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1 INTRODUCTION

The M3 Pilot’s Guide describes the capabilities and enhancements being added to the
baseline M2 F-16A/B Mid-Life Update (MLU) configuration to form the MLU M3 configura-
tion. During flight testing, three Operational Flight Program (OFP) tapes (M3.1, M3.2, and
M3.3) were introduced in phases with each succeeding tape including the features of the pre-
ceding tape. The M3.3 tape is the last flight test tape and became the M3 production tape OFP.

This M3 Pilot’s Guide focuses primarily on integrating the Helmet Mounted Cueing
System (HMCS), Inertially Aided Munition capabilities, Link 16, and selected cockpit mech-
anization enhancements. It also includes descriptions of new sub-systems and capability
enhancements, updated operating procedures and revised ancillary data applicable to the M3
update. To keep the contents of this book short and concise, knowledge of the M2 F-16A/B
Mid-Life Update cockpit operations is assumed.

For a complete aircraft level MLU avionics description, please refer to appropriate
Technical Order (T.O.) publications such as:

T.O. IF-16AM-1, “Flight Manual,” and
T.O. 1F-16AM-34-1-1 “Avionics and Nonnuclear Weapons Delivery Flight Manual.”

The M3 Pilot’s Guide is organized into nine major sections plus two appendices and an
index. The following is a brief summary of each section, appendix, and index.
1. Introduction - Introduction to the M3 Pilot Guide.
General - Contains topics in alphabetic order that do not fit into other cate-
gories.
3. Air-to-Air - Contains air-to-air topics in alphabetic order.

Air-to-Ground - Contains air-to-ground topics in alphabetic order.

5. Defensive Avionics - Contains Electronic Warfare Management System
and Carapace updates as well as integration of a Missile Warning System
into EPAF pylons.

6. Helmet Mounted Cueing System - This is a stand-alone section that
includes a description of the Helmet Mounted Cueing System as well as
topics on basic operation, initialization, air-to-ground operations, air-to-air
operations, etc.

7. Inertially Aided Munitions - This is a stand-alone section that includes a
description of Inertially Aided Munitions, inventory loading, downloading
DTC data, Stores Management System (SMS) pages, Head-Up Display
(HUD) symbology, etc.

8. Link 16 - This is a stand-alone section that includes a description of the
Link 16 system, integration of the Multifunction Information Distribution
System (MIDS) that provides the Link 16 capability, initialization, air-to-
air operation, air-to-ground operations, command and control aspects, Hor-
izontal Situation Display (HSD) and Fire Control Radar (FCR) display
options, etc.

9. Navigation - This section includes topics on the Link 16 TACAN function-
ality and the new Electronic Horizontal Situation Indicator.

>
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10. Appendix A - This appendix includes Data Entry Display (DED) pages.

11. Appendix B- This appendix includes abbreviations and acronyms used in
the Pilot Guide.

12. Index - An index is included to aid in finding topics within the Pilot Guide.

The purpose of this Pilot Guide is to help you, the pilot, understand the new capabili-
ties and mechanizations as you transition to the M3 upgrade.

Written comments regarding this Pilot Guide should be sent to:

Lockheed Martin Aeronautics Company

P.O. Box 748

Fort Worth, Texas 76101

Attn: F-16 Pilot-Vehicle Interface Team Lead
Mail Zone 5991

Introduction 2
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2 GENERAL

16PR16226

The following general avionics changes have been incorporated with the M3 configu-

ration:
* Data Transfer Equipment Changes
* EPU Procedures
* Fuel Flow Rate Sensor Failure
* Head-Up Display Changes
*  Multifunction Display Set Symbology
» Steerpoint Enhancements
* Time-to-Go Data
* Voice and Data Recorder Update

DATA TRANSFER EQUIPMENT CHANGES

DTC Aircraft Configuration Mismatch

The system allows data from a Data Transfer Cartridge (DTC) to be loaded only if the
DTC ID matches the software configuration of the aircraft into which the DTC is inserted.
This DTC ID is specific to the program and production tape, so that DTCs from the same pro-
gram but different production tapes are not interchangeable.

If a non-matching DTC is inserted into the air-
craft, the MFDS will not display the file-set mnemon-
ics on the DTE page. This prevents loading data from
the DTC. After the matching DTC is inserted, the
MFDS displays the DTC ID on the DTE page (Figure
2-1).

Elint Load

If the pilot has selected an ELINT load or a
load-all from the DTE page, the MMC loads all files
in the ELINT file set on receipt of that command,
except for the ALIC ELINT data. The MMC will only
load the ALIC ELINT data after all ALICs have com-
pleted BIT.

Mission Planning Data Load Error
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Figure 2-1 DTC ID

The MFDS will set the steerpoint type to “Blank™ for steerpoints 1-25 and 31-70, if a

DTE Mission Planning Data (MPD) load error occurs.
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EPU PROCEDURES

Flight test experience has shown that power spikes occurring during emergency power
unit (EPU) checks have resulted in subsystem failures, loss of DTC-loaded data, and loss of
selected system settings.

Caution:

Performing EPU checks after avionics power is turned on may result in subsystem failures, loss of
DTC-loaded data, and loss of selected system settings. Recommend that EPU check be performed prior to
turning on avionic systems.

FUEL RATE SENSOR FAILURE

The Range (RNG), Homepoint (HOME), and Endurance (EDR) cruise options have
been changed to display dashed fuel data windows on the DED when a fuel flow rate sensor
failure condition exists (i.e., the synchro conversion fails).

As seen in Figure 2-2, dashes Page Selection Rotary:
are displayed in the Fuel at Steer- / (TOS, RNG, HOME, EDR)
point window on the Cruise Energy CRUS ZIRNGT
Management (CRUS) RNG page. crus RNG Page e Y
Dashes are displayed in the Fuel at

Home window on the CRUS HOME

WIND 250°  35KTS

page, and dashes are displayed in the CRUS (HOMEE: e o ares
Time to Bingo window on the CRUS CRUS HOME Page #EEI --i.'.-._gs' Dashed Fuel
ata Windows
EDR page. Note, the LBS labels and OPT ALT 36100FT
. ! WIND 250°  35KTS
colons remain in the fuel data win-
dows during the fuel flow rate sensor CRUS ZEDRE
. STPT 11
failure. CRUS EDR Page TO BNGO —-i-vie-'

OPT MACH 0.35

WIND 250°  35KTS

Figure 2-2 Cruise Indications with Fuel Rate Sen-
sor Failure

HEAD-UP DISPLAY CHANGES

HUD Window For Increased Steerpoint Numbers

HUD window #14 was changed to allow the display of the increased range of Steer-
point (STPT) numbers. When the steerpoint number is less than 10, the STPT number is pre-
ceeded by a leading zero and the third digit is a blank (02_). When the STPT number is
between 10 and 99, the STPT number is displayed followed by a blank (25_). When the STPT
number is greater than 99, all three digits are displayed (127).

DBTC Whisker Symbol

The Database Terrain Cueing (DBTC) function uses the Digital Terrain Elevation Data
(DTED) and obstacle data base stored in the Digital Terrain System/Data Transfer Cartridge
(DTS/DTC) and aircraft state to provide a vertical steering cue on the HUD. The vertical
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steering cue (whiskers) assist the pilot in flying a smooth, well damped trajectory over accu-
rately registered terrain and obstacles. The DBTC whisker symbol was modified to better aid
the pilot in determining which direction is up (the longer whiskers are up). The new vertical
steering cue is shown in Figure 2-3. The vertical steering cue is not supported in any MMC
degraded level/state.

Old DBTC Cue New DBTC Cue
Longer Whiskers Are Up

> < =T

Figure 2-3 Old vs. New DBTC Whisker Symbols

Desired Airspeed Caret for Cruise TOS

When the cruise Time-Over-Steerpoint (TOS) mode is selected, the desired airspeed
caret is display limited between 70 and 1,700 knots. The caret is no longer blanked if the con-
verted airspeed is below 70 knots. When the desired airspeed value is above or below the scale
limit values, the caret is now displayed at the appropriate extreme end of the airspeed scale.

Bull’s-eye Display in FCR A-G Mode

Ownship bull’s-eye information will be displayed in the lower left portion of the HUD
when in the FCR A-G mode (Identical to FCR A-A mode).

MULTIFUNCTION DISPLAY SET SYMBOLOGY

A few changes have been made to the F-16 symbology priority, masking, and color.
Additionally, an automatic declutter function is included. Link 16 symbology is determined
by sovereignty and is described in more detail in the Link 16 section.

Summary of Changes from M2

AMRAAM flyouts are no longer color loadable (e.g., does not change color when it
goes active and/or time-out). A new symbol (FCR slash) was created for AMRAAM medium
PRF. The slash color is coupled to the color of the FCR kill X. The TOI circle color is now
DTC loadable.

Target of Interest Circle

The target of interest circle (indicating a bugged target) has been increased in diameter
to 26 pixels (~0.22 inches) for enclosing non-team member symbols and to 34 pixels (~0.28
inches) for enclosing the enlarged team member symbols. The circle size was increased to
prevent obscuring symbology such as the “tail” for an AMRAAM shot.

General 5
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STEERPOINT ENHANCEMENTS

The number of steerpoints supported by the MMC has increased to 127, to accommo-
date additional requirements. DED, MFDS, and HMCS formats are modified to display up to
3-digit steerpoint numbers. Steerpoint allocations are listed in Table 2-1.

Table 2-1 Steerpoint Allocations

Sltjelf::[;);:t Steerpoint Type
1-25 Nav Routes (Steerpoints 21 through 25 can be UTM origins)
26-30 Markpoints
31-55 Geographic Lines
56-70 Preplanned Threats
71-80 DL Markpoints, IDM SEAD, DL Penguin Targets, DL CAS IPs, or DL CAS TGTs
81-89 Penguin Targets
90-99 Carapace Steerpoints
100-104 Friendly/neutral Link 16 ground/maritime surveillance/PPLI tracks closest to the SPI.
105-106 Assigned ground tracks
107-127 Ground/maritime surveillance tracks other than known friend or neutral

Steerpoints 100-127 are designed to be used as Link 16 steerpoints. These steerpoints
may not be entered through mission planning, but they may be entered through the UFC.
However, received Link 16 messages will overwrite manually entered data in these steer-
points.

TIME-TO-GO DATA

Time-to-go data displayed on various MFD formats (e.g., FCR pages, TGP pages, etc.)
will be displayed whether cruise time-over-steerpoint (TOS) is selected or not. Time-to-go
data includes the following:

1. Time to destination

2. Time to go to pull-up (for loft deliveries)
3. Time to go to release

4. Time to go until impact (for LGBs)

There are no changes in HUD time displays: time-of-arrival is displayed when cruise
TOS is selected, and time-to-go is displayed when cruise TOS is not selected.

This change provides more information for the pilot when cruise TOS is selected by
displaying time-of-arrival in the HUD and time-to-go on the MFD. When cruise TOS is not
selected the HUD and MFD will both display time-to-go data.

LGB time-until-release (TUR)/time-until-impact (TUI) will now also be displayed on
TGP format with TOS mode-selected.

General 6
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VOICE AND DATA RECORDER UPDATE

The F-16 supports an Autonomous Air Combat Maneuvering Instrumentation
(AACMI) capability by making aircraft data available for recording by Mux bus monitors.
The AACMI data includes the ACMI Expanded Interface, RADA Flight Fatigue Analyzer/Air
Combat Evaluator (FACE) system interface, Global Positioning Set (GPS) Universal Coordi-
nated Time (UTC) and chaff/flare indications.

The avionic system provides aircraft/mission data recording on a multiplex bus to sup-
port the AACMI capability. The AACMI function is enabled/disabled via the Upfront Con-
trols (UFC). DTS data parameters were added to existing AACMI data blocks so it can be sent
out on the C-Mux. The data is monitored by the FACE subsystem on the C-Mux. The FACE
then sends this data to the Voice and Data Recorder (VADR) to be recorded (VADR is only
available when a DTC is loaded in the jet).

The VADR subsystem operation is tied to the AACMI Record function, Figure 2-4.
The AACMI DED pages can be accessed via the LIST page by depressing FIX key 8 on the
UFC. Press the data control switch down to move the cursors over the AACMI RECORD and
depress mode select (M-SEL) to turn the recorder on/off by highlighting/dehighlighting
AACMI RECORD. After an MMC OFP Load, the AACMI Record function defaults to OFF.
After MMC power cycles on the ground and in the air, the Record function will be defaulted
to last-left

A
A
» RN gSEQ

MODE A-A

FIDEST V:BNGO EVIP
NaV EMAN [CINS
7 EMODE EVRP

'AACMI RECORDE:

MODE TA-AT MODE A-A

AACMI RECORD — HAACMI RECORD

Figure 2-4 AACMI RECORD Access
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3 AIR-TO-AIR

The following topics describe Air-to-Air (A-A) enhancements incorporated into M3:
* A-A Missile Hands-On LOS Selection
* ACM BORE Range Increase
* AIFF IJAM in Expand
* AIM-9 Correlation Symbology
*  AMRAAM Enhancements
* DLZ and the Time/Range Color Match
* Enhanced Envelope Gunsight
*  FCR LOS Dependency Change
+ FCR TOI Stepping
* Symbology Blanking in VID Mode
* TGP Air-to-Air Changes

A-A MISSILE HANDS-ON LOS SELECTION

With an AIM-9L/M or AIM-120 selected, the cursor-Z axis operates as a “deadman”
switch, meaning for as long as the switch is depressed and held, the avionic system will
change the commanded missile LOS to the opposite state (BORE or SLAVE). After release of
cursor Z, the avionic system will change the commanded missile LOS back to its original state
before cursor Z was depressed.

ACM BORE RANGE INCREASE

The selectable ranges for the APG-66(V2) radar, in ACM BORE, have been increased
from 5 and 10 nautical miles (nm) to 5, 10, 20, and 40 nm. The default is the 20-nm range
scale on initial entry. On re-entry the range scale is the "last-left" range scale. Radar parame-
ters for 20 and 40 nm ranges are the same as used with the 10-nm range.

For clarification, the specifics as to the criteria for blanking and controlling the range
INC/DEC labels are defined in Table 3-1. When the range is 5 nm, only the increment range
symbol (small triangle) is displayed on the MFDS FCR ACM page (baseline). When the range
is either 10 or 20 nm, both the increment and decrement range symbols are displayed. When
the range is 40 nm, only the decrement range symbol is displayed.

Table 3-1 Radar Specific Implementation for ACM

APG-66(V2) ACM Conditions

BORE BORE BORE Not BORE BORE BORE
Not STT Not STT Not STT Not STT Not STT STT
A A A
40 20 10 10 S XX

\Y4 \4 \Y4 \Y4
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The ACM BORE range symbols are demonstrated in Figure 3-1. The FCR auto range-
scale-changing mechanization is operational for the 20 and 40 nm ranges: Once the radar
acquires a target while in ACM-Bore, the radar enters Single Target Track (STT) on that target
and automatically controls the range setting as the tracked target changes range relative to the
aircraft. During ACM-Bore while in STT, the range increment and decrement symbols are
blanked. When in an ACM submode other than Bore, the maximum range scale is 10 nautical

miles.
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Figure 3-1 Changing ACM Bore Ranges
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AIFF CHANGES

1JAM in Expand

The AIFF jamming symbology on the A-A FCR display is removed from the display
when in the FCR expand mode.

AIFF Interrogation Hands-On Timing Changes

During the initiation of an AIFF interrogation, the timeline for depressing the TMS-
left prior to M3 was <0.5 seconds to command a SCAN interrogation and TMS-left for 0.5
second to command a Line Of Sight (LOS) interrogation. However, to change Link 16 trans-
missions to the upper antenna requires a minimum of 0.6 seconds. As a result of this change a
SCAN interrogation is commanded by a TMS-left of <0.6 seconds, and an LOS interrogation
is commanded by a TMS-left of > 0.6 seconds. The timeline change results in a constant delay
of 0.6 seconds before commanding a SCAN/LOS interrogation.

AIM-9 CORRELATION SYMBOLOGY

Refer to Figure 3-2 for AIM-9 correlation indications on FCR and TGP target locator
lines (TLLs) displayed on the HUD or Helmet Mounted Cueing System (HMCS).

e

FCRTOI FCR TOI WITH CAGED FCR TOI WITH AN UNCAGED,
(NON-CORRELATED TARGET) CORRELATED AIM-9 CORRELATED AIM-9

| FCR Target Locator Lines |

,/I/ ,/’ ,’1
TGP TRACKING TGP TRACKING WHILE TGP TRACKING WHILE
WHILE SOI SOI WITH A CAGED AND  SOI WITH AN UNCAGED
CORRELATED AIM-9 AND CORRELATED AIM-9

| TGP Target Locator Lines |

Figure 3-2 Target Locator Lines

When an AIM-9 is caged and is correlated to a TLL, a single arrowhead is displayed
on both the HMCS and HUD at the end of the associated FCR or TGP TLL.

When an AIM-9 is uncaged and is correlated to a TLL, a double arrowhead is dis-
played on both the HMCS and HUD at the end of the associated FCR or TGP TLL.

Air-to-Air 10
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Note
Since this capability effectively is overlaying multiple TLLs to create the double arrowhead for correlation on
the HMCS, the double arrowhead TLL on the HMCS will appear brighter to the pilot.

AMRAAM ENHANCEMENTS

Advanced Medium Range Air-to-Air Missile (AMRAAM) employment has been
enhanced with the improvement of the Velocity Simulation (VSIM) flyout model, used for
various Dynamic Launch Zone calculations. Also an improved lose algorithm, improved Ry;

and R calculations, a Digital Maneuvering Cue (DMC), Loft Angle, more consistent BORE

launch indications, an additional Medium Pulse Repetition Frequency (MPRF) indication, and
other improvements were added.

VSIM Flyout Model Enhancements

The VSIM flyout model is described to provide pilots with a better understanding of
capabilities and limitations of models used to support AMRAAM Dynamic Launch Zone cal-
culations.

The VSIM model is a modified 3 degree-of-freedom flyout simulation that uses mis-
sile thrust, drag, aerodynamics data, and missile guidance modeling to calculate missile posi-
tion and velocity.

The following are modifications made to the VSIM model:

1.Lofting Algorithm - The lofting algorithm was prematurely ending its lofting
maneuver and was revised to correctly model the loft of the missile.

2.Azimuth and Elevation Rate Corrections - Both the azimuth and elevation rate along
the Line of Sight (LOS), which are used in proportional navigation guidance, were calculated
in error and were corrected.

3.Coordinate System Rotation Corrections - The coordinate transformation of the
guidance commands from LOS frame to missile body frame was in error and was corrected.

4.Missile Speed Calculations - VSIM used a curve fit to determine missile speed based
on F-16 Mach, vertical lead, an altitude-time factor, current missile altitude, current target
range, and elapsed time. The curve fit method was replaced by a time integration technique
using missile thrust, drag, and aerodynamic data with the current missile conditions and guid-
ance.

5.Termination Criteria Checking - The ability to check minimum g's available was
added. Also, post-launch missile calculations use nominal termination criteria while the pre-
launch R;; and R zones use "high quality" termination criteria. VSIM was modified to add

the option of using "high quality" termination criteria.

AMRAAM Lose Cues

Prior to the M3 update, the five pre-launch zones, R Rypis R

aero> Thopts Thpi» Rtr’ and Rmina
calculated using a curve fit, whereas the missile time-of-flight (TOF) and post-launch lose cue
were calculated using the VSIM flyout model. Because two different methods were used to
determine Ry; and lose cue, there could be disagreement between the results. This led to situa-

WwWCEre
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tions where a target would be within the R,,; zone prior to missile launch, but would return a

lose cue immediately after missile launch. This became known as the "Immediate Lose Cue"
problem.

To eliminate the Immediate Lose Cue anomaly, it was decided that R,; and R calcu-

lation would be coupled with the post-launch lose cue calculation. This was done by using the
VSIM flyout model for the R;; and R, calculations instead of a curve fit.

After implementing this change, no unexplained lose cues and/or blinking of A-Pole/
F-Pole pre-launch cues were observed during flight testing.

Improved R, and R, Calculations

opt

As previously noted, Ry,; and R, calculations prior to the M3 update were calculated
with a curve fit. In order to eliminate the Immediate Lose Cue problem, R,,; and R, calcula-
tions were coupled to the post-launch lose cue calculations in the M3 update. The R,,; and R,
search algorithms are identical except for using an optimized horizontal and vertical lead in
Ropt- The Ry,; search algorithm varies the target range while maintaining F-16 altitude, F-16
Mach, target altitude, target Mach, target aspect, horizontal lead, and vertical lead constant.
For each target range, the R,; search algorithm uses the VSIM flyout model to determine if
that particular scenario results in a hit or miss according to "high quality" termination criteria.
The search algorithm varies the target range according to a bisection method to determine the
R,; zone value. The Immediate Lose Cue problem is eliminated since both the pre-launch Ry

and post-launch lose cue calculations use the same flyout model.

Digital Maneuvering Cue and Loft Angle

A Digital Maneuvering Cue (DMC) was added to the AMRAAM DLZ algorithm after
the changes previously described. DMC is defined as the heading change the target needs to
make to degrade the AMRAAM termination criteria from "high quality" to nominal. It is only
calculated for AMRAAM when the designated target range is between Ry, and Ry;;. It is dis-

played in values from 0 deg to 180 deg in 10-deg steps. A reported DMC of 0 deg indicates
that any change in heading by the target away from the F-16 will degrade the termination cri-
teria from high to nominal, while a DMC of 20 deg, for example, means the target must turn at
least 20 degrees to degrade the termination criteria. If the DMC calculations determine that a
target can change to tail aspect without degrading the termination criteria, a DMC value of
180 is displayed.

The loft angle is displayed, similar to M2, but in a different position (described in the
next section) and with a degree symbol included to make it more intuitive. When a DMC solu-
tion exists, a loft solution is not displayed (the two functions are mutually exclusive). Figure
3-3 illustrates typical HUD and MFD DLZs with target range greater than 125% R,,,. For
M3, the HMCS will not display DMC and loft angle; plans are to provide this capability for
M4.

Air-to-Air 12
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FCR RANGE SCALE ——>
- a0

| TARGET RANGE CUE
& TGT CLOSURE

— 75% MFD HEIGHT
[ RAERO

RPI
RTR

— 25% MFD HEIGHT

0

Figure 3-3 Typical MFD and HUD AMRAAM DLZs

The FCR range scale is dropped from the

HUD display and the DLZs are expanded when the 120 ><] R 120 ><] .

: 0 : _ AERO AERO
target range is less than 125% R, (Figure 3-4). o Ror O Roor
Loft Angle Display R Re

The Loft Solution Cue represents the aircraft R
climb angle (from current aircraft position) required ® Rrr
to achieve optimum release conditions for a lofted
AMRAAM delivery. The Loft Solution Cue is dis- Rui Ruin
played as part of the AMRAAM Linear Missile HUD MFD

Scale on the HUD and MFD. Figure 3-4 Target Range is Between
The loft angle is displayed on the HUD, in 125% R ,,,, and R,,,,,
window #34 above the DLZ, when the following
conditions are met:
1. AMRAAM is the selected weapon.
2. A target is bugged.
3. The target range is less than or equal to Ry, and greater than R,;.

The loft angle is displayed as a one- or two-digit number followed by a degree symbol
(rounded to the nearest 5 degrees) when the target range is less than or equal to R, and

greater than R,; (Figure 3-5 & Figure 3-6). The loft angle is removed from the DLZ on the
HUD at Ryy;.
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35°<«—— Loft Angle 25° «—— Loft Angle
120><§AERO 120> <§AERO <1 R aero <IR acro
O ToeT > NPT 400 Ropt 15550 Roer
R p R p 30M —Rp 30M  [TRp
:| Rtr :|RTR Rtr Rrr
Rmin Rmin :|RMIN :|RMIN
HUD MFD HUD 'MFD
Figure 3-5 Target Range is Between R, Figure 3-6 Target Range is Between
and Ropt Rero and Rpi

DMC Display
The DMC is displayed on the HUD in window #43 and on the MFDS above the target
closure rate (V) (Figure 3-7) when the following conditions are met:

1. AMRAAM is the selected weapon. (The DMC is not available when
AMRAAM is not supported.)

2. A target is bugged.

3. The target range is between R,; and Ry, (at all other ranges the DMC is

blank).
The AMRAAM Simulation Pro-

gram (ASP) version 6.0 was used to DMC < EAERO <IRaero
develop a curve-fit algorithm for determin- \ O Roer O Roer
ing the DMC value. The DMC represents 60° ~Rp 60° Ry

: . 100 > 100 >
the instantaneous heading change that the 30M 30M
target needs to make to degrade the Rrr Rrr
AMRAAM termination criteria from high A-pole
to nominal for the missile on the rail. The F-pole
range of the DMC is 0 to 180 degrees Rmin Rmin
(rounded to the nearest 10 degrees) and is — —
displayed as a one- to three-digit number HUD MFD

followed by a degree symbol. The DMC Figure 3-7 Target Range is Between R ,; and
does not increment 10 degrees until it has R

reached the next 10-degree increment. For
example, when the DMC is between 170 and 179, the DMC value displayed is 170 degrees.
When the DMC is equal to 180 degrees, it is interpreted as being a turn to “tail aspect.” The
DMC increases until it is equal to the target aspect angle at Ry,. If the target range is between
R,; and Ry, but the actual DMC value is less than 10 degrees, zero is displayed until the value

is greater than or equal to 10 degrees. When there is no move the target can make to degrade
the termination criteria from high to nominal, between R,; and Ry, on the DLZ, 180 degrees

will be displayed as the DMC solution.

tr
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The DMC is removed from the DLZ (Figure 3-8) when the target range is less than or
equal to Ry,.

. . . <IRagro <IR aero
The DMC is not displayed on the HUD if O Ropr O Ropr

any of the following conditions exist: "R R
1. Radar data is not valid. Pl Pl
2. The HUD display unit goes bad.

110> R® 110> Rm
The DMC is not displayed on the MFDS  20M 20M

under any of the following conditions: Rumin Ruin
1. Radar data is not valid.

1. The D-Mux fails. HUD MFD
> ;I;lI;eDI\_/IBIXIu(;( can not communicate on Figure 3-8 Target Range is Between
3. The MFDS fails. Ry and Ry

BORE HUD Symbology

Display of the AMRAAM Bore reticle and the missile diamond was changed to be
more consistent between ARM and SIM. The AMRAAM missile diamond and the bore reticle
are now displayed with the Master Arm switch in the ARM position regardless of whether the
Uncage switch is pressed or not (this is consistent with the SIM functionality). Previously, the
Uncage switch had to be pressed when the Master Arm switch was in the ARM position to get
the reticle and missile diamond displayed.

A RDY weapon system status will not be displayed until the pilot depresses Uncage
(Uncage must be depressed and held to maintain the RDY status).

For BORE launch in ARM or simulated BORE launch in SIM, hold Uncage switch
and depress WPN REL.

The missile diamond can be displayed on the Helmet Mounted Cueing System
(HMCS), but the bore reticle is not supported by the HMCS.

MPRF Post-Launch Cue Indication on MFD

A “flashing slash” will be drawn over the target symbol on the MFD when a slave-
launched AMRAAM missile of interest (MOI) reaches MPRF against that target. The “flash-
ing slash” symbol will be the same color as the “kill x” symbol which is DTC loadable.

DLZ AND THE TIME/RANGE COLOR MATCH

Pilots prefer that A-A DLZ symbology and time/range-associated text (Time Remain-
ing and A/F Pole Post Launch AMRAAM Range/Pre Launch AIM-9 TOF), displayed on the
MFD, match in color. Programming to provide individual mission planning for windows to
support this request was very costly, so an alternative was developed that accomplishes the
task, but with some limitations.
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The A-A DLZ color can be loaded through the DTC and the non-symbol oriented text
(the includes the time/range-associated text) can also be loaded through the DTC. The capa-
bility being provided by this update addresses when there is a mismatch between these two

colors and capabilities to meet pilot desires to match color, to the extent possible and afford-
able.

If the A-A DLZ is loaded with any color other than white, the time/range-associated
text will be display with the same color as the A-A DLZ.

If the A-A DLZ is loaded with the color white, then the time/range-associated text will
be displayed with the color loaded for non-symbol oriented text.

ENHANCED ENVELOPE GUNSIGHT

EEGS TD Box for Angle-Only Targets

With an angle-only (no range) target in Enhanced Envelope Gunsight (EEGS), and a
Gun status of Ready (RDY) or Simulate (SIM), a Target Designator (TD) box representing the
location of the angle-only target is displayed on the HUD. The TD arc and TD box are not dis-
played in EEGS training.

Note

In EEGS, with a target at a valid range and GUN status RDY or SIM, the TD Arc is displayed on the HUD to rep-
resent target location. With a target at a valid range and GUN status of SAF, the TD box is displayed to represent
target location. Also, for an angle-only (no range) target with a GUN status of RDY or SIM, the new mechaniza-
tion displays the TD box on the HUD.

Target Altitude Indication in EEGS
When in EEGS mode, the target altitude is displayed below the DLZ on the HUD.

EEGS Training Option

The EEGS training option selection will be remembered through MMC power cycles
in the air. The EEGS training option selection defaults to Off upon MMC power cycles on the
ground.

The EEGS training option will be commanded to Off when the Gun Scoring option is
turned Off or when the MFDS stops communicating with the MMC.

FCR LOS DEPENDENCY CHANGE

An A-A FCR LOS change will now depend on the SOI being on either the FCR or the
TGP format.
The MMC will slave the FCR LOS to the TGP LOS when the following occur:
1. TGP is tracking an A-A target.
2. FCRisin ACM.
3. SOl is on either FCR or TGP format.
4. TMS-right is depressed.
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FCR TOI STEPPING

Stepping the radar Target of Interest (TOI) is limited to targets that are displayed on
the currently selected FCR range scale. (This is a documentation change only to correct M2
documentation.)

SYMBOLOGY BLANKING IN VID MODE

The conditions for blanking Linear Missile Scale (LMS)-related symbology when in
Visual Identification (VID) mode has been modified.

Symbology blanked on the HUD and MFD
Refer to Figure 3-9 for VID HUD symbology.

Aim Dot VID Reticle

- Target Aspect Cue

SI205
195

: R
: = A 20 2
Target Airspeed — G o
00050 <&— Closure Rate
035505
VID Mode Indicator |

Target Altitude

Figure 3-9 HUD Display in VID Mode

When in VID mode, the following symbology will be blanked on the HUD and MFD:
1. The LMS tics and digital range scale read-out (HUD only, not displayed on

MEFD).

The target range caret and target closure rate associated with the LMS

The A-A DLZ

The AMRAAM aiming reticle and the attack steering cue

The AMRAAM loft solution cue

The AMRAAM DMC

The AMRAAM A/F-Pole pre-launch range indication

The AIM-9 time-of-flight.

© N kWD

Note
Time remaining and AMRAAM A/F-Pole post-launch range remain displayed in VID mode.
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When an AIM-9 is the selected weapon and the TGP is the SOI, the entire linear mis-
sile scale and the AIM-9 time-of-flight will be blanked on the HUD and MFD.

TGP AIR-TO AIR CHANGES

TGP Tracking Polarity

When the MMC is powered up on the ground, the MMC commands the TGP into the
default tracking polarity based upon the TGP mode. Neutral Track (NT) is the default TGP A-
G tracking polarity and White Track (WT) is the default TGP Air-to-Air (A-A) tracking polar-
ity. When the MMC powers up in the air, the MMC commands the TGP to the last-left track-
ing polarity for the selected TGP mode.

TGP Line-of-Sight

A TMS-right in ACM, slaves the TGP to the radar line-of-sight with either TGP or
FCR as SOL
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4 AIR-TO-GROUND

The following topics describe M3 Air-to-Ground (A-G) changes:
* A-G Rocket Ballistics Upgrade
* A-G Weapon Drag Status
* AIFF Interrogation Changes on A-G FCR pages
* CBU Parameter Values
* EPAF Pylon Upgrade
* Generic Weapon Arming Delay
*  Gun Strafe In-Range Value
* IDM Transmit SPI
* LANTIRN Navigation Pod
*  LANTIRN Targeting Pod Upgrade
* Markpoint Enhancements
*  Penguin Changes
* Reconnaissance Pod Generic Interface
» Target Elevation with OAP or RP
* Training Nuclear Weapon Parameter Display
*  Weapon Release Indications with Early Pullup

A-G ROCKET BALLISTICS UPGRADE

Prior to this update, ballistic data used for air-to-ground combat rockets was based on
rockets containing the Mk-40 motor. The Mk-66 motor, with higher thrust and longer range, is
now the only rocket motor used in combat. The Mk-40-equipped rockets are now used only
for training purposes. The Mk-40 ballistics data is replaced with the new Mk-66 ballistics
data; therefore there are inaccuracies in the solutions for training rockets with the Mk-40
motor. There are no changes in SMS inventory loading procedures as a result of this change.

A new Mk-66 rocket motor is incorporated into the Mk-5, M-156, M-151, Mk-61, and
M-151 training rockets to improve delivery accuracy. Operational procedures have not
changed with the new Mk-66 rocket motor.

A-G WEAPON DRAG STATUS

The drag status (e.g., LO DRAG NOSE, HI DRAG TAIL) for selected A-G weapons
is displayed on the SMS A-G WPN page with the master arm switch in any position. Previ-
ously, when master arm was in OFF or SIM, the drag status displayed was the last left drag
status determined by the MMC.

AIFF INTERROGATION CHANGES ON A-G FCR PAGES

AIFF interrogations are inhibited when the FCR is in A-G Ranging (AGR) or Situa-
tion Awareness Mode (SAM)-in-ground-map modes.

When the MFDS is displaying the FCR A/G Modes base page with Ground Moving
Target Indicator (GMTI), the Map Gain mnemonic and the Map Gain symbols are displayed
when there is no interrogation. When an interrogation is occurring, the Map Gain symbols
(upper left) and the Map Gain mnemonics (OSBs 16 and 17) will blank and the Interrogator
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Type mnemonic (M1/M2/M3/M4/M+) is displayed directly below the Interrogator Mode
(SCAN/LOS) and both labels are highlighted (Figure 4-1). The Interrogator Mode cannot be
changed via the MFDS as on the FCR A/A Modes base page. The Interrogator Type being dis-
played on the FCR A/G Modes base page show only the status of the interrogation type. When
the interrogation is over, the Interrogator Mode and the Interrogator Type are blank, and the

Map Gain mnemonic and the Map Gain symbols are displayed again.

) ®)

I

[=)
=
=

= 0

MAP GAIN
INDICATOR

DURING
INTERROGATION

>

OCo0]e
N 4

MAP GAIN
CONTROL ]

#MFCR

= O
<

W
@C’D J Dh

Figure 4-1 GMTI Format Changes During Interrogations

Note
The MMC will command the AIFF to interrogate only when the following conditions are met:
1. AIFF is communicating on the mux
2. Whenever the SOI is not on the WPN, TGP HSD with DL TOI Valid, or RECCE
3. FCR mode is not AGR, and not in SAM-In-Ground Map.
4. The HUD is not in Test Mode.

CBU PARAMETER VALUES

Arming Delay and Burst Altitude are set on the CBU-87B and CBU-89B weapons.
However, the pilot can set Burst Altitude and Arming Delay (for some options) that are used
for computing HUD cues.

For CBU-87B and CBU-89B, the Arming Delay (AD) value is not selectable for
change when NSTL is selected. On the Mission Planning System (MPS), when a CBU-87B or
CBU-89B is selected, and NSTL fuzing is selected, the arming delay is fixed at 3.00 seconds
and cannot be changed.

For certain CBU weapons (CBU-87B, and 89B), separate burst altitude (BA) values
are available for NOSE arm fuzing and NSTL fuzing. However, the DTC-loaded value will be
used as the initial default value for both NSTL and NOSE fuzing, and the pilot must manually
change one of the values to support two different BAs. After a second value is entered, the
MMC will maintain two separate BA values: one for NSTL and one for NOSE fuzing.
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EPAF PYLON UPGRADE

The avionic system supports pylons upgraded to accommodate defensive countermea-
sures and to interface with Inertially Aided Munitions (IAMs).

The following describes these pylons:

1. PIDS - The PIDS
(Pylon Integrated Dispenser Sys-
tem) is a Standard Wing Weapon
Pylon (SWWP) with an inte-
grated dispenser system (Figure
4-2). The pylon requires a hard-
ware upgrade to be IAM capable
(PIDSU). For stations 3 and 7,
select PIDS or MAU on the SMS
page for either an unmodified or
a modified IAM-capable pylon.
Select PIDS+ on the SMS page
when the pylon is MWS capable.

Figure 4-2 PIDSU Pylon

2. ECIPS - The ECIPS
(Electronic Countermeasure Inte-
grated Pylon System) isa SWWP
with a Jammer installed, instead
of Chaff dispensers. The pylon
requires a hardware upgrade to
be IAM capable (ECIPSU). For
stations 3 and 7, select MAUQ
on the SMS page for either an
unmodified or a modified IAM-
capable pylon. Select MAUQ+
on the SMS page when the pylon
is MWS capable.

The aircraft is only IAM Figure 4-3 ECIPSU Pylon
compatible through stations 3/7
which are MIL-STD 1760 capa-
ble.

Air-to-Ground 21



16PR16226

Table 4-1 is a summary of pylon compatibilities. Flares may not be carried on any of

these pylons.
Table 4-1 Pylon Compatibility

Pylon SMS Name | Jammer MWS Chaff IAM
SWwWp MAU No No No No
SWWP with 1760 MAU No No No Yes
PIDS (-3) PIDS No No 23 No
PIDS-3 with 1760 PIDS No No 3 Yes
PIDSU PIDS No Provisions for MWS 3 Yes
PIDSU+ PIDS+ No Yes 2 Yes
ECIPS MAUQ Yes No No No
ECIPSU MAUQ Yes Provisions for MWS No Yes
ECIPSU+ MAUQ+ Yes Yes No Yes

Figure 4-4 shows the SMS rack select page 1 and 2 for STA 3 and 7. Page 1 contains
the weapons rack selection for MAU (OSB 20), MAUQ (OSB 17), and MAUQ+ (OSB 7). To
select PIDS or PIDSH, step to page two by depressing and releasing OSB 10. SMS rack select
page 2 contains the weapons rack selection for PIDS (OSB 16) and PIDS+ (OSB 9).

PIDS - New pylon
MAUQ+ - New pylon with Jammer and MWS. . PIDS+ - New pylon with MWS.
\

® o[QlOjaNCfe &) @ 9ooojolo]|e @
- = o 1| Y AR
a e, ay. 3 L
E] STATION E] E] 0 E]
0 Ol O ; O
O O O > ([
O O [0 0
] nilER Vs
Be UOOO0] e Be 00000 e

|SMs Rack Select Page 1 | |SMs Rack Select Page 2 |

Figure 4-4 EPAF Pylon Selections

After a pylon is selected, the next page is the weapon select stations page which show
the location of the weapons ready for selection. For example, depressing and releasing OSB
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17 (MAUQ) will take you to the weapon select station page (Figure 4-5). To load store A154A
(a JSOW store) depress and release OSB 17.
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Figure 4-5 Weapon Select Station Page

GENERIC WEAPON ARMING DELAY

The MFD Data Entry Page will not allow key entry and data fields for arming delay
(AD) when a Category 2/3 Generic Weapon (an imaginary CBU-87X test munition) is
selected and NSTL is the chosen fuzing option. The Mission Planning System (MPS) will set
the arming delay value to 3.00 seconds for Generic weapon when the pilot has selected NSTL
as the fuzing option.

GUN STRAFE IN-RANGE VALUE

The gun strafe in-range value can now be entered while the INU is aligning.

IDM TRANSMIT SPI

The Markpoint/Steerpoint messages sent by the MMC to the Improved Data Modem
(IDM) depends on the Sensor of Interest (SOI), the steerpoint type, and the aircraft configura-
tion (M3 or M3+). An interoperability consideration is that the USAF uses a different protocol
than the EPAF to send and receive certain A-G IDM messages. Table 4-2 shows the IDM A-G
message differences between EPAF and USAF.

EPAF SPI data is transmitted using the IDL markpoint message. Since the IDL proto-
col is always selected on one of the IDM channels, no additional pilot action is necessary. As
a result, EPAF aircraft communicate with each other without limitation, but that is not the case
between EPAF and USAF aircraft.
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Table 4-2 EPAF/USAF IDM A-G Messages
EPAF USAF
SOI XMT PROTOCOL XMT PROTOCOL
FCR FCR A-G MODE AG CURSOR IDL STPT AFAPD
SEAD DL TOI SEAD AFAPD SEAD AFAPD
CAS DL TOI MKPT IDL CAS 9-LINE AFAPD/
HSD (PARTIAL) TACFIRE
PENGUIN PENG IDL N/A
CARAPACE CARAPACE IDL N/A
OTHER STPT MKPT/SPI IDL STPT/SPI AFAPD
OTHER MKPT/SPI IDL STPT/SPI AFAPD

When the 40T6 and
M3+ USAF aircraft have
the AFAPD protocol
selected on their A-G IDM
radio channel (UHF or
VHF) and EPAF aircraft
have IDL selected for the
same IDM channel, the
EPAF aircraft can receive
the AFAPD System Point of
Interest (SPI) transmission
from the USAF F-16s, but
not vice versa (Figure 4-6).
IDL protocol configured
IDMs can receive AFAPD
steerpoint messages and

CHANNEL A: IDL
CHANNEL B: TACFIRE

CHANNEL A: AFAPD \N

CHANNEL B: IDL

s
AFARD SPIISTPFMSG

CHANNEL A: IDL
CHANNEL B: AFAPD

AFAPD SIAIISTPT MSG

/
7/

/— CHANNEL A: AFAPD

CHANNEL B: IDL

Figure 4-6 40T6/M3+ IDM Protocol/Radio Mismatch
with M3 EPAF

acknowledge if requested, but AFAPD protocol configured IDMs cannot receive IDL mes-
sages. When the USAF aircraft are configured with IDL on the same radio channel (UHF or
VHF), the USAF aircraft can receive SPI transmissions from EPAF F-16s.
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If EPAF aircraft are configured with the AFAPD protocol on the A-G channel, the
EPAF F-16s can receive the USAF transmissions as well (Figure 4-7).

CHANNEL A: IDL
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Figure 4-7 40T6/M3+ IDM Protocol/Radio Same as
M3 EPAF

EPAF/USAF IDM interoperability is displayed in Figure 4-8.

UHF DL IDL UHF
Ownship Position > Ownship Position
Ownship Bugged Target Ownship Bugged Target
SPI
< Steerpoints
Markpoints
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< Penguin Steerpoints
/ \ Carapace Steerpoints
UHF AFAPD IDL UHF
SPI SPI
Steerpoints Steerpoints
Markpoints < /\ Markpoints
Cursor Position
SEAD Penguin Steerpoints
Carapace Steerpoints
\/ Ownship Position
/\ 7| Ownship Bugged Target
UHF AFAPD AFAPD UHF
SPI < SEAD
Steerpoints
Markpoints »
SEAD

Figure 4-8 EPAF/USAF IDM Interoperability
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IDM SPI Transmission

Transmission of the current SPI message is com-

manded by pressing the COMM switch inboard for =0.5 ]
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seconds. Since both IDM and Link 16 A-G message trans-
missions are commanded via COMM inboard, an XMT
L16/XMT IDM rotary (OSB 6) is added to the HSD (Figure
4-9) for selecting the datalink system used when COMM
inboard is pressed. D&R of OSB 6 (adjacent to the XMT
label) toggles the selected datalink system between Link 16
and IDM. Link 16 is the default system when the aircraft
supports Link 16. If the aircraft does not support Link 16,
the XMT rotary is not displayed on the HSD. When the
command to transmit either a Link 16 or an IDM SPI mes-
sage is received, the MFDS highlights the rotary mnemonic
(OSB 6) for 2 seconds similar to the IDM “XMT” mne-
monic when an IDM transmission is commanded.

When COMM Inboard is pressed for =0.5 seconds
and IDM is the selected datalink system, the appropriate A-
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DATA LINK SELECTION
(XMT _ _ XMT
L16 ~ IDM)
Figure 4-9 Datalink Selec-
tion on HSD

G point is sent to the IDM for transmission. The M3/M3+ SPI transmission builds on the

baseline ground point transmission mechanization as follows:
When the HSD is the SOI:

1. Ifa Close Air Support (CAS) Initial Point (IP) or Target (TGT) is boxed:
a. The IDL markpoint message is transmitted, containing the location

of the boxed point (baseline EPAF M2).

b. The CAS Mission Update message is transmitted, containing the
current Mission Update data associated with the CAS point (base-

line USAF M2+).

2. If a Suppression of Enemy Air Defenses (SEAD) target is boxed and the
AFAPD protocol is selected on the A-G Datalink (DL) channel of the IDM,
the AFAPD SEAD message is transmitted (baseline EPAF & USAF M2/

M2+).

3. If a datalink target is not boxed and the current steerpoint type is Penguin,
Datalink Penguin, or Carapace, the IDL Penguin or Carapace message is
transmitted containing the location of the current steerpoint and associated

data (baseline EPAF M2).

When the FCR is the SOI for EPAF M3 aircraft, if the FCR is in a ground map mode,
the IDL A-G Cursor message is transmitted, containing the location of the ground map cursor

(baseline EPAF M2).
In all other cases:

1. For the EPAF M3 aircraft, the IDL markpoint message is transmitted, con-
taining either the steerpoint location (if the FCR or TGP is not tracking) or
the SPI (if the FCR or TGP is tracking) (new for EPAF M3).
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