the 1553 interface.

3.1.5.1.4.3  Software Interface. SCNS shall interface with the AN/ARC‑190 via one of three interfaces: RS-422, 1553, and ACP.

SCNS shall be the control head for the ACP and the AN/ARC‑190.

IDCU display pages shall be added and/or modified for the display and control of ACP and AN/ARC‑190 data.

SCNS shall monitor and report the status of the ACP and the AN/ARC‑190.

3.1.5.1.4.3.1  RS-422 Configuration. IDCU software shall process and output selected (SCNS-controlled) frequency, radio mode, audio (voice/data), squelch, and test control via the RS-422 serial data channel. The software shall process the discrete l/O and the Power ON/OFF discrete. The software shall also monitor/report status of the AN/ARC‑190, and support BICU preset radio channels.

3.1.5.1.4.3.2  1553 Without ACP Configuration. IDCU software shall process and output selected (SCNS-controlled) frequency, radio mode, audio (voice/data), squelch, and test control via the MIL‑STD‑1553B data bus. The software shall also process the Power ON/OFF discrete, monitor/report status of the AN/ARC‑190, and support BICU preset radio channels.

3.1.5.1.4.3.3  1553 With ACP Configuration. IDCU software shall support (ACP-controlled) Military Standard Automatic Link Establishment (MS-ALE) functions/modes of operation via the MIL‑STD‑1553B data bus. These include manual channel, manual frequency, scan, call, allcall, silent, and sounding. IDCU software shall also support entry of ACP commands (maximum of 12 characters), as well as radio mode, audio (voice/data), squelch, and test control, via the MIL‑STD‑1553B data bus. The software shall process the Power ON/OFF discrete, and monitor/report status of the ACP and AN/ARC‑190.

3.1.5.1.5  AN/ARC-186 VHF. SCNS shall interface with the AN/ARC‑186 Very High Frequency (VHF) radio as described in the following paragraphs

3.1.5.1.5.1  Functional Interface. SCNS shall replace the control head for the AN/ARC‑186 very high frequency radio. SCNS shall control power for up to two receiver/transmitters. It shall be capable of tuning up to two ARC‑186 radios to frequencies in the AM frequency range of 116.00 to 151.975 MHz and FM frequency range of 30.00 to 87.975 MHz, or receive only in the AM range of 108.00 to 115.975 MHz. Twenty preset frequencies shall be provided for each radio. SCNS shall control the radio mode of operation and the squelch level.

3.1.5.1.5.2  Hardware Interface. The SCNS shall interface with dual VHF radios via the navigator’s and copilot’s IDCUs. The SCNS shall interface with a single VHF radio system via the navigator’s IDCU. The IDCU shall replace the C‑10605(V)4/ARC‑186(V) Control Panel and interface with the RT-1300/ARC‑186(V) receiver/transmitter. Control data to the radio shall be via a serial data channel. The IDCU shall output discretes for power-on control, momentary tone control (tone key), and KY-58 secure voice interlock.

3.1.5.1.5.3  Software Interface. IDCU software shall process and output selected channel frequency, wide/narrow band selection, ADF control, and squelch control via the serial data channel. Software shall also process the discrete l/O.

3.1.5.1.6  AN/ARC‑164 UHF. SCNS shall interface with the AN/ARC‑164 Ultra High Frequency (UHF) radio as described in the following paragraphs.

3.1.5.1.6.1  Functional Interface. SCNS shall replace the control head for the AN/ARC‑164 ultra high frequency communications radio. SCNS shall control power for up to two receiver/transmitters. It shall be capable of tuning up to two ARC‑164 radios to frequencies in the range of 225.000 to 399.975 MHz with 0.025 MHz spacing. SCNS shall control the radio mode of operation and squelch level. SCNS shall perform the functions associated with control of HAVE QUICK versions -1 and -2 of the ARC‑164. SCNS shall provide a Havequick/GPS Precise Time (PT) function, with crew control of Time of Day (TOO) synchronization via the IDCU.

3.1.5.1.6.2  Hardware Interface. The SCNS shall interface with dual UHF radios via the pilot’s and navigator’s IDCUs. The SCNS shall interface with a single UHF radio system via the pilot’s IDCU. The IDCU shall replace the C-9680/ARC‑164(V) Control Panel and interface with the RT-1145/ARC‑164(V) receiver/transmitter (the UHF No. 1 Control Panel shall remain at the pilot’s station with control defaulting from the IDCU to the control panel whenever the control panel is turned ON). Control data to the radio from the IDCU shall be via a serial data channel. The IDCU shall output discretes for power-on control, momentary tone control (tone key), guard on/off, and ADF enable. The IDCU shall provide an output discrete for the transmit key. The No. 1 UHF radio and control shall be powered by the aircraft essential Direct Current (DC) bus.

3.1.5.1.6.3  Software Interface. IDCU software shall process and output selected channel frequency data, wide/narrow band selection, and squelch control via the serial data channel. Software shall also process the discrete l/O. All HAVE QUICK versions -1 and -2 features shall be implemented. SCNS software shall provide TOD synchronization to Havequick radios.

3.1.5.1.7  AN/APN-169C SKE. SCNS shall interface with the AN/APN-169C Station Keeping Equipment (SKE) as described in the following paragraphs.

3.1.5.1.7.1  Functional Interface. SCNS shall receive relative bearing and range information to a ground zone marker from the AN/APN-169C stationkeeping equipment.

3.1.5.1.7.2  Hardware Interface. The hardware interface shall be via an ARINC 575 channel input to the pilot’s IDCU and copilot’s IDCU.

3.1.5.1.7.3  Software Interface. IDCU software shall process the range and bearing data sent every 1.5 seconds across the ARINC channel to the IDCU. This data shall be accepted by the ICDS computation capability within 0.1 second after being received to avoid lag errors. The data words will be repeated ten times during the 0.1-second interval.

3.1.5.1.8  AN/AQU-2/A Horizontal Situation Indicator. SCNS shall interface with the AN/AQU-2A Horizontal Situation Indicator (HSI) as described in the following paragraphs.

3.1.5.1.8.1  Functional Interface. SCNS shall provide signals to drive two AN/AQU-2/A HSls on aircraft in accordance with Table 2‑7. Refer to Figure 2‑4 and the following paragraphs for a description of the indicator’s displays which shall be driven by SCNS.
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Figure 2-4.  AN/AQU-2/A HSI

Distance counter. The distance counter is a three-digit display which displays distance to the next waypoint in miles.

Distance shutter. The distance shutter is a device which obscures the distance counter display when distance information is unreliable or unknown.

Thousands indicator. When in view, indicates that the distance to the waypoint is 1000 miles or more.

Lateral deviation bar. This bar indicates cross-track error or deviation from the desired course. The lateral deviation bar is slaved to the course arrow. Cross-track sensitivity varies depending on the phase of flight, as shown in Table 2‑8.

Table 2-8. HSI/Course Indicator Sensitivity


ONE DOT
TWO DOTS

Normal
1.5 nm
3.0 nm

Sensitive
500 yards
1000 yards

To/from arrow. The to/from arrow indicates the direction to the waypoint being used as a reference.

Azimuth card. The azimuth card displays heading information and is a synchro input driven from the source of heading information in the system.

Course pointer. The course pointer displays the desired course to a waypoint. It is driven by the SCNS when a SCNS mode is selected. The course pointer is referenced to the azimuth card; i.e., when a desired course is entered, the pointer points to the course on the azimuth card. With no other input to the course pointer, the pointer will rotate with the azimuth card as the aircraft heading changes.

Heading marker. The heading marker is not driven by SCNS.

Bearing pointer. The bearing pointer points to the actual track on the azimuth card. The angle between the bearing pointer and lubber line represents drift angle.

3.1.5.1.8.2 Hardware Interface. The SCNS shall provide two sets of output signals – output set A for the pilot’s HSI and output set B for the copilot’s HSI. Output set A shall output whichever of the four modes (SCNS, Independent GPS (GPS), Independent-lnertial Navigation System (I-INS), or Independent-Doppler (I-DOP)) is selected on the pilot’s FDMS. Output set B shall output whichever of the four modes (SCNS, GPS, I-INS, or I‑DOP) is selected on the copilot’s FDMS. SCNS outputs which interface with the HSls are shown in Table 2‑9.

Table 2-9.  HSI/SCNS Hardware Interface

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Distance 
INU (A) 
BICU (B)
Synchro

Distance shutter 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Thousands flag 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Lateral deviation 
(cross-track error)
Navigator’s IDCU (A) Pilot’s IDCU (B)
Scaled ± DC

To/from 
INU (A) 
BICU (B)
Discrete (3 state)

Heading 
INU (A) 
BICU (B)
Synchro

Desired track 
(course pointer)
Copilot’s IDCU (A) 
BICU (B)
Synchro

Drift angle 
(bearing pointer) 
Pilot’s IDCU (A) 
BICU (B)
Synchro

3.1.5.1.8.3  Software Interface. The appropriate SCNS LRU (as shown in Table 2‑9) shall process the necessary output signals to the HSls. (Refer to 3.1.7.1.2 for a discussion on the failure processing and redundancy switching requirements for the output sets.)

3.1.5.1.9  HSI-45 Horizontal Situation Indicator. SCNS shall interface with the HSI-45 Horizontal Situation Indicator as described in the following paragraphs.

3.1.5.1.9.1  Functional Interface. SCNS shall provide the same HSI signals as for the AN/AQU-2/A Horizontal Situation Indicator, except that, for aircraft with dual INUs, the bearing pointer points to the bearing to the current destination. The angle between the bearing pointer and lubber line shall represent computed steerpoint relative bearing.

3.1.5.1.9.2  Hardware Interface. SCNS shall provide the same two sets of HSI signals as for the AN/AQU-2/A Horizontal Situation Indicator; however, an additional interface unit, external to SCNS is necessary to convert the Synchro distance data into ARINC 568 serial digital data for this HSI.

For FY92 or newer aircraft, SCNS shall supply discretes indicating that true heading is selected as the reference. The Pilot’s IDCU shall supply a discrete to the Pilot’s HSI, and the Copilot’s IDCU shall supply a discrete to the Copilot’s HSI.

3.1.5.1.9.2.1  Aircraft Without Dual INUs. Same as for the AN/AQU-2/A Horizontal Situation Indicator.

3.1.5.1.9.2.2  Aircraft With Dual INUs. Output set A outputs whichever of the four modes (SCNS, GPS, INS 1, or INS 2) is selected on the pilot’s FDMS. Output set B outputs whichever of these four modes is selected on the copilot’s FDMS. SCNS outputs shall interface with the HSls as shown in Table 2‑10.

Table 2-10.  HSI/SCNS Hardware Interface for Aircraft With Dual INUs

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Distance 
INU 1 (A) 
INU 2 (B)
Synchro

Distance shutter 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Thousands flag 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Lateral deviation 
(cross-track error)
Navigator’s IDCU (A) Pilot’s IDCU (B)
Scaled ± DC

To/from 
INU 1 (A) 
INU 2 (B)
Discrete (3 state)

Heading 
INU 1 (A) 
INU 2 (B)
Synchro

Desired track 
(course pointer)
Copilot’s IDCU (A) 
BICU (B)
Synchro

Bearing
(bearing pointer) 
INU 1 (A) 
INU 2 (B)
Synchro

3.1.5.1.9.3  Software Interfaces. SCNS software shall provide the same HSI signals as for the AN/AQU-2/A Horizontal Situation Indicator, except as modified above.

3.1.5.1.10  331A-8G Course Indicator. SCNS shall interface with the 331A-8G course indicator as described in the following paragraphs.

3.1.5.1.10.1  Functional Interface. SCNS shall provide signals to drive two 331‑8G course indicators on the aircraft in accordance with Table 2‑7. Refer to Figure 2‑5 and the following paragraphs for a description of the indicator’s displays, which shall be driven by SCNS.

Distance counter. The distance counter is a three-digit display which displays distance to the next waypoint in miles.

Distance shutter. The distance shutter is a device which obscures the distance counter display when distance information is unreliable or unknown.

Heading flag. The heading flag indicates unreliable heading information.

Nav flag. The nav flag indicates unreliable navigation information.

Lateral deviation bar. This bar indicates cross-track error or deviation from the desired course. The lateral deviation bar is slaved to the course arrow. Cross-track sensitivity varies depending on the phase of flight, as shown in Table 2‑8.

To/from arrow. The to/from arrow indicates the direction to the waypoint being used as a reference.

Azimuth card. The azimuth card displays heading information and is a synchro input driven from the source of heading information in the system.

Course pointer. The course pointer displays the desired course to a waypoint. It is driven by the SCNS when a SCNS mode is selected. The course pointer is referenced to the azimuth card; i.e., when a desired course is entered, the pointer points to the course on the azimuth card. With no other input to the course pointer, the pointer will rotate with the azimuth card as the aircraft heading changes.

Heading marker. The heading marker is not driven by SCNS.

[image: image14.wmf]SS014


Figure 2-5.  Collins 331A-8G Course Indicator

3.1.5.1.10.2  Hardware Interface. The SCNS shall provide two sets of output signals – output set A for the pilot’s Course Indicator and output set B for the copilot’s Course Indicator. Output set A shall output whichever of the four modes (SCNS, GPS, I-INS, or I‑DOP) is selected on the pilot’s FDMS. Output set B shall output whichever of the four modes (SCNS, GPS, I-INS, or I‑DOP) is selected on the copilot’s FDMS. SCNS outputs which interface with the Course Indicators are shown in Table 2‑11.

Table 2-11.  331A-8G Course Indicator/SCNS Hardware Interface

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Distance 
INU (A) 
BICU (B)
Synchro

Distance shutter 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Heading flag 
Copilot’s IDCU (A) 
BICU (B)
Discrete

Nav flag 
Navigator’s IDCU (A) Pilot’s IDCU (B)
Discrete

Lateral deviation 
(cross-track error)
Navigator’s IDCU (A) Pilot’s IDCU (B)
Scaled ± DC

To/from 
INU (A) 
BICU (B)
Discrete (3 state)

Heading 
INU (A) 
BICU (B)
Synchro

Desired track 
(course pointer)
Copilot’s IDCU (A) 
BICU (B)
Synchro

3.1.5.1.10.3  Software Interface. The appropriate SCNS LRU (as shown in Table 2‑11) shall process the necessary output signals to the Course Indicators. (Refer to 3.1.7.1.2 for a discussion on the failure processing and redundancy switching requirements for the output sets.)

3.1.5.1.11  FCS-105 Flight Control System. SCNS shall interface with the FCS-105 flight control system as described in the following paragraphs.

3.1.5.1.11.1  Functional Interface. SCNS shall provide signals to drive the two flight directors in the FCS-105 Flight Control System
 on aircraft in accordance with Table 2‑7. SCNS shall supply cross-track error and track-angle error to the flight director computers.

3.1.5.1.11.2  Hardware Interface. The SCNS shall provide two sets of output set signals—output set A and output set B. These sets shall output Cross-Track Error (XTE) and Track Angle Error (TKE) to the Flight Director Computer (FDC) as shown in Table 2‑12. Output set A shall output the signals associated with the mode (SCNS, GPS, I-INS, or I‑DOP)
 selected on the pilot’s FDMS. Output set B shall output the signals associated with these four modes as selected on the copilot’s FDMS. Refer to 3.1.7.1.2 for a discussion on the failure processing and redundancy switching for these signals.

Table 2-12.  FCS-105 FDC/SCNS Hardware Interface

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Cross-track error
Navigator’s IDCU (A)
Pilot’s IDCU (B)
Scaled ± DC

Track-angle error
Navigator’s IDCU (A)
BICU (B)
Scaled AC voltage

3.1.5.1.11.3  Software Interface. The SCNS shall process and output the signals specified in Table 2‑12.

3.1.5.1.12  USAF Standard Flight Director. SCNS shall interface with the USAF standard flight director as described in the following paragraphs.

3.1.5.1.12.1  Functional Interface. The SCNS shall supply signals to drive the USAF standard flight control system on aircraft in which it is installed (see Table 2‑7). SCNS shall supply track-angle error and cross-track error to the flight director computers, an E‑4 Autopilot, a MD-1 or 9002B (early C‑130H) Vertical Gyro.

3.1.5.1.12.2  Hardware Interface. The SCNS shall provide two sets of output signals -output set A and output set B. These sets shall output XTE and TKE to the FDC as shown in Table 2‑13. Output set A shall normally output the signals associated with the mode (SCNS, GPS, I-INS, and I‑DOP) selected on the pilot’s FDMS. Output set B shall normally output the signals associated with the mode (SCNS, GPS, I-INS, and I‑DOP) selected on the copilot’s FDMS. Refer to 3.1.7.1.2 for a discussion on the failure processing and redundancy switching for these signals.

Table 2-13.  USAF Standard FDC/SCNS Hardware Interface

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Cross-track error
Navigator’s IDCU (A)
Pilot’s IDCU (B)
Scaled ± DC

Track-angle error
Navigator’s IDCU (A)
BICU (B)
Scaled AC voltage

3.1.5.1.12.3  Software Interface. The SCNS shall process and output the signals specified in Table 2‑13.

3.1.5.1.13  E-4 Autopilot System. SCNS shall interface with the E‑4 autopilot system as described in the following paragraphs.

3.1.5.1.13.1  Functional Interface. The SCNS shall supply signals to drive the E‑4 autopilot on aircraft in which it is installed (see Table 2‑7). SCNS shall supply cross-track error and track-angle error, and shall inform the autopilot when a waypoint is being transitioned.

3.1.5.1.13.2  Hardware Interface. The SCNS shall provide two sets of output signals – output set A and output set B. These sets shall output XTE, TKE, and command course change to the autopilot as shown in Table 2‑14. Output set A shall normally output the signals associated with the mode (SCNS, GPS, I-INS, and I‑DOP) selected on the pilot’s FDMS. Output set B shall normal output the signals associated with the mode (SCNS, GPS, I-INS, and l-DOP) selected on the copilot’s FDMS. The autopilot shall normally be driven by output set A signals. (Refer to 3.1.7.1.2 for a discussion on the failure processing and redundancy switching for these signals).

3.1.5.1.13.3  Software Interface. The SCNS shall process and output the signals specified in Table 2‑14.

Table 2-14.  E-4 Autopilot/SCNS Hardware Interface

SIGNAL NAME
SOURCES (SET)
SIGNAL TYPE

Cross-track error
Navigator’s IDCU (A)
Pilot’s IDCU (B)
Scaled ± DC

Track-angle error
Navigator’s IDCU (A)
BICU (B)
Scaled AC voltage

Command course change
Navigator’s IDCU (A)
BICU (B)
Discrete

3.1.5.1.14  A/P-105 Autopilot System. SCNS shall interface with the A/P-105 autopilot system as described in the following paragraphs.

3.1.5.1.14.1  Functional Interface. The A/P-105 autopilot is part of the FCS-105 flight control system. SCNS shall supply cross-track error and track-angle error to the A/P-105 indirectly by supplying these signals to the FCS-105. SCNS shall supply INU pitch and roll data to the A/P-105 autopilot such that the crew can select either the INU or the vertical gyro on single INU aircraft or INS-1 or INS-2 on DINU aircraft, to drive their flight director instruments and autopilot.

3.1.5.1.14.2  Hardware Interface. SCNS does not interface directly with the A/P-105 autopilot except for supplying INU pitch and roll data. All control signals are via the FCS-105 flight control system.

3.1.5.1.14.3  Software Interface. This paragraph is not applicable to this document.

3.1.5.1.15  N1 Compass System. SCNS shall interface with the N1 compass system as described in the following paragraphs.

3.1.5.1.15.1  Functional Interface. The SCNS shall read a heading from two N1 compass systems on airplanes where it is installed. Each heading shall be interpreted as a magnetic heading or a directional gyro heading based on the state of a discrete connected to the MAG/DG switch on the respective compass control head.

3.1.5.1.15.2  Hardware Interface. The BICU shall receive three wire synchro heading inputs from both compass system No. 1 and No. 2 (where installed). The BICU shall also accept a discrete input for MAG/DG mode.

3.1.5.1.15.3  Software Interface. The BICU software shall process the synchro and discrete inputs.

3.1.5.1.16  C12 Compass System. SCNS shall interface with the C12 compass system as described in the following paragraphs.

3.1.5.1.16.1  Functional Interface. The SCNS shall read a heading from two C12 compass systems on airplanes where it is installed. Each heading shall be interpreted as a magnetic heading or a directional gyro heading based on the state of a discrete connected to the MAG/DG switch on the compass control head. SCNS shall monitor and supply ground speed information to the compass.

3.1.5.1.16.2  Hardware Interface. The BICU shall receive three wire synchro heading inputs from both compass system No. 1 and No. 2 (where installed). The BICU shall accept discrete inputs for MAG/DG mode and power warning flag. The BICU shall also output an analog two wire signal for ground speed scaled at 26.5mVAC(RMS)/knot. This signal shall be used by the compass for Coriolis and meridian convergence error compensation.

3.1.5.1.16.3  Software Interface. The BICU software shall process the synchro and discrete inputs, and output the ground speed signal.

3.1.5.1.17  MD-1, 9002B, 332D-11A, and 332D-6 Vertical Gyro. SCNS shall interface with the MD-1, 9002B, 332D-11 A, and 332D-6 vertical gyros as described in the following paragraphs.

3.1.5.1.17.1  Functional Interface. The SCNS shall read pitch and roll attitude information from vertical gyro No. 2. The A-kit shall also provide switching between primary and backup attitude sources for the pilot’s and copilot’s ADls. Primary source shall be VG No. 1 for the pilot and VG No. 2 for the copilot. Backup source shall be INU for both pilot and copilot.

3.1.5.1.17.2  Hardware Interface. The BICU shall interface to vertical gyro No. 2 via two three wire synchros and an attitude valid discrete input. The input impedance shall be greater than 5 kohms.

3.1.5.1.17.3  Software Interface. The BICU software shall process the two synchro and one discrete inputs.

3.1.5.1.18  Free Air Temperature Sensor. SCNS shall interface with the free air temperature sensor as described in the following paragraphs.

3.1.5.1.18.1  Functional Interface. SCNS shall read the outside free air temperature from the free air temperature sensor.

3.1.5.1.18.2  Hardware Interface. The BICU shall interface with the sensor via a two wire analog resistive input.

3.1.5.1.18.3  Software Interface. The BICU software shall process the sensor input.

3.1.5.1.19  Troop Jump System. SCNS shall interface with the troop jump system as described in the following paragraphs.

3.1.5.1.19.1  Functional Interface. The Troop Jump System consists of red caution lights and green jump lights which can be activated by a switch on the copilot’s side panel. SCNS shall implement automatic light control. The copilot has a switch which selects either SCNS or manual control of the troop jump system lights.

3.1.5.1.19.2  Hardware Interface. The Navigator’s IDCU and the BICU shall jointly interface with the Troop Jump System via two discretes, one for control of red lights and one for control of green lights.

3.1.5.1.19.3  Software Interface. The IDCU software shall determine when the lights need to be illuminated. The Navigator’s IDCU and the BICU shall jointly process and activate the appropriate output discrete.

3.1.5.1.20  Aerial and Overhead Delivery System. SCNS shall interface with the aerial and overhead delivery systems as described in the following paragraphs.

3.1.5.1.20.1  Functional Interface. The Aerial Delivery System (or Overhead Delivery System on aircraft in which it is installed) provides for cargo air drops. Once armed, the flight crew can initiate the release of the pallet shackles (and chute release) via a switch on the center pedestal. SCNS shall implement an automatic release control. The copilot has a switch which selects either SCNS or manual control of the aerial (or overhead) delivery system.

3.1.5.1.20.2  Hardware Interface. The BICU shall interface to the Aerial Delivery System or Overhead Delivery System via a one wire discrete which shall activate the release.

3.1.5.1.20.3  Software Interface. The BICU software shall process the discrete output activation.

3.1.5.1.21  Pitot System. SCNS shall interface with the pitot system as described in the following paragraphs.

3.1.5.1.21.1  Functional Interface. The SCNS shall read the differential pressure between the static and ram air ports of the right side pitot system on those aircraft which do not have an air data computer.

3.1.5.1.21.2  Hardware Interface. A pressure transducer shall be installed for aircraft through 82-0061 except C‑130E AWADS aircraft. Aircraft from 78-0806 shall be modified by a Time Compliance Technical Order (T.C.T.O.). The transducer shall interface to the pilot’s side Pitot System and send an analog DC signal scaled to dynamic pressure to the BICU.

3.1.5.1.21.3  Software Interface. The BICU shall process the transducer input to calculate true airspeed.

3.1.5.1.22  590A-3J Air Data Control No. 2. SCNS shall interface with the 590A-3J air data control No. 2 as described in the following paragraphs. This interface will be eliminated bye T.C.T.O.

3.1.5.1.22.1  Functional Interface. SCNS shall receive true airspeed from the air data control No. 2, which is installed on C‑130H aircraft from 78-0806 through FY1991 production.

3.1.5.1.22.2  Hardware Interface. The BICU shall provide for an analog 0-10 VDC channel input from the air data control.

3.1.5.1.22.3  Software Interface. The BICU software shall process the true airspeed input.

3.1.5.1.23  True Airspeed Computer. SCNS shall interface with a Kollsman True Airspeed (TAS) computer on production aircraft from FY92 through FY94. Aircraft from 83‑0486 through FY91 will have this interface after a T.C.T.O.

3.1.5.1.23.1  Functional Interface. SCNS shall receive TAS from the computer on C‑130H aircraft so equipped.

3.1.5.1.23.2  Hardware Interface. The BICU shall convert TAS from the ratio of an AC signal and a reference.

3.1.5.1.23.3  Software Interface. The BICU shall process the TAS input and provide it to the rest of the system.

3.1.5.1.24  CPU-43/A Central Air Data Computer Interface. On C‑130E AWADS aircraft, SCNS shall interface with the CPU-43/A Central Air Data Computer (CADC) as described in the following paragraphs.

3.1.5.1.24.1  Functional Interface. SCNS shall receive pressure altitude and true airspeed data from the CADC.

3.1.5.1.24.2  Hardware Interface. The CADC pressure altitude and true airspeed signals shall each be synchro input signals to the BICU.

3.1.5.1.24.3  Software Interface. The BICU software shall process and perform limit checks on the CADC pressure altitude and true airspeed data.

3.1.5.1.25  AAU-21/A Altimeter-Encoder. Except on C‑130E AWADS aircraft, SCNS shall interface with the AAU-21/A altimeter-encoder as described in the following paragraphs.

3.1.5.1.25.1  Functional Interface. SCNS shall read pressure altitude information from the encoding altimeter, which conforms to MIL-A-81403.

3.1.5.1.25.2  Hardware Interface. The BICU shall provide ten discrete inputs (and return) to accept the encoded altitude information from the encoder.

3.1.5.1.25.3  Software Interface. The BICU software shall process the encoded altitude input.

3.1.5.1.26  KY-58 Secure Voice System. SCNS shall interface with the KY-58 secure voice system as described in the following paragraphs.

3.1.5.1.26.1  Functional Interface. SCNS shall disconnect the KY-58 secure voice system from the UHF and VHF radios when a guard frequency is selected.

3.1.5.1.26.2  Hardware Interface. The IDCUs that interface with UHF and VHF radios shall provide a discrete output for each UHF and VHF radio to activate the secure voice interlock relay. This relay shall “turn off” secure voice when a guard frequency is selected.

3.1.5.1.26.3  Software Interface. The IDCU software shall process control of the KY-58 secure voice interlock relay.

3.1.5.1.27  Intercommunication System (AIC‑10, -18, -25). SCNS shall interface with the intercommunication systems (AIC‑10, -18, -25) as described in the following paragraphs.

3.1.5.1.27.1  Functional Interface. SCNS shall provide the function of a master volume control by attenuating the audio from the receiver/transmitters before supplying it to the intercommunication system.

3.1.5.1.27.2 Hardware Interface. SCNS is replacing the radio control panels and the function of the volume control on these panels shall be performed by the SCNS. A master volume control panel shall be installed in the aft end of the center pedestal (where possible). This panel shall contain individual volume controls for each communication and navigation radio. The master volume control panel shall be “placed” in the audio circuits between the radio RTs and the intercommunication system. This shall allow individually setting up the volume of each radio so as to make it compatible with the intercommunication system controls. The master volume control panel is shown in Figure 2‑6.

3.1.5.1.27.3  Software Interface. This paragraph is not applicable to this document.

3.1.5.1.28  Flight Director Mode Selector Panel. SCNS shall interface with the FDMS panels as described in the following paragraphs.

3.1.5.1.28.1  FDMS Panels for Aircraft Without Dual INUs.

3.1.5.1.28.1.1  Functional Interface. The FDMS panels shall provide flight crew selection of the navigation mode which is to be displayed on their flight instruments and which is to drive the flight director system. One panel shall be installed at the pilot’s station and one at the copilot’s station on all aircraft.

3.1.5.1.28.1.2  Hardware Interface. Both pilot and copilot FDMSs shall be modified to select flight director (and autopilot in the case of the FCS-105) vertical reference source; to select which SCNS derived navigation and steering signals shall drive the HSI and flight director, and to annunciate modes and failure status. The pilot’s and copilot’s FDMS are shown in Figures 2-7, 2-8, 2-9 and 2-10 for the USAF Standard and FCS-105 (FD-109) Flight Director systems.
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Figure 2-6.  Master Volume Control Panel
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Figure 2-7.  USAF Standard FDMS Panel With Pointer Select (Dual TACAN)
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Figure 2-8.  USAF Standard FDMS Panel With Pointer Select (Single TACAN)
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Figure 2-9.  USAF Standard FDMS Panel With DF Select
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Figure 2-10.  FCS-105 (FD-109) Standard FDMS Panel With Pointer Select

The added Vertical Reference (VERT REF) toggle switch on each FDMS shall be used to select the source of attitude information to the ADI and in the case of FCS-105 equipped aircraft, to the A/P-105 autopilot. The effect of the VERT REF switch is shown in Table 2‑15.

Table 2-15.  Vertical Reference Sources


VERT REF
SWITCH POS.
SOURCE OF ATTITUDE



PILOT’S ADI
COPILOT’S ADI
A/P-105 AUTOPILOT †

Pilot’s
FDMS
VG
INS
VG No. 1
INU

VG No. 1
INU

Copilot’s
FDMS 
VG
INS

VG No. 2
INU
VG No. 2
INU

† 
Which FDMS selects the A/P-105 autopilot attitude data source is determined by which FDC has been coupled to the autopilot.

The modified rotary switch on each FDMS shall have four positions which are SCNS-related:

I-DOP.
When Independent-Dopper is selected on either FDMS, the SCNS independent Doppler navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).

I-INS.
When Independent-lnertial is selected on either FDMS, the SCNS independent inertial navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).

SCNS.
When SCNS is selected on either FDMS, the integrated SCNS navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI and autopilot (if coupled).

GPS.
When Independent GPS is selected on either FDMS, the SCNS Independent GPS navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).

Both pilot and copilot shall be able to select the same switch position for SCNS navigation modes.

The modified FDMS panels shall interface to the SCNS via four wire discrete inputs to the system. These discretes shall indicate the selected mode. The pilot’s FDMS shall interface to the pilot’s IDCU. The copilot’s FDMS shall interface to the copilot’s IDCU.

3.1.5.1.28.1.3  Software Interface. The SCNS software in the appropriate LRU shall process the FDMS panel discrete inputs.

3.1.5.1.28.2  FDMS Panels for Aircraft With Dual INUs. On airplanes with dual INUs, the INS 1 and INS 2 switch positions of the FDMS shall replace the l-INS and I‑DOP switch positions.

The INS 1 and INS 2 switch positions of the vertical reference switch on the FDMS shall replace the VG and INS switch positions.

3.1.5.1.28.2.1  Functional Interface. Same as 3.1.5.1.28.1.1.

3.1.5.1.28.2.2  Hardware Interface. Same as 3.1.5.1.28.1.2, except as noted in the following subparagraphs. The pilot’s and copilot’s FDMS are shown in Figure 2‑11.

The VERT REF toggle switch on each FDMS shall be used to select either INU as the vertical reference source.

The effect of the VERT REF switch for dual INUs is shown in Table 2‑16.

Table 2-16.  Vertical Reference Sources for Dual INUs


VERT REF
SWITCH POS.
SOURCE OF ATTITUDE



PILOT’S ADI
COPILOT’S ADI
A/P-105 AUTOPILOT †

Pilot’s
FDMS
INS-1
INS-2
INS-1
INS-2

INS-1
INS-2

Copilot’s
FDMS 
INS-1
INS-2

INS-1
INS-2
INS-1
INS-2

† 
Which FDMS selects the A/P-105 autopilot attitude data source is determined by which FDC has been coupled to the autopilot.

The rotary switch on each FDMS has four positions which are SCNS-related:

INS 1.
When Independent-lnertial 1 (INS 1) is selected on either FDMS, the SCNS independent INS 1 navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).

INS 2.
When Independent-Inertial 2 (INS 2) is selected on either FDMS, the SCNS independent INS 2 navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).
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Figure 2-11.  FDMS Panel for Aircraft With Dual INUs

SCNS.
When SCNS is selected on either FDMS, the integrated SCNS navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI and autopilot (if coupled).

GPS.
When Independent GPS is selected on either FDMS, the SCNS Independent GPS navigation solution present position shall be used to generate steering and navigation data to the appropriate flight director, HSI, and autopilot (if coupled).

In addition, the “SKE” position shall be replaced with the label “SPARE”.

3.1.5.1.28.2.3  Software Interface. Same as 3.1.5.1.28.1.3.

3.1.5.1.29  Annunciators. SCNS shall interface with the annunciators as described in the following paragraphs.

3.1.5.1.29.1  Annunciators for Aircraft Without Dual INUs.

3.1.5.1.29.1.1  Functional Interface. Both FDMSs shall be modified to contain a set of failure and mode annunciators intended to give each pilot a head-up display of SCNS mode and fault status. The failure annunciators shall be ANVIS yellow. The mode annunciators shall be green.

3.1.5.1.29.1.2  Hardware Interface. There shall be four failure and four mode annunciators on each FDMS. The annunciators shall have the following legends:

Failure annunciators:

SCNS.
The fault light shall normally be off and shall illuminate when SCNS BIT detects failures that would cause both sets of navigation and steering outputs to the flight directors, HSls, or autopilot to be erroneous, or when a SCNS navigation solution does not exist (e.g., due to sensor failures). (Should a hardware failure that affects only one output set of signals be detected, the SCNS will automatically reconfigure to continue providing steering for any of the six SCNS navigation positions (or the other three independent modes); however, the pilot and copilot must select the same position on both FDMS’s). If the SCNS fault light is on, another mode should be selected on the FDMS.

DVS.
The fault light shall normally be off and shall illuminate only when a hardware failure of the DVS has been detected.

INU.
The fault light shall normally be off and shall illuminate only when a hardware failure of the INU has been detected.

GPS.
The fault light shall normally be off and shall illuminate only when a hardware failure of any GPS LRU has been detected.

Mode annunciators:

The mode annunciator on the FDMS shall illuminate green to correspond to the sensors that are being used to compute the Integrated SCNS navigation solution. The Integrated SCNS solution shall automatically degrade/upgrade depending upon GPS, INS, DVS, TAS sensor status. The modes are as follows:

GPS.
This mode light shall illuminate green when the SCNS mode is GPS-lnertial (G-l) or GPS Only (GPS).

INS.
This mode light shall illuminate green when the SCNS mode is G‑I, Doppler Inertial (D‑l) or INS Only (INS).

DOP.
This mode light shall illuminate green when the SCNS mode is D‑l or Doppler Only (DOP).

TAS.
This mode light shall illuminate green when the SCNS mode is true airspeed.

The annunciators shall be activated by discrete signals from the appropriate SCNS LRU. The pilot’s annunciator panel (or FDMS annunciators) shall be driven from the pilot’s IDCU. The copilot’s annunciator panel (or FDMS annunciators) shall be driven by the copilot’s IDCU.

3.1.5.1.29.1.3  Software Interface. The annunciator activation shall be processed and driven by the appropriate SCNS LRU.

3.1.5.1.29.2  Annunciators for Aircraft With Dual INUs. The annunciator logic in SCNS shall be modified to support system operational requirements, as described in the following paragraphs.

3.1.5.1.29.2.1  Functional Interface. Both FDMSs contain a set of annunciators, as described below.

3.1.5.1.29.2.2  Hardware Interface. There are four annunciators on each FDMS, with the following functions:

SCNS.
The SCNS lamp on the FDMS shall operate as a “master caution” type annunciator. When illuminated green, it indicates that a hardware failure or loss of function was detected by SCNS and that a corresponding message is displayed in the message scratchpad of the IDCU related to that FDMS. When the pilot has cleared all relevant messages from the scratchpad of the IDCU, the SCNS lamp on the pilot’s FDMS shall extinguish; similarly, for the copilot. The pilot’s SCNS lamp shall be driven from the pilot’s IDCU, and the copilot’s SCNS lamp shall be driven by the copilot’s IDCU.

ATT.
The pilot’s green ATT lamp on the FDMS shall illuminate whenever the attitude being supplied to the pilot side instruments is invalid; similarly for the copilot’s ATT lamp, based on the copilot’s attitude selection.

HDG.
The pilot’s green HDG lamp on the FDMS shall illuminate whenever the heading being supplied to the pilot side instruments is invalid; similarly for the copilot’s HDG lamp based on the validity of the copilot’s heading source. Note, however, that the HDG lamp will be illuminated only when the heading from both INUs have failed. This is because the source of both the heading signal (that operates the instrument heading indicator) and the discrete signal (that controls the HDG lamp) will switch from one INU to the other automatically in response to a heading failure. Thus, the remaining INU heading signal must also fail in order for the HDG lamp on both FDMSs to be illuminated.

ATT SAME. This green advisory light shall be illuminated whenever both FDMS panels have the same vertical reference selected, regardless of the validity of the selected vertical reference.

3.1.5.1.29.2.3  Software Interface. Only the SCNS lamp discretes are software conditioned. The ATT, HDG, and ATT SAME lamp discretes are set by hardware.

3.1.5.1.30  ARINC 429 Channel. SCNS shall provide an ARINC 429 channel as described in the following paragraphs.

3.1.5.1.30.1  Functional Interface. The ICDS shall have the provisions to add at a future date, an ARINC 429 data bus channel, both receiver and transmitter.

3.1.5.1.30.2  Hardware Interface. The addition of this channel shall be accomplished by the addition or replacement of a printed circuit card and associated LRU wiring changes.

3.1.5.1.30.3  Software Interface. The ARINC 429 software interface shall be supplied at the time the channel hardware is implemented.

3.1.5.1.31  RS-422 Type Channel. SCNS shall provide a RS-422 type channel as described in the following paragraphs.

3.1.5.1.31.1  Functional Interface. Interface of a single RS-422 type data bus channel, both receiver and transmitter, shall be accomplished in each ICDS LRU. The channel shall serve as a general purpose port for test and data loading purposes.

3.1.5.1.31.2  Hardware Interface. Each IDCU and BICU shall provide the RS-422 type channel. The channel may be used as needed (such as for HF radio interface) for system interfaces.

3.1.5.1.31.3  Software Interface. The ICDS LRUs shall be capable of receiving and transmitting data across the RS-422 type port as required.

3.1.5.1.32  Integrated Weather Reconnaissance System. SCNS shall interface with the Integrated Weather Reconnaissance System (IWRS) as described in the following paragraphs.

3.1.5.1.32.1  Functional Interface. SCNS shall provide data to the IWRS. SCNS shall provide a means to enable/disable this function via the IDCU.

3.1.5.1.32.2 Hardware Interface. The hardware interface shall be via the MIL-STD-1553B data bus.

3.1.5.1.32.3  Software Interface. The IDCU acting as bus controller shall transmit the data to the IWRS when the function is enabled.

3.1.5.1.33  Interface Receptacle Unit. C‑130 aircraft equipped with SCNS may be equipped with an Interface Receptacle Unit (IRU). This interface shall be as described in the following sections.

3.1.5.1.33.1  Functional Interface. The IRU shall provide data transfer capabilities for OFPs, mission parameter sets, and failure history data sets. The IRU shall interface with, and be controlled by, the ICDS.

3.1.5.1.33.2  Hardware Interface. The IRU shall interface with the IDCU and the BICU via the MIL-STD-1553B bus. The IRU shall provide a mechanical and electrical interface to the Data Transfer Module (DTM).

3.1.5.1.33.3  Software Interface. The ICDS software shall provide for the following:

a.
Uploading of OFPs into the IDCUs and the BICU from a DTM through the IRU.

b.
Uploading of mission parameters into the SCNS from a DTM.

c.
Downloading of SCNS failure history data to a DTM.

d.
On SDRR equipped aircraft, uploading of the documentary data, waypoint weight and landing zone runway types into the IDCU from a DTM through the IRU.

3.1.5.1.34  Microwave Landing System.

3.1.5.1.34.1  Functional Interface. SCNS shall perform the control head functions for the Microwave Landing System (MLS). SCNS shall control power for up to two receiver processor units. It shall be capable of tuning up to two MLS receivers to 200 channels from 5031.00 to 5090.70 MHz with 300 kHz spacing. SCNS shall provide, to MLS, TACAN slant range to the associated (paired) TACAN station and receive BIT and status information from the MLS. SCNS shall control the MLS operating mode and shall control routing of landing data (azimuth and glideslope) to the appropriate cockpit displays.

3.1.5.1.34.2  Hardware Interface. The SCNS shall interface with dual MLS receivers via the MIL-STD-1553B data bus. The interface for power-on/off control of the No. 1 and No. 2 receivers shall be via the pilot’s and copilot’s IDCUs, respectively. Backup control for No. 1 and No. 2 receivers shall be via the copilot’s and pilot’s IDCUs, respectively. The SCNS shall interface with a single MLS via the data bus and the pilot’s IDCU (and copilot’s IDCU for backup on/off control). SCNS shall control routing of the two sets of output signals (deviations and warnings) to the cockpit instruments via an MLS relay panel. The MLS relay panel shall also control switching between ILS and MLS as selected by the FDMS.

3.1.5.1.34.3  Software Interface. The bus controller software shall process the message l/O with the MLS receiver(s). The pilot’s and copilot’s IDCU shall process the on/off control discretes.

3.1.5.1.35  Electrical Power. SCNS shall interface to electrical power as described in the following paragraphs.

3.1.5.1.35.1  Functional Interface. The C‑130 SCNS shall operate normally when supplied with electrical power in accordance with MIL-E-7894A. SCNS requires 28 VDC and 30 400 Hz 115 VAC electrical power, 0-5V AC or DC panel lighting power, and a phase A, 400 Hz, 26 VAC synchro reference source.

3.1.5.1.35.2  Hardware Interface.

3.1.5.1.35.2.1  SCNS Electrical Power Requirements. Table 2-17 defines the electrical power requirements for the SCNS.

Table 2-17.  SCNS Electrical Power Requirements

LRU
28 VDC
26 VAC REF.
0-5 VAC LIGHTING
115 VAC
1 PHASE
115 VAC
3 PHASE
INPUT POWER

Pilot’s IDCU 
X
X
X


(125 watts

Copilot’s IDCU 
X
X
X


(125 watts

Navigator’s IDCU 
X
X
X


(125 watts

Radio/Mission Operator’s IDCU
X

X


(125 watts

BICU
X
X


X
(160 watts

INU
X
X


X
(650 VA

DVS



X

(220 watts

IRU


X
X

(35 watts

GPS RPU



X

(140 watts

GPS AEU



X

(22 watts

3.1.5.1.35.2.2  SCNS Panel Lighting Requirements. All SCNS panel and keyboard lighting shall be supplied from a externally controlled 0-5V AC or DC source. Panel and keyboard lighting shall require less than 20 watts. Annunciator lighting shall be 28 VDC.

3.1.5.1.35.2.3  SCNS Synchro Reference Source Requirements. All IDCUs, the BICU, and the INU shall be supplied with a phase A, 400 Hz, 26 VAC synchro reference source from the aircraft electrical power. No more than 7 watts of power shall be consumed from the synchro reference source in aircraft with a single INS installed, or 20 watts in aircraft with dual INUs installed.

3.1.5.1.35.2.4  Grounding, Shielding, and Bonding. On all SCNS subsystems the 400 Hz AC common shall be isolated from the chassis ground and all other electrical ground systems. Grounding, shielding, and bonding shall satisfy specifications indicated in MIL-B-5087B.

3.1.5.1.35.2.5  SCNS Battery Backup Power. A lead-acid battery (identical to the aircraft battery) shall provide 28 VDC backup power for the INU and the navigator IDCU. In accordance with SNU 84-1, 3.2.2.3, the SCNS backup battery power shall be required during loss of aircraft power for the INU and navigator IDCU. The battery shall be charged from the DC essential bus whenever the bus is operating. Inadvertent battery discharge shall be prevented by protection circuits. The condition of the battery shall be monitored by the ICDS.

On airplanes with dual INUs, the SCNS backup battery shall provide power to the second INU and the backup attitude indicator in the event of a failure of the electrical power system.

3.1.5.1.35.3  Software Interface. This paragraph is not applicable to this document.

3.1.5.1.36  AN/APN-241 LPCR Subsystem Description and Interface. SCNS shall interface with the Low Power Color Radar (LPCR) as described in the following paragraphs.

3.1.5.1.36.1  Functional Interface. The LPCR consists of the Westinghouse Electric Company Low Power Color Radar. The LPCR provide radar capability for the position update, Airdrop, and Airborne Radar Approach (ARA) functions.

3.1.5.1.36.2  Hardware Interface. The SCNS interface with the LPCR radar requires the addition of 1553 data bus connection and a radar ready input discrete.

3.1.5.1.36.3  Software Interface. The IDCU shall process the LPCR data and provide the data to the other SCNS functions.

The data traffic between the LPCR and SCNS is via the 1553 data bus. The 1553 data message traffic is defined in CA1047-001 D.

3.1.5.1.37  AN/APQ-175 MMR Subsystem Description and Interface. SCNS shall interface with the Multimode Radar (MUIR) as described in the following paragraphs.

3.1.5.1.37.1  Functional Interface. The MMR consists of the E&S Company Multimode Radar and cursor controller. The MMR provide radar capability for the position update, Airdrop, and ARA functions.

3.1.5.1.37.2  Hardware Interface. The SCNS interface with the MMR requires the addition of 1553 data bus connection.

3.1.5.1.37.3  Software Interface. The IDCU shall process the MMR data and provide the data to the other SCNS functions.

The data traffic between the MMR and SCNS is via the 1553 data bus. The 1553 data message traffic is defined in CA1047-001D.

3.1.5.1.38  AN/ARN-139 TACAN. SCNS shall interface with the AN/ARN-139 TACAN receiver/transmitter as described in the following paragraphs.

3.1.5.1.38.1  Functional Interface. SCNS functional interface with the AN/ARN-139 shall be the same as for the AN/ARN-118, as described in 3.1.5.1.1, with two exceptions. There shall be only one AN/ARN-139 installed at any one time and it shall be in the No. 2 position; and SCNS shall provide control of the additional normal/inverse operating mode.

3.1.5.1.38.2  Hardware Interface.  Same as 3.1.5.1.1.2.

3.1.5.1.38.3  Software Interface.  Same as 3.1.5.1.1.3.

3.1.5.1.39  Model AI-803AU Standby Attitude Indicator. On the 1983 model C‑130H with dual INUs and the LC‑130H, a self-contained, standby gyro horizon shall be installed on the primary instrument panel. This instrument will indicate roll and pitch, and will be the backup attitude indicator in the event the primary ADls fail. This instrument will also be connected to the SCNS battery in order to permit operation after a failure of the C‑130 electrical power system. This instrument will provide useful information for an additional 9 minutes after the charge in the battery is consumed.

Since the standby attitude indicator must be self-contained, there will be no interface between this instrument and the SCNS. However, since the requirement for this instrument is motivated by the replacement of the compass systems and vertical gyroscopes with the dual INUs, this instrument will be part of the SCNS Group A hardware.

3.1.5.1.39.1  Functional Interface. There will be no functional interface between the SCNS and the backup attitude indicator.

3.1.5.1.39.2  Hardware Interface. In addition to the basic electrical power requirement, the backup attitude indicator will be connected to the SCNS battery.

3.1.5.1.39.3  Software Interface. There will be no software interface between the SCNS and the backup attitude indicator.

3.1.5.1.40  Signal Data Recorder Reproducer. The SCNS shall interface with the SIl SDRR as described in the following paragraphs.

3.1.5.1.40.1  Functional Interface. The SCNS shall send the aircraft gross weight, fuel weight, airframe hours and data as documentary data to the SDRR. The SCNS will also send a weight change for each waypoint and a runway type for each landing zone. The SCNS shall receive SDRR BIT status.

3.1.5.1.40.2  Hardware Interface. The SCNS shall interface with the SDRR via the MIL-STD-1553 data bus.

3.1.5.1.40.3  Software Interface. The current SCNS IDCU acting as the bus controller shall provide the documentary data, waypoint weight change and landing zone runway type to the SDRR and the rest of the system. The 1553 data message traffic is defined in CA1047-001D.

3.1.5.2  SCNS Internal Interface. The primary interface between SCNS equipment items shall be a multiplex data bus in accordance with MIL-STD-1553B. Discrete interfaces shall also exist between the IDCUs, DVS, INU, and the SCNS Control Panel. The following paragraphs describe the internal SCNS interface.

3.1.5.2.1 MIL-STD-1553B Data Bus Interface. SCNS shall interface with a MIL-STD-1553B data bus as described in the following paragraphs.

3.1.5.2.1.1  Functional Interface. The multiplex data bus in accordance with MIL-STD-1553B provides for multiple LRUs to be connected to the data bus as remote terminals. One LRU acts as bus controller at any one time and directs all bus traffic via command/response actions.

3.1.5.2.1.2  Hardware Interface. The data bus shall be of a dual redundant nature. The separate buses of the redundant pair shall be routed through the aircraft so as to minimize the chance of simultaneous damage to the buses. Bus couplers shall provide the interface between the bus and the LRUs on the bus. The bus couplers shall contain isolation coupling transformers and resistors which permit coupling of stubs as long as 20 feet. The transformer shall be as specified in MIL-STD-1553B. Bus terminations of 75 ohms shall be provided at each end of the multiplex bus. Each coupler shall be contained in a shielded coupler box. If more than one bus coupler is contained in each coupler box, the unused coupler outputs shall be terminated with 2000 ohms bus terminators.

The multiplex data bus shall be configured using a single-level bus topology; i.e., all terminals are interconnected via the same data bus. The following systems shall be interconnected:

a.
Inertial Navigation Unit(s)

b.
Bus Integration Computer Unit 

c.
Pilot’s Integrated Display Computer Unit 

d.
Copilot’s Integrated Display Computer Unit 

e.
Navigator’s Integrated Display Computer Unit

f.
Radio/Mission Operator’s Integrated Display Computer Unit 

g.
Doppler Velocity Sensor 

h.
AN/ARN-147 VOR/ILS Receiver (2 units) 

i.
IWRS (WC‑130E/H aircraft only) 

j.
Interface Receptacle Unit 

k.
Microwave Landing System Receiver Processor (2 units)

I.
AN/APN-241 Radar 

m.
AN/APN-175 Radar 

n.
GPS RPU

o.
AN/ARN-149 ADF (2 units)

p.
AN/ARC‑190 HF Radio (maximum of 2 units)

q.
Signal Data Recorder Reproducer

Each LRU shall be assigned a unique remote terminal address via program pins which shall be programmed by the Group A-kit wiring. The addresses are shown in Table 2‑2.

3.1.5.2.1.3  Shielding. All cable to connector junctions, cable terminations, and bus-stub junctions shall have continuous 360 degrees shielding which shall provide a minimum of 75.0 percent coverage.

3.1.5.2.1.4  Terminal Connectors. For terminals that use concentric connectors or inserts for each bus, the center pin of the connector or insert shall be used for the high (positive) Manchester bi-phase signal. The inner ring shall be used for the low (negative) Manchester bi-phase signal.

3.1.5.2.1.5  Software Interface. The software shall be designed so that a failure of any kind on the MIL-STD-1553 data bus does not inhibit internal or local operations of the IDCU. The software interface shall be as described in the following paragraphs.

3.1.5.2.1.5.1  Message Definitions. Refer to CA1047-001D for message definitions.

3.1.5.2.1.5.2  Data Bus Control. Communication on the SCNS data bus shall employ the stationary master control philosophy. With this concept, a single bus controller coordinates all bus communication to and from the terminals on the bus. A backup bus controller shall operate the data bus only in the event of primary bus controller failure. Each IDCU shall be capable of operation in either the bus controller or remote terminal modes, as defined in MIL-STD-1553B, Notice 1. The navigator’s IDCU shall be primary bus controller. Redundant backup bus control capabilities shall be provided by the pilot’s and copilot’s IDCUs. Each shall be capable of performing the identical mission processing as the primary bus controller.

Note: The IDCU acting as bus controller shall be capable of controlling the DVS which is a MIL-STD-1553A device.

3.1.5.2.1.5.3  Backup Controller Switchover. Two conditions shall be used to recognize failure of the primary bus control function. These are: 1) lack of data bus activity and 2) the bus controller present discrete being in the false state. The backup bus controllers shall monitor the data bus for proper activity, e.g., loss of data or continuous traffic. When this occurs, the backup controllers shall check the bus control present discrete. If it is false, a failure has occurred. In the event of bus control failure, the IDCU designated as the backup bus controller shall assume control and the “primary” bus controller shall relinquish control of the bus within 0.1 second.

3.1.5.2.1.5.4  Redundancy. The multiplex system data bus shall be designed to meet the dual standby redundant data bus requirements as defined in MIL-STD-1553B, Notice 1. An RT shall not be required to communicate over more than one data bus at a time, except for the following situation. A terminal shall act on the latest command word received on either bus even though it may interrupt receipt or transmission of a message in progress. A message being received shall be interruptible on either bus; a message being transmitted shall be interruptible by a command on the alternate bus.

3.1.5.2.1.5.5  Data Bus Communication. The following conventions shall be used for the SCNS application of MIL-STD-1553B.

a.
Polling. The bus controller shall poll each terminal periodically to establish communication status. Polling shall occur at a 5 Hz rate. The bus controller shall establish data transfer based on response. Lack of subsystem response for thirty consecutive polling periods shall result in deletion of the subsystem’s data transfer commands from the bus controller’s current command table.

b.
Data form. Digital data shall be transmitted in a form compatible with the message and word formats defined in MIL-STD-1553B, Notice 1, and in each of the subsystem exhibits. Data bit number “1” shall be the most significant bit, and data bit number “16” shall be the least significant bit. Word formats which define least significant bits to a higher resolution than the computational capability of the unit shall be filled with logic zeros subsequent to the least significant unit-computed bit. Negative numbers shall use two’s complement notation. Any unused bit positions in a word shall be transmitted as logic zeros.

c.
Sample consistency. The subsystem shall ensure that every message transmitted over the bus by the subsystem contains only mutually consistent samples of information. Different words used to transmit multiple precision parameters shall all be members of the same sample set. Functionally-related parameters updated at the same rate shall all be members of the same sample set. Suitable buffering and transmission control logic shall be provided to prevent the transmission of a partially updated message that would contain mutually inconsistent data.

3.1.5.2.1.5.6  Scheduling. The major frame period shall be 200 milliseconds. Four minor cycles shall occur in each major frame; minor cycle frequency is therefore 20 Hz (50-msec period). Each minor frame shall be initiated by a real-time clock interrupt. Messages shall be transmitted in blocks ranging from one to 32 data words.

3.1.5.2.1.5.7  Time Referencing. Time shall be synchronized between all IDCUs in the system. Time critical data (e.g., aircraft velocity, acceleration, position and attitude) shall be time tagged, so that ICDS computations shall be capable of establishing data staleness.

3.1.5.2.1.5.8  Word Formats. Command, status, and data word formats defined by MIL-STD-1553B shall be used by the SCNS multiplex data bus to accomplish controller-to-terminal, terminal-to-controller, and terminal-to-terminal transmissions (except for the DVS which is a MIL-STD-1553A device).

3.1.5.2.1.5.9  RT Address. The RT address shall consist of the five bits following the sync waveform. Each RT shall be assigned a unique address to which it shall respond. Address assignment capability for each RT shall range from decimal zero (00000) through decimal 30 (11110). In accordance with MIL-STD-1553B, address 31 (11111) shall not be used.

The terminal address of all subsystems shall be established through pin programming of an external connector which is part of the system wiring and connects to the remote terminal. Seven dedicated pins shall define the address coding. Five pins shall define the remote terminal address. The sixth pin shall be used as parity for the remote terminal address. Odd parity shall be used. The remote terminal shall not respond to any messages as long as address parity is not valid. The seventh pin shall be a return line and be used to program the address and parity pins to a logic zero. An open address or parity pin shall be a logic one. SCNS RT addresses shall be defined as shown in Table 2‑2.

3.1.5.2.1.5.10  Subaddress/Mode Field. The SCNS command word’s subaddress/mode field shall indicate subaddress or mode commands in accordance with MIL-STD-1553B, as detailed herein. Subaddresses shall identify specific data blocks to be transferred. Mode commands shall be indicated, however, when the field contains 00000 or 11111.

a.
Data wraparound. Each RT shall implement a data wraparound capability with subaddress 30 (11110). The RT shall be capable of receiving and transmitting to this subaddress the maximum number of data words that the RT is capable of transmitting or receiving, i.e., the maximum word count from the set of all messages defined for that RT. A valid receive message with this subaddress to an RT shall cause the RT to store the commanded number of data words. A valid transmit command with this subaddress to an RT shall cause the RT to transmit the commanded number of stored data words from the wraparound buffer. The data words shall be transmitted in the same order as the words received by this subaddress.

b.
Mode codes. When the subaddress/mode field contains all logic 1’s or 0’s, the contents of the word count field shall be decoded as a five-bit mode command. The mode code shall be used only to communicate with the data bus hardware for the purpose of information management. The SCNS shall implement the following mode codes as specified in MIL-STD-1553B.

(1)
Synchronize (00001)

(2)
Transmit status word (00010)

(3)
Reset remote terminal (01000)

(4)
Initiate self-test (00011)

(5)
Transmitter shutdown (00100)

(6)
Override transmitter shutdown (00101)

(7)
Transmit Vector word (10000)

(8)
Synchronize with data (10001)

(9)
Transmit last command (10010)

(10)
Transmit bit word (10011)

3.1.5.2.1.6  Busy Bit. The use of the busy bit is discouraged. However, if the busy bit is used, it shall meet the following requirement: the setting of the busy bit shall be deterministic with respect to the reception of valid command words on the data bus by the remote terminal, i.e., the bus controller can, with prior knowledge of the remote terminal characteristics, determine when the remote terminal can become busy and when it will not be busy.

3.1.5.2.2  ICDS. The ICDS interface shall be as described in the following paragraphs.

3.1.5.22.1  Functional Interface. The ICDS consists of the IDCUs and BICU, where the IDCU provides the control/display interface for flight crew operation of radios, mode control, and navigation avionics systems.

3.1.5.2.2.2  Hardware Interface. The ICDS shall use the MIL-STD-1553B data bus as its primary interface. Discrete and analog interfaces between the equipment items of the ICDS shall be minimized.

3.1.5.2.2.3  Software Interface. The IDCU OFP (Cl No. CN0202A) and the BICU OFP (Cl No. CN0203A) shall interface vie the MIL-STD-1553B data bus.

3.1.5.2.3  INS. The INS interface shall be as described in the following paragraphs. Unless otherwise noted, the interfaces are the same for aircraft with dual INUs.

3.1.5.2.3.1  Functional Interface. The INS shall provide (1) inertial navigation data for the navigation functions and (2) guidance signals for operating the flight instruments and flight control system.

The INS shall consist of the INU, the INU mount, and the SCNS backup battery. The INU shall be GFE.

On airplanes with dual INUs, there will be a second INU and INU mount, but a single battery will be the backup power source for both INUs. Moreover, the second INU shall be fully integrated with the C‑130 to provide redundant heading and attitude, and the second INU shall also be a redundant and independent inertial navigation sensor.

All interfaces between the SCNS and the other airplane avionics shall comply with the requirements set forth in this specification for the single INU configuration on C‑130E, C‑130H, WC‑130E/H, HC‑130H/N/P, and EC‑130E, with the exception that the requirements for dual INUs which conflict with the requirements for a single INU shall supersede the requirements for the single INU.

3.1.5.2.3.2  Hardware Interface. The interface between the INS and the ICDS will be in accordance with MIL-STD-1553B. On airplanes with dual INUs, the MIL-STD-1553B data bus shall be modified to add the second INU as a remote terminal.

Discrete signals form the SCNS Control Panel will control the INS electrical power and the INS ATTITUDE mode.

On airplanes with dual INUs, each INU shall supply synchro heading signals to separate synchro amplifiers, and the synchro amplifiers shall supply the heading signals to the equipment and instruments that require synchro heading signals. When all systems are operative, INU 1 shall supply the heading signals to the equipment that Compass System 1 supplies on the airplanes with a single INU, and INU 2 shall supply the heading signals to the equipment that Compass System 2 supplies on the airplanes with a single INU. In the event an INU heading signal fails, the remaining functional INU shall provide heading to both synchro amplifiers, and this operation shall be automatic.

On airplanes with dual INUs, the INUs shall supply the analog pitch and roll signals to the equipment and instruments that require analog pitch and roll signals. The source of the vertical reference for the pilot- and copilot-side HSI, ADI, FDC shall be manually switch-selectable as INU 1 or INU 2, and ATTITUDE SAME lights shall be illuminated when the same INU is selected as the source for both the pilot- and copilot-side instruments. In the event an INU roll or pitch signal fails, the INU shall assert attitude failure flags and illuminate warning lamps, and the user must select the remaining functional INU as the source of roll and pitch for the instruments. That is, the user must accommodate the failure by changing the attitude source. The switching will not be automatic.

On airplanes with dual INUs, the switching of the SCNS redundant outputs shall operate in accordance with the requirements for airplanes with a single INU.

3.1.5.2.3.3  Software Interface. The INS shall supply position, velocity, heading, attitude, inertial sensor errors, and BIT data to the ICDS. The INS shall accept initialization, alignment, guidance, and magnetic variation data from the ICDS. On airplanes with dual INUs, the INUs shall be provided the necessary information to operate in a handles aft installation.

3.1.5.2.4  DVS.

3.1.5.2.4.1  Functional Interface. The DVS shall provide Doppler radar navigation data to the ICDS. The DVS shall interface with, and be controlled by, the ICDS.

3.1.5.2.4.2  Hardware Interface. The DVS shall have an interface to the ICDS via the MIL-STD-1553B data bus. The DVS shall also accept discrete interface signals from each IDCU (redundant signals) for control of LAND/SEA select, and a discrete signal from the navigator’s IDCU for BIT initiate. DVS ON/OFF control shall be provided by the SCNS Control Panel.

3.1.5.2.4.3  Software Interface. The DVS, which has a MIL-STD-1553A interface, shall be properly interfaced to the MIL-STD-1553B ICDS interface. The ICDS software/firmware shall provide the necessary functions to make the interface compatible. The DVS shall send vertical velocity, drift velocity, heading velocity and status data (consisting of DVS in self-test, self-test fail, loss of track (memory mode (MEM)), and system monitor) to the ICDS.

3.1.5.2.5  GPS. SCNS interfaces with the GPS as described in the following paragraphs.

3.1.5.2.5.1  Functional Interface. The GPS shall consist of the 3A RPU, the AE‑1 AEU, the CRPA-2 antenna, the GPS KYK-13 Remote Fill Panel, and the Receiver Mount Tray. The IDCUs shall act as the GPS control head. SCNS shall provide initialization and mode control for the GPS RPU and shall provide display of GPS data. Initialization of the GPS receiver and transition to the navigation mode shall be automatic during normal operation. SCNS shall continuously monitor the GPS receiver BIT and operation status data. SCNS shall provide GPS failure warnings. SCNS shall use GPS outputs to navigate, provide position update capability and to synchronize Havequick Radios to Time of Day. The GPS receiver shall be furnished aiding data directly from the INU. The GPS receiver shall be furnished backup data from SCNS. SCNS shall use the GPS Digital Flight Instruments (ARINC 429) Interface as a backup means to provide aircraft present position, ground track, and ground speed to the navigator’s IDCU for display. This display shall be independent of the 1553 data bus: it shall not be adversely affected by a 1553 bus failure, nor by any SCNS hardware failure (other than the navigator’s IDCU).

3.1.5.2.5.2  Hardware Interface. The SCNS interface with the GPS requires the addition of 1553 and digital flight instrument data bus connections to the GPS RPU.

3.1.5.2.5.3  Software Interface. The data traffic between GPS and SCNS is via the 1553 data bus and the digital flight instrument bus. The SCNS 1553 I/O processing requirement does not change, since standard 1553 data bus processing is being used. The databus message traffic is defined in CA1047-001D.

3.1.5.2.6  SCNS Control Panel for Aircraft Without Dual INUs.

3.1.5.2.6.1  Functional Interface. The SCNS Control Panel shall provide ON/OFF control for the SCNS as a whole (including the GPS), plus individual ON/OFF control for the INU and DVS. In addition, INS attitude mode shall be selectable via the panel. The panel will, in addition, provide a NAV ready light (for indication of INS navigation ready) and status and mode annunciators for indication of system status and selected flight mode. The SCNS Control Panel is shown in Figure 2‑12.
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Figure 2-12.  SCNS Control Panel

3.1.5.2.6.2  Hardware Interface. The SCNS Control Panel shall provide discrete interfaces with the INU for ATT mode select, with the DVS for ON/OFF control, with the navigator’s IDCU for NAV ready light control and INU(DVS) ON/OFF status, and with the necessary power relays to control application of primary power to the SCNS LRUs.

3.1.5.2.6.3  Software Interface. The navigator’s IDCU shall process the necessary discrete l/O signals.

3.1.5.2.7  SCNS Control Panel for Aircraft With Dual INUs. The SCNS Control Panel shall be modified to support system operational requirements, as described in the following sub-paragraphs.

3.1.5.2.7.1  Functional Interface. The SCNS Control Panel will provide ON/OFF control for the IDCUs and the BICU as a group, plus individual ON/OFF control for the two INUs, DVS, and GPS. In addition, INS attitude mode will be selectable for each INU. The SCNS Control Panel for the airplanes with dual INUs is shown in Figure 2‑13.

On the FY83 C‑130H with dual INUs and the LC‑130H, a separate panel will provide a NAV ready light for each INU and status and mode lights to indicate the system status and operating modes. The SCNS Status Panel is shown in Figure 2‑14.
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Figure 2-13.  SCNS Control Panel for Aircraft with Dual INUs
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Figure 2-14.  SCNS Status Panel for Aircraft With Dual INUs

3.1.5.2.7.2  Hardware Interface. The SCNS Control Panel will provide the interface between the user and the BICU, the IDCUs, the DVS, the INUs, and the GPS in order to control:

a.
INU ATT mode

b.
Primary power for the BICU, IDCUs, INUs, DVS, and GPS.

The SCNS Status Panel will provide the interface between the user and the ICDS in order to indicate:

a.
NAV ready for each INU

b.
The flight director mode

c.
The SCNS mode

d.
The failure status of each INU, the DVS, and the GPS receiver

The operator shall be notified of INU failures and corresponding submode changes of the INTEGRATED SCNS navigation mode via the failure lights and mode lights.

3.1.5.2.7.3  Software Interface. The navigator’s IDCU processes the necessary discrete l/O signals.

3.1.6  Government-Furnished Property List. The C‑130 SCNS shall include the following government furnished property:

a.
An Inertial Navigation Unit which meets the requirements of SNU 84-1 and 84‑MMSRE-011-INS.

b.
Lighting power modules which shall transform aircraft power into dimmable 
5 VDC power for use in annunciator and panel lighting.

c.
A complete GPS User Equipment set, including an RPU that meets the requirements of Cl-RCVR-3010A, an AEU that meets the requirements of Cl-AE-3060A, a CRPA that meets the requirements of Cl-CRPA-3080A, and a GPS Receiver Mount Tray (NAC 1-1 /2).

3.1.7  Operational and Organizational Concepts.

3.1.7.1  Operational Concepts. The C‑130 SCNS performance parameters shall be based on its capabilities to provide navigation, steering, radio control, and airdrop functions in accordance with 3.2. In aircraft without dual INUs, the system shall provide Independent GPS, Independent INS, Independent Doppler, and Integrated SCNS navigation solutions concurrently, assuming normal system operation and no system failures. In aircraft with dual INUs, the system provides Independent GPS, Independent INS 1, Independent INS 2, and Integrated SCNS navigation solutions. The pilot and copilot shall have the capability to individually select and view any of the above navigation solutions on their respective flight instruments. Any of the IDCUs shall be capable of displaying any of the navigation solutions independent of those being displayed on the flight instruments.

3.1.7.1.1  Operational Requirements. The ICDS shall provide the following functions:

a.
The ICDS shall provide control and display of control data for the aircraft communication and navigation radios.

b.
The ICDS shall provide automatic activation of the troop jump lights and Aerial Delivery System shackles.

c.
The ICDS shall provide for the calculation and display of navigation data, including celestial navigation position update deltas.

d.
The ICDS shall provide, in addition to enroute flight plans, the capability for search patterns (including sector search).

e.
The ICDS shall contain display formats to allow the subsequent implementation of airborne radar approaches.

f.
The ICDS shall be compatible with, and not interfere with, the operation of secure voice equipment.

g.
The ICDS shall provide control for the Doppler and inertial navigation functions.

h.
The ICDS shall contain, on two display pages, the ability to change frequencies of all communication and navigation radios.

i.
The ICDS shall contain on the TACAN control page a readout of the air-to-air distance parameter.

j.
The ICDS shall have the capability to allow the crew to clear the flight plan/mission data through the use of a simple procedure as a security procedure.

k.
The ICDS shall provide control for the MLS function.

I.
The ICDS shall provide control/display of the GPS navigation function in the GPS RPU.

m.
The ICDS shall provide mode control to the ACP in an ACP-equipped HF radio to control ALE and scanning functions.

n.
The ICDS shall provide entry/display of the documentary data, waypoint weight changes and landing zone runway type to the SDRR.

A detailed operational requirements description of the C‑130 SCNS is contained in Appendix III.

3.1.7.1.2  Survivability. The SCNS shall be designed such that no single point failure results in total loss of system operation. This shall be accomplished as described below:

a.
The MIL-STD-1553B data bus shall be dual redundant.

b.
System monitoring of redundant functions shall be provided so as to allow failure detection and repair of these functions prior to their required use.

c.
Mission data processing shall reside in more than one LRU, with each IDCU capable of processing all navigation solutions (depending on sensor availability) for display purposes.

d.
The steering outputs from the SCNS to the flight control system and instruments shall be dual redundant. These outputs shall be partitioned such that set A normally drives the pilot’s flight control system and instruments, and set B normally drives the copilot’s flight control system and instruments. These outputs, set A and set B, shall be derived from the SCNS such that failure of any one LRU will, at most, result in the loss of either set A or set B. but, not both. In the event of the failure of one output set, the remaining nonfailed output set shall drive both the pilot’s and copilot’s flight control system and instruments. Under these failure circumstances, the navigation solution which was steering the aircraft (based on which Flight Director Computer is coupled to the autopilot or defaulting to the pilot’s FDMS mode) shall be output on the non-failed output set. Appropriate annunciation of the failure shall be made to the flight crew such that the pilot or copilot (depending on which one’s output set failed) can take the appropriate action to select the now active FDMS mode.

e.
Radio control shall be partitioned such that loss of any one LRU does not result in total loss of radio communications. In those cases where two radios of the same type are installed on the aircraft, the radios shall be controlled from different LRUs.

f.
All LRUs which operate on the MIL-STD-1553B multiplex data bus shall continue to function in spite of the failure of any one other LRU on the bus.

Air drop automatic control and other minor functions shall not be redundant beyond the extent available by the above requirements.

3.1.7.2  Organizational Concepts. The C‑130 SCNS shall be installed on the number of aircraft specified in the contract. The anticipated deployment of SCNS-equipped aircraft is shown in Figure 2‑15.
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Figure 2-15.  C-130 SCNS Deployment

3.2  Characteristics.

3.2.1  Performance Characteristics. The C‑130 SCNS shall provide the performance characteristics as described in the following paragraphs.

3.2.1.1  Control Characteristics. The ICDS shall interface with and provide control of the following aircraft subsystems and SCNS subsystems:

a.
Maximum of two AN/ARN-118 TACAN radios, or one AN/ARN-118 and one AN/ARN-139 TACAN radio 

b.
Maximum of two AN/ARN 149 ADF radios 

c.
Maximum of two AN/ARN-147 VOR/ILS radios 

d.
Maximum of two AN/ARC‑190 HF radios (maximum of one ACP) 

e.
Maximum of two AN/ARC‑186 VHF radios 

f.
Maximum of two AN/ARC‑164 UHF radios 

g.
Troop Jump System

h.
Aerial Delivery System 

i.
MIL-STD-1553B multiplex data bus 

j.
Maximum of two SNU 84-1 Inertial Navigation Units 

k.
AN/APN-218 Doppler Velocity Sensor 

I.
Interface Receptacle Unit 

m.
Maximum of two MLS receivers 

n.
AN/APN-241 Radar

o.
AN/APQ-175 Radar

p.
Global Positioning System

3.2.1.2  Compatibility Characteristics. The SCNS shall interface with, and be compatible with, the following aircraft subsystems:

a.
AN/APN-169C SKE

b.
Maximum of two USAF Standard (STD) or two FCS-105 or two FD-109 Flight Directors

c.
Maximum of two AN/AQU-2/A Horizontal Situation Indicators or two 331A-8G Course Indicators or two 331A-3 Course Indicators or an HSI-45

d.
E-4 Autopilot System or A/P-105 Autopilot through the FCS-105 or FD-109 Flight Director system

e.
Maximum of two C12 or two N1 Compass Systems 

f.
Maximum of two MD-1 or two 9002B or two 332D-11A or one 332D-6 Vertical Gyro 

g.
Free Air Temperature Sensor 

h.
Pitot System or Air Data Computer No. 2 

i.
AAU-21/A Altimeter-Encoder 

j. KY-58 Secure Voice System 

k.
Intercommunication System (AIC‑10 or 18 or 25) 

I.
Maximum of two Flight Director Mode Selectors 

m.
Integrated Weather Reconnaissance System 

n.
Signal Data Recorder Reproducer

3.2.1.3  ICDS Control and Display Characteristics. The IDCU shall provide the primary control and display source for the SCNS. All enterable data for navigation, flight planning and management, radio control, aircraft parameters, non-precision airborne radar approach, and airdrops shall be via the IDCU keyboard. (The other controls shall be the FDMSs for selecting flight instruments and steering mode.) Aircraft equipped with data transfer capability shall provide the option of uploading mission parameters from the DTM in the IRU upon initiation from an IDCU. For aircraft equipped with a SDRR, the option to upload documentary data from the DTM in the IRU is also available. The transfer of the documentary data will be tied to mission uploading and will automatically proceed once the mission upload is complete. The uploading of IDCU OFPs and BICU OFPs into the SCNS from a DTM in the IRU, and the downloading of SCNS failure history to a DTM in the IRU, shall be initiated from the IDCU on aircraft equipped with an IRU. Display of navigation, flight planning and management, radio control, non-precision airborne radar approach, and airdrop shall be via the IDCU display. Steering data (cross-track error, track, track-angle error, heading, and drift) shall be displayed via both the IDCU display and the appropriate HSI. Detailed IDCU control/display characteristics are specified in Appendix II. The IDCU control/display characteristics shall be modified to support system operational requirements for dual INUs/GPS.

3.2.1.4  Synchronization and Power Interruption Characteristics. The C‑130SCNS LRUs shall be synchronized so as to ensure mutually consistent operation and data calculations. In the event of a power interruption of less than 5 ±3.5 seconds, the SCNS shall resume normal operation, with no change in system configuration or operation (i.e., navigation shall resume where it left off and radios shall return to their pre-interruption state) once power is reapplied. In the event of a power interruption of 5 ±3.5 seconds or greater, the SCNS shall perform a “cold start”; i.e., all navigation systems shall require initialization and radios shall be in the “OFF” state, once power is reapplied.

A detailed description of the synchronization and power interruption characteristics of the SCNS is contained in Section 6.

3.2.1.5  Navigation Characteristics. The following paragraphs specify the navigation characteristics of the C‑130 SCNS. Details of the characteristics are contained in 
Appendix III.

3.2.1.5.1  Navigation Modes. The SCNS shall provide four independent navigation modes:


Aircraft with Dual INUs
Aircraft with One INU


INTEGRATED SCNS
INTEGRATED SCNS

INDEPENDENT GPS
INDEPENDENT GPS

INDEPENDENT INS 1
INDEPENDENT-INERTIAL

INDEPENDENT INS 2
INDEPENDENT-DOPPLER

On airplanes with dual INUs, either INU shall be user-selectable as the PRIMARY INU for the INTEGRATED SCNS mode. In the event power is removed from the PRIMARY INU or the PRIMARY INU fails, the user shall be advised and the alternate INU shall become the PRIMARY INU. There shall be no restriction on the user selection of the PRIMARY INU, but a user-commanded change of the PRIMARY INU shall require user verification. This requirement does not prohibit a time constraint for how fast the user can switch back-and-forth between INUs.

3.2.1.5.1.1  Integrated SCNS Mode on Airplanes with a Single INU.

3.2.1.5.1.1.1  Integrated SCNS Solution. The integrated SCNS solution has six separate submodes of operation. The most accurate submode shall be selected automatically by the system. This automatic mode selection is based on the operating mode and health of each sensor. In the description below, the phrase “data available” means the INU is in NAV mode and not failed, or the GPS receiver is in NAV mode and not failed, or the Doppler is not failed and the aircraft is airborne.

The following submodes are presented in order from most accurate to least accurate.

G-l
The SCNS G-l submode shall be selected when both INS and GPS data are available.

GPS
The SCNS GPS submode shall be selected when GPS data is available and INS data is not available.

D‑l
The SCNS D‑l submode shall be selected when GPS data is not available and INS and Doppler data is available.

INS
The SCNS Inertial submode shall be selected when neither GPS nor Doppler data is available.

DOP
The SCNS Doppler submode shall be selected when neither GPS nor primary INS data is available.

TAS
The SCNS true airspeed/heading submode shall be selected when GPS, INS and Doppler data are all unavailable.

While the aircraft is on the ground, the normal startup sequence leads to a predictable upgrade of SCNS submodes. Just after applying power, the only submode available is TAS, since the primary INS and the GPS are not in NAV mode and the Doppler data is not valid until the aircraft is airborne. Normally, the GPS receiver will automatically initialize and transition to NAV mode. At that point, the SCNS submode will upgrade to GPS. When primary INS alignment is complete and NAV mode selected, the SCNS submode will upgrade to GPS-INS. If GPS data is not available, the SCNS submode will be set to INS until Doppler data becomes available after takeoff, at which point the SCNS submode will be set to D‑l.

The integrated SCNS mode represents only one navigation solution, with only one submode being active at any one time.

3.2.1.5.1.1.2  GPS-lnertial Integrated SCNS Submode. This is the primary navigation mode. Position will be determined from the GPS receiver. INS error characteristics shall be determined by the GPS-INS Kalman filter. In the GPS-inertial submode, INU and GPS data shall be used to compute a navigation solution when four GPS pseudoranges are available.

3.2.1.5.1.1.3  GPS-Only Integrated SCNS Submode. Position and velocity will be determined from the GPS receiver. Because the GPS position is refreshed at 1 Hz, the GPS velocity will be used to extrapolate position between updates so that steering and display data changes smoothly.

3.2.1.5.1.1.4  Doppler-lnertial Integrated SCNS Submode. The Doppler-lnertial SCNS submode shall compute the navigation solution by using the present position and velocity from the INS with the Doppler velocity from the DVS to estimate the best possible solution.

3.2.1.5.1.1.5  Doppler-Only Integrated SCNS Submode. The Doppler-only SCNS submode finds the navigation position by integrating the velocities received from the DVS and projecting that distance along the magnetic heading vector corrected by magnetic variation. The differences between Doppler-only SCNS and Independent Doppler are as follows:

(
Doppler-only SCNS is activated only when the primary inertial unit fails while independent Doppler runs continuously.

(
Doppler-only SCNS uses compass heading on single INS aircraft or secondary INU heading on dual INUs aircraft. Independent Doppler uses secondary INS heading and degrades to primary INS heading on dual INUs aircraft. On single INS aircraft, the Independent Doppler solution uses compass heading and degrades to INS heading. (Note: Compass heading consists of compass heading, VG2 pitch and VG2 roll. Loss of any of these components shall invalidate the set and force the use of alternate heading and attitude data.)


When the compass heading is being used, SCNS calculates the heading for doppler by applying stored magnetic variation to the compass heading. The accuracy of the doppler-only submode is maximized by entering a current compass deviation on the FLT PRMTR 2-3 page.

(
Doppler-only SCNS can be aided with TACAN blending and position updates while independent Doppler can be aided only by position updates.

3.2.1.5.1.1.6  Inertial-Only Integrated SCNS Submode. The INS-only SCNS submode finds the navigation position by taking the present position directly from the INS and applying additional corrections. The operational differences between inertial-only SCNS and independent inertial are as follows:

(
Inertial-only SCNS is activated only when the Doppler unit fails while independent inertial runs continuously.

(
Inertial-only SCNS position is reinitialized at the previously active SCNS mode position while independent inertial position can be reinitialized only by position updates or air alignment.

(
Inertial-only SCNS can be aided with TACAN blending and position updates while independent inertial can be aided only by position updates.

3.2.1.5.1.1.7  True Airspeed/Magnetic Heading Integrated SCNS Submode. The true airspeed/magnetic heading SCNS submode finds the navigation solution by integrating an estimated ground velocity calculated from true airspeed, compass heading, and wind velocity. When dynamic wind calculations are selected, ground velocity and wind velocity are estimated simultaneously by a filter which makes use of true airspeed and TACAN position data. When TACAN data is unavailable (or invalid) and dynamic wind is selected, the last valid wind from the SCNS mode will be used for ground velocity calculations. When inserted wind is selected, ground velocity is set equal to the sum of the true airspeed vector and the inserted wind vector.

Because it uses compass heading, the accuracy of the true airspeed/magnetic heading SCNS submode is maximized by entering a current compass deviation on the FLT PRMTR 2-3 page.

3.2.1.5.1.2  Integrated SCNS Mode on Airplanes With Dual INUs.

3.2.1.5.1.2.1  Integrated SCNS Solution. The INTEGRATED SCNS navigation mode will have four submodes. The submode will correspond with the sensors used to navigate in the INTEGRATED SCNS mode. The submode will change automatically according to the functional status of the sensors. The SCNS submodes are listed below in the order of navigation precision, starting with the most accurate submode:

G-l
The G-l submode shall be active when both the INS and GPS data are valid.

GPS
The GPS submode shall be active when the GPS data are valid and INS data are invalid.

D‑l
The D‑l submode shall be active when the GPS data are invalid and the INS and Doppler radar data are valid.

INS
The INS submode shall be active when neither the GPS nor the Doppler radar data are valid, but the data from at least one INS are valid.

On the airplanes with dual INUs, the DOP and TAS submodes shall not exist. This is because both INUs must fail in order for the DOP or TAS submodes to engage, and thus there would be no heading reference for transforming the Doppler radar or airspeed body axes velocities into the locally-level frame for dead reckoning.

The typical startup sequence on the ground will follow a predictable upgrade of the SCNS submodes. When power is applied, no submode will engage since the PRIMARY INU and the GPS will not be in NAV mode. When the GPS receiver transitions to NAV mode—which will occur within seconds if the receiver has an accurate position, time, and almanac—the SCNS submode will upgrade to GPS. When the user executes a gyrocompass alignment of the PRIMARY INU and engages the INU NAV mode, the submode will upgrade to G‑I. If the GPS data are invalid during preflight operation, the submode will be INS until the Doppler radar data become valid after takeoff, at which time the submode will become D‑l.

The INTEGRATED SCNS mode corresponds with a single navigation solution, and only one submode may be active at a given time.

The submode names indicate the sensors used to determine the best estimate of the airplane position and velocity. In the D‑l submode, a Kalman filter will estimate the INS and Doppler radar instrument errors and the airplane position and velocity errors. On airplanes without a GPS receiver, the D‑l Kalman filter will be the primary means of navigation. On airplanes with a GPS receiver, two additional Kalman filters will estimate instrument errors based on position and velocity measurements from the GPS. One filter, called the G-l Kalman filter, will estimate the INS instrument errors and the corresponding airplane position and velocity errors. The second filter, called the G-D Kalman filter, will estimate either the Doppler radar boresight and scale factor errors (during operation over land) or water velocity (during operation over water). These two filters will execute simultaneously when all of the sensors are operative. This submode—the G-l submode will replace the D‑l submode as the primary mode of operation on airplanes with a GPS receiver.

When the GPS performance is degraded—because there are less than four satellite pseudorange measurements for greater than four minutes, for example—the SCNS submode will transition automatically to D‑l. When this transition occurs, the data from the G‑l and G‑D Kalman filters, which characterize the behavior of the INS and Doppler radar, will be used to calibrate the D‑l Kalman filter. Thus the D‑l Kalman filter a priori data will be very accurate.

If the GPS performance degradation is momentary, the SCNS submode will return automatically to G‑I. Consequently, unlike the first-generation SCNS Doppler radar-aided inertial navigator which exhibits an increasing position error, the position error in the G-l submode will be bounded. Yet unlike an independent GPS navigator, precise navigation will continue in the event the GPS is degraded or unavailable. Therefore, the integrated SCNS/GPS will combine the best characteristics of a GPS-aided inertial navigator and a Doppler radar-aided inertial navigator—the long-term precision of GPS, the short-term precision of the inertial navigator, and the stability, robustness, and jamming resistance of the original Doppler radar-aided inertial navigator.

There will be two other submodes that engage during airborne alignment of the PRIMARY INU. Since these submodes will be submodes of the SCNS submode, they will actually be subsubmodes of the INTEGRATED SCNS mode.

a.
GPS-aided In-Air Alignment will be referred to as GIAA. This will be a submode of the G-l submode.

b.
Doppler radar-aided In-Air Alignment will be referred to as DIAA. This will be a submode of the D‑l submode.

After an airborne alignment is commanded, the Kalman filter will operate as an Extended Kalman filter, which means the error estimates will be fedback to the INU for correcting the INU-computed inertial navigation solution. Because of this operation, the INU will no longer be independent of the SCNS. Therefore, after a user-commanded airborne alignment, the INDEPENDENT INS navigation mode will no longer be independent of the INTEGRATED SCNS mode (and thus the l-INS flight director mode will no longer be independent of the SCNS flight director mode).

3.2.1.5.1.2.2  GPS-lnertial SCNS Submode. On airplanes with dual INUs, the SCNS Kalman filter shall characterize the performance of the PRIMARY INU when the INTEGRATED SCNS navigation submode is GPS-lnertial or Doppler-lnertial.

On airplanes with dual INUs, either INU shall be user-selectable as the primary INU for the GPS-lnertial and Doppler-lnertial submodes. In the event power is removed from the PRIMARY INU or the PRIMARY INU fails, the user shall be advised and the alternate INU shall become the PRIMARY INU. There shall be no restrictions on the user selection of the PRIMARY INU, but a user-commanded change of the PRIMARY INU shall require user verification.

On airplanes with dual INUs, the position of the INTEGRATED SCNS mode shall be continuous during a transition of the PRIMARY INU if the transition is not coincident with a change in the INTEGRATED SCNS submode. The term continuous means there will not be an impulse in the first derivative (with respect to time) of the INU position signal (latitude and longitude) at the instant of the transition, assuming the sampled-data position signal were transformed by a low-pass filter.

For COLD and WARM power-on, the PRIMARY INU shall be the INU that was PRIMARY when power was removed from the SCNS; and for FACTORY reset, the PRIMARY INU shall be INU 1.

The mechanism for manual and automatic switching of the PRIMARY INU shall accommodate power interruptions. However, as required by DINU.DF.NAV.RM.DERIVED.PWRON, the switching mechanism is not required to accommodate a FACTORY reset. The PRIMARY INU will always be INU 1 after a FACTORY reset.

Manual and automatic selection of the PRIMARY INU on the ground shall operate according to the following:

1.
On the ground, manual selection of the PRIMARY INU shall be permitted at the INS MGT 1-2 IDCU page except when a or b or c is true:

a.
An INU fails (no RT response, INU-declared failure, or SCNS-detected failure).

b.
The user commands an INU to the ATT mode by selecting the ATT position of the INU power switch on the SCNS Control Panel.

c.
The user removes power from an INU by selecting the OFF position of the INU power switch on the SCNS Control Panel.


If the user attempts to change the PRIMARY INU when one of these conditions are true, NO ACCESS will be displayed at the message field of the IDCU display to advise the user that the operation is inhibited.


A delay in the action to switch the PRIMARY INU will be permitted in the event a higher priority task is in progress when the user commands a change. Examples of higher priority tasks are SCNS submode transitions and glitch recovery.

2.
On the ground, the SECONDARY INU shall become the PRIMARY automatically if the SECONDARY INU is in NAV mode and the PRIMARY INU is not in NAV mode.


If the PRIMARY INU is not in NAV mode and the SECONDARAY INU is not in NAV mode (and thus neither INU is capable of the PRIMARY INU task), then the INTEGRATED SCNS submode will change to a non-inertial navigation submode.


If the condition for automatic switching is true, but a higher priority task is in progress, then a delay in the action to switch the PRIMARY INU will be permitted (so the higher-priority task may conclude). Examples of higher priority tasks are SCNS submode transitions and glitch recovery.


This mechanization for automatic switching will prevent frequent changes of the PRIMARY INU without user awareness of the INU that is PRIMARY, and thereby permit the user to manage interrupted alignment of the INU.

While airborne, the manual PRIMARY INU selection shall be active when both INUs are in the NAV mode and automatic selection of the PRIMARY INU shall be identical to ground operation except for airborne alignment of an INU.

Airborne alignment of the INU shall operate according to the following:

1.
Either INU shall operate in the Airborne Alignment (AA) mode when a and b and c and d and (e or f) is true:

a.
Power is applied to the INU to be aligned.

b.
The user commands in-air alignment of the INU at the INS ALIGN 1‑3 IDCU page.

c.
The INU to be aligned is operative (the RT is responding, no INU-declared failures, and no SCNS-detected failures).

d.
The INU to be aligned is in STANDBY mode or NAV mode.

e.
GPS is valid and not operating in a degraded mode.

NOTE

(a) GPS is valid when all of the following are true:


i.
G-1 message is valid


ii.
G-9 message is valid


iii.
G-9 message time stamp is within limits


iv.
G-1 message GPS RPU fail indicator does not indicate an RPU failure


v.
G-1 message GPS Antenna Electronics (AE) fail indicator does not indicate an AE failure


vi.
G-1 message GPS subsystem fail indication is not set to fail for more than 3 consecutive cycles

(b)
GPS is in degraded mode when GPS is valid and any one of the following is true:


i.
GPS horizontal position error < 0


ii.
GPS horizontal position error > EHPE distance limit – the distance limit is 175 ft for the PPS and 1000 ft the SPS


iii.
The horizontal GPS velocity > GPS velocity limit – 500 knots


iv.
Recovery for a transient in the GPS total velocity is in progress.  Transient threshold = 50 ft/sec, recovery duration = 5 seconds


v.
Sum of GPS satellites tracked by the receiver in state 5 + in state 3 < minimum number of satellites – 4 satellites


vi.
The GPS latitude is within the polar uncertainty limit – 
2 arc-minutes from either geodetic pole


vii.
On aircraft with two INUs, inertial aiding data is being reset for a change in the primary INU – duration 3 seconds.

f.
DVS is in track mode and heading is valid.

NOTE

Heading is valid in the dual INU configuration if the INU that is not in Air Align (AA) mode (i.e., the INU that is not to be aligned) is in NAV mode.

2.
When the INU to be aligned is the SECONDARY INU, the SECONDARY INU shall become the PRIMARY automatically, and the INTEGRATED SCNS submode shall become In-Air Align (IAA) (GIAA or DIAA, depending on the functional status of the GPS receiver).

3.
An INU shall remain in the AA mode until a or b or c or d is true:

a.
The user removes power from the INU being aligned by selecting the OFF position of the INU power switch on the SCNS Control Panel.

b.
The user commands the INU being aligned to the ATT mode by selecting the ATT position of the INU power switch on the SCNS Control Panel.

c.
The user selects the other INU (i.e., the INU that is not being aligned) as the PRIMARY at the IDCU INS MGT 1-2 or INS ALIGN 1-3 pages and i or ii is true:


i.
A GPS-aided alignment is in progress AND the INU being aligned has been in AA mode for at least 15 minutes AND the heading uncertainty is less than 0.5 milliradians.


ii.
A Doppler radar-aided alignment is in progress AND the INU being aligned has been in AA mode for at least 30 minutes.


When one of these conditions are true, the feedback to the INU shall terminate and the INU shall be commanded to NAV mode (via a 1553 bus command).


If the user makes a formerly-airborne-aligned INU the PRIMARY INU (which means the formerly-aligned INU was commanded to NAV mode because the other INU became the PRIMARY INU), then the formerly-airborne-aligned INU shall remain in NAV mode (that is, the SCNS will not resume closed-loop operation with an INU after the closed-loop operator is terminated).

d.
The user selects the other INU (i.e., the INU that is not being aligned) as the PRIMARY at the IDCU INS MGT 1-2 or INS ALIGN 1-3 pages, but i or ii is true:


i.
A GPS-aided alignment is in progress AND (the INU being aligned has not been in AA mode for at least 15 minutes OR the heading uncertainty is greater than 0.5 milliradians).


ii.
A Doppler radar-aided alignment is in progress AND the INU being aligned has not been in AA mode for at least 30 minutes.


When one of these conditions are true, the feedback to the INU shall terminate and the INU shall be commanded to ATT mode (via a 1553 bus command).

4.
In the AA mode, the NAV RDY indication at the SCNS Status Panel shall operate in accordance with Table 2‑18, and the alignment status shall also be displayed at the INS ALIGN 2-3 page.

Table 2-18. SCNS Status Panel NAV RDY Indication

Alignment State
NAV RDY State

INU off, INU failed, INU NAV mode, or INU STANDBY mode
OFF

GIAA submode less than 15 minutes or heading uncertainty equal to or greater than 0.5 milliradians
ON

DIAA submode less than 30 minutes
ON

GIAA submode greater than 15 minutes and heading uncertainty less than 0.5 milliradians 
OFF

DIAA submode greater than or equal to 30 minutes 
OFF

5.
The INU mode indication at the IDCU shall correspond with the active INU mode, except for the case when an INU airborne alignment is successful. For this case, the INU will continue to operate in AA mode, but the IDCU indication will be NAV. That is, if (1) a GPS-aided alignment is in progress AND the INU has been in AA mode for at least 15 minutes AND the heading uncertainty is less than 
0.5 milliradians, OR (2) a Doppler radar-aided alignment is in progress AND the INU has been in AA mode for at least 30 minutes, then the INU will continue to operate in AA mode, but the IDCU indication will be NAV mode (and the NAV RDY lamp will be extinguished).

On airplanes with dual INUs, there shall be a separate NAV RDY indicator for each INU.

The submode indication (of the INTEGRATED SCNS mode) on the SCNS Status Panel shall be in accordance with the Table 2‑19.

Table 2-19.  SCNS Status Panel Mode Indications

SCNS MODE
GPS
DOP
INS
TAS

NONE
off
off
off
off

G-l or GIAA
on
off
on
off

D‑l or DIAA
off
on
on
off

INS-only
off
off
on
off

GPS-only
on
off
off
off

On airplanes with dual INUs, INS 2 shall replace all I‑DOP user operations and indications at the IDCU.

On airplanes with dual INUs, data from the second INU shall be displayed at the IDCU in accordance with the requirements for the single INU configuration, and the output of the independent inertial navigators shall be displayed in a manner that makes performance comparison convenient.

The operator shall be notified of INU failures and corresponding mode changes via the failure lights and mode lights on the SCNS Control Panel.

On airplanes with dual INUs, the status of the second INU shall be monitored and reported to the user.

On airplanes with dual INUs, the status of each INU shall be reported to the user in accordance with the requirements for the single INU configuration.

User-initiated built-in test shall be provided for dual INUs in accordance with the requirements for the single INU configuration.

The GPS-inertial submode shall be downgraded to the DOP-inertial submode when operating within 10 nm of the pole.

3.2.1.5.1.2.3  GPS-Only Submode. Position and velocity shall be determined by the GPS receiver. Because the GPS position sample rate is 1 Hz, the GPS velocity will be used to extrapolate position to the next sample so the instrument and IDCU indications will be smooth.

3.2.1.5.1.2.4  Doppler-lnertial Submode. The Doppler-lnertial SCNS submode shall compute the navigation solution by using the present position and velocity from the INS with the Doppler velocity from the DVS to estimate the best possible solution.

3.2.1.5.1.2.5  Inertial-Only Submode. The position shall be determined by the INS. The difference between the INS-only submode and the INDEPENDENT INERTIAL navigation mode are as follows:

a.
The INS-only submode is active when the GPS receiver and the Doppler radar fail, but at least one INU is operative.

b.
In the INS-only submode, position is reinitialized at the position of the previous SCNS submode, while the position in the INDEPENDENT INERTIAL mode is reinitialized only by a position update or airborne alignment.

c.
In the INS-only submode, TACAN blending may be engaged.

3.2.1.5.1.3  TACAN Blending. TACAN Blending may be engaged in any non-GPS INTEGRATED SCNS submode. (TACAN Blending will be inhibited when the INTEGRATED SCNS submode is G‑I, GIAA, or GPS-only.) TACAN Blending will automatically update the position according to the position derived from either the range and bearing of a single TACAN station, or the range of two TACAN stations, when two stations are available.

Once turned on, TACAN blending will remain on until:

a.
TACAN Blending is manually disengaged.

b.
The SCNS is powered up from a cold start.

c.
The INTEGRATED SCNS submode changes to G-l, GIAA, or GPS-only.

TACAN Blending will be momentarily suppressed (frozen) in the following conditions:

a.
The TACAN data are invalid.

b.
The station geometry yields an invalid position solution.

3.2.1.5.1.4  Independent GPS Mode. The independent GPS solution shall be computed using position from the GPS receiver. Because the GPS position sample rate is 1 Hz, the GPS velocity will be used to extrapolate position to the next sample so that instrument and IDCU indicators will change smoothly.

3.2.1.5.1.5  Independent INS Mode. The INS shall calculate the navigation solution independent of the SCNS. Operation in the Inertial-only submode of the INTEGRATED SCNS mode shall be the same as the INDEPENDENT INERTIAL mode except for the following:

a.
The INDEPENDENT INERTIAL solution shall always be calculated when the INU is operative. The Inertial-only submode shall be active only when the Doppler radar and the GPS receiver fail.

b.
In the INDEPENDENT INERTIAL mode, position shall be initialized during airborne alignment. In the Inertial-only submode, position shall be reinitialized to the position of the previously active submode.

c.
In the INDEPENDENT INERTIAL mode, TACAN blending may not be engaged. In the Inertial-only submode, TACAN Blending may be engaged.

d.
The INDEPENDENT INERTIAL navigator may be updated only when the INU is in NAV mode (and not in AA mode). The SCNS navigator in the Inertial-only submode may always be updated, independent of the INU mode. (If the SCNS navigator is in the D‑l submode and it is updated while the INU is in AA mode, the position correction will be fedback to the INU and applied to the INDEPENDENT INERTIAL navigation solution. Therefore, the INDEPENDENT INERTIAL navigator will be updated indirectly. If, however, the SCNS navigator is in the Inertial-only submode and it is updated while the INU is in AA mode—which means the Doppler radar failed after a DIAA started—the position correction will not be fedback to the INU, and thus the position update will be observed for the SCNS navigator only.)

On airplanes with dual INUs, a second independent INS mode shall be user-selectable via the FDMS.

3.2.1.5.1.6  Kalman Filter. A Kalman filter will provide the integrated navigation function in the G‑I, GIAA, D‑l, and DIAA submodes of the INTEGRATED SCNS mode.

A GPS-Doppler radar Kalman filter shall determine the Doppler radar error characteristics.

The G-l Kalman filter shall operate open loop after a gyrocompass alignment.

The G-l Kalman filter shall operate closed loop after an airborne alignment.

When the GPS is unavailable, the last GPS-derived estimate of the INU state vector shall be propagated.

The G-l Kalman filter shall improve upon the raw GPS navigation by propagating the INU state vector through intermittent periods of GPS performance degradation.

The last GPS-derived estimate of the INU state vector shall become the current estimate for correcting the INU.

Kalman filter mode transitions and initializations shall be performed automatically.

The GPS-aided inertial navigator (the G-l Kalman filter) shall not degrade the precision of the existing Doppler radar-aided inertial navigator (the D‑l Kalman filter).

The D‑l Kalman filter shall not be adversely affected by the G-l Kalman filter.

The INU and GPS data shall be synchronized.

On airplanes with dual INUs, the Kalman filter shall be initialized in the event the PRIMARY INU changes.

3.2.1.5.2  Reference Systems.

3.2.1.5.2.1  Coordinate Systems. The user entry of position shall be either latitude and longitude or Universal Transverse mercator (UTM) coordinates. The capability shall be provided for transforming the UTM coordinates of a certain earth model into the WGS-84 model.

3.2.1.5.2.2  Heading Systems. On the airplanes with one INU, the direction reference for the INTEGRATED SCNS, INDEPENDENT GPS, and INDEPENDENT INS navigation modes (SCNS, GPS, INS1, and INS2 flight director modes) shall be user-selectable as true, magnetic, or grid north via the IDCU instrument heading selection.

On the airplanes with dual INUs, the direction reference in all flight director modes shall be independently user-selectable for each INU as true, magnetic, or grid north via the IDCU instrument heading selection. This will also define the direction reference for the heading indicator on the HSI.

In all flight director modes, the grid north output of the INU shall be determined within said INU using inertially sensed true heading and a convergence factor supplied by SCNS.

On airplanes with dual INUs, all user controls and indications for the compass systems shall be removed from the IDCU display pages.

3.2.1.5.2.2.1  Magnetic Variation Computation. The SCNS shall be capable of determining Magnetic Variation (MV) in all regions of the earth. Above 72 degrees north latitude, computed MV shall be based on actual longitude and 72 degrees north latitude. Below 60 degrees south latitude, computed MV shall be based on the actual longitude and 60 degrees south latitude.

In all of the flight director modes, magnetic heading shall be determined by the INU using inertially-sensed true heading and magnetic variation determined by the SCNS. This requirement applies to both the single and dual INU configurations.

3.2.1.5.2.2.2 Magnetic Compass System Calibration. In aircraft without dual INUs, magnetic compass system calibration capabilities shall be provided to simplify and reduce the effort of the present calibration procedures and to improve magnetic heading accuracy. The ICDS shall display magnetic compass and INS heading data to allow for quick comparison and calculation of magnetic compass calibration parameters.

3.2.1.5.3  Altitude Updates. The SCNS shall provide a means of using the GPS altitude to compute an altimeter setting based on the difference between GPS altitude and SCNS altitude. Said altimeter setting shall be displayed for operator selection as an update to the entered altimeter setting.

3.2.1.5.4  Position Updates. The SCNS shall provide for the following methods of position updating:

a.
TACAN position update

b.
Distance Measuring Equipment (DME)/DME position update

c.
VOR/DME position update

d.
VOR/VOR position update

e.
Visual position update

f.
Celestial position update

g.
Radar position update

h.
GPS position update

In accordance with the design for the l-INS navigator on airplanes with a single INU, the INS 1 and INS 2 navigators on airplanes with dual INUs shall be capable of independent position updates.

Since the GPS is a position sensing system, position update of the GPS-based navigators will be prohibited (since it is more probable that an update will increase the error rather than reduce the error). Therefore, neither the Independent GPS navigator nor the SCNS navigator operating in the G-l and GPS-only submodes may be updated.

3.2.1.5.5  Flight Planning. Flight planning for the SCNS shall consists of defining a series of waypoints, reference points, and markpoints that will be used as navigation legs or position fixes for position updates. A flight plan shall consist of up to 60 waypoints arranged in sequence. The SCNS shall provide for prediction of estimated time of arrival at intermediate waypoints based on actual or planned true airspeed and wind and desired time of arrival at critical waypoints.

3.2.1.5.6  Waypoints. The flight plan shall be defined by up to sixty waypoints. Each waypoint shall be specified with the following information:

(
Waypoint number from 1 to 60

(
Waypoint type

(
Waypoint weight

(
Transition type

(
Waypoint definition

(
Planned true airspeed between waypoints (if necessary)

(
Estimated wind velocity at specific Waypoint (if known)

(
Desired time of arrival (for up to three waypoints)

3.2.1.5.7  Reference Points. Reference points may be TACAN stations, radar identification points, or any other identifiable point. Up to 200 reference points shall be capable of being stored in the SCNS.

A reference point library shall keep track of all reference points as defined by number and identification. A reference point identifier shall consist of one to five characters, the first of which must be alphabetic. No two reference points may have the same identifier. These reference points may then be used at any time as waypoints, TACAN stations, MLS stations, VOR/ILS stations, or visual points by simply addressing the desired reference point identifier or number.

3.2.1.5.8  Mark Positions. A mark position or markpoint shall record the computed position of the aircraft and the current time at that particular moment during the flight. Nine markpoints shall be available by action on an IDCU, and shall be designated by the letters A through I. If a tenth markpoint is stored, it shall enter into position A, replacing the previous contents of that markpoint.

For aircraft equipped with the AN/APN-241 radar, an additional capability shall be added to define a MARK position using the radar cursor position. Pressing the right button on the radar cursor control handle while in the radar Ground Stabilized mode will cause the current radar cursor position to be stored as a MARK position using the identifier value of ‘R’. Only one ‘R’ point is available and successive depressions of the button will overwrite the ‘R’ MARK position. This ‘R’ MARK position can then be used just like any other MARK position, this includes defining waypoints and for the IMMEDIATE function. Ten markpoint positions are available and are designated by the letters “A” through “I” and “R”. The “R” markpoint position is stored only when the right control handle button is pressed.

3.2.1.5.9  Aircraft Guidance/Steering Function. The Guidance function shall generate signals for operating the Flight Director System and the Automatic Flight Control System according to the flight director mode.

The Guidance function shall generate velocity commands and velocity errors in order to achieve a Desired Time-Of-Arrival (DTOA) for the next waypoint in the flight plan which has a user-defined DTOA.

The interface between the SCNS and the Flight Director System shall be in accordance with the requirements set forth in 3.1.5.

The flight director modes will correspond with the systems that may be selected to operate the instruments. The position of the FDMS switch will determine the flight director mode. On airplanes with a single INU, the flight director modes will be TACT, TAC2, VOR/ILS1, VOR/ILS2, MLS1, MLS2, SCNS, GPS, INS, and DOP. On airplanes with dual INUs, the flight director modes will be TAC1, TAC2, VOR/ILS1, VOR/ILS2, MLS1, MLS2, SCNS, GPS, INS1, and INS2. The airplanes with an autopilot that predates the FCS-105 will also have a HDG position on the FDMS. On C‑130Hs with the FCS-105 autopilot, the HEADING mode will be engaged by a separate switch.

Certain flight director modes will be independent of the SCNS. An independent mode means:

a.
The instrument indications do not provide guidance according to the SCNS flight plan.

b.
The SCNS outputs are not connected to the Flight Director System and thus the SCNS does not operate the instruments or the autopilot.

The independent flight director modes will be TAC1, TAC2, VOR/ILS1, VOR/ILS2, and HEADING.

In the other flight director modes (MLS1, MLS2, SCNS, GPS, INS1, and INS2) the SCNS outputs will be connected to the Flight Director System and the guidance will be based on:

a.
The selected navigation system (which corresponds with the flight director mode name).

b.
The SCNS flight plan

c.
The SCNS Steering mode

On airplanes with dual INUs, when the flight director mode is SCNS, INS 1, INS 2, or GPS, and both INUs are operative, the range and bearing of the next waypoint and the TO/FROM flag shall be provided by INU 1 for the pilot-side HSI and by INU 2 for the copilot-side HSI.

When the flight director mode is SCNS, INS 1, INS 2, or GPS, the bearing pointer on the HSI shall indicate relative bearing of the next waypoint.

The SCNS Steering modes will correspond with the type of guidance desired for the SCNS-dependent flight director modes, in accordance with the following:

(
Flight Plan

(
Immediate (Fly direct to a user-specified waypoint.)

(
Rendezvous (Fly a course to intercept a user-specified moving target.)

(
Search and Rescue (Fly according to a user-defined search pattern.)

(
Hold (Fly according to a user-defined holding pattern.)

The HOLD mode is actually a submode of Flight Plan mode, which means guidance according to a holding pattern may be provided in Flight Plan mode only.

3.2.1.5.9.1  Flight Plan Direct Steering Mode. In the flight plan mode, great circle steering shall be provided between waypoints. Any changes to the current destination shall generate immediate steering updates. A new great circle path shall be provided based on present aircraft position and the new steer destination. When the new destination is reached the system shall provide steering to the next waypoint in the flight plan. All waypoints between the last waypoint sequenced from and the new waypoint shall be skipped.

3.2.1.5.9.2  Immediate Steering Mode. In the immediate steering mode, steering shall be provided along a great circle path determined by an entered steer-to destination and the present aircraft position. When the immediate steer-to destination has been reached, steering shall continue to be provided along the same course, causing the airplane to fly in a linear pattern.

3.2.1.5.9.3  Waypoint Sequencing. The SCNS shall be capable of sequencing waypoints manually or automatically, depending on the operator’s preference. The goto waypoint shall be sequenced automatically when automatic transitions are enabled and the transition point of the active leg has been passed. The operator may manually command a transition to a new leg by selecting either a new goto waypoint or a new active leg except for waypoints associated with landing and drop zones. The SCNS shall provide the following types of leg-to-leg transitions for both automatic and manual sequencing.

a.
Point-to-Point (P-P)

b.
Radius of Turn (ROT)

c.
Curved Path (CP)

3.2.1.5.9.4  Computed Air Release Guidance and Steering Functions. The C‑130 SCNS flight plan shall contain information for eight airdrops. Each of the eight airdrops shall have its own set of ballistic parameters. During an airdrop, a radar or station keeping equipment temporary position update may be performed, and optionally made permanent. Lateral guidance shall be provided to the release point just as it would for any other leg in the flight plan. Steering information shall be provided to the flight instruments based on the Flight Director Mode Selector setting. Both low-altitude and high altitude airdrops shall be supported. SCNS shall control the troop jump lights and the cargo release.

3.2.1.5.9.5  Search and Rescue Guidance and Steering. The SCNS shall have the capability of performing four different Search and Rescue (SAR) patterns automatically. The four patterns are the following:

a.
Moving line (creeping line)

b.
Expanding square

c.
Parallel 

d.
Sector search

3.2.1.5.9.6  Rendezvous Guidance and Steering. The SCNS shall have the capability of performing a rendezvous function. The rendezvous function shall predict the intercept point with a moving target and provide guidance to the rendezvous. The time-tagged position and velocity of the target shall be entered on the IDCU. The C‑130 present position and velocity shall be used to determine the intercept point and course. The velocities of the target and C‑130 shall be assumed constant. Guidance and steering shall be provided to the intercept point.

3.2.1.5.9.7  Airborne Radar Approach Guidance and Steering. The operator shall have the capability to enter up to two non-precision ARA in a single flight plan. All ARA navigation shall be performed in the navigation mode selected on the FDMS coupled to the autopilot, or the pilot’s FDMS if neither is coupled to the autopilot. No vertical steering commands shall be provided to the flight instruments or autopilot from SCNS for ARAs. Information will be displayed on the IDCU display.

3.2.1.5.9.8  Holding Pattern. The SCNS shall have the capability to provide steering from the present position to a hold fix position and around a holding pattern defined at that point. The holding pattern shall be defined by the following operator entries.

(
Hold fix position

(
Direction of turn

(
Course of the holding pattern’s inbound leg

(
Length of the hold pattern’s inbound leg

(
True airspeed

(
Wind direction and velocity

The hold function may only be activated when SCNS is in its Flight Plan mode. Deactivating the hold function shall cause the system to generate guidance along the currently defined flight path.

3.2.1.5.10  Air Data Calculations. True airspeed shall be determined from pressure altitude and differential pressure readings and outside air temperature. Altitude shall be determined from the INS vertical channel, stabilized by the altimeter-encoder reading. Where available, Air Data Computer information shall be used for both altitude and true airspeed.

3.2.1.6  Inertial Navigation Characteristics. The SCNS and INU shall provide the following operations:

a.
Airborne alignment of the INU using the Doppler radar.

b.
Airborne alignment of the INU using the GPS.

c.
Indication of the INU built-in test results and alignment status at the ICDS.

d.
Provide pitch and roll to the autopilot and ADI.

e.
Coordinate transformations from the body axes reference frame to the navigation reference frame using the INU pitch and roll.

On airplanes with dual INUs, there shall be separate IDCU key-entries and indications for controlling and monitoring the alignment of each INU, with the exception of the user-entry of present position for gyrocompass alignment, where a single pair of user-entered and verified coordinates for present position shall be provided to both INUs.

On airplanes with dual INUs, the Miscellaneous Parameters for each INU shall be displayed at the IDCU.

3.2.1.6.1  INS Performance. The INS shall comply with the performance requirements of SNU 84-1, 84-MMSRE-011-INS and as described below.

3.2.1.6.2  INS Alignment Restrictions. The INU shall meet the SNU 84-1 requirements for alignments between 78 degrees north and 78 degrees south latitude and for conditions of normal wind buffeting and normal ground maintenance activities.

3.2.1.6.3  SCNS Battery Performance. The SCNS battery shall be a lead-acid battery and shall provide 30 minutes of single INS and navigator’s IDCU operation in the case of aircraft power failure. Dual INU aircraft shall provide 30 minutes of single INU, standby ADI and navigator’s IDCU operation.

3.2.1.7  Doppler Navigation Characteristics. The SCNS navigation modes using the DVS shall provide the following functions:

a.
Land/sea selection

b.
BIT status for the DVS

c.
Provide attitude resolved velocities using INS heading and attitude when in D‑l mode, compass heading and vertical gyro attitude when in SCNS DOP submode, and using compass heading and vertical gyro attitude when in I‑DOP mode with INS heading and attitude as backup. In aircraft with dual INUs, heading and attitude is provided by the Secondary INU when the Primary INU has failed.

3.2.1.7.1  DVS Performance. The SCNS DVS shall perform in accordance with 84-MMSRE-005-DVS and as stated herein. As a minimum, the DVS shall supply heading, drift, and vertical velocity, Doppler status data (in self-test, self-test fail, loss of track (MEM), system monitor), and land/sea selection. The three velocity data words shall be updated at a rate of at least four times per second.

3.2.1.7.2  DVS Performance Limits. The DVS shall meet its performance requirements under any combination of conditions specified below; for this requirement, operation in memory mode is permitted so long as the combination of conditions does not fall within the performance envelope of Table 2‑20.

a.
Minimum heading velocity (
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b.
Maximum heading velocity (
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c.
Maximum drift velocity (
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d.
Maximum vertical velocity (
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) of ±100 knots 

e.
Minimum aircraft altitude of three feet 

f.
Maximum aircraft altitude of at least 40,000 feet

g.
The following maximum roll limits:

(1)
Roll – ±40 degrees

(2)
Roll rate – 20 degrees/sec

(3)
Roll acceleration – 20 degrees/sec2
h.
The following maximum pitch limits:

(1)
Pitch – ±25 degrees

(2)
Pitch rate – ±10 degrees/sec

(3)
Pitch acceleration ‑10 degrees/sec2
i.
Angle of attack variation of ±4.5 degrees about nominal

j.
Rain attenuation resulting in an additional system loss of 0.5 dB.

k.
Longitudinal acceleration of ±0.5g

I.
Lateral acceleration of ±0.2g 

m.
Vertical acceleration of +1, -0.75g

Table 2-20.  DVS Performance Envelope Conditions

96 knots ( 
[image: image29.wmf]h

V

¢

 ( 750 knots


[image: image30.wmf]d

V

¢

 ( 200 knots


[image: image31.wmf]v

V

¢

 ( ±100 knots 

3 feet ( Altitude ( 40,000 feet 

Roll ( ±30 degrees 

Roll rate ( ±10 degrees/sec

Roll acceleration ( ±20 degrees/sec2

Pitch ( ±15 degrees

Pitch rate ( ±5 degrees/sec 

Pitch acceleration ( ±0.5 degrees/sec2 

Angle of attack variations of ±2 degrees about nominal

Rain attenuation ( 0.5 dB 

Longitudinal acceleration ( ±0.5 g 
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3.2.1.7.3  DVS Performance Envelope. The DVS shall meet the performance requirements of 3.2.1.7.4 under the conditions stated in Table 2‑20 without operation in the memory mode.

3.2.1.7.4  DVS Performance Requirements
a.
Transmit frequency shall be 13.325 ±0.075 GHz

b.
Fluctuation error – The fluctuation error of the DVS shall fall on or below the values indicated in Figure 2‑16.

c.
Bias error and stability – The magnitude of the sum of the absolute values of the bias mean and standard deviation shall fall on or below the applicable line in Figure 2‑17.

d.
Warmup time shall not exceed 1.5 minutes

e.
Memory mode – The DVS shall operate in memory mode when the signal-to-noise ratio falls below useable limits. While in memory the DVS shall continuously output the last good velocity data prior to switching to memory mode. The DVS shall begin generating good velocity data 15 seconds after the signal-to-noise ratio becomes acceptable.

3.2.1.8  GPS Performance. The GPS shall comply with the performance requirements defined in Cl-RCVR-3010A. Use of GPS data shall not degrade baseline SCNS performance as specified in 92-LBLRA-002-GPS/SCNS. The GPS AE unit shall comply with the performance requirements defined in Cl-AE-3060A. The GPS antenna shall comply with the performance requirements defined in Cl-CRPA-3080A.
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Figure 2-16.  Fluctuation Error vs. Ground Speed
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Figure 2-17.  Bias Error vs. Ground Speed

3.2.1.9  Accuracy. To determine whether specified accuracies are met, the Circular Error Probability (CEP) shall be determined using the following:
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where
RERi
=
radial error rate for ith flight 

m
=
total number of flights

3.2.1.9.1  SCNS Navigation Accuracy. The SCNS shall perform in accordance with the following requirements:

a.
The position in the D‑l submode of the INTEGRATED SCNS mode after an enhanced, interrupted gyrocompass alignment of the INU shall be less than or equal to 0.25 nm/hr CEP rate for each and every hour up to four hours from the enhanced, interrupted gyrocompass alignment.

b.
The position in the D‑l submode of the INTEGRATED SCNS mode after a single gyrocompass alignment of the INU shall be less than or equal to 0.5 nm/hr CEP rate for each and every hour up to four hours after the gyrocompass alignment.

c.
The position in the DIAA submode of the INTEGRATED SCNS mode shall be less than or equal to 2.0 nm/hr CEP rate for each and every hour up to four hours after the user-commanded airborne alignment.

d.
The position in the INDEPENDENT INS mode after an airborne alignment mode shall be less that or equal to 2.0 nm/hr CEP rate for each and every hour up to four hours, after 30 minutes of the user-commanded alignment.

e.
The position in the Doppler-only submode of the INTEGRATED SCNS mode shall be within 2 percent of the distance traveled.

f.
The position in the TAS submode of the INTEGRATED SCNS submode mode shall be within 5 percent of the distance traveled plus the wind error.

g.
X and Y axis velocity shall be within 2.5 fps (0.76 meter/sec) Root Mean Square (RMS) or less, up to 2 hours in any navigation mode after a gyrocompass alignment, and 5 fps (1.52 meters/sec) RMS or less after any other type of alignment.


The velocity error shall be computed as follows:
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where Vkti is the velocity error of the kth flight as a function of time, ti; ti is equally spaced across time and k is the index across the ensemble of flights; n is the total number of data points per flight and m is the total number of flights. RMS velocity error shall be computed separately for X and Y axes.

h.
The accuracies listed above shall be computed over a random flight profile of which a maximum of 20 percent is over water.

i.
The accuracies listed above shall apply to altitudes from 50 feet to 35,000 feet.

j.
The position accuracy of the SCNS for the single and dual INU configurations shall be the same.

3.2.1.9.2  INU Accuracy. The INU shall determine position, velocity, heading, and attitude in an autonomous mode from takeoff to landing after a ground alignment as shown in Table 2‑21.

Table 2-21.  INU Accuracy


Accuracy
In Accordance With SNU 84-1 Paragraph

Position
3.2.1.1

Velocity
3.2.1.2

Attitude
3.2.1.4

3.2.1.9.3  Doppler Sensor Accuracy Certification. The DVS shall have a certified accuracy of 0.15 percent (1) of distance traveled. Verification shall be performed in accordance with 84-MMSRE-005-DVS.

3.2.2  Physical Characteristics.

3.2.2.1  System Weight. A weight check of the aircraft shall be performed after the SCNS is initially installed in each unique model of C‑130. The subsystem components and their maximum weights are listed in Table 2‑22.

Table 2-22.  SCNS Component Maximum Weight

SCNS COMPONENT
WEIGHT (LBS)

Pilot’s IDCU
18.0

Copilot’s IDCU
18.0

Navigator’s IDCU
18.0

Radio/Mission Operator’s IDCU
18.0

BICU
20.0

INU (each)
50.0

SCNS battery
80.0

DVS
73.0

IRU
5.0

MLS Receiver (Qty 2)
60.0

GPS RPU
66.0

GPS AEU
8.5

GPS CRPA
4.5

A kit
752.0

System max. total weight
(with 4 IDCUs, 1 INU)
1191.0

3.2.2.2  Dimensional Limitations and Space Allocation.

3.2.2.2.1  IDCU Installation and Size. All IDCUs shall be of the same form and factor and size shall not exceed the dimensions shown in Table 2‑23. See Figure 2‑18 for the mechanical configuration of the IDCU.

Table 2-23.  IDCU Maximum Dimensions

WIDTH
5.75 inches

HEIGHT
8.25 inches

DEPTH
10.65 inches (excluding keyboard, connectors, and fan assembly)
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Figure 2-18.  IDCU Mechanical Configuration

3.2.2.2.1.1  Pilot’s IDCU Installation. The pilot’s IDCU shall be installed in the center console in the most forward and left-hand position.

3.2.2.2.1.2  Copilot’s IDCU Installation. The copilot’s IDCU shall be installed in the copilot’s side panel. A new copilot’s side panel, similar to that currently found on the SKE/AWADS-equipped aircraft, shall be provided for all aircraft. This panel shall accommodate the copilot’s IDCU and any other control panels currently located in the area between the copilot’s side shelf and the instrument panel.

3.2.2.2.1.3  Navigator’s IDCU Installation. The navigator’s IDCU shall be installed in the lower center of the navigator’s control panel.

3.2.2.2.1.4  Radio/Mission Operator’s IDCU Installation. The radio operator’s IDCU shall be installed in the upper center of the radio operator’s control panel. For the EC‑130E, the mission operator’s IDCU shall be installed in the Mission Console.

3.2.2.2.2  BICU Installation and Size. The BICU shall be located in all aircraft on the aft under deck rack. The BICU shall be hard mounted, requiring no vibration isolators. See Figure 2‑19 for the mechanical configuration of the BICU.

The BICU size shall not exceed the dimensions shown in Table 2‑24.

Table 2-24.  BICU Maximum Dimensions

WIDTH
4.911 inches

HEIGHT
7.620 inches

DEPTH
19.620 inches (excluding connectors and handle)
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Figure 2-19.  BICU Mechanical Configuration

3.2.2.2.3  INU(s) Installation and Size. The INU(s), mount, and cooling fan shall be installed on the floor of the aft center under deck rack.

The INU(s) shall be mounted in its (their) mounting tray, which shall be shock-mounted to an adapter plate. The adapter plate shall be hard-mounted to the equipment compartment floor. One of the holes in the adapter plate shall be a close tolerance location hole, while the other three shall be slots to allow the adapter plate to be rotated for alignment. The adapter plate shall be spaced off the rack by adjustable shims. See Figure 2‑20 for the mechanical configuration of the INU and INU mount.

The INU size shall not exceed the dimensions given in Table 2‑25.

Table 2-25.  Maximum INU Dimensions

WIDTH
7.9 inches

HEIGHT
8.5 inches

DEPTH
18.1 inches (including connectors)

The INU mount, minus cooling fan, shall not exceed the dimensions shown in 
Table 2‑26.

Table 2-26.  Maximum INU Mount Dimensions

WIDTH
7.9 inches

HEIGHT
4.9 inches

LENGTH
15.0 inches
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Figure 2-20.  INU, INU Mount, and SCNS Battery Mechanical Configuration

3.2.2.2.4  SCNS Battery Installation. A lead acid aircraft battery (type BB-638/U) shall be used to provide back-up battery power for the INU(s) and the navigator’s IDCU. The battery shall be installed inboard of the aircraft battery in the battery compartment. All sheet metal shall be finished in accordance with Technical Order (T.O.) 1C‑130A-3. The battery shall share the battery vents and overflow jar with the aircraft battery. See Figure 2‑20 for the mechanical configuration of the SCNS battery. The SCNS battery size shall not exceed the dimensions shown in Table 2‑27.

Table 2-27.  Maximum SCNS Battery Size

WIDTH
9.759 inches

HEIGHT
10.350 inches

DEPTH
11.800 inches

3.2.2.2.5  DVS Installation and Size. An aluminum pressure well shall replace the existing Doppler radome. The pressure well shall provide the mechanical interface for the DVS and maintain the pressurization integrity of the aircraft. The DVS shall employ locating pins which mate with precisely located holes in the pressure well. The dehydrator associated with the DVS shall be secured within the pressure well. See Figure 2‑21 for the mechanical configuration of the DVS. The DVS size shall not exceed the dimensions shown in Table 2‑28.

Table 2-28.  Maximum DVS Dimensions

WIDTH
25.40 inches

HEIGHT
6.55 inches

DEPTH
28.20 inches
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Figure 2-21.  DVS Mechanical Configuration

3.2.2.2.6  GPS LRU Installations and Sizes. The GPS consists of the RPU, the AEU and the CRPA. The AEU shall be installed within the pressurized area of the aircraft at a location as close as practical to, but not exceeding 30 inches from the CRPA. Locations for the CRPA are given in Table 2‑29.

Table 2-29.  GPS Antenna Locations


AIRCRAFT TYPE
UNIT LOCATION
(FUSELAGE) STATIONS

C‑130E,
C‑130E AWADS,
EC‑130E/ABCCC,
WC‑130E/H, and
C‑130H FY73 thru FY82
FS 409, BL 0, top

LC‑130H
C‑130H FY83 thru FY85
FS 466, BL 0, top

HC‑130H/N/P and
C‑130H FY86 thru FY92
FS 689, BL 0, top

C‑130H FY93
FS 380, BL 0, top

The RPU shall be located in either the lower equipment rack or upper equipment bay, depending upon aircraft model. The RPU size shall not exceed the dimensions given in Table 2‑30. Refer to Figure 2‑22 for the RPU mechanical configuration.

Table 2-30.  Maximum GPS RPU Dimensions

WIDTH
7.53 inches

HEIGHT
7.62 inches

DEPTH
17.5 inches
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Figure 2-22.  GPS Receiver

The AEU size shall not exceed the dimensions given in Table 2‑31. Refer to Figure 2‑23 for the AEU mechanical configuration.

Table 2-31.  Maximum GPS AEU Dimensions

WIDTH
12.9 inches

HEIGHT
2.27 inches

DEPTH
8.62 inches
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Figure 2-23.  AE-1 Antenna Controller

The CRPA shall be located on the exterior top of the aircraft. The CRPA size shall not exceed the dimensions given in Table 2‑32. Refer to Figure 2‑24 for CRPA mechanical configuration.

Table 2-32.  Maximum GPS CRPA Dimensions

DIAMETER
14.1 inches

HEIGHT
1.17 inches
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Figure 2-24.  CRPA-2 Antenna

3.2.2.2.7  Group A Kit Panels Installations and Sizes. The Group A kit panels consist of the modified Flight Director Mode Selectors, annunciators, SCNS Control Panel, SCNS Status Panel, Master Volume Control Panel and GPS Panel for use with the KYK-13 fill gun.

3.2.2.2.7.1  FDMS Installation and Size. The FDMSs shall be installed in the left and right sides of the front instrument panel, one FDMS for the pilot and one FDMS for the copilot. Refer to Figures 2‑7 through 2‑10 for the mechanical configuration of the FDMS panels.

The FDMS panels shall not exceed the dimensions shown in Table 2‑33.

Table 2-33.  FDMS Panel Maximum Dimensions



HC-130H/N/P

EC-130E
Other C-130
Before 78-0806
C-130H
After 78-0806

WIDTH
2.45 in.
2.45 in.
2.45 in.
2.45 in.

HEIGHT
5.5 in.
5.5 in.
6.9 in.
5.51

DEPTH
4.88 in.
4.13 in.
2.5 in.
2.5 in.

3.2.2.2.7.2  Master Volume Control Panel Installation and Size. The volume control panel shall be installed on all aircraft at the aft end of the center pedestal (or as near as possible). Refer to Figure 2‑6 for the mechanical configuration of the volume control panel.

The volume control panel shall not exceed the dimensions shown in Table 2‑34.

Table 2-34.  Master Audio Volume Control Panel Maximum Dimensions

WIDTH
5.75 inches

HEIGHT
2.625 inches

DEPTH
1.65 inches

3.2.2.2.7.3  SCNS Control Panel Installation and Size. The SCNS Control Panel shall be installed in the front rack of the navigator’s station. For the mechanical configuration of the SCNS Control Panel, see Figure 2‑12 for aircraft without dual INUs or GPS, or Figure 2‑13 for aircraft with dual INUs and GPS.

The SCNS Control Panel shall not exceed the dimensions shown in Table 2‑35.

Table 2-35.  SCNS Control Panel Maximum Dimensions

WIDTH
5.75 inches

HEIGHT
3.375 inches

DEPTH
5.2 inches (including connector, switches, and lighting panel)

3.2.2.2.7.4  GPS KYK-13 Remote Fill Panel Installation and Size. The GPS KYK-13 Remote Fill Panel is installed at the navigators station. See Figure 2‑25 for the mechanical configuration of the GPS Panel. The GPS Panel has the dimensions shown in Table 2‑36.

Table 2-36.  GPS KYK-13 Remote Fill Panel Maximum Dimensions

WIDTH
5.75 inches

HEIGHT
2.60 inches

DEPTH
5.6 inches (including connector, switches, and lighting panel)
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Figure 2-25.  GPS KYK-13 Remote Fill Panel Mechanical Configuration

3.2.2.2.7.5  SCNS Power Filter Box Installation and Size. The SCNS Power Filter Box shall be installed on the EC‑130E aircraft at the pilot’s upper circuit breaker panel. Refer to Figure 2‑26 for the mechanical configuration of the SCNS Power Filter Box.

The SCNS Power Filter Box shall not exceed the dimensions shown in Table 2‑37.

Table 2-37.  SCNS Power Filter Box Maximum Dimensions

WIDTH
6.88 inches

HEIGHT
2.34 inches

DEPTH
3.14 inches (excluding connectors)

3.2.2.2.7.6  SCNS Signal Filter Box Installation and Size. The SCNS Signal Filter Box shall be installed on the EC‑130E aircraft at the aft center underdeck rack. Refer to Figure 2‑27 for the mechanical configuration of the SCNS Signal Filter Box.

The SCNS Signal Filter Box shall not exceed the dimensions shown in Table 2‑38.

Table 2-38.  SCNS Signal Filter Box Maximum Dimensions

WIDTH
10.23 inches

HEIGHT
3.60 inches

DEPTH
6.29 inches (excluding connectors)

3.2.2.2.7.7  SCNS Junction Box Installation and Size. The SCNS Junction Box shall be installed on the EC130-E aircraft at the aft center underdeck rack. Refer to Figure 2‑28 for the mechanical configuration of the SCNS Junction Box.

The SCNS Junction Box shall not exceed the dimensions shown in Table 2‑39.

Table 2-39.  SCNS Junction Box Maximum Dimensions

WIDTH
10.23 inches

HEIGHT
3.60 inches

DEPTH
6.29 inches (excluding connectors)
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Figure 2-26.  SCNS Power Filter Box Mechanical Configuration
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Figure 2-27.  SCNS Signal Filter Box Mechanical Configuration
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Figure 2-28.  SCNS Junction Box Mechanical Configuration

3.2.2.2.8  Group A Kit SCNS Power Bypass Switch Installation. A guarded switch shall be installed on the aft wall of the navigator station that will provide an alternate means of applying power to the SCNS LRUs in the event of a failure of the SCNS control panel.

3.2.2.2.9  Group A Kit Synchro Signal Amplifier Installation. In aircraft with dual INUs, two Synchro Signal Amplifiers shall be installed, one for each INU, to provide the drive capability for INU heading synchro outputs. The SSA dimensions are shown in Table 2‑40.

Table 2-40.  Synchro Signal Amplifier Dimensions

WIDTH
11 inches maximum

HEIGHT
6 inches maximum

DEPTH
6.125 inches (excluding connector)

3.2.2.2.10  Group A Kit HF Radio Configuration Panels. For SCNS/ACS, a disconnect/bracket and a termination resistor mounting bracket shall be installed next to each HF radio. If an HF receiver/transmitter RT-1341(V)5 is installed, the SCNS 1553 bus A and B cables will be connected to the termination resistor panel of that HF radio, and its RS‑422 cable will be connected to the SCNS connector on the disconnect/bracket. If an RT‑1341(V)8 is installed, the SCNS 1553 bus A and B cables will be connected to the receiver/transmitter, and the RS-422 cable will be connected to the ACP connector on the disconnect/bracket. The disconnect/bracket dimensions are shown in Table 2‑41. The termination resistor mounting bracket dimensions are shown in Table 2‑42.

Table 2-41.  Disconnect/Bracket Dimensions

WIDTH
3.010 maximum

HEIGHT
2.510 maximum

DEPTH
0.090 maximum (excluding connectors)

Table 2-42. Termination Resistor Mounting Bracket Dimensions

WIDTH
1.510 maximum

HEIGHT
2.260 maximum

DEPTH
1.810 maximum (excluding connectors)

3.2.2.3  IDCU Keyboard Characteristics. The IDCU keyboard shall provide the means by which the operator can insert and modify data in the SCNS. The keyboard shall be fully alphanumeric. Each keystroke shall result in the display of that key in the scratchpad line of the display. Multifunction keys shall be avoided in the design. The keycaps shall be designed so as to prevent uncontrolled changes (installing the wrong keycap on a key) in the operating environment. Key legends shall be on the keycap and shall be white on black. Key legends shall conform to the requirements of MIL-M-18012B and MIL-STD-1472C.

3.2.2.3.1  Keyboard Lighting. All keyboard keys shall meet the following characteristics:

a.
Brightness – 2.0 ±1.0 foot-lamberts.

b.
Color temperature – Night Vision Goggle (NVG) compatible.

c.
Chromaticity coordinates – As required by MIL-C-25050A as modified per the guidelines (design goal) of Appendix I of 84-MMSRE-006-lCDS to allow NVG compatibility.

d.
Shall be dimmable to NVG compatibility.

e.
Stray light – When measured between adjacent keys and between keys and the lightplate, brightness shall not exceed 0.40 foot lamberts at full brightness.

3.2.2.3.2  Key Size and Spacing. The maximum key size shall be 0.5 x 0.5 inches. The minimum key size shall be 0.2 x 0.2 inches.

The key spacing shall be no closer than 0.25 inches edge to edge from any other key. All alphanumeric and function keys shall be separated from adjacent keys by the use of raised barriers. The barrier configuration shall be such that when a key is depressed, the key face shall be a minimum of 0.005 inches behind the front plane of the barrier.

3.2.2.3.3  Key Travel/Pressure. The operating pressure for all keys shall be 
20 ±5 ounces. The operating travel shall be 0.03 inches to 0.20 inches. Key operation of the IDCU keyboard switches shall be detectable by tactile feel of the operator.

3.2.2.3.4  Keyboard Operation. All keys shall operate in a two key lockout mode, i.e., a key depressed must be released before the next key can be recognized. The keyboard shall be utilized to input data into a selected field. Singular mistakes can be cleared from the data field by the depression of the CLEAR key. Subsequent depression of the CLEAR key will clear the entire field.

3.2.2.4  IDCU Display Characteristics. The IDCU Cathode Ray Tube (CRT) display shall provide for display of all the necessary parameters to operate the SCNS. The display shall be a minimum of 3.0 inches wide by 2.6 inches high and shall consist of eight rows (minimum) of 21 characters (minimum). The character size shall be 0.15 inch minimum in height and 0.10 inch minimum in width, with 0.026 inch minimum spacing between them. The top line shall be used as a title line. The bottom line shall be used as a scratchpad entry line. The display shall be NVG compatible per the guidelines (design goal) of Appendix I of 84-MMSRE-006-lCDS.

The display shall contain a brightness control that will allow the operator to adjust the brightness of the display continuously over the range from “OFF” to maximum brightness (100 foot lamberts). The brightness control shall be separate and independent of the cockpit panel lighting control. The display at maximum brightness shall be clearly visible and easily readable with diffused ambient light up to 10,000 foot lamberts. The minimum display contrast at 10,000 foot lamberts shall be 2.5:1 measured over a sample area encompassing a minimum of 0.25 x 0.25 inches. The display shall be independently certified for brightness and contrast ratio. Contrast ratio shall be measured by (B2-B1)/B1, where B2 is the brightness of the area with illuminated pixels and B1 is the area with unilluminated pixels.

The viewing surface of the display shall be clearly visible and easily readable at a distance of four feet and at a viewing angle of up to 60 degrees with respect to a line normal to the viewing surface. The CRT shall be refreshed during the vertical interval of the CRT operation at a rate to prevent display flicker. The CRT shall be protected by circuits to prevent phosphor burn during loss of deflection control. Anti-reflective coatings shall be used to minimize background reflections.

3.2.3  Reliability. The SCNS, excluding GFE and Group A kit hardware, shall be designed to have a minimum Mean Time Between Removal (MTBR) of 454 hours (three IDCUs) determined in accordance with the percentage factors, time, and removal incidents defined in 84-MMSRE-004-C‑130-SCNS. The IDCU shall have an MTBR of 2200 hrs., the BICU shall have an MTBR of 4000 hrs., and the DVS shall have an MTBR of 1700 furs.

Removals for MTBR calculations shall meet both of the following conditions:

a.
The SCNS BIT (either automatic or manually-initiated) causes the output of a malfunction code or the operator has observed a malfunction of the system.

b.
The SCNS interfaces have been verified as functional and operating correctly through use of the flight line tester or by way of BIT.

Removal exceptions – All maintenance actions that adhere to the above criteria shall be categorized as removals with the following exceptions:

a.
Navigation accuracy errors (normal and reasonable), if no other malfunction is indicated.

b.
Non-equipment induced fire, explosion, or external physical damage.

c.
Acts of God, such as flood, hurricane, tornado, and earthquake.

d.
Submersion.

e.
Combat action.

f.
Unauthorized maintenance by Government personnel (authorized maintenance is defined in the approved T.O.’s).

g.
Accident or willful mistreatment by non-contractor personnel.

h.
Internal physical damage which, in the determination of the Administrative Contracting Officer (ACO), has been caused by accompanying external damage due to mistreatment by non-contractor personnel.

i.
Incorporation of approved Engineering Change Proposals (ECPs).

j.
Problems which would not have occurred if established “no cost” ECP corrective actions had been incorporated in subject equipment, provided the installation of the ECP is within 30 days of its established schedule and identical removals have not occurred in any equipment which already has the ECP corrective action incorporated.

k.
Removals of Group A kit items.

I.
Preventive maintenance removals.

m.
Incorporation of new/updated software programs.

n.
Engineering investigations which may be required and are approved by the Government.

The reliability, maintainability, and availability of the individual SCNS LRUs shall be the same on airplanes with single or dual INUs.

3.2.4  Maintainability. Maintainability shall be a prime consideration during SCNS design. MIL-STD-470A shall be used as a guide in establishing design criteria.

The maintainability of the individual SCNS LRUs shall be the same on airplanes with single or dual INUs.

3.2.4.1  Preventive Maintenance. The SCNS shall require no periodic scheduled maintenance, with the exception of inspection of the DVS dehydrator unit. The SCNS backup battery shall be maintained the same as the aircraft battery. Wear out of the battery used for nonvolatile Random Access Memory (RAM) in the ICDS shall be indicated by the equipment so as to allow battery replacement prior to loss of nonvolatile RAM data.

3.2.4.2  Support Equipment Compatibility. The SCNS prime equipment, except GEE, shall be compatible at both “O” and “D” levels, with Support Equipment (SE) meeting the requirements of 84-MMSRE-008-SCNS/SE and 84-MMSRE-004-C‑130-SCNS.

3.2.5  Availability. The C‑130 SCNS shall be operable and committable for a mission as described below:

a.
ICDS. The ICDS shall complete power-up processing and present a stable CRT display within 30 seconds after mission start (power turn-on). (The IDCU is allowed to take up to 60 seconds to present a stable and clear display at a temperature of –40 degrees C or below.)

b.
DVS. The DVS shall complete power-up processing and start normal operation within 1.5 minutes after mission start (power turn-on).

c.
INS. The INS shall require alignment times in accordance with SNU 84-1 and as specified below. These alignment times shall be based on a starting ALIGN command sent to the INU and assume proper alignment procedures are followed.

(1)
Degraded Navigation. Available 90 seconds after receiving ALIGN command.

(2)
Best Available True Heading (BATH). Available only at latitudes greater than 85 degrees. At these latitudes available 90 seconds after receiving ALIGN command.

(3)
Gyrocompass (medium accuracy). Available 8.0 minutes after receiving ALIGN command.

(4)
Gyrocompass (Enhanced accuracy). Available 12.0 minutes plus taxi time after receiving initial ALIGN command.

(5)
Air align. Available only when aircraft is in the air.

d.
GPS. The GPS shall require signal acquisition times in accordance with its procurement specification. GPS data shall generally be available within two minutes, assuming that the receiver has current almanac data. Should the receiver be required to locate satellites and download current almanac data, complete signal acquisition can take 30 minutes or longer.

The availability of the individual SCNS LRUs shall be the same on airplanes with single or dual INUs.

3.2.6  System Effectiveness Models. This paragraph is not applicable to this document.

3.2.7 Environmental Conditions. The SCNS shall perform satisfactorily in the environment of the C‑130 aircraft.

3.2.7.1  Environmental Requirements. SCNS Group B equipment shall meet the environmental requirements defined in the following paragraphs:

3.2.7.1.1  Vibration for ICDS, INS and DVS. The equipment design shall be compatible with the vibration environment of the C‑130 aircraft as specified in MIL-STD-810C. There shall be no performance deterioration, fatigue failures, excessive wear, electrical circuit instability, electrical contact chatter, mechanical fastener loosening, or other impending failure indications of the equipment during or after exposure to the specified vibration conditions. The equipment shall meet all performance requirements when subjected to the vibration environment specified in accordance with MIL-STD-810C, Method 514.2, Procedure IA, Table 514.2-IIA, Figure 514.2-2A with W0 = 0.005.

3.2.7.1.2  Vibration for GPS. The GPS Receiver shall meet the requirements cited in Cl‑RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.3  Shock for ICDS, INU and DVS. The equipment shall meet the required performance after exposure to the shock tests of MIL-STD-810C as defined by MIL‑E‑5400T.

3.2.7.1.4  Shock for GPS. The GPS Receiver shall meet the requirements cited in Cl‑RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.5  Thermal Conditions for ICDS, INS and DVS. The equipment thermal design, including parts selection, thermal configuration, etc., shall be compatible with the short-term, steady state, and oscillating temperature environments associated with the operational usage projected for the system as defined by MIL-E-5400T, Class 1A. DVS antenna conditions shall be as specified in Table 2‑43.

Table 2-43.  DVS Surrounding Air Temperature and Pressure Conditions

CONDITION
TEMPERATURE °F
PRESSURE PSIA

Ground
- nonoperating

- operating
–80 to +203
–65 to +160
10.1 to 15.4
10.1 to 15.4

In-flight
Normal operating and nonoperating
At 40,000 feet


- Radome surface


- DVS compartment
At 15.4 PSIA



–65 to +200
–65 to +115
–65 to +160



2.72

15.4

Emergency (no external cooling air)
Operating and nonoperating
5 minute duration
Continuous
Transients


–65 to +200
–65 to +160
±3°F/sec


2.72 to 15.4
2.72 to 15.4
±0.50 psi/sec

3.2.7.1.6  Thermal Conditions for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl‑AE‑3060A.

3.2.7.1.6.1  Temperature Shock. The applicable temperature shock conditions, both operating and nonoperating, shall be as specified in MIL-E-5400T, Class 1A. In addition, the DVS shall perform within specifications during exposure to average ambient temperature changes of ±15 degrees C per minute over its entire performance range for any time period greater than 2 seconds.

3.2.7.1.6.2  Temperature Shock for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.6.3  Temperature-Altitude Combination for ICDS and INS. The applicable combined temperature and altitude conditions shall be as specified in MIL-E-5400T, 
Class 1A.

3.2.7.1.6.4  Temperature-Altitude for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.6.5  Temperature and Pressure (Altitude) for DVS. Except as specified in Table 2‑43 herein, the surrounding air temperature and pressure conditions shall be as specified in Table I of MIL-E-5400T for Class II equipment. A temperature transient is defined as the average rate of change of temperature over any two-second interval.

3.2.7.1.6.5.1  Radome. The radome shall not incur damage nor otherwise degrade DVS performance as specified herein when subjected to a stagnation temperature (aerodynamic heating effects) of +200 degrees F.

3.2.7.1.7  Moisture.

3.2.7.1.7.1  Humidity for ICDS and INS. The applicable humidity conditions shall be as specified in MIL-E-5400T and requirement 31 of MIL-STD-454H, including condensation in and on the equipment under operating and nonoperating conditions. The components shall be protected from the effects of standing water with dissolved salts and electrolytic humidity arising from the physical configuration or location of equipment or from ambient conditions.

3.2.7.1.7.2  Moisture for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.7.3  Humidity for DVS. The humidity requirements of MIL-E-5400T shall apply. The DVS shall withstand the effects of water in cooling air up to 100 percent relative humidity plus 30 grains of water/lbm of dry air. MIL-STD-454H shall apply.

3.2.7.1.7.4  Rain for DVS. The DVS shall operate when the radome is subjected to the rain environment for external equipment operated in the worldwide ground extremes of precipitation as specified in MIL-STD-210B. This includes exposure of external equipment to in-flight rainfall rates up to 0.59 inches/hour and an erosion environment of 1.0 inches of rainfall/hour at a speed of 434 knots.

3.2.7.1.7.5  Icing for DVS. The DVS equipment exposed to the airstream or external to the air vehicle shall not be damaged by exposure to glaze ice up to two inches thick that forms on it.

3.2.7.1.8  Explosive Decompression for ICDS, INS and DVS. The equipment shall withstand a pressure change from 11.0 psia to 3.47 psia, occurring in 10 milliseconds or less.

3.2.7.1.9  Explosive Decompression for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.10  Sand and Dust for ICDS and INS. The equipment shall be designed to withstand, in a nonoperating condition, exposure to sand and dust particles encountered in the operational areas of the world. The equipment shall operate to specified performance immediately after exposure to the sand and dust environment.

3.2.7.1.11  Sand and Dust for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl‑AE‑3060A.

3.2.7.1.12  Sand and Dust for DVS. MIL-E-5400T shall apply. In particular, the DVS shall operate within specifications when subjected to the dust (fine sand) environment described in Method 510.1 of MIL-STD-810C and shall not sustain damage.

3.2.7.1.13  Fungus for lCDS and INS. The equipment shall be designed to withstand, in both the operating and nonoperating conditions, exposure to fungus growth as encountered in tropical climates. In no case shall overall spraying of the equipment be necessary to meet this requirement.

3.2.7.1.14  Fungus for GPS. The GPS Receiver shall meet the requirements cited in Cl‑RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.15  Fungus for DVS. The DVS shall not support the growth of fungus, or be affected by same. MIL-E-5400T shall apply.

3.2.7.1.16  Salt Atmosphere for ICDS and INS. The equipment shall be designed to withstand, in both operating and nonoperating conditions, exposure to salt sea atmosphere.

3.2.7.1.17  Salt Atmosphere for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl‑AE‑3060A.

3.2.7.1.18  Salt Atmosphere for DVS. MIL-E-5400T shall apply. In particular the DVS shall not sustain any damage or the other general effects of fog when exposed to the environment as described in MIL-STD-810C, Method 509.1.

3.2.7.1.19  Explosive Atmosphere for ICDS, INS and DVS. The equipment shall not cause ignition of an ambient-explosive-gaseous mixture with air when operating in such an atmosphere. The surface temperature of any component not contained entirely within a hermetically sealed enclosure shall not exceed 400 degrees F during any ground or flight condition.

3.2.7.1.20  Explosive Atmosphere for GPS. The GPS Receiver shall meet the requirements cited in Cl-RCVR-3010A. The GPS Antenna shall meet the requirements cited in Cl-CRPA-3080A. The GPS Antenna Electronics Unit shall meet the requirements cited in Cl-AE-3060A.

3.2.7.1.21  Acceleration. No structural failures shall occur when the load factors as given in Table 2‑44 are applied.

Table 2-44.  Acceleration Load Factors

DIRECTION
ACCELERATION (G)

Forward
±2.0 with 5.5 down

Side
±2.0

Up
3.67

Down
5.5

3.2.7.1.22  Crash Safety Loads for ICDS and INS. Equipment located in crew-occupied compartments shall remain captive, and all internal components shall remain inside, when subjected to the crash safety load factors specified in Table 2‑45 (applied independently).

Table 2-45.  Crash Safety Load Levels

DIRECTION
LEVEL (G)

Forward
16

Up
  4

Down
  8

Side
±4

3.2.7.1.23  Fluid Exposure. Each LRU shall be capable of withstanding exposure to the following fluids without degraded performance:

a.
Jet fuel (JP-4), in accordance with MIL-T-5624L.

b.
Hydraulic fluid, in accordance with MIL-H-83282B.

c.
Lubricating oil, in accordance with MIL-L-7808J.

d.
Coolants of the fluorocarbon, silicon, silicate ester, and glycol families.

3.2.7.1.24  Solar Radiation for DVS. The DVS shall not incur any of the general effects of solar radiation as described in 1.1 Method 505.1 of MIL-STD-810C. The DVS shall operate within performance specifications in an ambient environment of 160 degrees F, directly after extended (nonoperating) periods of exposure to solar radiation at a rate of 360 BTU/ft2/hr (105 watts/ft2) in an atmosphere of temperature 120 degrees F. An extended period of exposure to solar radiation is defined as occurring when the temperature of all components of the DVS have stabilized for a period of time greater than two hours, when exposed to the specified solar radiation at the specified ambient temperature.

3.2.7.1.25  Acoustic Noise for DVS. The DVS shall perform within specifications and not sustain damage when subjected to a noise level of 147 dB external to the equipment compartments and shall endure a noise level of 151 dB internal to the equipment compartment. The reference level for this requirement is 2.0 x 10-4 dynes/cm2, and the relative sound pressure level and frequency distribution is as shown in Figure 515.2-2 of MIL-STD-810C.

3.2.7.2  Service Conditions. The Sl provided SCNS Group B equipment, shall meet all requirements and shall provide required performance, life, and reliability under any natural combinations of the service conditions and environment specified in MIL-E-5400T as modified herein, and in the subsystem specifications. Qualifications may be by similarity where units have been previously qualified to similar conditions on other programs.

3.2.8  Nuclear Control Requirements. The C‑130 SCNS is not subject to nuclear control requirements.

3.2.9  Transportability. Characteristics and considerations related to packaging, handling, and transportability, including induced environments, size, hazardous materials, weight, environmental control features, fragility, and the like, shall be considered during the initial design of equipment. In this regard, documents such as MIL-P-9024H and MIL-STD-794C shall be used as general guides in the formulation of specific packaging for equipment deliveries.

3.3  Design and Construction.

3.3.1  Materials, Processes, and Parts.

3.3.1.1  Parts and Materials. ICDS, DVS, and INS parts and materials shall be controlled in accordance with MIL-STD-965.

3.3.1.1.1  Standard Parts. Whenever materials and/or parts are required as a design selection to satisfy this specification, “JAN”, “NAS”, “AN”, and “MS” parts will be used to the maximum extent possible provided that they do not compromise design integrity. Electrical parts shall be selected and installed in accordance with MIL-E-7080B.

3.3.1.1.2  Commercial Parts. Commercial utility parts, such as nuts, bolts, cotter pins, etc., having suitable properties may be used provided the parts used can be replaced directly with “JAN”, “NAS”, “AN”, and “MS” parts, and providing further that the applicable assembly drawings cross-reference the commercial parts to the corresponding standard part number.

3.3.1.1.3  Nonstandard Parts and/or Material. When the use of nonstandard parts and/or materials is required, parts and/or material shall be selected which will not compromise design integrity and that are acceptable for aircraft use. Authority for such nonstandard parts and/or materials will be requested through the Procuring Activity with the submittal of such data as fabrication drawings, purchase control specifications, etc., that may be used to evaluate such a request. Upon approval for use, such nonstandard parts and/or material will be identified on the applicable assembly drawing parts and/or materials list.

3.3.1.1.4  Microelectronics and Semiconductors. Microelectronics and semiconductors shall be chosen for new design in accordance with the guidelines of MIL-Q-9858A, MIL-S-19500F, MIL-M-38510E, and MIL-STD-701L.

3.3.1.1.5  Previously-Designed Systems. Previously-designed systems which are submitted for use in satisfying the requirements of this document and have nonstandard parts in their original design shall not be subjected to parts control procedures nor listed in the Program Parts Selection List (reference MIL-STD-965).

3.3.2  Electromagnetic Radiation.

3.3.2.1  Group B Requirements. The SCNS Group B equipment shall be designed to meet all applicable emission and susceptibility requirements of MIL-STD-461 B for Class A1 equipment.

3.3.3  Nameplates and Product Marking.

3.3.3.1 Nameplates. Nameplates shall be used to identify the SCNS Group B equipment. Nameplates shall conform to the requirements of MIL-P-15024D and shall be permanently attached. All ICDS and DVS assemblies and equipment shall be identified in accordance with MIL-E-5400T.

3.3.3.2  Cases and Marking. The ICDS components shall be painted lusterless black number 37038, in accordance with FED-STD-595A; the cases of DVS components shall be painted in accordance with FED-STD-595A. The GEE INS components and mounts shall be painted in accordance with FED-STD-595A and SNU 84-1. The SCNS components including INS mount shall be marked in accordance with MIL-STD-454H, requirement 67.

3.3.3.3  DVS and ICDS Panel Markings. The visible surface adjacent to panel facilities, such as controls, indicators, jacks, sockets, and fuse holders, shall be marked with a suitable word, phrase, or abbreviation thereof, indicating the use or purpose of the part. These markings shall be legible and of contrasting color. Abbreviations shall be in accordance with MIL-STD-783C. ICDS continuously variable operating controls shall be implemented in a manner which permits the operator to set the control easily.

3.3.4  Workmanship. Workmanship shall be in accordance with MIL-E-5400T.

3.3.5  Interchangeability. Interchangeability shall conform with applicable provisions of MIL-E-5400T. All parts, subassemblies, units, LRUs, etc., having the same manufacturer’s part number shall be directly and completely interchangeable with each other with respect to installation and performance. (LRUs which are replaceable shall not require harmonization or adjustment.) Changes in part numbers shall be governed by MIL-STD-130F. Changes in nomenclature shall be governed by MIL-STD-130F and MIL-STD-875A.

3.3.6  Safety. System safety shall be assured. System safety hazards shall be identified and reported to the Air Force. Compliance with MIL-STD-882A and hazard reporting shall be as defined by the applicable Contract Data Requirement List (CDRL).

For the 1983 model C‑130H with dual INUs and the LC‑130H, the system safety program shall ensure the system is compliant with the requirements specified in MIL‑STD‑882C.

3.3.7  Human Performance/Human Engineering. A human engineering program shall be planned and implemented. The design shall meet the applicable requirements of MIL-H-46855B, MIL-STD-1472C, AFSC DH 1-3, and the CDRL. The Human Factors Engineer shall be given the responsibility and authority to effectively ensure that current operator and maintainer task performance is not degraded by the new equipment and that new tasks can be satisfactorily performed. Subcontractors and vendors shall also meet human factors requirements.

The user interface on airplanes with dual INUs, including IDCU display pages and cockpit instrumentation switchology, shall comply with the requirements for the user interface on airplanes with a single INU.

3.3.7.1  ICDS. The ICDS shall meet the human engineering requirements of MIL-STD-1472C, MIL-H-46855B, and AFSC DH 1-3 for ICDS operation and maintenance.

3.3.7.2  INS/DVS. Human engineering design criteria shall be incorporated IAW MIL-STD-1472C to achieve effective integration of personnel into the operation and maintenance of the INS and the DVS.

3.3.8  Computer Programming. A plan for software development and computer programming shall be written. This plan shall describe computer program structure, design approach, coding, language, firmware, testing, and other general requirements for the SCNS computer programming design.

The software modification for dual INUs on the 1983 model C‑130H shall be implemented as an enhancement to OFP version 38.

3.3.8.1  Program Structure. The C‑130 SCNS computer programs shall be developed as independent configuration items which reside in each IDCU and BICU. All IDCUs shall contain the same computer program.

The C‑130 SCNS computer functions shall be as specified in 3.7.

3.3.8.1.1  Computer Program Spare Requirements. SCNS IDCU software shall be designed to fit in the available 192K (words) of program memory. A goal for optimization is to have 2K (words) of spare program memory and 10 percent spare computation time.

3.3.8.1.2  Computer Program Functions. The C‑130 SCNS computer functions shall be as specified in 3.7.

3.3.8.2  Design Approach. Software requirements shall be specified using a Structured Analysis (SA) approach. These requirements shall be translated into a Structured Design (SD) development of the computer programs.

3.3.8.3  Language and Coding. The computer programs shall be assembled using the JOVIAL and MIL-STD-1750A assembly languages. Firmware shall be developed for the multiplex data bus interface in accordance with the requirements of MIL-STD-1553B.

3.3.8.4  Testing. Software testing shall consist of module testing, verification testing, and integration testing.

3.4  Documentation.
3.4.1  Engineering Drawings. The SCNS Group B equipment engineering drawings shall be of such quality as to meet the requirements of DOD-D-1000B and DOD-STD-100C for level 3 drawings.

3.4.1.1  In-Process Reviews. In-process reviews shall be conducted of the engineering drawing package creation, including drawings from subcontractors and vendors. These reviews shall assure that the drawings conform to the requirements of the specifications and may be concurrent with design reviews.

3.4.1.2  Updates, Revisions, and Maintenance. Engineering data, including subcontractor engineering data, shall be updated, revised, and maintained to current engineering, manufacturing, purchasing, and test requirements for the life of the contract. When formal configuration management/control occurs, all Class I and Class II changes as defined in MIL-STD-480B and MIL-STD-481A shall be incorporated into the engineering data as follows:

a.
Class I changes shall be incorporated into engineering data and associated lists prior to or concurrent with engineering release of the proposed change.

b.
Class II changes shall be incorporated in the applicable engineering data and associated lists prior to delivery of any item in which these changes have been incorporated or within 90 days after change, whichever is sooner.

c.
Changes shall be instituted in the production deliveries and retrofit shall be accomplished on all applicable Group A and Group B kits delivered and/or installed IAW the retrofit plan.

3.4.2  Performance, Function, and Fabrication Specifications. The SCNS Group B equipment performance, function, and fabrication specifications shall be submitted IAW the CDRL and shall be written with the intent that the requirements shall be complied with. The specifications shall be updated until the end of the SCNS delivery schedule.

3.4.3  Computer Program Data. Computer programming related data shall be delivered in accordance with the CDRL.

3.4.4  Configuration Management Data. All data generated as a result of SCNS CM tasks shall be titled and numbered (identified) IAW Appendix IX of MIL-STD-483. The data shall use either dates or revision notations for tracking purposes.

3.4.5  Configuration Status Accounting. Configuration Status Accounting (CSA) records shall be maintained for each configuration item for the life of the contract, and shall include as a minimum:

a.
Technical documentation comprising the configuration identification.

b.
Contractual information required for each Cl and contractor identification.

c.
A configuration record documenting all approved changes for each Cl, including the specific number of kinds of items to which these changes apply.

d.
Implementation status of approved changes.

e.
Identification of the activity/organization/department responsible for the change implementation.

f.
An “as-built” record (by serial number) of each Cl delivered.

3.5  Logistics.
3.5.1  Maintenance Concept. The SCNS maintenance concept shall include organizational and depot levels only.

3.5.1.1  Organizational Level. O-level SCNS maintenance shall consist of:

a.
On-aircraft fault isolation to failed LRU using BIT.

b.
Removal and replacement of the failed LRU.

c.
Post repair verification test of the SCNS on the aircraft, utilizing BIT to verify satisfactory operation.

d.
Group A interface/data bus testing by the flight line SE.

e.
Fault isolation to the SRU IAW the individual equipment specifications using:

(1)
Hot mock-up maintenance/training set for IDCU and BICU.

(2)
Doppler Velocity Sensor maintenance kit MK-1983/APN-218 for DVS.

3.5.1.2  Depot Level. D‑level SCNS maintenance shall consist of:

a.
For IDCU and BICU:

(1)
SRUs returned to the depot, tested and fault-isolated to the component level using standard test equipment and interface test adapters.

(2)
LRUs not repairable at O-level returned to depot, tested and repaired using Hot Mock-up Maintenance/Training Set.

b.
For DVS: Use of existing DVS depot facilities.

c.
For INU: Use of standard F3 INS depot facilities.

d.
For GPS: Use of existing GPS depot facilities.

3.5.2  Supply. The SCNS and its components shall be designed with consideration of the USAF supply system. Impact shall be minimized by:

a.
Minimizing the introduction of new items into the supply system.

b.
Utilizing existing methods of distribution and stocking.

3.5.3  Facilities and Facility Equipment. The SCNS shall be designed to permit the use of existing support facilities. Existing support equipment shall be used where possible. If new/special support equipment is required it shall be designed to operate within existing facility environments.

3.6  Personnel and Training.
3.6.1  Personnel. This paragraph is not applicable to this specification.

3.6.2  Training.

3.6.2.1  Training Services. Training planning information shall be developed, including a list and schedule of all operations, maintenance software, and depot courses needed to support the SCNS. Each identified course shall have a course outline and a listing of all equipment required for its support. All type 1 (contractor) training courses, as required, will be procured under a separate contract or contracts with Air Education and Training Command (AETC) IAW provisions of AFR 50-9.

3.6.2.2  Training Support. All type 1 training courses shall be planned to include “hands on” training on end items of equipment new to the Government inventory. On required training courses, all training equipment, course materials, and training aids to support type 1 training shall be furnished. Spares/support for all Contractor-Furnished Equipment (CFE) and modified GFE shall be provided. Maximum use shall be made of in-plant assets. Training equipment shall not be developed solely to support type 1 training.

3.6.2.3  Training Facilities. Facilities shall be provided to support type 1 training, as required. The data (technical orders, manuals, etc.) procured under the contract, which are required to support training, shall be provided for type 1 training.

3.6.2.4  Engineering Support for Aircrew Training Devices. The necessary engineering support and data shall be provided to the contractor chosen to modify aircrew training devices. No new data shall be generated for the purpose of complying with this requirement.

3.7  Functional Area Characteristics. The C‑130 SCNS hardware and software Cls shall be integrated to provide the system functions described in the following paragraphs.

3.7.1  System Functional Areas. The primary purpose of the SCNS is to perform navigation computations and provide guidance information based on the navigation solution. A secondary purpose is to use the SCNS control and display capability to perform cockpit management tasks, namely operation of the communication and navigation radios.

Mission related functions can also be derived from the navigation and guidance information generated. These functions are airdrops of troops and material, search and rescue patterns, rendezvous, and airborne radar approaches.

To effect communication among the various SCNS units and other aircraft systems and units, a major secondary function to handle input and output is required. To effect communication with the C‑130 crew members, another major secondary function is required to handle displays. Also, a major secondary function is required to monitor, test, and report on the system hardware. For aircraft equipped with GPS and/or dual INUs, SCNS software shall include functional testing of the GPS receiver and second INS. These functions are supported with data transfer capabilities.

The navigation, guidance, and mission functions are allocated between two major software functions called Manage Flight Path and Manage Dynamic Flight. The low-level and high-level communications tasks are allocated to two major software functions called Manage Displays and Manage l/O. Radio operations are handled by the software function called Manage Comm/Nav Radios. System monitoring is done by a function called BIT. Both mission and system monitoring tasks are supplemented by a function called Manage Data Transfer.

The inertial navigation and the Doppler velocity sensing functions are physically allocated to the INU and DVS hardware. The rest of the SCNS functions are shared by the ICDS units. At the ICDS level, the following are the major functions:

(
Manage Flight Path

(
Manage Dynamic Flight

(
Manage Displays

(
Manage l/O

(
Manage Comm/Nav Radios

(
Manage BIT

(
Manage Data Transfer

3.7.2  Software Functional Areas. The SCNS software functions for the IDCU and BICU shall be contained in Cls CN0202A and CN0203A, respectively. The system functions are allocated between the IDCU and BICU OFPs as follows:

(
Manage Dynamic Flight

–
Manage Dynamic Flight – IDCU

–
Perform Air Data Computations – BICU

–
Perform Celestial Position Updates – BICU

(
Manage Flight Path

–
Manage Flight Path – IDCU

–
Manage Reference Points – BICU

(
Manage Displays – IDCU

(
Manage l/O

–
Manage IDCU l/O – IDCU

–
Manage BICU I/O – BICU

–
Manage Radar – BICU

(
Manage Comm/Nav Radios

–
Manage Comm/Nav Radios – IDCU

–
Manage Radio Presets – BICU

(
Manage BIT

–
Manage IDCU BIT – IDCU

–
Manage BICU BIT – BICU

(
Manage Data Transfer

The following paragraphs describe these functions in more detail.

3.7.2.1  Manage Dynamic Flight. This system function is allocated to three software functions, one in the IDCU and two in the BICU.

3.7.2.1.1  Manage Dynamic Flight Characteristics. This function shall compute the navigation solutions along with the steering necessary to perform lateral navigation. It converts the steering information from the Manage Flight Path function into control signals for the aircraft instruments. This function shall physically be part of the IDCU OFP, Cl CN0202A.

3.7.2.1.2  Perform Air Data Computations Characteristics. This function shall compute air data quantities such as true airspeed from the information measured by air data sensors. The computed quantities are made available to the IDCUs via the data bus. This function shall physically be part of the BICU OFP, Cl CN0203A.

3.7.2.1.3  Perform Celestial Position Updates Characteristics. This function shall compute the data required to execute a position fix using celestial elevations observed through a sextant. The computed quantities are made available to the IDCUs so that a SCNS position update may be made. This function shall physically be part of the BICU OFP, Cl CN0203A.

3.7.2.2  Manage Flight Path. This system function is allocated to two software functions, one in the IDCU and one in the BICU.

3.7.2.2.1  Manage Flight Path Characteristics. This function shall compute the lateral path for the different flight modes (flight plan, immediate, SAR, and rendezvous) and associated time of arrivals. It includes special functions such as search and rescue patterns, computed air release point, and airborne radar approaches. This function shall be physically part of the IDCU OFP, Cl CN0202A.

3.7.2.2.2  Manage Reference Points Characteristics. This function shall manage the library of 200 reference points for the system. Changes are accepted from IDCUs via the data bus, and data from the library is supplied to the IDCUs upon request. This function shall physically be part of the BICU OFP, Cl CN0203A.

3.7.2.3  Manage Display Characteristics. This function shall format data for display on the IDCU CRT, read keystrokes from the IDCU keyboard, and control the sequence of page displays. Page display formats are contained in Appendix II. This function shall be physically part of the IDCU OFP, Cl CN0202A.

3.7.2.4  Manage I/O. This system function is allocated to three software functions, one in the IDCU and two in the BICU.

3.7.2.4.1  Manage IDCU I/O Characteristics. This function shall process the input and output signals of the IDCU. It shall also perform checks on the input and output signals of the IDCU. This function shall be physically part of the IDCU OFP, Cl CN0202A.

3.7.2.4.2  Manage BICU I/O Characteristics. This function shall process the input and output signals of the BICU. It shall also perform checks on the input and output signals of the BICU. This function shall be physically part of the BICU OFP, Cl CN0203A.

3.7.2.4.3  Manage Radar Characteristics. This function shall process the signals from the AWADS radar which is installed in some aircraft. It shall also perform checks on the input signals from the radar. This function shall be physically part of the BICU OFP, Cl CN0203A.

3.7.2.5  Manage Radios. This system function is allocated to two software functions, Manage Comm/Nav Radios in the IDCU and Manage Radio Presets in the BICU.

3.7.2.5.1  Manage Comm/Nav Radios Characteristics. This function shall manage the tuning of communication and navigation radios. It shall directly control the radios connected to the IDCU and coordinate tuning of other radios with the IDCU connected to them. This function shall physically be part of the IDCU OFP, Cl CN0202A.

3.7.2.5.2  Manage Radio Presets Characteristics. This function shall manage the library of preset frequencies for the UHF, VHF, and HF radios. Changes are accepted from IDCUs via the data bus, and data from the library is supplied to the IDCUs upon request. This function shall physically be part of the BICU OFP, Cl CN0203A.

3.7.2.6  Manage Built-In Test. This system function is allocated to two separate software functions, one in the IDCU and one in the BICU. The results of the IDCU BIT and the BICU BIT shall be gathered by the MIL-STD-1553B bus controller and used to develop a system status table for operation and display purposes.

3.7.2.6.1  Manage IDCU BIT Characteristics. This function shall have the task of performing and managing the built-in test features of the IDCU. The function tests the IDCU at power-on and monitors it for proper operation on a continuous basis. It monitors status of equipment to which the IDCU is connected. It performs more extensive tests when initiated by the operator. This function shall physically be part of the IDCU OFP, Cl CN0202A.

3.7.2.6.2  Manage BICU BIT Characteristics. This function shall have the task of performing and managing the Built-In Test features of the BICU. The function tests the BICU at power-on and monitors it for proper operation on a continuous basis. It monitors status of equipment to which the BICU is connected. It performs more extensive tests when initiated by the operator. This function shall physically be part of the BICU OFP, Cl CN0203A.

3.7.2.7  Manage Data Transfer.

3.7.2.7.1  Manage Data Transfer Data Performance Characteristics. This function shall provide the following data performance characteristics:

a.
Uploading of OFPs into IDCUs and BICU from the DTM in the IRU.

b.
Uploading of mission parameters from the DTM in the IRU.

c.
Downloading of failure history data to the DTM in the IRU.

d.
For SDRR equipped aircraft, uploading of documentary data, waypoint weight change and landing zone runway type from the DTM in the IRU.

3.7.2.7.2  Manage Data Transfer Data Physical Characteristics. This function shall be physically part of the IDCU OFP, Cl CN0202A.

3.7.3  Hardware Functional Areas. The SCNS system functions are allocated among five types of units. They are the IDCU, BICU, INU, GPS and DVS. There are three (four on some aircraft) identical IDCUs so that each flight deck crew member has one. Each IDCU (except the Radio Operator) is capable of becoming 1553 Bus Controller so there is a large degree of redundancy. The flight instruments and the radios are connected among all the IDCUs (except the Radio Operator) and the BICU so that one failure will not have a catastrophic effect on the total system. The inertial, GPS and doppler navigation solutions are also kept independent.

3.7.3.1  IDCU Functions. An IDCU shall be the primary SCNS control/display device. The IDCU shall provide a centralized means of entering and displaying control commands to control the avionic subsystems. The IDCU shall contain the circuitry required for the keyboard, display, and l/O functions. The IDCU shall interface with the BICU via a MIL-STD-1553B data bus. To ensure mission survivability, each IDCU shall perform all mission-level processing, and each IDCU not acting as MIL-STD-1553B bus controller shall be capable and ready to do so. The IDCU shall monitor its overall operation and generate an internal built-in test check.

The IDCUs shall contain circuitry to interface the SCNS with the aircraft subsystems present on the various C‑130 aircraft configurations. Interfaces with these equipments shall be direct or via aircraft switching systems.

3.7.3.2  BICU Functions. The primary function of the BICU shall be to interface the SCNS to the various aircraft subsystems. The BICU shall contain the necessary electronics to execute the subsystem control commanded by inputs from the IDCU. The BICU shall contain memory capacity to store the 200 general reference points and 140 radio preset frequencies used for SCNS operation. SCNS status and maintenance records shall be stored in the BICU. The BICU shall interface with the IDCUs as a remote terminal on the MIL-STD-1553B data bus.

3.7.3.3  INU Functions. The Inertial Navigation Unit shall provide the functions and data as specified in SNU 84-1. This data includes position, velocities, accelerations, heading, attitude, mode, and status information.

3.7.3.4  DVS Functions. The Doppler Velocity Sensor shall operate as specified in 84‑MMSRE-005-DVS. It provides the velocity along the aircraft axis, velocity attributed to drift, and vertical velocity. It also provides information concerning its status.

3.7.3.5  GPS Functions. The Global Positioning System RPU shall provide the functions and data and operate as specified in Cl-RCVR-3010A. This data includes position, velocities, altitude, mode, and status information.

3.8  Precedence. The order of precedence for SCNS specifications and standards shall be in accordance with MIL-STD-143B and DOD-STD-100C.

a.
Where identical or equivalent items, processes, or materials are identified by more than one document, these documents shall be considered in the order of precedence specified in MIL-STD-143B.

b.
When a contractor design activity specification or standard is referenced on drawings, and such design activity specification or standard does not duplicate U.S. Government or U.S. National Industry Association documents, it shall disclose the complete design information and shall be furnished as part of the engineering drawing set.

4.
QUALITY ASSURANCE PROVISIONS

4.1  General. This section establishes the requirements for testing and verification of the performance and design characteristics of the SCNS. All quality assurance provisions shall be in accordance with the contract, sections 84-MMSRE-006-lCDS, 84-MMSRE-005-DVS, 84-MMSRE-011-INS, 84-MMSRE-009-C-130, 84-MMSRE-004-C-130-SCNS, and as stated herein. Quality assurance programs shall be established and maintained in accordance with MIL-Q-9858A for all “in-plant” operations and in accordance with MIL-I-45208A and paragraphs 3.3 and 3.5 of MIL-Q-9858A for all subcontractor and “out-of-plant” operations. Controlling nonconforming supplies shall be in accordance with a system set up under MIL-STD-1520C guidelines. A software quality assurance program shall be established and maintained in accordance with MIL-S-52779A, and MIL-STD-1535A shall be applied by Sl to establish and maintain a supplier quality assurance program. Compliance with MIL-S-52779A is required on all software except for that software which has an established Computer Program Identification Number (CPIN) and is being provided in that identical CPIN configuration.

Standard acronyms and abbreviations used herein shall comply with the requirements in MIL-STD-12D.

All quality assurance provision imposed on the baseline SCNS shall apply to the 1983 model C‑130H upgraded with the SCNS and dual INUs.

4.1.1  Responsibility for Test. Unless otherwise specified, Sl is responsible for the performance of all tests and inspections specified herein. No tests shall be initiated until an Air Force approved test procedure or specification for the specific test to be performed is available. Discrepancies observed during testing shall be corrected. After correction of discrepancies, sufficient retesting shall be performed to insure that the problem has been resolved.

4.1.1.1  ICDS Tests. Sl shall be responsible for all ICDS tests and inspections specified herein.

4.1.1.2  INU Tests. The SNU 84-1 INU shall be furnished GFE. The Government and INU supplier shall be responsible for performing all INU tests and inspections.

4.1.1.3  GPS Tests. The GPS RPU, AEU and CRPA shall be furnished GFE. The Government and GPS supplier shall be responsible for performing all GPS tests and inspections.

4.1.1.4  DVS Tests. The DVS shall be an AN/APN-218 Doppler supplied by Teledyne Ryan, Inc., who shall be responsible for performing all development, qualification, product verification, and final acceptance tests for the DVS. Sl shall be responsible for performing all tests integrating the DVS into the C‑130 SCNS and for performing the system reliability testing. Overall responsibility for ensuring that the above-mentioned tests are performed shall rest with Sl.

4.1.1.5  GPS Tests. The GPS RPU, AEU and CRPA shall be furnished GFE. The Government and GPS supplier shall be responsible for performing all GPS tests and inspections.

4.1.1.6  Flight Test. Smiths Industries shall be responsible for Qualification Test and Evaluation (QT&E) flight tests. The USAF shall be responsible for Qualification Operational Test and Evaluation (QOT&E) flight tests.

4.1.2  Special Tests and Examinations. This paragraph is not applicable to this document.

4.2 Quality Conformance Inspections. Quality conformance inspections shall consist of those tests and examinations required to verify that the requirements of Section 3 of this document have been achieved, and that have specifically been called out in 94-LBEA-SOW-DINU. Those tests that are specified below but are not required by 94-LBEA-SOW-DINU shall not be performed. These tests and examinations shall consist of those tests listed below and as described herein.

(
Preproduction test

(
Production test

(
Field reliability verification test

(
Maintainability demonstration

4.2.1  Test Plans/Procedures. Test plans and procedures shall be submitted for approval prior to initiating any specified test. Only tests conducted in accordance with approved test plans and test procedures shall be used to demonstrate compliance with the requirements of this document. The qualification testing and test plan for MIL-STD-1553B compliance shall be in accordance with ENASD 81-1.

4.2.2  Performance/Functional Checks. Performance and functional checks (such as acceptance test) required to demonstrate satisfactory operation before, during, or subsequent to each required test shall be included in the applicable test procedure. Test procedures and reports of all testing shall be submitted in accordance with the applicable CDRL.

4.2.3  Rejection and Retest. Equipment which has failed to meet the acceptance tests of the applicable specification shall be rejected. Final acceptance of previously rejected equipment shall not be made until it is determined that the item meets all acceptance test requirements. The equipment may be reworked or have parts replaced to correct the cause of rejection. Full particulars concerning the rejection and action to correct the fault shall be submitted with the equipment.

4.2.4  Test Conditions. Unless otherwise specified, all tests shall be conducted at prevailing laboratory conditions and temperatures.

4.2.5  Test Records. Each test and retest shall be documented by maintaining test logs, test records, and raw test results.

4.2.6  Test Classification. Inspection and testing of systems and subsystems shall be classified as follows:

4.2.6.1  Examination of Product. Each test item submitted shall be given a thorough visual and mechanical inspection to determine that the quality of material, workmanship, and design is in compliance with the requirements of this document.

4.2.6.2  Integration Test. These tests shall be used to develop, validate, and integrate the hardware and software items which together perform the functions as required by this document.

4.2.6.3  Flight Safety Test. This test shall be performed on each trial aircraft B-kit to verify that the equipment design satisfies the airworthiness and crash safety requirements for airborne equipment.

4.2.6.4  Qualification Test. This test shall be used to certify that the items comply with the requirements of this document.

4.2.6.5  Product Verification Test. Test each deliverable equipment item (including spare LRU and Shop Replaceable Unit (SRU)) in order to verify that defects have been removed from the equipment.

4.2.6.6  Reliability Development/Growth Test. A test, analyze, and fix (TMF) reliability test shall be performed in order to identify and correct design and production weaknesses in the equipment by environmentally stressing the equipment.

4.2.6.7  Acceptance Test. Acceptance tests are those tests and inspections that each CFE deliverable item must satisfactorily pass before acceptance of equipment. Acceptance tests shall be performed in accordance with an approved Acceptance Test Procedure (ATP). Acceptance test shall demonstrate compliance of the equipment to the requirements of Section 3. Acceptance testing for environmental tests shall be based on the same ATP used for deliverable production equipment.

4.2.6.8  Aircraft Modification Tests. These tests shall be performed to check out the mechanical and electrical installation of the system into the aircraft prior to flight test.

4.2.6.9  Flight Test. These tests shall be performed in order to demonstrate that operational and accuracy requirements, as specified in this document and the contract, are met by the system in the actual operational environment.

4.2.7  Preproduction Tests. Preproduction tests shall be conducted on all SCNS hardware and computer programs. These tests shall include the following:

(
Examination of product (where applicable)

(
Integration test

(
Qualification test

(
Reliability test

(
Aircraft modification test

(
Flight test

Test procedures shall be prepared and submitted for approval for all preproduction tests (integration tests do not require procuring agency approval). Testing shall not commence until the procedures have been reviewed and approved by the procuring agency. All test plans and procedures shall be in accordance with the CDRL.

4.2.7.1  Integration Test. Integration testing shall consist of both laboratory hardware/ software integration and system-level integration testing. Sl shall perform hardware/software integration testing on the ICDS equipment then perform system-level integration testing on the total SCNS (ICDS, INU, DVS and GPS).

4.2.7.2  Qualification Test. Each equipment type of the SCNS shall be subjected to the qualification test as described in the following paragraphs. The Government and INU supplier shall be responsible for performing the INU qualification test in accordance with SNU 84-1. The Government and GPS supplier shall be responsible for performing the qualification test on all GPS LRUs other than the GPS KYK-13 Fill Panel. The DVS supplier shall be responsible for the DVS qualification test. The qualification test shall consist of the following series:

a.
Environmental test

b.
Electromagnetic radiation test

4.2.7.2.1  Environmental Tests and Analyses. The equipment shall be subjected to the test levels described in MIL-STD-810C when operating unless otherwise specified.

a.
Vibration. The equipment shall be properly connected and subjected to a vibration test in accordance with MIL-STD-810C, Method 514.2, Procedure IA, Table 514.2-IIA, Figure 514.2-2A.

b.
Acceleration (shock). The equipment, nonoperating, shall be mounted in its normal operating position and shall be subjected to an acceleration test in accordance with MIL-STD-810C, Method 513.2, Procedure I, Table 513.2‑l (aircraft). At the end of this acceleration, the equipment shall pass the individual tests.

c.
Temperature altitude.

(1)
Temperature altitude verification (cycling) for ICDS. The equipment shall be subjected to a temperature altitude cycling test in accordance with MIL-STD-810C, Method 504.1, for category five equipment.

(2)
Temperature-pressure (altitude) for DVS. The DVS shall be tested in accordance with Method 504.1 of MIL-STD-810C, for category six equipment. However, the following changes shall be made:

(a)
Step 4 shall be eliminated.

(b)
Step 6 shall be reduced to 6 hours.

(c)
Step 7 shall consist of operating the DVS in an ambient environment of +160 degrees F without external cooling air and with no damage allowed.

(d)
Steps 8, 9, 10, and 11 shall be omitted and replaced with three temperature cycles from a stabilized –54 degrees C to a stabilized +71 degrees C and back to a stabilized –54 degrees C. These cycles shall require full operation.

d.
Moisture.

(1)
Humidity for ICDS. The system shall be subjected to a humidity test in accordance with MIL-STD-810C, Method 507.1, Procedure I, after which it shall pass the individual tests. There shall be no deterioration that would affect subsequent operation.

(2)
Humidity for DVS. The DVS shall be tested in accordance with Method 507.1, Procedure I of MIL-STD-810C. Step 5, however, shall indicate five cycles to be performed and not 10 cycles. Step 6 shall be performed after every cycle, under the conditions specified. Any of the general effects described in 1.1 of the test method discovered during any subsequent testing shall be considered as originating from this test and therefore treated as a failure.

(3)
Rain and icing for DVS. It shall be certified that the environmental specifications for rain and icing, as defined in 3.2.5 herein, shall not cause failure of the DVS to perform within specifications and not cause damage to the DVS.

e.
Fungus for DVS. The option shall consist of submitting an affidavit to the procuring activity that no portion of the DVS will support the growth of fungus or be damaged by fungus. If an affidavit is submitted in lieu of the test, a list of organic materials, or what may be suspected as organic materials, used in the DVS shall also be submitted. If the affidavit is not received by the procuring activity prior to the environmental qualification tests, then the DVS shall be tested by Method 508.1, Procedure I of MIL-STD-810C. The procuring activity may, at any time during environmental qualification testing, reject the affidavit.

f.
Sand and dust for DVS. The DVS shall be tested in accordance with Procedure I, Method 510.1 of MIL-STD-810C. If any of the general effects of dust (fine sand), such as described in 1.1 of this test are discovered during subsequent testing, they shall be considered as originating from this test and shall be treated as a failure.

g.
Salt atmosphere. The DVS shall be tested in accordance with Method 509.1, Procedure I, of MIL-STD-810C. If any possible effects of a salt atmosphere are discovered during subsequent testing, they shall be considered as originating from this test and treated as a failure.

h.
Fluids. In lieu of testing, it may be shown by analysis that the equipment and materials used herein shall be capable of withstanding exposure to the fluids specified without degraded performance.

(1)
Jet fuel (JP-4), in accordance with MIL-T-5624L

(2)
Hydraulic fluid, in accordance with MIL-H-83282B

(3)
Lubricating oil, in accordance with MIL-L-7808J

(4)
Coolants of the fluorocarbon, silicon, silicate ester, and glycol families

i.
Structural integrity verification. The equipment structural integrity shall be verified through stress, loads, vibration, damage tolerance, and durability analyses.

j.
Explosive atmosphere. As part of the safety-of-flight tests, the system shall be proven explosion-proof through analytical substantiation.

k.
Solar radiation for DVS. The DVS shall be tested for solar radiation effects as described in Method 505.1, Procedure I, of MIL-STD-810C. The exposure time shall be 4 hours, however, and immediately after the DVS shall be operated in an ambient atmosphere of +160 degrees F for 0.25 hours. All performance parameters shall be measured and recorded during the operational period. The ambient temperature shall then be reduced to 80 degrees F (during which time performance shall be monitored) and kept at +80 degrees F for 0.50 hours. The DVS shall be instrumented with eight thermocouples throughout the test at positions to be determined and specified in the test procedures. The nonoperational exposure to solar radiation and the operational exposure shall constitute one cycle. Five cycles shall be performed on each equipment tested.

I.
Acoustic noise for DVS. The DVS shall be tested in accordance with Method 515.2 of MIL-STD-810C. The exposure time shall be 1 hour. Performance is required during the acoustic test. The procuring activity reserves the right to further testing if it deems it necessary to assure compliance with requirements as identified herein.

4.2.7.2.2  Electromagnetic Interference and Compatibility Testing. Electromagnetic Interference (EMI) tests shall be planned, performed, and reported in accordance with MIL-STD-461B, MIL-E-6051D, and 84-MMSRE-009-C-130 to demonstrate compliance with EMI requirements. Testing shall address premodification and postmodification configurations of each of the C‑130 aircraft SCNS kit versions. All new or modified equipment shall be tested in accordance with MIL-STD-462, Notice 2, to verify compliance with the requirements of MIL-E-6051D.

4.2.7.3  Flight Safety Test. Each trial installation aircraft kit shall be subjected to the following test:

4.2.7.3.1  Crash Safety Loads. Equipment located in the crew-occupied area shall remain captive and all components shall remain inside when subjected to the crash safety load factors shown in Table 2‑46.

Table 2-46.  Crash Safety Loads

DIRECTION
LEVEL (g)

Forward
16

Up
  4

Down
  8

Side
±4

4.2.7.3.2  Acceleration. No structural failures shall occur when the load factors shown in Table 2‑44 are applied.

4.2.7.4  Reliability Test.

4.2.7.4.1  Reliability Development/Growth Test.

4.2.7.4.1.1  Reliability Test Plan/Report. A detailed test plan and procedure for the reliability development/growth test shall be prepared in accordance with MIL-STD-781C, Appendix B. Reports on the reliability test shall be prepared and submitted to the Government in accordance with the CDRL. Procedures and test reports as witnessed by a Government Quality Assurance representative shall be provided with any request for waiver of a test for reason of prior qualification.

4.2.7.4.1.2  Reliability Development/Growth Testing. Three complete SCNS systems (i.e., Group B ICDS, DVS, and INS, less SCNS battery) shall accumulate 2,000 hours each of TAAF reliability qualification testing in accordance with MIL-STD-785B, Task 302, as a part of the SCNS reliability test (the INU shall be operated but not as part of the formal test). The Government will support repair of the INU hardware. The environmental test conditions shall be as follows:

a.
The temperature cycling shall be in accordance with Table 2‑47.

b.
The vibration cycling shall be 10 minutes of random vibration having a spectral density of 0.004 g2/Hz for each hour of system operating time. This vibration shall be applied such that it acts perpendicular to the majority of the circuit boards within each LRU in accordance with Figure 13‑4 of MIL-STD-781C.

Table 2-47.  Temperature Cycle Steps

STEP
DESCRIPTION

1
Reduce the chamber air temperature at a minimum rate of 5 degrees C per minute and stabilize equipment temperature at –54 degrees C 
±2 degrees C.

2
Raise the chamber air temperature at the minimum rate of 5 degrees C per minute and stabilize equipment temperature at –40 degrees C 
±2 degrees C.

3.
Turn on unit. Perform functional test on unit while raising the chamber air temperature from –40 degrees C to +55 degrees C at 5 degrees C per minute. Stabilize the equipment at +55 degrees C ±2 degrees C. Repeat functional test at +55 degrees C. The operating time of the unit during this step shall be a minimum of 5 hours.

4
Turn off unit and reduce the chamber temperature at a minimum rate of 
5 degrees C per minute to ambient conditions.

4.2.7.5  Aircraft Modification and Flight Test. The C-130 SCNS aircraft modification tests shall include the following (as applicable to the individual installation):

a.
Preflight installation acceptance – each trial installation.

(1)
Modification mechanical inspection

(2)
Modification electrical continuity and insulation check

b.
Preflight integration testing – each trial installation.

(1)
Installed Group B functional verification

(2)
Integrated SCNS operation check in the aircraft

c.
Flight testing.

(1)
Flight tests of each trial installation

(2)
First trial installation medium accuracy verification

(3)
Precision accuracy evaluation

(4)
Operational test and evaluation testing

EMI tests shall be planned and performed in accordance with MIL-STD-461B, MIL-E-6051 D, and 84-MMSRE-009-C-130 to demonstrate compliance with EMI requirements. Testing shall address premodification and postmodification configurations of each of the C‑130 aircraft SCNS kit versions.

Maintenance and logistics support shall be provided during the course of ground and flight testing. Flight test technical support shall be provided including system orientation/operational courses for the personnel prior to each trial installation flight test.

4.2.8  Production Test. Production test shall be performed on all SCNS hardware and computer programs which are to be delivered to the customer. This test shall include the following:

(
Examination of product (where applicable)

(
Product verification test

(
Acceptance test

4.2.8.1  Product Verification Test. Each deliverable CFE unit (including spare LRU and SRU) shall be subjected to a product verification test in accordance with the requirements specified herein to verify that defects have been removed from the equipment. The product verification test shall consist of Environmental Stress Screening (ESS). The Government and INU supplier shall be responsible for performing the ESS procedure on the INU in accordance with SNU 84-1. The DVS supplier shall be responsible for performing the ESS procedure on the DVS. The government and GPS supplier shall be responsible for performing the ESS procedure on all GPS LRUs other than the GPS KYK-13 Fill Panel. The conduction of burn-in cycles prior to ESS to expose design deficiencies and defects due to inadequate quality control, introduction of new product lines, or design changes shall be an option. Each deliverable unit shall be subjected to the ESS sequence. All normal outputs shall be monitored for compliance with the requirements of this document during each portion of the ESS cycle when the equipment is operating. ESS shall be conducted in accordance with Task 301 of MIL-STD-785B. ESS test reports shall be provided in accordance with the CDRL.

4.2.8.1.1  Procedure. The test procedure shall consist of the following sequence of events:

a.
Random vibration

b.
Temperature cycling

c.
Acceptance test

4.2.8.1.1.1  Random Vibration. The unit shall be subjected to random vibration at a minimum Power Spectral Density (PSD) of 0.04 g2/Hz for 5 minutes in each of the three orthogonal axes. The equipment shall be operating while being subjected to this test.

4.2.8.1.1.2  Temperature Cycling. Each ESS sequence shall include a minimum of five consecutive failure free temperature cycles. Each temperature cycle shall be as described in Table 2-47.

4.2.8.1.2  Failure Criteria. A failure for ESS is defined as the inability of the unit to perform its prescribed function within specified tolerances.

4.2.8.2  Acceptance Test. An acceptance test shall be performed on each C-130 SCNS B-kit equipment item.

The Government and INU supplier shall be responsible for performing the INU acceptance test. The Government and GPS supplier shall be responsible for performing the GPS acceptance test. The DVS supplier shall be responsible for performing the DVS acceptance test.

In the event of a failure during tests, the facts pertaining to the failures shall be documented and the procuring agency representative witnessing the tests shall be informed. Rework shall then be accomplished as necessary, and retesting shall be initiated unless the technical representative of the procuring agency advises to the contrary.

4.2.9  Field Reliability Verification Test. A field reliability verification test of MBTR will be conducted by the Government during the ICS period. Participation will be allowed as stated in the special provisions section of the contract. Each SCNS C-130 LRU shall have an Elapsed Time Indicator (ETI) installed to be used in the gathering of reliability verification data.

4.2.10  Maintainability Demonstration. The maintainability demonstration of ICDS LRUs shall be conducted in accordance with MIL-STD-471A, Notice 1, test method 9, to demonstrate that the maintainability requirements specified in 3.2.4 have been satisfied. The conditions of the maintainability demonstrations and tasks demonstrated shall represent that which can be expected to occur in the operational environment. For this test, a consumer’s risk (B) of 20 percent shall be used. Task selection shall be in accordance with Appendix A of MIL-STD-471A. A single simulated or induced fault or failure may be counted as a maintenance action at both the Organizational and Depot levels where applicable. The maintainability demonstration shall be documented in accordance with the CDRL.

5.
PREPARATION FOR DELIVERY

Packaging requirements for the SCNS CFE Group B equipment shall be in accordance with the individual equipment specifications. Preservation and packaging data for LRUs, spare LRUs, and spare/repair parts shall be prepared in accordance with MIL-STD-834C and submitted in accordance with the CDRL when such data are not provided by the Government. Documents such as MIL-P-9024H and MIL-STD-794C shall be used as general guides in the formulation of specific packaging for equipment deliveries.

6.
NOTES

Symbols are not used in this revision to identify changes with respect to the previous issue, due to the extensiveness of the changes.

The contents of this section are for informational purposes only and do not form a contractual requirement.

6.1  Distributed Processing. The purpose of this section is to provide an analysis of distributed processing as applied to the C-130 Self Contained Navigation System, including initialization, synchronization, glitch recovery, and error-detection schemes. An attempt has been made to concentrate on the requirements and proposed algorithms, and stay away from design specific items. Where the study is design specific, it is understood that a different implementation which meets the same requirements may be deemed superior and therefore utilized.

6.1.1  Initialization. On power-up all IDCUs shall perform a series of initialization actions. These actions shall include resetting all discrete outputs to the ‘0’ state, initializing the serial l/O, and determining whether the power-up is a “cold” or a “warm” start. This is accomplished by examining the cold start indicator. This indicator will tell the Central Processor Unit (CPU) whether greater than or less than 5±3.5 seconds has elapsed since the power fail interrupt occurred. If the time since power fail interrupt is less than 5±3.5 seconds, the power-up is a warm start. If it is greater than 5±3.5 seconds, it is a cold start.

Note: The 5±3.5 second cold/warm start was chosen as a working number and is not a requirement.

6.1.1.1  Cold Start. A cold start is defined as any power-up that takes place more than approximately 5±3.5 seconds after a power-down. For a cold start, a complete power-up BIT is performed; all discrete l/O is turned ‘off’; all analog outputs are set to zero; all data areas are zeroed; and the 1553 service request bit is set (see Table 2‑48).

Table 2-48.  Cold/Warm Start Actions

ACTION
COLD START
WARM START

Perform bit
Yes
No

Discrete outputs
Off
Restore to previous

Analog output
zero
Restore to previous

Service request bit
Set
Set

6.1.1.2  Warm Start. A warm start is defined as any power-up that takes place less than 5±3.5 seconds after a power-down. For a warm start, all l/O is restored to its previous state, and the 1553 service request bit is set (see Table 2‑48).

6.1.1.3  Service Request Bit. The service request bit in the 1553 status word will be used by the RT to indicate to the BC that it requires a data update.

6.1.1.4  Determination of Bus Controller. The process of establishing and maintaining a bus controller requires the following steps:

a.
Establish a bus controller to initiate bus traffic, maintain control of the bus, and evaluate the health of the bus.

b.
Have the bus controller build a 1553 status table from which to evaluate the status of each of the RTs.

c.
Determine if any fault(s) is with the bus controller or the bus/remote terminals. This is accomplished by evaluating the status table.

d.
Establish a minimum period (5 seconds) for which a bus controller which has decided to relinquish control must wait before attempting to become bus controller again. This time period ensures that all other potential bus controllers have an opportunity to become bus controller.

The acting 1553 bus controller for the SCNS system is determined by an arbitration scheme which involves the use of timeouts based upon the IDCU location in the aircraft and the state of the Bus Controller Present (BCP) discrete input. Each IDCU also has a discrete output, the Bus Controller Active (BCA) discrete, which it sets when it believes it should become the system bus controller.

The BCP and BOA signals are interconnected as shown in Figure 2‑29.

[image: image47.wmf]SS038


Figure 2-29.  Bus Controller Discretes

The arbitration scheme depends primarily on the existence of traffic on the 1553 data bus. As long as an IDCU acting as an RT receives at least one message within its timeout period, it will remain an RT. If at any time it fails to receive a message within its timeout period, it will check its BCP input discrete. If the discrete is true, indicating the IDCU ahead of it is bus controller, it will transition to the Isolated BC state. If the BCP input is false, indicating the IDCU ahead of it is not bus controller, it will set its BCA output discrete to true and become a bus controller. Any BC detecting a false to true transition of its BCP input discrete will immediately revert to an RT.

Table 2-49 illustrates the logic for determining if any particular IDCU should become bus controller. The table assumes the IDCU may be in one of four states: initialize, remote terminal, bus controller, or isolated bus controller. The events are inputs which cause the logic to take certain actions. The events are defined as follows:

a.
Power-up: the process of applying power to the IDCU.

b.
Bus fail timer: the expiration of a timer whose timeout period is dependent on position. The timeouts for each position are as follows:

(1)
Navigator’s IDCU: 200 milliseconds

(2)
Pilot’s IDCU: 400 milliseconds

(3)
Copilot’s IDCU: 600 milliseconds

c.
Bus traffic: the arrival of bus transactions destined to the particular IDCU.

d.
BCP: reading the BCP and finding it true “1”.

e.

[image: image48.wmf]BCP

: reading the BCP and finding it false “0”.

f.
200-ms timer: the expiration of a timer, used by the bus controller to tell when to start executing a bus command list. Executing this list causes the bus controller to generate a series of transactions to the RTs in the system.

g.
5-second timer: the expiration of a timer which a relinquishing bus controller uses to determine when it is eligible to become a potential bus controller.

h.
BC fail: an event generated by a bus controller when it determines it is no longer eligible to remain bus controller.

Table 2-49.  1553 Bus Arbitration State Table

EVENT
STATE


INITIALIZE
RT
BC
ISOLATED BC

Power-up
Perform power-up
Reset BCA bit
Set bus fail timer
State ( RT
Ignore
Ignore
Ignore

Bus fail timer
Ignore
Read BCP bit
IF (BCP bit set),
generate BCP event
ELSE
generate 
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 event
ENDIF
Ignore
Ignore

Bus traffic
Ignore
Reset bus fail timer
Ignore
Cancel 200-ms timer 
Set 5-sec timer 
Clear BCA bit 
State ( RT

BCP
Ignore
Clear BCA bit
State ( Isolated BC
Cancel 200-ms timer 
Clear BCA bit 
State ( RT
Ignore
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Ignore
Set BCA bit
Set 200-ms timer
State ( BC
Execute bus cmd list
Ignore 
Ignore

200-ms timer
Ignore
Ignore
BC Fail event
Ignore

5-sec timer
Ignore
Set bus fail timer
Ignore
Ignore

BC fail
Ignore
Ignore
Cancel 200-ms timer 
Set 5-sec timer 
State ( RT
Ignore

The events and states in this table illustrate only the logic involved in the bus controller arbitration process and are not intended to indicate the actual implementation in the IDCU.

On power-up, each IDCU will initialize as a remote terminal and will set a timer based on its position: 200 ms for the navigator’s IDCU, 400 ms for the pilot’s IDCU, and 600 ms for the copilot’s IDCU. The radio/mission operator’s IDCU, if present, is excluded from becoming a bus controller.

If an IDCU has not received any 1553 bus traffic before the timer expires, it will assume that it is to be bus controller. At that point it will check the BCP bit to determine if the IDCU above it in the bus control chain is acting as BC. If the BCP bit is false, it will set its BCA discrete to true, clear its “service request” bit, reinitialize as a bus controller, and build and execute a bus controller command list. If the BCP bit is true, it will transition to Isolated BC.

Receipt of traffic prior to the expiration of the timer will cause the IDCU to reset its bus fail timer and remain in the RT mode.

If a warm start is performed, the IDCU will wait 5 seconds, long enough to allow all other IDCUs a chance to become bus controller. This is done to prevent the IDCU from attempting to take control of the bus at the same time as one of the other IDCUs. If no traffic is received, the IDCU will proceed as indicated above. If traffic is received, the IDCU will remain in the RT state and set the service request bit for the 1553, indicating to the bus controller that it needs recovery.

Step 2 requires the current bus controller to establish with whom it can communicate and on which bus (A, B, or both). This is accomplished by establishing communications with all the RTs on the bus and periodically (once per major cycle) checking the alternate channel to each RT. This allows the BC to build a status table in which the status of each RT in the system, the bus over which it has been communicating, and the health of each of the RTs as indicated by its status words, is recorded. This table is updated once per major cycle.

To facilitate detecting changes in the status of the RTs in the system, an ability to interrupt on success or failure of a bus transaction has been included in the 1553 Bus Interface (Bl). This feature is controlled by the host CPU. By controlling which case the Bl will interrupt on, the host CPU can prevent the Bl from continually notifying it that the RT has failed to respond. Once the failure is noted, the CPU will tell the Blto interrupt only when that RT starts responding again. This notification of change of state, rather than a constant reminder of something the CPU already knows, should significantly reduce the overhead in the CPU when a failure does occur.

Step 3 requires the bus controller to evaluate the 1553 status table to determine whether it should remain bus controller or revert to the RT mode and allow the BC next in line to attempt to take over. To determine this, the logic shown below and in Figure 2‑30 must be evaluated once every major cycle:

IF (BC is/was capable of communicating with all SCNS LRUs) THEN

Stay BC
ELSEIF (BC can communicate with no SCNS LRUs) THEN

Become Isolated BC
ELSEIF (BC can communicate with all previously communicating RTs) THEN

Stay BC
ELSEIF (BC can communicate with at least one RT on each bus) THEN

Stay BC
ELSEIF (none of the responding RTs are IDCUs) THEN

Stay BC
ELSE

Become RT
ENDIF
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Figure 2-30.  Fault Determination Logic

The “Become RT” statement generates the BC fail event in Table 2‑49.

A summary of the discussions and reasoning behind this logic follows:

A fault manifests itself as the inability of the BC to communicate with one or more RTs. If the current bus controller can communicate on both buses, any fault cannot be in the bus controller and therefore must be with the bus or the RT(s). If no communication can be established on one of the buses, but there is some communication on the other bus, then the BC has a high probability of a failure on the no communications bus. The other much lower probability option is that all remote terminals have failed on that bus. If the LRUs on the bus include only one IDCU, it must remain BC, as there is no one to which control can be transferred. If another IDCU is on the bus, it may be more capable than the current IDCU. Therefore, we transfer control.

Step 4 is to ensure that all potential bus controllers have a chance to take control in the event of multiple failures. The 5-second wait period ensures that the IDCU with the longest timeout (600 ms) has a chance to become bus controller.

6.1.2  Synchronization. Once the bus controller has been established and the system is running, synchronization must be maintained. The SCNS system consists of several processors running totally independent of each other. Thus, over a period of time they will tend to drift apart due to differences in clock frequencies. Since each of the processors is executing identical processes and calculating the same solutions, there must be some method of maintaining both data and timing synchronization among all processors.

When considering synchronization schemes, the techniques used to communicate between processors must be considered. In the case of SCNS, all interprocessor communications takes place on the MIL-STD-1553 data bus. Communications on this bus are mostly synchronous in nature because message time slots are preassigned, and a specified message will always be transmitted at this time, whether or not data exists. This is contrasted to an asynchronous system where messages are transmitted on demand, with no consideration given to any particular time slot.

With a synchronous system we can guarantee that all devices on the bus will be involved in a communication transaction during a defined period by properly structuring the message list which determines when each device is communicated with. This permits us to use a relatively simple synchronization technique.

6.1.2.1  Data. In the SCNS system, data is classified into two types: real-time data and housekeeping data. Real-time data consists of data collected from the various data sources on the aircraft and is time dependent. Housekeeping data is data passed between the various IDCUs and the BICU, which is not highly time-dependent and does not need to be associated with a particular time. For a more detailed discussion of real-time and housekeeping messages, see CA1047-001D.

Data synchronization is accomplished by having all processes which utilize real-time data be data driven. The bus controller is responsible for providing data to these processes at the required rate. The bus controller collects all real-time data from devices such as the INU, the DVS, the TACAN, and the VOR and distributes copies of this data to each of the IDCUs, thus ensuring that all processes have the same data to work with at the same time.

6.1.2.2  Time. Time synchronization is accomplished by having all IDCUs keep two time values: a base time which is the time at which the system bus controller started operating, and an incremental time which represents the time elapsed since the bus controller started operating.

On power-up, all IDCUs shall zero both the incremental and the base time. Upon assuming the bus controller mode, the BC shall start incrementing the incremental time. This incremental time is appended to all real-time messages transmitted to other IDCUs by the bus controller. When a real-time message is received by an RT, it shall take the time stamp out of the message and place it in its incremental time variable. This assures that all IDCUs have the same incremental time as long as all IDCUs receive the same real-time messages.

When a TOD is entered by an operator, the IDCU into which the TOD was entered subtracts the incremental time from the TOD and enters this time into the base-time variable. This base time is passed to the BC with the next housekeeping message transaction. The BC then distributes the base time to all IDCUs via the housekeeping messages. System time then is (basetime plus incremental time). Since all IDCUs have the same base time and the incremental time is controlled by the BC, time will be consistent throughout the system.

6.1.3  Glitch Recovery. A glitch is the momentary removal of power from an IDCU. This can happen for a variety of reasons, including switching of power buses as happens at engine start when the power buses are switched from the Auxiliary Power Unit (APU) to the engine-driven generators. The duration of the glitch may be from a few milliseconds to 
5 seconds. After 5±3.5 seconds the glitch is assumed to be a planned power-down.

On power-up after a glitch, the IDCU must determine from the glitch detection hardware how long it has been down. If this time is less than 5±3.5 seconds, a warm start is performed. If it is greater than 5±3.5 seconds, a cold start is performed.

6.1.3.1  Busy Bit. Transmission of data between processors always requires some form of protocol and handshaking to ensure that data is properly received and not overwritten. During normal operation in SCNS, the protocols are taken care of by the 1553 data bus controller. The overwrite problem is solved by using several subaddresses and proper structuring of the command list. However, during glitch recovery, the overwrite problem exists because all transfers are done to the same subaddress at a high rate, where it is possible for the receiving RT to not have enough time between transfers to move and replace the receiving buffer. This problem can be solved by use of the busy bit.

When engaged in glitch recovery, the receiving RT will enable the use of the busy bit. When the use of the busy bit is enabled, the RT, upon receiving a command, will return the clear status word and then set the busy bit in the status word. If another command is received, the returned status word will have the busy bit set, indicating the RT is busy and cannot respond to the command and has thrown away the data associated with the command. When the RT has moved the receiving buffer and replaced it with an empty one, it will reset the busy bit. The result of this is that whenever the BC receives a status word with the busy bit set, it will retransmit the command. This will continue until a status word indicating a successful transfer has been received or a maximum of 10 consecutive busy bits received where upon the recovering RT will be declared failed.

6.1.3.2  Remote Terminal. Upon any power-up sequence, the RT will indicate that it requires recovery by setting its service request bit. Upon receiving a recovery in progress message, it will transition to a recover state and enable the use of the busy bit. It will stay in the recovery state and leave its service request bit set until it is told by the bus controller that the recovery is complete. During this time the RT will process only recovery data, ignoring any other transactions.

If no message is received within the standard time-outs, prior to the receipt of the recovery in progress message, the RT will execute the normal take bus control sequence. This allows an RT that has decided it needs recovery, but is the only candidate for bus controller in the system, to become bus controller. This could happen if there were three IDCUs in the system, and two glitched due to a power transient on the power bus. The bus controller then fails while recovering one, leaving the other as the only legitimate bus control candidate.

Leaving the service request bit set until recovery is complete covers the case where a bus controller fails during the recovery process. In this case, the bus controller that takes over after the failure will detect the RT’s service request bit and repeat the recovery.

The requesting RT will handle the incoming recovery messages in the same manner as any other message, except that during recovery it is necessary to clear the busy bit as soon as the message buffer pointer has been replaced. Clearing the busy bit indicates to the 1553 Bl that it is safe to receive another message.

6.1.3.3  Bus Controller. Upon receiving a status word from an RT in which the service request bit is set, the BC shall queue the request for service for later processing and continue processing the current command list. When the command list processing for the minor cycle is complete, the BC shall enter a glitch recovery state. No other bus traffic will be processed until the recovery is complete for the requesting IDCU(s). During this time, the BC must send a null message to each of the other IDCUs to prevent it from deciding that the BC has failed and is trying to take over the BC function. These messages should be sent once for approximately every 10 recovery messages sent.

At this point, it is necessary to temporarily stop the navigation and steering solution processing in all IDCUs for the duration of the update process, a maximum of 1.2 seconds worst case to recover three IDCUs, to prevent the nav solutions in the operating IDCUs from getting ahead of the solution in the recovering IDCU(s). Stopping the solution processing for this period of time will result in very minor short-term errors which will be corrected within 30 seconds to a minute after resumption of processing. The Kalman filter will be able to recognize that it has missed 1.2 seconds of data via the time stamps in the data message and will be able to do the appropriate interpolations, as will the independent INU and Doppler solutions.

The displays should not notice the lack of data unless the aircraft is turning at the point where the recovery occurs. In this case, a jump of 5 to 6 degrees on the heading display might be observed, provided the turn is very tight.

A total steering solution comes from 2-3 different LRUs, depending on whether it is solution A or B. The data to compute the various portions of the solution comes from the data solution in the LRU computing that particular parameter. If the solutions are not forced to be identical, it may be possible to get some misleading indications on the instruments. Also, since we detect possible memory errors by comparing steering solutions from the individual LRUs, if the solutions are not the same, we run the risk of reinitializing an LRU which has just been reinitialized. This could result in a good LRU being declared ‘failed’.

A ‘reset nav solution’ transaction is sent to all IDCUs. This causes the nav solution processes to reset to the state they are in at the beginning of the major cycle, throwing away the results of the calculations that were made during the present cycle.

The BC shall then request the data shown in Table 2‑50 from each of the functions that handles such data. This data must be the data that was valid at the beginning of the last major cycle. These functions shall post this data to a glitch recovery queue and set a recovery complete flag for that function when all data has been posted. This data should be available almost immediately, except in the case of the Nav Management Function. If the glitch occurred during the time the Nav Management Function was calculating a Doppler update, approximately 90 percent of the data would be available almost immediately. The remaining 10 percent may be delayed up to 400 ms. The 1553 Bl shall transmit this data to the recovering IDCU as it is received at the recovery queue. If there is more than one recovering IDCU, as there will be after a power-up, the IDCUs will be recovered sequentially.

Table 2-50.  Glitch Recovery Messages

SCNS SOFTWARE FUNCTION
MESSAGE COUNT MIN — MAX
FUNCTION NOTIFIED VIA
DELAY IN
MSG TRANSMISSION

Radio Management (RO)
5 - 5
Procedure Call
No

Flight Plan (FP)
168 - 168
Message Queued
No

Built-in Test (BT)
3 - 3
Procedure Call
No

Navigation Management (NM)
40 - 60
Message Queued
Yes
(39 of 58 msgs
may be delayed)

Rendezvous (RD)
1 -1
Message Queued
No

Search and Rescue (SR)
2 - 2
Procedure Call
No

Airdrop (AD)
2 - 2
Message Queued
No

Airborne Radar Approach (AA)
1 - 1
Procedure Call
No

Tape Recorder (TR)
11 - 11
Message Queued
No

Radar Management (RR)
1 - 1
Procedure Call
No

Celestial Navigation (CN)
1 - 1
Procedure Call
No

Total
235 - 255

(39 of 255 msgs
may be delayed)

There are two methods which could be used for sending the recovery data to the recovering IDCU. The first (see Figures 2-31 and 2-32) would be to build a command list of all the recovery messages and transmit the entire list at once. This method has several disadvantages:
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Figure 2-31.  Recovery Message Timing, Transmitter Process Faster Than Receiver
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Figure 2-32.  Recovery Message Timing

a.
Building a command list of all of the messages, 150 or more, would seriously deplete the processor memory pool which has approximately 100 buffers to draw from.

b.
Since all messages are going to one subaddress, the receiving IDCU needs time to move the full receiving buffer off the subaddress queue and replace it with an empty one. The messages are coming in approximately 10 microseconds apart, which is not enough time to accomplish this. This means that the message will be dropped, and the BC will have to resend it. This halves the data transfer rate, from one message every 700 microseconds to one message every 
1.5 microseconds.

c.
Because the service request bit is set, the processor will be interrupted every message, or every 700 microseconds. This is added overhead which accomplishes nothing.

Another method (see Figures 2-32 and 2-33) would be to use a two-entry command list, consisting of one ‘receive data’ command and a halt command. The BC would get a message from the recovery queue, send it, and suspend. When the transmission was complete, the Bl would interrupt the CPU, causing the 1553 task to run again and thus return the transmitted buffer to the message buffer pool, get a new message from the queue, send it, and again suspend. This would continue until the task found the ‘no more data marker’. This method has several advantages over the previous one:

a.
As the CPU sends the messages as they are received at the recovery queue, and returns them as they are transmitted, the buffer pool depletion problem is alleviated.

b.
The additional overhead of disposing of the old buffer and getting a new message allows the receiver to accomplish its tasks. By forcing the transmit task to be slightly slower than the receive task, we can assure that most of the time the receiver is ready to receive another message by the time the BC is ready to send it. This should increase the message transfer rate to approximately 1 ms per message.

During transmission, the transmitting task must keep track of how many messages have been sent and send the appropriate keep alive messages to the other IDCUs in the system.

Data will be transmitted to the requesting IDCU in a continuous manner until all data has been transmitted. The busy bit will synchronize the transmission of the data with the RT’s ability to receive. When all the data has been transmitted, the BC shall send a message (the synchronize mode code) to the RT, indicating that recovery is complete.

When recovery is complete, the BC shall return to its normal mode of processing. At the beginning of the next major cycle, the BC will acquire and distribute a new set of real-time data. This will start the nav processes again. This process is repeated each time a status word with the service request bit set is received.
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Figure 2-33.  Recovery Message Timing, Receiver Process Faster Than Transmitter

6.1.3.4  IDCU Data. The amount of data which must be transferred to an IDCU during glitch recovery is shown in Table 2‑50. All of the data can be transferred in approximately 256 messages.

Assuming that each message requires 1 ms to transmit, the entire recovery will take approximately 260 ms.

6.1.3.5  Recovery Times. Observing Figures 2-34, 2-35, and 2-36, it will be seen that recovering one IDCU can take from one to two major cycles, depending upon where the service request bit was detected. Recovering two IDCUs will take four major cycles, and recovering three could take up to five major cycles. If the recovery starts while the nav management task is doing a Doppler update (see Figure 2‑37), the recovery could take up to an additional 400 ms over the previous numbers. Doppler updates occur only once every 
5 seconds, so the probability of a glitch occurring during this time is fairly small 
(<10 percent). This means that in the worst case, recovering three IDCUs during a Doppler update, the navigation solution would have to extrapolate 1.4 seconds after all systems recovered.
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Figure 2-34.  Recovery Timing, 1 IDCU
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Figure 2-35.  Recovery Timing, 2 IDCUs
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Figure 2-36.  Recovery Timing, 3 IDCUs
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Figure 2-37.  Recovery Timing, 3 IDCUs, Glitch Occurred During DOP Update

6.1.4  Error Detection. Detection of memory errors in SCNS is accomplished by doing a comparison of a test solution computed by each of the IDCUs. The test solution will be computed using the same data as is used in the steering solution calculations and will produce the same data types; however, to ensure all IDCUs are calculating the same solution, the test solution will always be based on the SCNS navigation solution.

This set of test solutions will be computed upon command from the bus controller, and the comparisons will be done by the bus controller. The calculations and comparisons will be made at periodic intervals, such as every 5 seconds (see Figure 2‑38). If the bus controller detects an error in one of the solutions, it will command the affected IDCU to go to the recovery mode. The commanded IDCU will set its service request bit, and recovery will proceed as described above. If the bus controller detects two consecutive errors from the same RT, it will command the RT to remove itself from the 1553 data bus. This is done because two consecutive errors in an IDCU indicate a hard memory failure, and the solutions produced by the IDCU cannot be trusted. The IDCU will be permitted to manage local functions such as tuning connected radios as long as it as capable. In the case where the bus controller cannot determine who is in error because all solutions are different or a tie exists, the bus controller will be assumed to be correct (see Table 2‑51).

Table 2-51.  Error Recovery

CONDITIONS
ACTIONS

All solutions agree
None

1 solution differs
Send recover command to offending RT

Majority agree
Send recover command to minority

Tie or all different
BC recovers all

BC different
BC becomes RT and Recovered

If the bus controller determines it is the one at fault, it will set its service request bit and revert to the RT mode. This will force the next IDCU in line to assume the roll of bus controller. The new bus controller will now recover the faulty IDCU in the manner outlined above.
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Figure 2-38.  Error Detection Timing







� All flight director computers in the FCS-105 are functionally equivalent to the FD-109 flight director, although because different air data controls (590A-3J1 vs 590A-3J) are used on some, they are not referred to as FD-109.


� For aircraft with dual INUs, these modes are SCNS, GPS, INS 1, INS 2


� A failure mode exists where if an IDCU can transmit but not receive, and the current BC is just “downstream” in priority, it will attempt to become BC, since it hears no bus traffic, and its BCA input is not set. Of course, as BC it will not hear any responses from RTs, and will become an RT. The cycle repeats itself until the IDCU “upstream” from the faulty one becomes BC. The BCA will then be set to the faulty IDCU, and it will transition to the Isolated BC state. The 5 seconds was chosen because it is the update interval to the Kalman filter. Until the system settles down, only one “hiccup” per Kalman filter update interval will be seen.
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